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19.E: Friction (Exercises)

Conceptual Questions

1. The glue on a piece of tape can exert forces. Can these forces be a type of simple friction? Explain, considering especially that
tape can stick to vertical walls and even to ceilings.

2. When you learn to drive, you discover that you need to let up slightly on the brake pedal as you come to a stop or the car will
stop with a jerk. Explain this in terms of the relationship between static and kinetic friction.

3. When you push a piece of chalk across a chalkboard, it sometimes screeches because it rapidly alternates between slipping and
sticking to the board. Describe this process in more detail, in particular, explaining how it is related to the fact that kinetic
friction is less than static friction. (The same slip-grab process occurs when tires screech on pavement.)

4. A physics major is cooking breakfast when she notices that the frictional force between her steel spatula and Teflon frying pan
is only 0.200 N. Knowing the coefficient of kinetic friction between the two materials, she quickly calculates the normal force.
What is it?

Problems

5. (a) When rebuilding his car’s engine, a physics major must exert 3.00 x 10 N of force to insert a dry steel piston into a
steel cylinder. What is the normal force between the piston and cylinder? (b) What force would he have to exert if the
steel parts were oiled?

6. (a) What is the maximum frictional force in the knee joint of a person who supports 66.0 kg of her mass on that knee? (b)
During strenuous exercise, it is possible to exert forces to the joints that are easily 10 times greater than the weight being
supported. What is the maximum force of friction under such conditions? The frictional forces in joints are relatively
small in all circumstances except when the joints deteriorate, such as from injury or arthritis. Increased frictional forces
can cause further damage and pain.

7. Suppose you have a 120-kg wooden crate resting on a wood floor, with coefficient of static friction 0.500 between these
wood surfaces. (a) What maximum force can you exert horizontally on the crate without moving it? (b) If you continue to
exert this force once the crate starts to slip, what will its acceleration then be? The coefficient of sliding friction is known
to be 0.300 for this situation.

8. (a) If half of the weight of a small 1.00 x 10>-kg utility truck is supported by its two drive wheels, what is the maximum
acceleration it can achieve on dry concrete? (b) Will a metal cabinet lying on the wooden bed of the truck slip if it
accelerates at this rate? (c) Solve both problems assuming the truck has four-wheel drive.

9. A team of eight dogs pulls a sled with waxed wood runners on wet snow (mush!). The dogs have average masses of 19.0
kg, and the loaded sled with its rider has a mass of 210 kg. (a) Calculate the acceleration of the dogs starting from rest if
each dog exerts an average force of 185 N backward on the snow. (b) Calculate the force in the coupling between the
dogs and the sled.

10. Consider the 65.0-kg ice skater being pushed by two others shown below. (a) Find the direction and magnitude of F,, the
total force exerted on her by the others, given that the magnitudes F; and F, are 26.4 N and 18.6 N, respectively. (b) What
is her initial acceleration if she is initially stationary and wearing steel-bladed skates that point in the direction of F,;? (c)
What is her acceleration assuming she is already moving in the direction of F,,;? (Remember that friction always acts in
the direction opposite that of motion or attempted motion between surfaces in contact.)
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11. Show that the acceleration of any object down a frictionless incline that makes an angle 8 with the horizontal is a = g sin
6. (Note that this acceleration is independent of mass.)

12. Show that the acceleration of any object down an incline where friction behaves simply (that is, where f, = u;N)is a =
g(sin 8 — py, cos 0). Note that the acceleration is independent of mass and reduces to the expression found in the previous
problem when friction becomes negligibly small (uz = 0).
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13. Calculate the deceleration of a snow boarder going up a 5.00° slope, assuming the coefficient of friction for waxed wood
on wet snow. The result of the preceding problem may be useful, but be careful to consider the fact that the snow boarder
is going uphill.

14. A machine at a post office sends packages out a chute and down a ramp to be loaded into delivery vehicles. (a) Calculate
the acceleration of a box heading down a 10.0° slope, assuming the coefficient of friction for a parcel on waxed wood is
0.100. (b) Find the angle of the slope down which this box could move at a constant velocity. You can neglect air
resistance in both parts.

15. If an object is to rest on an incline without slipping, then friction must equal the component of the weight of the object
parallel to the incline. This requires greater and greater friction for steeper slopes. Show that the maximum angle of an
incline above the horizontal for which an object will not slide down is § = tan™! y,. You may use the result of the
previous problem. Assume that a = 0 and that static friction has reached its maximum value.
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16. Calculate the maximum acceleration of a car that is heading down a 6.00° slope (one that makes an angle of 6.00° with
the horizontal) under the following road conditions. You may assume that the weight of the car is evenly distributed on all
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four tires and that the coefficient of static friction is involved—that is, the tires are not allowed to slip during the
deceleration. (Ignore rolling.) Calculate for a car: (a) On dry concrete. (b) On wet concrete. (c) On ice, assuming that pg =
0.100, the same as for shoes on ice.

17. Calculate the maximum acceleration of a car that is heading up a 4.00° slope (one that makes an angle of 4.00° with the
horizontal) under the following road conditions. Assume that only half the weight of the car is supported by the two drive
wheels and that the coefficient of static friction is involved—that is, the tires are not allowed to slip during the
acceleration. (Ignore rolling.) (a) On dry concrete. (b) On wet concrete. (c) On ice, assuming that s = 0.100, the same as
for shoes on ice.

18. Repeat the preceding problem for a car with four-wheel drive.

19. A freight train consists of two 8.00 x 10°-kg engines and 45 cars with average masses of 5.50 x 10° kg. (a) What force
must each engine exert backward on the track to accelerate the train at a rate of 5.00 x 1072 m/s if the force of friction is
7.50 x 10° N, assuming the engines exert identical forces? This is not a large frictional force for such a massive system.
Rolling friction for trains is small, and consequently, trains are very energy-efficient transportation systems. (b) What is
the force in the coupling between the 37th and 38th cars (this is the force each exerts on the other), assuming all cars have
the same mass and that friction is evenly distributed among all of the cars and engines?

20. Consider the 52.0-kg mountain climber shown below. (a) Find the tension in the rope and the force that the mountain
climber must exert with her feet on the vertical rock face to remain stationary. Assume that the force is exerted parallel to
her legs. Also, assume negligible force exerted by her arms. (b) What is the minimum coefficient of friction between her
shoes and the cliff?

21. A contestant in a winter sporting event pushes a 45.0-kg block of ice across a frozen lake as shown below. (a) Calculate
the minimum force F he must exert to get the block moving. (b) What is its acceleration once it starts to move, if that
force is maintained?

22. The contestant now pulls the block of ice with a rope over his shoulder at the same angle above the horizontal as shown
below. Calculate the minimum force F he must exert to get the block moving. (b) What is its acceleration once it starts to
move, if that force is maintained?

23. At a post office, a parcel that is a 20.0-kg box slides down a ramp inclined at 30.0° with the horizontal. The coefficient of
kinetic friction between the box and plane is 0.0300. (a) Find the acceleration of the box. (b) Find the velocity of the box
as it reaches the end of the plane, if the length of the plane is 2 m and the box starts at rest.
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24. A child has mass 16.0 kg and slides down a 35° incline with constant speed under the action of a 34-N force acting up
and parallel to the incline. What is the coefficient of kinetic friction between the child and the surface of the incline?

25. Shown below is a 10.0-kg block being pushed by a horizontal force F of magnitude 200.0 N. The coefficient of kinetic
friction between the two surfaces is 0.50. Find the acceleration of the block.

26. As shown below, the mass of block 1 is m; = 4.0 kg, while the mass of block 2 is m, = 8.0 kg. The coefficient of friction
between m; and the inclined surface is us = 0.40. What is the acceleration of the system?
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27. A student is attempting to move a 30-kg mini-fridge into her dorm room. During a moment of inattention, the mini-fridge
slides down a 35 degree incline at constant speed when she applies a force of 25 N acting up and parallel to the incline.
What is the coefficient of kinetic friction between the fridge and the surface of the incline?

28. A crate of mass 100.0 kg rests on a rough surface inclined at an angle of 37.0° with the horizontal. A massless rope to
which a force can be applied parallel to the surface is attached to the crate and leads to the top of the incline. In its present
state, the crate is just ready to slip and start to move down the plane. The coefficient of friction is 80% of that for the
static case. (a) What is the coefficient of static friction? (b) What is the maximum force that can be applied upward along
the plane on the rope and not move the block? (c) With a slightly greater applied force, the block will slide up the plane.
Once it begins to move, what is its acceleration and what reduced force is necessary to keep it moving upward at constant
speed? (d) If the block is given a slight nudge to get it started down the plane, what will be its acceleration in that
direction? (e) Once the block begins to slide downward, what upward force on the rope is required to keep the block from
accelerating downward?

29. A car is moving at high speed along a highway when the driver makes an emergency braking. The wheels become locked
(stop rolling), and the resulting skid marks are 32.0 meters long. If the coefficient of kinetic friction between tires and
road is 0.550, and the acceleration was constant during braking, how fast was the car going when the wheels became
locked?

30. A crate having mass 50.0 kg falls horizontally off the back of the flatbed truck, which is traveling at 100 km/h. Find the
value of the coefficient of kinetic friction between the road and crate if the crate slides 50 m on the road in coming to rest.
The initial speed of the crate is the same as the truck, 100 km/h.

31. A 15-kg sled is pulled across a horizontal, snow-covered surface by a force applied to a rope at 30 degrees with the
horizontal. The coefficient of kinetic friction between the sled and the snow is 0.20. (a) If the force is 33 N, what is the
horizontal acceleration of the sled? (b) What must the force be in order to pull the sled at constant velocity?

32. As shown below, the coefficient of kinetic friction between the surface and the larger block is 0.20, and the coefficient of
kinetic friction between the surface and the smaller block is 0.30. If F = 10 N and M = 1.0 kg, what is the tension in the
connecting string?
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33. In the figure, the coefficient of kinetic friction between the surface and the blocks is p. If M = 1.0 kg, find an expression
for the magnitude of the acceleration of either block (in terms of F, g, and g).
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34. Two blocks are stacked as shown below, and rest on a frictionless surface. There is friction between the two blocks
(coefficient of friction p). An external force is applied to the top block at an angle 6 with the horizontal. What is the
maximum force F that can be applied for the two blocks to move together?
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35. A box rests on the (horizontal) back of a truck. The coefficient of static friction between the box and the surface on which
it rests is 0.24. What maximum distance can the truck travel (starting from rest and moving horizontally with constant
acceleration) in 3.0 s without having the box slide?

36. A double-incline plane is shown below. The coefficient of friction on the left surface is 0.30, and on the right surface
0.16. Calculate the acceleration of the system.
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