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Active Physics

Physics in Action

What Do You Think?
A shoe store may sell as many as 100 different
kinds of sport shoes.

• Why do some sports require special shoes?

Record your ideas about this question in your Active Physics
log. Be prepared to discuss your responses with your small
group and the class.

For You To Do
1. Take an athletic shoe. Use a spring scale to

measure the weight of the shoe, in newtons.

a) Record a description of the shoe (such 
as its brand) and the shoe’s weight, in 
your log.

GOALS
In this activity you will:

• Understand and apply the
definition of the coefficient of
sliding friction, µ.

• Measure the coefficient of
sliding friction between the
soles of athletic shoes and a
variety of floor surface
materials.

• Calculate the effects of
frictional forces on the motion
of objects.

Activity 6         The Mu of the Shoe
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2. Place the shoe on one of two horizontal surfaces (either
rough or smooth) designated by your teacher to be used for
testing. Attach the spring scale to the shoe as shown below so
that the spring scale can be used to slide the shoe across the
surface while, at the same time, the amount of force
indicated by the scale can be read.

a) Record in your log a description of the surface on which
the shoe is to slide.

b) Measure and record the amount of force, in newtons,
needed to cause the shoe to slide on the surface at
constant speed. Do not measure the force needed to start,
or “tear the shoe loose,” from rest. Measure the force
needed, after the shoe has started moving, to keep it
sliding at low, constant speed. Also, be careful to pull
horizontally so that the applied force neither tends to lift
the shoe nor pull downward on the shoe.

c) Use the data you have gathered to calculate µ, the
coefficient of sliding friction for this particular kind of shoe
on the particular kind of surface used. Show your
calculations in your log.

N

54321

The coefficient of sliding friction, symbolized by µ, is
calculated using the following equation:

µ = 

Example:

Brand X athletic shoe has a weight of 5 N. If 1.5 N of
applied horizontal force is required to cause the shoe to
slide with constant speed on a smooth concrete floor, what
is the coefficient of sliding friction?

µx on concrete = = 0.301.5 N
�
5.0 N

force required to slide object on surface at constant speed
�������
perpendicular force exerted by the surface on the object
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3. Add “filler” to the shoe to approximately double its weight
and repeat the above procedure for measuring the µ of 
the shoe.

a) Calculate µ for this surface, showing your work in 
your log.

b) Taking into account possible errors of measurement,
does the weight of the shoe seem to affect µ? Use data 
to answer the question in your log.

c) How do you think the weight of an athlete wearing the
shoe would affect µ? Why?

4. Place the shoe on the second surface designated by your
teacher and repeat the procedure.

a) Make another sketch to show the forces acting on the shoe.
b) Calculate µ.
c) How does the value of µ for this surface compare to µ for

the first surface used? Try to explain any difference in µ.
d) Would it make any difference if you used the empty shoe

or the shoe with the filler to calculate µ in this activity?
Explain your answer.

Reflecting on the Activity and the Challenge
Many athletes seem more concerned about their shoes than
most other items of equipment, and for good reason. Small
differences in the shoes (or skates or skis) athletes wear can
affect performance. As everyone knows, athletic shoes have
become a major industry because people in all “walks” of life
have discovered that athletic shoes are great to wear, not only
on a track but, as well, just about anywhere. Now that you have
studied friction, a major aspect of what makes shoes function
well when need exists to be “sure-footed,” you are prepared to
do “physics commentary” on athletic footgear and other effects
of friction in sports. Your sports commentary may discuss the µ
of the shoe, the change in friction when a playing field gets wet,
and the need for friction when running.
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PHYSICS TALK

Coefficient of Sliding Friction, µ

There are not enough letters in the English alphabet 
to provide the number of symbols needed in physics, so
letters from another alphabet, the Greek alphabet, also 
are used as symbols. The letter µ, pronounced “mu,”
traditionally is used in physics as the symbol for the
“coefficient of sliding friction.”

The coefficient of sliding friction, symbolized by µ, is
defined as the ratio of two forces:

µ = 

Facts about the coefficient of sliding friction:

• µ does not have any units because it is a force divided 
by a force; it has no unit of measurement.

• µ usually is expressed in decimal form, such as 0.85 for
rubber on dry concrete (0.60 on wet concrete).

• µ is valid only for the pair of surfaces in contact when
the value is measured; any significant change in either 
of the surfaces (such as the kind of material, surface
texture, moisture, or lubrication on a surface, etc.) may
cause the value of µ to change.

• Only when sliding occurs on a horizontal surface, and the
pulling force is horizontal, is the perpendicular force that
the sliding object exerts on the surface equal to the
weight of the object.

force required to slide object on surface at constant speed
�������
perpendicular force exerted by the surface on the object
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Physics To Go
1. Identify a sport and changing weather conditions that

probably would cause an athlete to want to increase friction
to have better footing. Name the sport, describe the change
in conditions, and explain what the athlete might do to
increase friction between the shoes and ground surface.

2. Identify a sport in which athletes desire to have frictional
forces as small as possible and describe what the athletes do
to reduce friction.

3. If a basketball player’s shoes provide an amount of friction
that is “just right” when she plays on her home court, can she
be sure the same shoes will provide the same amount 
of friction when playing on another court? Explain why or
why not.

4. A cross-country skier who weighs 600 N has chosen ski wax
that provides µ = 0.03. What is the minimum amount of
horizontal force that would keep the skier moving at
constant speed across level snow?  

5. A racecar having a mass of 1000 kg was traveling at high
speed on a wet concrete road under foggy conditions. The
tires on the vehicle later were measured to have µ = 0.55 on
that road surface. Before colliding with the guardrail, the
driver locked the brakes and skidded 100 m, leaving visible
marks on the road. The driver claimed not to have been
exceeding 65 miles per hour (29 m/s). Use the equation:

Work = Kinetic Energy 

to estimate the driver’s speed upon hitting the brakes. (Hint:
In this case, the force that did the work to stop the car was
the frictional force; calculate the frictional force using the
weight of the vehicle, in newtons, and use the frictional force
as the force for calculating work.)
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6. Identify at least three examples of sports in which air or
water have limiting effects on motion similar to sliding
friction. Do you think forces of “air resistance” and “water
resistance” remain constant or do they change as the speeds
of objects (such as athletes, bobsleds, or rowing sculls)
moving through them change? Use examples from your own
experience with these forms of resistance as a basis for your
answer.

7. If there is a maximum frictional force between your shoe
and the track, does that set a limit on how fast you can
start (accelerate) in a sprint? Does that mean you cannot
have more than a certain acceleration even if you have
incredibly strong leg muscles? What is done to solve this
problem?

8. How might an athletic shoe company use the results of 
your experiment to “sell” a shoe? Write copy for such an
advertisement.

9. Explain why friction is important to running. Why are
cleats used in football, soccer, and other sports?

10. Choose a sport and describe an event in which friction with
the ground or the air plays a significant part. Create a voice-
over or script that uses physics to explain the action.
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