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Determining the coefficient of friction between ice skates and ice
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Objectives


· To learn to extract data from a video to  answer a question

· To practice video analysis

· To practice using Newton’s Second Law

· To practice video analysis

Introduction

Perhaps on reason ice skating is such a popular activity is the exhilaration of sliding across such a low-friction surface. This effortless feeling of efficient motion captivates kids and adults. In this activity, we’ll use video clips of skaters to measure the low coefficient of friction between ice skates and ice that makes skating so much fun.
Method
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 We’ll begin with the assumption that if there was no friction between a skater and the ice, that a skater gliding across the ice would continue to move at a constant velocity. This assumption is based on Newton’s First Law. In addition, we’ll assume that any decrease in the skater’s velocity is caused by friction between the skates and the ice. Although air drag could also slow the skater, air drag is very low and therefore negligible at low speeds.  Armed with these assumptions, the free body diagram of a skater gliding to the left across ice is shown at right. The only horizontal force is that of sliding friction between the skates and ice. We can use Newton’s Second Law to write:
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And since friction is the only force in the x-direction, 
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Next, we use the definition of the coefficient of friction for an object sliding across a surface:
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Where μ is the coefficient of friction, Ff is the force of friction, and FN is the normal force the surface exerts on the sliding object. We use algebra to re-arrange the definition of the coefficient of friction and combine this with our expression of Newton’s Second Law:
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Next, we’ll recall that for objects on a horizontal surface when gravity is the only vertical force experience a normal force from the surface that is equal in magnitude to the weight of the object. That is, 
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Combining this with the equation above gives,

Solving for μ gives,
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Note that all we need to find the coefficient of friction is the acceleration this friction causes! We can use this to determine the friction between a skater and the ice if we can find the acceleration this friction causes.

The next step is to use LoggerPro video analysis to find the acceleration of a skater gliding across the ice. Here are the steps to do this:

1. Open LoggerPro

2. Use the Insert movie command to insert one of the six videos of kids gliding across the ice

3. Place dots on the skater as they glide across the ice. Use an easy to identify spot on the skater, such as the skater’s nose.

4. Set the scale using the set scale tool (horizontal yellow ruler). Note that the distance between the tops of the traffic cones is 25 feet, or 7.62 meters

5. Make a graph of the skaters horizontal velocity vs time.

6. Use the linear-fit tool to find the slope of this line. The slope of the line is the acceleration we need to determine the acceleration.

Show your results in the space below. Print you graph and include it when you turn in this sheet.






Questions

1. Which way is the skater going in your video? Do we consider this positive or negative direction?
2. Is the acceleration positive or negative?

3. Why do the direction of motion and the acceleration have opposite signs?


4. Why can we assume that the force of friction is responsible for the acceleration of the skater?


5. Why do we have to use video of a skater gliding? Couldn’t we use a video of a skater skating normally across the ice? Why or 
why not?


6. If the force of friction is the force that causes a skater to slow, what is the force that causes a skater to speed up?



7. How is this situation similar to a car braking on an icy road?



8. If the coefficient of friction between car tires and ice is 0.1, what is the acceleration of a car skidding (without anti-lock brakes) across this surface? If a car traveling 27 m/s (60 mph) skidded to a stop on this icy surface, what distance would they cover before coming to rest?
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