
Exploring Friction and Mechanics: Activity 1
Determining the Coefficient of Kinetic Friction

Name:______________________		Date:____________			Period:_____


Hypothesis: The coefficient of kinetic friction between two surfaces can be determined by measuring the constant acceleration of an object while kinetic friction is on only force acting on the object.

Guiding Questions: 
Introduction:  When the surfaces of two objects come in contact with each other, there will be a frictional force that opposes sliding motion between the two surfaces.  These forces are very important in enabling our cars to move along a road or us to walk on sidewalk. We know these simple actions are much harder if we are driving or walking on ice where the frictional forces are relatively small.

1. What type of physical interactions do you think causes frictional forces?  Consider both macroscopic and molecular scale contributions.  Share some of your ideas.



2. In this activity we will investigate the friction of a phone sliding across a flat surface.  When friction is the only force acting on the phone to slow it down, describe how you expect the acceleration to vary during that time.  (You might recall the results from your free-fall experiment in which gravity was the only force acting on the object.)


3. The force of kinetic friction has been found to be well represented by the following simple relationship:

where μk is the coefficient of kinetic friction and FN is the normal force.  The coefficient of kinetic friction is unitless and depends on the properties of the two surfaces.  Based on this relationship, do you expect the force from kinetic friction to depend on velocity of the objects as they slide past each other?



Goals:
I. Develop an understanding of kinetic friction and the simple relationship that can be used to model it.
II. Use Newton’s second law to understand the change in the acceleration of an object subjected to a time varying force. 
III. Reinforce an understanding of the vector nature of forces and practice using free-body diagrams to describe the net forces acting on an object.
IV. Combine Newton’s second law and the relationships for kinetic friction to determine the coefficient of kinetic friction.
Warmup Activity:  
1. Give your phone a push and let it slide for ~10 centimeters on a smooth surface such as a desk, table, or floor.  Use the acceleration (with or without g) module in the phyphox application to measure the phone’s acceleration.  If your phone does not have a case, you can cut out a rectangle of cardboard (e.g., from a cereal or tissue box) and tape it to the bottom of your phone to prevent scratching.  Describe the acceleration vs time graph that results from this movement.  




2. Since we are investigating the frictional force, we are interested in the acceleration during the time while the phone is sliding.  Adjust your method of sliding to achieve the greatest consistency in the acceleration data.  Explain how you adjusted your experimental method to provide the most consistent motion of phone, which in turn should produce a uniform acceleration while it is sliding. 






3. Sketch the shape of the acceleration data below and indicated the time where only the frictional force was acting on the phone.  Does your observation agree with your prediction from Guiding Question #2?







Instructions:  
1. Using the general experimental concept from the warm-up exercise, use the following experimental design to generate an acceleration vs time data set for further analysis

[image: ]

a. Make a short daisy chain of rubber bands (5 were used in this example).
b. Connect the rubber band chain to your phone (you can think about different approaches to do this so the phone will be pulled uniformly along one axis).  
c. Attach the opposite end of the rubber band chain to a solid contact point.  Try to maintain a small angle to maximize the force along one axis of the phone while keeping the rubber band from interfering with the phone during the sliding motion.  
d. Repeat the experiment while adjusting the alignment to get the most reproducible and uniform motion (minimize any rotation).
e. Once you have perfected your method, collect a final data set and export the data for analysis.

2. Graph acceleration vs time and annotate the graph
a. Label the time (or period of time) associated with:
i. Phone at rest while being held
ii. Phone released
iii. Both elastic and frictional forces are acting on phone
iv. Only frictional force is acting on phone
v. Phone stops moving.












3. Using your acceleration vs time graph for reference, draw the free-body diagrams associated with:
a. Acceleration reaches an absolute maximum (time immediately after release of the phone).
b. Acceleration is zero and the phone is moving at maximum velocity.
c. Acceleration is constant while phone is still moving.


















4. Determine the coefficient of kinetic friction
a. Using the relationship form Guiding Question #3, rewrite the equation for the coefficient of friction in terms of the frictional and normal forces.



b. Use Newton’s Second Law to rewrite the frictional force and the normal force in terms of acceleration and mass.



c. Determine the average value of the acceleration due to the frictional force from your graph of acceleration vs time.  (You can make a visual estimate from your graph.)





d. Using the equation from part b and the experimental value from part c, calculate the coefficient of friction.



e. Describe the two surfaces involved in generating the frictional force in as much detail as you can.

Surface of phone case or material attached to phone:



Stationary surface:  




Analysis and Discussion:

1) Using your data and Newton’s Second Law, estimate the maximum elastic force used in your experiment.  Use your free-body diagram to guide your analysis. (Hint: You will need one additional piece of information about your phone and case.)  Show your work.






2) Explain what would happen in your experiment if the elastic force was equal or less than the frictional force.



3) Identify the location on the acceleration vs time graph where the phone is moving at the maximum velocity and explain why that it the case.



4) When the only force acting on the phone in the direction of motion was friction, you observed that the acceleration was constant.  You used this value to calculate the coefficient of friction.  What can you say about the dependence of the coefficient of friction on velocity?  Did you worry about controlling the velocity in your experiment?



5) How close do you think your calculated value for the coefficient of kinetic friction is to the “real” value?  Cite reference data that might be similar to your experimental conditions and use your understanding of the physical interactions that cause friction to support your claim.





6) How many significant digits do you think is appropriate for the calculated coefficient of kinetic friction?  Support your claim.








Extension Questions: 
1) [image: ]If you ever spilled water on the kitchen floor, you probably tried to wipe it up quickly, so someone did not slip on it.  You probably also know that it is important to put oil in your car to reduce the friction between moving parts in your engine and minimize the “wear” of surfaces.  The fluids that help reduce friction are called lubricants.  Discuss how you think lubricants work and what properties you think might makes a good lubricant for a car engine.





2) [image: ]The nature world has evolved to take advantage of friction.  Consider how a gecko is able to walk up vertical walls.  Examine the pictures below that show the very small hairs that are on the Gecko’s feet.   Discuss what you think might be the physical basis of the “frictional force” between the gecko’s feet and the surface.
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