Laboratory Activity 9: Friction
Group member names:



Objectives

· Explore the nature of static and kinetic friction.

· Identify what affects friction

· Develop a qualitative model for friction.

Equipment

· Two textbooks.

· Force sensor with rubber stopper attachment.

· Motion detector.

· Two USB links.

· USB hub

· Computer with DataStudio

· Clean copier paper

· Tape

· Rubber band

Activity One: Nature of friction

Friction is involved in almost everything we do, from walking to writing to driving.  Therefore it is a very important force, that we are going to try to understand better.
Experiment 1:  First prepare a clean, reliable surface. Get a couple of pieces of paper, lay them down and tape them lightly to the table so that a textbook can slide on them a good ten inches or more without touching anything but paper.  Place the textbook at one end, and the motion sensor at the other end looking at the textbook.  Attach the force sensor and motion sensor to the computer through the USB hub, and open the file StaticAndKineticFrictionForce.ds.  Zero the force sensor.  Start taking data and then push on the textbook with the force sensor, starting gently and increasing the force until the book slowly slides across the paper.  Try to maintain a constant speed until you run out of room (and stop data collection) or the data collection stops automatically.  Repeat if you did not get a clean graph.  You should have a force graph that starts out near zero, ramps up as you increased the force, and is fairly level as you pushed the book at a constant speed.  Your velocity graph should be start at zero, jump up to a certain velocity, and fluctuate around that value.  In particular, re-do graphs where there are major peaks in the velocity.   When you have a good graph, paste it below.

paste graph here

Question 1a:  Describe in detail the shape of the force graph from the time you started pushing on it until it was moving at a constant speed.  Look at the velocity graph to determine the time at which the book started moving.  How does the force behave before the book started moving?  How does it behave at the point the book starts moving?  How does it behave after the book starts moving?



Question 1b:  You notice that the book moved with nearly a constant velocity at the end while you applied a near constant force.  Is Newton’s 2nd law violated?  Why or why not?  If you are not sure how to resolve this, you might want to ask your instructor.



You have seen how friction varies depending on whether the object is moving or not.  Now we will investigate what other factors might affect the amount of friction, including speed, area of contact, and normal force.

Experiment 2: Without erasing you last data, place the book back at the starting position and repeat the process, except push it so it slides at least twice as fast.  Look at your velocity graph to verify that you pushed it at a constant speed, instead of accelerating.  It is particularly important that you check with your velocity graph that you did maintain a constant velocity for a while.  There is a tendency to go very fast (much more than two time) and not have a very constant velocity.

Question 2:  How does the graph of force compare to the first one?  Is it significantly higher or lower, particularly the amount of force while sliding? Does the siding friction depend strongly on velocity? 



Experiment 3: Stand the book up on its spine, so it would open at the top.  If you group has more than one text, use the one that the spine is in the best condition, so that there is there is less difference in the type of surface.  Put a rubber band around it horizontally so that it doesn’t fall open (and the rubber band is not under the book).  Repeat experiment 1, only this time with a much smaller area in contact between the book and the paper.  It may take you a few tries before you can keep the book balanced on its spine far enough to get good data.

Question 3: How does the graph of force compare to the other two?  Is it significantly higher or lower, particularly the amount of force while sliding? Does the siding friction depend strongly on the surface area in contact? (Compare the area in contact with the spine compared to the flat surface.)



Experiment 4: Take the rubber band off and place the book back at the starting position.  Place a second book of the same size on top of it.  Repeat the first experiment. 

Question 4: How does the graph of force compare to the other two?  Is it significantly higher or lower, particularly the amount of force while sliding?  How has adding a second book changed the normal force between the table and the bottom book? Does the siding friction depend strongly on the normal force?   



Label the different data runs in your data by clicking twice (but NOT double clicking) on the run names in the upper left-hand window.  Then copy and past your graph below.

paste graph here

Summary

The following questions will help you get the main ideas out of this lab.  You should find these straightforward questions, but take the time to talk it over with your team and write complete answers to these questions.  You may find your answers here to be the most useful part of this lab down the road.

Summary 1: Is the frictional force before the book starts moving (static friction) a more-or-less constant value, or does it vary over a significant range?  Is the frictional force after the book starts moving (kinetic friction) a more-or-less constant value, or does it vary over a significant range?  How does the maximum value of static friction compare to the maximum value of kinetic friction?



Summary 2: What factors (speed, surface area, normal force) have a significant influence on the amount of friction?  What is the relationship between the change in the significant factor(s) and the change in friction?



Summary 3: Describe the evidence that you have to justify your conclusions.


































































