 SEQ CHAPTER \h \r 1Friction
INTRODUCTION
Friction is a part of everyday life.  There is an amount of force required to start an object moving.  This force required is called static friction.  There is an amount of force required to keep the object moving.  This force is called sliding friction or dynamic friction.

PURPOSE
· Identify and measure the different types of friction that affect an object sliding across the table.

· Predict and measure the forces due to changing the mass of the block.

· Predict and measure the forces due to changing the surface area.

· Predict and measure the forces due to changing the surface.

SAFETY CONSIDERATIONS
Make sure you keep the block with masses far from the edge of the table.  Falling objects can damage floors, feet and equipment.

PRE-LAB QUESTIONS and PREDICTIONS
1.  Will it take more force to start an object moving or to keep it moving?

2.  Will there be more friction if the small side of the block is touching the table or if the large block is touching the table?  

3.  How will the force of friction compare to the weight of the block?

4.  What will happen to the force of friction when you increase the mass of the block?

5.  How does the force of friction change when the block is on a different surface?
MATERIALS
Per Group
· Laptop with Logger Pro

· LabPro

· Dual Range Force Sensor

· String (Not Supplied)

· Block of Wood with Eyehook/Box with hole (Not Supplied)

· Various Surfaces (Sand paper, notebook paper, wood, etc.)

PROCEDURE
1.  Turn on the computer.

2.  Connect the Lab Pro to the computer using the connecting cable.

3.  Insert the dual range force sensor into the Lab Pro.

4.  Attach the utility handle to the force sensor.

5.  Tie one end of the string to the hook on the force sensor and the other end to the block of wood/box.

6.  Start up the Logger Pro program on the laptop.

7.  While in the Logger Pro screen, click on the LAB PRO icon on the toolbar.

8.  Lift the Dual Range force sensor so that the block of wood is suspended.  This will give you the weight of the block.  RECORD THIS MEASUREMENT.  Remember: weight and force will be measured in newtons (N).

9.  Place the block of wood on the lab table so the large area is touching the table and stretch the string so the string is tight.

10.  Click on the collect tab on Logger Pro.

11.  Immediately begin pulling the block.  Stop pulling when Logger Pro is finishes collecting data. You should see the data and a graph of your pulling.

12.  Locate the high point on your graph.  This is the force required to start the block moving (or Static Friction Force).  Move the mouse pointer over the point and you will be able to identify the data point. RECORD THE FORCE.  

13.  Locate the part of the graph that seems to be somewhat horizontal.  Find the average of the force during this part of the graph. (You may select a reasonable section of the graph to average.) This is the force required to keep the block moving (This is called the sliding friction force or dynamic friction force.)  RECORD THE FORCE.

14.  Add mass to the block and repeat steps 9-13.  For every 100 g added to the block you are adding 0.98 N.  Repeat for several different added masses.

Changing Surface Area

15.  Remove the masses from the block of wood.

16.  Rotate the block of wood and place the small area on the table.

17.  Repeat Steps 10-14.  Repeat for several different masses.

Changing surfaces
18. Place a material (like sandpaper) on the lab table.  Repeat steps 9-14.
19. Use other materials that are available.
DATA/OBSERVATIONS
Weight of Block: __________________ N
Data Table 1 - Block with Large area on Table
	Mass added to block (g)
	Weight of Block (and Masses) (N)
	Static Friction Force  (N)
	Sliding Friction Force  (N)

	0
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Data Table 2 - Block with small area on Table

	Mass added to block (g)
	Weight of Block (and Masses) (N)
	Static Friction Force  (N)
	Sliding Friction Force  (N)

	0
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Data Table 3 - Block On _______________________ Surface

	Mass added to block (g)
	Weight of Block (and Masses) (N)
	Static Friction Force  (N)
	Sliding Friction Force  (N)

	0
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Data Table 4 - Block On _______________________ Surface

	Mass added to block (g)
	Weight of Block (and Masses) (N)
	Static Friction Force  (N)
	Sliding Friction Force  (N)

	0
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Data Table 5 - Block On _______________________ Surface

	Mass added to block (g)
	Weight of Block (and Masses) (N)
	Static Friction Force  (N)
	Sliding Friction Force  (N)

	0
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


ANALYSIS *
1. Use your data from Data Table 1 and graph the Static friction and Sliding friction forces.  Calculate the slope or use Logger Pro.  The slope of each line is the coefficient of friction.

2. Use your data from Data Table 2 and graph the Static friction and Sliding friction forces.  Calculate the slope or use Logger Pro.

3. Find the coefficients of static and sliding friction for each of the materials you tested.
CONCLUSIONS

1.  Does it take more force to start an object moving or to keep it moving?

2.  Is there more friction if the small side of the block is touching the table or if the large block is touching the table?  

3.  How does the force of friction compare to the weight of the block?

4.  What happens to the force of friction when you increase the mass on the block?

5.  How does the force of friction change when the block is on a different surface?

*6.  How does the coefficient of Static Friction compare to the Coefficient of Sliding friction?

*7.  How do the coefficients of friction compare for the different surfaces you used?

8.  What are some possible problems with this experiment and how could you improve this experiment?
*For High School Physics

Going Further

In order to get more reliable results you would need to do multiple trials for each mass on the box and average your results.
Lab Written By: Mark Sailer

TEACHER’s GUIDE

FRICTION

CLASSROOM USAGE
This lab can be used as a discovery lab or can be used as an extension of friction.  This will work for middle school or high school lab.  High School physics students should use the portion of the analysis that goes through the calculation of coefficients of friction.

CURRICULUM INTEGRATION

Middle School Benchmarks Addressed by this Lab:
7.3.17 – Investigate that an unbalanced force, acting on an object, changes its speed or path of motion of both, and know that if the force always acts towards the same center as the object moves, the object’s path may curve into an orbit around the center.

Physics Benchmarks Addressed by this Lab:

P.1.7 – Use Newton’s Laws together with the kinematic equations to predict the motion of an object.

PREPARATION

You will need to make sure that you have blocks of wood (or boxes), masses and various materials to put on the table.
GETTING READY

It is important for you to familiarize yourself with the use of the computer, Logger Pro and the force sensor.
Students will need to work in teams of 2-4 for this lab.  It is very difficult for one student to complete this lab on their own.

TIME

This lab will take 2-5 class periods depending on the abilities of your students.
SAFETY AND DISPOSAL

There are no disposal issues with this lab.
Make sure students keep blocks and masses away from the edge of the table.

VARIATIONS
· Students could try different boxes/blocks or other materials.
· Students could use a sloped surface and compare to the flat surface.

Sample Data

Weight of box: 4.4 N
Data Table 1 - Block with Large area on Table

	Mass added to block (g)
	Weight of Block (and Masses) (N)
	Static Friction Force  (N)
	Sliding Friction Force  (N)

	0
	4.4
	1.33
	1.0

	100
	5.38
	1.66
	1.15

	200
	6.36
	1.70
	1.37

	300
	7.34
	1.85
	1.63

	500
	9.3
	2.91
	2.14

	700
	11.26
	3.09
	2.43

	900
	13.22
	3.64
	2.98
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Coefficient of Static Friction for box on table: 0.27

Coefficient of Sliding Friction for box on table: 0.23

