THE FORCE OF FRICTION (KINETIC AND STATIC)

Designed by Roland Cheng

PURPOSE

To determine experimentally the relationship between the normal force and the force of friction (to derive the equations for the coefficient of kinetic friction and the coefficient of static friction).

APPARATUS

· A wooden block (requires a hook at one end to attach a string)

· Additional masses / weights (0.10kg, 0.20kg, 0.30kg, 0.40kg, 0.50kg, etc…)

· A 10 Newton spring scale

· A string to attach the spring scale to the wooden block

· A rough level wooden surface (a wooden board); preferably more than 2 metres in length
· Graph paper (to plot the graphs)


[image: image1.png]addtional weights  wooden block

string 10N spring scale

wooden surface




PROCEDURE

1. Use a 5N spring scale to measure the weight of a wooden block and record the weight (the force of gravity that the Earth is exerting on the box). This will be equal in magnitude to the normal force, but opposite in direction (upward instead of downward). This is true due to the fact that the force of gravity and the normal force are equal in magnitude when an object is sitting on a level surface.

2. Apply a horizontal force to the block to pull the block at a slow but constant velocity along the horizontal wooden surface. Perform this carefully by pulling gently, and gradually increasing the pull. Observe the motion once the block begins to move while still attaining the gradual increase of the pull.

3. Note the reading on the scale immediately before and just as the block begins to move. If possible, record the force of tension just before the object begins to move (this should be equal in magnitude to the maximum / limiting static friction).

4. Once in motion, gradually decrease the force until a constant velocity is achieved. Record the force of pull from the Newton spring scale. This is equal in magnitude to the force of kinetic friction, but in the opposite direction (backward instead of forward), because the block is moving at constant velocity.

5. Gradually decrease the force of tension and observe the consequences.

6. Repeat steps 2 and 3 while adding additional weights by increments of 100g. Record the additional masses and determine and record the total weight using the spring scale (or using the formula Fg = m * g, although it will not be as accurate due to the accuracy of the gravitational field intensity) – the total will be equal to the normal force.

7. Plot a force of friction (kinetic) versus normal force (both in units of Newtons) graph and plot the points using the data collected. Draw a line of best fit through the points, and calculate the slope (rise over run), which is equal to the coefficient of kinetic friction (force of kinetic friction divided by the normal force).

8. Plot a force of friction (static) versus normal force (both in units of Newtons) graph and plot the points using the data collected. Draw a line of best fit through the points, and determine the coefficient of static friction (force of limiting static friction divided by the normal force) by calculating the slope.

9. Contemplate on the difference between the force of friction on an object at rest and on an object in motion using the force of tension immediately before the object begins to move, and the force of tension during constant velocity. Use the coefficients of friction to examine the differences between the two values.

OBSERVATIONS

Weight of wooden board (kg): ____________

	Additional Masses / Weights (kg)
	Total Weight (N)
	Force of Pull (N)
before motion
	Force of Pull (N)
constant velocity

	0.00
	
	
	

	0.10
	
	
	

	0.20
	
	
	

	0.30
	
	
	

	0.40
	
	
	

	0.50
	
	
	

	0.60
	
	
	

	0.70
	
	
	

	0.80
	
	
	

	0.90
	
	
	

	1.00
	
	
	


From your graphs:

Coefficient of Kinetic Friction: __________
Coefficient of Static Friction: __________

Show all your calculations here:

ANALYSIS

1. Draw a free-body diagram of the block (no additional masses) and all the forces acting upon it once in constant motion.

2. State your observations of the events occurring at specific amounts of force of tension.

3. State the relationship between the coefficient of kinetic friction and the coefficient of static friction.

4. Using your knowledge of the coefficient of kinetic friction, determine the force of kinetic friction when 1.10kg, 1.20kg, 1.30kg, 1.40kg, and 1.50kg masses are added to the block (hint: use the equation derived from the graphs)

5. By adding the same masses to the block, what would be the force of the limiting static friction for each addition?

_1147873774

