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Activity Data Code OAY

Table I – Common Data

Complete the table below using data found under the Activity-Form tab and information found under the Background tab (see the Summary of Needed Formulas section at the very end).
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	Cube
	Mass 
(kg)
	Magnitude of Normal Force (N)

	Quartz
	8.94
	87.612

	Ruby
	13.5
	132.300

	Aluminum
	9.11
	89.278

	Gold
	65.14
	638.372




Sample Calculation: Show your normal force magnitude calculation for the Quartz cube below.
FN = mg
M = mass (kg) = 8.94 kg
G= acceleration due to gravity = 9.80 m /s2
FN = (8.94 kg) * (9.80 m /s2) = 87.612 N


Sample Calculation: Show your normal force magnitude calculation for the Gold cube below.
FN = mg
M = mass (kg) = 65.14 kg
G= acceleration due to gravity = 9.80 m /s2
FN = (65.14 kg) * (9.80 m /s2) = 638.372N

Table II - Coefficient of Static Friction: Procedure 1 Data
Complete the table below using results from Table I, data from your Velocity Plots (see the Velocity Plots tab), and information found under the Background tab (see the Summary of Needed Formulas section at the very end).

	Cube
	Magnitude of Normal Force
(N)
	Magnitude of
Applied Force
(N)
	Static Coefficient
of
Friction

	Quartz
	87.612
	26.000
	0.2968

	Ruby
	132.300
	23.900
	0.1807

	Aluminum
	89.278
	32.900
	0.3685

	Gold
	638.372
	44.700
	0.0700



Sample Calculation: Show your coefficient of static friction calculation for the Ruby cube below.
µS = FAPP / FN
FAPP = 23.900 N, FN = 132.300
µS = 23.900 / 132. 300 = 0.1807
= 0.1807
	
Observations and Questions

[1] What accounts for the different values of minimum applied force for each cube? 
The different materials making each of the cubes
[2] Which type of motion occurs in this situation: accelerated or constant velocity? Why? Explain how your velocity plots support your answer. Hint: review the “Understanding and Interpreting Velocity vs Time Plots” section of the Background material.
The motion in this situation is accelerated as displayed in the velocity plots.
 The velocity increases with time giving a plot where a > 0

Table III - Coefficient of Kinetic Friction: Procedure 2 Data
Complete the table below using results from Table I, data from your Velocity Plots (see the Velocity Plots tab), and information found under the Background tab (see the Summary of Needed Formulas section at the very end).

	Cube
	Magnitude of
Normal Force
(N)
	Magnitude of
Applied Force
(N)
	Kinetic Coefficient
of
Friction

	Quartz
	87.612
	17.400
	0.1986

	Ruby
	132.300
	17.900
	0.1353

	Aluminum
	89.278
	21.700
	0.2431

	Gold
	638.372
	31.900
	0.0500




Sample Calculation: Show your coefficient of kinetic friction calculation for the Aluminum cube.
µK = (FAPP – ma) / FN
At constant velocity, acceleration a = 0
Therefore, ma = 0
µK = FAPP / FN
= 21.700 / 89.278
= 0.2431
Observations and Questions
[1] Why is there a difference between the force needed to start a cube moving and the force needed to obtain constant velocity motion?  This is because static friction is always larger than the kinetic friction fs > fk

[2] Why do we need constant velocity for this particular analysis? Hint: think about how the force of kinetic friction and the applied force compare to one another in this situation. To provide a dynamic equilibrium where the applied force is the minimum to keep the cube moving i.e. Fapp = Fk

[3] Describe how your velocity plots in this case are different from the static friction analysis. Note: your instructor may require you to submit velocity plots in support of this analysis.
The plots show a rise in velocity during the acceleration, then reverts back to level when acceleration stops and the velocity becomes constant in contrast to the static friction plots where the acceleration is maintained all along as the cube moves.

Table IV - Coefficient of Kinetic Friction: Procedure 3 Data
Complete the table below using results from Table I, data from the Activity (see the Activity tab), and information found under the Background tab (see the Summary of Needed Formulas section at the very end).

	Cube
	Magnitude of
Normal Force
(N)
	Magnitude of
Applied Force
(N)
	Acceleration
(m/s2)
	Kinetic Coefficient
of
Friction

	Quartz
	87.612
	45.000
	3.087
	0.1986

	Ruby
	132.300
	45.000
	2.007
	0.1353

	Aluminum
	89.278
	45.000
	2.558
	0.2430

	Gold
	638.372
	45.000
	0.2010
	0.0500




Sample Calculation: Show your coefficient of kinetic friction calculation for the Gold cube.
µK = (FAPP – ma) / FN
FAPP = 45.000 N
Ma = mass x acceleration
= 65.14 kg * 0.201 m /s2
Ma = 13.09 N
µK = (45.000 N- 13.09 N) / 638.372
= 0.0500
Observations and Questions
[1] Review your velocity plots for this part of the activity. Which of the cubes achieved the highest speed? Why?
Quartz due to its relatively high acceleration rate supported by its low mass
[2] Why is it necessary to record acceleration for this analysis?
This is because the acceleration will be crucial in the calculation of the coefficient of kinetic friction since the acceleration is not equal to zero in which case the formula µK = (FAPP – ma) / FN applies
[3] How do your results for kinetic friction coefficients in this analysis compare to the constant velocity analysis?
The results are the same since the coefficient of kinetic friction does not change in materials regardless of the acceleration. This is because the rate of change of net force is equal to the acceleration rate.
	
