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Raw Data:
Distance of travel s = 0.8 m
	Run
	Ramp Angle θ 

(        )
	Height h
(        )
	Block Mass M
(        )
	Hanging Mass m2
(        )
	Times

t1, t2, t3
(        )
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Sample:  h = (100 cm) sinθ =
Calculated Data:

	Run
	Ave. Time

t 
(        )
	Acceleration
a

 (         )
	Acceleration Uncertainty
(a

 (         )
	Normal Force 
N

(         )
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	Run
	Friction Force fk
(         )
	Friction Force

Uncertainty 

(fk
(         )
	Coefficient

(k ± ((k
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Sample Calculations:
Average Time 


t = (t1 + t2 + t3) / 3 =

Acceleration


a = 2s / t2 =
Acceleration Uncertainty

(a = 2a ((t / t) =
Normal Force

N = Mg cos ( = 

Friction Force

fk = (m2 – M sin ()g – (m2 + M)a =

Friction Force Uncertainty
(fk = (m2 + M) (a =
Coefficient of Friction

(k = fk / N =
Coefficient Uncertainty

((k = (fk / N =
Plots:

Plot 1:
(Plot the calculated fk vs. N values.  Also, include the point (0,0).  Calculate the slope of the line.  According to our theoretical model, the slope is the coefficient of kinetic friction since fk = k N.  Record the value of k obtained from your line.)

Plot 2:
(Compare the value of k from the best line in Plot 1 to the other values of k obtained in earlier runs.  To do this, perform the following.  For each of the runs, subtract the uncertainty (k from the k value. Put these values in one column in Excel.  Now add the uncertainty (k to the k value for each run. Put these values in the column immediately to the right of the first column.  In the next column to the right, put in the k values.  For example, if the coefficient for one of the runs is 0.382 ( 0.031 then you would enter the data as shown for this run.
	k - k
	k + k
	k

	0.351
	0.413
	0.382


Once the three columns are completed, highlight the data in the three columns.  Select the “Chart Wizard” and choose the “Stock” plots.  Choose the first Stock choice, which is labeled the High-Low-Close plot.  Click on “Next”.  Choose “Series in Columns” in the Data Range Window.  Click on “Next” and complete the chart formatting.  This should produce a plot that shows each coefficient with its respective uncertainty represented by a vertical line.  The horizontal axis should show the run number.  Be sure to label the vertical axis with “Coefficient of Friction” and the horizontal axis with “Run”.  Now draw a horizontal line (either using the draw tool or a ruler and pen) whose coefficient value is equal to the slope of the best line in the first plot.)
Results:

Plot 1:

(Report the slope of the line which is the coefficient of friction.)

Plot 2:

(Does the horizontal line that you drew intersect all of the vertical lines?  If so, then the coefficient from the best line agrees well with the individual values when the respective uncertainties are included.)

Run 2:

(We now see if the area of contact between the ramp and block makes a difference.  Are the two coefficient of friction values the same when their respective uncertainties are considered?  Is the observation made in 2-1 consistent with our model of friction?)
Run 3:

(We now see how a change in mass affects the results.  Is the normal force larger, smaller or the same compared to when the block was lighter?  Does this agree with theory?  Is the kinetic friction force larger, smaller, or the same?  Does this agree with theory?  Is the coefficient of kinetic friction larger, smaller, or the same?  Consider the uncertainties of each value.  Does this agree with our theoretical model?)
Runs 4-6:

(We now see how the ramp angle affects the results.  Is the normal force constant?  Does it increase or decrease as the ramp angle increases?  What happens to the friction force as the ramp angle increases?  What should happen to the coefficient of friction as the ramp angle increases?  Do you observe this trend if you consider the ranges of each coefficient?)

Uncertainties:
(What were the sources of measurement uncertainty?  Which source was the largest contributor to measurement uncertainty?  Does the measurement uncertainty alone account for any differences between calculated values and accepted values?) 

