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Carts on a Slope [The better non-duplicated one]
Because you can’t duplicate Daniel Ostria
Purpose

To determine the coefficient of friction between the surface and the cart at different angles. Also to see how angle and normal forces affected the coefficient of friction [our friend 
Materials

· Cart

· String

· Weights

· Pulley

· Atwood’s Machine
· Three beam balance

Procedure

We first set the angle and placed the cart with the string on the ramp. We saw if the cart was at equilibrium and tried to set it to it if it wasn’t. We did this by adjusting the weight on the hanging part of the string and on the cart. To test for equilibrium we lightly touched the cart while at rest and if it moved and kept constantly moving we stopped it; if it remained at rest once again it was at equilibrium. The test works because kinetic friction is less than the static friction.

We then changed the angles and did the procedure over in order to get the other trial data.
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Data




	
	Cart Weight (kg)
	Hanging Weight (kg)
	Angle (Degree)
	μ

	Trial 1
	.2127
	.0547
	0°
	.258

	Trial 2
	.1635
	.0672
	10°
	.241

	Trial 3 
	.1635
	.1046
	25°
	.240

	Trial 4
	.2643
	.1955
	40°
	.126

	Trial 5
	.1685
	.1500
	45°
	.214
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The equations used were the following:
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Allong with the Trig. Equations stated in the Diagram of Free Bodies (because they are in Amerrrca, and such are free [unless mexican, of course])
Error Analysis

Our method for finding the point of equilibrium was not exact because the weights we used were either too big or too small and we did not have enough of the small ones to make miniscule adjustments to find the closest equilibrium weight.  The surface on the Atwood’s machine was not uniform and some areas were rougher than others. The pulley could have also skewed our results because we did not know if the pulley offered a frictionless bending point for the tension. The cart’s bottom surface was also not uniform and the weight we placed was not distributed evenly. To have found the exact point of equilibrium, it would have been great to have force gauges measuring all forces and monitoring when they were exactly the same.
One of our numbers was dramatically different form the rest possibly because we did the calculations wrong. Also we could have placed the cart a different part of the machine than where it was placed on the other trials. The difference in the smoothness of the surface would have affected the trial.

Our measurements and weights could be inaccurate due to the scale not being zeroed properly.
Conclusion

Our data showed that the μ was somewhere around 0.2. There was a large discrepancy in one of our trials but the average between our 5 trials was 0.2158. The coefficients of friction with different weights show us that weight is neglectable and that the coefficient of friction is the same between two different surfaces.
It also shows that as the angle is moved, the coefficient of friction remained about the same even with an angle as steep as 45 degrees. The normal force, affected by the angle (for as the angle increased, the normal force decreased), also had little effect (if any) to the coefficient of friction. This shows that the coefficient of friction is a constant that has nothing but the surfaces as variables.

Extensions
To extend the lab we could change the surfaces of the cart and the ramp. We could also use oil or water and sand or any other things to put in between the surfaces and see how it affects the coefficient of friction between the ramp and the cart.
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