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Sliding Object�
Mass (kg)�
Angle (ø) at 
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Static Friction 


µs = tan øs�
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Kinetic Friction 


µk = tan øk�
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Measure these values�
Calculate these values�
�
Angle of Ramp�
Height of the ramp h1 (m)�
Distance


down Ramp    d (m)�
Time down Ramp (s)�
Average Time (s)�
vB (m/s)�
(2vB)2 


(m2/s2)�
µk�
�
�
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your experimental average coefficient of kinetic friction�
�
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sinø





=  tanøs  





Wfk =  µkm1gd





=  tanøk  





Purpose _________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





Finding the Coefficient of Kinetic Friction





Slip Sliding Away





x





 h1     





Slip Sliding Away





mgsinø - µmgcosø = 0


             sinø - µcosø = 0





static friction





=





1. Diagram





Finding the Coefficient of Kinetic Friction





µs  =





Constant velocity





 mgh1 =  1/2mv2B   +  µkmgd





Using any object, find the value of the coefficent of knetic friction.  Object used ______________
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1. Energy Diagram





2. Using the Conservation of Energy
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=





2gd





PE = m1gh1 





=





KE = 1/2m1v2B = 0





EA  =  EB 





Physics Lab                                                                 Name ____________________________


Lab ___                                                                         Date ________





EA  =  EB 





=





4. Solve for µ





4. Solve for µ





h1 = 





Angle when objects begins to accelerate 


down the ramp.





ø





Physics Lab                                                                 Name ____________________________


Lab ___                                                                         Date ________





B





2. Using the Conservation of Energy





Conclusion





How did you measure the angle? Is there another way? Which is more accurate? Why? _______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





Label the areas of the graph below: Applied Force, Friction Force, Static Friction Region, Kinetic Friction Region, indicate the regions where the object does not move and where it begins to accelerate.





















































How does your calculation of the value of the acceleration due to gravity compare to the actual value? Did the mass of the object matter?





_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________








What are the steps involved in solving mechanics problems? Why does your teacher constantly say that you are building critical thinking skills when you practice using these steps? Did you take precautions to minimize error in this experiment?





________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________








Diagram and Physical Theory 





PE    +     KE      =    PE     +      KE      +    Wfk





1. Diagram





FreeBody Diagram





A





µk





=





mgh1 + 1/2mv2A  =  mgh0 + 1/2m1v2B + µkmgd





d





Ff = µFn = µmgcosø





Finding the Coefficients of Friction





Diagram and Physical Theory 





µk  =





=





v = 





v2B 





=





t 





kinetic friction





Angle when objects slides at a constant velocity 


down the ramp.





Materials


1. ______________________    2. ____________________   3. ___________________


4. ______________________    5. ____________________   6. ___________________





PE    +     KE      =    PE     +      KE      +    Wfk





2





sinø





From HyperPhysics! 


The friction between the tires of your automobile and the road determine your maximum acceleration, and more importantly your minimum � HYPERLINK "http://hyperphysics.phy-astr.gsu.edu/hbase/crstp.html#c1" ��stopping distance�. So the nature of that friction could actually be a matter of life and death. But like all applications of friction, it has frustrating ambiguities.


Many years of research and practice have led to tread designs for automobile tires which offer good traction in a wide variety of conditions. The tread designs channel water away from the bearing surfaces on wet roads to combat the tendency to hydroplane - a condition which allows your car to "ski' on the road surface because you have a layer of water lubricant under all parts of your tire.


�Jones and Childers report � HYPERLINK "http://hyperphysics.phy-astr.gsu.edu/hbase/frict.html#coe" ��coefficients of friction� of about 0.7 for dry roads and 0.4 for wet roads. The tread design represents an "all weather" compromise. If you were an Indianapolis race driver, you would use "slick" racing tires with no tread. On dry surfaces you might get as high as 0.9 as a coefficient of friction, but driving them on wet roads would be dangerous since the wet road coefficient might be as low as 0.1 .


Sooner or later, most people have to deal with the tricky judgment of how hard to put on the brakes in an emergency stop. It is a difficult issue, and no final answers are given here. But the illustration below may point out some of the relevant physical principles involved. In the best case scenario, you should keep your wheels rolling while braking because the bottom point of the tire is instantaneously at rest with respect to the roadway (not slipping), and if there is a significant difference between static and kinetic friction, you will get more braking force that way. But you generally don't have the luxury of time to make a delicate judgment about how hard to put on the brakes. For good tires on dry surfaces, there is not much difference between rolling and sliding friction, and if you back off the braking force very much, you will get less braking than if you just locked them down. The other issue is that in an extreme emergency, the braking is instinctive and you tend to hit the brakes as hard as you can before you can even think about it.�


Maybe locking the brakes is not so bad in good conditions on the dry road, and you may not be able to keep from doing so in an extreme emergency. But if you lock the wheels on a wet road, the results could be disastrous! I don't have anything like reliable estimates of the effective coefficient of friction, but I am guessing that it could easily drop to less than half of the "wheels rolling" braking because you are sliding on a surface which is lubricated by water. It may be that even with wheels rolling you might have in the neighborhood of 0.4 as a coefficient compared to 0.7 on the dry road, and it might drop down to the 0.1 of the slick tire. Those scary scenarios are depicted below in a qualitative way - I don't have reliable numbers. From Hyperphysics





Finding the Coefficients of Friction





h1





Purpose _________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





Materials


1. ______________________    2. ____________________   3. ___________________


4. ______________________    5. ____________________   6. ___________________





Sum of the Forces





cosø





 gh1 -  1/2v2B   





h0 = 0





gd





KE = 1/2m1v2A = 0





PE = m1gh1 





d





∑Fx = mgsinø  -  Ff  = max = 0


∑Fy = Fn - mgcosø  = max = 0





µk





 mgh1 -  1/2mv2B   





cosø





(vf + v0)





1. Energy Diagram





µk





mgd





d





Sum of the Forces





µk





Data Acquisition and Analysis





Finding the coefficient of static friction for each object sliding down your wooden ramp. 





Raise the ramp until the object begins to accelerate down the ramp. The angle the ramp makes with the floor is the angle that will be needed to overcome static friction. 





Finding the coefficient of kinetic friction for each object sliding down your wooden ramp





Raise the ramp until the object begins to accelerate down the ramp, then immediately, lower the ramp (a little) until the object moves down at a constant velocity. This angle the ramp makes with the floor is the angle that will be needed to overcome kinetic friction.





 mgh1 -  1/2mv2B   =  µkmgd





FreeBody Diagram





=


















































































































































































































































































































































