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AP Physics C – Rotational Motion

Purpose: To investigate angular kinematics, energy, and moments of inertia

Materials: Open ended metal can or solid cylinder, ramp, angle inclinator, stopwatch

Procedure:

1) Position a ramp so that the angle of inclination is approximately 5 degrees or less. MEASURE THIS VERY CAREFULLY!
2) Very carefully roll the metal can or cylinder FOUR revolutions along the plane.

3) Mark the beginning and ending points of the four-revolution displacement.

4) Measure and record the MASS and RADIUS of the can or cylinder.

5) Measure and record the linear displacement of the can or cylinder “s” as shown in the diagram below.
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6) Position the can or cylinder at the top of the incline.

7) Measure and record the time it takes to make the FOUR-revolution displacement.

8) Repeat at least 10 times and determine the average time.
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Calculations

1. Calculate rSince this is the same as the displacement, calculate a % difference between the two values This is a good check on the accuracy of the measurements of “s” and the # of revolutions of the can. Show ALL work
r

s
difference____________
2. Calculate the final translational speed , v , and the final rotational speed ,   .  You can get these values by finding the AVERAGE and doubling the value. Then calculate a percent difference between rand "v". Show all work!
v = _________________
    
r

3. Using translational  and rotational kinematics calculate the translational acceleration, a, and the angular acceleration,  . Calculate a percent difference between rand a. Show all work!
a = ___________________
 = _________________
r=______________

4. The moment of inertia for any shape is defined as I = kmr2. Using conservation of energy, calculate the moment of inertia constant “k”of the can. Show all work!
5. The actual value for the can’s constant is ONE as we are treating the can as a hoop. Thus the equation for the moment of inertia for a ring/hoop is I = mr2. However, various shapes have a different constant such as a solid cylinder. The k for the cylinder is ½ or 0.5, thus the moment of inertia equation for a cylinder is  ½ mr2 . Calculate the % difference between your calculated “k” and the actual “k”

6. Translational momentum is defined as p = mv. The rotational analog to this is ANGULAR MOMENTUM symbolically represented by “L”. So if we redefine our equation with our new rotational symbols we discover that angular momentum is L = ICalculate the Angular momentum for your can or cylinder. Show all work!
7. The rotational analog to FORCE is Torque symbolized by According to Newton’s second law TORQUE would then have to equal “Ma”, but since we are expressing everything in rotational terms, TORQUE(ICalculate the torque acting on the can or cylinder. Show all work
8. According to the impulse-momentum theorem, J= p or Ft=mv=p. We could also say that FORCE is the rate of change of momentum: F = mv/t or p/t . Therefore, TORQUE would be define as the RATE OF CHANGE OF ANGULAR MOMENTUM.  = L/t . Calculate the torque using your calculated angular momentum and measured time. Show all work!
9. Calculate a % difference between the Torque found in #7 to the Torque found in #8.
10.  The force that actually acts on the cylinder while it is rotating is FRICTION. If we look at torque from a translational point of view we define it as the force that acts perpendicular to the radius or lever arm. =Frsin with  being the angle between the force and the radius, which is 90 degrees in this case. Since sin 90 = 1, the formulas reduce down to =Fr, with Friction being the force causing the rotation. Calculate the force of friction using the torque found in #8.

11. What do you notice about the MAGNITUDE of the force of friction while the object is rotating? Explain your answer in detail
