
	Direct Measurement Video

	A Sliding and Rolling Ball



	Objectives



Students will:
· [image: :sliding rolling screenshot.png]Use a direct measurement video to make measurements
· Apply the rotational kinematics to a sliding and rolling ball 
· Apply Newton’s Second Law for rotation
· Determine the coefficient of sliding friction of the ball on the track surface based on measurements from the video
· Use online data sources to determine whether their answer is similar to published measurements

Prior knowledge: the definitions of angular velocity, angular acceleration, torque, sliding friction, and rotational inertia. 


	Instructions



1. Go to the rotation section of the Direct Measurement Video Library and download the video called Sliding and Rolling Ball

Note: to download the video, right-click, or control-click and select save linked file as (the wording varies depending on which browser you use). Save the video to the desktop.

2. Open the video using QuickTime video player. If you do not have QuickTime installed on your computer, you can get it here. You can view the video using the controls at the bottom of the video window. You can also use the spacebar to start and stop the video. While the video is stopped, you can use the right and left arrow keys on your keyboard to advance the video frame-by-frame. 

3. Use the video to answer the following questions.


	Questions Part One



1. Describe the linear motion of the ball as it moves along the track. Is it speeding up or slowing down, or moving with constant speed? If the speed is changing, what force is causing this acceleration?


2. Describe the angular motion of the ball as it moves along the track. Is the angular speed increasing or decreasing, or is it constant? If the angular speed is changing, what torque is causing this angular acceleration?




	Measurements and Calculations



1. Calculate angular acceleration for the interval beginning immediately after the ball is struck, during the first /2 rotations.

a) How many frames does it take for the ball to rotate /2 rotations?

b) How much time is this?

c) What is the initial angular velocity immediately after the pendulum collides with the ball?

d) Use the answer to these questions to calculate the average angular acceleration of the ball during the first /2 rotations.


2. Write an expression for the torque required to cause this acceleration.

a) Draw a force diagram showing the forces on the ball as it slides.

b) Use Newton’s Second Law for rotation to write an expression relating the torque and angular acceleration.

c) What force causes the torque on the ball as it slides?

d) Write the expression for the rotational inertia for a solid sphere like the one in the video. Here is a link to a list of formulas to calculate the rotational inertia of many shapes, including a ball like this one. 

e) Combine the relationship for Newton’s Second Law, the friction force, and the rotational inertia.

f) Solve for the coefficient of friction using the values from the video


	Questions Part Two



1. Try to determine whether your result is reasonable compared to published data. Use online resources to find coefficients of friction between various solid surfaces. The ball is made of smoothly polished polyester resin and the track is smooth anodized aluminum. Although you may not be able to find the coefficient of friction for this exact combination, you should be able to find data for similar materials Is your answer reasonable compared to published data?

2. Based on the friction coefficient, what is the linear acceleration of the sliding ball?
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