
Physics 244 
 

Angular Motion 
 
Introduction 
You will be exploring various aspects of angular motion in this lab. In Part I, you observe 
conservation of angular momentum by rotating a metal disk at some measured angular velocity. 
After dropping an identical disk and a ring on the rotating disk, you will measure the new 
velocity and compare the initial and final angular momentum. In Part II, you will study the 
rotational motion of a disk rolling up and down an incline. You will use the World in Motion 
software to extract angular quantities and will analyze this data in Excel. 
 
Materials 
Part I: Excel, Data Studio, rotary motion sensor, metal disk and ring. 
Part II: Excel, World in Motion software and rolling_disk1a.avi video. 
 
 
Reference 
Giancoli, Physics 6th Edition: Chapter 8, sections: 1,2,3,5,7,8 
 
Theory  
Angular Motion parallels translational motion in many ways.  For example, instead of v, we have 
ω  for the angular velocity of a rotating body.  Similarly, there are equivalent angular quantities 
for acceleration, momentum, force and mass.  In the case of a rotating mass, we use the quantity 
"moment of inertia", i.e. I,  to describe how readily that body can undergo angular acceleration. 
The moment of inertia, , depends upon the mass of the object and how the mass is 
distributed about the axis of the body.  
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Part I: In the absence of any external torques (such as friction) on an object, angular momentum 
is conserved, i.e. its initial and final angular momenta are equal. Conservation of angular 
momentum (Equations 1, 2, 3) means that if the moment of inertia, I, of a rotating object is 
changed, the angular velocity,ω , will change by some factor so that the total angular 
momentum, L is conserved: 
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The moment of inertia for a disk of uniform density rotating about its center is: 
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The moment of inertia of a ring of inner radius R1 and outer radius R2 is 
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Part II: In Part II, you will analyze a video of a disk rolling up and down an incline.  Rotational 
motion with constant angular acceleration has equations very much like the kinematic equations 
for translational motion from Chapter 2: 
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Since there is a net torque acting throughout the motion, the angular acceleration will be non-
zero and the angular velocity is expected to vary linearly as predicted by Equation 8. 
It should be noted that the angle of displacement,θ , is expressed in radians, NOT degrees and 
this should be taken into account in your calculations. Units of angular velocity are radians per 
second and units of angular acceleration are radians per second squared. 
 
You will also analyze the motion of the rolling disk from the standpoint of conservation of 
energy.  Since the disk is rotating, the expression for mechanical energy includes a term for the 
kinetic energy of rotation about the center of mass as well as kinetic energy of translation: 
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The objects you will observe are rotating about their center of mass, therefore, the center of mass 
can be marked to track the translational motion of each object, which will follow the usual 
kinematic equations outlined in your text. The total energy of the rolling disk is conserved, but it 
is no longer limited to gravitational potential energy and kinetic energy.  Rotational energy must 
also be considered.  
 
Procedure  
Part I: Conservation of Angular Momentum 
 
1. Measure and record the radii and mass of each disk and the ring and calculate “I” for each. 
Even though the disks appear the same, it is important to weigh and record the masses of each 
individually. 
 
2. Open Data Studio. Choose Create Experiment. In the Experimental Setup window Sensor 
section, select Rotary Motion Sensor. 
 



 
Figure 1 

 
 
3. Double-click on the Rotary Motion Sensor.  
 
4. Click on the Measurement tab and put a check next to angular velocity, this will let the 
interface know that you want ω  measured. Uncheck all others values listed and click OK. 
 
5. Now with one disk attached to the rotary motion sensor, give the system a spin. Press Start to 
begin collecting data. 
 
6. Carefully drop another disk on top of the spinning disk. Make sure that there is very little 
excess motion when the second disk lands. It may take a few trials to achieve minimal 
disturbance of motion.  
 
7. Wait a couple of seconds and press Stop. 
 
8. Drag the Angular Velocity icon to Graph in the "Displays" section of the program. You 
should get a graph resembling the one below. 
 



 
Figure 2 

 

9. In the graph window there is a button for Smart Tool  . This button allows you to select 
individual data points and it gives you its coordinates. Click on Smart Tool and find iω  
(immediately before dropping the second disk) and fω (immediately after dropping the second 
disk). Record these coordinates. 
 
10. Perform the experiment three times.  Repeat with the ring. 
 
11. Calculate the initial and final angular momentum from the measurements. Is angular 
momentum conserved? 
 
Part II: Rotational Motion with constant acceleration. 
 
1. To start World in Motion, go to Start>Programs>World In Motion>Video Analysis.  Load 
the rolling disk file ( rolling_disk1a.avi  ).  Set the Min Frame = 3, Step By = 4, and Max 
Frame =96. 
 
2. You need to establish a scale between physical distance and pixels in the video. To do this, 
select Video>New Scale and follow the instructions given. The points you mark should be the 
ends of the meter stick in the video and the scale is then set to 1.00 meter. After you have 
completed this, check the accuracy of your scale by reading the coordinates between the two 
ends of the meter stick to be sure that the difference in distance is read as 1 meter. 
 
3. Mark the center of mass of the rolling disk for each frame. The points will overlap at times but 
if you are careful the results will be better than you expect.  
 
4. Click on Data Set 1 to switch to Data Set 2.  Mark the outer end of the black line for each 
frame to record the rotation of the disk. This must be recorded as Data Set 2. 



 
5. Click on Graphs and select Option 4, which is for a translating, rotating object.  
 
6.  In the next window, input the following information: the center of mass (CM) moves in x and 
y directions, the "Y" is vertical and the "Point" is in the x and y directions.  
 
7. Select the three plots you want in the next window: position, ωθ ,  and α  vs. time. Click YES 
to view the graphs.  Examine the data table and then copy and paste the data into Excel.  
 
8. In Excel create graphs of ωθ ,  and α vs. time. Fit each with the appropriate Trendline.  Do 
they agree with the predictions of in Equations 6-9?  Discuss. 
 
9.  Measure the mass and radius of the disk used to make the video.  Calculate its moment of 
inertia I.  Use this information along with the data from the video to calculate the energy of the 
disk.  Plot E, KEtrans, KErot, PE  vs. time.  Is energy conserved?  Discuss. 
 
For your Lab Report 
Include a sample calculation of the initial and final angular momenta (Equation 3) from Part I. 
For your uncertainty propagation, estimate the uncertainty in the mass and radius measurements 
you took, as well as the uncertainty for the angular velocity recorded by the rotary motion sensor. 


