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Physics 312 Lab #1:  Rotational Inertia 
 
 
Measurement Goals: 
 
The goal here is an accurate determination of the moment of inertia of the black-anodized ring 
and the moment of inertia of the two brass masses flush at the end of the rod (Including the 
attachment screws, but not including the rod). This will be done by checking it two ways; (1) 
direct dynamical measurement (experimental) and (2) using the moment tables in the text 
(theoretical or static). Both of these will have an associated uncertainty, and there will be 
some overlap if they are in agreement.  
 
Overview: 
 
The Rotary Motion Sensor (RMS) has an axle with a triple pulley.  A silver base plate can be 
mounted on the axle, and the heavy black ring may be set on the base plate. A string is wrapped 
around the RMS 3-step pulley, passed over a “massless” super pulley and attached to a hanging 
mass that will cause the system to accelerate. You will start this system from rest, and measure 
the angular acceleration of the axle. From your measurements you should be able to do two 
things: (1) determine the moment of inertia of the RMS pulley/axle and of the object attached to 
it from these dynamical measurements; and (2) compare this result to the moment of inertia 
calculated theoretically from the mass and dimensions of the object.  

 
Equipment list 
 

Rotary Motion Sensor with silver base plate, black ring, rod and masses for the rod. 
Team Physics Lab Computer with LoggerPro software and LabPro interface 
Super Pulley (which is so light we assume it’s massless). 
Hanging Mass (use a brass 50 gram mass hanger, the plastic hangers break) 
Support rod and table clamp 
Physics thread (which is so light we assume it’s massless). 

Figure 1.  RMS with base plate and ring. Figure 2.  RMS with rod. 



  9/9/2008 

 
Do not lose the screws! This happens in every lab. If you don’t remove them from the 

rod, then you won’t lose them. 
 
Setup Details 
 
Using the drawings as a guide, attach the RMS to a support rod held in a table clamp on your 
table.  Carefully clamp a Super Pulley on the end of the RMS as shown.  The Super Pulley 
should be oriented so its top is level with the largest pulley on the 3-step pulley.   
 
Attach the RMS cable through the short adapter cable into the DIG/SONIC 1 port of the LabPro 
box. Plug in the power to the LabPro box before connecting it to the laptop with the USB cable.  
After you log onto the computer, go to My Computer… Student Shares… University Physics 
Students… Team Physics 312… LoggerPro.  In that folder you will find a file named 
Moment_of_Inertia.  Drag that icon to the desktop of your computer.  Then drag the 
Moment_of_Inertia icon from the desktop onto the LoggerPro icon that is also on the desktop.  
This will launch LoggerPro using the Moment_of_Inertia file.  In LoggerPro, when you click the 
Collect button, you should start getting a graph of angle versus time for the RMS.  Try it (start 
the RMS wheel spinning while making a graph).  When you click Collect again, it should erase 
the old graph and start a new one. 
 
Measurements I – Black-Anodized Ring 
 
1. Get a piece of thread that is slightly longer than the distance from the RMS to the floor.  Tie a 
small loop or large knot in each end. Wrap the thread around the largest pulley in the 3-stage 
pulley.  You can use the little groove (not the hole) on the rim of the pulley to hold the knot of 
one of the end loops so the thread will not slip but will still come off easily. Put the 50g brass 
mass hanger on the free end of the thread. Without letting go of the 3-stage pulley, remove the 
screw that holds it on the axle.  There is a square hole on one side of the silver base plate that fits 
over the end of the 3-stage pulley.  Put the base plate back on the axle and replace the screw. (Do 
not place the black ring on for the first part. We first need a measurement of the background I to 
subtract off). 
 
2.  Make sure the string is carefully wrapped around the largest pulley and the Super Pulley is 
free to spin without rubbing anything.  Click the Collect button.  After the graph begins, release 
the 3-stage pulley so the mass hanger falls.  When the graph has finished, determine which 
portion of it represents the acceleration.  There are several ways to get the angular acceleration 
from the graphs. It might be a good idea to make sure different methods are in agreement and 
choose one which gives the least uncertainty.  Here are two possibilities; 
 

Method A:  Select the portion of the angular position graph where the pulley was 
accelerating by dragging over it with the mouse while holding down the left mouse 
button. From the top menu bar, choose Analyze… Curve Fit… Quadratic.  Click Try Fit 
and then click OK. If the box showing fit results is in the way, you can drag it to a better 
position with the mouse.  Figure out how to obtain the acceleration and its uncertainty 
from the fit results and record it in your data table. 



  9/9/2008 

 
 
Method B:  Select the portion of the angular velocity graph where the pulley was 
accelerating by dragging over it with the mouse while holding down the left mouse 
button. From the top menu bar, choose Analyze… Curve Fit… Linear.  Click Try Fit 
and then click OK. If the box showing fit results is in the way, you can drag it to a better 
position with the mouse. 
 
Control ‘0’ resets the readings to start from zero again, so that you’re not racking up 
thousands of radians each time it spins down. 

 
You can print the graph, but to conserve paper please only print one good copy of each of the 
four measurements for your team's report. 
 
3.  Repeat step 2 several times. The numbers will tend to jump around a little bit, and you 
should use this variation in the results to come up with an estimated uncertainty for your 
experimental moment of inertia. 
 
4.  Now place the black ring on the silver base plate.  Note that there are two studs on the ring 
that fit into holes in the base plate.  Repeat from step 2 with the ring on the base plate, still using 
the 50g mass hanger on the string. 
 
 
Measurements II – Two Brass Masses 
 
5.  Remove the black ring and silver base plate. Put the screw in a safe place so it doesn’t get 
lost!  As shown in Figure 2, turn the 3-stage pulley over and mount the rod on it using its built-in 
screw. Note that there is a tab in the pulley and a slot on the axel for it. Don’t jam it on . You 
will need to readjust the Super Pulley so its top is level with the largest part of the 3-stage pulley.  
If the plot appears choppy, in the ‘Experiment… Data Collection’ menu, try fiddling with the 
sampling rate (100 �  20 seems to work) or maybe try changing the hanger mass. 
 
6.  Repeat step 2 with the rod. Feel free to alter the 50g mass you’ve used if you think it might 
be too heavy, but make sure to weigh (as a double-check) and record any new choices. 
  
7.  Put the two masses back on the ends of the rod, flush with the very end of the rod. Repeat step 
2 with the rod and two masses on the axle.   
 
 
Measurements III – Other Data Required 
 
8.  To complete your calculations, you will need the formula derived in Monday’s Workshop and 
(using formulas from the textbook) the moments of inertia of the black-anodized ring, and 
masses at the ends of the rod.  Decide which lengths, distances, masses, diameters, etc. you need 
to measure, and measure them. You will NOT need to measure the silver base nor anything 
inside the RMS itself (think about this).  Record the measurements in a neat easily read format. 
Remember to include units and uncertainties. As a general rule, always have another lab partner 
verify your measurements independently. 
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Since the calipers won’t fit into the pulleys properly, you may use information from the 
specification sheet made by the manufacturer of the RMS.  However, these are "nominal" 
dimensions that are not guaranteed accurate, so you still need to estimate their uncertainties by 
your best judgment if you use any of them in calculations. Feel free to adopt slightly different 
diameters if you don’t think these are correct. It’s your judgment call. 
 
 
 

Manufacturer's Specifications: 

3-step Pulley 

10.0 mm,  29.0 mm and 48.0 mm diameter 

Resolution 

1° and 0.25° 

Maximum Speeds 

13 rev/sec at 1° resolution (360 data points/revolution) 

3.25 rev/sec at 0.25° resolution (1440 data points/revolution) 

Optical Encoder 

bidirectional, indicates direction of motion 

Sensor Dimensions 

10 cm x 5 cm x 3.75 cm, 6.35 mm diameter shaft 
 
 
 
Analysis 
 
9.  Use Newton’s Second Law for rotation and your measurements to determine the moment of 
inertia of the objects in parts I and II. This was basically the problem worked out in Monday’s 
workshop. Note that the silver base plate, 3-step pulley and internal RMS parts were always part 
of the rotating system but we never measured their moment of inertia separately. Can you 
calculate the moment of inertia you need to measure accurately by cleverly canceling out the 
unknown moments of inertia?  Discuss this clearly in your report.  (Hint: If your pet porcupine 
won’t stand still on the bathroom scale, how do you weigh it?)    
 
10.  Use moment of inertia formulas from the textbook and your various measurements to 
determine the theoretical moments of inertia of the black-anodized ring (ignore the two tiny 
bumps on the bottom), and the two weights at a distance from the axis (not including the support 
axle, and ignoring the little attachment bolts and thread hole). Determine a theoretical uncertainty 
for each of these based on the uncertainties in measurements of the objects you took. First treat 
the two masses on the rod as point masses and see if this is good enough for agreement with 
experiment, but for a more accurate approximation, also try treating them as solid cylinders 
(ignoring the bore hole through the axis) shifted out by the parallel axis theorem and see if this 
provides better agreement with the experimental result. 
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11.  Compare your experimental results from step 9 with the theoretical results from step 10.  In 
particular, see if the uncertainty range for the two cases in step 9 overlaps the corresponding 
uncertainty range from step 10. Technically, there is agreement if any part of these two ranges 
overlaps, even if the central value is not within the range of the other. (See the online 311 lecture 
notes at people.rit.edu/~gjtsps, Lecture #2, if you need to review how to handle uncertainties 
when you add or multiply numbers.) 
 
 
 

Report – Due before 5:00 pm, Friday, September 19th. 
 

It is entirely your group’s responsibility to ensure the report is handed in by the deadline. If the 
person who’s supposed to hand it in has that look in their eye like they’re not going to show up 
that day, don’t leave it with them. A week is more than enough time and you can also hand it in 
any time before that if you want to be sure. 
 
You and your team members should jointly write one report on this experiment.  The title page 
and abstract should be printed for clarity, but the data and discussions may be neatly hand-
written. The report should include the following elements: 
 
1) A title page containing a descriptive project title, your name, your partners’ first and last 
names (only those in attendance during the lab), and the date the experiment was done. 
 
2) An abstract, which is a short (one or two paragraph) summary of the entire report. The 
abstract must summarize the theory, the procedure, analysis of the data, conclusions, and the 
measured results. Since an abstract is a summary, it should not include formulas, detailed 
information, or data tables, but it must include the most important values that you obtained as 
your final results along with their uncertainties. Also, being a summary, you should not begin 
writing the abstract until you have finished the remainder of the report and know what to 
summarize. It must be no longer than one double-spaced page (one half page if single-spaced). 
Don’t use personal pronouns like ‘I’, ‘us’, ‘we’, ‘our’, etc. 
  
The abstract is the most important part of the report!  Think of it as an Executive Summary – 
Something that will be read by busy, influential people (company presidents, big clients, venture 
capitalists, physics professors, etc.) who need to have the most important information spelled out 
clearly but succinctly. Neatness, grammar, sentence construction and spelling matter.  The 
abstract must be self-contained and may not refer to other parts of the report or to the instruction 
sheets. This is often difficult to do, cutting everything down to just the bare basics, but it’s a 
necessary part of technical writing as there are so many journals out there that people only have 
time to skim through lists of abstracts to decide what paper they need to read in detail. 
  
The remainder of the report may be neatly handwritten and hold information that 
supports the abstract;   
 
3) A theory section. This should include an explanation or derivation of each formula you used.  
For example, explain how you applied Newton’s Second Law for both the falling mass and the 
rotating system in step 9, what sign conventions you chose. Discuss each of the formulas you 
used in step 10. Some drawings might help explain things. 
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4) A procedure section.  This should explain anything you did that was different from the 
instructions. Students often come up with better ways to do things here and there, and this is your 
chance to explain it. Since you have already made the measurements, it should be written in past 
tense.   
 
5) Clearly-labeled data and data tables.  Individual numbers, as always, must include the proper 
units.  The first row of each column in a data table or spreadsheet should show the name and 
units of the numbers in that column, and the rows below it should contain only the numbers 
without additional unit names.  
 
6) Calculations and data analysis. Show each step for one sample calculation of each type.  
(Note: If you use a spreadsheet, the equations used to calculate each column in the spreadsheet 
must be presented, preferably in spreadsheet format).  Since your discussion will include an 
analysis of the experimental uncertainties, these should be estimated and carried through your 
calculations.  Explain any details that were not explained in the theory or procedure sections.  
 
7) Results displayed in the form of tables and/or graphs. Any graphs must have a descriptive title, 
and the axes must be labeled with quantities and units.  You should include one good printout of 
the LoggerPro graph for each of the four setups; silver base plate (background I to subtract off), 
silver base plate & black ring, rod (background I to subtract off), rod & masses.   
 
8) Describe the results you obtained. Write a sentence or two for each of the objects explaining 
whether or not the experimental and theoretical moments of inertia agree. Don’t ever talk about 
an experiment being a ‘success’ or ‘failure’, just state your results. If they don’t agree, suggest 
reasons why this might have happened. Don’t ever use the phrase ‘human error’ or say things like 
‘it’s probably my lab partner’s fault’ as these are technically meaningless and you won’t find 
them in any scientific publication. If you can’t see any reason at all for a discrepancy, then simply 
state that (This is actually done in scientific journals, and it’s an invitation for others to look at 
the problem). The uncertainty analysis should be carried out correctly for both the experimental 
and theoretical parts. This component is just as important as the actual numbers, because without 
uncertainties you can’t determine whether the numbers are in agreement or not. 
 
 
 
 
Rough grading scheme for Lab #1: 
 
Abstract:  2 marks (major) 
Theory:  1 mark  
Data tables: 1 mark (record reading uncertainties and units on measurements) 
Sample calculations:  1 mark (show one example of everything) 
LoggerPro plots: 1 mark (attach a nice example of each part) 
Uncertainties for both  
   experimental and theoretical: 2 marks (major) 
Discussion of results: 1 mark 
Neatness and Clarity: 1 mark      / 10 marks. 


