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Rotational motion

Introduction

In this experiment the moment of inertia of a solid disk is determined by studying

the dynamics of the rotating disk when a constant torque is applied to it. We should

be able to verify that the value of moment of inertia found experimentally is equal

to the theoretical value within experimental error. Furthermore the conservation of

mechanical energy in rotational motion is studied and also the effect of any non-

conservative forces on the motion will be investigated, minimized and compensated.

Objectives

• To study rotational kinematics (uniformly accelerated rotational motion) and

to learn how to calculate moment of inertia of a rotating disk (about 1350g).

• To verify that the experimental value of moment of inertia is consistent with

the corresponding theoretical value.

• To study rotational kinetic energy and to verify the conservation of mechanical

energy.

Equipment to be used:

• Setup for Circular Motion (Cast Iron ”A” base with rotating shaft, aluminum

track, a 300g square mass with thumbscrew, rotating disk, mass hanger, mass

pieces, string with hook, mounting rod with pulley).
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• Measuring devices:

Photogate timer.

Ruler (For the dimensions of the rotating disk).

Vernier caliper (For the radius of the vertical pulley).

Theory

In pure rotational motion, the motion with a constant angular acceleration about a

fixed axis is an important special case. There is a set of equations of motion relating

the angular quantities analogues to equations of motion for the motion with constant

linear acceleration.

Table 1 below shows the analogy between the equations for motion with constant

angular acceleration about a fixed axis and the corresponding equations for motion

with constant linear acceleration.

Table 1. Equations of motion.

Translational Rotational
motion missing variables motion

v = vo + at x θ ω = ωo + αt

∆x = vot + 1
2
at2 v ω ∆θ = ωot + 1

2
αt2

v2 = v2
o + 2a∆x t t ω2 = ω2

o + 2α∆θ

∆x = 1
2
(vo + v)t a α ∆θ = 1

2
(ωo + ω)t

∆x = vt − 1
2
at2 vo ωo ∆θ = ωt − 1

2
αt2
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Where θ is the angular position, ω =dθ
dt

is the angular velocity, and α =d2θ
dt2

is the

angular acceleration.

Part one: Moment of Inertia of a Solid Disk

Newton’s second law for uniformly accelerated rotational motion is stated as

τ = Iα (1)

where I is the moment of inertia of the rotating solid disk about the axis of rotation,

α is the angular acceleration of the disk, and τ is the net torque applied to it. In order

to compute the experimental value of the moment of inertia I of the solid disk, then

we should determine first the experimental value of both its angular acceleration α

and the amount of torque τ applied to it.

• To determine the angular acceleration α of the disk we will consider the following

equation

∆θ = ωot +
1

2
αt2 (2)

with initial conditions θo = 0 and ωo = 0. Hence, Equation (2) is reduced to

θ =
1

2
αt2 (3)

which implies the fact the α is determined by studying the relation between the

angular position (θ) and the time of revolution (t).
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• To determine the torque τ applied to the rotating disk refer to Figure 1. the

torque is due to the tension of the string wrapped around the vertical pulley.

Figure 1. Rotational Apparatus and Free-Body Diagram

If the acceleration of the falling mass connected to the string is small compared

to the acceleration due to gravity then the value of the torque is given by:

τ = meg rvp (4)

where meg is the weight of the effective mass me. Because the theory used

to find the rotational inertia experimentally does not include friction then you

should find out how much mass over the horizontal pulley is needed to overcome

the kinetic friction and allow the hanging mass to drop at a constant speed. We

refer to this mass as ”friction mass” mf and it will be subtracted from the

hanging mass mh used to accelerate the apparatus. therefore, (me = mh −mf).
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The term rvp is the moment arm, which is the radius of the vertical pulley fixed

on the vertical shaft.

The experimental value of the moment of inertia I of the solid disk is compared to

the Theoretical moment of inertia Itheoretical of the disk about its central axis which

is given by

Itheocratical =
1

2
MR2 (5)

where M is the mass of the solid disk and R is its radius.

Part two: Conservation of Mechanical Energy

In this part of the experiment we study how the potential energy from the hanging

mass is transformed into rotational kinetic energy of the disk. In terms of moment of

inertia the rotational kinetic energy, denoted by Krot, of a rigid body is given by:

Krot =
1

2
Iω2 (6)

and the translational kinatic energy, Ktrn, of the effective mass as it moves slowly

downward toward the ground is given by

Ktrn =
1

2
mev

2 (7)

Then conservation of mechanical energy requires that

meg h =
1

2
Iω2

f +
1

2
mev

2
f (8)

however, the translational kinetic energy Ktrn of the falling mass is very small (almost

negligible) then the chose to ignore it. That reduces Equation (8) to

meg h � 1

2
Iω2

f (9)
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Procedure:

Leveling the “A” Base

1) Set up the equipment according to Figure 2.

2) Attach the 300g square mass onto either end of the aluminum track and tighten

the thumbscrew.

3) Adjust the leveling screw on the right leg of the base until the end of the track

with the square mass is aligned over the leveling screw of the left leg of the base.

4) Rotate the track 90o so it becomes parallel to the right side of the “A” base and

adjust the other leveling screw until the track remains at rest in this position.

5) The track should remain at rest regardless of its orientation otherwise repeat

steps 3 and 4.

Figure 2. Leveling the “A” base
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Part one: Moment of Inertia of a Solid Disk

1) Set up the rotating apparatus as shown in Figure 1 with the disk placed onto

the vertical shaft.

2) Using a hook, fix the string to the hole in the vertical pulley and wind the string

around that pulley by rotating the disk. The total length of the string should

deliver a suitable height h, for which the disk can make at least 8 revolutions

before the hanging mass falls to the ground.

3) Measure and record the following parameters:

∗ The radius of the rotating disk Rd = ........................................................

∗ The mass of the disk Md = ........................................................................

∗ The radius of the vertical pulley rvp = ......................................................

∗ The friction mass mf = ..............................................................................

∗ The hanging mass mh = ............................................................................

∗ The effective mass me = ............................................................................

∗ The torque τ using equation (4)= ..............................................................

∗ The moment of inertia of the disk using equation (5)= ...............................

4) Use the free spoke of the vertical pulley and the photogate timer to measure

- The odd periods of revolutions of the disk in the first attempt

- The even periods of revolutions of the disk in the second attempt

For the purpose of measurement of the odd periods set the photogate timer

to pulse mode and select the 1ms resolution. Reset the photogate timer and

release the disk when the free space of the vertical pulley is shortly before

the photogate head. Whenever a reading appears on the timer, immediately

record it and reset the photogate timer quickly so it can measure the next

odd period. Record your data in Table 2.
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5) For measuring the even periods, we reset the photogate timer as soon as it

starts timing the first period and then continue exactly as in the previous step.

6) Calculate the total time t elapsed after n = 1, 2, 3, 4, ... revolutions in Table 2,

and plot the graph of the angular position θ versus t2. Determine the angular

acceleration from this graph and then calculate the moment of inertia of the

disk using Equation (1).

7) Compare the experimental value of the moment of inertia of the disk with the

theoretical value calculated.

Table 2.

n θ = 2πn todd (s) teven (s) t (s) t2 (s2)

1

2

3

4

5

6

7

8

Angular acceleration α (from the graph)= ............................................

Experimental value of I (from Equation 1) = .......................................

Theoratical value of I (from Equatios 5) = ...........................................
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Part two: Conservation of Mechanical Energy

1) Set up the rotational apparatus as shown in Figure 1.

2) Measure the falling distance h and record it in Table 3. Adjust the length of

the string such that at the moment the falling mass hits the ground, the hook

would be released automatically from the threaded hole.

3) Set the photogate timer to pulse mode and measure the period Tf in the

phase of uniform motion just after the acceleration phase is over. Record it

Table 3.

4) Calculate the angular speed ω
f

= 2π
Tf

and record it in Table 3.

5) Repeat the previous steps for other hanging masses given in Table 3.

6) Plot a graph of the rotational kinetic energy versus initial potential energy of

the effective mass. You should get a straight line through the origin with slope

equal to 1.

Table 3. Falling Height h = ..................., Moment of Inertia I = .................

mh (g) megh (J) Tf (s) ω
f

= 2π
Tf

(rad/s) Krot (J)

17

20

23

26

29

55



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


