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Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Rotational motion
P22 Rotational Inertia.DS
(See end of activity)
(See end of activity)

Equipment Needed
Qty
Equipment Needed
Qty

Rotary Motion Sensor (CI-6538)
1
Mass and Hanger Set (ME-9348)
1

Balance (SE-8723)
1
Rotational Accessory (CI-6691)
1

Base and Support Rod (ME-9355)
1
Thread (inc. w/ CI-6691)
1 m

Calipers (SF-8711)
1



What Do You Think?

[image: image1.wmf]What is an example of an object or device that depends on rotational inertia? How does the rotational inertia of a ring (or hoop) compare to the rotational inertia of a disk (or cylinder)?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image10.png]


[image: image11..pict]A quarterback on an American football team throws the ball so it spirals in flight. A figure skater performs an elegant spin on the ice and increases her rotation rate by moving her outstretched arms closer to her body. Rotational inertia plays an important role in both of these phenomena. 

The rotational inertia of an object depends on the mass and the distribution of mass. In general, the more compact an object, the less rotational inertia it has. 

Theoretically, the rotational inertia, I, of a ring is given by 


[image: image22..pict]Equation 1

where M is the mass of the ring, R1 is the inner radius of the ring, and R2 is the outer radius of the ring.

Theoretically, the rotational inertia, I, of a solid disk of uniform density is given by 


[image: image2.wmf] Equation 2

where M is the mass of the disk, R is the radius of the disk.

To find the rotational inertia of the ring and disk experimentally, apply a known torque to the ring and disk and measure the resulting angular acceleration. 

Since 


 Equation 3

where 

 is the angular acceleration and is the torque.

Torque depends on the force applied and the distance from the pivot point of the rotating object to the point where the force is applied, or



 Equation 4

where r is the distance from the center of the ring or disk to the point where a force is applied (the ‘lever arm’), and F is the applied force. The value of r x F is r F sin ø where ø is the angle between r and the direction of F, the applied force. The torque is maximum when r and F are perpendicular. 

In this case, the applied force is the tension (T) in a thread that is attached to a part of a rotational apparatus. Gravity pulls a hanging mass m that is attached to the thread. The value of r is the radius of the step pulley on the apparatus. The radius is perpendicular to the applied force (Tension). 

Therefore, the torque is:


[image: image3.wmf] Equation 5

The following solution is derived from the convention that up is positive and down is negative, counter-clockwise is positive and clockwise is negative.

Applying Newton’s Second Law for the hanging mass, m, results in: 


[image: image4.wmf]
Solving for the tension in the string gives 




The torque is:



 Equation 6

The linear acceleration a of the hanging mass is the tangential acceleration, aT, of the rotating apparatus. 

The angular acceleration is related to the tangential acceleration as follows:



 Equation 7

Substituting Equation 6 and Equation 7 into Equation 3 gives:




The system’s rotational inertia, I, can be calculated from the tangential acceleration, aT.
For You To Do

Measure the mass and dimensions of a ring and a disk and calculate the theoretical values of rotational inertia. Use the Rotary Motion Sensor to measure the motion of a hanging mass that is connected by a thread to a step pulley on the rotational apparatus. Use DataStudio or ScienceWorkshop to record and display velocity versus time. The slope of velocity versus time is the tangential acceleration.

SAFETY REMINDERS
· Follow directions for using the equipment.


[image: image5.wmf]


PART I: Computer Setup
[image: image12..pict]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect the Rotary Motion Sensor’s stereo phone plugs into Digital Channels 1 and 2 on the interface. Remove the ‘O’ ring from the large groove on the step pulley on the sensor.

3.
Open the file titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P22 Rotational Inertia.DS
(See end of activity)
(See end of activity)

· The DataStudio file has a Workbook display and a Graph display. Read the instructions in the workbook.

· Data recording is set at 20 Hz. The Rotary Motion Sensor is set for 360 divisions per rotation. The ‘Linear Calibration’ is set for ‘Large Groove (Pulley)’.

•
See the pages at the end of this activity for information about modifying a ScienceWorkshop file. 
PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the sensor.

Equipment Setup 

For this part you will need the following: ring, disk, clamp-on Super Pulley, thread (all part of the Rotational Accessory), calipers, balance, base and support rod, Rotary Motion Sensor, mass hanger.

[image: image13..pict]1. 
Complete DataTable #1 in the Lab Report section.

· Measure the diameter of the large groove on the step pulley on Rotary Motion Sensor. Calculate and record the radius of the step pulley.
· Measure the inside and outside diameters of the ring. Calculate and record the inside radius and the outside radius of the ring.
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} ifelse
 end 
def
/printerRes 
 gsave
 matrix defaultmatrix setmatrix
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/graycalcs
[
 {Angle Frequency}   
 {GrayAngle GrayFrequency} 
 {0 Width Height matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
 {0 GrayWidth GrayHeight matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
] def
/calcgraysteps {
 forcemaxsteps
 {
maxsteps
 }
 {
/currenthalftone defed
{currenthalftone /dicttype eq}{false}ifelse
{
currenthalftone begin
HalftoneType 4 le
{graycalcs HalftoneType 1 sub get exec}
{
HalftoneType 5 eq
{
Default begin
{graycalcs HalftoneType 1 sub get exec}
end
}
{0 60} 
ifelse
}
ifelse
end
}
{
currentscreen pop exch 
}
ifelse
 
printerRes 300 max exch div exch 
2 copy 
sin mul round dup mul 
3 1 roll 
cos mul round dup mul 
add 1 add 
dup maxsteps gt {pop maxsteps} if 
dup minsteps lt {pop minsteps} if 
 }
 ifelse
} bdf
/nextrelease defed { 
 /languagelevel defed not {    
/framebuffer defed { 
0 40 string framebuffer 9 1 roll 8 {pop} repeat
dup 516 eq exch 520 eq or
{
/fhnumcolors 3 def
/currentscreen {60 0 {pop pop 1}}bdf
/calcgraysteps {maxsteps} bdf
}if
}if
 }if
}if
fhnumcolors 1 ne {
 /calcgraysteps {maxsteps} bdf
} if
/currentpagedevice defed {
 
 
 currentpagedevice /PreRenderingEnhance known
 {
currentpagedevice /PreRenderingEnhance get
{
/calcgraysteps 
{
forcemaxsteps 
{maxsteps}
{256 maxsteps min}
ifelse
} def
} if
 } if
} if
/gradfrequency 144 def
printerRes 1000 lt {
 /gradfrequency 72 def
} if
/adjnumsteps {
 
 dup dtransform abs exch abs max  
 
 printerRes div       
 
 gradfrequency mul      
 round        
 5 max       
 min        
}bdf
/goodsep {
 spots exch get 4 get dup sepname eq exch (_vc_Registration) eq or
}bdf
/BeginGradation defed
{/bb{BeginGradation}bdf}
{/bb{}bdf}
ifelse
/EndGradation defed
{/eb{EndGradation}bdf}
{/eb{}bdf}
ifelse
/bottom -0 def 
/delta -0 def 
/frac -0 def 
/height -0 def 
/left -0 def 
/numsteps1 -0 def 
/radius -0 def 
/right -0 def 
/top -0 def 
/width -0 def 
/xt -0 def 
/yt -0 def 
/df currentflat def 
/tempstr 1 string def 
/clipflatness currentflat def 
/inverted? 
 0 currenttransfer exec .5 ge def
/tc1 [0 0 0 1] def 
/tc2 [0 0 0 1] def 
/storerect{/top xdf /right xdf /bottom xdf /left xdf 
/width right left sub def /height top bottom sub def}bdf
/concatprocs{
 systemdict /packedarray known 
 {dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
 }
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
 }ifelse
}bdf
/i{dup 0 eq
 {pop df dup} 
 {dup} ifelse 
 /clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{ 
 {/filler /eofill load def /clipper /eoclip load def}
 {/filler /fill load def /clipper /clip load def}
 ifelse
}bdf
/normtaper{}bdf
/logtaper{9 mul 1 add log}bdf
/CD{
 /NF exch def 
 {    
exch dup 
/FID ne 1 index/UniqueID ne and
{exch NF 3 1 roll put}
{pop pop}
ifelse
 }forall 
 NF
}bdf
/MN{
 1 index length   
 /Len exch def 
 dup length Len add  
 string dup    
 Len     
 4 -1 roll    
 putinter�¡�À�Ðval   
 dup     
 0      
 4 -1 roll   
 putinterval   
}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
 {1 index MN cvn/NewN exch def cvn
 findfont dup maxlength dict CD dup/FontName NewN put dup
 /Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RC}
 ifelse
}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
 {exch pop findfont 3 -1 roll pop}
 {pop dup findfont dup maxlength dict CD dup dup
 /Encoding exch /Encoding get 256 array copy 7 -1 roll 
 {3 -1 roll dup 4 -2 roll put}forall put definefont}
 ifelse}bdf
/RCJ{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFJ 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFJ{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCJ} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFJ
{
 dup   
 hasfont  
 not   
 {   
pop
/Ryumin-Light-83pv-RKSJ-H
hasfont 
{
/Ryumin-Light-83pv-RKSJ-H
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFJ{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFJ 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/GS {
 dup 
 hasfont 
 {
FFJ
curtextmtx makefont setfont
exch
5 1 roll
ts
pop
 } {
pop pop
ts
 } ifelse
} bdf
/RCK{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFK 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFK{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCK} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFK
{
 dup   
 hasfont  
 not   
 {   
pop
/JCsm
hasfont 
{
/JCsm
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFK{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFK 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/RCTC{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFTC 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFTC{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCTC} 
 ifelse
}bdf
/FDFTC
{
 dup   
 hasfont  
 not   
 {   
pop
/DFMing-Lt-HK-BF
hasfont 
{
/DFMing-Lt-HK-BF
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFTC{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFTC 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/fps{
 currentflat   
 exch     
 dup 0 le{pop 1}if 
 {
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setfla�¡�À�Ðt pop pop stop}if} 
{exit} 
ifelse
 }loop 
 pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf 
/W{/clipper load 100 clipflatness dup setflat fps}bdf
userdict begin /BDFontDict 29 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
/:M {pop pop} def
/sf {pop} def
/S {pop} def
/@b {pop pop pop pop pop pop pop pop} def
/_bdsave /save load def
/_bdrestore /restore load def
/save { dup /fontsave eq {null} {_bdsave} ifelse } def
/restore { dup null eq { pop } { _bdrestore } ifelse } def
/fontsave null def
end
/MacVec 256 array def 
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI
/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
MacVec 0 32 getinterval astore pop
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash 
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/nbspace/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase
/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/findheaderfont {
 /Helvetica findfont 
} def
end %. AltsysDict
%%EndResource
%%EndProlog
%%BeginSetup
AltsysDict begin
_bfh 
_efh 
end %. AltsysDict
%%EndSetup
AltsysDict begin 
/onlyk4{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/cmyk2gray{
 4 -1 roll 0.3 mul 4 -1 roll 0.59 mul 4 -1 roll 0.11 mul
 add add add 1 min neg 1 add
}bdf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/maxcolor { 
 max max max  
} ndf
/maxspot {
 pop
} ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 packedarray}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{setgray}ndf
/setoverprint{pop}ndf 
/currentoverprint false ndf
/cmykbufs2gray{
 0 1 2 index length 1 sub
 { 
4 index 1 index get 0.3 mul 
4 index 2 index get 0.59 mul 
4 index 3 index get 0.11 mul 
4 index 4 index get 
add add add cvi 255 min
255 exch sub
2 index 3 1 roll put
 }for
 4 1 roll pop pop pop
}bdf
/colorimage{
 pop pop
 [
5 -1 roll/exec cvx 
6 -1 roll/exec cvx 
7 -1 roll/exec cvx 
8 -1 roll/exec cvx
/cmykbufs2gray cvx
 ]cvx 
 image
}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le 
statusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse
and{userdict begin bdf end}{ndf}ifelse
fhnumcolors 1 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
ic im iy ik cmyk2gray /xt xdf
currenttransfer
{dup 1.0 exch sub xt mul add}concatprocs
st 
image
 }
 ifelse
}ndf
fhnumcolors 1 ne {yt restore} if
fhnumcolors 3 ne {/yt save def} if
/customcolorimage{
 aload pop 
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
1.0 dup ic ik add min sub 
1.0 dup im ik add min sub 
1.0 dup �¡�À�Ðiy ik add min sub 
/ic xdf /iy xdf /im xdf
currentcolortransfer
4 1 roll 
{dup 1.0 exch sub ic mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub iy mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub im mul add}concatprocs 4 1 roll 
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}true 3 colorimage
 }
 ifelse
}ndf
fhnumcolors 3 ne {yt restore} if
fhnumcolors 4 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
currentcolortransfer
{1.0 exch sub ik mul ik sub 1 add}concatprocs 4 1 roll
{1.0 exch sub iy mul iy sub 1 add}concatprocs 4 1 roll
{1.0 exch sub im mul im sub 1 add}concatprocs 4 1 roll
{1.0 exch sub ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}{dummy}
true 4 colorimage
 }
 ifelse
}ndf
fhnumcolors 4 ne {yt restore} if
/separationimage{image}ndf
/spotascmyk false ndf
/newcmykcustomcolor{6 packedarray}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf 
/setspotcolor { 
 spots exch get
 dup 4 get (_vc_Registration) eq
 {pop 1 exch sub setseparationgray}
 {0 5 getinterval exch setcustomcolor}
 ifelse
}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{st pop pop pop}ndf
/fas{}ndf
/sas{}ndf
/fhsetspreadsize{pop}ndf
/filler{fill}bdf 
/F{gsave {filler}fp grestore}bdf
/f{closepath F}bdf
/S{gsave {stroke}fp grestore}bdf
/s{closepath S}bdf
 
 userdict /islevel2
 systemdict /languagelevel known dup
 {
pop systemdict /languagelevel get 2 ge
 } if
 put
 
 islevel2 not
 {
/currentcmykcolor
{
0 0 0 1 currentgray sub
} ndf
 } if
 
 /tc
 {
gsave
setcmykcolor currentcmykcolor
grestore
 } bind def
 /testCMYKColorThrough
 {
tc add add add 0 ne
 } bind def
 /fhiscomposite where not {
userdict /fhiscomposite
islevel2
{
gsave 1 1 1 1 setcmykcolor currentcmykcolor grestore
add add add 4 eq
}
{
1 0 0 0 testCMYKColorThrough
0 1 0 0 testCMYKColorThrough
0 0 1 0 testCMYKColorThrough
0 0 0 1 testCMYKColorThrough
and and and
} ifelse
put
 }
 { pop }
 ifelse
/bc4 [0 0 0 0] def 
/_lfp4 {
 1 pop 
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor      
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
taperfcn /frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/bcs [0 0] def 
/_lfs4 {
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 2 lt {pop 2} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 div taperfcn /frac xdf
bcs 0
1.0 tint2 tint1 sub frac mul tint1 add sub
put bcs vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartom�¡�À�Ðark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfs6 {
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 radius inrad sub abs   
 adjnumsteps      
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf    
 currentflat mark    
 currentflat clipflatness  
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bcs 0
tint2 tint1 sub frac mul tint1 add
put bcs vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfp6 {
 1 pop 
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor     
 calcgraysteps mul abs round 
 radius inrad sub abs  
 adjnumsteps     
 dup 1 lt {pop 1} if   
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf   
 currentflat mark   
 currentflat clipflatness 
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/lfp4{_lfp4}ndf
/lfs4{_lfs4}ndf
/rfs6{_rfs6}ndf
/rfp6{_rfp6}ndf
/cvc [0 0 0 1] def 
/vc{
 AltsysDict /cvc 2 index put 
 aload length dup 4 eq
 {pop dup -1 eq{pop setrgbcolor}{setcmykcolor}ifelse}
 {6 eq {sethexcolor} {setspotcolor} ifelse }
 ifelse
}bdf 
0 setseparationgray
/imgr {1692 1584 2304 2376 } def 
/bleed 0 def 
/clpr {1692 1584 2304 2376 } def 
/xs 1 def 
/ys 1 def 
/botx 0 def 
/overlap 0 def 
/wdist 18 def 
0 2 mul fhsetspreadsize 
0 0 ne {/df 0 def /clipflatness 0 def} if 
/maxsteps 256 def 
/forcemaxsteps false def 
/minsteps 0 def 
 userdict begin /AGDOrigMtx matrix currentmatrix def end 
vms
-1807 -1887 translate
/currentpacking defed{false setpacking}if 
/spots[
1 0 0 0 (Process Cyan) false newcmykcustomcolor
0 1 0 0 (Process Magenta) false newcmykcustomcolor
0 0 1 0 (Process Yellow) false newcmykcustomcolor
0 0 0 1 (Process Black) false newcmykcustomcolor
]def
n
[] 0 d
3.863708 M
1 w
0 j
0 J
false setoverprint
0 i
false eomode
[0 0 0 1] vc
vms
2078.3722 1971.2733 m
2078.3722 1929.2801 2021.934 1894.9641 1951.0286 1892.6433 C
1949.988 1890.1534 1945.4408 1887.4411 1941.863 1887.5284 C
1936.738 1887.6534 1935.613 1890.6534 1933.0148 1892.7466 C
1863.378 1895.8331 1808.5212 1929.811 1808.5212 1971.2733 C
1808.5368 1984.3811 L
1808.5368 2026.0981 1864.0544 2060.2386 1934.3006 2062.9611 C
1935.613 2066.7784 1939.613 2068.7784 1943.113 20�¡�À�é68.7784 C
1945.6948 2068.7784 1949.863 2067.7784 1951.0555 2063.0101 C
2021.9482 2060.6815 2078.2048 2026.3689 2078.2048 1984.3811 C
2078.3722 1971.2733 L
[0 0 0 0.1]  vc
f 
[0 0 0 1]  vc
S 
n
2078.2204 1984.3811 m
2078.2204 1942.3879 2021.934 1908.0719 1951.0286 1905.7511 C
1949.988 1903.2612 1945.4408 1900.5489 1941.863 1900.6362 C
1936.738 1900.7612 1935.613 1903.7612 1933.0148 1905.8544 C
1863.378 1908.9409 1808.5212 1942.9188 1808.5212 1984.3811 C
S 
n
1937.9931 2063.2733 m
1937.9931 2064.6512 1940.0346 2065.7682 1942.553 2065.7682 C
1945.0714 2065.7682 1947.113 2064.6512 1947.113 2063.2733 C
1947.113 2061.8954 1945.0714 2060.7784 1942.553 2060.7784 C
1940.0346 2060.7784 1937.9931 2061.8954 1937.9931 2063.2733 C
[0 0 0 0.3]  vc
f 
[0 0 0 1]  vc
S 
n
1998.803 2018.7783 m
1998.803 2020.1563 2000.8445 2021.2733 2003.363 2021.2733 C
2005.8814 2021.2733 2007.9229 2020.1563 2007.9229 2018.7783 C
2007.9229 2017.4004 2005.8814 2016.2834 2003.363 2016.2834 C
2000.8445 2016.2834 1998.803 2017.4004 1998.803 2018.7783 C
[0 0 0 0.3]  vc
f 
[0 0 0 1]  vc
S 
n
1877.9229 1949.7885 m
1877.9229 1951.1664 1879.9644 1952.2834 1882.4829 1952.2834 C
1885.0013 1952.2834 1887.0428 1951.1664 1887.0428 1949.7885 C
1887.0428 1948.4106 1885.0013 1947.2936 1882.4829 1947.2936 C
1879.9644 1947.2936 1877.9229 1948.4106 1877.9229 1949.7885 C
[0 0 0 0.3]  vc
f 
[0 0 0 1]  vc
S 
n
1937.9829 1906.0436 m
1937.9829 1907.4215 1940.0244 1908.5385 1942.5428 1908.5385 C
1945.0612 1908.5385 1947.1028 1907.4215 1947.1028 1906.0436 C
1947.1028 1904.6657 1945.0612 1903.5487 1942.5428 1903.5487 C
1940.0244 1903.5487 1937.9829 1904.6657 1937.9829 1906.0436 C
[0 0 0 0.3]  vc
f 
[0 0 0 1]  vc
S 
n
1947.5 1994.5 m
1928.5 1985.5 L
1938.5 1974.5 L
1958 1982.75 L
1947.5 1994.5 L
[0 0 0 0.3]  vc
f 
[0 0 0 1]  vc
S 
n
2044.3138 2026.4575 m
1942.5 1984.5 L
1942.5 2050.4575 L
2 w
3.863693 M
S 
n
true eomode
2043.6957 2026.2077 m
2042.1973 2029.9165 L
2052.9674 2029.9537 L
2045.1941 2022.499 L
2043.6957 2026.2077 L
f 
n
vmr
vmr
end
%%Trailer
��¡�À�icount op_count sub {pop} repeat
countdictstack dict_count sub {end} repeat
Access_Softek_context restore
�� �¿�ÿ

Measure and record the radius of the disk.

· Measure and record the mass of the ring and the mass of the disk.

2.
Mount the Rotary Motion Sensor on a support rod so the step pulley is on top. 

3.
Mount the clamp-on Super Pulley on the end of the Rotary Motion Sensor.

4.
Use a piece of thread about 10 cm longer than the distance from the Super Pulley to the ground. Tie one end of the thread to the edge of the [image: image15..pict]large groove on the step pulley on the Rotary Motion Sensor. Drape the thread over the Super Pulley. Tie the other end of the thread to a mass hanger. Adjust the angle of the Super Pulley so the thread is tangent to the step pulley and in the middle of the groove on the Super Pulley.

[image: image16..pict]5.
Remove the thumbscrew from the step pulley on top of the Rotary Motion Sensor. Place the disk on the pulley and attach the disk with the thumbscrew. 

6.
Place the ring on the disk inserting the ring pins into the holes on the disk. 

PART IIIA: Data Recording – Acceleration of the Ring and Disk
Measure the acceleration of the ring and disk together. 

1.
Add about 20 g to the mass hanger attached to the thread. Wind the thread around the large groove on the step pulley of the Rotary Motion Sensor by rotating the disk until the mass hanger is raised almost to the Super Pulley. Hold the disk in place.

2.
Start recording data and release the disk.

3.
Stop recording data just before the mass hanger reaches the floor.

•
“Run #1” will appear in the Data list in the Experiment Setup window.

4.
Remove the mass hanger from the thread. Measure the total mass of the hanger and record the value in Data Table 2.

PART IIIB: Data Recording – Acceleration of the Disk Alone
Measure the acceleration of the disk alone. 

1.
Remove the ring from the disk. Add about 20 g to the mass hanger attached to the thread. Wind the thread around the large groove on the step pulley of the Rotary Motion Sensor by rotating the disk until the mass hanger is raised almost to the Super Pulley. Hold the disk in place.

2.
When you are ready, start recording data and then release the disk.

3.
Stop recording data just before the mass and hanger reaches the floor.

•
“Run #2” will appear in the Data list in the Experiment Setup window.

4.
Remove the mass hanger from the thread. Measure the total mass of the hanger and record the value in the Data Table 2.

Analyzing the Data
1.
Use the Graph display’s built-in analysis tools to find the slope of the velocity versus time.

•
In DataStudio, use the cursor to draw a rectangle around the region of smoothest data in the Graph. Click the ‘Fit’ menu in the Graph toolbar and select ‘Linear’. 

[image: image17..pict]•
In ScienceWorkshop , click the ‘Statistics’ button ([image: image6.png]


) to open the Statistics area on the right side of the Graph. Rescale the display. Use the cursor to draw a rectangle around the region of smoothest data. Select ‘Curve Fit, Linear Fit’ from the Statistics menu.

2.
Record the acceleration for both Run #1 (Ring and Disk) and Run # 2 (Disk alone).

•
Hint: Use the ‘Data’ menu ([image: image7.png]


 or [image: image8.png]


) in the Graph display to select Run #2. 

3.
Calculate and record the experimental rotational inertia, I, of the Ring and Disk using the measured acceleration “aT”, the Step Pulley radius “r”, and the mass “m” that caused the apparatus to rotate. 


 EMBED "Equation" \* mergeformat  


4.
Calculate and record the experimental rotational inertia of the Disk using the measured acceleration “aT”, the Step Pulley radius “r”, and the mass “m”. 

5.
Subtract the rotational inertia of the Disk from the value of the rotational inertia for the Ring and Disk to find the rotational inertia of the Ring alone. Record the experimental value for the Ring.

6.
Calculate the theoretical value of the rotational inertia of the Ring based on its dimensions (R1 and R2) and mass (M). Record the value.


 EMBED "Equation" \* mergeformat  


7.
Calculate the theoretical value of the rotational inertia of the Disk based on its dimension (R) and mass (M). Record the value.


[image: image9.wmf]
8.
Calculate the percent difference between the experimental values and the theoretical values for the rotational inertia of the Ring and the rotational inertia of the disk.

Record your results in the Lab Report section.

Lab Report – Activity P22: Rotational Inertia

What Do You Think?

What is an example of an object or device that depends on rotational inertia? How does the rotational inertia of a ring (or hoop) compare to the rotational inertia of a disk (or cylinder)?

Data Table #1: Dimensions

Item
Value

Step Pulley radius (r)


Ring, inside radius (R1)


Ring, outside radius (R2)


Disk, radius (R)


Mass of Ring (M)


Mass of Disk (M)


Data Table #2: Mass

Run
Description
Hanging Mass

#1
Ring and Disk


#2
Disk Alone


Data Table #3: Measured Accelerations (aT)

Run
Description
Acceleration

#1
Ring and Disk


#2
Disk Alone


Data Table #4: Rotational Inertia (I)

Run
Description
Experimental
Theoretical
% Difference

#1
Ring and Disk




#2
Disk Alone





Ring Alone




Questions

1.
How do the experimental values compare to the theoretical values for rotational inertia?

2.
What are some reasons that could account for any differences?

Appendix: Modify a ScienceWorkshop File

Modify an existing ScienceWorkshop file to add the Rotary Motion Sensor.

Open the ScienceWorkshop File

Open the file titled as shown:


ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P26 Rotational Inertia
P26_ROTA.SWS

· The ScienceWorkshop file has a Graph display of Velocity versus Time (using data from a Smart Pulley).

· You need to replace the Smart Pulley with the Rotary Motion Sensor in the Experiment Setup window and set up the Rotary Motion Sensor parameters. Then you need to change the Graph display.

Set Up the Rotary Motion Sensor

[image: image18..pict]In the Experiment Setup window, click and drag the digital sensor plug to Channel 1. Select ‘Rotary Motion Sensor’ from the list of sensors. Click ‘OK’. Result: The Rotary Motion Sensor setup window opens.

Under Linear Calibration, select ‘Large Pulley (Groove). Click ‘OK’ to return to the Experiment Setup window.

Set the Sampling Options

Click the ‘Sampling Options’ button in the Experiment Setup window or select ‘Sampling Options’ from the Experiment menu to open the Sampling Options window. Result: The Sampling Options window opens.

Under ‘Periodic Samples’ click the right arrow to set the sample rate at ‘20 Hz’ (20 measurements per second). Click ‘OK’ to return to the Experiment Setup window.

Change the Graph Display

[image: image19..pict]Click the ‘Y-Axis Input’ menu and select ‘Digital 1, Velocity, linVel (cm/s)’.
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