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Equations of Motion of the Gyroscope
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Equations of Motion
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Apparatus

= Gyroscope, Pasco ME-8960
= Rotary Motion Sensors (2), Pasco Cl-6538
= Accessory Photogate, Pasco ME-9204B

= Computer Interfaces (2), Science Workshop 700,
Pasco CI-6565A

= Computers (2), Dell 75MHz Pentiums



Experimental Procedure

= Calibrate rotary motion sensors

= Open and set up Science Workshop

= Set sampling rate to 50 Hz

= Begin collection of angular data on computer 1

= Take Wdot data with p
= Release gyroscope anc

notogate on computer 2

record for about 20 s

= Take Ydot data with photogate on computer 2



Calibration of Rotary ¢ Sensor

= Position gyroscope spin axis horizontally
= Begin recording data
= Keep gyroscope stationary for one second

= Rotate gyroscope spin axis horizontally one
rotation

= Keep gyroscope stationary for one second
= Record mean reading at beginning and end
= Calculate calibration factor



Calibration of © Rotary Sensor

= Position gyroscope spin axis horizontally
= Begin recording data

= Keep gyroscope stationary for one second
= Rotate gyroscope spin axis to 0 = -35°

= Keep gyroscope stationary for one second
= Rotate gyroscope spin axis to 0 = 45°

= Keep gyroscope stationary for one second
= Record mean reading at beginning and end
= Calculate calibration factor
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Gyroscope Data

Component Mass | Inner Radius | Outer Radius | CM Displace.
kg m m m

Disk 1.735 |.0060 127 1225

Large CB 8974 |.0065 0350 -1517

Small CB 0470 |.0066 0225 -.2966

Pulley 131 |.0048 0294 1022

Axles Mass Radius CM Displace.

Long rod 14 0064 -.108

Short rod 016 .0048 133




Calculation of Gyroscope Parameters
Total mass

M=mD+mLCB +mSCB + mp+ mrod + msrod =2.966 kg

Displacement to the center of mass
- mD-dD+mLCB-dLCB + mSCB-dSCB + mp-dp + mrod - drod + msrod - dsrod

dcm
dcm=.0212m

M

Moment of inertia about the spin axis, I,

|3=%mD(RDo2 + RDi2)+%mp(Rp02 +Rpi“)=.0140kg m*



Disk

Large CB

Small CB

Pulley

Long Rod

Short Rod

Total

Moment of Inertia about Axis Perpendicular to Spin Axis
B 1 2 -2 2 2
IDl_ZmD(RDo +RDI7)+mD-dD”=.0325kg m

ILCB:%mLCB (RLCBO0? + RLCBIi?)+mLCB -dLCB? =.0209 kg m*

ISCBzimSCB (RSCBo0? + RSCBi?)+mSCB - dSCB*? =.0041kg m*

Ip:%mp(Rpo2 +Rpi%)+mp-dp?=.0014 kg m*
Irod :%mrod .Lrod?+mrod - drod* =.0016 kg m*

Isrod :%msrod . Lsrod* +msrod - dsrod?=.0003kg m°

11=1D1+ ILCB+ ISCB+ IP+ Irod + Isrod =.0609 kg m?



Graphical Analyziz [ "a:\gyrotvaa_dat™ ]

File Edt “indow Graph Data pAnalyze Help

Data Table Window

Data Set 1: Data
Ang Torque

2.0307:31 0.023540
2114403 0.023532
2142835 0.023530
4.280444 : 3
4282423 0.056633
43215870 0.0566386
6432052 0.054455
6.4553430 0.054475
B.422118 0.054435
3203140 0.111936
g.od4512 0111922
g.216528 0.11193
105356351 0133026
10 63235276 0.133937
10.456041 0.133069
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Graph Window

Torgue vs. Angular Acceleration

Fegression:

M = 00130336 7/, B =0.0003925

COR =1.000
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[Double click for Graph Options, or click & drag the mouse to select data.
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¢ and ¢dot Data




Secular ydot Data
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ydot Secular Fit
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¢dot Data Fit

Least squares fitting ¢pdot datato  g= 0, +1b,t— (a02+ a, t)cosd
sin“ @

yields b0=2.60% and bl=—.085i2
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Least squares fitting Odot squared data to

92=3(EO+E1t)— ¢ sin® 6 —

,a® 2Mglcosé
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yields £ -877] and E,=-0356>
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Energies
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Angular Momenta

p, = l3(v +dcosb)

p, =(1,5in” O+ I5c0s” 0) d+ 15y cosO
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