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Equations of Motion of the Gyroscope
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Equations of Motion

Solving the pR and pN for phidot and psidot gives



Apparatus

PGyroscope, Pasco ME-8960
PRotary Motion Sensors (2), Pasco CI-6538
PAccessory Photogate, Pasco ME-9204B
PComputer Interfaces (2), Science Workshop 700, 
        Pasco CI-6565A
PComputers (2), Dell 75MHz Pentiums



Experimental Procedure

PCalibrate rotary motion sensors
POpen and set up Science Workshop
PSet sampling rate to 50 Hz
PBegin collection of angular data on computer 1
PTake Qdot data with photogate on computer 2
PRelease gyroscope and record for about 20 s
PTake Qdot data with photogate on computer 2



Calibration of Rotary N Sensor

PPosition gyroscope spin axis horizontally
PBegin recording data
PKeep gyroscope stationary for one second
PRotate gyroscope spin axis horizontally one

rotation 
PKeep gyroscope stationary for one second
PRecord mean reading at beginning and end
PCalculate calibration factor



Calibration of 2 Rotary Sensor

PPosition gyroscope spin axis horizontally
PBegin recording data
PKeep gyroscope stationary for one second
PRotate gyroscope spin axis to 2 = -35E 
PKeep gyroscope stationary for one second
PRotate gyroscope spin axis to 2 = 45E
PKeep gyroscope stationary for one second
PRecord mean reading at beginning and end
PCalculate calibration factor
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Gyroscope Detail



Gyroscope Data
Component Mass

kg
Inner Radius
m

Outer Radius 
m

CM Displace. 
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
 



M mD mLCB mSCB mp mrod msrod= + + + + + =2 966. kg
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Calculation of Gyroscope Parameters
Total mass

Displacement to the center of mass

Moment of inertia about the spin axis, I3



ILCB mLCB RLCBo RLCBi mLCB dLCB= + + ⋅ =
1
4

02092 2 2( ) . kg m2

ISCB mSCB RSCBo RSCBi mSCB dSCB= + + ⋅ =
1
4

00412 2 2( ) . kg m2

Ip mp Rpo Rpi mp dp= + + ⋅ =
1
4

00142 2 2( ) . kg m2

Irod mrod Lrod mrod drod= ⋅ + ⋅ =
1

12
00162 2 . kg m2

Isrod msrod Lsrod msrod dsrod= ⋅ + ⋅ =
1

12
00032 2 . kg m2

I ID ILCB ISCB IP Irod Isrod1 1 0609= + + + + + = . kg m2

ID mD RDo RDi mD dD1 1
4

03252 2 2= + + ⋅ =( ) . kg m2

Moment of Inertia about Axis Perpendicular to Spin Axis

Large CB

Small CB

Pulley

Long Rod

Short Rod

Total

Disk
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Data for 2 and 2dot
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N and Ndot Data
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Secular Rdot Data
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From the b(t) graph shown earlier

Rdot Secular Fit

A least squares curve fit yields
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Least squares fitting Ndot data to

yields

Ndot Data Fit
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yields
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Angular Momenta


