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4.4
Skating And Gyroscopes
4.4.1
Angular Momentum Conservation
4.3.3.1 
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3.6.3.1 
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1) Ice Skater

Slow rotation (with arms out)
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As the skater pulls their arms in, I decreases (less mass at larger r) so 
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 increases.

2) Skate Border


Skater jumps in air 

Upper half of body has larger I                                                                         

Lowe half of body has smaller I


When the lower half rotates by 180           Air

The upper half rotates in opposite direction                                                                   

Hence 
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The upper half rotates by less then 180, back on the ground the upper half rotates into alignment.


4.4.2
Centre Of Gravity

Total torque on rigid body due to gravity 
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4.4.2.1
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4.4.2.2 Torque exerted by gravity on a rigid body acts as if M is concentrated at centre of gravity
Centre of gravity 
[image: image10.wmf]¹

 Centre of mass if g varies over the rigid body.

4.4.3 Gyroscopes


       Pivot                  Flywheel     Axis

                   z                            y

O                             r
Position vector of centre of mass of flywheel
Pivot
                                       Initial direction of gyroscope axis
                                                 X
With the flywheel not spinning


                     z                        y

                                r                 
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3.6.3.1 
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From above
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Each subsequent 
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                                                                                                     In y direction

                                                      x                                                                             x

From the side


         z                                             x

                              Centre of mass of flywheel, has angular acceleration about pivot  

With the flywheel spinning
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I = Moment of inertia of flywheel about centre of mass
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= Angular velocity of flywheel
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So direction of l changes not magnitude  (Section 3.5.1).

From above

           y                                                                               
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L1 = L after 
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