
Pre-Lecture Questions 

Problem Set #31 (due next time) 

Lecture Outline 
1.! Planetary Motion 
2.! Gyroscopic Motion 

Planets, Moons, and Gyroscopes 



Pre-Class Summary: 

The Law of Conservation of Angular Momentum helps explain planetary motion.   

We applied the Second Law for Rotation to a gyroscope.  The gyroscope is 
interesting because the angular momentum and the torque are not aligned.  This 
results in a form of rotational motion called precession.   
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The sketch shows the elliptical path taken by a satellite 
about Earth.   

1.! Sketch the r vector from the center of Earth to each 
labeled position.  

2.! Sketch the momentum vector at each labeled position. 

3.! Sketch the gravitational force vector at each labeled 
position. 

4.! Why do we know that angular momentum will be 
conserved? 

5.! Rank the four labeled positions from greatest to least 
based upon the angular momentum of the satellite. 

6.! Rank the four labeled positions from greatest to least 
based upon the linear momentum of the satellite. 



Example 1:  Our moon has a fairly non-circular orbit.  It is 3.63x105km away at its 
closest point and 4.05x105km away at its farthest point.  It is moving at 
3.45x103km/h when it is farthest away.  Find the speed when it is closest. 



Bicycle wheel gyroscope demonstrations 



A Second Look at Circular Motion 

A object in circular motion feels a force toward 
the center that changes the momentum vector. 
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Drawing the two similar triangles 
we see that !p = p! �� . 
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Applying the Second Law, 

which is correct because, 
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The Gyroscope 

Instead of the force always perpendicular to the momentum, we 
have the torque always perpendicular to the angular momentum. 

Drawing the two similar triangles 
we see that !L = L! �� . 
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Applying the Second Law, 

This is called the precession frequency and we 
use an uppercase omega for it, 
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This cyclist is 
riding directly 
into the page.   

This cyclist is riding 
into the page but 
leaning to the left. 

Draw the force vectors that act on this system. 
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This cyclist is 
riding directly 
into the page.   

Draw the angular momentum vector due to the spin of the wheels. 

This cyclist is riding 
into the page but 
leaning to the left. 



cm 
cm 

Fg Fg 

Fn Fn 

Ffr 

L 
L 

This cyclist is 
riding directly 
into the page.   

Draw the torque vector about the contact point with the road. 

This cyclist is riding 
into the page but 
leaning to the left. 
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This cyclist is 
riding directly 
into the page.   

Apply the Second Law to describe the resulting motion. 

Trick question! 
no torque 

toque is out of 
the page. 

!  

This cyclist is riding 
into the page but 
leaning to the left. 



Example 2:  A bicyclist on a bike has a total mass of 80kg and the center-of-mass is 
90cm above the ground.  The wheels have a 33cm radius and a mass of 1.0kg each.  She 
needs to complete a turn of radius 7.8m at a speed of 5.0m/s.  Find (a)the horizontal 
component of the angular momentum in the wheels, (b)the angular momentum due to 
the bike going in a circle, (c)the precession rate, and (d)the angle she should lean. 



Lecture 31 - Summary 

The Law of Conservation of Angular Momentum helps explain planetary motion.   

We applied the Second Law for Rotation to a gyroscope.  The gyroscope is 
interesting because the angular momentum and the torque are not aligned.  This 
results in a form of rotational motion called precession.   
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Summary of the Course to Date 


