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Chapter 10 
Rotation  

�    What Is Physics?  

�    The Rotational Variables  

�    Are Angular Quantities Vectors?  

�    Rotation with Constant Angular Acceleration  

�    Relating the Linear and Angular Variables 

�   Kinetic Energy of Rotation  

�   Calculating the Rotational Inertia  

�   Torque  

�   Newton's Second Law for Rotation  

�   Work and Rotational Kinetic Energy  



 What is Physics? 
�  Translation, in which an object moves along a straight or curved line.  

�  We now turn to the motion of  rotation, in which an object turns 
about an axis. 

�  Rotation is the key to many fun activities, 

�  Metal failure in aging airplanes.  

�  Introducing new quantity called rotational inertia instead of  

just mass.  

 



  
The Rotational Variables 

�  A rigid body is a body that can rotate with all its 
parts locked together and without any change in its 
shape. 

  

�  A fixed axis means that the 

 rotation occurs about an 

 axis that does not move. 



          Angular Position 



Angular Displacement & 
 Angular Velocity   



Angular velocity & Angular 
accelration  



 
  

The right-hand rule establishes the direction 
 of  the angular velocity vector: 

  



Rotation with Constant 
Angular Acceleration 



Rotational/Linear 
Equivalence: 

Δθ↔Δx
ω0↔ v0
ω f ↔ v f
α↔ a
t↔ t

Δθ↔Δx
ω0↔ v0
ω f ↔ v f
α↔ a
t↔ t



Linear and Rotational Motion Analogies 
Rotational Motion Linear Motion 
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 Relating the linear and 
Angular Variables 

✔ 

✔ 



t 



Angular and linear velocities 
relationship   

✓

r = d sin(✓)



Zusammenfassung 

  Summary  

ta rα= ⋅
α = ω α = ϕ

at =

α ×
r

2 2 /ra r v rω= =
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ω ×
v



Kinetic Energy of  Rotation 

✔ 

✔ 



Calculating the Rotational 
Inertia 

 �  Example: 



Example: 



Example: 



Moment of  Inertia  

✔ 



Example: 



Example: 





The parallel-axis theorem: 



✔ 



Torque 



Example: 



Example: 



 Newton's Second Law for Rotation 

✔ 
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Newton's Second Law for Rotation 

✔ 



Example: 



Example: 

–Determine ”rotation axis”
– Write down the torque of external forces
– Calculate I about the rotation axis
– Use

P
⌧ext = I↵





Example: 



✔ 



Work and Rotational Kinetic Energy 

✔ 



 The work-kinetic energy theorem 

✔ 



Some Corresponding Relations for 
Translational and Rotational Motion 

✔ 



Example: 









Falling chimneys (faster than g)  

 

http://iopscience.iop.org/0143-0807/33/5/1277 







Example: 



Example: 







Example: 



Example: 



Example: 



Example: 



Example: 



Example: 



Example: 
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Example: 


