
General Physics I 
 

chapter 11 

Sharif  University of  Technology 
Mehr 1401 (2022-2023)  

 
M. Reza Rahimi Tabar 



Chapter 11 
Rolling, Torque, and Angular Momentum 

�    What Is Physics?  

�    Rolling as Translation and Rotation Combined  

�    The Kinetic Energy of  Rolling 

�    The Forces of  Rolling  

�    Torque  

�    Angular Momentum  

�    Newton's Second Law in Angular Form  

�    The Angular Momentum of  a Rigid Body  

�     Conservation of  Angular Momentum  

�    Precession of  a Gyroscope  ✔ 

✔ 

✔ 



 What is Physics? 
�   The rolling motion of  wheels  

 

�  Introducing of  the  “angular momentum’ 

 

�                                                                                                            Segway PT 



 
Rolling as Translation and Rotation 

Combined  

�  http://curvebank.calstatela.edu/cycloidmaple/Oids/OidEG1.html#cycloidsVsTrochids 





 The Kinetic Energy of  Rolling 
 

P

✔ 



�  The motion of  a rolling object can be modeled as a 
combination of  pure translation and pure rotation 





Example: 
�   The rolling motion of  an object on a rough incline 

(energy method) 



CM 



Example: 





The Forces of  Rolling 
�  Friction and Rolling  

?



          Rolling Down a Ramp ++





The Yo-Yo  
 



Example  







Example: 





Movie: Pulled Spool 
�  https://www.youtube.com/watch?v=CRg39Bh6jfo 



 The critical angle: 

�  http://www.usna.edu/Users/physics/mungan/
Publications/TPT.pdf  



Torque  



Angular Momentum 





Example: 



Newton’s Second Law in Angular 
Form 



Proof: 

✔ 



Example: 



The Angular Momentum of  a 
System of  Particles   

✔ 



The Angular Momentum of  a Rigid Body 
 Rotating About a Fixed Axis (1) 

Li = ripi Li = ri(mivi)

Li = mir
2
i !

vi = ri!





Example: 





The Angular Momentum of  a Rigid Body 
 Rotating About a Fixed Axis 



The Angular Momentum of  a Rigid 
Body 

 Rotating About a Fixed Axis (1) 



Example: 



L = I! = MR2! = MR(R!) = MRv



Conservation of  Angular 
Momentum 



Conservation laws:  



Example: 



Example: 





Example: 









Movie: 



Precession of  a Gyroscope 
(1) 





Precession of  a Gyroscope (2) 







Example: 



Example: 









Example: 
�     
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