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Generalised coordinates: 



Kinetic energy 



A particle moving in space: 







Generalised momenta 





Generalised forces 



For a system of n particles the virtual work is: 
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The generalised force then becomes: 



Virtual Work in terms of  
generalised forces: 



Conservative forces: 





Expressing V in generalised coordinates: 



Then, for conservative systems one has: 



Lagrangian dynamics 



Second Newton’s law: 

where 



Kinetic energy: 

i i i 





Chain rule (also for y and z): 



from which it follows that: 

Substituting this relation in the linear momentum: 



Taking the time derivative of the linear momentum: 



The first summation can be written as: 



For the second summation we note that: 
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Rewriting this relation gives the 
Lagrange equations of motion 



For conservative forces one has: 



Lagrangian function 



Lagrange equations of motion 
(conservative systems) 



General case (non-conservative systems) 


