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Fall 2018

Calculus of Variations and 
Hamilton’s Principle
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Hamilton’s principle

Lagrange’s equation
where the qi are 
generalized coordinates
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Lagrangian Mechanics

Consider a system of n discrete particles …

 Specifying state of system requires n position vectors,
 thus, 3n quantities must be specified
 not all of these are necessarily independent

 If ꓱm equations of constraint (that relate various quantities), 
then ꓱ s = (3n – m) independent coordinates
 no constraints? Fine!  Then s = 3n.  
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Lagrangian Mechanics

Generalized coordinates: any set of quantities that completely 
specifies the state of the system

Generalized velocities: set of time derivatives of generalized coordinates
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Lagrangian Mechanics

Lagrangian function:

Euler‐Lagrange equations of motion:
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Lagrangian Mechanics: single particle in 3D

Lagrangian:

Euler‐Lagrange equations of motion:
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