
Lecture 23, Nov 5, 2025
Euler-Lagrange – Part 3
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which is the second term

• Combining everything:
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– Since the dqj are arbitrary, this means d
dt
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– The term τj captures all the other forces acting on the joint

• Finally, we get d
dt
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• Let the Lagrangian L = T − U
– Note the potential energy is independent of q̇j , so ∂T
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• We arrive at the Euler-Lagrange equations: d
dt
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Summary

The Euler-Lagrange equations are a set of n equations of motion for the system:

d
dt
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where the Lagrangian is L = T −U , n is the number of degrees of freedom (n = 3N − l for l constraints
and N particles in 3 dimensions), q are n generalized coordinates which parametrize the set of allowed
states, τj are the generalized forces:
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where f l are the applied forces.
A set of l independent holonomic constraints are expressed as
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For constraints to be satisified, the virtual displacements δr =
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