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THE LAGRANGIAN - ADDENDUM

The Lagrangianis L = Ex~ U {or T—V, depending on the text/author). Lagrange’s equations are
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These equations are equivalent to Newton’s 2™ Law.
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Unlike Newton’s 2" Law, Lagrange’s equations have the same form in any coordinates system with
generalized coordinates (qs, gz, qs). Moreover, we won’t have to write out the forces of constraint (e.g.,
normal force on a bead sliding adl)ong a rotating wire.)
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The path of a particle in 3-dimensional space determined using Newton’s Laws is the same as the path
deterr:gined by ther[_agrangian. In 3Gidimegms\ional space L= L(x,y,z,>‘<,;l,z'); note that the equations
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have the same form as the Euler-Lagrange equations
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and imply that the integral S = f Ldt is stationary for the path followed by a particle (Hamilton’s
Principle). Stating Hamilton’s Principle somewhat more formally “The actual path a particle follows
between 2 points 1 and 2 in a given time interval t; to t; is such that the action integral S = f L dtis

stationary when taken along the path.” This is valid for a large class of mechanical systems and for’
almost any choice of coordinates. Observe that a path can be determined not only by Lagrange’s
equations (7.7), but also by Hamilton’s Principle. (Hamilton’s Principle has played an important role in
the formulation of quantum mechanics).

We expressed the Lagrangian in cylindrical and spherical coordinates, and based its formulation by

substituting appropriately for giand qi. Here, L = % mr?—U(r) = L(q, g2, 03, 6!1, sz, gs), and the action
o ® ¢
integral S = [ L(qs, 92, g3, 1, g2, g3)dt.

Remark: The value of the action integral is unaltered by the change of variables.

Lastly, once you’ve written out L = E¢— U, then take some derivatives!




When jumping from on high in a tree,
Just write down del L by del z.

Take del L by z dot,

Then t-dot what you’ve got,

And equate the results (but quickiy!)
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