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Calculus of Variations and
Hamilton’s Principle

has extreme values

J= J f(y(x), y'(x); x)dx } (is “stationary”) when

where y'(x)=dy/dx %—%[%}:O

Similarly
. has extreme values
2 . .
S = J‘ Ldt (is stationary) when
N taken along the actual path,
" so that
where L=T-U
oL df oL
Hamilton’s principle — | —|= 0
I dg,  dt\ og;
where the g; are
generalized coordinates Lagrange’s equation
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Lagrangian Mechanics

Consider a system of n discrete particles ...

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

» If 3 m equations of constraint (that relate various quantities),
then 3 s =(3n—m) independent coordinates
» no constraints? Fine! Then s = 3n.

Lagrangian Mechanics

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

Gh» Oy G-,

Generalized velocities: set of time derivatives of generalized coordinates

G> y» G555
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Lagrangian Mechanics

Lagrangian function:

Euler-Lagrange equations of motion:

Lagrangian Mechanics: single particle in 3D

Lagrangian: L=T-U :%m(x2 +y2+23)-U(X,Y,2)

Euler-Lagrange equations of motion:

oL_u_ . daL_dfeT)_d
ox  ox - dt ox  dt\ ox
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