
 For a single particle in two dimensions, in Cartesian coordinates, under some
arbitrary potential energy U(x, y), the Lagrangian is

 In this case, there are two Lagrange equations

 The left side of each equation is just

 The right side of each equation, in turn, is just

 Equating these, we have Newton’s second law
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 Same as example 7.1, but in polar coordinates. In this case, the potential
energy is U(r, φ), the kinetic energy:

 so the Lagrangian is just

 In this case, there are two Lagrange equations
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• Consider the Atwood machine first met in Figure 4.15 and
shown again in Figure , in which the two masses m1 and m2 are
suspended by an inextensible string (length l) which passes over
a massless pulley with frictionless bearings and radius R. Write
down the Lagrangian , , using the distance x as generalized
coordinate, find the Lagrange equation of motion, and solve it
for the acceleration Compare your results with the Newtonian
solution.
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• Consider a particle of mass m constrained to move on a
frictionless cylinder of radius R, given by the equation ρ = R in
cylindrical polar coordinates (ρ, φ, z). Besides the force of
constraint (the normal force on the cylinder), the only force on
the mass is a force F = -kr directed toward the origin. Using z
and φ as generalized coordinates, find the Lagrangian L. Write
down and solve Lagrange’s equations and describe the motion.

•
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• A bead of mass m is threaded on a frictionless circular wire
hoop of radius R. The hoop lies in a vertical plane, which is
forced to rotate about the hoop's vertical diameter with
constant angular velocity , as shown in Figure . The bead's
position on the hoop is specified by the angle e measured up
from the vertical. Write down the Lagrangian for the system in
terms of the generalized coordinate θ and find the equation of
motion for the bead
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