Curvilinear one dimensional systems
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Let's now consider a system that is one dimensional but not linear. A classic example is a bead

that is free to slide on a wire. Let's call s the distance traveled by the bead on the wire.
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The speed of the bead is the time derivative of s, therefore the kinetic energy of
the bead s
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The normal force applied by the bead on the wire is what keeps the bead on the
wire.
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Let's now take the time derivative of the trivial identity
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The normal force does not do any work. If all of the other forces acting on the

bead are conservative one can write that
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The mechanical energy is constant, minima in U(s) corvespond to points of stable

equilibrium, maxima in U(s) correspond to points of unstable equilibrium.

Example of a curvilinear one-dimensional system

Consider a cube placed on a fixed cylinder, where the cube can only rock back and
forth but not slip over the cylinder.
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When the cube is with its center on top of the center of the cylinder, is it in stable

equilibrium?

The only force doing work here is gravity, one can write the potential energy as a
function of the angle theta (we assume a small theta)
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