
4 Problem 2.23

Consider two particles of masses m1 and m2. Let m1 be confined to move on a circle of radius a
in the z = 0 plane, centered at x = y = 0. Let m2 be confined to move on a circle of radius b in
the z = c plane centered at x = y = 0. A light (massless) spring of spring constant k is attached
between the particles.

(a) Find the Lagrangian of the system

(b) Solve the problem using the Lagrange multipliers and give physical interpretation for each
multiplier.

Note: Here you are supposed to use coordinates x1, y1 for the first particle and x2, y2 for the second one.
These coordinates are not independent, thus Lagrange multipliers are necessary to write down the equations.

5 Problem 2.26

Small oscillations Full rotationSlack of the string

Figure 1: Motion of the mass on a string for small, medium, and large initial velocity.

A particle of mass m is suspended by a massless string of length L. It hangs without initial
motion in a gravitational field of strength g. The it is struck by an impulsive horizontal blow
which introduces an angular velocity ω. If ω is sufficiently small, it is obvious that the mass
moves as a simple pendulum. If ω is sufficiently large, the mass will rotate about the support.
Use Lagrange multiplier to determine the conditions under which the string becomes slack at
some point of the motion

Note: This problem is an inverse of Problem 2.13. The force of the string can be directed only towards the
suspension point. Slack of the string happens when this force is equal to zero. It is probably easier to solve
this problem by the “undergraduate” use of Newton’s equations, but the idea is to practice the Lagrange
multipliers method.
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