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PROBLEM SET 1
DUE SEPTEMBER 8, 2006

Problem 1. Show that for a single particle with constant mass the equation of motion implies the following

differential equation for the kinetic energy:
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while if the mass varies with time the corresponding equation is
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Problem 2. Two points of mass m are joined by a rigid weightless rod of length [, the center of which is
constrained to move on a circle of radius a. Express the kinetic energy in generalized coordinates.

Problem 3. A Lagrangian for a particular physical system can be written as
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where a, b, and ¢ are arbitrary constants but subject to the condition that b — ac # 0. What are the
equations of motion? Examine particulary the two cases a = 0 = c and b = 0,c = —a. What is the physical
system described by the above Lagrangian? Show that the usual Lagrangian for this system as defined by
L =T -V is related to L’ by a point transformation. What is the significance of the condition on the value
of b — ac?

Problem 4. Obtain the Lagrange equations of motion for a spherical pendulum, i.e., a mass point
suspended by a rigid weightless rod.

Problem 5. A particle of mass m moves in one dimension such that it has the Lagrangian
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where V' is some differentiable function of z. Find the equation of motion for z(t) and describe the physical
nature of the system on the basis of this equation.

Problem 6. Two mass points of mass m; and mq are connected by a string passing through a hole in a
smooth table so that m; rests on the table surface and mo hangs suspended. Assuming mso moves only in
a vertical line, what are the generalized coordinates for the system? Write the Lagrange equations for the
system and, if possible, discuss the physical significance any of them might have. Reduce the problem to
a single second-order differential equation and obtain a first integral of the equation. What is its physical
significance? (Consider the motion only until m; reaches the hole.)



