Physics 228, Spring 2001 Problem set #3 Due: Wed. 4/18/01

Example problems. Not to be turned in — solutions given in the compan-
ton volume of solved problems:

§8.7: 8,16
68.8: 7

Assigned problems. All are to be turned in; three problems from Boas will
be graded, and will be worth 20 points each. Problem A below will be graded
and is worth 40 points. Problem B is extra credit.

§8.7: 3,5, 10, 15
§8.8: 31, 34

A. (40 points) Three objects of mass m lie on a frictionless track and are
connected to each other in a line by two identical springs of spring constant
k (object 1 is connected to object 2 by one spring, object 2 is connected to
object 3 by another spring). When not stretched or compressed, the springs
have length L. The motion of these objects is one dimensional as they are
restricted to lying on the track. The positions of the three masses (from left
to right) are zy, x5, and x3 respectively.

a. Write down the potential energy U in terms of the three variables A;,
where T = Al — L, Ty = AQ, T3 = Ag + L.

b. The equations of motion for the three variables are given by

dUu

m A,

Write these three coupled equations in matrix form.

c. By diagonalizing the equation of motion, find the three normal modes
for this problem, and their solutions. Describe the motion of the masses
for each of these normal mode solutions.



d. Suppose that at t =011 =23 =0, xr1 = —L, v3 = +L, x5 = 0 and
I kick object 2 such that 5 = vy. Find the solution for subsequent
motion of the objects.

B. (Extra credit) Find the general solution to the following pair of coupled
nonlinear first order differential equations for ny(¢) and ny(t).:

ny = M (1 —nao/No)ny ng = Ai(n1/No — 1)ns | (1)

where Ny is a constant. Hint: note that if the nonlinear terms vanished, then
the solutions would be n; = c1e*?, ny = coe™™, so try substituting into the
above equations the change of variables

ni(t) = NoeMt fi(t) na(t) = Noe M fy(t) (2)

and then find a way to solve for f; and f,. What do the solutions look like
with the initial conditions n;(0) = 2Ny, n2(0) = Ny/27



