Central Forces Homework 2
Due 5/12/17, 4 pm
For every problem, before you start the problem, make a brief statement of the form that
a correct solution should have, clearly indicating what quantities you need to solve for. This
statement will be graded.

PRACTICE:
1. If a central force is the only force acting on a system of two masses (i.e. no external
forces), what will the motion of the center of mass be?

The motion of the center of mass will remain unchanged.
2. Which of the following forces can be central forces? which cannot?

(a) The force on a test mass m in a gravitational field ¢ , i.e. mg
(b) The force on a test charge ¢ in an electric field E, ie. qF
(c) The force on a test charge ¢ moving at velocity ¥ in a magnetic field B, ie. qixB
3. Using your favorite graphing package, make a plot of the reduced mass p as a function
of m; and my. What about the shape of this graph tells you something about the

physical world that you would like to remember. You should be able to find at least
three things.

REQUIRED:
4. Consider the differential equation z?y” + 2y’ — (1 — z)y = 0. (This is known as Bessel’s

Equation.)
(a) Using the change of variable z = 2y/u, rewrite Bessel’s Equation in terms of w.

5. Consider the differential equation (1 — 2%)y” — 22y’ + (I + 1)y = 0. (This is known as
Legendre’s Equation.)

(a) Use a power series expanded about z = 0 to find the first six terms in each of two
independent solutions to this differential equation for [ = 2.

(b) For what values of z do you expect your power series solutions to converge?

(c¢) Find at least one solution to this differential equation for [ = 2 that does converge
outside the range you identified above.

(d) Using the change of variable z = cos 6, rewrite Legendre’s Equation in terms of 6.



6.

7.

Consider two particles of equal mass m. The forces on the particles are F, =0 and
132 = Fyz. If the particles are initially at rest at the origin, find the position, velocity,
and acceleration of the center of mass as functions of time. Solve this problem in
two ways, with or without theorems about the center of mass motion. Write a short
description comparing the two solutions.

(a) Find rgy, —rem and p for the Sun—Earth system. Compare rgy, — ren to the radius
of the Sun and to the distance from the Sun to the Earth. Compare u to the mass
of the Sun and the mass of the Earth.

(b) Repeat the calculation for the Sun—Jupiter system.



