
Physics 340
Homework #4

due Thursday, 22 September 2011

Turn in solutions to the following problems at the beginning of class on
Thursday. As usual, if you use outside sources or computer software to help
you in your solution, note them accordingly. Include any C++ or Mathemat-
ica or Maple code that you used, together with its output. Problems marked
with an asterisk (*) may involve a bit more work than the others and so are
worth twice as many points.

(1) Do problem 4.32 in the text. This fills in some of the details of the
discussion in Section 4.7, which you should read.

(2) Do problem 4.37 in the text. The shape of the potential energy function
U(θ) will determine the qualitative behavior of the system.

(3*) This is a problem for computational analysis, so we will present it in
“math style”, where we ignore units and constant factors.

A particle of mass 1 moves in the xy plane subject to a central force
that has a potential function U(x, y) = r4.

(a) Derive expressions for the force components Fx and Fy. Write
down the equations of motion for the particle.

(b) Write a program or worksheet that solves the equations of motion
of the particle in Cartesian coordinates.

(c) Display the trajectory of the particle if it starts with x0 = 1.0,
y0 = 0.0, vx0 = 0.0 and vy = 1.0. (You should follow the motion
for 10.0 time units.)

(d) Construct a graph of the kinetic energy T , the potential energy U
and the total mechanical energy E over the time interval. How
nearly is E conserved in your computer calculation?

(e) Find an expression for the angular momentum `z of the particle.
Make a graph of the angular momentum as a function of time.
How nearly is `z conserved in your computer calculation?

(4) Do problem 6.7 in the text.
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(5) A current-carrying wire stretches between x1 and x2. The resistivity of
the wire varies from point to point along its length (perhaps due to
variations in diameter or material). The resistance of a small segment
dx of the wire is ρ(x)dx, where ρ(x) is some fixed function.

Our job is to figure out the electric potential function V (x) along the
wire.

The potential difference between the two ends of a small segment dx is
V ′(x)dx. The power dP dissipated in a small segment dx of the wire is

dP =
(V ′(x)dx)2

ρ(x)dx
=

(V ′(x))2

ρ(x)
dx. (1)

Thus, the power P dissipated by the whole wire is a functional of V :

P [V ] =
∫ x2

x1

(V ′(x))2

ρ(x)
dx. (2)

Remarkably, it turns out that the actual potential function V (x) min-
imizes the total power dissipation P [V ].

(a) Find a differential equation satisfied by V (x).

(b) Show that the current i(x) = −V ′(x)/ρ(x) is the same at each
point along the wire.

(c) Derive Ohm’s Law for the wire by calculating ∆V . How is the
total resistance R related to ρ(x)?
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