
Physics 340
Homework #1

due Thursday, 1 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 1.10 in Taylor.

(2) Do problem 1.19 in Taylor. This is not a lengthy problem; remember that
the product rule for derivatives does apply to dot and cross products
of vectors.

(3) Given vectors ~A, ~B and ~C, prove the following useful vector identity:

~A×
(
~B × ~C

)
= ~B

(
~A · ~C

)
− ~C

(
~A · ~B

)
.

This is called the “back-cab” rule. The simplest way to prove it is to
evaluate the Cartesian components of each side of this vector equation.

(4) Do problem 1.32 in Taylor. Recall that µ0ε0 = 1/c2. The conclusion
of the problem is significant, since it gives us license to ignore the
challenge to Newton’s Third Law posed by magnetic forces. (A full
resolution of this problem involves accounting for the momentum of
the electromagnetic field itself.)

(5) Do problem 1.41 in Taylor.

(6) Do problem 1.45 in Taylor. What is the time derivative of v2 = ~v · ~v?

(7*) The drag force on a spherical object moving with velocity ~v through
the air is

~Fd = −1

2
(cAρv) ~v,

where A is the cross-sectional area of the moving object, ρ is the density
of air, and c is a dimensionless constant with a value of 1/2 for a sphere.
Note that the drag force is in the opposite direction of ~v and has a
magnitude proportional to v2.
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(a) The terminal speed v∞ of a falling object is the falling speed at
which the gravitational and drag forces are equal in magnitude.
An object falling at this speed does not accelerate. Find an ex-
pression for the terminal speed of a falling spherical object.

(b) Here are three different spherical objects:

• a baseball of mass m = 0.145 kg and a radius r = 0.0366 m,

• a ping-pong ball of mass m = 0.0024 kg and a radius r =
0.019 m, and

• a raindrop having a radius r = 0.003 m.

Calculate the terminal speeds of each object, given that air has a
density of 1.23 kg/m3.

(c) The three objects are all dropped from rest from the top of a 100
meter building. For each one, use a computer to solve the equation
of motion numerically and make plots of the height y and speed
v as functions of time t.

(d) Find the speed of each object as it reaches the ground, and express
this speed as a fraction of the terminal speed.
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