
ASTR 601 Problem Set 3: Due Wednesday, October 20

1. Dr. Sane has once again moved to fill a well-needed gap in the literature. He has

determined that magnetic monopoles not only exist, but they exist in great abundance:

there are as many monopoles as there are electrons in the universe. There are an equal

number of north monopoles as south monopoles (and for the record: these do not annihilate

each other), and the reason they have not yet been detected is that their cross section

for interaction is negligibly small, contrary to expectations by establishment scientists. He

has submitted a paper on this to Physical Review D, and you have foolishly accepted the

refereeing task.

(a) In the formulation of the normal Maxwell equations in which we consider all charges and

thus do not distinguish between free and bound charges, the equations are:

∇ · E = 4πρ ∇ ·B = 0
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(1)

Write the equations when magnetic monopoles are included. Be careful of your signs!

(b) What are the new conservation equations, in parallel with equation (3) in Lecture 9?

(c) Suppose that magnetic monopoles all have the same magnetic charge m, and that they

are pointlike (like electrons; in the classical theory electrons actually have zero physical

extent). Like many eminent scientists, Dr. Sane is interested in applications to neutron

stars. In his particular application, the monopoles are stationary: they do not move at all,

and their locations are at positions r1, r2, etc. In this situation, what are the equivalents of

B = ∇×A and equations (5) and (6) in the notes?

(d) Dr. Sane agrees with quantum theorists (lesser minds, to be sure), who believe that

magnetic monopoles have mass-energies of at least 120 GeV. Given this, demonstrate that

Dr. Sane is far off in his estimation of the number density of magnetic monopoles. Hint:

think cosmologically!

2. A particle of charge q is forced to be in circular motion with radius R and initial speed

v = βc � c. Assume that the power it radiates is given by the nonrelativistic Larmor

formula and that in the instantaneous rest frame of the particle the radiation is emitted

isotropically.

(a) Use energy conservation to determine the instantaneous effective radiation reaction force.

That is, compute the radiation reaction force Fdrag by equating the radiated power P with

Fdrag · v, where v is the velocity vector.



(b) Assuming that there is no acceleration of the particle by other means, use momentum

conservation to determine the instantaneous effective radiation reaction force. Your answer

should be different than in part (a); give at least one reason why. Hint: you really want to

use small-β expansions for this part!

3. A friend of yours loves carnival rides, and new technological advances have allowed her to

take the ride of a lifetime. She is able to go on a circular track with a radius R of one light

year, starting and ending at Earth. She starts at a speed of 0.01c and steadily accelerates

to a speed of 0.99c at the halfway point (meaning that if we define an angle φ starting at 0

for her trip, her speed is v(φ) = (0.01 + 0.98φ/π)c for the first half of the trip, which is from

φ = 0 to φ = π), from which point she steadily decreases her speed to 0.01c on her landing,

relative to you and other local non-moving observers (i.e., the second half of the trip is a

mirror image of the first half of the trip). Using only special relativity (i.e., not taking into

account any effects of acceleration):

(a) How much does she age during her trip?

(b) How much do you age during her trip?

4. In this problem we will explore a claim we made earlier in the class: that the nature of

a random walk does not depend much on details. To do this, you will perform a computer

simulation to explore random walks with different scattering laws. In both of the following

two parts, we will consider only scattering; there is no absorption and no emission.

In both parts, you will start a photon at the center of a uniform spherical (and thus

three-dimensional) distribution of matter. The optical depth from the center to the edge

is τ ; that is, if the mean free path to scattering is `, then the radius of the distribution is

R = τ`. Write and run a code to determine the distribution of escape times; that is, how

long does it take to get from the center to radius R? The easiest way to do this is to write a

Monte Carlo code: you start a photon at the center, follow its scatters until it escapes, note

the escape time, then start over with a new photon. Please fix R; that means that larger

optical depth implies a smaller mean free path. You will need to follow at least 1000 photons

in each case to get a good distribution. Note that if the mean free path is `, the normalized

probability of traveling a distance d0 or greater is P (d ≥ d0) = e−d0/`. I’ll let you figure out

how to draw the distance from a random distribution.

(a) In the first part, assume that the scatterings are all isotropic. That is, after a scattering,

all directions are equally probable.

(b) In the second part, use the actual Thomson scattering probability distribution, in which

scatters in the original direction of motion or opposite to that direction are more probable

than scatters to the side. Assume unpolarized radiation.



In both cases, give your answer (and accompanying plots of the cumulative time distri-

bution) for τ = 0.1, 1, 10, and 100. Note that the problem asks you to determine the total

time needed to get to the radius R. That is, how long does it take to first cross R? If you

pick a distance to travel and on a given step that would take you far outside R, it is the

distance to R that counts, not any additional distance. Hint: for both these problems, but

especially for the second part, it is extremely helpful to lay out the sequence of steps in your

mind, and then determine how you will execute each step. For example: how do you take

a single step between scatterings? How do you draw the next direction of motion? How do

you determine when the photon has escaped, and for that final step how do you determine

the distance to R? What limits can you check?


