
PHGN 462 Homework 9 

 

1)  Pollack and Stump 12.18.  This is the stage-setter for all of relativistic E&M, when you get down 

to it.   

 

2)  Pollack and Stump 12.20.  You may have seen something like this already, but just in case you 

haven’t, I would be negligent if I let you out of here without examining the cosmological redshift.  If 

you have no idea what cosmological redshift is, please read at least part of 

http://en.wikipedia.org/wiki/Cosmological_redshift 

before you do the problem.  The problem itself is just plug-and-chug; it’s for fun and interest more 

than anything else.   

 

3)  Pollack and Stump 12.25, part a only.  In class we talked about how �� ≡ ��� works out the same 

in every inertial frame if we use Galilean transforms.  I also claimed that classical force doesn’t 

transform so well if we use Lorentz transforms.  Here we find out what that means.  Some hints: 

Work in terms of differentials, like dp, dt, dU, etc. 

You know that energy and the three components of momentum go together to form a 4-vector, and 

that position and time go together to form another 4-vector, and you (hopefully) know how to use 

Lorentz transforms to figure out how the elements of any 4-vectors transform.  That means you should 

be able to figure out how things like dp and dt transform individually and cobble together an answer.   

 

4)  a)  We solved for the Lienard-Wiechert potentials and got expressions for the general fields made 

by a moving point charge.  If the charges are moving in a straight line (ie, not accelerating), the 

expressions reduce down to: 
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Where )�� represents 
� − 
�′ evaluated at the retarded time, and , is the angle between -� and )��. 
Let’s not forget that currents are nothing more than moving charges.  We can represent a steady 

current by a 1-D line of charges all moving in the same direction.  So consider a linear charge of 

density λ moving with some speed v.  Use the given field expressions to find the fields E & B some 

distance d from the line of charges.  You may assume that the charges have been in place and moving 

at the same speed in the same direction forever. 

Various hints so you don’t get totally stuck:  In 1-D, ./ = 0.1, and 2 = 0-.  Let the line lay on the z- 

axis, with the charges moving in the +4̂ direction.  Draw a picture and use some trig to re-express ), 



)$, z, and dz in terms of ,, d and .,.  Then you can use the substitution 6 = cos , to find E.  B 

follows quickly. 

b)  That was kind of painful.  Certainly more difficult than just using Gauss’s law and Ampere’s law 

to find the fields.  But it’s pretty cool that we can get these results just from the general fields of a 

point charge.  You know what’s even more fun?  Consider a linear charge of density λ at rest.  What 

kind of E &B fields does it make?  Now use relativistic transformation rules to get from the rest frame 

to some other frame moving with speed v along the length of the line of charge.  What are the fields in 

the moving frame?  Use transformation matrices if you can, but you don’t have to. 

c)  The answers to a & b aren’t exactly the same.  They’re close, but they differ by a factor of gamma.  

I’ve gone pretty far out of my way to say that special relativity is baked into E&M, so why did we get 

a difference here? 


