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Problem 1, Griffiths 12.10

A sailboat is manufactured so that the mas leans at an angle q
êê with respect to the deck.   An observer standing on a dock sees 

the boat go by at a speed v.   What angle does this observer say the mast makes?

Let's give the mast unit length, such that the height in the boat's reference frame is sinHq
êêL, and it's horizontal projection is 

cosHq
êêL.   When moving horizontally the height isn't affected, but the horizontal projection is Lorentz contracted to 1ÅÅÅÅg  cosHq

êêL.
So: tanHqL = sinHqêêLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ1ÅÅÅÅÅg  cosHqêêL = g tanHq

êêL.

So the observer on the dock sees: q = arctanHg tanHq
êêLL

Problem 2, Griffiths 12.20

‡ a.

Event A happens at point 815, 5, 3, 0< and event B at {5,10,8,0}    (using {ct,x,y,z} as Spacetime coordinates).

i) What is the invariant interval between A and B?

Griffith's uses the convention  am  bm = -a0  b0 + a”÷ ÿ b”÷ , so we'll follow it.  (I'm used to the spatial expression being assigned 
the negative sign, but OK).

I = HAm - Bm L HAm - Bm L = -102 + 52 + 52 = 50 - 100 = -50.

ii) Is there an inertial system in which they occur simultaneously?  If so, find its velocity relative to S.  

No.  I is timelike.

iii) Is there an inertial system in which they occur at the same point?  If so, find its velocity relative to S.  

Yes.   Have Sè  travel in the direction from B towards A covering the distance in time A0 -B0
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc = 10ÅÅÅÅÅÅÅc ï 

v = -5 x̀-5 ỳÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ10êc = - cÅÅÅÅ2  x̀ - cÅÅÅÅ2  ỳ.  



‡ b.

Event A happens at point 81, 2, 0, 0< and event B at {3,5,0,0}    (using {ct,x,y,z} as Spacetime coordinates).

i) What is the invariant interval between A and B?

Same type of thing as above:

I = HAm - Bm L HAm - Bm L = -4 + 9 = 5

ii) Is there an inertial system in which they occur simultaneously?  If so, find its velocity relative to S.  

Yes (I is spacelike).   By lorentz transformation:  

HA0 - B0 Lêêêêêêêêêêêêêê
= gHHA0 - B0 L - bHA1 - B1 LL = 0 ó HA0 - B0 L=bHA1 - B1 L ó

 HA0 -B0 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅHA1 -B1 L = b = vxÅÅÅÅÅÅc  ï vx = c HA
0 -B0 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅHA1 -B1 L = 2ÅÅÅÅ3  c .

iii) Is there an inertial system in which they occur at the same point?  If so, find its velocity relative to S.  

Nope, as we've a spacelike interval this time.

Problem 3.

Using the Lorentz transformation of the four-velocity 4-vector, derive Einstein's rule for the addition of velocities directed 
along the transformation (Eq. 12.3).

Let's take a second to consider addition of velocities classically

Let's say within a lab there's a train is going north at some velocity v, and I'm goin' south at some velocity u.   Classically, in 
my reference frame, I see the train moving north at velocity v + u.   We can achieve this result by applying a classical 
gallilean transformation on the velocity v to the reference frame moving at velocity -u relative to the lab. 

Now, from eqn 12.3 we know that the train should really (as in using Special Relativity) look like its moving north at 
velocity:  v+uÅÅÅÅÅÅÅÅÅÅÅÅÅÅ1+ v uÅÅÅÅÅÅÅÅc2

.   We're going to get to this result by applying a lorentz transform on the velocity v to get it into my refer-
ence frame (moving at velocity -u relative to lab).   Now to do a lorentz transform we'll need a 4 vector, and the natural 
4-vector associated with velocity is the proper 4-velocity, usually referred to as simply as the 4-velocity.

So hv = gv  8c, v, 0, 0< is the proper 4-velocity associated with the velocity v given in section 12.2.1, where gv ª 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅè!!!!!!!!!!!!!!!!!!1-v2 êc2
.

The lorentz transform to take us to a frame moving -u is parameterized by: gu = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅè!!!!!!!!!!!!!!!!!!!1-u2 êc2
, and bu = - uÅÅÅÅc .

Using L =

i

k

jjjjjjjjjjjj

gu -gu bu 0 0
-gu bu gu 0 0

0 0 1 0
0 0 0 1

y

{

zzzzzzzzzzzz
, we find:

hv
è = L hv = gu  gv  8c - bu  v, - bu c + v, 0, 0<

Now all we need to do is get our 3 velocity back out of our 4-velocity, which we can get by inverting eqn 12.40 
(h”÷ = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅè!!!!!!!!!!!!!!!!!!1-v2 êc2

 v”):   v” = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ"###################1+h2 êc2
 h”÷  .  
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So vèx = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ"###################1+hè 2 êc2
 hè x = gu  gv H- bu  c+vLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

$%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%1+Hgu  gv L2  H- bu  c+vL2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc2

Now all we need to do is substitute in and giggle the algebra:

 vèx = gu  gv H- bu  c+vLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
$%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%1+Hgu  gv L2  H-bu  c+vL2

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc2

= - bu  c+vÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
$%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%I 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅgu  gv

M2 + H-bu  c+vL2
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc2

= u+vÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
$%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%H1-u2 êc2 L H1-v2 êc2 L+ Hu+vL2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc2

= u+vÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
$%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%u2 v2

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc4 + 2 u vÅÅÅÅÅÅÅÅÅÅÅÅc2 +1

= u+vÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
$%%%%%%%%%%%%%%%%%%Hc2 +u vL2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc4

= u+vÅÅÅÅÅÅÅÅÅÅÅÅÅÅ1+ u vÅÅÅÅÅÅÅÅc2

and we're done.

Problem 4.

The high-energy linear accelerator at Stanford has a length of L = 3 km, and uses electric fields in electromagnetic cavities to 
accelerate electrons in one direction (take it to be x) to 50 GeV.  This final energy exceeds the rest energy of the electron 
(.511 MeV) by five orders of magnitude.  The avg electric force performing work on the electrrons in the accelerator is 
-e Eavg = 16.7 MeV êm, and thus the energy of the electron can be written as E = -e Eavg  x + me c2 , or gHxL = 1 + g ' x where 

g ' = -I e EavgÅÅÅÅÅÅÅÅÅÅÅÅÅÅme c2 M = 32.7 m-1 .    Note that with knowledge of 

gHxL = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
$%%%%%%%%%%%%%%%%%%1- uHxL2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅc2

 one may easily deduce what the velocity is as a function of x.

a) Show by integrating the velocity over x that the time for the electrons to go from rest to final energy is:

 t f = LÅÅÅÅÅc A$%%%%%%%%%%%g f +1ÅÅÅÅÅÅÅÅÅÅÅÅÅg f -1 E > LÅÅÅÅÅc

This we can get pretty simply:

 gHxL = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
$%%%%%%%%%%%%%%%%%%1- uHxL2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅc2

 ï

 uHxL =c "########################1 - 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅHg HxLL2 = „xÅÅÅÅÅÅÅ„t

So:
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t f = Ÿ0

t f „ t = ·
1

g f

1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
c $%%%%%%%%%%%%%%1- 1ÅÅÅÅÅÅÅÅ

g2

 „gÅÅÅÅÅÅÅg' = 1ÅÅÅÅÅÅÅÅÅc g' Aè!!!!!!!!!!!!!
g2 - 1 E g f

0

= 1ÅÅÅÅÅÅÅÅÅc g'  "################g f 2 - 1 = 1ÅÅÅÅÅÅÅÅÅc g'  "#############################H1 + L g 'L2 - 1

= 1ÅÅÅÅÅÅÅÅÅc g'  "#############################L2  g '2 + 2 L g ' = 1ÅÅÅÅÅÅÅÅÅc g'  "#######################L3  g'2 +2 L2 g'ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅL

= LÅÅÅÅÅÅÅÅÅc g'  "##################L g'2 +2 g'ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅL = LÅÅÅÅÅc  "############L g'+2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅL g'

= LÅÅÅÅÅc  $%%%%%%%%%%%g f +1ÅÅÅÅÅÅÅÅÅÅÅÅÅg f -1

‡ b

Show that the proper time for the elctrons to go from rest to final energy is: L cosh-1 Hg f LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅcH g f -1L

 „xÅÅÅÅÅ„t = dxÅÅÅÅÅÅÅÅg dt = u ï

 1ÅÅÅÅÅÅÅÅg u  „ x = „ t   ï 

 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
c è!!!!!!!!!!!!

g2 -1
 „ x = „ t   ï 

  1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
c è!!!!!!!!!!!!

g2 -1
 „gÅÅÅÅÅÅÅg' = „ t   ï

  ŸgH0L
gHLL=g f 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

c è!!!!!!!!!!!!
g2 -1

 „gÅÅÅÅÅÅÅg' = Ÿ0
t f „ t = t f    ï 

 

 
logJg f +"############g f

2 -1 N
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc g' = t f  ï 

 
logJg f +"############g f

2 -1 N
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅcH g f -1LêL = t f  ï

  
L logJg f +"############g f

2 -1 N
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅcH g f -1L = t f  

As cosh-1 HzL ª lnIz +
è!!!!!!!!!!!!!z2 - 1 M, we're done.

‡ c

What is the length of the accelerator as seen by the electrons at final energy?

We can simply use our expression for lorentz contraction (12.9)

Dx = "##################1 - uHLL2ÅÅÅÅÅÅÅÅÅÅÅÅÅc2  HD xêê ª LL = 1ÅÅÅÅÅÅÅÅÅÅÅgHLL  L = LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1+g' LL = 3µ103
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1+32.7µ3µ103 L

= 0.0305807 m
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Problem 5.

Show that Griffiths, Eqs. 12.108, is consistent with the general relations governing transformation of the fields:

E”÷÷ perp ' = gIE”÷÷ perp + v” µ B”÷ perp M
B”÷ perp ' = gIB”÷ perp - v” µ E”÷÷ perp M
And parallel components unchanged.

In eqns 12.108, the velocity has only an x component, and we see immediately that Ex ' = Ex  and Bx ' = Bx .    Both y and z 
components transform according to the rules above as follows:

Ey ' ª Ey
”÷÷÷÷ ' ÿ ỳ = gHEy - v Bz L = gIE”÷÷ ÿ ỳ + Hv x̀ä HBz z̀ + By  ỳ + Bx  x̀LL ÿ ỳM

= gIE”÷÷ perp + v”µ B”÷ perp M ÿ ỳ

 By ' = gHBy + vÅÅÅÅÅÅÅc2  Ez L
= gIB”÷ ÿ ỳ - H vÅÅÅÅÅÅÅc2  x̀ ä HEz z̀ + Ey  ỳ + Ex  x̀LL ÿ ỳM
= gIB”÷ perp - v” µ E”÷÷ perp M ÿ z̀

Ez  and Bz  follow by cyclic permutation of indices.

Problem 6.

Consider a stationary uniform cylinder of charge that has free charge density r = r0 H1 - Hs ê aL2 L up to a radius a ( r0  is a 
constant ), and then vanishes outside of this radius.

‡ a)

From Gauss's law, find the radial electric field associated with this charge distribution.

So Gauss's law gives us:   2 p s Es = 2 p 1ÅÅÅÅÅÅe0
 Ÿ0

s
r0 H1 - Hs êaL2 L s „ s = 2 p r0ÅÅÅÅÅÅÅe0

 I s2
ÅÅÅÅÅÅ2 - s4

ÅÅÅÅÅÅÅÅÅÅ4 a2 M
allowing us to find  Es = r0ÅÅÅÅÅÅÅÅÅÅ2 e0

 Is - s3
ÅÅÅÅÅÅÅÅÅÅ2 a2 M for s < a, and outside we have: Es = r0ÅÅÅÅÅÅÅÅÅÅ4 e0

 a2
ÅÅÅÅÅÅÅs .

‡ b) 

Now assume that this distribution is accelerated to be a "beam" — it is in motion along its symmetry axis (z) with speed v 
with respect to the lab frame.
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From Lorentz transformation-derived rules for determining the fields, find the electric and magnetic fields in the lab frame 
associated with the moving charge distribution for the region s < a.

Well, let's note that Bx,y,z = 0 = Ez .

Ez ' = Bz ' = 0.

Es ' = gIEs + v” µ IBs  s̀ + Bf  f
` M ÿ s̀M = g Es

Bf ' = gIBf - v”ÅÅÅÅÅÅÅc2 µ IEs  s̀ + Ef  f
` M ÿ f

` M = g H vÅÅÅÅÅÅÅc2  Es Hz̀ µ s̀LL = g vÅÅÅÅÅÅÅÅc2  Es  f
`

Ef ' = Bs ' = 0.

So for s < a: 

 E”÷÷ ' = gI r0ÅÅÅÅÅÅÅÅÅÅ2 e0
 Is - s3

ÅÅÅÅÅÅÅÅÅÅ2 a2 MM s̀ and

 B”÷ ' = gI r0ÅÅÅÅÅÅÅÅÅÅ2 e0
 Is - s3

ÅÅÅÅÅÅÅÅÅÅ2 a2 MM g vÅÅÅÅÅÅÅÅc2 f
`

‡ c)

From Lorentz transformation of the charge-current 4-vector 9r c, J”÷ =, find the density r ' and current density Jz ' associated 
with the moving charge distribution.

Our 4-current is simply: J ª 8c r0 H1 - Hs êaL2 L, 0, 0, 0<, and our lorentz transformation parameterized by g = H1 - v2 ê c2 L-1ê2 , 
and b = v ê c is given by:

L =

i

k

jjjjjjjjjjjj

g 0 0 0
0 1 0 0
0 0 1 -g b
0 0 -g b g

y

{

zzzzzzzzzzzz

so J ' = g 8 c p, 0, 0, - b c p<

‡ d)

It's the same integral as in aL except now we've a g in front of our densityï

  Es ' = g r0ÅÅÅÅÅÅÅÅÅÅ2 e0
 Is - s3

ÅÅÅÅÅÅÅÅÅÅ2 a2 M = g Es  for s < a, and outside we have: Es ' = g r0ÅÅÅÅÅÅÅÅÅÅ4 e0
 a2
ÅÅÅÅÅÅÅs = g Es .

Applying ampere's law to a circle of radius s about the z-axis gives us:

Bf ' µ 2 p s = - m0  g v Ÿ0
s
„ s ' H2 p L r0 H1 - Hs ê aL2 L

= - m0  g v Ÿ0

s
„ s ' H2 p L r0 H1 - Hs ê aL2 L

= - m0  g v 2 p r0 I s2
ÅÅÅÅÅÅ2 - s4

ÅÅÅÅÅÅÅÅÅÅ4 a2 M
So for s < a: Bf ' = - m0 g v r0 I sÅÅÅÅ2 - s3

ÅÅÅÅÅÅÅÅÅÅ4 a2 M
= - g vÅÅÅÅÅÅÅÅc2  Es

as found above.

‡ e)

What is the net radial force on a particle of charge q inside the beam moving with velocity u=v parallel to the z-axis?
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If it's in the same reference frame as the "stationary" uniform cylinder of charge then the force would simply be: 
Fs = q Es = q r0ÅÅÅÅÅÅÅÅÅÅ2 e0

 Is - s3
ÅÅÅÅÅÅÅÅÅÅ2 a2 M

Problem 7

Calculate the scalar potential V  for the charge distribution for the electric field calculated in Prob. 6, for the region s < a.   
By Lorentz boosting the potential 4-vector:  9V ê c, A”÷÷ = into the one with velocity v along z find V ' and A'.   What are the 
electric and magnetic fields due to these potentials in the moving frame?

We find the potential by integrating: 

V = -Ÿ!
s EHs 'L „s ' = s2 Hs2 -4 a2 L r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ16 a2 e0

The vector potential is zero in the rest frame, so we have the four potential: 9 1ÅÅÅÅc  s2 Hs2 -4 a2 L r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ16 a2 e0
, 0, 0, 0=.

We take the same lorentz transformation used in problem 6 to boost the current 4-vector, and find:

A ' = L A
= g 9 1ÅÅÅÅc  s2 Hs2 -4 a2 L r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ16 a2 e0

, 0, 0, - b 1ÅÅÅÅc  s2 Hs2 -4 a2 L r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ16 a2 e0
=

= g 9 1ÅÅÅÅc  s2 Hs2 -4 a2 L r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ16 a2 e0
, 0, 0, - vÅÅÅÅÅÅÅc2  s2 Hs2 -4 a2 L r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ16 a2 e0

=
We calculate Fmn  using  12.132: Fmn = m An - n Am :

 Fmn =

i

k

jjjjjjjjjjjjjj

0 Ex ê c Ey ê c Ez ê c
-Ex ê c 0 Bz -By

-Ey ê c -Bz 0 Bx

-Ez ê c By -Bx 0

y

{

zzzzzzzzzzzzzz
=

i

k

jjjjjjjjjjjjjjjjjjjjjjjjj

0 x H-2 a2 +x2 +y2 L g r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 a2 c e0

y H-2 a2 +x2 +y2 L g r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 a2 c e0
0

- x H-2 a2 +x2 +y2 L g r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 a2 c e0
0 0 v x H-2 a2 +x2 +y2 L g r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 a2 c2 e0

- y H-2 a2 +x2 +y2 L g r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 a2 c e0
0 0 v y H-2 a2 +x2 +y2 L g r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 a2 c2 e0

0 - v x H-2 a2 +x2 +y2 L g r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 a2 c2 e0
- v y H-2 a2 +x2 +y2 L g r0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 a2 c2 e0

0

y

{

zzzzzzzzzzzzzzzzzzzzzzzzz

which gives us our fields.

Problem 8, Griffiths 12.43

a)
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Check that Gauss's law ò E ÿ „ a = 1ÅÅÅÅÅÅe0
 Qenc   is obeyed by the field of a point charge in uniform motion, by integrating over a 

sphere of radius R centered on that charge.

 E = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 qH1-v2 êc2 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1-v2 êc2  sin2 HqLL3ê2  R

`
ÅÅÅÅÅÅÅÅR2 (Eq. 12.92) ï

 Ÿ E ÿ „ a = qH1-v2 êc2 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 ‡ „q „f sinHqLR2

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
R2 H1-v2 êc2  sin2  qL3ê2

= qH1-v2 êc2 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 2 p ‡

0

p
„q sinHqLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1-v2 êc2  sin2  qL3ê2

= qH1-v2 êc2 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ2 e0
 ‡

-1

+1
„uÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

I1-v2 êc2 + v2
ÅÅÅÅÅÅÅÅc2  u2 M3ê2

= q H1-v2 êc2 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ2 e0
 H cÅÅÅÅv L3  ‡

-1

+1
„uÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

I c2
ÅÅÅÅÅÅÅÅv2 -1+u2 M3ê2

= q H1-v2 êc2 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ2 e0
 H cÅÅÅÅv L3  H vÅÅÅÅc L3  2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1-v2 êc2 L = q

b)

Find the Pointing vector for a point charge in uniform motion.   (Say  the charge is going in the z direction at speed v, and 
calculate S at the instant q passes the origin.

S = 1ÅÅÅÅÅÅÅm0
 HEµBL = 1ÅÅÅÅÅÅÅm0

 J qH1-v2 êc2 LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1-v2 êc2  sin2 HqLL3ê2  R
`

ÅÅÅÅÅÅÅÅR2 µ m0ÅÅÅÅÅÅÅÅ4 p
q vH1-v2 êc2 L sinHqLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1-v2 êc2  sin2 HqLL3ê2  f

`
ÅÅÅÅÅÅÅÅR2 N

= - 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p R4  v q2 H1-v2 êc2 L2  sinHqLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1-v2 êc2  sin2 HqLL3 q

`
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