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1.  Griffiths, 10-3.

Find the fields, and the charge and current distributions, corresponding to:

V(r,t)=0,  AHr, tL = - 1ÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0
 q tÅÅÅÅÅÅÅr2  r̀

There's very little to do actually, it's pretty straightforward calculation.

  E = -“ V - t  A = 1ÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0
 qÅÅÅÅÅÅr2  r̀

  B = “ äA = 0

 1ÅÅÅÅÅÅe0
 r = “ ÿ E = q d3 Hr”L

 J  t E = 0

It turns out this is just a funny way of describing a stationary point charge at the origin.

2.  Griffiths, 10-5.

Use the gauge function l = -I 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
M H q tÅÅÅÅÅÅÅr L to transform the potential in Prob 10.3 and comment on the result.

A ' = A + “l = - 1ÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0
 q tÅÅÅÅÅÅÅr2 - I 1ÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0

M H-1L q tÅÅÅÅÅÅÅr2 = 0

 V ' = V - lÅÅÅÅÅÅÅt = + qÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0  r

The fields are, of course, unchanged.

Discuss the gauge choices made:

10.3:

This choice of gauge represents neither a Coulomb or Lorentz gauge.

10.5:

 “ ÿ A = 0 = VÅÅÅÅÅÅÅÅt  which satisfies both Coulomb and Lorentz gauges.



3.  Faster then light

Consider a charged particle traveling in a straight line along the z-axis with velocity v = .99 c, in a medium with index of 
refraction n = 1.5.  since light travels with speed c ên in this medium, the retarded time that goes into potential calculations is 
tr = t - n r ê c, where r is the usual separation between the observation and particle positions.  Show that charge contributes to 
the potentials on a cone traveling with the particle, as shown below.  What is the angle of this cone as a function of arbitrary 
v and n?

VHr, tL = 1ÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0
 Ÿ rHr',tr LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ»r-r'»  „ r = 1ÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0

 2 p ‡ „ z ' rHr',tr LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ"##########################Hz-z'L2 +HsL2

But what is the density?  rHz, tL = q dHz - v tL, so we have:

VHr, tL = qÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0
 ‡ „ z ' dHz'-v tr LÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ"##########################Hz-z'L2 +HsL2

Let's consider the integrand.  It's zero whenever z ' - v tr  fails to vanish.

It's non-zero for: 

 z ' - v tr = 0

z ' - v t + "##########################s2 + Hz - z 'L2 n ê c = 0

v t - z ' = +
"##########################s2 + Hz - z 'L2 n ê c

Note that for the radical to be real, we need z ' < v t.  Let's define the position of the charged particle as zq HtL = v t.  If we 
square both sides we recognize that we have the equation of a circle in z and s of radius:   Hzq - z 'L2 c2

ÅÅÅÅÅÅÅn2 , centered at s = 0, 
z = z ':

Hzq - z 'L2 c2
ÅÅÅÅÅÅÅn2 = s2 + Hz - z 'L2  

We have such a circle for each point z ' < v t.  If we superimpose a bunch of these circles for z ' < zq , we see the emerging 
cone (rotating through f about z) of non-zero potential:
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What's the angle of the cone?   The distance travelled by light in the medium in a fixed time t is: cÅÅÅÅn  t.   The distance travelled 
by the particle in said time t, is: v t.   We realize that any point tangent to a circle makes an angle of p/2 with the radial vector 
of said circle.   This means that sin q , is the ratio between the speed at which information is propagating from the particle, 
and the speed at which the particle is moving, so we have:

sinHqL = cênÅÅÅÅÅÅÅÅv = cÅÅÅÅÅÅÅn v .

scratch

4. Griffiths 10.14, More moving charge 

Show that the scalar potential of a point charge moving with constant velocity (Eq. 10.42) can be written equivalently 
as:

VHr, tL = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 qÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

R $%%%%%%%%%%%%%%%%%%%%%%%%%%%%1- v2
ÅÅÅÅÅÅÅÅc2  sin2 HqL

where R = r - v t is the vector from the present position of the particle to the field point r, and q is the angle between R and v.

We start with the scalar potential given in 10.42:

 VHr, tL = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 q cÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ"#################################################################Hc2  t-rÿvL2 +Hc2 -v2 L Hr2 -c2  t2 L

This problem is pretty much just straightforward algebra.   We want to remove all r's and t's from our expression in favour of 
R and q, where q is the angle between R and v.

v t = r - R, and R ÿ v = R v cosHqL, so  r = v t + R, and r2 = r ÿ r = v2 t2 + R2 + 2 R v cosHqL t, and r ÿ v = HR v cosHqL + v2  tL
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We consider the expression in the radical (the radicand if you like) in the denominator of the potential expression, and 
remove all uses of r, via the expressions above.   Basically we plug in for r, and jiggle until our end expression plunks out:

 Hc2  t - r ÿ vL2 + Hc2 - v2 L Hr2 - c2  t2 L = Ht c2 - t v2 - R v cos HqLL2 + Hc2 - v2 L HR2 + 2 t v cos HqL R - c2 t2 + t2 v2 L
= t2 c4 - 2 t2 v2 c2 - 2 R t v cosHqL c2 + t2 v4 + R2 v2 cos2 HqL +

2 R t v3 cosHqL + -t2 c4 + R2 c2 + 2 t2 v2 c2 + 2 R t v cosHqL c2 - t2 v4 - R2 v2 - 2 R t v3 cosHqL
= c2 R2 - v2 R2 + v2 cos2 HqL R2

= c2  R2 - v2  R2 H1 - cos2 HqLL
= c2 R2 - v2  R2 sin2 HqL

Substituting that back in to our potential expression: 

V  Hr, tL = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 q cÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ"##########################################c2 R2 -v2  R2 sin2 HqL

= 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 

qì$%%%%%%%%%%%%%%%%%%%%%%%%%%%%1- v2
ÅÅÅÅÅÅÅÅc2  sin2 HqL

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅR

5. Alternate form for moving potential

There are many ways to approach the problem of the potentials associated with a moving point charge.  Let us propose 
another: consider a charged particle traveling in a straight line along the z - axis with velocity v.  Use the algebraic (not 
Lorentz,  we must wait a week or so for that!) transformation of variables in the Inhomogeneous wave equation.

So basically we're shifting to the reference frame of the particle:

xè = x, yè = y, x = z - v t.   We note that xè = x , yè = y ,z = z , and  t = -v z

So Ñ2 V = H“2 - 1ÅÅÅÅÅÅÅc2  t
2 L V = Ixè

2 +yè
2 +I1 - H vÅÅÅÅc L2 M z

2 M V =
- r f Hxè,yè ,zLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅe0

We now rescale the longitudinal variable zè = zg, where g = I1 - H vÅÅÅÅc L2 M
-1ê2

:

zè = 1ÅÅÅÅg  z , so zè
2 = 1ÅÅÅÅÅÅÅg2  z

2  and we have: “
è 2

V = -
r f Ixè,yè , zèÅÅÅÅÅg M
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅe0

.

r f Ixè, yè , zèÅÅÅÅg M = q dHxèL dHyèL dHzè êgL = q g dHxèL dHyèL dHzè L, so we have:

 “
è 2

V = -g r f Hxè ,yè ,zèLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅe0
, and we're almost done.

So our differential equation is “
è 2

V = -g q d3  HréLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅe0
, but we've solved this before in electrostat-

ics:

VHréL = - 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0

Hg qLÅÅÅÅÅÅÅÅÅÅÅrè = - 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 
i
k
jjjj

qí"#################1-H vÅÅÅÅc L2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅrè
y
{
zzzz

Comparing to the answer given in Problem 4, we find it's of a very similar form.   What's the distinction?  In problem 4, 
we're in the lab frame---the particle has some velocity v in a given direction, and the potential has to reflect that assymetry.   
In this problem we've solved for the potential in the particle's frame, which has  no preferred direction.
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6. Griffiths, 11.8

Apply Eqns 11.59 (S > 1ÅÅÅÅÅÅÅm0
 HEµBL =

m0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ16 p2  c @p
.. Ht0 LD2  I sin2 HqLÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅr2 M r̀) and 11.60 

(P @ Ÿ S ÿ „a =
m0  p

.. 2

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ6 p c ) to the rotating dipole of Problem 11.4.  Explain any apparent discrepancies with the previous answer.

 pHtL = p0 HcosHw tL x̀ + sinHw tL ỳL ï
 p

.. HtL = -w2  p0 H cosHw tL x̀ + sinHw tL ỳL ï
  p.. 2

= w4  p0
2 H cos2 Hw tL + sin2 Hw tLL

= w4  p0
2

So S = m0  p0
2  w4

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ16 p2  c  I sin2  qÅÅÅÅÅÅÅÅÅÅÅÅÅÅr2 M r̀ and P = m0  p0
2  w4

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ6 p c .

6. Griffiths, 11.14

In Bohr's theory of hydrogen the electron in its ground state was supposed to travel in a circle of radius 5 µ 10-11  m, held in 
orbit by the Coulomb attraction of the proton.  According to classical electrodynamics, this electron should radiate, and 
hence spiral in to the nucleus.   Show that v << c for most of the trip (so you can use the Larmor formula), and calculate the 
lifespan of Bohr's atom.  (Assume that each revolution is essentially circular.)

The attractive force if coulombic: 

 F = m a = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 q2
ÅÅÅÅÅÅÅr2 = m a = m v2

ÅÅÅÅÅÅÅr .  The last equality is due to a circular orbit

 v = "###################1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 q2
ÅÅÅÅÅÅÅÅm r .   At the we start at r0 = 5 µ 10-11 meter, so:

 v0ÅÅÅÅÅÅÅc = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
3µ108  $%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%H1.6µ10-19 L2ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

4 p H8.85µ10-12 L H9.11µ10-31 L H5µ10-11 L

= 0.0075

So it's starting as a pretty small fraction of c

To even get to 1% c, the radius would need to go to:  r Ø 2.80754 µ 10-13

So we get to 1%c when r is ~ 3/500ths of its original value.  So much of its trajectory is less then the speed of light.

To find the lifetime, we consider how much time it would take to radiate all the initial energy in the system.
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We find the energy:

E = Ukin + Upot = 1ÅÅÅÅ2  m v2 - 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 q2
ÅÅÅÅÅÅÅr

= 1ÅÅÅÅ2  I 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0
 q2
ÅÅÅÅÅÅÅr M - 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ4 p e0

 q2
ÅÅÅÅÅÅÅr

= - 1ÅÅÅÅÅÅÅÅÅÅÅÅÅ8 p e0
 q2
ÅÅÅÅÅÅÅr .

The energy loss per unit time must equal the power radiated:

- „EÅÅÅÅÅÅÅÅ„t = -1ÅÅÅÅÅÅÅÅÅÅÅÅÅ8 p e0
 q2
ÅÅÅÅÅÅÅr2  „rÅÅÅÅÅÅÅ„t = P = m0  q2

ÅÅÅÅÅÅÅÅÅÅÅÅÅ6 p c  I v2
ÅÅÅÅÅÅÅr M2 = m0  q2

ÅÅÅÅÅÅÅÅÅÅÅÅÅ6 p c  I 1ÅÅÅÅÅÅÅÅÅÅÅÅ4 pe0
 q2
ÅÅÅÅÅÅÅÅÅÅÅm r2 M

2
ï

 -12 p2 c e0
2  m2  r2

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅm0  e0 q4  „ r = „ t ï

We have a lifetime of: 

 -12 p 2 c e0
2  m2

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅm0  e0 q4  Ÿr0

0 r2  „ r = Ÿ0

t f „ t ï

4 p 2 c3 e0
2  m2

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅq4  r0
3 = Ÿ0

t f „ t = t f

= 1.31543 µ 10-11 seconds  

Scratch
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