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PH 317 Transformations of E and B fields.

MJM



February 7, 2004

The claim is (Eqs 18.43, p. 469) that  

E(’ = ( (E( + v x B)  and B(’ = ( (B( -v x E/c2),

while the parallel components of E and B remain unchanged:  E((’  = E(( ,  and B((’ = B((. 

[ ( = (1-(2)-1/2, where ( =v/c.]

The parallel component of E is dealt with by the two sheets of charge, ((o . When the observer moves parallel to the E field, (perpendicular to the sheets themselves) the E field is unchanged. But when the observer moves parallel to the sheets, perpendicular to E, then lorentz contraction produces an increased charge/area : ( = ((o. Since E = (/(o, this increases E by a factor of gamma.

For the parallel component of B remaining constant, Griffiths 

uses the example of  movement parallel to the axis of a solenoid.

Lorentz contraction reduces the distance observed between the

coils, increasing n the turns per unit length n’ = (n. Griffiths claims 

the current is reduced : I’ = I/(. He says this is due to the moving

clock on the solenoid running slow.


I think he is right, but seeing it takes some doing . Suppose each 

loop of the solenoid is a circle with a fixed number of charges

rotating on it at a constant rate.

The sketch at the right shows the charges rotating clockwise.                         p

An observer at p on the solenoid clicks off the charges as they go by

and ticks off the time for each to go by. Meanwhile, in a frame moving

parallel to the solenoid axis there is a whole army of observers along a line

passing through p, and perpendicular to the plane of the loop. As these 

observers reach p, they record whether a charge is there or not, and tick off

their time if one is there. The result is that the clock of the single observer

in the frame of the solenoid is compared to the clocks of two or more observers in the moving frame. This results in time dilation, longer time recorded by the two moving clocks, and thus a smaller current.

Now to tackle the equations for the perpendicular components of  E and B. We’ll do this with two sheets of charge both moving to the left.  The positively charged sheet is on the botttom.
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In the lefthand frame, we have Bz = -(oK = -(o(v =-(o(o(v . Keep in mind that ( is the charge density seen by a stationary observer in the LH frame, but ( is increased over (o : ( = ((o. To be more specific about it, ( = (( = 1/((1-(2), where ( = v/c).  Using the ( notation we have


Bz = -(oc(o(( (,  and also
Ey = (/(o = (((o/(o
We want Bz in the primed frame, 

Bz’ = -(oc(o(+ (+ ,

where (+ and (+ come from the velocity addition formula:  the velocity of either sheet as seen by an observer moving in the frame travelling to the right with speed v’ is v+ = (v + v’)/(1+vv’/c2). Then 

(+ = ((+(’)/(1+((’), and (+ = 1/((1-(+2).

Now we will show that  (+ = ((((’ (1+((’),  by just writing it out.


(+2 = 1/(1-((+(’)2/(1+((’)2) = (1+((’)2/[(1+((’)2 - ((+(’)2) 

(+ = (1+((’)/((1+(((’)2 - (2-(’2) .

This leaves us to show that (( ((’ = 1/((1+(((’)2 - (2-(’2) =?= 1/((1-(2)(1-(’2). Then, we substitute for (+ and (+ in Bz’:

Bz’ = -(oc(o((((’ (1+((’) ((+(’)/(1+((’), or

Bz’ = -((’ [ (oc (( (o ((+(’)] .

The first term is ((' Bz and the second term is +((' [ - vx Ey/c2 ]. This checks out the formula for the transformation of B( .

Homework: check out the transformation of E( .
