PH 317 More E and B transformations

( from 2004; the text was by Good that year) 

We established that 


E((’ = E((, 










(1)    

B((’ = B(( , 










(2) 

E(’ = ( (E( + v x B), and 








(3)

B(’ = ( (B( - v x E/c2).








(4)

The unprimed fields are in a frame F, and primed fields are in a frame F’ moving with velocity v with respect to F. It is a general rule about relativistic transformations that the inverse transformation is obtained by swapping primes and unprimes, and reversing the sign of v. You can see this in the basic lorentz transformations in Good on pp. 462, 463:   x’ = ((x-vt),   x = ((x’+vt’), etc.

This leads us to imagine the inverse transforms are


E(( = E((’, 










(5)
    

B(( = B((’ ,  










(6)

E( = ( (E(’ - v x B’), and 








(7)

B( = ( (B(’ + v x E’/c2).








(8)

Here v is still the velocity of frame F’ with respect to F. The substitutions of (3) and (4) into (7) give


E( = ( ([( (E( + v x B)] - v x [( (B( - v x E/c2)]).

Noting that v x E = v x E(, and that v x B = v x B(, we find that


E( = (2 (E( + v x B - v x B( +v x (v x E(/c2)).

This is an identity, namely that E( = E(, and the inverse transform for E( is verified. 

The point of this exercise was to justify eqs (5)-(8), so we may write down the magnetic field of a moving charge, once we have the electric field of a moving charge. In the rest frame of a point charge, the magnetic field is zero: B( = 0. Then from (8), we have 


B(’ = -v x E’/c2 .






     R

We obtained for a charge moving at vq = -v (frame F’ moving at +v)
     B’












vq

E’ = ke q (1-(2)/(1-(2 sin2()3/2 R’/R’3 , 


B’ = +vq/c2 x ke q (1-(2)/(1-(2 sin2()3/2 R’/R’3




( is the angle between v and R, the polar angle. This means we wind up with Good’s (18.72)


B’ = ke q sin ( (1-(2)/[R2 c2(1-(2 sin2()3/2 ]
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Name __________________________ Box ______________

(Griffiths' 12.45, p. 534)

Calculate the E and B fields as two opposite charges (q travelling with equal speeds (( in opposite directions pass one another at their smallest separation D. a) In the lab frame, where both charges are moving, b) in the rest frame of charge A, and c) in the rest frame of charge B.  



        Lab frame, both moving
        +q at rest

              -q at rest


E at +q due to -q


B at +q due to -q


F on +q due to -q
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