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Lorentz transformation of EM fields between

two general frames

Theorem 5 The Lorentz transformations of the EM
fields between JF» and F; can be formulated as follows:

~/ nl v
E\y = vy(EL1+ = & Bij);

%
! -
B, =vBi1- P Ei1)s (47)
where frame F» moves at v = vX relative to Fy; || and
1 represent directions parallel and perpendicular to v,
respectively.
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Electrodynamics

« Postulate 5: In inertial frame R defined in Postulate 3,
Maxwell’'s Eqs are established,

V-E = 4np,
V-B = 0,
o
VXE = —E
4 d
= —j+ —E. o
Ll ('] (i'i)fE (13

All solutions to Eq. (12) represent physical EM fields in
frame R. Conversely, all physical EM fields in R satisfy
Eq. (12).

38

Light speed c

 Given Lorentz transformations, once Maxwell’s Eqs are
set up in R-frame, then it is valid in all frames.

« EM wave velocity is just ¢, and universal.

V' -E = 4=y, (48)
vV'-B =0 (49)

Since the steady EM fields in frame R can transform
into time-dependent ones in frame F, the Ampére’s law
is augmented by the displacement current as,

a d .

V' xB' —-—E' = —j, (50)

odt’ c
In the R-frame, the steady electric field is curl free
When transformed to the F-frame, it is augmented to
FIITH(]]I_\".‘* 1““‘.

V' xE +—B = 0. (51)
cat’
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