3/2/20 Lecture outline
* Reading: Taylor chapter 15.

=

e Last time: electromagnetism is nicely relativistic: J* = (¢p,J) transforms as a 4-
vector. The electric and magnetic fields combine into F* as F'0 = E* and FY = —e* By,
and then F, = E!, B, = B!, and

()= (o 7)) (5)= (G ) ()

The Lorentz force law is indeed relativistic: % = ft=21FMy,,.

e Write Maxwell’s equations as 0,F"" = %J“ and (9HFW = 0, where FH =
%G‘LWPUF »o- The second equations (absence of magnetic charges) can be solved via
Frv = gAY — 9V A*. Gauge transformation symmetry (actually, it’s a redundancy):
can replace A" (z) — A*(x)+ 0" f(z) for any f(z) without changing any physical quantity.
Very important in the quantum description of E and M.

e The force law comes from including a term S O —2 [ A, dz* which gives L D —q¢+
%U-Ai Givese.g. p= % = 'ymﬁ—l—%ff and then H = p-v—L = \/(cﬁ— qA)? + (mc?)2+qo.

The combinations E2 — B2 ~ F,, F* and E-B ~ €uvpo MY FP? are Lorentz invariant.
Can get Maxwell’s equations from least action in the field A, with S D [d*zL with

L= —ﬁF o FHY — %AMJ #: note that S is Lorentz invariant. Least action for fields will

be discussed soon.



