KFT SoLutions 05

1. INHOMOGENEOUS MAXWELL-EQUATIONS AND POTENTIALS

—,

(a) With A, = (—¢/c, A), the transformation A, — A, + 0,V translates into

Ao = —¢/c = —¢/c+ WY = —¢/c+ OV /c & ¢— -V

and A; » A, + 0,0 & A = A+ V.

(b) Under the gauge transformation A, — Ay + 0V, F,;, transforms as

O Ap — OpAg — OgAp + 0,00V — Op Ay — Op0,V = 9, Ap — Op A,

and therefore F;, is gauge-invariant.
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(¢c) With A, = (—¢/c, A) one has

For = —Fro = 00 Ay, — OpAg = ¢ (0, Ay + Or¢) = —Eg/c
Fi, = 0;Ay — OLA; = €eBy  (Fia = Bg  etc.)

and therefore, with Fe = nepbdF, ;.
FO% — _ R — _Fy. = Ey/e , F*=Fy, =euBe .
(d) Thus, with J% = po(pc, J) one has
0, F = 9, FF = "'V E = —p/(€e0c) = —pocp = —JY

and
3aFa1 = 80F01 + 82F21 + 83F31 = c_zatEl — 09B3 + 03By

I
=-(VxB=50E)h=-Ji=-J

(and likewise for the 2- and 3-components).

(e) One has
O F*" = 0,0" A" — 0,0°A* = OA" — 0P9, A" = —J°

and therefore OAp — 0,0, A% = —Jp.

(1)

(7)

(f) From 9,F% = —J° one deduces —8,.J° = 0,0,F® = 0 because F% = — [

is anti-symmetric while 0,9, = 0p0, is symmetric.



