Equations of Physics 323 - Electrodynamics

Maxwell’s in matter: (1) VD=p, (1)) VxE= —Z—ltg (i) V.B=0 (iv) VxH=J + aﬁ_lt)

Boundary conditions: n(D,-D)=0, nx(E,-E),=0 n(B,-B)=0 nx(H,-H), =K,

Poynting: S=ExH Momentum density % = c% In linear medium, u,, = %(D.E +B.H)
2
In linear dielectric V°E = %2 25 V= \/i:_,u = \/;—,u, :% D=¢¢E B=pyuH
Plane wave: E=(E, X+E, §)¢* ™ kE=0=kB B= kZ)E I1=(8)= gOCTEOZ =u,c
Derive: n;sinf, =n,sin@, Brewster: tan6, =n,/n,, critical angle: sin@, =n, /n, and Fresnel equations
Derive V°E = us 82? +,uaa—E Derive & = 2 Vphase = @/ k  ve=dew/ dk
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General complex dispersion: k(w) = k’(w) + io(w)/2 where k’=2a/1, n=ck’/@w and intensity [ oc & “
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Dielectric dispersion: &, =1+ Z where the sum is over all sets of oscillators
j

Plasma dispersion: &* = (&’ —,”)/c’ where ,” =e’N/me,  Waveguide: k* = (0’ - ®,,)/ ¢’
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Lorentz gauge: If V.A = _Lz@_V hen &’V =-p/e, o’A=-uJ where o’=V’ —Lza—z
¢ ot c ot
Retarded potentials: ¥V = ! .[ pr ’tf)a”r’ A(r,t) = ﬁjMdV t,=t—|r—r|/c
4rg, |r—r| 4r |r—r|

Approximations: » > A, radiation zone; A >d long-wavelength (compact source); »>d dipole limit

Electric dipole radiation fields, be familiar with B oc 4—,u C(Fxp(s,)) E=cfxB dP/dQo p’sin® 0
zre
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B=%rxpocosa)(t—r/c) «p Ex@ dP/dQ=w'p,’ sin’0
wrc

Fields for magnetic dipole have B and E interchanged and are smaller by ~ d/4

For a source with p = py sin of,
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Derive Larmor formula, P = ,ug# using p = gw(t) Rayleigh scattering cross-sec o o @'
zc

Understand the Lienard-Wiechert potentials: V (r,t) = q/4ne,(s—s.v/c), A(r,t) = (v/cH) V(1) for charge q
moving along trajectory w(r,t), where v=w(z,), s=r—w(t,), and 1 is specified by c(t—¢,) =|s|
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x*=(ct,r) x,=(=ct,x) y=1-v /c?) dr zz,/—dx dx, =dtfy n" =dx"[dt  p" =mmn" =(E/c,p)

4-potential A* = (V/c,A) 4-current J* =(cp,J) transformation of 4-vectors: x™ =A* x" A" =A" A"
a"b, =scalar —0J"[ex* =V.J-0p/ot=0; E*/c* - p* =m,’c’; Ax"Ax, = Ar* —c’Ar* = invariant interval
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A¥ = _76’/0 76 (1) 8 recognise: OF*"/ox" = y,J* and F*' = :EX?E B0 _By
y z .
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F'* =A* A" ,F* —> derive E,=E, B)=B, E, =y(E, +vxB,) B =yB, -vxE /%)
More scalar invariants: F*"F,, =2(E*/c* - B*) F*'G,, =-4EB/c

Derive field or potentials of charge in uniform motion by transforming Coulomb field or potential

0’ A" = %%A” =—u,J" Lorentz gauge 8A”/6x” =0 Lorentz force dp” /a’r =qn F*"
" Ox,



