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Position & Source: Position vector 7, source vector 7', separation vector Ar =7 — 7

Fundamental Theorems of Vector Calculus:
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Cartesian Coordinates: dl = dxX + dyy + dzZ dt =dxdydz
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Spherical Coordinates: x = r sinf cos¢, y = r sinf sing, z = r cosd
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Cylindrical Coordinates: x = scos¢, y =ssing, z=z
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Tensor Math: (d-T); =Y;aT; (T -d);=X:Tua

Lorentz Force: F = Q(E + #xB), On Wire: ﬁmag = fl(ﬁxﬁ)
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Maxwell’s Equations: VXE = ——- $E-dl=——[B-da
V-E=p/e R ¢E'da=QenC/€0
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Fields in Matter: P = p/volume D= SOE +P oy = P-A pp =—V- P Ip = aa_zta
M /volume ﬁ—uif?—ﬁ Hb = MxA ﬁb = VxM
0
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VXH = f+5 ¢H lzlfenc+afD da
Linear Materials: P = o )(eﬁ D=¢E= 1+ Xe)fo = ereoﬁ
M = ynH B = uH = (1 + xm)uoH
Boundary Conditions: AD, = of AEH =0 ABH = Aﬁ”
AH|=K;xfi  AB, =0 AH, = —AM,
Ohm’s Lawand EMF: [=0¢E €= §(F/q)-di Emotional = —% i—V: = €&l
Inductance: M = 222 =28 L =28 Einducea = —L—
I I, I dt
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Continuity of Charge/Current: Pl V-] Pl -V,
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Energy & Momentum: S = #L(EXB) Upy = %(EOEZ + i—) Ugy = [ugy dt
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Linear materlals: S = ;(Exﬁ) Ugm =3 (gEZ + 72)

EM Plane Waves:
Complex: E(#t)=E, exp(i(l_é 7 — b)) A BGF ) = %Ez exp(i(l_é -7 — wt)) (kxA)
Real: E@®¢t) =E, cos(l_é-F—a)t+5)ﬁ B(# 1) =£E0 cos(k 7 — wt + 8) (kxn)
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%= €= (u) =260E*  (S)=cuk =1k = %ceOEOZk (g) = @ = LeoEo’k
- P 3y — Pk =1 27 _C_ |k
Linear materials: V== (S) = v{uyk = Ik = JveE“k n=- oo
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Conductors: k;, = w /%[ 1+(0/gw)2+1] k= /%[1/14‘(0/5(»)2—1] 2
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Reflection/Transmission: 6, = 8, 20T =11 5 =07 g _faltz _ faty
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Potentials: B = VXA E = —VV — Z—': Gauge Transformation: A=A+ VAV =V — E
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Coulomb Gauge: V-4 =0 => V2V = —E— (V24 — poe, ﬁ) — uOEOV(aa—:) = —po]
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Lorenz Gauge: V- A = —puy&, Z—Z => V2V — uge, gtz =-£ (V2A — pys, ZT?) = —Uo/
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Retarded Potentials: t, =t —— V(#,t) = pr— f P d A ) =42 [ ) 4y
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Liénard-Wiechert Potentials: V(#,t) = pr— —(C 5T A( t) = p —(c it = o V(r t)
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[(c? —v¥)u + Arx(uXa)] B#t) = ;Aer i = cAr
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Constant Velocity:  E (7,t) =
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Radiation: Electric Dipole: S(7,t) = %{%% cos [w (t — Z)]} r  P= %
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Magnetic Dipole: S(7,t) = ] {Ms”:e cos [w (t — ;)]} F p =kl @
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Multipole: E (7, t) = rX(rXp) B(r,t) = - :C [Fxp] S t) = 160,T2C 2
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Low Velocity: Smd

Relativity: x* = (ct,x,y,z) n* === = (¢, vy, vy, 1;)/\/1 —v?/c?
p* = mn*=(mc, mv,, mvy,mvz)/\/l — 172/02 = (E/c,px, Py, Pz)

p — ant _ ldE apx dpy 2y, 1 —p2/c2 =(L%E | M _ .2
K T ar cde’ dt’ dc’ )/ /e (dt’x’ v /N1 v?/c?
a* = (y[a® — Ba'],y[a’ —ﬁa l.a*,a®) y=1/y1-u?/c? B=u/c

ata, = —a®a® + a'a’ + a*a® + a*a® = Invariant under Lorentz transformations
Relativistic Electrodynamics:
E,' =E, E,' =y(E, —uB,), E,’ =y(E,+uB,)
B, =By, B, =v (B, +%E,).B,' =v (B, - %E,)
_ Ex Ey Bz E Ey _E _ QFHY
= [[0 Ex By ] [_Tx,O,BZ,—B H— ,—B,,0,B, H ,B,, Bx,O]] T = ol
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_ Ez Ey Ez _Ex| [_ _E_ Ex aGHY
G = [[o, Bx,By, B,].|-B.0,-%,2|,|-B,.%2,0- %] |-B, o” soadp
a/#
J# = pon* = (cpo, PoVx, povy.povz)/\/ 1- vz/ c2=(cpJulyls) =0 Kt=qnF*
%4 AV 0AH d 0
AH* = (;;Ax; Ay,Az) F¥ = a - a aafl“ = _Il()]ﬂ (LOT'enZ gauge)



