FUNDAMENTAL CONSTANTS

e = 8.85x10712C2/Nm? (permittivity of free space)
no = 4m x 1077 N/A? (permeability of free space)
c = 3.00x10%m/s (speed of light)

e = 160x1071°C (charge of the electron)

m = 9.11x10 3 kg (mass of the electron)

SPHERICAL AND CYLINDRICAL COORDINATES

Spherical
[ x = rsinfcos¢ X = sin9c05¢f‘+cos€cos¢é—sin ¢$
{ y = rsinfsing 1y = sin93in¢f‘+cos€sin¢5+cos¢$
| ¢ = rcost i = cosOF —sin6d
[(r = x2+y2+ 722 [ f = sinfcos¢pX+sin fsingy + cosOZ
1o = tan_l(‘/m/z) 14 = cosfcosgp X+ cosfsingy — sin 6z
| ¢ = tan"!(y/x) | ¢ = —singR+cosg§
Cylindrical
X = scos¢ (% = cos¢pS§—sing
1y = ssm¢ { § = sing$+cosp
|z = z zZ = 1
(s = /X242 [ § = Cos¢X +sin ¢y
{1 ¢ = tan"l(y/x) 1 q3 = —sin@pX+cos¢y
lz = z 7 = 1




BASIC EQUATIONS OF ELECTRODYNAMICS

Maxwell’s Equations

In general - In matter :
1 ,
[ Vv.E= V.D=p,
€0
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Aucxiliary Fields
Definitions : Linear media :
D=¢E+P P=¢yx.E, D=cE
1 1
H=—B-M M=y,H, H=-B
Mo W
Potentials 9A
E=-VV - —, B=VxA
at
Lorentz force law
F=¢qgE+vxB)
Energy, Momentum, and Power
1 2, 1
Energy : U=-—- eoE“+ —B” ) dt
2 Mo

Momentum : P=¢) [(ExB)dr

1
Poynting vector : S = —(E x B)
Mo

Mo
6rc

Larmor formula: P = qza2



VECTOR IDENTITIES

Triple Products
(1) AA-BxC)=B-(CxA)=C-(A xB)
2 AxBxC) =B -C)—C(A-B)
Product Rules
3 V(fg)=f(Vg)+g(V[)
4) VAA-B)y=Ax(VxB)+Bx (VxA)+(A-V)B+B-V)A
) V-(fA=fV-A+A-(V))
(6) V-AxB)=B-(VxA)—A.(VxB)
(N VX (fA)=Ff(VxA)—Ax(Vf)
) VXxAxB)=B-V)A-—(A-V)B+A(V-B)—B(V-A)

Second Derivatives

9 V- (VxA)=0
(10) VX (Vf)=0

(11) Vx(VxA)=V(V-A) - V2A

FUNDAMENTAL THEOREMS

Gradient Theorem : fab(V f)-dl= f(b) — f(a)
Divergence Theorem : [(V-A)dt = § A . da

Curl Theorem : J(VxA)-da=§A-dl




VECTOR DERIVATIVES
Cartesian. dl=dxXx+dyy+dzi; dt=dxdydz

1]

ot . ot at

Gradient : Vi = —Xx+ —V+4+ —1Z
0x +3yY+3Z

d d d
Divergence: V.-v = 0 + ~y + =
ox ay 0z

Curl - Vv = (e _9w) o (v v\ (U S,
ay dz 0z 0x ox ay

321+82t+32t

ax2  9y? = 9z2

Laplacian : Vi =

Spherical. dl=dri+rdf6+rsinfdo¢; dr=r’sin0drddde

. at A 1 at A 1 at A
Gradient : Vi = —r+-——0+—-—2¢
ar r a6 rsinf d¢
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vergence : . = ——(‘v — — (81 —
rvergenc 2o U Sane e Y Sane ae
1 [ 3
Curl : Vxv = _ —(sin9v¢)—ﬁ Iy
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Laplacian : Vi = ——(rP —}+—>———(sin6— a°
pracian 2 ar (r 8r)+rzsin9 36 (Sm ae) t 22 392
Cylindrical. dl=ds§+sdp¢ +dz2; drv =sdsdpdz
ot 1ot ~ Ot
Gradient : Vi = —8§4-—— — Z
radien 3ss+s8¢¢+azz
Di V.y 13( )_'_131)(,5+3vZ
wvergence . . = —— SV - —_—
& s as y s d¢ 0z
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Laplacian : V% = ——{s—}+——+ —



