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FUNDAMENTAL CONSTANTS

€ =8.85 x 1072C?/Nm? (permittivity of free space)
o =4mr x 1077 N/A? (permeability of free space)
¢ =3.00x 10°m/s (speed of light)

e =1.60x10YC (charge of the electron)

m =911 x 107 kg (mass of the electron)

SPHERICAL AND CYLINDRICAL COORDINATES

Spherical
X = rsinflcos¢ X = sinfcos@ T + cosfcosg @ — sin ¢$
y = rsinf sing ¥ =sinfsin ¢ + cosfsin ¢ 8 +cos¢$
z =rcosh Z=CcosHF —sin#@
r=Jx4y? 422 r =sinAcos¢gX +sinfsingy + cosfz
8 = tan ! (‘r_l- +_-.2,f;) 0 = costcosgp X+ cos sinq&f* —sinfz
¢ =tan '(v/x) ¢ =—singxX+cosgy
Cylindrical
X =S$Cos¢ £= L0§¢S—Rln¢¢
{ v=ssing § = sn¢s+tua¢:¢l
z=2 i1=1
- \r3_+T § =cos@pX+singy
¢ =tan"'(y/x) ¢=—singpX+cosoy
z =72 i =z
1 Q
F= 2 ulomb’s Law F = QE+QVXB Lorentz force

4m:0 r

" Co
4Jte f f f 2 dT’ electric field from continuous charge distribution

Eﬂ; Eeda=—0. ., Gauss’ Law (integral) ﬁ E <l = 0 (statics)



V(r) = _f E*dl glectrostatic potential, and E =—-VV (statics)
[

1 q '
V(r)= Fg(); and V 4m€ fff dT (setting reference point at infinity)
O A a‘/a ove Vi elow
Eove = Eteiow =1 and pne — e = — ¢ boundary conditions
& on on &
Dalbove - DbLelow = Gf'
b w 1Y 1
V( )—V(a)=a W=Ezqiv(ri) and W=§fffPVdT
i=1
1 2 |
0=CV W=5CV W=5Q /'C capacitors
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VV=-—p Poisson’s equation ~ V°V =0 Laplace’s equation

0

+kx —kx .
Vix,y)= E(Ane +B,e " )(C, sinky+D, cosky) solution to Laplace’s equation in

Cartesian coordinates in two dimensions

0 n=n
fasin(nnz)sin(n’ﬂz)dy= a cth litv of si
0 a a a , —, orthogonality of sines
2
0 neven
a y
sin(nr=)dy =12 vl ke _
fo a 4 L odd e +e 2 cosh kx
nit
foncoszﬁsin0d0=2/3
_f.’lHl = | e
Pi(x) = x
Pix) = (3x-—1)/2
Pi(x) = (5x° — 3x)/2
Pilx) = (35x" —30x- +3)/8
Pi(x) = (63x° — 70x° + 15x)/8

TABLE 3. cegendre Polvnonuals
V(r.0)= E(Ar - " )P, (cosb) LE 3.1 Legendre Polynomia

solution to Laplace s equation in spherical coordinates with azimuthal symmetry
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¢ = ¢ orthogonality of Legendre polynomials
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V(r,0)=-E, (r - r—z)cos 0 potential outside a neutral conducting sphere in uniform

field

r n
ﬁ = ;E(?) P (cosa) 1/ expansion in Legendre polynomials
0

1 o1 o N
V(r)= HEFI_H (r')" P, (cosa)p(r')dT multipole expansion
0 0
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p=fffrp(r )dt p—qu-ri Vi (1) = A7z, 2 dipole moment

—

= (2cos@r+sml99)
4m3 r’

D=¢E+P P=¢gx,E D=¢E

dip

=fIdle
K=dl/dl, J=dl/da, surface and volume currents
d
Ve] +d—f=0 conserved current
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VeA=0 “Coulomb gauge” convention VZA =-U,J (for Coulomb gauge)
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=ﬁmxf
dip() A rz
N=mxB F=V(m*B) U=-m*B
J,=VxM K, =Mxn

VxH=J, §Hedl=1I
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L 1L 1 1L Il 1 A
Habove - Hbelow = _(Mabove - Mbelow) Habove - Hbelow = Kf xn

H=HiB—M M=y,H B=_uH
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U=-ffH-Bdv U=-[[D-Edv U=-m-B—p-E
Oy = Myaly Myo =262 €, = —My, S8 @=L €=-L=
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Non-statics:
dA

B=VxA E=-V® -2 A5 A =A+VA &> @' -2

2+ 2 (v.A) = _P 24 104 CA g La®y _
Vo +2(V-A) =—Pls, VA-Z22-V(V-A+220) = )
Lorentz (Lorenz) gauge:

1do 1 0%® 1 0%A
V-A+ ST =0 Vo-Som =P VA- ST = —ul
Coulomb (transverse, radiation) gauge:
CA=0 V2 — _P 2p _ 10°A_ 1yd®
V-A=0 V2o =-F/g VPA—- == —pJ+ 5V

Retarded solutions:
2w iazlp — : — [f (' t)]rer /
V2Y — = — = —4nf has solution ¥(r,t) = [ff ———="*dv
Poynting’s formalism:

X4+v-S=-]-E S=ExH

Momentum density g = Ciz ExH

Angular momentum density £ = Cizrx(ExH)

Plane waves E(r,t) = Ege!&kT-®0)  B(r,t) = Byelkr—o
Helmholtz equation (V2 + uewz)(g) =0

Snell’s laws: 8; = 6, n,sinf; = n,sinb;

Fresnel equations (non-magnetic media),

E polarized perpendicular to the plane of incidence:
Eor _ (nq/ny)cosf;i—cosby Eor 2(nq/ny)cosH;
Eoi o (nqy/ny)cosBi+cosb; Ey; o (nq/ny)cosBi+cosO;




Fresnel equations (non-magnetic media),
E polarized in the plane of incidence:

Eor _
Eoi

—cosOi+(ny/ny)cosO;

Maxwell's Equations

In general

V.-B=0

Auxiliary Fields

Definitions :

D=E+P
]
H=—B-M
7
Potentials

Lorentz force law

cosBi+(ny/ny)cosb;

V x B = uoJ + o

Eor _

2(nqy/ny)cosH;

Eoi - cosBi+(ny/ny)cosb;

Energy, Momentum, and Power

Energy:

Momentum :

l
Povnting vector: S = —(E x B)

JE
Flr_
ey A
|I‘r
F=g(E+vxB)
| [/
Y

P=¢ [(E xB)dr

Ho

In matter:

V-D=p
JB
| E = ——
or
V-B=0
aD
VxH=J;+ —
dt
Linear media:
P=¢eyx.E. D=¢cE
]
Nl:fn,-H. H=—-B
T
A
1,
—n-) dr
o



