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FUNDAMENTAL CONSTANTS

€ =8.85 x 10712C?/Nm? (permittivity of free space)
to =41 x 1077 N/A? (permeability of free space)
¢ =3.00x 10°m/s (speed of light)

e =160x1017C (charge of the electron)

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

SPHERICAL AND CYLINDRICAL COORDINATES

Spherical
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ﬁE *da= . Qenet Gauss® Law (integral) 95 E *dl =0 (statics)
0
V(r) = _f E ¢ dl glectrostatic potential, and E =-VV (statics)
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V'V = T Poisson’s equation, and V¥V =0 Laplace’s equation (regions of no charge)
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V(r)= = Vi(r)= dt - i infini
Ame, 1 and ( ) A, f f f . (setting reference point at infinity)
O - above WV clow
Eove = Epeow =—M and e — bt = — 0 boundary conditions
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V(b)—V(a)=g W=%§qu(r,.) and W=%fffdeT
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Q=CV W=§CV2 W=EQ2/C capacitors
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V7V = _g_p Poisson’s equation V3V =0 Laplace’s equation
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Vix,y)= E(Ane”“ +B,e™)(C, sinky+D, cosky) solution to Laplace’s equation in
n=0

Cartesian coordinates in two dimensions
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foﬂcoszﬁsin9d0=2/3

Py(x) = |

Pi(x) = x

Ps(x) = (3x=—1)/2
Pi(x) = (5x° — 3x)/2

Pix) = I-{_‘-\:‘—}i__l_';;-f 1) /%
Pi(x) = (63x° — 70x" + 15x)/8
TABLE 3.1 Legendre Polynomials

V(r,0)= E(Ar +- )P(cose)

solution to Laplace s equation in spherical coordinates with azimuthal symmetry
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¢ = ¢ orthogonality of Legendre polynomials

3
V(r,0)=-E, (’" - r—z)cos 0 potential outside a neutral conducting sphere in uniform

field

Law of cosines c’=a’+b*-2ab cos y, with y the angle opposite to side c.

r n
5o ;2(7) P (cosa) expansion in Legendre polynomials
0

1 - 1 ~n N
V(r)= RE el fff (r')"P,(cosa)p(r)dt multipole expansion
0 0

= [[[7o@)ar P= a7 V()= Ame pr—;r dipole moment
1

dip = (20059r+sm06)
47‘[80

- [1d1xB
K=dl/dl, J=dl/da, surface and volume currents
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B = V x A magnetic vector potential.

VeA =0 “Coulomb gauge” convention VA = —uyJ (for Coulomb gauge)
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Maxwell's Equations

In general : In matter:
V:E= +-I—p V'szf
b B
VxE= e - b Dt
) it 1 ar
V-B=0 V-B=0
"E 3D
Vsz,emJi»;men(a—f va:-'.-'"*'Er_
Auxiliary Fields
Definitions : Linear media:
D=gE+P P=¢gxE. D=¢cE
1 1
H=—B-M M=y,H H=-B
Ha "
Potentials
E:—V'V—E, B=VxA
at
Lorentz force law

F=g(E+vxB)

Energy, Momentum, and Power

1 » 1 _a
Energy: U= f (GBE' + _3-) dr
2 o
Momentum - P=¢ [(E x B)dr
: gom ik
Poynting vector: S = —(E x B)
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