VECTOR DERIVATIVES

Cartesian. dl=dxX+dyy+d:% dr=dxdyd:

ot . ot 8:

Gradient Vi= o X+ y a‘

v, : dvy | v

Di ence: V.-v=
HE oax ay dz

L dv; v\ . dv, dv.\ . dv, Bu,) 5
Curl: va_(ay 32)::+(3z aJu_)y+(é}"r 3y z
Laplacian: V3t L - ot + =

acian : TP s ot o —

o ax2 | 9y2 | agt

Spherical. dl=drf+rdf6 +rsinfded: dr=risinfdrdddé
ar . -
1o, I

Gradient : Vi = drr+r36 +rsm93¢¢
Divergence: V -v = riz%(rzv,) ——1—9%(51118 ve) + S—Ilna-z—!::—
Curl: Vxv= rsilnﬁl [%(sin&v,]—i—ﬁ]?
+ ~ : [;1-:;0_;_: — %(rv,):l 0+ % [%(fﬂp} - ?;;];

13 (01 1 4 at 1 3%
Laplacian: V*t = — : S Y e e e
PRGSO r2ar (r Br)+r35m9 a4 (sm 89)+r25in26 o’

Cylindrical. dl=ds§+sdo@+dz% dr=sdsdpd:

ar
Gradient: Vi = 8' 11‘-‘ '
ds s dg
14 dv.
Divergence: V -v = ——(JU’)+ 0% + 3
sd 3¢
1 dv, dug]. ov, dv.]~- 12 du,
i: v =|-—== = = 1 =il oaited
S ol [53¢> a:]”[a; as]“‘s[as“”") a¢]

18 [ o 1 3%t 3%
Laplacian: V? — —
g = sﬂs( d:)+.=a¢2+azz



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
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F= 2 ulomb’s Law F = QE+QVXB Lorentz force
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" 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)
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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
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_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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V(r,0)=-E, (r - r—z)cos 0 potential outside a neutral conducting sphere in uniform

field
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Maxwell's Equations

In general .

JE
V xB=pul+ .Mnént,i—f
L

Auxiliary Fields
Defnitions
D= eE+P

Ha
Potentials
JA

In matter:
VxE= —E
ar
| v.B=0
aD
v = —
xH=J;+ o
Linear media:

P=¢6yxE. D=¢E

Ml BN
i

E=—VV——, B:V}KA

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 xB)dr
; gom ik
Poynting vector: S= —(E x B)

Ho



