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The following formulas might be useful:

FUNDAMENTAL CONSTANTS

€ = 8.85x10712C%/Nm? (permittivity of free space)
po = 4w x 1077N/A? (permeability of free space)
¢ = 3.00x103m/s (speed of light)

e = 1.60x 1071°C (charge of the electron)

m = 9.11x103kg (mass of the electron)

SPHERICAL AND CYLINDRICAL COORDINATES

Spherical
X = rsinfcos¢ X = sinfcospf+cosbcospd —sin ¢
Iy = rsinfsing 1V = sin@sin¢f'+cos@sin¢é+cos¢$
| 2 = rcost 2 = cosOf—sin0h
ro= Jx24+y2+22 (T = sinfcos¢pX+sin Osingy + coshZ
10 = tan'(Vx2+y2/2) 6 = cosOcosdX+coshsingy — sin 62
| ¢ = tan"l(y/x) | $ = —singX+cosgpy
Cylindrical
[ x = scos¢ X = cos¢$—sin g
1y = ssing 1y = sin ¢ § + cos ¢ @
|l z = 2 i = 1z
s = JxZ+y? S = cospX+singy
{ ¢ = tan~!(y/x) { ¢ = —sinpX+cospy
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VECTOR DERIVATIVES
Cartesian. dl=dxX+dyy+dzz; dt =dxdydz

ot , ot , Ot

Gradient : Vt = ax«l— 8—);y+8_zz
] a a
Divergence: V.v = IV Yy , O
dx ay 0z
dv;  dvy\ ., vy  0vg\ . dvy  duy\ .
Curl : Vxv = L _ 22 x % Y7
“r (ay 8z) +(8Z ax y+ ox ay z
: 5 % 3% 9%
Laplacian : Vit = —+ —+4+ —

dx2 + 9y?2 + 072
Spherical. dl=drt+rdf0 +rsin0dpd; dr =r2sindrddde =r’drdcos6do

ot . 10t 4 1 0t 4
— =4

Gradient - Vi = — —
raaen 8rr+r80 +rsin9 a¢
1 0 d 8v¢
Di : V- = —_—— 2 —(sin @ —r
frergence M r2 ar (r*vr) rsinf 06 (sin 6 vg) + rsinf d0¢
1 d 0 n
Curl Vv = — | —(Ginfuvy) — —2 | ¢
rsinf | 96 ¢
1 1 ov, 0 ~ 1[0 vy | &
Z 2 A+ | — _
ty [sine a¢  ar (”’"’)] t [ar (rve) = =g ]¢
Lavlaci v2; Lo (a0t 1 8 (. oy 1 3%t
acian : = —=—|r"— — | sinf— —_—
P 72ar \" ar) " Zsin6 96 90 ) " 12sin20 892
Cylindrical. dl=ds§+sd¢¢+dzz;, dt=sdsdpdz
Gradient - v — 8t§+1atA+atA
radient : = 5 5 99 9z
19 10vy  Ovy
D' N V . = _— I -
ivergence A s (svs) + 5 99 32
10v vy | . dvs duv, |~ 1[0 g
C l . V = Z_*_ —_— - — —
ur v [s ¢ az]s—i_[az as ¢+s as(qu,) 1)

Lavlaci V2, 10 ( ot +182t+82t
: = ——\s— S+ —
pracian sas \as) " $20¢7 " 92
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Maxwell’s Equations

Translation of equations in SI system to those using Gauf} system:

1

,p,1,... [GauB}] = ,,1,... [SI]
E [GauB] = .[4me,E [SI]; B [GauB] = .4me,cB [SI]
Maxwell's Equations in free space:

V- E<P [SI,V-E = 4mp [Gaubl: Vx E = -8 (811, Vx E ==L 7B [Gaug]

g, ot c ot
V-B=0 ; §x§=y0 f+£0@ [SI],§XE=4—]T}+1@ [Gaul3]
ot c c ot

Lorentz Force Law: F = Q(E +V X E) [SI], F= Q(E+ Y x E) [GauB3];
c

Continuity Equation: i—p +V-J=0
t

AUXILLARY FIELDS

Definitions: In linear media:
D=¢E+P P = ¢ox.E, D = ¢E
1
H=—B—-M M = x,H, H:—I—B
to | n

ENERGY, MOMENTUM, AND POWER

1 1
Energy: W= — 5 <eoE2 + —Bz>d7

2 Ko
Momentum: P = ¢ g (E X B)dr

1
Poynting vector: S=—(E X B)
Ko

1 2 g?a?
7 a3

Larmor formula: P =
. 47!'60 3 c
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Electrostatics (NO moving charges)

Coulomb’s law (Fundamental Form — single charge q at position 7,):
q - Fq

Gauss' law (integral version):

- 1
# E-da= —COenclosed
€

Closed Surface

Field of a spherically symmetric charge distribution in free space:
£ (7) = 1  QO(encl w1th21n radius r) o

dme, T

Field of a cylindrically symmetric charge distribution in free space:
B (7) = 1 Q/L(encl within radius s) 5
2neo S

Electric potential:

.
V() =- fE(?‘)- di(r') . E(F)=-VV(F) ; r, is the reference point where V = 0.

Some path from 1,

Work done on a charge Q moved from point r to r,:
W=0(Vr) - Vr))

Energy of a point charge distribution:

n q.
1 1 ]
w=l.-YglYy L
2 L i < 43‘580 Iri—rj|
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Magnetostatics

Cyclotron motion

Ipperpl = IOBRI (momentum perpendicular to the magnetic field B for a particle with

charge Q, orbiting on a circular or helical trajectory with radius R);

o8

w =—— (angular velocity of a particle with charge O, mass m in a field B).
m

Work on moving charges done by magnetic forces: None.
Current densities produced by some charge distribution, moving with velocity v:

Volume current density: J = pv . Force on this current: F = [[JJ(r’) x B(r’) d’r’

Surface current density: K= ov . Force on this current: F = [[K(r’) x B(r’) da(r’)
(take average of B).

Line current: I = Av . Force on this current: F = [I(r’) x B(r’) d/(r’) .

Total current flowing through some area A: Volume current density =>1 = [[J da

Surface current density => 1= [ Kperp dl

(= Line integral along the intersection of the area A and the surface on which K is

confined, of the component of K perpendicular to that line)

- b
Continuity equation for Magneto- and Electrostatics: VJ = - - P = 0.

ot

Biot-Savart law for a steady volume current density:

D3 Ho T r=r' 3.
B(r)=E ff J(r') x #'3dr

All Space |? -7 |

For the two other kinds of current distributions, the integral goes over a surface or a path.

Ampere's law in integral form

ﬁ B- dl = ol oo - Where I, is the current going through any surface spanned
Closed Loop
by the loop, in the direction of the normal on that surface (which is related to the

direction of the path around the loop via the right-hand rule).
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Electromagnetic waves

Prototype — plane wave:
EG.0=Eycos(K-F-wr); B0 =Bycos(k -7 -or)

with
k—27ﬂ a)=2ﬂf=27ﬂ=k Ve =k /n
E, Li:B-—* B -*+E

Vphaxe w

where A is the wave length, fis the frequency, k is the wave vector, Vonase 18 the phase
velocity (which is equal to ¢ = 3'10° m/s in vacuum and equal to ¢/n in a medium with
refractive index n).

Energy density (energy per unit volume, J/m’):

AE b p2 (r t)+—B (F,t) = g,E; cos’ (k = a)t) < AE >——°E2 (average)
AVol 2 2u, AVol 2

Average energy current density (Intensity, “brightness”; W/m?®):
AE AE _C & e p2_ 1 Eg =‘<§>‘
AAreaht AVol 2 2u,c

with the Poynting vector

A

E(F,t)x B(F, r)_iE cos (k-?—a)t)

U Qyc

g ==
Momentum flux density (amount of momentum in k —direection carried through a unit
surface perpendicular to k per unit time):
8 —
SV ec=-2E;
($)/e=0E;
Radiation pressure P on a surface of area A:

S
P= ZQACOSZ 0 (reflection at incident angle 0 relative to normal)
c

pt8)

C

Acos@ (absorption)



