Electromagnetic field theory

Statics
Coulombs law

The force F' on a point charge ¢; at the point ry
caused by a point charge g2 at the point rg

_ 4192 (r1 —72)
4’/T60‘7"1 — 7’2‘2 |7"1 — 7"2|

Electric Field Strength
From a point charge ¢ in 7’
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From charge distribution
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From point dipole p = pe,
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From line charge p;
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From dipole line p; = p;e,
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Electrical Potential
E=-VV
From pointsource ¢ in 7’
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From charge distribution
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From point dipole p = pe,
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From line charge p;
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From dipole line p; = p;e,
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Electrical flow density

Where D is defined by VD = p
Gauss law, where e,, is the unit normal to the vol-
ume surface pointing outwards P, FE and D:

{D =¢E+ P (valid generally)

D = 6T€0E
Polarization Charge
Pp = -V -P

space charge density

Pps =€n1 - (P1 — Py) surface charge density

where the unit normal e,,; is directed from 1 to 2.

Boundary Conditions

FE; continuous
Ps = €Enp2 * (Dl - D2)

where pg is free surface charge density and e,s is
directed from volume 2 to volume 1.



Electrostatic Energy
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Maxwell’s voltage
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|T| = §E -D E is a bisector to e, and T

Torque on Electrical Dipole

T.=px FE

DC Current

Current Density
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Conservation Equation
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Conductivity
J=cF
Effect
P= /J - E dv

Boundary Conditions

en2 - (J1 —J2) =0 (no surface current)
Ey = Ey

Time Constant
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Analogy Elektrostatics - DC Current
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Magnetostatics

Magnetic Flow Density
From point dipole m = me,:
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B(r) (2 cosfe, + sinfey)

From current density Jio(r):

_ po [ Jewt(r') xer
B(r) = i / — dv
where Jior = J + J,,,. From current line:
Mo Idl' x €ER
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From circular thread loop:
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From coil:
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From long straight current path:
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Vector Potential
B=VxA

From current density Jyo:(r'):
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From current line:
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From long straight current path:
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From point dipole :
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Magnetic Flow

(I)z/B-endSz%A-dl

Linked Flow
A=No

Self-Inductance and Mutual Inductance
AN =L +MI
Ao = Lol +MI
Magnetic Field Strength

Amperes Law:

%H'dEZ/J~6ndS:Iinside

Connection between magnetization M, B and H:

{B = po(H + M) (holds generally)

B = prpoH

Equivalent Current Density

Jn =V xM volume current density

Jn=V xM surface current density

Boundary Conditions

€no X (H1 — HQ) = JS
B,, Continuous

Scalar Potential

From magnetic dipole m:

1 m-epr

Vn = R

Magnetic Pole Density

Pm = -V-M
Pm,s = €nl - (Ml - M2)

volume pole density

surface pole density

Magnetic Force Law

dF,, =1dl x B

Magetic moment for current loop
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Torque on Magnetic Moment

T, =mxB

Maxwell’s Voltage
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|T| = §B -H B is a bisector to e, and T'

Magnetic Energy
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i
Two coils:
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Reluctance Magnetic Flow Density

1 /!
= Mo Jret X €eRr ’ Ho ']ret X eRr ’
HritoS Br) = {2 [ F a2 [ S ta
Electromagnetic Fields Filamentuos Antenna
Induced emk Bt i(z,t — R/c)dl x eg  po [ i(z,t— R/c)dl x er
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Oscillating Electric Dipole
dd
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B:@p’(t—R/c)xeR o P'(t—R/c) X er
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€= T dr (coil with multiple turns) Oscillating Magnetic Dipole

_pom/(t—R/c)xer po m'(t—R/c) X ep

Maxwell’s equations =
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VxE = ot Pointing’s Vector
oD Ps(r,t) = E(r,t) x H(r,t
oy, 0D 4(r.t) = B(r.t) x H(r,)
ot
Time Harmonic Fields
V-D=p
Planar Sinusoidal Wave
VB =0 E = Ecos(wt —k -7+ ¢)ep instantanious value
The Conservation Equation E = Eje7*Tep  complex value
0
V-J+ a—f =0 o
Ey = Ee’®  top value scale
Potentials
E .
1L [p(rt—F) L[ pret Fo = —=ei% effective value scal
Vir.t) = c) g — ret g 0 e effective value scale
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n Propagation Rate
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Wave Impedance Non-Conductive Space
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Rule of Right-Hand Systems

e, =epxeyg FE=nH e, =egpxeg FE=vB

Planar Wave in Space with Condctivity
E = Eyee,

Complex Propagation Constant

v = Vjwprpo(o + jwereo) v =ajf

Waveinpedance, Space With Given Conduc-

tivity
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Penetration Depth
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Derivatives
Derivatives
in(z) 1
— arcsin(z) = ———
dz V1— 22
d () -1
— arccos(z) = ————
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