Symbols and Constants

F  force W energy
@ charge I current
pv  volume charge density ; current density
E  electric field H magnetic field
D  displacement field B magnetic flux density field
P polarization field M  magnetization field
V' electric potential A vector potential
®  electric or magnetic flux S Poynting vector
er dielectric constant 1r relative permeability
€ 8.854 x 1072 F/m o 4m x 1077 H/m
Mathematics
cylinders volume = ma?L cross-section ma?

dV = pdpdpdz cross-section dS = pdpdep
spheres  volume = (4/3)ra® area = 4mra?

dV = r?sin Odrdfde dS = r?sin 0dfd¢
Electrostatics
Coulomb’s law = 4223;2 a2 F=QE
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electric flux P = eo/ E-dS
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Guass’s law eoj{ £ d8 = B = / pv dV
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relating EtoV

capacitance

linear dielectrics
Poisson’s equation
Laplace’s equation

boundary conditions

electric field energy

Magnetostatics

law of Biot-Savart

magnetic flux

Ampere’s law

vector potential

self-inductance

linear materials

boundary conditions

magnetic field energy

— = A—» —
E=-VV VAB:_/ E-d
B

GoeRA

C=Q/V =

(parallel plate cap.)

-

Bi= eoeRE

V2V = —py /eoer
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Er and Dy continuous across the boundary
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where dr points from a current element to 7
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L = N®/I (from linked flux) L = IQH (from energy)
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Hp and By continuous across the boundary
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Electromagnetics

Maxwell’s equations V-D= Py V-B=0
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VXE=—— Vx H= —
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Faraday’s law emf=—— [ B-dS
dt Js
EM plane wave E= Eoej for=he) H= ﬁgej fatste)
‘HO‘ & ‘E(){ /n n =/ (topr)/(coer)
Poynting vector S =RE x RH
time-averaged S <§> = 1 AO}Z
g = oy
Eq, — E 2
EM wave at a boundary I' = Lt N =I'+1
Eoi  m+m Eoi  m+m
Transmission lines
propagation constant 7= \/(R + jwLl)(G + jwC) = a+ 5B
characteristic impedance Zy = \/(R + jwL)/(G + jwC)
wavelength and velocity A = 27/ v, =w/B
‘/r Zy — Z Vrans 2Z
refl. and trans. coeffs. I == VE:S == Zi £ ZE 7= ‘t/;nc = Z +LZO =I+1
1+ |l
standing wave ratio SWR = cal 4
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input impedance Ly = & &y o+ fptanliil) L =0
% = 0¥ j 2 tan(Bl) =
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fn =207 _Tem 120

quarter wave transformer Z;, = Zé /ZL,



