Cartesian Cylindrical Spherical

x = r cos ¢ = r sin @ cos ¢

y = rsin ¢ = rsin @ sin ¢

b4 = b4 = r cos 6

i = cos @i, —sin Pigy = sin 0 cos ¢i, +cos @ cos Pig

—sin @iy
i, = sin @i, + cos ¢ig = sin @ sin @i, +cos 8 sin Pig
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i, = i, = cos 01,—sin fig
Cylindrical Cartesian Spherical

r = i+ yE = 7 sin 6

¢ = tan”' y/x = ¢

z = b4 = r cos 0

i, = cos ¢i, +sin @i, = sin @i, +cos 8i,

is = —sin ¢i, +cos ¢i, = 1s

i, = i, = cos i, —sin fi,
Spherical Cartesian Cylindrical

r = Vx©+ y2 +z = vro+z
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& = cot”! x/y = 1))
i, = sin @ cos @i, +sin @ sin pi, = sin 8i, + cos @i,
+cos 0i,
ig = cos @ cos @i, +cos @ sin i, = cos 0i,—sin 01,
—sin i,
ig = —sin @i, +cos Pi, = i

Geometric relations between coordinates and unit vectors for Cartesian, cylir
drical, and spherical coordinate systems.






Cartesian Coordinates (x, y, z)
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Cylindrical Coordinates (r, ¢, z)
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Spherical Coordinates (r, 6, ¢)
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MAXWELL’S EQUATIONS

Integral Differential Boundary Conditions
Faraday’s Law
d B ’ ’

Al = — — . VXE=—~— X (Eo— =0.
iE dl dtj_;B dS E at n ( 2 El)
Ampere’s Law with Maxwell’s Displacement Current Correction
§H'dl=-[]’f°ds VXH=Jf+% nx(Hy;—H,) =Ky
L S

a(p.
+ Js D-ds

Gauss’s Law
§D-dS=J.vpde V-D=p n: (D:—D)) =0y
S
§B-dS=0 V-B=0 n:(Bs—B,)=0
S
Conservation of Charge

d apf aa'f

. —_— - . —_t = . —_ +—_= 0
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Usual Linear Constitutive Laws
D=¢E

B=uH

Js=0(E+vXxB)=0cFE [Ohm’s law for moving media with velocity v]

PHYSICAL CONSTANTS

Constant Symbol Value units
Speed of light in vacuum ¢ 2.9979x10°~3x10° m/sec
Elementary electron charge e 1.602x107'° coul
Electron rest mass m, 9.11x107* kg
Electron charge to mass ratio o 1.76 x 10" coul/kg
m,
Proton rest mass m, 1.67x107% kg
Boltzmann constant k 1.38x107% joule/°’K
Gravitation constant G 6.67x107" nt-m*/(kg)?
Acceleration of gravity g 9.807 0 m/(sec)?
.o - 10™
Permittivity of free space €0 8.854x 1072 zg-é— farad/m
T
Permeability of free space Ho 47 %1077 henry/m
Planck’s constant h 6.6256 x 107 joule-sec
Impedance of free space no= o 37673~ 1207 ohms

€Eo
Avogadro’s number I‘l’ 6.023 x 10** atoms/mole
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