BASIC EQUATIONS OF ELECTRODYNAMICS

| _ ) _ - - FUNDAMENTAL CONSTANTS
———— ——_ "UNDAMENTAL CONSTANTS
Maxwell’s Equations

€0 = 8£.85x 1071202 /Ny? (permittivity of free space)
In general : : In matter : : Mo = 4w x 1077 N/A? {permeability of free space)
. ¢ = 3.00 x 108 m/s (speed of light)
V-E:e—p V-D:pf . . P g 7
0 e = L60x10-¥9¢ : (charge of the electron)
B
VxE——?—]é VxE=—— L
== . H moo= 911 x 1073 g (mass of the electron)
V.B=0 v-B=0
3D SPHERICAI. AND CYLINDRICAL COORDINATES
VxB=ulJ+ ,u,geg?’? x Ir+ at Spherical -
X = rsinfcosg £ = sin@cosq&f-+cos‘9cos¢8‘—sin bé
Angiliary Fields ¥ = rsinfsing ¥ = sinfsin ¢f -+ cosd sin $8 +cos bé
z = rcosd Z = cosOf —singéd
itions - Li dia - ‘
Definitions trear media ro= X2y £ = sinGcosgR+sin@sing+oosos
D= qE+P P=coxE, D=cE 6 = tan~ (/a2 3 l?\ = cosfcosdR +cosfsing§ —sin 0%
: : @ = tan~l(y/x} # = —singf-cosp§
1 1
H-= L—OB -M M= y,H, H= EB Cylindrical
X = scosg £ = cosgp§—sin ¢
Y = ssing ¥ = sings 3
Potentials A : = . ;’ = ;ln P8+ cosgpg
E=—VV—~-3—£, B=VxA
Lorentz force law s = Jxlyl §,. = cosgR4singd
F=gE+vxB) f f ;an“(y/x) g f ;Sin¢ﬁ+e0s¢i’
" Energy, Momentum, and Power
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. 1 2, 1 e T i
Energy : U= 5 f (EoE -+ p B ) dr ; 1[}
|
Momentum : P=¢g f(ExB)dr I

i
Poynting vector :~ 8 = —(E x B)
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H0 o o
la: P==_——giq
Larmor formula Gm:q



VECTOR DERIVATIVES

Cartesian. =dxX+dy§+dz% dtv =dx dydz
Cat 3t ot 5
Gradient : Vi = —%+—3 +
i ax dy
. dvy | dvy By,
DOVey o= X Py, O
Divergence v ™ By 3
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. v = [== -2 — = —_——
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Laplacian : v = Py 5&3 + B—zz
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R K ' 13 2 1 Bu¢
Divergence: V.v = I (rv) + ;m— (sm& vg) -+ —— rsm@ Bq&
Curl : Vxy = ! (va}
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bracian 2o ( Br) NI T (Sm ae) F Zan?e 392
Cylindrical.  dl = ds§+sdgpd+dz%; dr =sdsdpdz
at 19r . at,-
Gradient : Vi = —& Z
radien A ass+s3¢¢+ z
i 1 Bv¢ 3
D : V- = L
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VECTOR IDENTITIES

Triple Products
1) A-BxC)=B-(CxA)=C-(AxB}
() Ax(BxCO=BA-CO-CA-B
Product Rules
B VU =rva+z(Vf)

@ VA B =Ax(VxB)-Bx(VxA)+(A VIB+(B-VIA

(5 V-(FAA=fV-A)+A V)
6) V-(AxBy=B . (VxA)—A (VxB)
() Vx(fA)=f(VxA) -Ax(Vf)
8 VXAXB=(EB-V)A-A -VB+AV-B)—B(V-A)
Second Derivatives
©) V- (FxAY=0
(10} Vx(Vf)=0
(1) Vx(VxA)=V(V-A)-V3A
FUNDAMENTAL THEOREMS

Gradient Theorem :
Divergence Theorem : [(V-A)dr =§A-da

Curl Theorem : f(¥VxA) da==¢A.dl

R -dl= fb) - fla)




