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BASIC EQUATIONS OF ELECTRODYNAMICS

Maxwell’s Equations

In general: In matter:
V-E= elp V-D = ps
]
OB saob
V X E = —a V " E et at
V-B=0 V-B=0
JE B aD
VXB=[IOJ+#QEDE VKH_JI_‘_E
Auxiliary Fields
Definitions: Linear media:
D=gE+P P = gx.E, D=¢E
1 1
H=—B-M M= xnH, H=-B
Ho A m
Potentials
E=—VV—38—?, B=VxA

Lorentz force law

F=g(E+vxB)

Energy, Momentum, and Power

1 a1
Energy: =—f eE* + —B*)dr
roy 5/ (e = )
Momentum: P= Eof(E x B)dr
Poynting vector: S= HL(E x B)
0
Larmor formula: = 20 202
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SPHERICAL AND CYLINDRICAL COORDINATES

Cylindrical.
E _ 8cos¢ :‘c=cos¢§_sin¢$
¥ _ ssing ¥ =Sill¢§+COS¢'$
z Z_12
s _ Vai+y? §:c05¢5'c+si‘:¢j"
¢ _ tan_l(y/:r:|I lfi: _singR  cosp§
z_ . 2_1%
Spherical.
z _rsind cos 4 X _sinfcosgt | coscospf _ Si":.f.a‘i'
y _ rsind s ¢ ¥ _smdsingi+ cos()s;u ¢>é -+ cos ¢¢3
z Teost 5 _cosff _singd
r \/xu+_/2+‘2 f_sinfcos¢k , stafsn¢y | cosfz
_ tan-! (V22 + /) 0-=cosl9cos¢i+cos()sill¢j‘r _sinf%
¢ _ tan-1(y/x) ¢ _ _singx , cos¢¥
VECTOR DERIVATIVES
Cartesian.
Line/volume element: dl _drx+dyy+d:%; dr _ drdydz
) a . ot a
Gradient: Vi _ axt Byy + 522
Diveryence__ V.v_ 8812: aa—zj’- + 01:
. du. vy dvy  du-y . duy,  dugy .,
Cur: va=(ay_a:)x (83‘6x)y+(8x By)z
., &%t 8%t 0%
Laplaczan: V t — F Fﬁ + at_,:
Cylmdnc al.
Line/volume element:  dl _ dsS+ sdgd+dz 2; dr _ sdsd¢d-
o, lot.
Gradient' Vi 725 + = 3¢¢ + o2
. 18 lav A
D:vergencel‘ Vave . 83( Ve) + — &; 4+ —
. 1dv, Jvgy, BU, du, duvy
Curt V""=(sa¢—ﬁ)5+(z‘x)¢ S(tme - 53)2
a 19/ Ot 10%  o°t
Laplacian: Vot sﬂs(sﬂs) + 2357 + pu



Spherical.
Line/volume element: dl=dri+ rdf 8 + rsin 6d¢:$; dr = r* sinfdr d0 d¢
N 10t - 1 ot .

Gradient: Vt—a— +r600+m%¢
. . ] 1 8v¢.
Divergence: V.v= ——(r vr) + = 960(51110v9)+ o0 85
) _ 1 309
Curi: Vxv= __—rsino( (sinfvg) — 8¢)
1/ 1 v vy
H(maag ~ o)+ (5w - 58
. 0, 18 28t 1 9. 0t 1 ﬂ

Laplacian: ik = _28_( Br) * r2sind & (S“'oaa) * r2sin® ¢ 9¢*
VECTOR IDENTITIES
Triple Products

(1) A-BxC)=B:-{CxA)=C-(AxB)

(2 Ax(BxC)=B(A-C)-C(A-B)
Product Rules

() V(f9) = f(Vg)+g(V/)

4 VA B)=Ax(VxB)+Bx(VxA)+(A - V)B+(B-V)A

(3) V- (fA)=/f(V-A)+A-(V))

6) V-(AxB)=B:-(VxA)-A.(VxB)

() Vx(fA)=f(VxA)-Ax(V[)

8 Vx(AxB)=B-V)A-(A-V)B+A(V-B)-B(V-A)
Second Derivatives

{9) V-(VxA)=0

(10) Vx{(Vf)=0

(11) Vx(VxA)=V(V.A)-VA
FUNDAMENTAL THEOREMS

b
Gradient Theorem: f (V) -dl = f(b) = f(a)
Divergence Theorem: f (V-A)dr = j{ A - da (S boundary surface of V)
v s
Curl Theorem: f (VxA).-da= f A . dl (£ boundary line of S}
S /=

3



LEGENDRE POLYNOMIALS

P(zry =1

. e, ) Pizx)=1=z
w(#) = g @ Pa(z) = (322 - 1)/2
-/;11 Py {z)Py(z)dz = —2n2+ lﬁnm Pi(z) = (5z° — 3x)/2

Py(x) = (3521 — 3022 + 3)/8

Ps(z) = (63z° — 70z + 15x)/8

BASIC TRIGONOMETRY

sin{a + ) = sinacos 8 + cosasing
cos(a £ B) = cosacos f Tsinasingd

sin (20) = 2sinfcosd
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cos(20) = cos” # — sin" 0
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tan (20) =



