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B=—uxE . «kx=n—
C C
n, cos @, — n, cos 6, . 2n, cos 0,
I = ) =
257 cos 0 + ny cos 6, 257 cos 0, + ny cos 6,
nz COS 61 - I’ll COS 92 t 2”1 COS 91
r = , =
22 4 cos 6, + n, cos 6, 22 4 cos 6, + n, cos 6,
sin(6, — 0,) , 2cos 6, sin6,
v = . =
257 sin(@, + 0)) 257 sin(0, + 6))
tan(0, — 6,) 2cos 6, sin6,
r = ) 14 =
227 tan(, + 6,) 22 sin(6, + 6,)cos(6; — 0,)
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Maxwell’s equations (using D and H)

Differential form: Integral form:
VD= pirec (7.58) ]éD ~ds= /Pfree dz (7.59)
closed surface volume
V-B=0 (7.60) §5-ds=0 (61)
closed surface
0B ., do
VxE = —— (7.62) %E dl——d—lj (7.63)
ot
loop
oD dl— D
VxH =J frec + & (7.64) H-dl =+ a ds (7.65)
loop surface
D displacement field E  electric field
Prree free charge density (in the sense of ds surface element
P = Pinduced t Prree) dt  volume element D = £E
B magnetic flux density dl  line element
H magnetic field strength ®  linked magnetic flux (= [ B-ds) H =B/
Jtree free current density (in the sense of Ifree linked free current (= [ J e ds)
J =Jinduced +J free) t time




Gradient

Rectangular of . of . Of. f  scalar field
coordinates Vf= ox” t+ @y + 227 (225) | unit vector
Cylindrical of . 10f » Of, p  distance from the
coordinates Vi= %p—i- r %qﬂ— 227 (2.26) 2 axis
Spherical polar d 10 f N 1 0f 4
coordinates Vi= r a() rsinf 0¢ ¢ (2.27)
General . A A
orthogonal Vf= % ff Zz of ;1—3 ff (2.28) ?' bdstls, lements
coordinates 1 0q1 20qy  h3 0q3 h;  metric elements
Divergence
Rectangular 0A, 04, 04, A vector field
coordinates VA= ox oy | oz (229) | 4 g? jomponent
Cylindrical _ 1d(pA,) 1044 04 p  distance from
coordinates VA= p 0p p 0 (2.30) the z axis
2 .
Spherical polar v.4= 100 Ar) 1 0(4osin0) 1 04y
coordinates r2 or rsinf 00 rsinf d¢
(2.31)
1
General V-A= (A hahz)+ (A2h3h1) gi basis
hihyhs 92 :
orthogonal hi  metric
coordinates 4 %(Aﬂl]hz) (2.32) elements
Curl
N “ “ : unit vector
X 4
Rectangular yq A vector field
coordinates VxA=10/0x 0/dy 0/0z (2.33) o t
i m
A, Ay A, 10 ! ,:O ponen
plo b z/p
Cylindrical p  distance from
coordinates VxAd=|0/0p 0/0dp 0]0z (2.34) the z axis
A, pAy A
_ #/(r2sin0) 0/(rsin0)  ¢/r
Spherical polar
coordinates Vxd=| 0/or 0/d0 0/0¢ (2.35)
Ar VAQ VA¢ sinf
General qih g,h qsh; gi  basis
orthogonal Vxd=1———10/0q1 0/0q: 0/dq (236) | i metric
coordinates hihahs " clements
h]A] h2A2 h3A3
Radial forms*
—r
. V(1 /r)=— 241
Vr = ’; (2.37) (/0 (241)
1
Vor=3 (2.38) Ve(r/rt)== (2.42)
2_ oy
Vre=2r (2.39) V(l/r2)= —2r (2.43)
V-(rr)= (2.40)
V- (r/r})=4nd(r) (2.44)

“Note that the curl of any purely radial function is zero. (r) is the Dirac delta function.




Laplacian (scalar)

Rectangular V2 (92 f ’f  0*f
coordinates Vif=5a 7T W + 022 (243) |/ scalar field
Cylindrical _,_ 10 [ of\ 18 &f p distance
coordinates ¥ = 00p ( 6p> + P2 ag? oz 022 (2:46) ?Z?:isthe
Spherical 5 1o/, 0f 1 of 1 0%
polar Vi=as (” E)J“rzsine 20 (S‘nea(a)ﬂzsinzeaTﬂ
coordinates (2.47)
1 0 ([ hyhs 0f hshy of
General sz = {_ ( ) +5— ( q; basis
orthogonal Mhahy [ 0gi \ hi 0gn Oaz \ o 6q2 h; metric
coordinates + i (hth of )} (2.48) elements
g3 \ hs 0q3
Differential operator identities
V(fg)=fVg+gVf (2.49)
V- (fA)=fV-A+A-Vf (2.50)
Vx(fA)=fVxA+(Vf)xA (2.51)
V(A-B)=Ax(VxB)+(A-V)B+ Bx(VxA)+(B-V)A (2.52)
V- (AxB)=B-(VxA)—A-(VxB) (2.53) fig scalar fields
Vx(AxB)=A(V-B)—B(V-A)+(B-V)A—(A-V)B (2.54) | 4,B  vector fields
V- (V) =V f=Af (2.55)
Vx(Vf)=0 (2.56)
V- (VxA4)=0 (2.57)
Vx(VxA)=V(V-A)—V*A4 (2.58)
Vector integral transformations
, A vector field
unss s dV  volume element
(Divergence) (V-A)dV=¢ A-ds (2.59) G losed surf
theorem 1% S, c closea surtace
VvV volume enclosed
S surface
Stokes’s ds  surface element
theorem /S(VXA). ds= fiA il (2.60) L loop bounding S
dl  line element
, f(ngyds:/V'(ng)dV (2.61)
Green’s first S v f lar field
4 scalar 1nelds
theorem 5
— [ U@ Ty 26
14
Green's second ) [f(V) ~g(Vf)]-ds= [ (Vg —gV2f)dV
theorem S 4
(2.63)




