Appendix A

Vector Relations

A.1 Vector Identities

If A and B are vector fields while U and V are scalar fields, then

VV(U+V)=VU +VV
VUV)=UVV +VVU
U V(VU) -U(VV)
V| I—) =
<V> V2
vV =nv' vy (n = integer)
VA-B)=(A-V)B+B-V)A+A x (VxB)+B x (VxA)
V.-(A+B)=V-A+V-B
V-AxB)=B-(VxA) —A-(VxB)
V.(VA)=VV-A+A-VV
V. (VV) = V>V
V. (VxA) =0
VXxA+B)=VxA+VxB
Vx(AxB)=A(V-B)—B(V-A)+B-V)A - (A-V)B
Vx(VA)=VV xA4+V(VxA)
Vx((VV)=0
Vx(VxA)=V(V-A) — VA

A.2 Vector Theorems

If v is the volume bounded by the closed surface S, and a, is a unit normal to S,
then
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% A-dS = / V-Adv (Divergence theorem)
S v

7{ VdS = / VVdv (Gradient theorem)
S v

%Ade:—/VxAdv
N v

f[(A- dS)A—%AMS} =f[(V><A) x A+ AV -A] dv
S

v

f UVV - dS = / [UVZV LVU . vv] dv  (Green st identity)
S

v

% [UVV — VVU]. dS = / [UVZV — VVZU] dv  (Green 2nd identity)
S v

where dS =dS a,,.

If S is the area bounded by the closed path L and the positive directions of elements
dS and d1 are related by the right-hand rule, then

% A-dl= / V x A-dS (Stokes’ theorem)
L N

%le:—/VdeS
L N

A.3 Orthogonal Coordinates

Rectangular Coordinates (x, y, z)
oV v A%

DA; 94y | DA
ox ay 0z
dA dAy dA dA dA, 0A
VxA=|—"--"Fla+|— - ——|ay+|—=—-—|a,
ay 0z 0z ox ax ay
32V N 32V N 32V
ax2  9y? o 9z?
VZA = VZA,a, + VA a, + VZAa,

V2V =
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Cylindrical Coordinates (o, ¢, z)
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Spherical Coordinates (r, 6, ¢)

gy _ Vo rtav. 1 av
=—a,+—-——a —a,
ar " 90" T rsing 0g?

d
—(sinf A
r2 or rsinf 00 (sinfAg) + rsinf

1

- 8(A) O A |a
rlar 0 T e |

9 [,V n 1 d S.ngav n
Iy — (sine—
ar ar r2sin6 30 a6

2sin6 90 r2sin@ d¢
|:V2A9 2 iA 3 2cosf iA
1200 r2sin?0 0
2cosf 0 2 d

V2Ay 4+ 287 9 p 2y
+[ * Y sinzo0p " 2sind og

© 2001 by CRCPRESSLLC

1
}’2

2 9 29

V2A=[ — (sinBAp) — —
+

oA

ag + V2A,a,

IAs

a¢

9 sinoag) — 2 lar+ 1| La, — Lirag)a
= —(si - — | —=—4, — —(r
rsinf | 90 5| T [singag " ar 9|

1 9%V

r2sin% 0 0¢?

2
A¢ — r_zAr a,

1
—A9:| ag
r2sin% 0

1
——Ag | ag

.
r2sin” 6



	Numerical Techniques in Electromagnetics
	Contents
	Appendix A
	A.1 Vector Identities
	A.2 Vector Theorems
	A.3 Orthogonal Coordinates



