2B29 Electromagnetic Theory.

iii) Some useful Mathematical Tools
VECTORS
a-(bxc)=b-(cxa)=c-(axbh)
ax(bxc)=(a-c)b—(a-b)c
(axb)-(cxd)=(a-¢)(b-d)—(a-d)(b-c)
VECTOR CALCULUS
VxVg=0
V-(VxA)=0
V(pA)=¢V-A+A-V¢
Vx(@A)= Vox A+9VxA
V(A-B)=(A-V)B+(B-V)A+Ax(VxB)+Bx(VxA)
* V- (AxB)=(VxA)-B—(VxB)-A
Vx(AxB)=A(V-B)-B(V-A)+(B-V)A-(A-V)B
* Vx(VxA)=V(V-A)-V’A
where
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For a function that depends only on the distance » = ‘ r | = \/xz + y2 +z? , e.g. as ¢(r), F(7), then

_rd e V¢()_£%, VF()_E ¥ gur) = I 3E
rdr’ dr dr r dr
2 2
V2¢:i2i(r2 d¢j ld (r¢) d gf 2d¢
rodr dr rodr? dr? rdr

EXPLICIT FORMS OF THE VECTOR OPERATORS

(a)  Cartesian (x, y, z), volume element dt = dx dy dz.
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(b)  Cylindrical polar (p, ¢, z), volume element dt = p dp d¢ dz.
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(¢)  Spherical polar (7, 0, ¢), volume element dt = 7% i@ dr de d¢.
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INTEGRAL RELATIONS

If V'is a volume with volume element dt and S is a closed surface enclosing volume /" and having a surface
element dS and an outward normal N at dS then

* jV cAdr= gSA -ndS (Divergence theorem)
Vv S

If S is an open surface and C is a contour bounding it with line element d/ and the normal i to S is defined by

the right-hand rule in relation to the sense of a line integral around C then

* J (VxA)-ndS = qSA- ds (Stokes's theorem)
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