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If a wire is forced to move
perpendicular to a magnetic
field, the magnetic force on
the charges in the wire is
along the wire. This is the
most common mechanism
for the generation of

lectric vol . i
electric voltages velocity

of wire

Calculation

The mobile negative
charges are moved in
the opposite direction.

Mechanical energy input
to move the wire in the
magnetic field generates
the motional voltage

Voltage = vBL
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Maxwell’s equations (using D and H)

Differential form:

VD = pprec (7.58)
V-B=0 (7.60)
0B
E=—— 7.62
Vx o (7.62)
D
VxH = J free + aa—t (7.64)

Integral form:

j{D-dSZ/pfree dr

closed surface volume

]{B-ds=0

closed surface

fea—-

dt
loop
oD
fH dl:lfree+/§ -ds
loop surface

(7.59)

(7.61)

(7.63)

(7.65)

D  displacement field

Prree free charge density (in the sense of
P = Pinduced + Pfree)

B magnetic flux density

H  magnetic field strength

Jree free current density (in the sense of
J= Jinduced +Jfree)

E  electric field

ds surface element

dt volume element

d/  line element

® linked magnetic flux (= [ B-ds)
Ifree linked free current (= [ J e - ds)
t time




Gradient

Rectangular of 4 of . of . f  scalar field
coordinates Vi= ox +@y+a72 (225) | unit vector
Cylindrical o of . 10f~ of, p  distance from the
coordinates Vi= %p—i- ro¢ ¢+ 227 (2.26) z axis
Spherical polar of . 10f A 1 0f 4
coordinates Vi= ar r+ r @0 + rsind %(ﬁ (2.27)
General _
orthogonal Vf= ql Of q2 6f qz 6] (2.28) ;11 bastls, . .
coordinates hy 0q1  hy 0qa h; Oq; i metric elements
Divergence
Rectangular Vede 0A,  0A, 04, 59 A vector field
coordinates ~ ox + W Oz (2.29) | 4; ith component
of 4
Cylindrical o 1 O(pAp) 1 @Ad) (7142 (2 30) p distance from
coordinates T p dp p g : the z axis
2 .
Spherical polar vy.4= iz or°Ar) 1 9(Apsin0) 1 aﬂ
coordinates r>  or rsinf 00 rsinf 0¢
(2.31)
1 0 0
General V-A= ——(A1hahs) + ——(A2hs3h1) 4 basis
hihohs (3 (7(]2 !
orthogonal hi  metric
coordinates + i (Ashihy) (2.32) elements
g3
Curl
N N n A unit vector
Rectangul o
ectangular A vector field
coordinates Vxd=|0/0x 0/dy 0]z (2.33) A4 ith component
i 1
A, Ay A of A
Cylindrical plo 9 distance f
o istance from
coordinates Vxd=\0/dp 0/0¢ 0/0z (2.34) the z axis
Ap pA¢ A,
, #/(r2sin0) 0/(rsin@)  ¢/r
Spherical polar
coordinates Vxd=| d/or 0/00 0/ (2.35)
A, rAg rAgsing
General . g1 gxhy g5hs gi  basis
orthogonal Vxd=i———10/0q1 9/0qx 8/0qs (236) |y metric
coordinates 17213 mAL hody  hads elements
Radial forms*
V(l/r)= 241
Vr= ; (2.37) (/9 1 (241)
Vor=3 (2.38) V(r/r?)== (2.42)
Vi =2 (2.39) V(1/r?)= —2r (2.43)
V- (rr)=4r (2.40) Lo
V-(r/r’)=4nd(r) (2.44)

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




Laplacian (scalar)

Rectangular _, = 0*f o*f 0*f
coordinates Vi= 0x2 + 8_);2 + 022 (243) | J scalar field
Cylindrical _,. 10 [ of\ 1 &*f &f p distance
: =——(p= |+5—=+=— from th
coordinates ¥ 4 pop (p op * p? 0p? + 0z2 (2:46) zr(z?;;ist )
Spherical ,., 1@ (,0f 1 o (. of 1 o
polar' v f_r_2§<r 5)+r28in9%(sm %)4—;'2511'12057{)2
coordinates (2.47)
1 0 ([ hyhs Of 0 ([ hshy Of
2¢ B R L .
General \Y% f— h1h2h3 [aql < hl aq1> + aqz < hz aq2> qi bas1s.
orthogonal h; metric
coordinates + i @ ﬁ (2.48) elements
o3 \ hs 0q3
Differential operator identities
V(fg)=fVg+gVf (2.49)
V(fA)=fV-A+A4-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- (VA =V f=Af (2.55)
Vx(Vf)=0 (2.56)
V-(VxA)=0 (2.57)
Vx(VxA)=V(V-A)—V?4 (2.58)
Vector integral transformations
Gauss’s :V Veitor ﬁe;d t
(Divergence) / (V-A)dV = }[ A-ds (2.59) voume elemen
S.  closed surface
theorem 4 Se
V' volume enclosed
S surface
Stokes’s ds  surface element
theorem /S(VXA)‘ ds= j{LA i (2.60) L  loop bounding S
dl  line element
, (ng)-ds=/V~(ng)dV 2.61
Green’s first ]i v ( ! f scalar fields
theorem 5 8
- [ U+ mn-Garar 26
Green's second ¢ [f(Vg) —g(V)]-ds= [ (Vg —gV’f)aV
theorem s |4
(2.63)




