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HEADLINE TOPIC OF HANDOUT 6
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Maxwell’s Equations (simple form)

Differential Form Integral Form

v.E= L f Eds="2
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where E and B are electric and magnetic fields, respectively,

p is charge (volume) density, and Q is total charge.



Integral Form

¢ is total flux of B-field
=2 ~S through surface S with
bounding curve C
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Maxwell-Faraday equation
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Maxwell’s Equations (simple form)

Differential Form Integral Form
V.E = L jg E.dS = g
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where E /B are electric / magnetic fields, p is charge (volume)
density, Q is total charge, tistime, and ¢ is B-fluxin curve C.



Ampere’s Law
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Calculate flux through surface S of both
sides of the above equation. Recall total

current | in terms of J (for RHS), and use
Stokes Theorem (for LHS):
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J is electric current
density (see page 92),
whereby total current |
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Maxwell’s Equations (simple form)

Differential Form Integral Form
V.E = L f E.dS = g
€ S o
V.B=0 jé B.dS =0
S
0B a9
ot c ot
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where E /B are electric / magnetic fields, p is charge (volume)
density, Q is total charge, tis time, ¢ is B-flux within curve C,
J is electric current density, and | is total current passing through C.

| More details are in the full presentations and handouts! |
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If the following is true
(the reciprocity relations): then we simply have that:
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i.e. a concise test for whether
vector field V is conservative
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Cylindrical coordinates (r, 0, z

Z
X =rcos0, r= /X2 %y* e

: & ki
y=rsinb;, 6 =arctan (y/x) == Y
zZ =2z z=7z X : L{r, 8)
Spherical coordinates (r, 6, Z
= rsin f.cos ¢ r=./x*+y* +22
= rsin @sin ¢ 0 = arccos (z/r)
Z.=rcosf ¢ = arctan (y/x)

(_@_&_ =S O




!
|
: 4 or = 0xdyd:z

2. Cylindrical coordinates
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ov = rodford:z

U0 = roréofoz
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2 We have already used this many times.




Element of volume in space in the three coordinate systems p184

3. Spherical coordinates
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SUMMARY — DIFFERENTIAL OPERATORS IN OTHER
ORTHOGONAL CURVILINEAR COORDINATE SYSTEMS

Vector components: labelledas 1, 2, & 3

e Cartesian coordinates (z, v, 2) e; = 1, e = J, e, =
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e cylindrical polar coordinates (7,0, z)

T o= chpl

e, = cosfi + sinfj,

A = A, e + Aypey + A, e,

do o ginl

eg = —sinfi + cosfj,

104
r 06

g el - e
(radufl, = 8gf diad. — —7:-8—7—:(7A,~)+
|
(gradf)o 5= | anm—
r d0 ekl = 14
o/ r 06
(grad f): = 9z (curlA)y = a;f
10
((,UIIA)z = —7—-8_7?
. Lagl. . G Logle.f
Vef = ——=—(r=)+—=—=+
/ 7‘87“( Br) reger




e spherical polar coordinates (r, 6, ¢)
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