RADIATION BY CHARGE p AND CURRENT J

We know EM waves exist

Maxwell's Equation [ Z U.P.wW
Direction,Pol.

But how do we create waves, and “radiate”?

Maxwell's Equations suggest we can change E, H
by moving charges

Our approach to deriving radiation equations:

- Assume p,J ; solve for E,H
- First statics, then dynamics
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ELECTROSTATIC EQUATIONS

Area “A” ____ —  _AR _
/” \\\\r D< E:ﬁ:O |:|QE:£
s/ Vol. V" &'~ ot €o
' ®/( \ Faraday’s Law Gauss’s Law
. pdv g\/ da @
RS 77N Integral form of Gauss’s Law — IE-ﬁ da = J'Sﬁdv
0]
(Recall: T= %9/ox + §d/dy + 20/0z) * v

Let V - 0, be spherical [ E(;) =fE(r) since problem and solution
are spherically symmetric

From Gauss's Law: 41r°E (r).f = pdV/e, for a sphere of radius .

Solving O

L3-2



ELECTROSTATIC EQUATIONS

S N

we define @=0asr - o

~799
@-Iere I0) —rar

0+(-Oo) =
p/s IS Poisson's Equation

O is Laplace's Equation
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MAGNETOSTATIC EQUATIONS

Maxwell’s Equations:

W hen %zo, OxA=J, 0-B=0
Let B2k A
This satisfies 0-B=0 [1-(0xA)=0, all A
NOTE: This does NOT fully define A
Claim: 0O<A , OOx A can be fixed independently

Ampere’s Law becomes:

M %A =-pyJ Vector Poisson Equation
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MAGNETOSTATIC EQUATIONS (2)

Solutions to Vector and Scalar Poisson’s Equations

—- 2 " ' Fal — ~ A
ForA: D% (%A +9Ay +2A,) = —po By +9dy +23,F
2 constant
For @ [J“@ = —constant U @ = qu
v{)l 4Tlpq
Therefore %A, = —igJ 0 Ay = Hodxq dv.
x = “HoJx Xp ~ ] ATT q
Vq Pq

— N
So Ap:j Ho

41T,
Vq Pq

qu Solution to vector Poisson equation

General solution algorithm {p:} [ {(RK} L {Eﬁ}
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RADIATION BY DYNAMIC CHARGES, p(t),J(t)

Maxwell's Equations [k E = —-0B/ot OE = pfe
with sources x H = J+0D/ot OepH = 0
4 steps

(1) Let since 0B =0 = D-(D XK)

—%(B K) and [X KE+0K/6t) =

Therefore == =mOSGING:
0A 0

(3) X HZDX(DXK)/HO :%](Dox)—mzxg/uo :j+80%§—ﬂ - at%

(2) Therefore x E =

~gp

_ _ 0 2
Therefore —0%A+0 g}A +Ho€o a"’% Ho€o aaT = HoJ

20
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RADIATION BY DYNAMIC CHARGES, p(t),J(t) (2)

- - 9] %A _ . =
~0%A+ 00 E}A +Hogo a—f[pg" Ho€o E)t_z = HoJ
20
N a(p 7 ”
LeA =—HpEg 3t Lorentz Gauge

before we defined only [x A=B

=—loJ (Wave equation)

JO A if we solve
“Inhomogeneous vector Helmholz equation”
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“RETARDED POTENTIAL" RADIATION SOLUTION

acp
~Ho&o ot

p U ¢ If we solve
“inhomogeneous scalar
Helmholz equation”

Time-Domain Solutions: wavelike versions of static solution

t—ryq/C L
1 Pqt-mpa/ )quD
4T1E, V 1%

N
[l “Retarded potentials” [
Jq (t=pq/c) 5 static solution if ¢ — oo
——FdVy O
4nv Ing q
g =

Ho
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SINUSOIDAL STEADY STATE SOLUTIONS

1 pQ(t‘rpq/C)qu A = Ko Ijq(t—rpq/C)qu

v 1% 4T[Vq 1%
[ [
E —iKr,
N _Ho —((")) JKipg 1 p(oo)e lpa
A == dVv, -~ (=
_(00) 411 Lq 'hq © Q((")) ATte, \7[1 g qu
B=0xA , E=-00-jwhA K = iligeq = 21\

Algorithm to solve general problem:  {p,.3 O {@A} O {EH]
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RADIATION EXAMPLE

J _—jkr
A =290 r = PAdgv
Allpq) = 4n rpq dVq

A(pg) A =(tpg +4)

A
2 Pq
» e |
0A

EDE—_
Z

Along z axis B = Ef(%\-l_ y%c 2 E 20 because of A delay
B/lo

= (DXH) joe, since O

mi |l
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