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RADIATION BY CHARGE p AND CURRENT J

We know EM waves exist

Maxwell's Equation = > UPW
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” - _/B _
/"-‘_ __5""». VXE:—:O * :£
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Faraday's Law Gauss’s Law
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-4 , :
n Integral form of Gauss’s Law — I _[E— v
o]
W

(Recall: V = %8/ox + yo/oy + 26/az) *

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

From Gauss's Law: 4nr2E(r)-F = pdV/s, for a sphere of radius r.

Solving =
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ELECTROSTATIC EQUATIONS

we define pg=0asr— «»

[Here Vo= fa—qr)]

solution to Poisson’s Equation

Vo(-V9) =

p/e is Poisson's Equation

0 is Laplace's Equation

L3

MAGNETOSTATIC EQUATIONS

Maxwell’s Equations:
When %:0, VxH=1, v.B=0
Let B2VxA
This satisfies V-B=0 |V+(VxA)=0,allA]
NOTE: This does NOT fully define A
Claim: VsA , VxA can be fixed independently

Ampere’s Law becomes:
VxB= Vx(Vxﬂ)zuoj
=V (VA) - V2A = pod

.. V2& = 1y Vector Poisson Equation

L44




6.014—Electrodynamics—Spring 2002 Lecture 04—February 14, 2002 p. 3

MAGNETOSTATIC EQUATIONS (2)
Solutions to Vector and Scalar Poisson’s Equations

ForA:  V2(RAx+VAy+2Az) = —lio[Kdy +¥dy +20z |

Forg:  V2p=-constant = gp= | GCLLtanth
vol “T'pq
2 Hoqu

Therefore V<A, = —Lgdy = Axp = | T dVq

So L_;‘I’_J qu Solution to vector Poisson equation
Pq
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RADIATION BY DYNAMIC CHARGES, p(t),J(t)
= —éBjét V-E = pfe

J+eD/at VveuH =0

mi

Maxwell's Equations  Vx
with sources Vx

4 steps
(1) Let

T
Il

since V.B=0= V-(Vxﬁ)

(2) Therefore VxE=-=(VxA})and Vx(E+dA/at)=0

®|

Therefore
_ A\ _v2 oA
(3) VxH=Vx(VxA)fo = [V(V A)-v A}/po =J+g —{—Vd)—ﬁ}
— _ 2% _
Therefore —V2A +V[V-A +Hotp ?}rpoao 0 ;‘ = ligJ
at
—_—

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

_ _ 2x -
~V2A +V{V-A +pEg @J"'Hoao A o
ct a2

20

VoA =—pgEq % “Lorentz Gauge”

before we defined only VxA =B

A2

C} A=-pu,J (Wave equation)

E31:2

J= A if we solve
“Inhomogeneous vector Helmholz equation”
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“RETARDED POTENTIAL” RADIATION SOLUTION

= oA o =
V.E = —V-{V¢+ E} = V29— F (V-A) =pfe

7
—HaoBo §¢

p=¢ Ifwe solve
‘inhomogeneous scalar
Helmholz equation”

Time-Domain Solutions: wavelike versions of static solution

] t -k ,l"b ]
Pglt=Tpg/c) v,

| “Retarded potentials™ =
static solution if ¢ — «

L3
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SINUSOIDAL STEADY STATE SOLUTIONS

1 Palt-Ta/C) X ho ¢ Jalt=pe/C)

¥ = 4re -[ f CE ﬁ f Vg

LAY Pq Y Pq

q q
U U

_ J(o) ik Kfpq
&(m):i_; r( )e ¥'pq 4y @(m): y 1 _[ E(m)e dv,

Yy 'PY TEq Vq rpq
B=VxA,6 E=-VO-joA K=o\losg = 21t/ Ag

Algorithm to solve general problem:  {p,J} = {¢,A} = {E,H}
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RADIATION EXAMPLE

N _Ho J ik
Allpg) =42 | =& " Pdvq
Vq Pq
X
J/\ - E(rpq) E=(rpq +4A)
4 Aol
P B=VxA« B
- - oz

IJ?I

5 a
Al <
ong zaxis B = %T y%\Jrz =

0

VxH=J+ jog,E
J=0at p

m Xl

/‘_“sm
i;\

E /jo:uso smce{

=0 because of A delay
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