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4.1: Time Varying Fields and

!'_ Potentials :

EM-Ch4_1


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

* a) Introduction to Time Varying Fields

“*Electric charges induce electric fields and electric current
induce magnetic fields.

¢ the cases for magnetostatic and electrostatic where the magnetic
field and the electric field are constant with time.

“*In the magnetostatic and electrostatic cases, the E and D fields
are independent of B and H fields.

¢ if the charge and current sources were to vary with time t,

= not only will the fields also vary with time .

= the electric and magnetic fields become interconnected .
“* And the coupling between them produces electromagnetic
waves capable of traveling through free space and in material

media .
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< Model :

Maxwell’s equations

Constitutive relations
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Boundary conditons
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* b) Time Varying Potentials :

1. Magnetic vector potential :
{ divB=0 (4)

> —>  B=rotA
div(rot A)=0 (vector algebra) 10

—> - -
2. Electric scalar potential: (2) : rotE = — 2% = —rot &>
O oA
rOt(E+ W) =( N aX
E =—gradp—<*
rot(grade) = 0 (vector algebra) J

3. The Lorenz condition : multivalued — singlevalued

. P
divA+ pe=-=0
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* ¢) D’Alembert equation for vector potential:

%

¢ @): rotH=J+2 = rotB=puJ+uss

=) rot(rotA)=uJ+ us%(—gradcﬂ - %

%

0> A
ot?

m) grad(divA)—AA = uJ—grad(ue %i’l) — UE

%
<*Using Lorenz condition : div A+ u¢ %—f =0

»D’Alembert equation for vector potential:
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* d) D’Alembert equation for scalar potential:

o (3)
Oy = d1VD gdiv(— gradgo—a—A) =—sAQ— 5—(d1v A)

%
<*Using Lorenz condition: div A+ ue %—f =0

= p, = —Ap + e’ 2

> D’Alembert equation for scalar Potential:
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* “ Summary :

i. Potentials ¢@(t) and X(t) satisfy wave equations .
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=) Time Varying Fields propagate in medium with vy = —

Jne

) produce electromagnetic waves &) Apply for communications
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* il. The solution of the wave equations :

4™

A()— u ¢ J@t—r/v)dV
Ar s, r

o, —1/v)dV
P = 47&9j r

D o(t) and K(t) : Retarded potentials
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