PHY 712 Electrodynamics
11-11:50 AM MWF Olin 107
Plan for Lecture 16:
Continue reading Chapter 6
A. Maxwell’s equations

B. Vector and scalar potential
representations

C. Green’s function solution
Maxwell’s equations
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Course schedule for 2013

(Preliminary schedule -- subject to frequent adjustment.)

| Date | JDJ Reading | Topic \Assign.
[1 [01-16(Wed)  [Chap. 1 lIntroduction, units and Poisson equation. #1
2 [01-18(Fri) IChap. 1 |[Electronstatic energy calculations #2
[ [01-21(Mon)  [No class \MKL Holiday
[3 [01-23(Wed)  [Chap. 1 IPoisson Equation and Green's Functions

|

|

|
=
|4 [01-25(Fri) IChap. 1 &2 |Green's Theorem and Functions | #4
5 [01-28(Mon)  [Chap.1&2 [Brief introduction to numerical methods | #5
6 [01-30(Wed)  [Chap. IMethod of images | #6
| #
| #8
| #9

|

|

|

N

7 [02-01(Fri) IChap. Cylindrical and spherical geometries

8 [02-04(Mon)  [Chap. IMultipole moments

9 [02-06(Wed)  [Chap. IDipoles and dielectrics

[10[02-08(Fri) IChap. IMicroscopic and macroscopic polarizability

| ||| | & A AW

[11[02-11(Mon)  [Chap. IMagnetostatics #10
[12[02-13(Wed)  [Chap. IMagnetostatic fields

[13 [02-15(Fri) IChap. IMagnetic dipole fields | Exam
[14[02-18(Mon) ~ [Chap. IPermeable media | Exam
[15[02-20(Wed)  [Chap. IMagnetic susceptibility and permeability | Exam
[1602-22(Fri) IChap. IMaxwell's equations | Exam
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Maxwell’'s equations

Coulomb's law : V-D=p,.

oD
Ampere- Maxwell'slaw: VxH - 2 =J e
Faraday's law : VxE+ %—]: 0

No magnetic monopoles: V:-B=0
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Maxwell’s equations

Microscopic or vacuum form (P=0; M =0):

Coulomb's law : V-E=p/g,
1 OE
Ampere-Maxwell'slaw: VxB—— E;t = 1,J
C
Faraday's law : VxE+ %—lj 0
No magnetic monopoles: V:-B=0
]
=’ =

oy
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Formulation of Maxwell’'s equations in terms of vector and
scalar potentials

V-B=0 — B=VxA
VxE+a—B—O :>V><(E+8—Aj 0
Ot ot
E+a—A -VO
Ot
or E_—VCD—a—A

Ot



Formulation of Maxwell’'s equations in terms of vector and
scalar potentials -- continued

Analysis of the scalar and vector potential equations :

o(V-A)
—-V’0 - =ple
Py P&y
1 (o(VD) 0°A
Vx(VxA)+ + = u,dJ
( ) 02£ ot 8t2j Ho
. 1 0D,
Lorentz gauge form --require V- A, +—; > =0
C
1 0’0
2
—-V CI)L+62 (f}tzL:,o/gO
2
—-V?A, + L OA, = 14,J

¢t ot



Formulation of Maxwell’'s equations in terms of vector and
scalar potentials -- continued

. 1 oD
Lorentz gauge form --require V- A, +—; a@tL =0
c
1 0°0®
2
-V, +02 @tzL =plég,
1 0°A
2
—-V°A, + = 8t2L = u,J
: O\
Alternate potentials: A', =A, +VA and @', =0, _E

1 O*°A

0
c* ot

Yields same physics provided that: VA —



Solution of Maxwell’'s equations in the Lorentz gauge

1 0’0
2
Vo, ~ GtzL =—-ple&,
1 0°A
2
VAL Z e =)
Consider the general form of the 3 - dimensional wave equation :
1 0°¥
VY - =—4
¢’ ot 7

¥(r,t)= wavefield ¥f(r,t)= source
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Solution of Maxwell’'s equations in the Lorentz gauge -- continued

1 0°W¥(r,?
2 5t(2 ) = _47#(1.90
Green's function :

2 1 82 1ot 3 ' '
V- —— |G(r,t;1', ") = =475 (r —1')5(t - 1)

V¥(r,t)-

¢’ ot

Formal solution for field ¥(r,#):
W(r,t)=",(r.0)+ [@r|aGr.cr,0)f (1)



Solution of Maxwell’'s equations in the Lorentz gauge -- continued

Determination of the form for the Green's function :

2
[vz —%%)G(r,t;r',t') PSR PV
C

For the case of 1sotropic boundary values at infinity :

G(r, t; r',t') = ‘r ir" §(t'—(t —%‘r —r' D

Formal solution for field ¥(r,?):
|@’r|ar L 5 t'—(t—l‘r—r'
‘r —r' C

LI’(r,t) i (r,t)+

jjf(r',r')




Solution of Maxwell’'s equations in the Lorentz gauge -- continued

Analysisof the Green's function :
(., 18
v ——2—2jG(r,t;r',t') PRSPV
\ c” Ot

Fourier analysisin the time domain - - note that
1 % olt—t
5(t—1)=— |dwe '™
|
Define:

G(r,5;r',¢") —ja’a)e =) Glr,r', o)

2
— EVz +a)_2]
C

Q)

(r,r',0)=—475"(r —1')



Solution of Maxwell’'s equations in the Lorentz gauge -- continued

Analysisof the Green's function (continued) :
0 |~
(Vz = C—sz(r, r',w)=—4715(r —r')

For the case of 1sotropic boundary values at infinity :

m~~/ m~~/

G(r,r',a)): G(r —r', a))

Further assuming that 5(r —r', w)is isotropic in ‘r —r'

1 d* PN Y
[R R R+C—2]G(r,r ,0)=—475"(r—r')

=R:

Solution : 5(1‘, r', a)) _ %eiia)R/c



Solution of Maxwell’'s equations in the Lorentz gauge -- continued

Analysis of the Green's function (continued) :

é(l',l", 0)) _ 1 tiolr—r'|/c
‘r —r'
Gle.0)= 2 oo Gle.r, 0
- Tda) gioti=) L silrrire
T *, ‘r —r'

e
r-r e

— ‘r—r' 5(t—tir—r /c): ‘r—r'

5(t'—t + ‘r —r'

/c)



Solution of Maxwell’'s equations in the Lorentz gauge -- continued

Ole~lethr -/ c)

G(r,t;r', 1) =

Solution for field ¥(r,¢):
\P(r,t) i (r,t)+

j d’r j dt

el




