
Advanced theorems Equivalences
in electromagnetics

Bridge from what we'vedone so far to this topic
Sofar we have got the recipe forgoing
from J M to E H via A F However

many antenna problems involve apertures
which radiate e g hors antennas or

slot antennas or reflect array antennasIn these we can estimate the fields on the
aperture but how do we go from these fields
to for fields So far we only knew how to
go from J.M.to Equivalence thms Here we

will finally use the unphysical M

Duality theorem

Basic idea when 2 egns are ofthe same form
their soln will also be the same

ag if 1 k f o has solus fila f a

for given boundarycondns then do k h 0

will also have sons h f in h false for
the same b c super obvious

How do we make this interesting Say that

Uday Khankhoje
Uday Khankhoje



we know the soln to J o M 0 Can we

get the soln to T 0 M 0 from this
i e without resolving Let's see

Procedure List the known egns in the left
column

2
and then the most symmetric
looking counterparts in here

Electric sources Magnetic sources

J O M O T 0 M 0

1 x EA jupitta Tx Hf jWEÉf
2 TxH jwEÉA Tx Ef M jwµtI
3 8 A k A MJ F k F EM
4 A jJ g du F M gdv
5 Ha FXA EF 1 Tx F

6 In _jwñ
w g V A HF jwt

w g
V F

Now ask if I know the soln for the left
how do I interpret the soln for the right
These are the substitutions

for EA He Hat Ef µ E

Egging
m

for A F
MEIM

for EFIM



for IEEE
for EMEA
These egns did not have y But y Me
if y appeared then 7But k whs k k

Very simple example Hertzdipole is given
by a J In the for field

Eo jyI.la noe jh Hp jkIqqIejw
Er Ed 0 Hr Ho 0

Now insteadof J lets assume M

ie Mir Imi 1212
else

This is apply duality from 5 to Ñ
also this is not impractical a small loopof
electric current is like a 2 directed Ñ
upcomingHW problem

From our recipe howto writesoln
E H H E J M y

1 m
i Ho j no e in Eg jksginoe.sk
Hr Hp 0 Er Eo 0



Is it still an outgoing TEM wave

Epo Yes x 8
HO E D E H

Earlier x
I H

Uniqueness Theorem Statement
Consider amedtiumwith some non zero

loss however small and some sources
J M impressed Then the fields created
are unique if any one holds
Etan specified over the bdry
Htan u e

Etan specified over one part Htan over

another

Proof straightfund Assume Ji Mi produce
two sets of fields Fa Ha and Es Hb
Now when you apply energy conservation
thm Poynting's thm you can show that
under either of a b c conditions
SE Fa Es and 8H Ha Ho are both 0
See see 7.3 of AE There we need loss


