
Surface equivalence theorems

1936 Schelkunoff building on Huygens'sprinciple
Based on the uniqueness theorem Recall
fields in a lossy medium uniquely specified
by the sources plus one ofthe 3 boundary condus
Etan over s Hear over S Combo over s

Consider the original problem

steps as is
81M

T FM
E H everywhere

steps imaginary surface s introduced

E Ñ E HS

Am Mie
E H

Q
Now ask In V2 what BC can observer see

ñ x ie H 0 and E E I 0

inother words Htan nxH and Etan Fixñ
Also the ober has no way to know whatcaused these fields ie J M
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steps
s EMT E H

changed a µ E

E H ñ

Ms

To newly introduced

a Again ask what does obsu see

tan ñxH nixt J
Etan E Xn Exñ Ms

b what values of Ms T must be chosen
such that the obsu can't tell the
difference between steps step 2

obviously if Js nxH nxH
and Ms Exn E in

Then the tan fields seen by obsu are the
same fields everywhere in V2 are

the same as before via the uniqueness
them
This is called the equivalent problem for
V2 not Vi since the fields inV2 are

unchanged



Let's refine this further Uniqueness them
says that we need one of Fan Atan
not both over s ie specifying both entirely
over s is not necessary

Moreover by changing Ts Ms we can
alter E H ultimately we are interested
in V2 not Vi We can even alter µ E

by the same logic

So as a firststep consider Tove's equivalence
principle Here we set HT

Mise I 0,0 I H If

It inert
E xñ

Here we still have both Js Ms ie both
Etan and Htan so we can further specialize
it
Imagine that we place a PEC insides

É H
1114 1 Ms e xñ 3 0



We have already seen that I doesn't
radiate any field

over a PEE so its
useless to consider it for a radiation

problem

Note When we have an impressed Ms
the tangential BC on a PEC is NO
longer Etan 0 Instead it is nxE Ms

i e Etan Ms

we compute the Ms value from the original
problem and impress it on s Thus we only
specified Etan in this problem

Similarly there is a magnetic equivalent
Fill the volume s with a PMC
We know that an Ms over a PMC doesn't
radiate can be shown using the

reciprocity theorem

TTiiiPMC
s 1 tt

These are equivalent problems not easier to
solve compared to the original problems



example of how to use these ideas bookprob
a waveguide aperture i e a waveguide
hitting an ground plane with an aperture

apertureII.itIiy.pee
ground plane

11 plate waveguide
Say that Etan over aperture
is known Fa

S

itI IÉ n Ms Is 0

I

If
I

Y v2 v v2

physical PEC
problem equivalent

want to go to

To do this we needvalues of Etaneverywhere
physical



Fom o

Replace 1
I Etan Ea lapis ñxEa

Etan 0

1mi o

The problem looks like

p.ec ffhi i Ea
Next trick

191ns
o

method of
images

ME ME Equiv Ms O
I

xÉa Ms Ms ñxÉa Mi
image T

I I Ms
1 ME ME

Radiating in free space We know
how to solve



A critical review ofthe PEC equivalent
problem

Ifacts mm 3 0 impressed
currents

Reciprocitythem is derived assuming I M
are impressed sources Induced currents
get included via medium conductivity
into a complex Er

Boundary condition egus for ñxΔH or

DE Xi involve total surface currentswhether they be impressed or induced
Thesefacts are clear fromfirstprincipal
derivations from Maxwell's equations
Cast
So what happens when we put a TsurfimpTsim
on a PEC

It doesn't radiate from above
Can it lead to a Tsurf ind Tid

What does the B c say Tx Hv Hr Tsurf
Inside the PEC Mv 0 80

ñx Hr Tsurf Jsim Isid ThusIsid Tsim

to give Hetan 0 consistent with the fact
that a PEC doesn't radiate

Summary Jimp Jind Jimp No radiation



caseB
Now what happens if we have apure Ms

on the surface
É x ñ MsUA
there is an H that

comes along with E

i The H B C gives mx H 0 Jtot
there must be an induced J on the PEC

i e J
tot Is ind In fact we have got the
value ofthe induced current Ind ñxH
where H is the original H field
Remember that this Jind is not a new
source it is dependent on Ms
and the fields are determined ultimately
by the uniqueness them by considering Ms

Summary Ms Find nx it

Finally case Ds Ms

We don't have to work this out once
again We just use superpositionof
both cases to get that Is doesn't
radiate

only Ms doesFind changes


