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General EM Problem

a s> wnh e

De ne Geometry

De ne Source

De ne Boundary Conditions

De ne How the Geometry Reacts to a Point Source
Integrate Step 4over Step 2
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Rectangular Geometry

I 100 kHz incident
magnetic eld

I Hinc = Hy

I 1.27 x 2.54 mm inner
dimensions

I 0.05 mm thick slot

I 0.635 mm slot depth
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Cylindrical Geometry

I 100 kHz incident
magnetic eld

' Hinc = Hy

I 4 mm inner diameter
I 0.05 mm thick slot

I 2 mm slot depth

Coupling into
Waveguide
Evanescent

Modes

Sidabras

De ne Geometry
Rectangular

De ne Source

Boundary
Conditions

Green's Functions
Example

Dyadic Green's
Function

Dyadic GF
Formulation
Rectangular

Dyadic GF
Formulation
Cylindrical

Solutions
Rectangular
Cylindrical
Problems with
Equivalence Principle
Plot Down Axis

Mutual Coupling

Acknowledgments



De ne Source

Using the Electric eld pro le
a Magnetic Current can be
found:

A E=M
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Boundary Conditions

I Neumann Boundary Conditions
%(0) = 1
%(a) = 2
I Example: B.C. at PEC boundar% =0
I Dirichlet Boundary Conditions
x(0)= 1
x(a) =

I Example: B.C. at PEC boundarf, = 0

Both boundary conditions will be used in the formulation of
the problem.
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How a Geometry can be Excited Coupling into

Waveguide
Evanescent
Modes

Sidabras

Green's Functions is an integral kernel useful in solving
non-homogeneous boundary-value problems. e Coametty
Cylindrical

De ne Source

I Three Types of Green's Functions:

Boun(_i_ary
I Scalar : Solves scalar elds. Cameiieis
I Vector : Solves elds which account for direction and  [EREEHSEREEIEN
. Example
mag n |tU de . Eyadtis Green's
. . . . unction
i Dyadic : Solves elds which account for direction, Dyadc GF
. . . -ormulation
magnitude and vector relationships. Rectangular
yadic G
e
The dyadic Green's functions were chosen to be used in theji™

formulation of this problem. The advantages are that a full ~ &indrica

Problems with

solution set is obtained by knowing the dyadic Green's P
function kernel and the source. Mutual Coupling

Acknowledgments



Example

The Vector Green's function for free-space is:

S
GoRiR) = £ ——

Using the Green's Function multiplied by the source
function, on can nd the magnetic vector potential:

RRJ—(RO)ejkjﬁ R

AR) = 4 R R

From their the elds of the geometry

can be found: How does this di er

from a dyadic Green's

E Function?

I
>
+

_|H
=

—
=

|
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Dyadic Green's Function Overview

A Dyadic is formed by a pair of vector functiond = A B.
by a vector multiplication called the Kronecker product ().

It is formed

2 3
AxBxRR  AByRY AxB X2

=4 ABY2 AB,9Y AB.y2 5
A;Bx2%  A;By2¢ A,B 22

When creating the Dyadic Green's Function, two Green's Futiens are
combined to make the dyad. This tensor has no real meaning or wisi
unit it is acted on by another vector.

Free-Space Dyadic Green's Function can be represented by:

CYRRY=(1+ & )G(RRIX
GY(RR)=(1+ &r )Go(RR)Y
GYRR)=(L+ & )G(R;R)2

=(2)

Y RRY = YRR+ BV (R:RYy + GO (R RY2

. =—=(z) —
It is expected that once we knows, (R;ﬁo) the eld due to any current
distribution can be found by a summation process or by an integion.
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Dyadic Green's Function Formulation for Rectangular el o

Waveguide
1 Evanescent
Waveguide ST
Sidabras

De ne Geometry
Rectangular
Cylindrical

De ne Source

Boundary
Conditions

Green's Functions

I For rectangular coordinates, the characteristic function getre
obtained by separation of variables is:

Function

= (Acoskxx) + B sin(kyy))(Asin(k«x) + B cos(kyy))e™ gg;g;ag;n
Cylindrical
I Using the Method ofGr,, one can nd the dyadic "
Green's Function which must follow the Neumann A
Boundary Conditions Plot Do s+
— — h i Mutual Coupling
ror Gm(R:RY) kKGmRRY)=r T (RR) Acknowledgments



Dyadic Green's Function Formulation for Rectangular Coupling into

Waveguide
Wavegu ide Ev'\elllré%secsent
I Using the Ohm-Rayleigh method to nd the coe cients Sidabras

and function for the Kronecker product, the Greens De ne Geometry

Rectangular

Function is obtained: Cylindrical
De ne Source

6 ﬁ; ﬁ = . Boundary
h m2( 0) Conditions

i« P 1 P 1 2 N A0 VR RO !
i\lfo m=0 n=0 (kgkg[)) Ne¢ (h)Aogmn( h)+ Mgmn(h)Bogmn( h)

omn

Green's Functions

Example
Dyadic Green's

wherekg = (k? k22 and Function
. h _ i
Al ()= [

@e(h): e |(

omn omn

Dyadic GF
: Formulation
| Cylindrical

f e
h omn
f

|
33

g|
]

Solutions
Rectangular
Cylindrical
Problems with

I To nd the magnetic eld one integrates over the closed equnaence principle

Plot Down Axis
surface of the source. Mutual Coupling
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Dyadic Green's Function Formulation for Cylindrical
Waveguide

I For cylindrical coordinates, the characteristic functiombtained by
separation of variables is:

(AJn( 1)+ BYn( 1))(cos(n )+ sin(n ))eM?

I The same magic can be used to obtain the Dyadic Green's
Function for a Cylindrical Waveguide.

b b Gmz(R;R9) =
1 1 2 N N 2 Ive A0
F ma om0 wmd-Ng (MN% (h)+ LrfMe (MO ( h)
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Comparison with Ansoft Data
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Rectangular Solutions @ 1 mm from center

Habs

Hy

H,
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Cylindrical Solutions @ 1 mm from center

Habs Hr H |'|z

Field Solutions between Ansoft HFSS and Dyadic Green's Ftions
show very good agreement!
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Problems with Equivalence Principle
The Equivalence Principle states that all of your sourceseacon ned
within a speci ¢ region or surface.

This assumption holds true when the region is su ciently larg. At low
frequencies with gaps extremely small compared tq the Equivalence
Principle needs some modi cation.
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Plot Down Axis

Used Gaussiae 77
RMSError = 0:0057311

Used Gaussiare 70
RMSError = 0:0086940
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Mutual Coupling between Slots

David M. Pozar and later Sheng-Gen Pan have written
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papers on the computation of mutual coupling between pe ne ceometry

slot-coupled microstrip antennas.

This problem can be imagined as a nite array of
micro-strip antennas

Rectangular
Cylindrical

De ne Source

Boundary
Conditions

Pozar and Pan's method solves the Green's function forcreen's Functions

the problem and rigorously accounts for surface waves
and coupling to adjacent antenna elements.
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Steps to Solve Mutual Coupling Problem
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1. Solve the electric elds for each individual slot (assume

each slot is excited independently)

2. Set up Method-of-Moments for the \unknown"
magnetic currentM g

_ P _
Ms = w:l IWMp
whereM, is the nth basis function and, is the
amplitude.
3. Create Solution matrix using Ohm's LaiZ[[lI]=[V]
R _ _
Zmn = RSn_Em _MndS
an = Vi Em M|dV

whereM; is the impressed magnetic current.
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Future Work

Start writing currently nished work

Study Mutual Coupling problem
proposed by Pozar and independently
Pan

Optimize code for allowing parameter
sweeps

Implement aMethod-of-Moments like
code to solve for Mutual Coupling

Implement simple optimization
scheme
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