Computational Electromagnetics and Applications
Professor Krish Sankaran
Indian Institute of Technology Bombay
Exercise 18
Method of Moment

We went to look into simple capacitance problem in this module we are going to use Method
of moments to solve this problem. So let us look into the problem geometry itself and I will
explain you how we can later use method of moments to solve this problem.
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Domain geometry is going to be a parallel plate capacitor and its having the x and y axis in
such a manner so the top plate is going to be at v by 2 plus volt and the bottom plate is going
to be minus 1 by 2 volt so the top plate is going to be plus half volt the lower plate is going to
be at minus half volt. And the distance between the plates is going to be a. The top plate is
going to have positive charges on it; the bottom is going to have the negative charges minus
Q. And the width of the plate is going to be given by W. So this is going to be 2D plate
capacitor problem that we are going to solve using Method of Moments.

As you know method of moments normally used when the surface phenomena become very
important for example when these kind of problems it is not the bulk area which is in
between the two parallel plates that is important whereas the surface phenomena that is the
surface charges that are going to play an important role. So that is why method of moments
will be a very very good tool to solve such problems. And not only that here we have got a
parallel plate. But we do not need to have a parallel plate. We can have plate of orbitary
shape. So we are going to take any shape and we are going to see release how such a model

can lead to solution.



(Refer Slide Time: 02: 40)

NPTEL

So let us assume instead of parallel plate we are going to have a plate of orbitary shape. And
this shape is going to have various elements. So the elements are going to be the ones that we
are going to mark with x. So when you have such a arbitary shape what we are interested is
we are going to find the value of the response at a distance from the source. For any charge it
is going to be on the element you are trying to see the kind of respond that is going to happen
for this element. So that is going to be given by the response function which is here going to
be the Greens function.

So what we will do is we will start with a function D which is a minimal distance from a
straight line extension to that element. So for example if you are talking about a particular
element let us say this is the element you are interested in you are going to start talking about
the distance that is going to be this . So for this particular element you are talking about this
distance so the distance is the minimal distance from the straight line extending from that
element. And the second thing is you are trying to find the contribution of this element to the
potential at that observation point. The observation point is going to be r prime and the point
where you are looking at will be r. So that is how we are going to see what is the impact of
that particular charges that are at point r. And you are going to see the impact at the

observation point at r prime.
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So this is going to be the integral that we are talking about. So if you have this is as the zeta
direction. And this is going to be the starting point and the ending point. So eta s is going to
be the starting point and zeta e is going to be the ending point. So this is the starting and this
is the ending point for this element. And Lu of square root of x square plus d square dx where
d is the normal distance what we are talking about for this element.

And when you are talking about this element you are going to extend this line and you are
going to take the normal distance so this will become the d when you are talking about this
element. It is going to change for each and every element but d is at normal distance and this
is the way we compute the response function. And when you expand this what you get is
minus Rho s divided by 2 Pi epsilon 0 [i by 2 x Lu (xsquare plus d square) minus x plus d arc
tan x by d. This is going to be the value and its going to be integrated along the limit zeta s to

zeta e. So this is going to be the starting point and the ending point of it.
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So let me write this expression in a much clearer form here. So what we have got is the
response function is equal to minus Rho s divided by 2Pi Epsilon 0 [1 by 2 x Lu (x square
plus d square) minus x plus d arc tan (x by d)] under the limit zeta s to zeta e. So this is going
to be the way we are computing to each of that element. So this is for one element so you
have to add up all the elements. So we are now going to do this problem using a Matlab
environment.

(Refer Slide Time: 06: 57)

@ MATLAB  Window Help = 0 Q) WOXBE Fi0Ns Q
Eelitor - [Users/Krish/Dasktop/11T-0 Lactures/CEMA/Matisb Examples/MoM/MoM20.m
PURLISH 2! ks T

| xis = ~s#h(k);
xie = (1-s)*h(k);
temp = 0.5+xie.*log(xie,”2+d."2) ...
- xie + d,satan(xie./d) ...
-(0.5%xis. *log(xis.*2+d.*2) ...
- xis + d.*atan(xis./d));

242 - A(:,k) = = temp(:)/(2+pis8.854187);

43 - end

44 -  sigma = (A\phi')'; % Charge density
145~ charge = h.+sigma; % Charge per element
. 46

%% Source:

% Bondeson, R‘lander, InielstrOM,
- NPTEL

| MoM2D [tn 50 Col 1

So we are going to use a Matlab program we have taken this code from the classical book of
Rylander, Ingelstrom and Bodeson called Computational Electromagnetics and the page

number is given here.
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® MATLAB  Window Help = ) q) WoxRBP Fi0NS1 Q
Editor = [Usern/Krish/Desktop/1iT-0 Lectures/CEMA/Matiab Exsmples/MoM/MoM20.m

fDToR

( Lo Hind Filey ¥ o st fx : [
a :QHMCMlv LYGoTo v Comment % g /) Léj lz J {5 tectien
i ne NAVIGATE il DNAKPOINTS .
| InputPotential.m | MoM20.m +
£ 3 %%% for 2D electrostatic problem using MoM
1 4 %%% NPTEL Course: Computational Electromagnetics
45 %%% & Applications (CEMA)
46 %%% Chapter: Method of Moments (MoM)
B 7 %%% Prof. Dr. K. Sankaran
§ 8 % IIT Bombay, India &
i 9 %% Founder-CEO, Prajialaya, Ziirich, Switzerland
10 %%% krish@sankaran.org
B b % %% % % % % % % % % % 96 % % % % %6 % % % % %6 % % % %% % % R % 6 % % e %56 % R e % 6 % %6 %6 % P P 6 % B e S e e e %
.
|
w14 % Compute charge distribution for 2D electrostatics by MoM
15 R o e - -
‘b 167 function lchnrgc, sigma) = Monzb(xs, ys, xe, ye, phi)
,g l )& Arguments:
9 8 T e )
MoM2D tn 50 Col 1

And the code is basically going to help us compute the value of the capacitance using the
method of moments.
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@ MATLAB  Window Help | 0N o) 00%BE Fi01s2 Q
Echitor - JUssrn/Krish/Dexktop/|I T-0 Lectures/CEMA/Matisb £

4 InputPotential.m MoM2D.m +
’ D This file can be opened as a Live Script. For more information, see Creating Live Scipls.
10 %%% krish@sankaran.org
! 1 B e R R e R L R R S L
12
! 13
414 a = 1; % Separation distance between capacitor plates
£15- W= 1;| % Width of capacitor plates
16 - n = 10; % Number of unknowns
17~ nh = round(n/2); % Number of elements on each plate
118 - h = a/nh; % Length of the elements
o419 % X-“coordinates for starting and ending points
- 29 - xs = zeros(1,n);
g = zeros(1,n);
,32§ xs(l nh) = linspace(@,a-h,nh);
142 x5(nh+1:2+«nh) = linspace(®,a-h,nh);
'g NETEL —

script tn 1% Col 7

And we are going to solve for this problem by giving certain input parameters, the input
parameters are going to be the separation between the plates the width of the plates and the
number of elements we are going to choose and certain number of elements on each of the
plates so on and so forth.
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@ MATLAB  Window Halp L) ) 0ok BE Fi01s2 Q
[CEMA/Matiab Examples/MoM/InputPotentisl.m*

Ni.dﬂi‘d:;:;:., B 2 Y pmmsen

S 1.1

InputPotential.m* MoM2D.m | * |
D This file can be opened as a Live Script. For more information, see Creating Live SCipts.

25 % Y-coordinates for starting and ending points
26- ys = zeros(1,n);
27 ~ ye = zeros(1,n);

28 - ys(1l:inh) = 0.5%w;
29~ ys(nh+1:2%nh) = -0.5%w;
30 - ye = ys;
£} % Potential for the elements
'32- V= zeros(1,n);
133~ V(1linh) = 0.5;
34 V(nh+1:2%nh) = -0.5;
‘35 % Solve the electrostatic problem
w36 5—_ [charge, sigma] = MoM2D(xs, ys, xe, ye, V);
b 3@( = sum(charge(1:nh));
€38N FC = abs()|
e S — ——
» | acript In 8 Col 1

And we are going to compute the value of the capacitance, so in order for us to compute the
capacitance we can write the value as the absolute value that we are interested in.
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@ MATLAB  Window Help = 0 ) 100%BE Fi0153 Q

Eaitor - JU [CEMA/Matisb Examples/MoM/InputPotential.m*

J { g Hind Files ¥ Insert X . 5 "
T T Y LA Wi B R e
[, Mo O sae N7 B s o unand on
me

||| InputPotential.m* MoM2D.m +

D This file can be opened as a Live Script. For more information, see Creating Live Scipts.

11 9% % % % % %% % %% % % %% % % % %% % %% % %% %% % %% %% % % % %% % % % % T e 6 e e %

12
13
14- a =1; %[Separation distance between capacitor plates
il&— w = 1; % Width of capacitor plates
216 - n = 1; % Number of unknowns
17 - nh = round(n/2); % Number of elements on each plate
18 - h = a/nh; % Length of the elements
19 % X-coordinates for starting and ending points
0120 - x$ = zeros(1,n);
21-  xe = zeros(1,n);

1322 2 xs(1:nh) = linspace(@,a-h,nh);

,.,2%*,} xs(nh+1:24nh) = linspace(@,a-h,nh);

1€ 245" Fxe = Xs + h;

I R —

- script tn 16 Col &

Let us say we have only 1 element. And if you are running the problem.
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& MATLAB  Window Help | 0 q) 00xBE Fi01E3 Q

)o@ MATLAB R2016a

L Rt IS | /% Users » Knish 0 Desktop ¢ 1T-8 Lectures ¢ CEMA » Matlab Examples » tOM .5
urre..,, Command Window
B Name v
“luemi ..
“JRTVZ.M =>> InputPotential
] Polsso...
) Points...
] Maxwe..,
“) Maxwe...
) Laplac... 16.0601
LI HFDL...
“roto_..
“1FOTD_... Jx ==
/) capac..,

New to MATLAR? See resources for Getting Started i

C=

pac A

lorks... ®

ame A |
a

Jany

L
it %

1€ NPT

ie, MPTRE

What we get is the value as 16 fared.
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@ MATLAB  Window Halp LX) o) 1W00%BE F0153 Q
® [ ] Editor - /Users/Krish/Dasktop/IT-B Lectures/CEMA/Matlab Examplos/MoM/InputPotantialm*
IO i
o |4 Find Niles [ nset L fX u l‘ U (3 moms
% 0 _o,.,,.nb‘“"“"ﬂ“"’w%.aﬁ M Runand | G Adve
urte,.,. ™ - v & - | - " i "
B Name ¥
*lueme... - L -
“\jrvzm | InputPotential.m* MoM2D.m { + |
“I PoIss@,. | 0 This file can be opened ax a Live Script. For more information, see Creating Live Scupts.
y :3::, 11 %% % % %6 % %6 6 e % %6 % e % %6 %6 e % % M M % % e e % % e e % % e e S R e e s e e e s s e e
) Maxwe...| 12 L}
Jlaplac., | 13
"l:‘;"’; 14 - a = 1; % Separation distance between capacitor plates
“115- w = 1; % Width of capacitor plates
n = 2; % Number of unknowns
nh = round(n/2); % Number of elements on each plate

h = a/nh; % Length of the elements

% X-coordinates for starting and ending points
xs = zeros(1,n);

xe = zeros(1,n);

xs(1l:inh) = linspace(@,a~h,nh);

xs5(nh+1:2#nh) = linspace(®,a~h,nh);

xe = xs + h;

_Lseript in N

And now we are going to increase the number of elements to 2 we are doubling it.
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@ MATLAB  Window Help LD o) 0o BE Fi0153 Q

1 MATLAB R2016a

New to MATLAR? See resources for Getting Started
=>> InputPotential

C=
16.0601
== InputPotential
C=
16.0601
fx ==

And we are seeing what is the value we are still getting 16

(Refer Slide Time: 08: 26)

@ MATLAB  Window Halp =2 0 W) W0OxBE F01s3 Q

®0 Eaitor - /Users/Krish/Desktop/iiT-B Leatures/CEMA/Matlab Examplos/MoM/InputPotontial. m*
LITOR g =

‘.UJ a u \uy Find Files [V et L N u l‘ ‘:j (3juns

PY N Lyl Compare = G4Gata v Comment 7 )

urre.., ® How M Sevs - - - ' +# m» - l. Runand | . Adva

B Hame ¥ 3 .’ X

lupm_.. o BAVCR 3 —

“\RvZm | InputPotential.m* MoM2D.m { * |

fl Poissa.., |40 This file can be opened as a Live Script. For moare information, see Creating Live Scripts.

:)I m:::.‘ 11 S % %6 % % %6 6 e % %5 % e %6 9 e % M % % % e s Y e e % M e e e M e e e s e e e s s e e

:) Maxwe...| 12

’]umu".lg

q:z?;" 14 - = 1; % Separation distance between capacitor plates

“)F010, .| 15 = = 1; % Width of capacitor plates

ap 16 » 10 % Number of unknowns

So we can keep increas

= a/nh; % ength of the elements
X~coordinates for starting and ending points
xs = zeros(1,n);
xe = zeros(1l,n);
xs(1l:inh) = linspace(@,a-h,nh);
xs(nh+1:2#nh) = linspace(®,a~h,nh);
xe = xs + h;

a
W
n
nh = round(n/2); % Number of elements on each plate
h
%

IETITT I 1

ing the value let us say we go to 10.
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® MATLAB  Window Halp E—RD) o)) 00% B Fi0153 Q
L]
)o@ MATLAB R2016a
(TP
A Ox /v Users » Knish b Desktop ¢ 1T-8 Lectures » CEMA » Matlab Examples » TDM ik
urre.., ® Command Window v
‘.‘Il:‘;:l. '” New to MATLAR? See resources for Getting Started X
“IRTVZ.M
| Polsso... C=
:_] PoInts...
 rosiey 16,0601
axwe...
L Laplac...
) HFDL... =>> InputPotential
“roto_..
“1FDTD_...
/] capacl... Cs=
16,0601
I ~
lorks... ® =» InputPotential
ame A |
a c ™
L ANy S
b §K
o U 18.0314
ic
ve. NPTEL
g e

We see the value here it is 18 so it is still not converge the value is changing quite a bit.
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@ MATLAB  Window Halp S 0 W) WORE Fi01s3 Ry

Eaditor - [Usars/Krish/Desktop/liT-B Leotures/CEMA/Matlab Examples/MoM/inputPotential. m*

1OITOR (12 bl b SS9

“, \J u |44 Find Miles [T nsert L [ l:._‘] l‘ ﬁ -
,4.¢gih°~mwcm.-go.u-mgé_’g nm“ﬁ‘:*:
A4

u;lrn.;m'(:) - - - |=m - “g »4

SLUPML . (s | NAVICAIL | 1 ___Am -
] RWZ.h\ | InputPotential.m* MoM2D.m [ *+|
f] Poiss0.., |0 This file can be opened as a Live Script. For more information, see Creating Live Scripts.
r)l :“"'::,‘:_ 11 %% % %% % %% % %6 % % % % %% % %% % %% % %% % %% % %% % %% % %% % % e R e S s e e
#) Maxwe...| 12
Jlaplac...| 13
';]I:‘(')?; 14 - a = 1; % Separation distance between capacitor plates
“jro10 . 15= W = 1; % Width of capacitor plates
) capacla] 16 - n = 20); % Number of unknowns
17 - nh = round(n/2); % Number of elements on each plate

18- h = a/nh; % Length of the elements

419 % X-coordinates for starting and ending points
xs = zeros(1,n);

xe = zeros(1l,n);

xs(1l:nh) = linspace(@,a=h,nh);

xs(nh+1:2«nh) = linspace(®,a~h,nh);

xe = xs + h;

[ seript in 1

So we can increase the value even double it so we say 20 elements.




(Refer Slide Time: 08: 45)

® MATLAB  Window Halp = 0

o) WoxBE Friorsa Q

k
MATLAS R2016a

L R IS |

uree,.,
B Name

“luemi ..
IRTVZ.M

New to MATLAR? See resources for Getting Started

] Polsso... C=

“ Points

] Maxwe.,

o 16.0601

>> InputPotential

C=
18.0314
AC A
lorks... ® == InputPotential
ia f C -
L any 3
b HIL
e O 18.3729
¢ NPT
: [ fj:-)'

And we see the value is still within 18.something
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@ MATLAB  Window Halp = 0

% 03

o)) WoRE Fi01s4 Q

Editor - JUsers/Krigh/Dosktop/IIT-B Lectures/CEMA/Matiab Examplos/MoM/inputPatontial.m

PUBLISH

gl 9 H \u Find Files S

| how O '..u,,cmv S4Gete
o .k - i ind

tTox

h‘“'wl‘ u.‘

u k L8 2 Runs

urre.,. ® g Print 4 Find Indent '“ . - .‘. ‘_“ L g Adva
& vt Lt — i
“RTVZm | InputPotential.m MoM2D.m | + |

“I POINs0.. (D) This file can be opened ax a Live Script. For more information, see Creating Live Scripts.

%:ﬂ:;:.ll %58 9 s 9 8% 4 % %% % % % Y % % e R S e s e e e
:j Maxwe...| 12

Jlaplac.. |13
'}:‘;% 14 - a = 1; % Separation distance between capacitor plates
Q'O‘D:: 15- w = 1; % Width of capacitor plates

A ol 16 n = 30; % Number of unknowns

n

So we can increase it to

h = round(n/2); % Number of elements on each plate
h = a/nh; % Length of the elements

% X-coordinates for starting and ending points

xs = zeros(1,n);

xe = zeros(1l,n);

xs(1l:inh) = linspace(®,a=h,nh);

xs(nh+1:2#nh) = linspace(®,a~h,nh);

xe = xs + h;

= [seript tn 1

30, run the code;
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@ MATLAB  Window Help LD W) W00%BE Fi01s4 Q

ERC S s

urre.., "
B Name ¥
“lueme_...
*IRTVZ.M
| Paisso...
“ Points...
] Maxwe...
“) Maxwe...
] Laplac...
) HFDL...

MA‘LAB R2016a

New to MATLAR? See resaurces for Getting Started

18,0314
=>> InputPotential
C=

18.3729
=» InputPotential
C=

18.4910
/. LN .

And see the value is increasing but not that much faster.
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So if we put 50

@ MATLAS  Window Halp = 0 o) WoBE Fi0Lsd Q
[ ] L ] Editor - /Usars/Krish/Dosktop/IiT-B Lactures/CEMA/Matlab Examplas/MoM/inputPotential. m*
oK

% 0
urre.,, ™
B Nome ¥

o g e s o Ny k ——
n-on-hn‘*’“m'g“'f' commnt % B d yeugoms  Wn  Munand | Adve

*luemi_..
“IRTVZ.M
) Polsso,,,
) Points...
] Maxwe,.,
) Maxwe...
] Laplac..,
FIHFDL...
1ot

“)FOTD_...
I.)

i
| | InputPotential.m* MoM2D.m ' |
0 This file can be opened as a Live Script. For more information, see Creating Live Scripts.
11 %% % % % % %6 R % % % e P s % M M e M e P % e e e s M e s M e s e e e e e e e

12
13
14 - a = 1; % Separation distance between capacitor plates
5 - w = 1; % Width of capacitor plates
16~ n = 50; % Number of unknowns
nh = round(n/2); % Number of elements on each plate

h = a/nh; % Length of the elements

% X-coordinates for starting and ending points
xs = zeros(1,n);

xe = zeros(1,n);

xs(1l:nh) = linspace(@,a=h,nh);

xs(nh+1:2#nh) = linspace(®,a~h,nh);

xe = xs + h;

e SR T
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@ MATLAB  Window Halp = 0

o) WoxBE Fi01s4 Q

MATLAB R2016a

New to MATLAR? See resources for Getting Started

“)IRTVZ.m
| Painso... C=
*) Points...

| Maxwe...
“ u:.ﬁ.. 18.3729
"]lnplu...

) HFDL... =>> InputPotential
“roto_..

Ehamii| € *

18.4910
»» InputPotential
Cn
; 18.5870
fi >> | A
We will see that the value is almost converging very slowly.
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@ MATLAB  Window Halp 2 0

o)) oK Fi01sA Q

Editor - [Users/Krigh/Dosktop/IiT-B Lectures/CEMA/Matlab Examplas/MoM/inputPotential. m*
TV

C |4 Find Files o e L K X 5 .
:: ;’J. E |y Compare » GHGoTo v Commemt % g o) e l‘ L8 2huns
- . . 4 > | | "

LILIL L

+ % 03

urre.. ® oy Print : M! Ill |4 Adva
b 54 find dent - Advance
“lupmi_... ni

“RTVZm | InputPotential.m* MoM2D.m | #|

“l Poivs0.. @D This file can be opened ax a Live Script. For more information, see Creating Live Scopts.

p} :‘""::,‘:_ 11 %% 9% % %98 % %% M % % % Y R e e e R e e e e e e
*) Maxwe..| 12

Jlaplac... | 13
’;}:‘;"’r‘, 14 - a = 1; % Separation distance between capacitor plates
“1fo10 . 15 W = 1; % Width of capacitor plates
e 16 n = 100; % Number of unknowns

17 - n

h = round(n/2); % Number of elements on each plate
A |18= h = a/nh; % Length of the elements

% X-coordinates for starting and ending points

xs = zero®(1,n);

xe = zeros(1,n);

xs(1l:nh) = linspace(®,a=h,nh);

xs(nh+1:2#nh) = linspace(®,a~h,nh);

xe = xs + h;

[seript tn U

And if we increase it to 100. so this is going to be a very very high value
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@ MATLAB  Window Halp L D) 4) 100%xBF Fi01s4 Q
) L MATLAB R20160
B oW L0 Gt 10/ v Users v Knish b Desktop » I1T-BLectures ¢ CEMA » Matlab Examples » DM .4
urre,., Command Window
B Name v New to MATLAR? See resources for Getting Started X
Slupme ...
“IRTVZ.m
*) Poisso... Cs=
:j Points...
oy 18,4910
"_‘llaplu.“
) HFDL... =>> InputPotential
“1rom
“1FDTD_...
) capacl... (=
18.5870
A
1orks... ® =» InputPotential
e |
a | Cw
L any
b
Je % 118.6599
& mpfﬁﬂ
' fy >

And you will see that the value is almost in the range of 18.5 to 18.6.
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@ MATLAB  Window Help 2 0 Q) 00%BE Fi01ss Q
Editor - /Users/Krish/Desktop/liT-B Lectures/CEMA/Matiab Examplos/MoM/MoM2D.m
LATOR PUBLSH
- Find il ) Insent " . [
> ol WM wc ) \c;' . mn‘ . I (3 (2 4 (5nuns
L} W - - ommaen

IR, 11 e AT ot od fun  Runand | Adva
i - - - um - ‘“l_n‘ v. mu”u“ > . v 7‘“._“

) UMt 1k NAVICATL won L RtAvrONgS | [t

“ mvz‘n'\" L Inpuu'nunu:n:n:-_ Ihﬁ_o!\ﬂll?:n o --,-“’ o S we TR
P
JPomoai3z . d = sqrt( (xobs-xs(k)).”2 ...

1 Points... A
) Maxwe.., 34 + (yohs-ys(k)). L aEh
:)Muwmm 35 - 8.%2xh(k)*2 + 1e-24);

| Laplac.., - = =G¥ '
Bt 36 xis s¥h(k);

#roto. . 37 xie = (1-5)#h(k);

temp = 0.5%xie.*log(xie.*2+d."2) ...

- xie + d.*xatan(xie./d) ...

~(@L 5#xis.#log(xis,72+d."2) ...

- xis + d.»atan(xis./d));

Al:,k) = = temp(:)/(2%pi*B.854187);

end

sigma = (A\phi')'; % Charge density
charge = h.xsigma; % Charge per element

%% Source:

| MoM2D tn 5

So this is the classical problem and the internal aspects of the problem are basically solving

the greens function that we have described here and we are going to use the Greens function

the way we have explained it in the expression we have shown.
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@  MATLAB  Window Help D) o) 00K BE Fi01SS Q

Editor - /Usors/Krish/Dosktop/lIT-B Lectures/CEMA/Matiab Examplos/MoM/MoM20,m

(2L e

o \J H |4 Find Files [ Insert ; Jx . E__"l l‘ U -
s A{»i New Open Ses Ln Somnit S ’grl.'- M G B g W R | Adv
B Mame v = DY Tderari® o] h 2 Advance
“lupmi_., =

‘ lel.m' L Inpul"nunninll.r:\__ MoM2D.m +

R R R R R S TR ST RS

Rremegid- |de sqre( (xobs-xs(k)).~2 ...
) Maxwe.,| 34 + (yobs-ys(k)).~2 ...

) Maxwe...| 35 - $.%°2%h(k)*2 + 1e-24);
,)'L‘ng‘]‘ 36-  xis = -s¥h(k);

o, 37 xie = (1-s5)*h(k);
“fo10_ . 38~ | temp = O.5#xie.#log(xie. 2+d."2) ...
"hwoj;g

- xle + d.+atan(xie./d) ...
40 =(0.5+x15,#log(xi5,%2+d."2) ...
ac.. ARH - xis + d.#atan(xis./d));
a2- M ; k) = = temp(:)/(2%pix8.854187);|
en
sigma = (A\phi')'; % Charge density
charge = h.xsigma; % Charge per element

%% Source:

[MoMZD in 4

So if you see the value here is going to be given by this expression and we are taking the

value ,and we are putting it in the A value which is the internal memory that we are using for
computing the sigma later on once you go through each of the elements
(Refer Slide Time: 10: 11)
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) Points... 29 % Loop over elements

) Maxwe...| 30 for k = 1:length(xs)

:_)Mum.u 31- s = ( (xobs-xs(k))X(xe(k)-xs(k)) ...
h{m%f"'32 + (yobs-ys(k))*(ye(k)-ys(k)))/h(k)"2;
o | 33 d = sqrt( (xobs-xs(k)).”2 ...

“)F0TD_..| 34 + (yobs-ys(k)).*2 ...

) 35 = §."2%h(K)"2 + le-24);
36 x15 = =s#h(k);
iac.. A3 = xie = (1-5)#h(k);

38- | temp = 0.5+¢xie.xlog(xie.”2+d.”2) ...
~ xle + d.+atan(xie./d) ...
~(0.5%xi5.%10g(xi5.%2+d.*2) ...

- xis + d.*xatan(xis./d));

Al:,k) = - temp(:)/(2%pi+8.854187);
end

- [ MoM2D n

So this loop is basically going through k elements where k is from 1 to the length of (xs)
itself.
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136~ | xis = -sxh(k);
37~ xie = (1-5)#h(k);
.38~ temp = 0.5+xie.xlog(xie.”2+d."2) ...
139 | - xie + d.*atan(xie./d) ...
¥ ‘-(O.Smxis.~log(xis.“2+d.‘2) ves

- xis + d.*atan(xis./d));

L end
gigma = (A\phi')'; % Charge density
“charge = h.xsigma; % Charge per element

%% Source:
% Bondeson, Rylander, Ingelstrom,
% Computational Electromagnetics (pl62)

[ MoM2D [tn

And once you compute all the A values so it is going to be the global matrix we are going to
invert A, so initially what you get is A multiplied by sigma is equal to Phi.
(Refer Slide Time: 10: 29)

Since it is a simple Poisson equation what we get is a matrix equation which is [A] [sigma] is
equal to the potential which is the Phi that we are trying to solve, and once you solve this
what you get is the value for sigma and once you get the charged density which is we write it
as surface charged density because we are interested in the charges that are on the surface of
the parallel plate capacitor. If one side is Rho s the other side will be minus Rho s because we
have plus Q and minus Q. And once we know that we compute the value of the charge by
taking the A inverse on multiplying it with Phi. And once we know that we multiply the value
of the charge density multiplied by the H which is the length of the element itself.
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xis = ~sxh(k);
‘xie = (1-5)#h(k);

temp = 0.5+xie.xlog(xie.?2+d.*2) ...
- xie + d.xatan(xie./d) ...
=(0,5#x1is,%log(xis,"2+d,~2) ..,

- xis + d.+atan(xis./d));

end
gigma = (A\phi')'; % Charge density
~charge = h.xsigma; % Charge per element

%% Source:
% Bondeson, Rylander, Ingelstrom,
% Computational Electromagnetics (pl62)

[Mow> fin

And that will give us the value for the charge.
(Refer Slide Time: 11: 40)

Once we know the charge we can go and compute the value of the capacitance by using the
formula c equal to Q by V.

And we know the v is the potential difference between the two plates so its going to be plus
1 by 2 and minus 1 by 2 so the difference is going to be 1. And we can compute the value of ¢
by making the value of v equal to 1, so it is going to be C equal to Q itself for this problem.
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¢}:T$;:.14 % Compute charge distribution for 20 electrostatics by M
:) Maxwe...| 15 %
,“&gf +116 function [charge, sigma] = MoM2D(Xs, ys, xe, ye, phi)
“rom._ .. M % Arguments:
“)fo70_.. 18 % xs = x-coordinate for starting points
) camacliad 19 % ys = y-coordinate for starting points
% xe » x-coordinate for ending points
% ye = y-coordinate for ending points
% phi = the potential
% Returns:
% sigma = charge density for each element
% charge = total charge on each element

F
G686~  xobs = 0.5%(xs + xe); % Observation points
- yobs = @,5«(ys + ye);

| MoM2D In 1

So that is what we are doing using this code and the code itself is self explanatory it has two
modules one is the input potential function itself where you give the domain and its domain
definition and once the domain definition is given it calls for a subroutine which is basically a
function which gives the value of charge and sigma for a given inputs which are here.
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*] Poisso...
'\ 36 - Xis = —swh(k),
A3~ xie = (1-5)#h(K);
“IMaxwe. 38 - temp = 0.5+xie.xlog(xie.”2+d.*2) ...
:;mgf~~39 - xie + d.vatan(xie./d) ...
# ro1n, .| 49 =(0,5+xi5,#log(xis,*2+d,"2) ...
“)fo10 .. 41 - xis + d.*atan(xis./d));
Fleapachl 42 - A(:,k) = - temp(:)/(2+pi+8.854187);

43 end
A 44 - sigma = (A\phi')'; % Charge density
45 - charge = h.xsigma; % Charge per element
forks... @4 46
e 47 %% Source:
| ans ?;a;48 % Bondeson, Rylander, Ingelstrom,
b N9 % Computational Electromagnetics (p162)
it D
€ NPT
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So | encourage you to take the code and test it for yourself. This is an excellent example from
the classical book of Rylender, Ingelstrom and Bondeson is given at the bottom of the code
itself and the page references are given here



(Refer Slide Time: 13: 06)

§  MATLAB  Window Help = 0

q) WOk Fi01s8 Q

Editor - /Users/Krish/Dasktop/lIT-B Lectures/CEMA/Matiab Examplos/MoM/MoM2D.m

HNTOR ‘mlur"‘,rg,-.__ =
£y (Jrndrie < Insert [y : 3 el e
—*ui“‘:igycmncac.uowmg@,g ot .lﬁm“:‘g‘:
u‘”n:m-’? RSN A ] D l“-mi.'».ﬂ' L b ST sl
8 UM [N MAVCAIL | (" _imbawowis |
B vzl R . MO0 X P e vrrr—rroryryr—vrere
dpomoad3 4 (yobs-ys(k))w(ye(k)-ys(k)))/h(k)~2;
) Maxwe.d 33 d = sqrt( (xobs-xs(k)).”2 ...
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QHD,D 36 xis = ~s#h(k);
;{rom 37 - xie = (1-5)#h(k);
“) capaclisl 38 - temp = 0.5%xie.*xlog(xie.”2+d.”2) ...
39 = xie + d.+atan(xie./d) ...
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forks.. ®042 - Al:,k) = = temp(:)/(2+pi+8.854187);
e MR end
sigma = (A\phi')'; % Charge density

charge = h.*sigma; % Charge per element
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so | urge you to simulate such problems from classical text books. So that you can

understand very much the basics of simulation on one hand and the other hand you can also

understand how one can model such physical problems in a computational environment like

Matlab Thank you!



