Computational Electromagnetics and Applications
Professor Krish Sankaran
Indian Institute of Technology Bombay
Exercise No 9
Boundary Conditions

Oh boy what we have got into so we have derived an extensive set of equations and these
equations are intimidating if you don’t understand them conceptually and we have done that
for the universal PML that we are going to model in the Matlab environment before | jump
into that Matlab code itself 1 would like to recap the final set of equations that we need to
model this particular problem so let’s look at this set of equations and get overview of it and
we are going to the Matlab model.
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So we have got 1 2 3 4 5 setup update equations and we have got the flux terms that are due
to the standard Maxwell equations for 2D problems just math in blue here and we have got to
additional equations because we are talking about X and Y oriented uan universal PML and
the green terms what we have got here uniaxial X pml last terms so these are the so these are
the last terms that we are going to have so now let me describe the problem that we are going

to model using a simple diagram.
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What we have got is a square domain so the domain itself is going to be let’s say 50 by 50
some arbitrary units it could be metres it could be centimetres depending upon whatever
interested in let’s say it’s going to be 50 by 50 and | have a point source which is located
here. And | have got a scatter which we have modelled it as a small square as well is going to
be a perfect electric conductor and now we are going to truncate this particular domain using
uni axial PML that are both X and Y oriented so we assume this is the axe and this is the y-
axis and the Z is coming out of it out of this paper so what we have got is the Waves that are
going to come so these are going to be the sinusoidal point source and this is going to be the
Pec scatterer perfect electric conducting scatterer. And how do we run this problem we are
going to simulate this problem by truncating this domain using two sets of PML so | am
going to draw them like this.
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So what you have got here is both the x PML this is also X PML and we have got both the y
PML so this is y PML and this is y PML and here we have got both the X and Y oriented
PML so this is going to be both X and Y u p m | important to know is when we are truncating
a problem using p.m. else we have to truncate PML itself it is not just enough to put PML
around it the question comes what is going to be that is going to be at the end of the PML so
we are going to use perfect electric conductor PC it is going to be PC that is going to sit on all
the PML backside so PC is here so the question about PC is the tangential component of the
electric field goes to zero there so there is something we have to look into and you will see
how VR that in a Matlab code. So this is going to be our problem geometry so let’s go and
look into the Matlab code itself.
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1 A A A A ) ]
2 %%% Matlab code to study scattering of EM waves from

3 %%% an object where the domain is truncated using UPML

4 %%% NPTEL Course: Computational Electromagnetics

5 %%% & Applications (CEMA)

6 %%% Chapter: Finite Difference Methods

7 %%% Prof. Dr. K. Sankaran

8 %%% IIT Bombay, India &

9 %%% Founder-CEO, Prajhalaya, Zlirich, Switzerland

10 %%% krish@sankaran.org

12

13 ¥y \lose all;
l4®lear all;
- NPTEL

fscspt tn 7 Col 6




So this is going to be the Matlab code that we are going to run so the code is to study the
scattering of electromagnetic waves from an object where the domain is truncated using u
PML uniaxial PML.
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PUBLISH VIEW mqm-‘:f:':' NE0] -
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¥ i AT e T S 0 L L i AR s
NAVICATE | toit BEALFONTS ()

3 UPML_FDTD_TM_BoxScatterer.m* FDTD_2D_WC_3d8_Splitter.m Pointsource_in_2media.m +
1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

EDITOR

14- clear all; |
15 - cle;

16

17 %% Physical domain

18 - a = 50;

19 - b = 50;

20 I

21

22 %% Constants

23 - eps® = 8.852e~12; %Permittivity of free space

24 - mud = dxpisxle-7; %Permeability of free space

255

27 83 Source Parameters
| NPFEL

script n 7 Col 6

So as | said we are defining the physical domain we are setting its dimensions to be 1550 on
the X and Y direction.
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) UPML_FDTD_TM_BoxScatterer.m* FDTD_2D_WC_3d8_Splitter.m Pointsource_in_2media.m +
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PUBLISH

19- b = 50; =
20
21
22 %% Constants
23 - eps® = 8.852e-12; %Permittivity of free space
24 - mud = dxpixle-7; %Permeability of free space
25
26
27 %% Source Parameters
28 - c = 3e8; %Speed of EM wave
freq = 3e7; %Frequency of EM wave = 300MHz
- - lambda = c/freq; %Wavelength of EM wave
7, %0 = (2%pi)/\ambda;
S o= 2xpixfreq;
|
seript n 7 Col 6

We are setting certain physical constants Epsilon 0 and Mu 0 which are the permittivity and

permeability of free space.



(Refer Slide Time: 05: 35)

€  MATLAB  Window Help ® W) 100%BE  Thu 22166 Q

® @ Editor - [Users/Krish/Desktop/iiT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FOTD_TM_BoxScatterer,m®

EDITOR PUBLISH
- Ly Find Files V . nsert L, fi C"l LZ tf_‘}} e :_/
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11 This file can be opened as a Live Script. For more information, see Creating Live Scripts.

25 5
26

27 %% Source Parameters

28 - ¢ = 3e8; : %Speed of EM wave

29 - freq = 3e7; %Frequency of EM wave = 300MHz

30 - lambda = c/freq; %Wavelength of EM wave

31- k0 = (2xpi)/lambda;
32 - w = 2xpixfreq;

Grid Parameters
lambda/20; % Mesh size along X-direction
lambda/20; % Mesh size along Y-direction

seript Ln 7 Col 6

We are setting the source parameters show the velocity of electromagnetic wave propagation
the frequency so we are taking the frequency of 30 megahertz it doesn’t matter what your
choosing here for this particular simulation we can go also higher frequency but accordingly
the parameter for discretisation will change.
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1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.
26 Gl
27 %% Source Parameters
28 - ¢ = 3e8; %Speed of EM wave
29 - freq = 3e7; %Frequency of EM wave = 30MHz
30 - lambda = c/freq; %Wavelength of EM wave

31 - k@ = (2%pi)/\ambda;
32 - w = 2xpixfreq;

33 I

34

35 %% Grid Parameters

36 - dx = lambda/20; % Mesh size along X-direction
37<},» dy = lambda/20; % Mesh size along Y-direction
38 ¥ e
&
39-3\)”{‘C =0:dx:a;
| NPTEL

seript Ln 36 Col 12

So this is going to be the number of cells that are going to be there for a particular Lambda
there should be at least 20 cells that should be sitting with a particular Lambda and here the

Lambda value is calculated based on this equation it is C divided by frequency.
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EDITOR
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1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

37 - dy = lambda/20; % Mesh size alon(} Y-direction i
38
39 - x=0:dx:a;
40 - nx=length(x);
41
42 - y=0:dy:b;
43 -  nyslength(y);
44
45 %source location
46 \ﬂlgor(nxlz),floor(nylz)
%% Time parameters
im_time = 200;
|
seript Ln 46 Col 2

So nx is going to be the length of the x step and NY is going to be the length of the by step
resource location we have assigned it to be NX by 2 and NY by 2 so it is going to be more or
less in the middle
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1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

44 il
45 %source location

46 “floor (nx/2) , floor(ny/2)

47

48

49 %% Time parameters

50 - sim t*me = 200;

51 - 93 %CFL stability condition <=0.7 for 2D wave equatior
52 - dt R*dx/c,

53 = tsteps=sim_time;

54

55 =% Compute PML parameters

Fycpmlp = 2; % profile of conductivity inside the PML
| efl_th = =70; % Theoretical numerical reflection dB
script Ln 46 Col 2

So the simulation time has been set to 200 time steps and we have set the CFL parameter are
to be 0.5 of course you can go until 0. 7 for this kind of problems but we have set it to 0.5 so

as to make sure that we get stable simulation.
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o — Print v

J UPML_FDTD_TM_BoxScatterer.m* FOTD_2D_WC_3d8_Splitter.m Pointsource_in_2media.m +

ITm; file can be opened as a Live Script. For more information, see Creating Liy
- . —
47
48

49 %% Time parameters

50 - sim_time = 200;

51- R = 0.5; %CFL stability condition <=0.7 for 2D wave equatior
52 - dt=Redx/c;

53 - tste?s=sim_t ime;

54

55 %% Compute PML parameters

56 = pmlp = 2; % profile of conductivity inside the PML

57 - refl_th = -70; % Theoretical numerical reflection dB

58 _

59@5190;& = ((eps@xc)/(d_pmlx))*((pmlprof+1)/2)*ln(1/reftheory);
60 ~_S5igox = 0.01;

NETEL

script tn 52 Col 11

And accordingly we get Delta T which is going to be the time discretisation parameter.
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) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

51- R =0.5; %CFL stability condition <=0.7 for 2D wave equatior
52-  dt=Rxdx/c;|

53 = tsteps=sim_time;

54

55 %% Compute PML parameters

56 - pmlp = 2; % profile of conductivity inside the PML

57 - refl_th = -709; % Theoretical numerical reflection dB

58

59 %s1g0x = ((eps@xc)/(d_pmlx))*((pmlprof+1)/2)*in(1/reftheory);
60 - sigox = 0.01;
61-  sigdy = 0.01;
62 .
e ¥ _xpml = 8;
64 —'-\%h' _ypml = 8;
| NPTEL —— ———
senpt n 52 Col 11

We have set the value for the profile of the PML to be 2 so I’ll explain you what it means in

this particular illustration so what you will get is normally a PML that is going to start.
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So let’s say we’re talking about only X oriented PML and this is going to be the starting point
of the play PML let’s say X start and What happens is the conductivity Sigma x is going to
have various values across the entire PML so what you can say is you can either have a
constant value so between extract and X and Sigma x is equal to constant is going to be one
of the options which we can choose or we can say Sigma X is going to very linearly within
the. So this is x PML it is going to vary linearly the value of Sigma X is going to vary linearly
the value will be minimum at the starting and maximum at the end or we can go for parabolic
value so it is going to have a kind of a curve. So this is going to be for this is Sigma X equal
to zero for a constant so the profile will be zero profile is going to be one for the linear
variation and profile 2 for the parabolic variation of course you can go higher order but we

have chosen a parabolic profile inside the PML.
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50 -  sim_time = 200; §
51~ R = 0.5; %CFL stability condition <=0.7 for 2D wave equatior
52 - dt=Rxdx/c;

53 - tsteps=sim_time;

54

55 %% Compute PML parameters

56 - pmlp = 2; % profile of conductivity inside the PML

57 - refl_th = <70; % Theoretical numerical reflection dB

58

59 %s190x = ((eps@xc)/(d_pmlx))*((pmlprof+1)/2)*In(1/reftheory);

60 - jsigox = 0.01;

61 - _5ig0y = 0.01;

62 {3k

63 ~__S_xpml = 8;
| NPTFEL

seript Ln 57 Col 16

You are not going to use this particular term theoretical reflection of course you can compute
the value of the maximum value of Sigma inside the X and Y PML using the theoretical
reflection |1 am not going to do that here because it is involving a bit of more Complex
illustration in the mathematics for now we will assume the value of maximum Sigma in the X
and Y direction going to be 0.01 so we take it as a face value of course there is a wave to
derive this using the theoretical reflection that one needs to achieve so let’s not going to it for
now we will choose Sigma Sigma X maximum and Sigma why maximum is going to be 0.01.
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1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

55 %% Compute PML parameters el

56 - pmlp = 2; % profile of conductivity inside the PML

57 - refl_th = =70; % Theoretical numerical reflection dB

58

59 %sig0x = ((eps@xc)/(d_pmlx))*((pmlprof+1)/2)*In(1/reftheory);
60 - sigox = 0.01;
61 - sigody = 0.01;
62
63- H_xpml = 8;
64 = d_ypml = 8;
65 - leftrightpml = (1 1);
66 =~ lowuppml = [1 1];
67 {3
68 -
| NPTEL

igx = zeros(nx,ny);

serpt n 60 Col 1

And we are considering the thickness of the PML to be 8 cells.
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So there are going to be 8 cells inside PML so this is 2 this is 4 so there are going to be 8 cells
that are going to sit inside the PML of course you can vary this.
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55 %% Compute PML parameters
56- pmlp = 2; % profile of conductivity inside the PML
57 - refl_th = =70; % Theoretical numerical reflection dB

59 %s5ig0x = ((eps@*c)/(d_pmlx))*((pmlprof+1)/2)*\n(1/reftheory); =
60 - sigéx = 0.01;

61 - sigoy = 0.01;

62

63- d_xpml = 8;

64~ d_ypml = 8; °

65-  leftrightpml = (1 1];

66( lowuppml = [1 1];

HO)

68 ~_SSigx = zeros(nx,ny);
| NPTEL

Cseript tn 64 Col 12

I wouldn’t do it too much because the idea of putting the PML is to bring the boundary closer
and closer to the actual domain of interest if we increase it is going to increase also the

computational cost so keep it between 10 to 15 ideally.
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(1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

61~ sigldy = 0.01;
62

63 - d_xpml = 8;
64 - d_ypml = 8;

65-  leftrightphl = (1 1]; 0
66 -  lowuppml = [1 1);

67

68 -  sigx = zeros(nx,ny);

69 -  sigy = zeros(nx,ny);

70-  mur = ones(nx,ny);

71-  epsr = ones(nx,ny);
= zeros(nx,ny);

72 = mu
73@93 = zeros(nx,ny);
74 32 = zeros(nx,ny);

[seript ‘tn 64 Col 12

So we said there is going to be both the left and right X PMLS.
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So that means in our problem what we have here there is going to be both the left and right
XML and there is also going to be low and up PML. So there is going to be a low y PML and
aup y PML there is going to be a left X PML and right x PML.
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) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

65 - leftrightpml = (1 1]; 5
66 - lowuppml = [1 1];
67
68 -  sigx = zeros(nx,ny);
69 = sigy = zeros(nx,ny);
70 - %ur = ones(nx,ny);
n- psr = ones(nx,ny);
72 - mu = zeros(nx,ny);
73-  eps = zeros(nx,ny);
74 - z = zeros(nx,ny);
75~  oneM = ones(nx,ny);
76 = _dtM = dtxoneM;
7743
78 “__&%% Filling up the conductivity values
| NPTE
senpt n 71 Col 23

So that is a parameter what we are describing here if | put 1111 it means all the four sides are

covered by PML. So initially I declare Sigma X and Sigma Y to be zero | declare you are an

excellent are relative permeability relative permittivity to be 1 and I declare the value for new

and excellent to be zero and the impedance value for space that we are interested in is also

declared as zero and we are going to do inside the equations there are some values that we

declare just for us to use them inside the equation but it is not important for now.
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77

78 %% Filling up the conductivity values
79 - for i=1l:nx

80 -
81 -
82 -
83 -
84 -
85 -
86 -
87 -

for j=l:iny

if (leftrightpml(1)>0) & (i <= d_xpml)
si?x(i,j) = sig@x*(((d_xpml-i)*dx)/(d_xpmlxdx))”*pn
end
if (leftrightpml(2)>0) && (i >= (nx=d_xpml))
sigx(1,)) = sig@x*(((i~(nx-d_xpml))*dx)/(d_xpmlxd>
end
if (lowuppml(1)>0) && (j <= d_ypml)
sigy(i,j) = sig@y=(((d_ypml=j)=*dy)/(d_ypmlxdy))”~pn
end
if (lowuppml(2)>0) & (j >= (ny~-d_ypml))

senpt Ln 86 Col 12

So | find out what is going to be the conductivity values so the value that | have to assign into

the PML.
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So if you see here I said it’s going to vary in a parabolic manner but I have to know what is
going to be each of the value at this point this point this point this point this point this point
this point. So | am saying the value inside each of the cell is going to depend on the X and Y
coordinates of that particular cell so I am going to take the first edge of that particular cell
and see what are the X and Y coordinates of this particular cell so if | have a and write it in an
elaborated manner so there are going to be different cells initially I take this particular point
and ask what is going to be the ex and why value text values important when | am talking
about X oriented PML the why value will be important when | am talking about y oriented
PML the moment | know X and Y coordinates | can assign the value for the conductivity
using this particular equation.

So | am saying the value for PML Sigma x equal to the Sigma not x the maximum value x DP
ml minus the co-ordinate | x dx this is going to give me my ex value there should be a bracket
here divided by dbml x dx the whole square so | have chosen the second order profile so | am
using the square here and you can infect cancel the DX what you will get is Sigma x is equal
to Sigma not x x dp ml minus | divided by DP anal whole square so this is what we are

saying in this particular equation here in the code.
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@ MATLAB Window Help XKD) o) 100% 68 Thu23.08 Q
@ © @ Editor - /Users/Krish/Desktop/IiT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FDTD_TM_BoxScatterer.m

EDITOR

_in_2mediam 4

£ ) fhlsjlc can be °;"‘i” a Live sch. For more information, see W
77

78 % Filling up the conductivity values
79 = [ or i=linx

80~ | for j=l:iny

81 - if (leftrightpml(1)>0) & (i <= d_xpml)

82 - | sigx(1,§) = sigox(((d_xpml=i)+dx)/(d_xpmldx))"pml .
83 - end

84 - if (leftrightpml(2)>0) && (i >= (nx=d_xpml))

85 - sigx(1,j) = singnI(((1-(nx-d_xpml))Mx)/(d_xpﬂlmdx)
86 - end

87 - if (lowuppml(1)>0) && (j <= d_ypml)

88 .- sigy(i,j) = sigOy*(((d_ypml=j)*dy)/(d_ypmlxdy))~pml
as@ end

90 =4 if (lowuppml(2)>0) && (j >= (ny-d_ypml))

| DETE

Csenipt tn 82 Col 43

C Sigma X not is a maximum value and | am finding out what is the position of the cell from
the thickness and subtracting the value so | will know the position of the cell with respect to
the thickness the maximum value will be at the distance dxpml which is the length of the
PML and a minimum value will be at the point where the PML is starting so when 1 is the
first one so it will have the minimum value when 1 is equal to dxpml you will have the
maximum value.

So now you can do the same things from other domains when you are going to the left
oriented XPML what you need to do is you need to swap this as I minus dxpml instead of
dxPML minus | because there starting point will be on the first one and then the ending point
will be on the left hand side.

(Refer Slide Time: 15: 14)




What | mean is when we go back here there is going to be also and x oriented PML but on the
left hand side so the first point here the rightmost point of this PML will have the lowest
value and the leftmost point Will have the maximum value so the value is going to go down
where is he at the leftmost point will have the minimum value and the rightmost point will
have the maximum value so you have to swap it. And that is why we have swapped this
particular time also this you can see while you go in to the code.
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@ MATLAB Window Help = o) 100%EP Thu2309 Q
@ @ Editor - JUsers/Krish/Desktop/liT-8 Lectures/CEMA/Matlab Examples/FOM/UPML_FDTD_TM_BoxScatterer,m

EDITOR 4 O i
2 g Wt @ e 5 fx g3 2 'S jmnseton (2
New Open Sae “o/COTPN® T GAGOTo ™ COMMM % B ¥ yenpoes  hun  Munand | Advance  Rumom
- - - G"_ - L4 find ~ Indent LJ LI - - Advance Time
S - (L S I 1Y " —
J UPML_FDTD_TM_BoxScatterer.m | FOTD_2D_WC_3d8_Splitter.m Pointsource_in_2media.m +
) This file can be opened as a Live Script. For more information, see Creating Live Scripts.
86 - end =
87 - if (lowuppml(1)>0) && (j <= d_ypml)
88 - sigy(i,j) = sig@y*(((d_ypml=j)*dy)/(d_ypmlxdy))~pml
89 - end
90 - if (lowuppml(2)>0) && (j »= (ny=d_ypml))
91 - sigy(i,j) = sig@y*(((j=(ny=d_ypml))#dy)/(d_ypmlxdy)
end
mu(i,j) = mur(d,j)*mud;
eps(i,j) = epsr(i,j)+epso;
z(1,j) = sqrt(mu(i,j)/eps(i,j));
| NPTEL
script Ln 91 Col 24

And what you are doing is we are also assigning the value for newer Epsilon r for the
particular thing remember we have declared this one as one so we are doing it for free space
where the Epsilon r and Mu r taken to be ones because we have declared them as once in this
particular step.

(Refer Slide Time: 16: 08)

@  MATLAB  Window Help - o) 100% B Thu2309 Q
® @ Editor - /Users/Krish/Desktop/IiT-8 Lectures/CEMA/Matlab Examples/FOM/UPML_FOTD_TM_BoxScatterer.m
EDITOR \a
5 ' I Find Files « Insert I 53 L=l J
L - £ P4 % o) Runsection S

New Open Saye “o/COMPNE T GAGoTo ™ ConmM % B 1D gy mun  Munand Ly Advance  Runanm
- - v it v 4y find mUwu - - Advance Time

— AJL =i NAVILATE lDHi - .IMN),O!‘ - = UM
J UPML_FDTD_TM_BoxScatterer.m | }DiD, ;;D,WC, ]dB,SDlxligr m | Pointsource, m}med'-a m 1 -6- |
1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.
63 - d_xpml = 8; =
64 - d_ypml = 8;
65 - leftrightpml = [1 1);
66 -  lowuppml = (1 1];
67
68 -  sigx = zeros(nx,ny);
69 - sigy = zeros(nx,ny);
70 - mur = ones(nx,ny);
71- epsr = ones(nx,ny);
72 = mu = zeros(nx,ny);
73 - eps = zeros(nx,ny); I
74 = 2 = zeros(nx,ny);
75 {*\onen = ones(nx,ny);
76 ~__StM = dtxoneM;
| NPTEL
script tn 71 Col 23

So she here these are the values that we have declared as once
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@ MATLAB Window Melp = = & TESHE TWIENE Q

@ @ Editor - JUsers/Krish/Desktop/lIT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FDTD_TM_BoxScatterer,m

EDITOR

caurey H L Find Files s',a . nsert  fx . u Lf LS (5 A sacion &f
New Open Save '/COMPNC T ACeTe T ComMM L B i penpges  Bun  Mnand | gAdunce  Muman
YRR . AR AN S IR IR oo oo

e 1ot | BIARFONTY T
'-', UPML_FDTD_TM_BoxScatterer.m FOTD_2D_WC_3d8_Splitter.m Pointsource_in_2media.m +
1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

PUBLISH

119 -  ICKy=zeros(nx,ny); i
120
121
122 %% Starting the main FDTD loop for E field
123 - for t=1:tsteps
124
125 % Boundary Condition PMC
126 - Hx(:,1)=0;
127 - Hx(:,ny)=0;
128 1
129 % Defining a scatterer
130 = for 1 = 73:74
131%%@) for § = 48:52
132 3, Ez(i,j) = 0;
| NPTE
seript Ln 126 Col 1

And we are going to initialise the fields we are setting the boundary conditions | said all the
boundaries of the PML are going to be truncated using the perfect magnetic conductor or
perfect electric conductor.
(Refer Slide Time: 16: 32)

@ MATLAB Window Melp D) o) W0OXE® Thu2310 Q
) @ Editor - /Users/Krish/Desktop/IiT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FDTD_TM_BoxScatterer,m

PURISH view [T H4 0w 9s o0k

EDITOR
CRES H Ly Find Files . ?a“" . Insert - M , e‘a LZ lf)I (3] hen Qf
MMSEN‘."C = iyl Te “é‘“dw Run Muum Run ani
T e e e e gy v A Time
e NAVGATE it | BIAOWTS o

J UPML_FDTD_TM_BoxScatterer.m FDTD_2D_WC_3da_Splitter.m Pointsource_in_2media.m +

1) This file can be opened as a Live Script, For more information, see Creatin

128
129 x% Defining a scatterer
130 - for i = 73:74

131 - for j = 48:52
132 - Ez(i,]) = 0;
133 - end

134 - end

135

136 % Calculating CHx
137 = for i=1:nx

for j=liny-1
Hx(i,3)=Hx(1,))=(dt/mu(i,j))*((Ez(i,j+1)=Ez(i,]))/c
+ (((dt = sigx(i,j))/(eps(i,j)*mu(d,j)))*Kx(1,]§)
= (dt* sigy(i,j)/mu(di,j))*Hx(i,j);

seript Ltn 129 Col 1

And what we are saying here is we are defining a scatter and the position of the scatterer is

going to be defined by this particular equation
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&  MATLAB  Window Help F 4 o) 100%BF Thu2310 Q
@ @ Editor - JUsers/Krish /Dosk(uu(l =B Lectur n:/CEVA/MmInl) Ex amule:[FDV/UPML FDYD ™ BonSuuu res,m
EDITOR PUBLISH VIEW mm‘ = ‘_. AO1 O
Find Files 8 Insert X ] J
2w bW = - & 3 P2 ‘f_v |3 Run Section (L

New, Open Saye U/ SOmONE © | i CoTo v % B yeapoms M Runand | Advance  Runan
- - - am- *m- Mwwu - Advance Time

—— 1 NAVICATE ot BEAONTS ()

) UPML_FDTD_TM_BoxScatterer.m FOTD_2D0_WC_3d8_Splitter.m Pointsource_in_2media.m +
i "m file can be opened as a Live Script. For more information, see Creating Live Scripts.
161 - Ez(i,j)=Ez(i,j)+(dt/eps(i,j))*((Hy(1,j)=Hy(i-1, j)
162 - (dt/eps(1,j))*(sigx(4,))+sigy(4i,]j))*Ez(4,]);
163 - end
164 - end
165
166
167 - Ez(1,1)=Ez(1,1)+(dt/eps(1,1))*((Hy(1,1)+Hy(1,1))/dx - (Hx(
168
169 %source
170 - source=sin(((2xpixfreqxtxdt)));

n

172 =y Ez(floor(nx/2),floor(ny/2)) = 2«source;

17 at

17427 %Plotting Ez-wave
| NETE

script Ln 172 Col 48

So the scatterer is the one which we are having here and we are saying that the source value
IS going to be at this point and we are assigning it to the EZ component here and they are
going to be exactly in the middle.

(Refer Slide Time: 17: 00)
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. MATLAB  Window  Help = W) 100%EE Thu2320 Q
@ © © Editor - /Users/Krish/Desktop/iT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FOTO_TM_BoxScatterer.m®

EDITOR PUBLISH

@ g G @ e ED LR B o e
New LOnan liiee L/ Compare v LjGoTo v Comment % & ') m Runand | Advance  unam
- v i v “M - Indent u £ile - Advance Time
e NAVICATE IDH -IMMH ll!l

+J UPML_FDTD_TM_BoxScatterer.m* FOTD_2D_WC_3d8_Splitter.m Pointsource_in_2media.m +
1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.
122 %% Starting the main FDTD loop for E field =
123 - for t=1:tsteps
124
125 % Boundary Condition PEC
126 - Ez(:,1)=0;
127 = Ez(:,ny)=0;
128 - Ez(1,:)=0;
129 - Ez(nx,:)=0;
130 - Hx(:,1)=0;
131 - Hx(:,ny)=0;

Hy(1,:)=0;

Hy(nx,:)=0;

seript Ln 125 Col 1

So now we are going to set up the boundary conditions for truncating the PML itself so we
said we will go for the PEC condition we are putting the tangential component of the electric
field and the normal components according to the position of the magnetic field it will be

Zero.
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@ MATLAB Window Help = A o) 00XEE Thu23:21 Q
® @ Editor - [Users/Krish/Desktop/liT-B Lectures/CEMA/Matlab Examples/FDM/UPML_FOTD._TM_BoxScatterer.m*

PUBLISH view (MNP EIRETSER)]

EDITOR
@2 J o T Mkl = e B £3 L( L{_‘l‘ |2 Run Section ‘if
New Open Sae 'w/COMN® T GAC0To ™ COMMM % £ 1) yenpoms  mun  Mnand | Aduace  Maman
- . v Pt - 4 find ~ Indent Ut‘.bu’d - v Advance Time

i NAVICATE L BREALPOINTS N
) UPML_FDTD_TM_BoxScatterer.m* FOTD_2D_WC_3d8_Splitter.m Pointsource_in_2media.m +

1) This file can be opened as a Live Script, For more information, see Creating Live Scripts.

133 - Hy(nx,:)=0; =
134
135
136
137 % % Defining a scatterer
138 ks for i = 73:74
139 % for j = 48:52
140 % Ez(1i,j) = 0;

141 % _end
142 % end*

143
144 % Calculating CHx
145 ?gé for i=1:nx
146 27 for j=1iny-1

[ e s Mk WA

seript Ln 138 Col 1

And we are defining the scatter not initially Although we can look where the scatterer is
going to be initially when we are running the program we are not going to define the scatter
so these are commented now.

(Refer Slide Time: 17: 34)

@ MATLAB  Window Help = 0 o) VOB Thu23:21 Q
® @ Editor - /Users/Krish/Desktop/liT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FOTD_TM_BoxScatterer.m*

PEETEI] -

28 ) kg Wtne ¥ et B £ P4 Lf_*} () Run Section (/7
NewiLOnaiiins L/ Compae v C(jGoTo v Comment % o ‘) " Mon  Runand g Adwace  Munom
- - - am - “m - Indem ARSI - - Advance Time
e NAVICATH 10 BREALPONTS RUN
1 UPML_FDTD_TM_BoxScatterer.m* FOTD VJD:Wic,ldB‘Snlme: m Pomunur(c.l;\::mcdla m +
) This file can be opened as a Live Script, For more information, see Creating Live Scripts.
134 i
135
136
137 % % Defining a scatterer
138 % for 1 = 73:74
139 % for j = 48:52
140 % Ez(i,j) = 0;
141 % end
142 % end
143

144 % Calculating CHx
for i=1l:nx
for j=1liny-1
Hx(1,j)=Hx(1,j)=(dt/mu(i,j))*((Ez(i,j+1)~Ez(1,j))/c

seript Ln 185 Col 59

But we have shown where the scatter is going to be using a rectangle that is Martin the
magenta colour so it is going to be the position so when we are going to simulate it for the
first time you will see that there is a scatter position but the scatter is not defined the moment
we define the scatter we have to put the tangential component of electric field to be zero then

it will act as a perfect but for now we have commented it.
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@ MATLAB Window Help * 0 o) 00%EP Thu232! Q

D @ Editor - /U /Krish/Desh T-8 Lectures/CEMA/Matlab E les/FOM/UPML_FOTD_TM_BoxScatterer.m*

EOITOR PUBLISH VIEW P A~E

2@ g Wmne @« e & £3 R B Gueseen (2

New Open swve oCOMPNC T SAGeTo  COMON L B D yempons  Wen  unand g Advnce  Runan

FDTD_20_WG_3dB_Splitter.m » | Pointsource_in_2media.m » | +

1) This file can be opened as a Live Script. For more information, see Creal

ol UPML_FDTD_TM_BoxScatterer.m*

.

146 - for j=l:ny=1 =
147 - Hx(1,§)=Hx(1,§)-(dt/mu(i,))*((Ez(1,j+1)-Ez(4,]))/c
148 + (((dt » sigx(i,j))/(eps(i,j)*mu(i,j)))*Kx(4,j)
149 - (dtx sigy(i,j)/mu(i,j))*Hx(1,3);
150 - Kxi,j) = Kx(i,j) = (dt#((Ez(i,j+1)=Ez(i,j))/dy));
151 - end
152 - end
153
154 %Calculating CHy
155 = for i=1l:nx=1
156 - for j=liny
157 == Hy(i,j)=Hy(i,j)+(dt/mu(i,j))=((Ez(i+1,j)=Ez(4,]))/dx)
158 {5e. + (dt/(eps(i,§)*mu(i,j))*sigy(i,])+Ky(i,i)).
159 X' = (dt/(mu(i,j))*sigx(i,j)*Hy(i,j));
[ — —

seript Ln 185 Col 59

And the calculation for HX we will have kx component
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@ MATLAB  Window Help 0 o) WOXEE Thu23:21 Q

® @ Editor - /Users/Krish/Desktop/IiT-8 Lectures/CEMA/Matlab Examples/FOM/UPML_FOTD_TM_BoxScatterer.m*

EDITOR

'U.‘QHJ'N““ :’i:‘- mm_g’ LE’ lz ‘ﬁ!}e‘mm éf
New Open Swp A/ COMONE T SAGoTo T CON L B g hn W | adance  Ranan

FUBLISH

FOTD_2D_WC_3d8_Splitter.m Pointsource_in_2mediam | 4

<} UPML_FDTD_TM_BoxScatterer.m*

1) This file can be opened as a Live Script. For more information, see Creating Live Scripts.

149 - (dt sigy(i,j)/mu(i,j))*Hx(i,j); s
150 - Kx(li,§) = Kx(1,j) - (dtx((Ez(4,j+1)-Ez(1,]))/dy));
151 - end
152 - end
153
154 %Calculating CHy
155 - for islinx-1
156 = for j=l:ny
157 - Hy(1,j)=Hy(1,j)+(dt/mu(i,]))*((Ez(1+1,])-Ez(4,)))/dx)
158 + (dt/(eps(i,j)*mu(i,j))*sigy(i,j)*Ky(i,j)).
159 = (dt/(mu(4,j))*sigx(i,])*Hy(1,3));
160
151@
162 =4 Ky(i,j) = Ky(i,j) + dt* ((Ez(i+1,j)-Ez(1,j))/dx);
| NETEL- - —
serpt Ln 150 Col 1§

Calculation for HY will have k y component.
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@ @ Editor - [Users/Krish/Desktop/IiT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FOTD_TM_BoxScatterer,m*

EDITOR

2 3 Ly Find Files »", Insert - Jx £3 (> L'.'_‘I (3] Aunsectin kp

New Open Saye Wo/COMPN® T GaGoTo v CommeM % B I3 geppon  mum  Munand |gadvance  Rumanm

v v v amim 4 find * Indent [, | |10 - v Advance Time
e NAVICATE 0o BREALPONTS N

J U;‘Ml_rfrnTb_TrM_!o'tS(auug: m TD;D 20_WG_3de Spinnu m X 75;;\]\0.;«} in_2media.m T

17 This file can be opened as a Live Script. For r;wm information, sz;gr“[mgil;;ﬁgnm; e

167 - for j=2:ny i

168

169 - Ez(4),j)=Ez(i,j)+(dt/eps(i,j))*((Hy(i,j)=Hy(i=1,j))

170 - (dt/eps(i,]))*(sigx(1,])+sigy(i,j))*Ez(1,]);

171 - end

172 - end

173

174

175 - Ez(1,1)=Ez(1,1)+(dt/eps(1,1) )*((Hy(1,1)+Hy(1,1))/dx - (Hx(

176

177 %source

178 = source=ssin(((2xpixfreqetxdt)));

179 {50}

180 2 F Ez(floor(nx/2),floor(ny/2)) = 2%source;

| MPTEL
script n 169 Col 17

And we have the EZ component and we keep updating it and the source location is exactly in
the middle we have taken twice the magnitude of the source just as to increase the contrast in
the simulation so as to have a high amplitude so let’s not simulate this particular program and
see what we can expect from this particular simulation.
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So what you are saying here is there is a point source and this is the location of the scatterer
as | said right now it is not a scatterer it is just a marker so you see the wave is moving
through it without any scattering and the PML starts from this particular point you See that it
starts to decay and slowly starts to disappear what is getting absorbed and the field is going
unaffected by the scatter as | said it is still not a scatter so the field is getting unaffected by

the location because it is still not defined as a scatter.
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& MATLAB  Window Help = 4 o) 00XEBE Thu23:22 Q

@ @ Editor - /Users/Krish/Desktop/IiT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FODTD_TM_BoxScatterer.m*®

W W O Thndied = e & o \';;1 P L:’_Y \# | Run Section U’
New Open Save \/COMPMe v GijCeTo v Commemt % g [} oosspoits Mun  Munand L4 Advance  Runani
e S—_ |, m—— TR R I > v Advance Time
e 72!!7777 NAVICATE (lll! = 7!IMMH|1 77777 = = llfd P—
+J | UPML_FDTD_TM_BoxScatterer.m* | FDTD_2D_WG_3dB_Splitterm ~ | Poidtsource_in_2media.m +
) This file can be opened as a Live Script. For more information, see Creating Live Scr ﬁ}" F
135 i
136
137 % % Defining a scatterer
138 - for 1 = 73:74
139 - for j = 48:52
140 - Ez(i,j) = 0;
141 - end
142 - end
143
144 % Calculating CHx
145 - for i=1l:nx
146 = for j=l:ny=-1
147 r’* Hx(1,§)=Hx(i,§)=(dt/mu(i,))*((Ez(41,j+1)-E2(4,]))/c
148 + (((dt * sigx(i,j))/(eps(i,j)*mu(i,j)))*Kx(1,))
PTEL
i Fmesdizmoar s senpt Ln 140 Col 19

So now we will go back to the code and we will define it as a scatterer by uncommenting this
particular. And run the same code and see what we can simulate using this particular
situation.
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Now it is a perfect electric conductor so it is going to reflect everything that is impinging on
it SO you can see it cuts the incoming wave the incoming wave is getting bifurcated using this
particular scatterer and you can see that the XML is absorbing whatever is incoming the y
PML is absorbing and the complex domain is also absorbing and we have PEC on all other

sides.
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@ @ Editor - /Users/Krish/Desktop/IiT-B Lectures/CEMA/Matlab Examples/FOM/UPML_FDTD_TM._BoxScatterer,m

EDITOR

47 - h L Find Files ~ Insert Jx ':j (o L{_Y (3] Sectin lip
New' Open’ ‘Save Ly Compae v L4GoTo v Commemt % & ') e - e L Atvanca -
v - v rahim - 4 find ~ Indent | | o1 |12 - v Advance Time
mi NAVICATE o BREALPONTS L)

o) UPML_FDTD_TM_BoxScatterer.m | FDTD_2D_WG_3d8_Splitter.m Pointsource_in_2media.m | 4

) This file can be opened as a Live Script. For more information, see Creating Live Scripts.
193 - axis((0 a 0 b -1 1]); &
194 - view(0,90)
195 - caxis([-1, 1])
196 - colormap(jet);
197 - colorbar;
198 - getframe;
199 - end
200
201 %% Source

202 k S. D. Gedney,
203 £ An anisotropic perfectly matched layer-absorbing
204 . % medium for the truncation of FDTD lattices
205 ’ 3 % Dec 1996, IEEE Transactions on Antennas and
206 - Propagation
| NPTEL
seript Ln 202 Col 1

So we can test such a problem for various applications so what | would recommend is you
take this particular code practice it for yourself simulating it for various problems and as |
said before the source of this particular code comes from the theoretical discussions that has
been presented in a phenomenal paper written by Gedney an anisotropic perfectly matched
layer absorbing medium for truncation finite difference time domain lattices it was published
in 1996 in the IEEE transactions on Antennas and propagation.
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So with this what we have done is we have showcased a very important point that one needs
to learn if one says he is doing computational electromagnetic sir computational modelling
which is nothing but the perfectly matched layer domain truncations we will be using this
over and over again in various methods that we are going to apply or various methods that we

are going to learn so it’s important that you get a good grip on this particular method and that



to using finite difference method later on we will do finite element finite volume so on and so
forth,

We will come back to it again and again and even in the method of finite volumes we will
discuss much in detail about the implementation of such methods but for now I think we have
covered the most important aspect that | promised that | will cover | request you to take this
code and practice it for yourself see it for yourself how you can model it and also | encourage
you to write your own code.

So don’t take this code directly of course you wanted to give you the code but we are also
afraid of giving quotes because sometimes people take the code and simulate it is just a black
box for them in some cases what we will do it we will genuinely avoid giving codes so as to
make you learn and make you program so that’s intention if you are feeling encoding that
means you are not learn computational electromagnetics entirely.

So we would like you to learn to quote so in that sense sometimes we ask you genuinely to
quote this particular exercise is an excellent example for you to practice coding.

So | encourage you to do that and that being said we have come to the end of this interesting
long module so will stop here and you will look at some of the applications of the PML in the
following lectures as well if you have any specific questions please post your questions on
the forum we will be very happy to answer those questions and help you understand the

perfectly match layer technique thank you!



