Three layer problem - Eric Gallimore
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Setup

function threel ayer()

close all;

theta = 0:0.01: pi/2;

c(l)
c(2)
c(3)

1500; % s
1550;
1600;

%only the ratio matters
rho(1l) =
rho(2) =

e
1
1
rho(3) 1.

2;
5.

theta in_deg = .1:1:90;
theta in = theta in_deg*pi/ 180;
d =.1:.1:10; %ratio of depth to wavel ength

for i=1l:length(theta_in)
for j = 1:1ength(d)
[RL, T2, R2, T3] = solve_ layers(d(j), theta_ in(i), ¢, rho);

reflect(i, j) = R1;

transmt(i, j) = T3;
end

end

No attenuation

figure('nane', 'Reflection at top |ayer');
surf(theta_in_deg, d, reflect', 'EdgeColor', 'none');
col or map( nor genst emmi ng());

col orbar ();

view([0 90]);
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axis tight;

x|l abel (" I nci dent angle (degrees)');
yl abel (' Depth of middle |ayer (m"');
title(get(gcf(), 'nane'));

figure('name', 'Transm ssion at bottom | ayer');
surf(theta_in_deg, d, transmt', 'EdgeColor', 'none');
col or map( nor genst emmi ng() ) ;

col orbar ();

view([0 90]);

axis tight;

x|l abel (" I nci dent angl e (degrees)');
yl abel (' Depth of middle |ayer (m');
title(get(gcf(), 'nane'));
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Transmission at bottom layer % 10

Depth of middle layer {m)

10 20 30 40 50 &0 70 80
Incident angle (degrees)

With attenuation

% subtract 0.5 dB/l anbda attenuation
a_ |l anbda = 0.5;
sigm = a_l anbda/ 54. 58;
ci = -1j*sigma*c
C = c+C_i;
for i=1l:length(theta_in)

for j = 1:1ength(d)

[RL, T2, R2, T3] = solve_ layers(d(j), theta_ in(i), ¢, rho);

reflect(i, j) = R,
j

transmt(i, j) = T3;

end
end
figure('nane', 'Reflection at top layer with attenuation');
surf(theta in_deg, d, reflect', 'EdgeColor', 'none');
col or map( nor genst emmi ng() ) ;
col orbar ();
view([0 90]);
axis tight;

xl abel (" I nci dent angle (degrees)');
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yl abel (" Dept h of
title(get(gcf(),

figure(' nane',

surf(theta_in_deg,

m ddl e | ayer
"nane'));

"Transm ssi on at

d, transmt',

col or map( nor genst emi ng()) ;

col orbar ();
view([0 90]);
axis tight;

x| abel (" I nci dent
yl abel (' Dept h of

title(get(gcf(),
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Matrix is close
1.951473e- 16.
Matrix is close
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Matrix is close
8. 954576e-17.
Matrix is close
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(m*");

bottom | ayer with attenuation');

' EdgeCol or ',

Y

(m*");
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Depth of middle layer {m)

Depth of middle layer {m)

Reflection at top layer with attenuation
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Transmission at bottom layer with attenuation % 10

10 20 30 40 50 &0 70 80
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end

Get the parameters

function [R1, T2, R2, T3] = solve_layers(d,

theta(1l)
theta(2)
t het a( 3)

z(1)
z(2)
z(3)

i mpe
i mpe
i mpe

% = onega.

2% pi ;

theta_in;

angle_fromsnel |l (theta(1l),
angle_fromsnel | (theta(2),

d(c(1), rho(1), theta(l));
d(c(2), rho(2), theta(2));
d(c(3), rho(3), theta(3));

/c;

d=[1100]";

>
I

[-1 11
1 z(1)/
0 exp(p
0 exp(p

Al d;
abs(x);

x(1);
x(2);
x(3);
x(4);

0;
z(2) -z(1)/z(2) 0;

2) exp(-p2) -exp(p3);

= li*k(2)*d.*sin(theta(2));
p3 = 1li*k(3)*d.*sin(theta(3));

theta_in,
c(1), c(2));
c(2), c(3));

2) -exp(-p2) -(z(2)/z(3))*exp(p3)];

function theta_out = angle fromsnell(theta_in
acos(cos(theta_in)*c2/cl);

end

theta out =

function Z = inped(c, rho, theta)
Z = rho*c./sin(theta);

end

Wr ni ng:
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Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 4.108914e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 2.783350e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.885422e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.277172e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 2.106266e- 16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.427929e- 16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 9.680553e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 6.562867e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 4.449252e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 3.016341le-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 2.044908e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.386332e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1. 755444e-16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.192684e- 16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 8.103333e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 5.505567e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 3. 740593e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 2.541434e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.726701e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.678490e- 16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.144469e- 16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 7.803500e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 5.320774e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 3.627941le-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 2.473692e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.856207e- 16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc

RCOND = 1.271973e-16.




Three layer problem - Eric Gallimore

Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 8.716241le-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 5.972837e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 4.092909e- 17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.654249e- 16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 1.140940e- 16.
Warning: Matrix is close to singular or badly scaled. Results may be inacc
RCOND = 7.869095e-17.
Warning: Matrix is close to singular or badly scaled. Results may be inacc

RCOND = 1.773205e-16.
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