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Reproduce Figure 8.4

close all;

% Let's set sone paraneters
f = 100; %z

onega = 2*pi *f; %radi ans
z_source = 25; %n
z_receiver = 50; %n

d 100; %mn depth

C 1500; % s sound speed

% Define the range vector
r = 0:1:50e3; %n

figwdth = 1920/ 2; % pi xel s
figHei ght = 1200;
rect = [0 50 figWdth figHeight];
figure('QuterPosition', rect, 'nane', 'Transmi ssion |oss for isovelocity problem)
for i = 1:3;
num nodes = i;
m = 1: num nodes;

sgrt((omega/c)”"2 - ((mO0.5)*(pi/d))."2); %rad/m
pi/d.* (m0.5); %rad/ m

A m=sin(k_zm*z source).*sin(k_zm*z receiver) ./ sqrt(k_rm;
node_si nusoi ds = exp(1lj.*k_rm*r);

% Add anplitudes

A nmode_sinusoids = bsxfun(@ines, A m, node_sinusoids);

| = 8*pi ./ (r*d*2) .* (abs(sum A npde_sinusoids)))."2;

subplot(3,1,i);

pl ot (-10*1 0gl10(1));

set(gca,' YDir',' Reverse')

ylin([50 90]);

xIim([O 50e3]);

x| abel (" Range (km"');

yl abel (' Loss (dB)');

title([nun2str(numnodes) ' Mode(s)']);
end
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Reproduce Figure 8.7

close all;

f = 0:.01:50; %z
onmega = 2*pi*f; Y%ad/s

c = 1500; %mns
d = 100; %nm
m= 1:3;
for m= 1:3
% Equation 8. 39
k rm(m:) = sqgrt((onmega/c).”2 - (m*pi./d).”2); %rad/ m
vim :) =onega ./ k. rmim:);
% Cutof f frequency (real wavenunber only above cutoff)
fom'm = mfc/ (2*d)
f real{m = f(f>fom(m);
v_real{nm = v(m (f>fom(m));
% Find group velocity u
utemp = diff(onega)./diff(k rm(m:));
utemp = [0 u_tenmp]; %shift it over so that the dinensions nmatch
ureal{m = u_ temp(f>f0mMm);
end
figure();
plot(f real {1}, ureal {1}, '"r--");
hol d on;

plot(f_real {2}, u_real {2}, 'g--");
plot(f real {3}, ureal {3}, "b--");

plot(f_real {1}, v_real {1}, 'r")
plot(f_real{2}, v real{2}, '9);
plot(f real {3}, v_real {3}, 'b")

ylin([0 3000]);

| egend(' ul', 'u2', '"u3', 'vi', 'v2', 'v3)

x| abel (' Frequency (Hz)');

yl abel (' Vel ocity (ms)");

title(' Figure 8.7: Frequency dependence of phase and group velocities');

Warning: Imaginary parts of conplex X and/or Y argunents ignored
Warning: Imaginary parts of conplex X and/or Y argunents ignored
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Figure 8.7 Frequency dependence of phase and group velocities
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Figure 8.8

Pekeris Waveguide
function figure_8 8()
close all;

f _max = 50; %z

cl = 1500; %mn s
c2 = 1800; % s
d = 100; %n
for m= 1:3

% Equati on 8. 44
foOmm = (mO0.5)*cl*c2/(2*d*sqrt(c2”2-c1"2));
onmega_0m = 2*pi *fOm(n) ;

fm=fOomnm:1:f_ max;
onmega = 2*pi*fm % ad/s

kn = sol ve_pekeris(fm;
k re{nm = kn(:,m";
v = onega ./ k_rm{n};

fm
v;

f_real{m
v_real {m

% Find group velocity u

u temp = diff(onega)./diff(k_rm{n);

utemp = [0 u_temp]; %shift it over so that the dinmensions match
ureal{n} = u_tenp;

end

figure();

plot(f_real {1}, u_real {1}, 'b.");
hol d on;

plot(f_real {2}, u_real{2}, '"b.")
plot(f_real {3}, ureal {3}, "b.")
plot(f_real {1}, v_real {1}, 'r.");
plot(f_real {2}, v_real {2}, 'r.");

plot(f_real {3}, v_real {3}, 'r:');

ylim([ 1200 1800]);
% egend(' ul', 'wu2', 'uld, 'vl', "v2', 'v3)
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x| abel (" Frequency (Hz)');
yl abel (" Vel ocity (m's)");
title(' Figure 8.8: Dispersion of nodes in the Pekeris waveguide');

di sp(' done');
end
done
Figure 8.3: Dispersion of modes in the Pekeris waveguide
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Setup

Math

func

cl os

f =

oneg
Cc
d

% Fi

m_max_100
m_max_200

for

end

tion part_ii()

e all;

100:.01: 200; %z

a = 2*pi*f; %ad/s
1500; % s

50; %n

nd the hi ghest node nunber that has a cutoff frequency bel ow 100Hz
floor(100/c * (2*d));
floor(200/c * (2*d));

m= 1: mmax_200
% Equati on 8.39
k_rm(m:) = sgrt((onmega/c).”2 - (m*pi./d)."2); %rad/m

k zm(m:) = sqgrt((omega/c).”2 - k_rm(m:)."2);

v(m :) = onega ./ k_rmm:);

% Cut of f frequency (real wavenumnmber only above cutof f)
fom(m = nmtc/(2*d);

f_real{m = f(f>f0omm);

v_real{n} =v(m (f>f0n(m));

% Find group velocity u

u_tenp = diff(onega)./diff(k_rmm:));

utemp =[]0 u_tenmp]; %shift it over so that the dinensions nmatch
ureal{m = u_temp(f>f0mMm);

A: Number of modes

fpri

ntf (' Nunber of nodes propgating at 100Hz = %\ n', m nmax_100);
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fprintf (' Nunber of nodes propgating at 200Hz = %\n', mnmax_200);

6
13

Nunber of nobdes propgating at 100Hz
Nunber of nbdes propgating at 200Hz

B: Cut-off frequencies

fprintf(' Cut off frequencies for each node:\n');
for mel: m nax_200
fprintf("\t%l: %l Hz\n', m fomn);

end
Cut off frequencies for each node:
1. 15 Hz
2: 30 Hz
3. 45 Hz
4: 60 Hz
5 75 Hz
6: 90 Hz
7. 105 Hz
8: 120 Hz
9: 135 Hz
10: 150 Hz
11: 165 Hz
12: 180 Hz
13: 195 Hz

C: Horizontal and vertical wavenumbers

m=1: m max_200

figure('nane', 'Horizontal Wavenunber vs frequency and node');
surf(f', m real(k rm, 'EdgeColor', 'none');
col or map( nor genst emmi ng() ) ;

view([0 90]);

axis tight;

x| abel (" Frequency (Hz)');

yl abel (' Mbde numnber');

cbar = col orbar();

yl abel (cbar, 'Wavenunber (radians/n)');
title(get(gcf(), 'nane'));

figure('nane', 'Vertical Wavenunber vs frequency and node');
surf(f, m real (k_zn), 'EdgeColor', 'none');

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

view([0 90]);

axi s tight;

x| abel (' Frequency (Hz)');

yl abel (' Mbde numnber');

cbar = col orbar();

yl abel (cbar, 'Wavenunber (radians/n)');

title(get(gcf(), 'nane'));
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Horizontal Wavenumber vs frequency and mode
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D: Group speed dispersion curves

figure();

for i = 1:length(f_real)
plot(f_real{i}, u_real{i});
hol d on;

end

% plot(f real {1}, u real {1}, "'r--");
% hol d on;

% plot(f real {2}, ureal {2}, "g--');
% plot(f real {3}, ureal {3}, "b--");

% plot(f _real {1}, v_real {1}, 'r');
%plot(f _real {2}, v real {2}, "g);
% plot(f _real {3}, v real {3}, '"b");

%l i m([ 1300 1500]):
9% egend('ul', 'u2', 'u3d', 'Location', 'SouthEast');% 'v1', 'v2', 'v3')
x| abel (' Frequency (Hz)');

yl abel (" Vel ocity (ms)");
title(' Frequency dependence of group velocities, all nbdes propagating up to 200 H

Warni ng: | maginary parts of conplex X and/or Y argunents ignored
Warning: Imaginary parts of conplex X and/or Y argunents ignored

Frequency dependence of group velocities, all modes propagating up to 200 Hz
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E: Shape of the modes
z = 0:0.1:50;

figure(' nane', 'Shape of nodes in depth');
for m= 1: mmax_200

shape = sin(k_zm m end)*z);

subpl ot (3,5, m;

pl ot (shape, -2);

title([' Mode ' nunRstr(m]);

end
di sp(' done');
done
haode 1 Mode 2 Mode 3 Mode 4 Mode 5
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Pekeris Waveguide

Setup

function part_iii()
close all;

f = 100:1:200; %z
onega = 2*pi*f; %ad/s
cl 1500; % s

c2 1600;

d = 100; %n

Math

% Fi nd the highest node nunber that has a cutoff frequency bel ow 100Hz
%m max = f*2*d*sqrt(c2”2-cl1”2)/(cl*c2) + 0.5;

m_max_100 floor (100*2*d*sqgrt (c2”"2-c172)/(cl*c2) + 0.5);

m_max_200 floor (200*2*d*sqgrt (c2”2-c172)/(cl*c2) + 0.5);

k rmfull sol ve_pekeris(f);

k_ zmfull = sqgrt(bsxfun(@ri nus, ((omega/cl).”2)', k rmfull."2));

for m= 1. mnax_200
% Cut off frequencies
% Equati on 8. 44
foOomm = (mO0.5)*cl*c2/(2*d*sqrt(c2”2-c1"2));

% vim :) = onmega ./ k. rmm:);
% % Cutof f frequency (real wavenunber only above cutoff)
% fom'm = nfc/(2*d);

k_rm{m
k_zm{m

k rmfull(:,m;
k zmfull(:,m;
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v{m = onega ./ k_rm{n}';
f_real {m f(f>fomm);
v_real {m v{nm (f>fomm);

% Find group velocity u
u temp = diff(onega)./diff(k_rm{nt")
utemp = [0 u_tenmp]; %shift it over so that the dinmensions match

ureal{m = u_tenp(f>fomm);
end

A: Number of modes

fprintf(' Nunber of nopdes propgating at 100Hz
fprintf(' Nunber of nodes propgating at 200Hz

%I\ n', mmax_100);
%I\ n', mmax_200);

5
9

Nunber of nobdes propgating at 100Hz
Nunber of nbdes propgating at 200Hz

B: Cut-off frequencies

fprintf(' Cut off frequencies for each node:\n');
for mel: m max_200

fprintf('\t%: %l Hz\n', m fomn);
end

—

of f frequencies for each node:
. 077632e+01
. 232895e+01
. 388159e+01
. 543423e+01
. 698686e+01
. 185395e+02
. 400921e+02
. 616448e+02
. 831974e+02

RN ONE £
TEFFATILS

C: Horizontal and vertical wavenumbers

m=1: m max_200

figure('nane', 'Horizontal Wavenumber vs frequency and node');
surf(f, m k_rmfull(:,1: mnmax_200)', 'EdgeColor', 'none');
col or map( nor genst emmi ng() ) ;

view([0 90]);

axis tight;

x| abel (' Frequency (Hz)');

yl abel (' Mbde number');

cbar = col orbar();

yl abel (cbar, 'Wavenunber (radians/n)');
title(get(gcf(), 'nane'));
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figure(' name', 'Vertical Wavenunber vs frequency and node');
surf(f, m k_zmfull(:,1: mmax_200)"', 'EdgeColor', 'none');
col or map( nmor genst emi ng()) ;

view([0 90]);

axis tight;

x| abel (' Frequency (Hz)');

yl abel (' Mbde nunber');

cbar = col orbar();

yl abel (cbar, 'Wavenunber (radians/m"');

title(get(gcf(), 'nane'));

Horizontal Wavenumber vs frequency and mode
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Yertical Wavenumber vs frequency and mode
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D: Group speed dispersion curves

figure();
for i = 1:length(f_real)
plot(f real{i}, ureal{i}, ");
hol d on;
end
ylim([1250 1500]);
%plot(f_real {1}, u_real {1}, "r--");
% hol d on;
%plot(f_real {2}, u_real {2}, "g--");
% plot(f_real {3}, u_real {3}, "b--");
% plot(f_real {1}, v_real {1}, 'r")
%plot(f_real {2}, v_real {2}, '"g)
% plot(f_real {3}, v_real {3}, '"b")
%l i m([ 1300 1500]);
% egend(' ul', 'u2', 'ul3', 'Location',

x| abel (' Frequency (Hz)');
yl abel (' Vel ocity (ms)");
title(' Frequency dependence of group velocities,

" Sout hEast ') ; %

al |

T
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o
M
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o
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o
[

0.1

200
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nodes propagating up to 200 H
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Frequency dependence of group velocities, all modes prapagating up to 200 Hz
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E: Shape of the modes

z = 0:0.1:50;

figure(' nane',

' Shape of nodes in depth');

for m= 1. mnmax_200
shape = sin(k_zm{n}(end)*z);

subpl ot (3,3, m;
pl ot ( shape,
axis tight;
title([' Mode '

end
di sp(' done');

done

-2);

nunstr(m]);
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