MATLAB codefor evolution of a Gaussian pulsein optical fibers
(January 29, 2003 — C. R. Menyuk)
% Gauss_evol ve

%
% Cal cul ate and plot the evolution in an optical fiber of a Gaussian pul se

% | nput paraneters
%

N = 1024 % total nunber of points kept in tinme w ndow
T_domain = 100 %total time domain kept [in ps]
t_ FWHM O = 20 %initial pulse FWHM [in ps]
PO=1 % initial peak power [in mA
=-1 % di spersion coefficient [in ps/nmkni

z_plot = [0 100 200 500] % z-values to plot [in knj

% Derived paraneters
%

Delta_t = T_domain/N; % node spacing in tine
Del ta_om = 2*pi/ T_domai n; % node spacing in radial frequency
Amp = sqrt(P_0); % initial anplitude of the Gaussian

t 0=t FWAM O/ (2*sqrt(log(2))); % initial pul se standard devi ation
k_ 0 dp =-1.2*D, %translation to ps®2/km
% WARNING Only valid at 1.5 microns

% | nput vectors

%

t_ vec = Delta_t*(-N2:1:(N2)-1); %reate array of tine points

omvec = Delta_onf(-N2:1: (N 2)-1); % reate array of radial frequency points
u_vec = Amp*exp(-t_vec.”2/(2*t_072)); %reate array of initial anplitudes

% Shift u-vec for the DFT

%

a vec(l:N2) = u vec((N2)+1:N);
a_vec((N2)+1:N) = u_vec(1l: N 2);

% Shift and square omvec for use in calculating z-evolution
%

omvec_square_shift(1:N2) = omvec((N2)+1:N)."2;
omvec_square_shift((N2)+1:N) = omvec(1l: N 2)."2;

% Carry out |FFT (appropriate for physics convention)
%
a tilde_vec = ifft(a_vec,N;

% Enter |oop to determne and plot z-evol ution

%

n_plot = length(z_plot); %let er m ne nunber of z-val ues
for i_plot = 1:n_plot;

% Determ ne the z-val ue and the exponential factor for evolution
%
z_val = z_plot(i_plot);
factor = exp((sqrt(-1)/2)*k_0_dp*om vec_square_shift*z_val);
% NOTE: | use sqrt(-1) for i to avoid problens with re-definition

% Carry out the z-shift and transformto time donmain
%

a tilde_vec_z = a_tilde_vec.*factor;

a vec_z = fft(a_tilde_vec_z,N);

% Cal cul ate powers as a function of array nunber and tine
%

P a z = a vec_z.*conj(a_vec_z); % power as a function of array nunber
Puz(1:N2) =P az((N2)+1:N); %shift to obtain power as a ...
Puz((N2)+1:N) = P a z(1:N2); %function of tine

% Cal cul ate anal ytical fornula for the power for conparison
%

t_z =sqrt(t_0"2 + (k_0_dp*z_val)"2/t_072); % new standard devi ation



t _FVHM z
P conp_z

2*sqgrt(log(2))*t_z; % new FWHM dur at i on
P O*(t_O/t_z)*exp(-t_vec."2/t_z"2);

% Pl ot results

%

pl ot (P_a_z) % power as a function of array nunber

axis([1 NO P_0])

x| abel (" array nunber')

yl abel (' power [in mA")

titlabel = sprintf('Evolution of a Gaussian function, z = %. 0f kni...
,z_val);

title(titlabel)

timetext = sprintf(' FWHM pul se duration = 98.0f ps',t_FWM z);

text(0.25*N, 0.8*P_0,tinetext)

pause

%

pl ot (t_vec,[P_u_z; P_conmp_z]) % power as a function of tine

axi s([-T_donmain/2 T dormain/2 0 P_0])

xl abel ("time [in ps]")

yl abel (' power [in MmN ")

titlabel = sprintf('Evolution of a Gaussian function, z = %. 0f km ...

,z_val);

title(titlabel)

% --- suppress plotting of t_FWAMwhen it will overlap plot

if t 0/t_z <0.8
timetext = sprintf(' FWHAM pul se duration = 98.0f ps',t_FWM z);
text(-0.25*T_donmmin, 0.8*P_0,tinmetext)

end

pause
end
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MATLAB output z= 100 km

Evolution of a Gaussian function, z = 100 km
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MATLAB output z= 200 km

Evolution of a Gaussian function, z = 200 km

1 T T T T T

0.9

0.8

power [in mW]
o o o
(6)] (@] ~
T T

o
~

0.2

0.1

FWHM pulse duration = 39 ps

1 1 1 1
100 200 300 400

Il
500 600

array number

1
700

1
800

Evolution of a Gaussian function, z = 200 km

1 T T T T T

900

0.9

0.8

power [in mW]
© o ©o o o©o
w ESN 6] [ep) ~
T T T T T

o
N
T

FWHM pulse duration = 39 ps

1 1 1
-50 -40 -30 -20 -10 0
time [in ps]



MATLAB output z= 500 km

Evolution of a Gaussian function, z = 500 km
1 T T T T T T T T T T

0.9

0.8 FWHM pulse duration = 86 ps .

power [in mW]
© o o
ol [ep) ~
T T T
1 1 1

o
N
T
1

1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000
array number

Evolution of a Gaussian function, z = 500 km
1 T T T T T T T T T

0.9

0.8 FWHM pulse duration = 86 ps .

power [in mW]
© o o
(6} [ep) ~
T T T
1 1 1

o
N
T
1

0.2

0.1

1 1 1 1
Q50 -40 -30 -20 -10 0 10 20 30 40 50
time [in ps]



