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Abstract
This is the report of a small numerical project in the subject Nonlinear Dynamics, taught by professor Jens
Oluf Andersen at NTNU, fall 2014. The aim of the project was to reproduce the Henon map and the Peter de
Jong-attractor, which has been done. Some plots are included, and the questions of the three problems, as given
below, have been answered.
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Introduction
The problems answered in the assignment are the three prob-
lems presented in this section. They are answered in respective
order in the sections to follow.

Problem 1 consisted of plotting the Henon Map, given by
the following set of equations

xn+1 = xncos(a)− (yn − x2
n)sin(a)

yn+1 = xnsin(a)+(yn − x2
n)cos(a)

(1)

An element of randomness was introduced into the initial
conditions, and the equations plotted.

Problem 2 consisted of studying the Peter de Jong-attractor.
It is given by the equations

xn+1 = sin(ayn)− cos(bxn)

yn+1 = sin(cxn)− cos(dyn).
(2)

The study consisted, as in problem 1, of plotting these equa-
tions in order to visualize their behaviour.

Problem 3 was chosen to contain a further study of the
Henon Map. More detailed analysis of its structure at a
zoomed in area was performed.

1. Methods
Although it was encouraged to use a faster language like c++
or python for coding, Matlab seemed to serve the purpose

in a more accessible way for the writer, and was therefore
chosen as the programming language. Also the plotting was
done herein, though it is understood that a tool like Gnuplot
is more powerful when known and used properly.

2. Results and Discussion
In this section, the plots produced by the scripts written for
the respective problems are shown and discussed briefly.

Problem 1 and 3
Since both problem 1 and 3 take upon the Henon Map, these
problems are taken together. In the problem description, a
reproduction of a plot shown for a = −10 was asked for. It
is given in 1, obtained after one million iterations. Refer
to Appendix A for the actual script written to evaluate the
iterative map given by (1). The initial conditions used for x
and y were (x,y) = 0,0, as given in the problem1.Each time
the norm x2 + y2 ≥ 10000, x and y are reseeded by a random
number generator, so as to take on values between -1 and
1. The same reseeding is also done each time the script has
done 1000 iterations. The results obtained after one million
iterations with a = 5 is shown in 2.

The detailed analysis asked for in Problem 3 merely con-
sisted of zooming in on a certain area of preference in the
initial plot obtained for the Henon Map, namly figure 2. A
zoomed in plot of the area −0.15 ≤ x ≤ 0.2, −0.5 ≤ y ≤
−0.15 with a = 5 is shown in figure 3. To visualize any de-
tailed structure the number of iterations was increased to ten
million.

Concerning fractal structures in the Henon Map, it is an in-
triguing thought, but the pictures do not appear conclusive to
the undersigned, and a more detailed study must be performed,
including an exploration of the parameter space of a. To this
end it is noted, however, that the structure found in figure 3

1This is a fix-point however, so the first 1000 iterations are not meaningful.
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Assignment/reprod.png

Figure 1. Reproduction of the Henon map shown in the
exercise, obtained after one million iterations with a =−10.
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Figure 2. The Henon map obtained after one million
iterations with a = 5.

Assignment/PlotZoom.png

Figure 3. A zoomed in plot of the area −0.15 ≤ x ≤ 0.2,
−0.5 ≤ y ≤−0.15 with a = 5, obtained after ten million
itterations.

at least to some extent resembles the structure seen in 2, and
one could imagine it as the Henon map for some other value
of the parameter a. As such one may imagine that it is merely
a matter of zooming in to the adequate scale to obtain the
exact same map as was started from. If so, the map exhibits
a self-similar fractal structure. Otherwise, if the exact same
picture cannot be found on every scale, the resemblance might
still suffice for the fractal category as far as the undersigned
understands with the notion of fractals. The latter occurs more
plausible in the Henon Map case, since the similarities are
not overwhelming. But some sort of statistical similarity is
expected from what the bare eye observes.
Another zoom was sought, but memory constraints on the
computer used shut that attempt down2. It is thought, how-
ever, that plotting outside the Matlab environment (e.g. in
Gnuplot), might have helped to this end, but as it was, time
constraints did not allow for such an attempt.
From what the bare eye sees in figure 3, however, it is by no
means obvious where the further zooming should focus. Is
there really a fractal structure here? As for the conclusions
in this brief report, the question must be thrown back to the
ether due to the limitations mentioned above.

Problem 2
The script used to evaluate the Peter de Jong-attractor is ap-
pended as Appendix B. The same sort of reseeding is done
here as in the first problem. Figure 4 shows the plot obtained
after one million iterations with the values a = 1, b =−2.3,
c = 2.4 and d = 3.

2This occurs a bit strange to undersigned, since the vector V used for
data storage was not pre-allocated in memory, and only non-trivial data was
stored.
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Assignment/PeterDeJong.png

Figure 4. The Peter de Jong-attractor obtained after one
million iterations with parameters a = 1, b =−2.3, c = 2.4
and d = 3.
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Appendices
Appendix A

The Matlab script used in solving exercises 1 and 3. Beneath the values as chosen for exercise 1 are given.

%%%%%%%%%%%Numerical assignment in Non-linear dynamics fall 2014%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%By Ben David Normann %%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%Zoom-values:
clear all;
Xmin=0.007;
Xmax=0.02;
Ymin=-0.355;
Ymax=-0.345;
tic;
%Defining initial constants:
reseed=1000;% giving when the reseeding should be done
N=reseed*20000; %Number of itterations
a=5;%constant defining the matrices A and B below.

%Making the X and Y vectors. Since matrix operation are
%cool in Matlab, the problem is rewritten to matrix form: X=AY+BZ, as
%defined below. A is the rotation matrix, taking angle a as argument. B is
%a boost of Z (Z_1, really), which is non-linear in Y (Z_i=Y_iˆ2).

A=[cos(a) -sin(a); sin(a) cos(a)];
B=[sin(a) 0; -cos(a) 0];
X=[0,0].'; %Defining X as a column vector
%V=zeros(N,2); %the vector in which the iterations will be stored
%Unfortunately having to do a while and an if...to perform the actual calculations:
norm=0; %defining a variable for the upper bound of the radius of the map
counter=0;
k=1;
while k<N

while counter<reseed
norm=sum(X.ˆ2);
if norm > 10000

X=ones(2,1)-2*rand(2,1);%seeding random values (x,y) in (-1,1),(-1,1)
end
X=A*X+B*X.ˆ2;
%this if-sentence allows for zooming in on a certain area of interest without saving the
%data in the vector V:
if X(1) > Xmin && X(1) < Xmax && X(2) > Ymin && X(2) < Ymax
V(k,:)=X;
end
counter=counter+1;
k=k+1;

end
counter=0;
X=-ones(2,1)+2*rand(2,1);%seeding random values (x,y) in (-1,1),(-1,1)

end
toc;
disp('Plotting...');
tic;
%Plotting:
h1=figure;
scatter(V(:,1),V(:,2),0.0001,'.');
axis([Xmin Xmax Ymin Ymax]);
toc;
disp('saving to file...');
tic;
print(h1,'-dpng','-r1500','PlotZoom2')
toc;
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disp('FINITO');
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Appendix B

The Matlab script used in solving exercise 2:

tic;
%Defining initial constants:
reseed=1000;% giving when the reseeding should be done
N=reseed*1000; %Number of iterations
%constants defining the matrices A and B below.
a=1;
b=-2.3;
c=2.4;
d=-3;

X=[0,0].'; %Defining X as a column vector
V=zeros(N,2); %the vector in which the iterations will be stored
%Unfortunately having to do a while and an if...to perform the actual calculations:
norm=0; %defining a variable for the upper bound of the radius of the map
counter=0;
k=1;
while k<N

while counter<reseed
norm=sum(X.ˆ2);
if norm > 100

X=ones(2,1)-2*rand(2,1);%seeding random values (x,y) in (-1,1),(-1,1)
end
X(1)=sin(a*X(2))-cos(b*X(1));
X(2)=sin(c*X(1))-cos(d*X(2));
V(k,:)=X;
counter=counter+1;
k=k+1;

end
counter=0;
X=-ones(2,1)+2*rand(2,1);%seeding random values (x,y) in (-1,1),(-1,1)

end
toc;
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
disp('Plotting...');
tic;
%Plotting:
h1=figure;
scatter(V(:,1),V(:,2),0.0001,'.');
%axis([-2 2 2 2]);
print(h1,'-dpng','-r500','PeterDeJong')
toc;
disp('FINITO');
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