
Project 23 Fractals

Objectives: Learn a bit about fractals and graphics in MATLAB.
Outcome:

• A pretty picture.

1. Back to MATLAB

1. Start up MATLAB. Remember to set your directory to My Documents

2. Brief Background

1. In the simplest terms, given a sequence of number {xn}, i.e. xn = f(n) where f is a real-valued function, as n → ∞ either the
sequence converges, i.e. values tend toward some fixed number, or the sequence diverges, e.g. tends towards ±∞.

2. Fact 1: If a sequence is defined recursively, i.e. the next term is determined from the previous term(s), then with different starting
value(s), the behavior of the sequence may be different.

For example, consider the sequence defined by xn = x2
n−1, i.e. one squares the last term to get the next term in the sequence. If

we start with any value x1 with −1 < x1 < 1 then the sequence converges to 0. If we start with any value x1 with |x1| > 1 the
sequence diverges.

3. Fact 2: If a sequence is defined recursively by a formula with a parameter, then for different values of the parameter the behavior
of the sequence may be different.

For example, consider the sequence defined by xn = axn−1. From a previous project we know that if |a| < 1 the sequence
converges to 0 and for |a| > 1 it diverges.

4. Quadratic Recursion: Consider the sequence defined by xn = x2
n−1 + c where in this case we allow the starting value x1 and the

parameter c to be complex. So we have two option from the above facts: (1) fix c and look at the behavior for various x1 and
(2) fix x1 and look at the behavior for various c.

5. Coloring Results: We can naively identify divergence when the terms get to big, so we can define some value A so that if |xn| > A
we declare the sequence as divergent. We can then color-code the value by how many terms it takes to reach the divergence state.

The resulting image is a representation of what is called the (1) Julia Set and (2) Mandelbrot Set. There are many different Julia
Sets, one for each choice of c. There is only one Mandelbrot Set corresponding to x1 = 0.

3. To Do and Turn In

1. Download the two programs julia.m and mandel.m. Make sure they go into your My Documents folder.

2. Open up each in the M-file editor and see how they work. I’ve put some comments in to help you out.

3. Play around with the programs trying different values, different boxes, different number of points (don’t use too large of an m as
it does have to compute results for m2 points; I usually try a small m first (like 50) and if I think the result looks interesting try
again with a larger m (like 500)). You enter complex numbers using i, i.e. 0.2+0.2i

4. You can change the color pallet used with the command colormap. Type help colormap to see how to use it and help graph3d
to see the available color maps.

5. Generate the best Julia Set and Mandelbrot Set image you can, save them as .jpg or .jpeg and submit them.

6. As always, when you are done, please fill out the survey.
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