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MATH 100 LAB #3
November 18, 2008

Fractals and Dynamical Systems
1) A fractal is an object that is self-similar. In other words, it is something that looks like itself at many levels of magnification. Google “romanesco broccoli images” and look at the pictures that come up. Explain why these pictures are great illustrations of natural fractals.

2) Go to the course webpage
http://faculty.umf.maine.edu/~danielj/F2008/Math100.html
and save the file MAT100A.waa to your desktop.

From the course webpage, click the link “link to DYNAMICAL GRAPHER…” Once the JAVA applet has loaded, go to the “file” menu and use the “Load State” option to open the file MAT100A.waa.

A) The graphing program has a function (rule) of the form f(x,y)=(G(x,y),H(x,y)) entered into the top right input box. For example, it could be something like 
f(x,y)=(2x+y, x/(x+1)). (But it’s not.)
What is the formula for the function?

(Remark: This formula is called the Henon Map) 
B) There should be an “a” and a “b” in this formula. What does the program currently have these set to?

C) By placing your cursor on the drawing screen the grapher should show you its current location (xcur,ycur) as well as the first iteration of your location. In other words, if you place your cursor on the point (x,y) then there will be a line showing where f(x,y) is. You can lock the line on the screen by left-clicking. Use this feature to find f(-.5,-.2). In other words, where does the point (-.5,-.2) go under the rule given by f?

D) You can increase the number of iterations (applications of f) by increasing the number in the “Graph Trajectory Iters=“ box in the top right part of the screen. Change the number of iterations to 5 and find where (-.5,-.2) lands after 5 iterations. 

E) Up the iterations to 300 or so. What can you say about the ultimate behavior of every single starting point? Is there a certain object they seem to be attracted to? What shape is it?
F) Let’s draw the Henon Attractor! Click the “show curve” button listed under “curve 1” - it’s kind of middle right on the screen. Then click the “graph curves” button. This shows us a whole line of initial starting points. To find out what happens to all of them (the whole line) under iteration of f, click the function 1 box (just under the “show curve” part) and then hit “graph curves” again. Sketch this image:
G) Use the “graph trajectory” feature is answer the following: Once a point lands on the Henon Attractor, what can we say about its future?

H) You can zoom in to the image by left-clicking and dragging and dropping a box. Use can zoom out by right clicking. Use the features to explain why we consider the Henon Attractor a fractal.

3) Another way we can define a fractal is that a fractal is any object with “fractional dimension”. This means that, for example, the object is not 1 dimensional or 2 dimensional but somewhere in between 1 and 2. Maybe it could be 1.26 dimensional! 
Consider at least 2 images from the gallery: http://students.umf.maine.edu/~basselhn/gallery.html
Explain how we may see that these objects do not have a well defined whole dimension- i.e. why do they have fractional dimension?
