Chaos Exam II                                                            Name _______________________


Instructions:

· Place your name on all of the pages. 

· Do all of your work in this booklet. Do not tear off any sheets.

· Show all of your steps in the problems for full credit.

· Be clear and neat in your work. Any illegible work, or scribbling in the margins, will not be graded.

· Put a box around your answers when appropriate. 

· If you need more space, you may use the back of a page and write On back of page # in the problem space.

Try to answer as many problems as possible. Provide as much information as possible, such as sketches, etc. Show all work for full credit. Do your best and pace yourself. 

	Page
	Pts
	Score

	1
	21
	

	2
	18
	

	3
	16
	

	4
	12
	

	5
	18
	

	6
	15
	

	Total
	100
	


You are to obey the honor code. There is to be no sharing of results, or getting answers from any other human being. If you have questions, you may consult Dr. Herman.

This exam is due by 5 PM on November 9th

1. Let 
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a. If 
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 what is x?

b. How does the problem change if 
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2. Delete the middle quarter, successively. 

a. What is the length of the set at the 5th deletion?

b. Is there an appropriate base in which to describe the remaining points? If so, then give a full description of the remaining points in that base.

c. What is the box dimension for this set?

3. Starting with an equilateral triangle, find as many affine transformations of this triangle as you can to create as much of the image of the cat below.
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4. Start with the unit square.
a. Find the affine transformations needed to transform the unit square into the boxes in the figure.

b. Iterate the corresponding stochastic IFS and get the attractor.
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5. The generalized gingerbread map is given by the 2D map 
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a. Determine the fixed points for this map, if they exist, as a function of
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b. What is the stability of these fixed points?

c. You can download the MATLAB code from the Discrete Dynamics II section of the MATLAB Tutorial. You will need the files ginger.m and gingermap.m. Explore the regions of phase space using different initial conditions for 
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on 
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 What do you see? Change the parameter to
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Observe the general changes. For two interesting values specify the dominant periods that one can see. Zoom in to a region by changing the viewing region by changing the axis([-10 10 -10 10]); statement in ginger.m. Can you find any more interesting dynamics at smaller scales?
6. Consider the (complex) quadratic function 
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a. Is the point 
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 in the Mandelbrot set?

b. Part of the Mandelbrot set is a big cardiod. Inside the cardiod is an attracting fixed point. Assuming the same sort of conditions for determining fixed points and stability as for 1D maps (though the absolute value is now a complex modulus), 
i. Determine the fixed points, and

ii. This stability condition.

iii. Verify that the boundary of attracting fixed points is 
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 For those who know simple complex variables, this means that 
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 Show that the fixed point equation implies that 
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iv. Bonus Show that a plot this condition in the complex plane for 
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 gives the cardiod shape.

7. Determine the box dimension of Hurricane Floyd. Cover the hurricane with a large square. Break the square into 16 squares. How many cover the original area? Cut each of those into quarters. How many are needed to cover just the white part? Continue several more levels. Use this data to determine the box dimension. Is the cross section a fractal? 
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You are to obey the honor code. There is to be no sharing of results, or getting answers from any other human being. If you have questions, you may consult Dr. Herman.

This exam is due by 5 PM on November 10th
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