
MATH 489

INSTRUCTOR: PROFESSOR LEISMAN

Homework Policies

(1) Due at the beginning of class – if it is not turned in by 11:05, it will be considered late!
(2) You are welcome and encouraged to work together on homework.
(3) You must turn in your own work, do not copy answers from others. This is not helpful to you at all.
(4) If you work with others, write the following on the top of your assignment: “I worked with ...... on this assignment.”
(5) Number your problems appropriately (according to numbering in book or on problem sheet)
(6) Please draw a box around your final answer when applicable.
(7) I will accept neat hand written homework or typed homework (perhaps LaTeX).
(8) Show all work.

Homework 7: Due Thursday, November 1

(1) Book problems (pg 226): 5.4, 5.7 (Euler’s formula: z = reiθ), 5.8
(2) The cat map is the following:
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Thus it is a discontinuous map on the unit square, or is a continuous map on a torus. We discussed in class how to
prove that the Cat map has chaotic orbits if we know all its fixed points are saddles and all irrational pairs are not
periodic points. Follow the following steps to prove using Markov Partitions:
(a) We will still partition into rectangles, but they will not be parallel to the x and y axes. Find the perpendicular

directions along which the rectangular partitions will be parallel.
(b) Draw arrows next to the figure below that indicate the directions of stretching and contracting (label which is

which).
(c) We will want to partition the torus into three rectangles. If we then flatten it back out into a unit square, it

will look like the following figure. Determine the coordinates of each lettered point. (Note that on a torus, all
A points are the same point, and both D points are the same point. Also note that 1 mod 1 = 0.)

(d) Observe that this partition divides the unit square into three rectangles. Label them R1, R2, R3 and shade
them above with three colors or three different shading patterns.
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(e) Determine where each lettered point maps to (call C(A) = A′). As carefully as you can, plot these mapped
points on the square below. You may want to use a straight edge...

(f) Observe that all the original points as well as all the mapped points lie on both stable and unstable manifolds.
(g) As carefully as you can, draw the first iteration of this partition on the square below. (I have included the original

lines lightly in case they are helpful. Remember that all your borders should be parallel and perpendicular to the
light grey lines.) Shade using the same colors or shading patterns as you used for the original three rectangles
on the previous figure.

(h) Show that this partition is Markov.
(i) Draw a transition graph based on lying across properties.
(j) Prove the Cat map has periodic orbits.
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