
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.
(9) You don’t need to turn in this sheet.

Homework 4: Due Thursday, October 4

(1) Book problems (pg 98): 2.6; (pg 140): 3.1, 3.2
(2) Find the stable and unstable manifolds for the following map:

f(x, y) = (x+ y/2, x/4 + 3y/4).

(3) Let g(x, y) = (x2 − 5x+ y, x2). Find fixed points, analyze their stability. Find the stable and unstable manifolds in
the neighborhood of each saddle point.

(4) Using a computer, compute and plot the Lyapunov exponent as a function of r for the sine map xn+1 = r sin(πxn),
for 0 ≤ xn ≤ 1 and 0 ≤ r ≤ 1. (First choose a few values of x in the domain given, plot the Lyapunov exponent as a
function of r for each, see if your plot depends on your value of x.) For which values of r (if any) do chaotic orbits
exist?

(5) We saw in class that the Lyapunov exponent for the logistic map g(x) = rx(1 − x) appears to be 0 any time there is
a period doubling bifurcation. Show analytically that this is true.

(6) Let f(x) = (x + q)( mod 1), where q is irrational (it cannot be written as n/m for two integers m and n). Verify
that f has no fixed points nor periodic points. Also verify that the Lyapunov exponent of each orbit (where the
Lyapunov exponent exists) is 0.
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