
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 10: Due Thursday, December 6

(1) Please make the drawings for this problem by hand, as carefully as possible! The normal form for a supercritical
pitchfork bifurcation in a 2D ODE is

x′ = ax− x3

y′ = −y.
(a) Draw the bifurcation diagram of how a affects the x coordinate of equilibria near x = a = 0.
(b) Draw three phase planes (in x and y): one with −1 < a < 0, one with a = 0, and one with 0 < a < 1.
(c) Give the normal form for a subcritical pitchfork bifurcation in a 2D ODE.
(d) Draw the bifurcation diagram of how a affects the x coordinate of equilibria near x = a = 0.
(e) Draw three phase planes (in x and y): one with −1 < a < 0, one with a = 0, and one with 0 < a < 1.

(2) Find a period-doubling bifurcation for g(x, a) = −x(a + x). For what parameter value a does the period-two orbit
itself go through a period-doubling?

(3) Let

T (x, a) =

{
ax if x ≤ 1/2

a(1 − x) if x > 1/2.

Draw the tent map bifurcation diagram for (a, x) in [0, 2] × [0, 1].
(4) Find the saddle-node and period-doubling bifurcations of fixed points for the Hénon map f(x, y, a) = (a−x2+0.3y, x).
(5) Book problems (pg 494): 11.12, 11.13 (you don’t actually have to do T11.21.)
(6) The Lorenz equations are: (with b, σ > 0)

x′ = σ(y − x)

y′ = x(r − z) − y

z′ = xy − bz

(a) What happens to trajectories of the Lorentz equations whose initial conditions lie on the z-axis?
(b) Determine equilibria of this system. Where does a bifurcation occur and what kind does it appear to be? (You

don’t have to prove this.)
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