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1.5 Consider the map f(x) plotted, with the identity line, in Figure 1. Indicate all of the
steady states on the plot, and then determine the stability of each steady state using
graphical techniques. Explain how you arrive at your stability results.
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Figure 1: Map for problem 1.
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2.5 Below are two plots showing parts of the bifurcation diagram for the logistic map, f(x) =
ax(1− x). The right panel is a zoomed-in view of part of the left panel.

(a) For each range of a values given below, describe what is the behaviour of the system
(i.e. what is the period of the stable orbit, any other special names for the behaviour
or sequence of behavours).
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i.1 2.6 < a < 3.5

ii.1 3.83 < a < 3.85

iii.1 a = 4

(b)2 At a = 3, the left panel shows a bifurcation in model behaviour. Mathematically,
what happens to the stability of the fixed point x∗ of f as a increases past 3? Each
point in the period-2 orbit that emerges is a fixed point of what map?
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3.4 Consider the linear map f(~x) = A~x, where

A =

[
1/4 −1/2
1/2 3/4

]
.

Determine the stability of the steady state at the origin.
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4.4 Below are three plots showing the image of the unit circle under two iterations of three
different linear maps. For each plot, classify the steady state at the origin. Explain your
answer in each case.

Image 1

2nd iterate1st iterateunit circle

Image 2

Image 3
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5. Consider the saddle fixed point ~0 of the map f(x, y) = (x/2, 2y−7x2), and the following
information:

• The inverse map is f−1(x, y) = (2x, y/2 + 14x2).

• The y axis is invariant under f , and |f−n(0, y)→ 0| as n→∞.

With this information, answer the questions below.

(a)3 Show that the set S = {(x, 4x2) : x ∈ R} is invariant under f , and that |fn(x, 4x2)→
0| as n→∞.

(b)2 Sketch the stable and unstable manifolds of ~0, and some nearby trajectories.
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