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MIDTERM. Math 145. (aka Chaos aka Nonlinear dynamics). 2013.

PROBLEM 1. A cubic p(z) = Az® + Bx? + Cx + D defines a map of the line.

A. [20] Derive conditions on the coefficients 4, B,C, D of p(r) guaranteeing

. that the map has fixed pointssz,x:%and:czl. - - o
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(0 [20] Verify that pg(z) = kz® — rz + x+a: has fixed points atx—O,Z,l.
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FOR C, D, E use the p(z) of problem B. ?\,’(\7 v - ")k ’k v - %Z\thﬂz .
T

[20] Find the values of the parameter k guaranteeing that :zt =0 and rz=1
are both attractmg fixed points.

PL(X?: %\zy( %‘({X-\E \
Pel@_ 2, Pe(): b -kule

T

56 Loc boll ke (4 0)

D. [20] At what value of k does Py(x) undergo a pitchfork bifurcation at the
fixed point x = %? (This is the value of k£ at which a period 2 orbit is born out of

he fixed point.) /
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E. [20] Find some 1nterval of values of the parameter k such that px(x) maps
the unit interval onto itself. (It is okay if your k- interval is smaller than the largest
possible such interval consisting of all those values of k such that pg([0,1]) = [0, 1].)
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describing that dynamics on the right side.
~ (I've drawn more phase portraits than graphs. Each graph
should have exactly one arrow leaving it. )
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3. A={0,1,2} is the alphabet with three letters, 0,1,2 and S = AN is the set
of infinite one-sided sequences in the letters 0,1,2.

A. [20] Define the shift map on S.
Lor o Q(%UQV\CQ L\ng 5.+ L= Wl Wy Wy

Wi €
e §L‘\Q¥ Mo\@ F NS JQCM((‘B S.Q‘ ‘ A
F (WB = L«J,: W we Wao .. <50 [:(‘«)3 = %L\Q/":(({é‘:"

B. [40] Write down 5 distinct periodic orbits of period 3 for this shift map.

In your answer, use the over bars notation for indicating periodic sequences:
so 1235 = 123512351235 . . .. Thus, the full list of distinct periodic orbits of period
2 isiﬁT,l—G}, {02,20}, {12,21}.
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/ C. [20] Excluding the fixed points, is your list from B the full list of distinct
/' periodic orbits of period 3? Why or why not?
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