a4 m"'. _.r'r.
s ﬁ
! LS

1 z q

*:.! *

Figure § Some representative contours of the Hamilionian given in Hgquation 4;

the contoure for negative P are oblaiped by reflection in the Q-axis.

(11i) We have already shown that the particle will be turned back unless vy sabisfies
iegquality 5. It follows that the reguired condition s
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This s 2 gquadratic one-dimensional map o will behave in the same man-
ner as that treated in ['mat 12 Section 12.3, g4 = 3% + ¢. On putting
& = oy + b, the given map becomes

agnq1 = B{b = 1){1 = A} + agn{A + 25(1 = A)} + a¥(1 = A,
so on choosing

A 1
R — - — = - - = 1 -
LR et m and ©= bb~1)(1-A4)= zA(2-23),

we regain the map g1 = ﬁ +oiAl.
This latter map undergoes a sequence of period doubling bifurcations,
starting at c = = %, corresponding to A = 3, and ending af ¢, = =1.38,
corresponding to Acy = 1+ /1 — dc,,, at the parameter values oy = o{da),
k=12 ..., and for large k& thess satisfy the relation

A = Aoy o+ T, largs k,
where & 18 8 universal number and o 12 & constant, but 8 not oniversal.
At cach period doubling bifurcation, a periodic orbit which was previcusly

stable becomes unstable, and a new periodic orhit of twice the period s
born. Thus the system has aliracling pericdic orbits, successively of

periods 1, 2, 4, 8, 16 and so on.
On putling A =4 and z = %ain’ #, we oblain
F{z) = ¥ sin* 8 — K xin* g
= Pgin® #(1 — in® §) = L2 ain® Fcos” # = Fain 28,
and hence
gin® 8,4, = sin? 26,

o 510 By = mm 205, pince 08, <xf3,
This defines the tent map, and the three distinetive features of itz motion
are:

#  there are periodic othits of every peniod 1,2, 3, 0.5
#  there are infinitely many dense orbits;
# 1t shows extreme sensitivity io initial conditions.
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