
YING LIU et al: THE HYPERFINE STRUCTURE IN THE PERIOD THREE WINDOW OF LOGISTIC MAP 

DOI 10.5013/IJSSST.a.17.48.06                                      6.1                  ISSN: 1473-804x online, 1473-8031 print 

The Hyperfine Structure in the Period Three Window of Logistic Map 

Ying LIU, Jianguo JIN *, Hong LI 
 

College of Science, North China University of science and technology, Tangshan, Hebei 063009, P. R. China 

 
Abstract — Based on the matlab2014a, the method of recalculating the zoom region for the gradually stratified enlargement of the 

period three window of logistic map is illustrated. On the basis of the hyperfine structure in the period three window, 
n3 windows, 

fractal structure, the similarities in the inter-layer delicate structure are discussed. The results are important in the study of 
nonlinear dynamical systems like boost converter with its intermittent chaos.  
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I. INTRODUCTION 

The logistic map is given as the following equation: 
2

1 1 nn xx  . Where  , 0 2  is a positive constant 

sometimes known as the biotic potential[1]. The fig 1 shows a 
bifurcation diagram of the logistic map obtained by plotting 

as a function of   a series of values for nx  obtained by 

starting with a random value 10 0  x , iterating 

many times, and discarding the first points corresponding to 
values before the iterates converge to the attractor. In other 

words, the set of fixed points of nx  corresponding to a 

given value of   are plotted for values of   increasing 

from 0 to 2.  

 

Fig. 1 Bifurcation diagram of Logistic map 

With value of   at which a n2 -cycle first appears 

indicated, The period doubling bifurcation come faster and 
faster (1, 2, 4, 8, 16, 32, …), then suddenly break off. 
Beyond a certain point known as the accumulation point, 
periodicity gives way to chaos. In the middle of the 
complexity, a window suddenly appears with a regular 
period like 3 as a result of mode locking. The period-3 
bifurcation occurs at 745.1 , and period doublings 

then begin again with cycles of 6, 12, …, and then once 
again break off to chaos. However, note that considerable 
structure can be found within this chaos. In this letter by 
means of Matlab, the method of computer simulation for the 
gradually stratified enlargement of the period three window 
of logistic map is illustrated. At the base of the hyperfine 

structure in the period three window, n3 windows, fractal 
structure, the similarity in the inter-layer delicate structure 
are discussed.  

II. DESCRIPTION OF ALGORITHM STRUCTURE  

In this letter, computer simulation environment is 
Windows XP/2003/2010, and the application development 
platform is Matlab2014a. We choose new iteration steps 
and recalculate each coordinate values to hierarchically 
amplify the period three window of logistic map. The detail 
description of algorithm structure is as follows:  

In order to study the period three window of logistic 
map, fist, find the  -values range andx -values range of it 

in fig 2(  808.1,745.1 ,  1,0x ). Second, An 

enlargement of the previous diagram with -values from  

 

Fig 2. The sketch map of the enlargement area 

1. 745 to 1. 808 and x -values from 0 to 1 is illustrated 
in fig 2, and the self-similar structure can be seen clearly in 
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it. Once again, with  -values range and x -values the 

next similar structure appears indicated by circle line in the 
fig 2, amplify it again. Analogously, get the nested structure 
in the period three window.  

 

III. THE SIMULATION RESULTS 

From the above simulation, four layers of deep nested 
structure are shown in fig 3, fig 4, fig 5, fig 6.  

 

Fig. 3 the 2nd layer diagram of the period three window 

 

Fig. 4 the 3rd layer diagram of the period three window 

 
Fig 1 is the logistic map, fig2, fig3, fig4, fig5, fig6 are 

the 1st, 2nd, 3rd, 4th, 5th layer diagram of the period three 
window. Because of the restrictions of Matlab drawing 
format，the decimal place in fig4, fig5. fig6 are only five, 
the accurate scales are (1. 786425, 1. 786445), (1. 7864400, 
1. 7864403), (1. 686440250, 1. 786440257).  

The simulation results bring out that the period three 
window has the hyperfine structure rather than a blank area.  

 

 

Fig. 5 the 4th layer diagram of the period three window 

 

Fig. 6 the 5th layer diagram of the period three window 

 

A. There Are The Period 
n3 Window S In The Period 3 

Window 

In each layer there are 3 tangent bifurcation after a 
period of chaos in the window area, so there are period 9, 
27, 81, …windows in the period 3 window, which is related 
to Li and York's famous paper "Period 3 implies chaos" 
(1975).  

B, The Period 3 window have fractal structure.  

Fractal, is a complex geometric pattern exhibiting 
self-similarity in the small details of its structure viewed at 
any scale repeat elements of the overall pattern[2]. The plot 
in fig 3, which enlarges the period 3 window region, shows 
the period doubling cascade of the middle branch of the 
period 3 limit cycle . Notice that, even in this greatly 
enlarged view, one sees the same period doubling structure 
on smaller and smaller scales. In each layer，the chaos are 
interrupted by tangent bifurcation bursts, then via 
period-doubling bifurcations go to new chaos. The origins, 
destinations and span coordinates of each layer window are 
shown in table 1. The calculation results by the simulation 
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algorithm are consistent with the theoretical calculations 
from literatures in the period 3window[3] [4]. There are no 
theoretical calculation results in the period 9, 27, 
81, …windows still the moment. From the table1, each 

layer of window width is reduced 50 times (do percentile 
approximation), the simple looking map in the first equation 
would have the amazingly self-similarity behavior.  

 
TABLE1. THE COORDINATE OF THE STRATIFIED WINDOWS 

  The 1st layer The 2nd layer The 3rd  layer The 4th  layer The 5th layer 

min  1. 750 1. 7858 1. 786428 1. 7864400 1. 786440250 

max  1. 792 1. 7866 1. 786442 1. 7864403 1. 786440257 

  0. 042 0. 0008 0. 000014 0. 0000003 0. 000000007 

 

C. Greater Similarity Between The Inter Layer Of The Fine 
Structure 

Fine structure as shown in fig 3, the slope of the -x  

curve from tangent bifurcation point and doubling 
bifurcation point in fig 2, fig4, fig6 is negative. But the 
slope of the -x  curve from tangent bifurcation point and 

doubling bifurcation point in fig 3, fig 5 is positive. So, 
there are greater similarity between the inter layer of the 
fine structure in the period 3 window.  

IV. CONCLUSIONS 

Based on the matlab, numeric simulation are used to 
show the hyperfine structure of the period 3 window, other 
windows’ structure like the period 4, period 5, …will be 
calculated later. These results may supply the mathematical 
basis for further theoretical studies of logistic map. And the 
exact positions of period orbits are showed in the hyperfine 
structure in the period 3 window. It will be used to develop 
some special functional parallel circuit by some non-linear 
components like boost converter with its intermittent 
chaos[5] [6]. The greater similarity between the inter layer of 
the hyperfine structure will help the study of the 
phenomenon of ‘sensitivity of non-periodic activity’ in 

ueuron dynamics[7].  
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