Investigation: the logistic map and chaos theory.  

Aim: to discover how features of the logistic map and chaotic behaviour may be seen in real life.

Prior knowledge:
For 2<k<3, Xn oscillated between 2 values before tending to . For 3<k<3.4 Xn permanently oscillates about 2 values. From 3.4<k<3.6, Xn oscillates about an increasing number of values, after which there is the onset of chaos. A period of stability occurs at 3.82<k<3.84. Small changes in X0 seem to drastically influence value Xn . 

Research:
It became apparent that the number of values around which xn oscillated was simply an exponential sequence 2, 4, 8 etc which occurred when the graph of k and xn bifurcates at intervals. The time period between subsequent bifurcations follows the ratio of the Feigenbaum constant (4.669…).

[bookmark: _GoBack]The most intriguing follow-up was that similar chaotic behaviour can be seen in patients with arrhythmia (irregular heartbeat). Chaos has been found in the breakup of spiral and scroll waves, which are precursors to cardiac fibrillation [1]. Perhaps this is linked to the logistic map: maybe the improper functioning of the sinoatrial node leads to minor imprecisions in coordinating heartbeat which gets amplified into displaying chaotic behaviour, similar to minor differences in parameter x0 being magnified by exponential bifurcations in the logistic map resulting in chaos. This phenomenon is the Butterfly Effect, where a system is highly sensitive to initial conditions and has been witnessed by the meteorologist Lorenz who rounded off one variable in a simulator of weather patterns from 0.506127 to 0.506 and noticed a large difference in the outcome, prompting the suggestion that even one flap of a butterfly’s wings could alter wind pressure to the extent that a tornado could form far away, and that forecasting the future is near impossible given that seemingly insignificant differences in parameters result in wildly dissimilar outcomes[2]. Perhaps treatments could be developed that involve correcting these ‘parameters’ that determine heartbeat to induce a stable, non-chaotic outcome. Scientists were able to correct arrhythmia with an alternative method in rabbits by administering electrical stimuli to the heart at irregular times determined by chaos theory, converting it into periodic beating [3]. Could similar theory be applied to influencing weather patterns for food security and agriculture; could the uncontrolled growth of cancerous cells display this chaotic behaviour and, by extension, could chaos theory be used to develop a cure?
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