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Abstract: Time series generated by Schrödinger’s equation for describing the behavior of quantum dynamic systems display biotic features, namely diversification (increase standard deviation with embedding or length of the series), novelty (less recurrence than surrogate copies randomized by shuffling), high proportion of consecutive recurrence (indicative of nonrandom causation), arrangement (a measure of nonrandom complexity), and asymmetric statistical distribution. Bios is an expanding aperiodic pattern with higher sensitivity to initial conditions than chaos, generated non-randomly by recursions of bipolar feedback (positive and negative opposition) and by physiological processes such as cardiac rhythms driven by neural opposites. The defining characteristics of bios are the features expected from a creative process, and are absent in chaos. Finding bios in Schrödinger’s series suggests that quantum processes may be causal and creative, satisfying Einstein’s demand for rationalism, epistemological realism, and mathematical certainty. Universal mathematical forms such as Bourbaki’s three “mother structures” of mathematics (lattice asymmetry, group opposition, and topological transformation), which are necessary to create bios, may be the mathematical generators of primordial physical processes. The potential for creative evolution is already present in causal processes at the quantum level. 
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Bios, a newly discovered pattern evident in creative natural processes, is evident in quantum mechanical processes. Here we will show that biotic patterns appear in the Schrödinger’s equation, which  describes the behavior of quantum dynamic systems. It thus portrays the physical foundation of natural and human processes. 

Determinism and probability (sometimes presented as indeterminism and acausality) are regarded as the two possible alternative models for fundamental physical processes. According to the popular Copenhagen interpretation of quantum mechanics, the Schrödinger’s wave function exists in the observer’s mind, rather than as a real, objective physical entity. The properties of a quantum system cannot be said to exist if they have not being measured. Whether a given property of a given physical system in a given state may be asserted, denied, or regarded as meaningless, depends on the measuring context; the observer determines the physical facts being observed. An entire “philosophy” centered on the “refutation” of causality by quantum mechanics, electron “choices”, the observer, and a “conscious” universe permeate scientific popularizations, and even textbooks and scientific journals.  There is a patent parallel between traditional idealist philosophy and the Copenhagen interpretation of quantum mechanics.  

It is noteworthy that there is nothing in the equations of quantum physics that involves the observer. Further, there is nothing in these equations that involve probability –Schrödinger’s equation is completely deterministic, and does not include any reference to human observers. 

Purportedly, determinism presents problems when dealing with complex processes. Natural processes consistently create complexity. Evolutionary processes are clearly creative. If causal processes would be mechanic, time-reversible, repetitious, and powerless to generate novelty, then random accidents would be necessary to account for cosmological and biological evolution. 


Paradigmatic of creative processes are human behavior and language, which never repeat. This characteristic is evident in sequences of heartbeat intervals, and it is quantifiable as “novelty” using newly developed methods. These measurements identify a new pattern, bios, that displays measurable features of creativity absent in equilibrium, cycles and chaos. Causal processes can thus be creative, not “deterministic” in a standard meaning of the term, i.e. mechanical repetition without creation. Determinism in the sense of causation does not exclude creation. Evolutionary complexity may thus be created by causal processes rather than by chance.  Here we report the demonstration of creative, biotic (life-like) features in the wave function of an electron as described by Schrödinger’s equation.

Bios

Bios is a non-stationary processes that displays chaotic features of aperiodicity, sensitivity to initial conditions, and determinism, and in addition shows episodic pattern (complexes), diversification, novelty , nonrandom complexity, asymmetry, and contiguity (Sabelli, 2005). These properties indicate creativity. They can be identified using new methods for time series analysis (Carlson-Sabelli et al, 1994; Patel and Sabelli, 2003; Sabelli, 2001a, b; Sabelli, and Abouzeid, 2003; Sabelli and Kauffman, 1999; Sugerman et al, 2005). Complexes, diversification, novelty, and nonrandom complexity are absent in chaotic and random series. In this manner, biotic complexity can be differentiated from chaotic turbulence. Chaos resembles randomness; bios resembles Brownian noise, with which bios is often confused.. Bios differs from stochastic noise in its deterministic origin, which can be demonstrated by partial autocorrelation and consecutive recurrence. 

Bios has been found in physiological time series (heartbeat intervals, respiration [Sabelli et al, 1997]), the distribution of galaxies in time (Sabelli and Kovacevic, 200…), economic and meteorological series, and other data (Sabelli, 2005). 

Bios can be generated by a number of simple recursions of trigonometric functions such as sine or cosine, which we shall call biotic equations (Kauffman and Sabelli, 1998, 2003), the simplest of which is

At+1= At + g * sin(At)                         (1)

	The sine function generates a simple harmonic motion, which is bipolar and diverse. It models the interaction of a process with a wide gamut of synergistic and antagonistic opposites. As a sine (or cosine) function oscillates between +1 and -1, the feedback is at times positive and at times negative. The series generated by this simple recursion increase complexity of the patterns with the magnitude of the feedback gain g: (1) convergence to steady state π (g < 2); (2) bifurcation cascade (up to g = 3.56..., near Feigenbaum's point); (3) period 2 chaos (g <3.9) (4) chaos, which is negatively autocorrelated; (5) chaos expands into biotic patterns (figure   ) when the parameter g > 4.604… ; and (6) infinitation (g = 2 (). Bios is clearly distinguished from chaos (figure 1). Chaos is a uniform and bounded pattern, in which successive terms often lie across the midline. Bios is non-stationarity, and successive terms lie close to each other (contiguity, a discrete form of continuity). Thus chaotic series show negatively autocorrelation while biotic series are highly self-correlated (Pearson’s correlation coefficients R range from 0.994 to 0.999 for g ranging from 4.62 to 50). Biotic series are expansive; chaotic processes converge to an attractor.  

[image: image1.png]-50
455 456 457 458 459 46 461 462 463 464 465







Figure 1: The   expansion of chaos into bios in the process equation At+1= At + g * sin(At). The x-axis is the gain g, and the y-axis is At.
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	Figure 2: Bios shows global sensitivity to initial conditions while chaos does not. Time series (N =90000) generated by the process equation at gain 4.1 (chaos, top) and 4.61 (bios, bottom). Initial values: Left = 1.000; Right = 1.001, except for chaos, in which an initial value of 5 is used to highlight the difference between locally sensitive chaos and globally sensitive bios. 




Biotic patterns show global sensitivity to initial conditions: they change in range and polarity with minor changes in initial condition (figure 2). In chaos there is only local sensitivity to initial conditions (change in trajectory but not in basin of attraction). As shown in figure 3, mathematical bios displays complexes in recurrence and wavelet plots as observed with heartbeat series; Gaussian, periodic, and chaotic series do not.
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Figure 3: Time graphs and embeding, recurrence and wavelet plots of RRI and computer-
‘generated series. Cardiac and biotic data show temporal patterns (as contrasted to uniform periodic
and chaotic series), lower recurrence rate than Gaussian random series, and much less than
uniform random. and complex wavelet portraits similar to those obtaining with 1/1 pink noise..




Irreversibility is a property of bios that can be demonstrated by increasing and then decreasing the gain in the process equation, so the time series evolves from an initial steady state to greater complexity and then devolves back to simpler patterns (Figure 4). If the series evolves up to chaos, a subsequent decrease in the gain leads back to the initial steady state. In contrast, if the series reaches the biotic regime, a subsequent decrease in gain does not lead back to the starting point. One is tempted to relate this mathematical irreversibility of bios, absent in chaos, to the irreversibility of physical processes.
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	Figure 4: Irreversibility in mathematical bios generated by the cosine process equation. Left: If time is reversed during chaotic phase, paths overlap significantly. Right: After reaching bios, time reversal dramatically changes path and initial value. 


Schröedinger’s Equation

In the time dependent Schröedinger’s equation 

-((h/2π)2/2m)(∂2Ψ(x,t)/∂x2)+V(x,t)Ψ(x,t) = i(h/2π)(∂Ψ(x,t)/∂t)

(2)

the wave function Ψ of a particle is computed as a function of  its mass m, potential energy V, position x, and time t. In essence, the equation sums the kinetic energy, and the potential energy. This total energy is expressed in the right-hand side of the equation, the potential energy is expressed in V(x,t)Ψ(x,t), and the kinetic energy by -((h/2π)2/2m)(∂2Ψ(x,t)/∂x2). Ψ2 is often described as a probability, but there is nothing in the equation to justify such interpretation, and there are many phenomena that contradict it. For instance, when the wave packet hits a boundary, it bounces and interferes with itself (figure  5), generating complex waves. Probabilities do not make ripples. 

We considered time series generated by the time-dependent Schrödinger equation for a wavepacket representing an electron confined to a region of L=100*1E-10m (~ atomic dimensions) using a program adapted from Koonin (1986). The time series was constructed as the amplitude of Ψ2 at the midpoint between barriers. We also constructed spatial series of Ψ2 after a large number of iterations. These series were analyzed using the  Chaos Data Analyzer (Sprott and Rowlands, 1995), the Bios Data Analyzer(Sugerman et al, 2005) and other recurrence programs (Webber and Zbilut, 1994).  The time series show biotic features: aperiodicity (figure 6), diversification (figure 7), complexes (figure 8), novelty, and consecutive recurrence, and non-random complexity (arrangement) (figure 9). The spatial series show mainly periodic features. 
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Figure 5: Time-dependent Schrödinger equation for a wavepacket representing an electron of average energy 5 eV confined to a region of L=100*1E-10m (~ atomic dimensions). Time is stepped in units of dt~(1E-16s). 
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Figure 6: Time (left) and spatial (right) series generated by the Schrödinger equation
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Figure 7: Local diversification: increase in standard deviation with embedding [image: image14.png]
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Figure 8: Isometry recurrence plots of time (left) and spatial (right) series generated by the Schrödinger equation, computed with the Bios Data Analyzer.
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Figure 9: Embedding plots of time and space series generated with the Schrödinger equation. Isometry recurrence (left), consecutive isometry (center) and arrangement (right) computed with the Bios Data Analyzer (Sugerman et al, 2005). These parameters are measured after embedding the series 1, 2, 3,.. 100 times.  Circles: original data. Thin line: shuffled copy. Novelty is indicated by the increase in recurrence with shuffling. Determinism is indicated by the decrease in consecutive recurrence with shuffling. Non-random complexity is measured by the decrease in arrangement with shuffling. 
Mathematical Causation

In conclusion, the fundamental equation of physics for describing the behavior of a quantum dynamic system shows biotic features. Finding bios in quantum processes is consistent with evidence for chaotic trajectories at the quantum level. Many theoretical and empirical studies are consistent with the presence of chaos in atomic processes. Poincaré discovered chaos in the orbital motion of three bodies attracting each other. We may thus expect that a nucleon (proton, neutron) is a chaotic system produced by the mutual attraction of the three attractors it contains, the quarks. In fact the role of chaotic field dynamics for the confinement of quarks is a long-standing question. The studies of Markum and co-workers (2002) demonstrate that chaos is present when quantum particles are confined, and it persists also into the quark-gluon-plasma phase. Chaotic electron transport has been demonstrated in semiconductor superlattices (Fromhold et al, (2004). Electrons confined to a stadium-like box with curved walls, rather than a rectangular box, display chaotic behavior. For similar reasons, electrons may thus likewise move chaotically when confined to orbitals. 

Table 1. Analyses of random, chaotic, biotic and  Schrödinger’s time series

	
	Random
	Chaos g= 4.5
	Bios g = 4.65
	Schrödinger 

	Statistical distribution
	Symmetric
	Symmetric
	Asymmetric
	Asymmetric

	Clumping
	No
	Clumping
	X pattern
	Almost none

	Power spectrum (
	~ 0
	~ 0
	Large
	Very large

	Hurst exponent
	~ 0
	~ 0
	0.3
	0.77

	Lyapunov exponent
	0.9
	0.75
	0.3
	0.18

	Capacity dimension 
	> 3
	3
	1.7
	1.26

	Correlation dimension 
	~ 4
	1
	1.9
	1.9

	Correlation function τ
	0.6
	0.5
	327
	14

	Nonlinear prediction errors 
	Baseline
	Larger 
	Smaller 
	Smaller 

	Diversification
	No
	No
	Yes
	Yes

	Wavelet plot
	
	Random-like
	Structured
	Structured

	Recurrence plot
	Uniform
	Uniform
	Complexes
	Complexes

	Recurrence isometry compared to random
	
	Higher 

(order)
	Lower (novelty)
	Lower

(novelty)

	Consecutive recurrence
	No
	Yes
	Yes
	Yes

	Non-random complexity
	No
	No
	Yes
	Yes

	Lempel-Ziv complexity
	1
	0.82
	0.25
	0.21


Finding bios in Schrödinger’s series indicates that quantum unpredictability may be mathematically deterministic. Biotic processes are unpredictable but mathematically deterministic. Schrödinger’s equation is deterministic, indicating that quantum processes are causal, and thereby satisfying Einstein’s demand for rationalism, epistemological realism, and mathematical certainty. Mathematical certainty is more fundamental than physical uncertainty.  
Finding bios in Schrödinger’s series suggests that quantum processes may be creative. Figure 10  contrasts three models of creation. In the Newtonian model, mechanical movement does not change the level of complexity. It requires supernatural intervention to create and maintain order. Current standard models posit decay towards entropic disorder at macroscopic level, and time reversible mechanics at the atomic level. They depend on random events to account for innovation and irreversibility. Cosmological, chemical and biological complexity originate locally as result of increases in entropic disorder elsewhere. In the biotic model (Sabelli, 2005), simple processes create complexity. Creative and destructive changes result from the interaction of action (the quantum has the dimensions of action, i.e. energy * time), and bipolar information. There is an overall evolution towards greater complexity that is self-reinforcing. This feedback model is described in a companion paper at this meeting (Sabelli, 2005). 
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	Figure 10: Three conceptions of the origin, evolution and end of the universe: time (X axis) versus complexity (Y axis). 


Transitivity, asymmetry, opposition, and topological transformation are necessary to create bios. Bourbaki (1946; see also Beth and Piaget, 1961) demonstrated that mathematics can be generated by three “mother structures”, lattice (which models asymmetry and transitivity), group (which abstracts closure, opposition and symmetry) and topology (which represents form, continuity, and dimensionality). Piaget discovered these same generators in the psychological development of children (see Beth and Piaget, 1961). The fact that the same fundamental structures generate all of mathematics and also guide mental development suggests to me that they play the role of a “cosmic gene”. Quantum flux may generate physical and biological processes because it is shaped by necessary mathematical structures such as lattice, group, and topology (Sabelli, 1989, 2005). The success of Mendel’s concept of the gene, and its importance in biological evolution, provides a cultural background of the notion of a cosmic gene as a theory of natural creation. Lattice order, group opposition and topological transformation are embodied as action, information, and material structure at the physical level. Involving the mutual implication of opposites (group inverse), they may explain the coexistence of opposites in quantum processes. Being global, they might account for the nonlocality of quantum processes. 

Finding bios in Schrödinger’s series indicates that the potential for creative evolution is already present in causal processes at the quantum level. 
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