Notes on: Neuroscience, Consciousness, and Quantum Mechanics

1. Using the precepts of classical mechanics to describe the behaviour of the brain of a living, thinking person may be temporarily useful in certain limited contexts, but complete adherence to the classical percepts is logically incompatible with the fundamental precepts of twentieth century physics, which assert that the atoms, ions, and electrons out of which our brains are built must be treated as quantum entities. The quantum state of, say, an ion behaves very differently from a classical conceived ion: the classical concept localizes the ion in a tiny region of atomic size, whereas the quantum state of an ion, evolving in accordance with the Schroedinger wave equation, generally spreads out over a large region, like a wave. Thus using the classical concepts is fundamentally incorrect.
2. The bad consequence of employing this fundamentally incorrect theory is that the causal structure is not correctly represented. According to the precepts of classical mechanics the temporal evolution of the universe, and of the brain within it, is governed by one single causal process, which is expressed in purely physical terms: it is formulated completely in terms of quantities that are expressed in terms of mathematical elements localizable at space-time points. Quantum mechanics, on the other hand, has two complementary processes. One of them, which von Neumann calls process two, is the purely physical Schroedinger process. But the other, which von Neumann calls “Process One”, is associated with experience, or increases in knowledge, and it plays an absolutely crucial in the logical structure of quantum theory. Leaving it out would have two disastrous consequences. First, there would be no way of passing, within the theory, from the physically described aspects of the theoretical structure to the entailed experiential consequences: the experiential dimension of reality would become a disconnected add-on, logically divorced from its causal roots in the physical dimension that quantum theory deftly supplies. Second, the crucial causal and logical consequences of our mentally described choices upon the physically described aspects of reality would be eradicated, rendering our thoughts and efforts impotent bystanders to the evolving course of physical events, instead of the causally participating agents that quantum theory presumes and allows them to be. In short, quantum theory provides the logical and mathematical basis for a causally interactive understanding of the mind-brain connection that is concordant with all of the available empirical data, whereas classical physics is, on the one hand, not consistent with the empirical findings about the constituents of our brains,  and, on the other hand, leaves the experiential dimension of reality completely disconnected, both logically and causally, from the physical dimension. The capacity of empirically validated quantum mechanics to accommodate cohesive causal aspects of the mind-brain connection that the empirically invalidated classical mechanics cannot encompass recommends it neuroscientists interested in understanding the possible structures of the connection between mind and brain.
3. The need for a second process, process one, arises in quantum mechanics from the fact that each atomic-sized constituent of the brain tends to evolve under the control of the wave equation into a structure that is smeared out over an ever-expending spatial region. Hence the brain as a whole tends to evolve under the action of the wave equation alone into an intricate smear of classically conceived possibilities. Process one is the process that, in conjunction with each increase in “our knowledge”,  collapses this smear to the part compatible with the new state of “our knowledge”. One of the rules associated with this process-one collapse is that the increment in knowledge be compatible with a classical physics understanding of the physical structure that is being experienced. This accounts for the capacity of classical physics to give a descriptive account of a sequence of physically describable features of the evolving thinking brain. This tends to create an illusion that the causal evolution of the brain can also be described classically, even though the actual causal structure, which crucially involves mind, is more accurately described quantum mechanically.    
4. The Kock-Hepp article criticizing the use of QM in neuroscience, focused on the Penrose-Hameroff model, which is embraced by very few quantum physicists. That model is based on shaky speculations pertaining to general relativity, and on very insecure assumptions about the absence of the generally expected environmental decoherence effects. The presence of the expected environmental decoherence effects would invalidate the Penrose-Hameroff theory, but would not invalidate orthodox quantum theory, which explicitly includes the effects of the environment. Important quantum effects persist even in the presence of very strong environmental decoherence.  Even though the information pertaining to the relative phases of the waves at different spatial locations becomes dissipated into the environment, and becomes effectively irretrievably lost, the magnitude of the wave amplitudes is not lost. The process-one action is still needed, to reduced an initially broadly extended wave packet to the smaller region demanded by the new state of knowledge. The complex smeared-out state of the brain as a whole is, correspondingly reduced, in association with an increase in knowledge,to the portion of itself that is compatible with the new state of knowledge. Although such sudden knowledge-related collapses may seem odd to  scientists accustomed to thinking in terms of the knowledge-irrelevant continuous physically described classical evolution, they are, nevertheless, key features of the rationally coherent quantum mechanical description of universe that accommodates ourselves as participating conscious agents, built in part out of quantum mechanically described atoms, ions, and electrons. 
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