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    The major paradigm underlying classical physics is the assumption that the world as perceived and measured is objective. One should never forget that sense organs and cerebral tissue mediate all that we perceive, and that scientific instruments are merely extensions of our sense organs. These sense organs evolved to facilitate survival on the surface of the planet Earth, not to perform scientific research.

   The one feature that defines both relativity and quantum mechanics as “non-classical” is the observer dependence of the equations. Relativity, though counterintuitive, is not paradoxical. The introduction of the observer as an acceleratory frame of reference resolved all relativistic paradoxes. This is not so for quantum mechanics. The “Schrodinger’s cat”  paradox is a case in point.

   Quantum wavefunctions when squared become probability distributions (the Born interpretation). These probabilities are mutually exclusive and taken together violate the principles of causality and conservation. This major conundrum was initially dismissed as applying only to the world of the very small. Schrodinger, however, designed a thought experiment involving his infamous cat wherein quantum probabilities produce macroscopic effects.

   The heart of the experiment is a single atom of a radioactive element with a half-life of X hours. This is placed in a sealed box along with a live cat and a device designed to kill the cat after detecting the decay event. The probability function of the unobserved cat after X hours will be 50% alive/50% dead. The observed cat will obviously be either 100% alive or 100% dead. 

   There are presently three major schools of thought on how to resolve this paradox: 1. The Copenhagen school, 2. The many worlds school, and 3. The hidden variables school. Each has major problems.

   The Copenhagen school invokes a phenomenon known as wavefunction collapse. The observer, through an unexplained process, somehow picks one probability and collapses all others. By looking at the cat, or even by using a measuring device to observe the cat, the observer causes the half live/ half-dead cat to collapse into a completely live or dead cat. This interpretation falls completely apart when one attempts to use the cat as the observational reference point. In my opinion the Copenhagen interpretation, by not offering a mechanism for wavefunction collapse, and by ignoring the cat’s frame of reference, simply sidesteps the issue.  

    The many worlds school proposes that both cat, observer, and indeed the entire universe splits in two, the first universe containing a live cat paired with an observer of a live cat, the second containing a dead cat paired with an observer of a dead cat. This successfully addresses the cat’s frame of reference but cannot at present be considered a scientific theory. These other parallel worlds would not be detectable, hence the theory is untestable. In addition the introduction of such huge numbers of alternative universes is about as big a violation of the principle of Occam’s razor as one can have. 

   The hidden variables school claims that quantum mechanics is not a complete theory and deterministic phenomena hidden from the observer govern the nature of waveform collapse. Despite the fact that quantum mechanics is lacking as an explanatory theory, it has had excellent performance as a predictive theory. One would assume that any hidden variables would sooner or later manifest themselves as experimental deviations. 

   In each of the above three schools the observer is introduced as nothing more that a frame of reference. The fact that all observers are living things with specific structures and physiologies is not taken into account. 

    Psychophysics is the branch of science devoted to the physics and psychology of perception.  Of all the senses, color perception is perhaps the best understood. Empirical equations exist that model how both the eye and brain process color information. Color can be empirically modeled at three distinct levels: 1. Electromagnetic waves, 2. Tristimulus values, and 3. Color space. Tristimulus equations convert 1 to 2, and color space equations convert 2 to 3.  I propose that these same three levels exist for all perception: 1. Objective reality, 2. Sense organ sensitivity, and 3. Awareness, and that two levels of equations are necessary to model the phenomenon of observation. I will explore the philosophical implications of using this model of observation in resolving quantum paradoxes.  

   The development of spectroscopy demonstrated the existence of forms of light outside of the range of human perception. In addition, the unequal sensitivity to light within this range was also demonstrated. Experiments with the Wright observation box on representative human subjects produced tristimulus functions, which plot the sensitivity of retinal cone cells to monochromatic light. These functions enabled the calculation of the degree of cone stimulation that a light source or illuminated surface would produce. Initial assumptions were that tristimulus functions captured all aspects of human color perception and that the brain processed color information through a simple triangulation process. 

    Colors, however, come in opposing pairs. Every color has a complement that can neutralize it. For example, red and green neutralize each other, as do yellow and blue. In a triangular coordinate system none of the three axes are antiparallel. They are incapable of opposing each other. 

   A different approach to measuring subjective color perception was undertaken by an artist, Albert Munsell. He developed a coordinate system with hue, chroma, and value as parameters, and just noticeable difference (JND) as a unit. Munsell used his own artistic sensibilities to prepare color plates capturing each combination (at 5 JND intervals). These are collected in the Munsell Book of Color. The Munsell system is polar, with hue being angular, chroma radial, and value orthogonal. Each hue has a complementary hue at 180o. This system captures the phenomenon of color opposition. It lacks a connection to spectrophotometry. 

   The connection was made in the mid 1970’s by the International Commission on Illumination (known as the CIE, its French acronym). Reflectance spectra were collected of each Munsell color plate and tristimulus values calculated. Empirical transformations were developed, allowing the conversion of tristimulus values to Munsell coordinates. Systems using Cartesian coordinates were also developed, the most popular being CIE (1976) (L*a*b*) color space. In this system L* (lightness/darkness) corresponds to Munsell value, a* is the red/green axis, and b* the yellow/blue axis. These transformations approximate how the brain responds to optical nerve impulses from retinal cone stimulation. Mathematically they have very little resemblance to the transformations used to convert electromagnetic spectra to tristimulus values. 

    Imagine Munsell working in a world without spectrophotometers. Consider the difficulties he would encounter when using his system to study the nature of light. Would it be possible to discover E=hc/without a knowledge of tristimulus functions? Many of his difficulties have striking similarities to those encountered when using classical time and space to interpret relativistic and quantum phenomena. 

   Beer’s Law relates dye concentration to spectrophotometric absorbance in a simple linear way. Color space coordinates respond linearly to dye concentration over a small range, but become non-linear over large ranges. In relativity, space and time are Euclidean over small ranges, but become non-Euclidean over large ranges. 

   Two visible spectra may be quite different yet still produce the same tristimulus values. This is known as metamerism. A single tristimulus coordinate therefore represents a metameric set of visible spectra. Only one member of the set is responsible for the stimulus, but which is impossible to determine from tristimulus values alone. A quantum wavefunction represents a set of probabilities. In retrospect only one probability is actualized, but from the quantum wavefunction alone it is impossible to predict which.       

    Sociologists and biologists report that humans in primitive societies and animals perceive time as cyclic whereas modern, abstract thinking humans perceive time as linear. In colorimetry cyclic electromagnetic waves are converted into points on a linear Cartesian grid.

    Color space is similar to “physical” space in two ways. First both are constructed of three orthogonal axes. Second, both are part of our every day experiences. But whereas color space is recognized to be the result of neural operations, conventional thinking assigns the parameters of space and time an external reality.

    Perceiving the world as an orthogonal spacio-temporal (Euclidean) grid appears to be a uniquely human phenomenon closely tied to, and perhaps enabling, abstract thought. Perhaps the mental machinery to construct such a grid was originally developed to perceive color. Evidence for such crossovers is provided by the phenomenon of synesthesia. 

   Perhaps there are more analogies. We know the role of Wright and Guild’s experiments and the role of Munsell and the CIE in the construction of color space models. What analogous work could be done to deconstruct abstract time and space? Perhaps a place to start is to ensure that research physicists are also instructed in the fundamentals of psychophysics. The brain and sense organs are integral parts of every piece of scientific equipment.

