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The Holographic Paradigm
David Bohm (1917-1992) made a number of significant contributions to physics, particularly in the area of quantum mechanics and relativity theory. Still a post-graduate at Berkeley, he discovered the electron phenomenon now known as Bohm-diffusion. His first book, Quantum Theory, published in 1951, was well-received by Einstein among others. However, he was unsatisified with the orthodox approach to quantum theory and began to develop his own approach, a non-local hidden variable deterministic theory whose predictions are in perfect agreement with the more orthodox quantum ones. 
In 1935, Einstein, Podolsky, and Rosen published a paper (the EPR paper) which showed that under certain circumstances quantum mechanics predicted a breakdown of locality. According to the theory, by simply putting  a particle in a measuring device at one location, another particle arbitrarily far away could instantaneously be effected. They refused to believe this effect, which Einstein later called "spooky action at a distance," and thus viewed it as evidence that quantum mechanics was incomplete.

Bohm’s work and the EPR argument motivated  John Bell to formulate his theory of non-locality, or quantum entanglement, known as Bell’s Theorem; experimentally confirmed in 1982 by  the Frenchman Alain Aspect. 

In 1959, with his student Yakir Aharonov, Bohm proposed that a moving electron can have its phase altered by the vector potential of the electromagnetic field of a nearby object, without actually encountering the object or its magnetic field. Using an advanced form of electron microscope, in several sets of tests, Akira Tonomura demonstrated conclusively in 1982 and 1986 that the Aharonov-Bohm effect is real. 

Karl Pribram (1919-) Pribram is Professor at Georgetown University, and emeritus professor of psychology and psychiatry at Stanford University and Radford University. He is board-certified as a neurosurgeon, and did pioneering work on the definition of the limbic system, the relationship of the frontal cortex to the limbic system, the sensory-specific "association" cortex of the parietal and temporal lobes, and the classical motor cortex of the human brain.
Bohm and Pribram’s complementary conceptions are based on the idea of the optical hologram and holography. Pribram’s holographic conception is called Holonomic Brain Theory, while Bohm’s is called the Holographic Theory of the Universe. These complimentary conceptions, termed the Holographic Paradigm, made great waves within a progressive thinking segment of the U.S. population.  Physicists, biologists, physiologists, neurosurgeons, and philosophers, as well as  other professionals and the general public responded enthusiastically.

As philosopher Ken Wilber noted in 1982 
, this paradigm seemed to mark a culmination of a historical trend. Since the formulation of quantum mechanics in the 1930s, various physicists had been finding parallels between quantum physics and certain transcendental religions: Heisenberg, Bohr, Schroedinger, Eddington, Jeans, and Einstein. Fritjof Capra’s The Tao of Physics was enormously successful. Other voices joined in: Stanley Krippner on  parapsychology, Kenneth Pelletier on neurophysiology, Sam Keene, John Welwood on psychology, Willis Harmon, John Battista on information theory and psychiatry. Marilyn Ferguson’s The Aquarian Conspiracy was an important contribution to the topic.

Optical Holography

Optical holography is a photographic technique which creates a three-dimensional photograph, called a hologram. It was born as Dennis Gabor’s  attempt to improve the resolution of the electron microscope. Gabor considered the possibility of taking a "bad" picture and correcting it by light-optical means. But in an ordinary electron picture this is not possible, because important information has dropped out: the phase of the electron waves. The phase information dropped out because there was nothing to compare it with. Gabor  supplied a known wave (now known as the reference beam)  to provide a phase standard. If one were to  illuminate the "bad" picture with the coherent background, or a light-optical simulation of it, the true image will come out, because the original wave front is reconstructed. Gabor termed the "bad" image, (which rather looks like a collection of fingerprints) a "hologram" (from the Greek holos, "the whole"), because it contained all the information. He verified the theory in 1948, by light-optical experiments with coherent light. Holography did not become practical until  the advent of highly coherent laser light.
To make a hologram today, the object to be photographed is first bathed in the light of a laser beam. Then a second laser beam is bounced off the reflected light of the first and the resulting interference pattern (the area where the two laser beams commingle) is captured on film. When the film is developed, it looks like a meaningless swirl of light and dark lines. But as soon as the developed film is illuminated by another laser beam, a three-dimensional image of the original object appears. The image changes as the position and orientation of the viewing system changes in exactly the same way as if the original object were present. If a hologram of a rose is cut in half and then illuminated by a laser, each half will still be found to contain the entire image of the rose. Indeed, even if the halves are divided again, each snippet of film will always be found to contain a smaller but intact version of the original image. Unlike normal photographs, every part of a hologram contains all the information possessed by the whole. 

The physics and physical process of constructing a hologram using photographic plates and coherent (laser) light sources  is based on interference and diffraction of light 
, and can be “described by” complex Fourier mathematics. Further, the Fourier transform itself, with both phase and amplitude information, can be used to create the hologram, a process called Fourier transform holography 
.
This means that the physical process of coherent light interference patterns and the Fourier transform are interchangeable, which in turn implies they are in some sense identical. The physical process “is” the Fourier transformation.  [does this make sense?]
There is obviously a difference between the optical hologram and the actual physical object; the optical hologram is just intangible light. 

Holonomic Brain Theory

In a series of landmark experiments in the 1920s, brain scientist Karl Lashley found that no matter what portion of a rat's brain he removed he was unable to eradicate its memory of how to perform complex tasks it had learned prior to surgery. In the 1960s Karl Pribram recognized that the concept of holography could account for this persistence of memory. 

Vision has also been shown to have a holographic character. Researchers in the 1960s had shown that cells in the visual cortex are designed to respond not to specific shapes, but to different patterns, such as horizontal or vertical lines. Many researchers concluded that the brain takes this input from the “feature detectors”, and fits them together in some way. 

Laboratories such as those of Fergus Campbell (1974) at The University of Cambridge, England, and those of Russel and Karen DeValois (1988) at The University of California at Berkeley, found that oriented gratings composed of lines at different spacing, rather than single lines were the effective stimulus to engage a neuron in the visual cortex. These gratings were characterized by their spatial frequency: scanning the grating produces an alternation between light and dark, the frequency of alternation depending on the spacing of the grating. 
 These gratings, which represented spatial information “transformed “ into the frequency domain, were in essence Fourier transforms. The mathematics  of the Fourier transform, Fourier series, was  developed by the French physicist  Baron Jean Fourier, in 1822  

Russ and Karen DeValois in their 1998 book “Spatial Vision” expressed what Campbell, Vadim Glezer at the Pavlov Institute at Leningrad, and many others were experiencing:  the successful application of Fourier transforms to visual processes. 

Dennis Gabor had pioneered the use of windowed Fourier processes for use in communication theory and noted its similarity to its use in describing quantum processes in subatomic physics. He therefore called his units of communication “quanta of information”.  In image processing, the Gabor filter, named after Gabor, is a linear filter used for edge detection. Frequency and orientation representations of Gabor filters are similar to those of the human visual system, and they have been found to be particularly appropriate for texture representation and discrimination. 
 J. G. Daugman discovered that simple cells in the visual cortex of mammalian brains can be modeled by Gabor functions.
 Pribram’s holonomic theory incorporates this established fact. 

In the 19th century, the German physicist Hermann von Helmholtz showed that the ear was a frequency spectrum analyzer 
, so sound obviously falls into the frequency domain, and is analyzed using the Gabor Atom, which provide the best trade-off between spatial and frequency resolution. 
. 
Pribram notes that an inverse transform must occur to get our perceptions back into the space-time world, and that this is accomplished by movement. In vision, oscillatory “nystagmoid” eye movements define pixels, points which are mathematically defined by "Point Attractors" 
. Larger eye and head movements define groupings of points which can readily be recognized as moving space-time figures. Such groupings are mathematically defined as "Symmetry Groups". The brain processes involved are organized by a motor cortex immediately adjacent to the primary visual cortex. Similar motor strips are located adjacent to other sensory input systems. 

Pribram notes four common misconceptions regarding the application of holography to brain processes: 1) Although the processing is sometimes said to be performed by propagated nerve impulses, it occurs in the fine fibered dendritic arbor of the receptive field. 2) The Fourier transformation is sometimes described as being globally spread across the entire brain cortex. This has led to misleading statements such as “The brain is a hologram.” 
 Only one particular brain process is holonomic, the one taking place in the transactions occurring in its fine fibered web. Early on, it was noted that the spread function (as it is appropriately called) is limited to a receptive field of an individual neuron in a cortical sensory system…. This limited receptive field was shown not to be a problem, as it has been shown by radio-astronomers that such limited regions could be patched together to encompass large regions of observations. 3) These processes are often described as dealing with waves. 
 The Fourier transformation however, deals with the interference patterns created by differences among multiple wave phases. 4) It is sometimes implied that all memory storage is holonomic (holographic). However, there is a difference between memory storage and retrieval. In order for retrieval to occur, the memory must be stored in such a way that it can be retrieved, and retrieval is dependent on storing a code. The retrieval process (the ‘encoding’), is stored in the brain's circuitry. We can, therefore, distinguish a deep holonomic store (which can be content addressable) from a surface pattern (such as naming) of stored circuitry. 

In a comparison of Karl Pribram's "Holographic Brain Theory" to more conventional models of neuronal computation, Jeff Prideaux, affiliated with Virginia Commonwealth University notes that Pribram is not referenced in many of the major neuro physiology textbooks, which he finds disappointing, because it helps to have a theory in place in asking important experimental questions. With a different theory come different questions which can lead to new and different experiments that can expand knowledge. 

Pribram discovered that David Bohm postulated that the external world, or universe, is holographic. 

The Holographic Universe

University of London physicist David Bohm was among the first to refuse to accept the weird behavior of the quantum as a full description of reality. He suggested that Aspect's 1982 findings of non-locality supported the view that objective reality does not exist, that despite its apparent solidity the universe is at heart a phantasm, a gigantic and splendidly detailed hologram. 

Bohm's 1952 Hidden Variable papers proposed an alternative approach to quantum theory in which the electron is a real particle guided by a new kind of force, in addition to the conventional EM, strong, and weak nuclear forces: the quantum potential. Unlike all other potentials in physics its effects do not depend upon the strength or "size" of the potential but only on its form. The form of the quantum potential is extremely complex and reflects the entire physical set-up of a quantum measurement. The complexity of its form is also what gives rise to the apparently random processes of the quantum world, such as the disintegration of a radio-active nucleus, or the dual wave-particle nature of the electron.
Bohm's approach to his own theory became more subtle over the years and he soon began to speak of not only the form of the quantum potential but also of the "information" it contains. The action of the quantum potential is not to push or pull the electron along its path. Rather, Bohm likened it to a radar signal that guides a ship approaching a harbor
.
In Bohm’s model, the implicate order is embedded within the explicate order, and, according to Glen Rein,  Bohm’s implicate order is composed of a series of levels, each embedded within the next, where each level is increasingly more subtle and fundamental. 

Bohm made use of the idea of the optical holograph to illustrate the concept of enfoldment of an implicate order, a “holofield” where all the states of the quantum (potential?) are permanently coded. Observable reality emerges from this field by constant unfolding of the “implicate order” into the “explicate order:” These correspond to the holographic plate and holograph in optical holography.
A Collaboration?
A collaboration between the Pribram and Bohm has sometimes been implied in the popular literature. Was there collaboration? From Jeffery Mishlove’e 1998 interview of Pribram,  we can confirm Pribram’s acceptance of Bohm’s explicate and implicate order; his belief that quantum and biological processes follow the same rules,  and his recognition of  “spirituality” as being associated with the implicate order. 
 He subscribes to the concept that spiritual experiences seem to parallel the descriptions of quantum physics, a concept first popularized by Fritjof Capra’s Tao of Physics.
In is book The Holographic Universe, Michael Talbot provides a quote by Pribram from an interview: “…it isn’t that the world of appearances is wrong; it isn’t that there aren’t objects out there at one level of reality. It’s that if you penetrate through and look at the universe with a holographic system, you arrive at a different view; a different reality. And that other reality can explain things that have hitherto remained inexplicable scientifically: paranormal phenomena, synchronicities. 

� � HYPERLINK "http://www4.ncsu.edu/unity/lockers/users/f/felder/public/kenny/papers/bell.html" �http://www4.ncsu.edu/unity/lockers/users/f/felder/public/kenny/papers/bell.html� 





� � HYPERLINK "http://scienceblogs.com/principles/2006/02/16/top-eleven-alain-aspect/" �http://scienceblogs.com/principles/2006/02/16/top-eleven-alain-aspect/� 





� Proceedings of the National Academy of Sciences: Profile of Akira Tonomura


� The Holographic Paradigm and other paradoxes


Edited by Ken Wilber Shambhala 1982





� � HYPERLINK "http://www.universaltheory.org/html/consciousness/consciousness/consciousness15.htm" ��http://www.universaltheory.org/html/consciousness/consciousness/consciousness15.htm� 





� � HYPERLINK "http://en.wikipedia.org/wiki/Holography" ��http://en.wikipedia.org/wiki/Holography� 





� � HYPERLINK "http://www-atoms.physics.wisc.edu/papers/holo.pdf" �http://www-atoms.physics.wisc.edu/papers/holo.pdf�


“although many different types of holograms can be produced by …computer generation… Fourier Transform holography is simple to demonstrate.”





A Fourier transform hologram is the Fourier transform, with both phase and amplitude information of the object to be reconstructed. When the hologram is placed in front of a lens and illuminated by a plane wave of light, the Fraunhofer  diffraction pattern that appears in the focal plane of the lens is the FT of the hologram’s transmission function, and therefore reconstructs the object. Since the FT of the object is in general complex, a FT hologram needs to modify both amplitude and phase of transmitted light





� Michael Talbot The Holographic Universe. This is a very imaginative book, which however, suffers from a number of misconceptions. See also 


� � HYPERLINK "http://www.scholarpedia.org/article/Holonomic_brain_theory" ��http://www.scholarpedia.org/article/Holonomic_brain_theory� 





� Talbot The Holographic Universe : The brain uses fourier transforms to convert visual images into the Fourier language of waveform interference patterns, not waveforms, as Talbot states.


� � HYPERLINK "http://www.scholarpedia.org/article/Holonomic_brain_theory" ��http://www.scholarpedia.org/article/Holonomic_brain_theory� 





� In the spatial domain, a 2D Gabor filter is a Gaussian kernel function modulated by a sinusoidal plane wave. The Gabor filters are self-similar: all filters can be generated from one mother wavelet by dilation and rotation.


� � HYPERLINK "http://en.wikipedia.org/wiki/Gabor_filter" ��http://en.wikipedia.org/wiki/Gabor_filter�


� � HYPERLINK "http://www.scholarpedia.org/article/Holonomic_brain_theory" ��http://www.scholarpedia.org/article/Holonomic_brain_theory� 


� Gabor found that although Fourier math is perfectly correct, it cannot be applied to typical sounds, for example the sound of a siren, in which the frequency parameter is variable through time. See � HYPERLINK "http://en.wikipedia.org/wiki/Gabor_atom" ��http://en.wikipedia.org/wiki/Gabor_atom�


� � HYPERLINK "http://en.wikipedia.org/wiki/Morlet_wavelet" ��http://en.wikipedia.org/wiki/Morlet_wavelet�; � HYPERLINK "http://en.wikipedia.org/wiki/Gabor_atom" ��http://en.wikipedia.org/wiki/Gabor_atom�





� As in the “strange attractors” of dynamical systems.


� The details of the evidence for how these processes work are described in Lectures 3, 4, and 5 of Pribram, Brain and Perception (see � HYPERLINK "http://www.scholarpedia.org/article/Holonomic_brain_theory" ��http://www.scholarpedia.org/article/Holonomic_brain_theory�)





� Talbot The Holographic Universe labors under these misconceptions.


� Talbot The Holographic Universe labors under this misconception.


� � HYPERLINK "http://www.scholarpedia.org/article/Holonomic_brain_theory" ��http://www.scholarpedia.org/article/Holonomic_brain_theory� 





� � HYPERLINK "http://www.acsa2000.net/bcngroup/jponkp/" ��http://www.acsa2000.net/bcngroup/jponkp/� 


� Michael Talbot The Holographic Universe  p 11; Transcript of interview of Karl Pribram with Jeffery Mishlove:


� HYPERLINK "http://homepages.ihug.co.nz/~sai/pribram.htm" ��http://homepages.ihug.co.nz/~sai/pribram.htm�





� � HYPERLINK "http://www.fdavidpeat.com/bibliography/essays/fzmean.htm" ��http://www.fdavidpeat.com/bibliography/essays/fzmean.htm�


Active Information, Meaning, and Form





� Glen Rein The Biological Effects of Quantum Fields


 � HYPERLINK "http://www.item-bioenergy.com/infocenter/BiologicalEffectsofQuantumFields.pdf" \t "_blank" �www.item-bioenergy.com/infocenter/BiologicalEffectsofQuantumFields.pdf �


� Transcript of interview of Karl Pribram with Jeffery Mishlove:


� HYPERLINK "http://homepages.ihug.co.nz/~sai/pribram.htm" ��http://homepages.ihug.co.nz/~sai/pribram.htm� 








� Michael Talbot The Holographic Universe  p 11





