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Preface

Quantum theory presents such an unintuitive picture of reality that it has now become customary to supplant the mathematics in the theory with a philosophical interpretation about its real meaning. No other scientific theory has had such a wide variety of interpretations as quantum theory, which tells us that the theory is not as easily understood as other theories. And yet, despite many interpretations, we aren’t any closer to comprehending the real meaning of quantum theory today than we were a hundred years ago when interpretations began. Interpretations underscore our need to understand what is really out there rather than what is just being described by the theory. This human need to go beyond what is empirically proven and can be said unambiguously through mathematics can prove frustrating for some physicists. They would rather insist that we “shut up and calculate,” as Feynman once supposedly said.

At the root of this stance is the idea that there is no scientific merit in interpreting the theory because the theory is final. Rather than try to understand what it means in terms of other concepts, we might as well get used to the quantum concepts. The scientific need for interpretations thus boils down to just one question: Is the present quantum theory a final theory of reality? If it is, then the sooner we get used to quantum ideas, the better it is for everyone. If it isn’t, then the engaging debates about the nature of quantum principles are indeed useful stepping stones to a better theory. 

I believe that current quantum theory is not a final theory for the following three reasons. First, the application of quantum principles to macroscopic objects leads to a variety of problems, including the famous measurement problem. Quantum theory applies even to the macroscopic world although we tend to selectively apply it only to atomic objects. Without solving the measurement problem, and giving a quantum explanation to the macroscopic world, we cannot call quantum theory a complete theory. Second, we need a clear conception about the nature of atomic objects which leads to unintuitive (relative to classical physics) ideas such as non-locality, wave-particle duality, and the uncertainty principle. Without understanding the nature of these particles, and why they behave differently from classical particles, we cannot make progress in quantum theory. Third, based on this understanding of quantum particles, we need to formulate an understanding of change. The classical idea about change as motion has collapsed in quantum theory, although a new picture about what we mean by change has not emerged. The classical picture of motion assumed immutable particles that changed state without changing identity. This is no longer sustainable in quantum theory because the state and the identity cannot be distinguished; a new state is now a new particle. Particles don’t move in quantum theory; they are transformed into new particles. A new notion of change is needed to explain this. 

To solve these problems, we need to provide an intuitive picture of reality for both macroscopic and atomic phenomena. This picture must explain change, but in a way different from the classical notion of motion. It must also explain the reason why quantum particles behave non-locally, exhibit wave-particle duality, and their state is governed by uncertainty relations. I believe that a theory that fulfills these objectives will have to discard many assumptions made in classical physics. If quantum theory is such a theory, then it cannot be an incremental progress on classical physics but a fundamentally different type of theory. Everyone recognizes that quantum theory is different from classical physics although the task of interpretation dwells only upon the gaps vis-à-vis classical physics, while retaining most classical dynamical concepts and notions about causal laws. My approach to interpretation differs in this respect because I believe that quantum theory provides a view of reality radically different from classical physics. This view of reality is indicated by quantum problems but not captured by the current interpretations. 

This new view of reality must be drawn from a different part of everyday experience than which science has considered so far. I am referring to the phenomenon of meaning. Not the fact that science describes knowledge of reality but that we can represent knowledge in matter. These representational capabilities are exhibited when we treat the material world as symbols of meaning. To represent knowledge, matter must have properties that allow us to embed information about reality within reality. Classical physics studies this information in terms of material properties such as mass, charge, momentum and energy which is like studying a book in terms of its weight or speed. The same world can be described as symbols instead of physical properties in which meaning will gain prominence over the physical form of the symbol—e.g. size, weight, shape, etc. 

This radically changes the nature of causality. For instance, changes in objects will not be about the motion of particles but about the evolution of knowledge. Motion is continuous, but the evolution of knowledge is discontinuous. Classical particles are dimensionless points, but symbols have a finite size. Physical properties can be defined in relation to universal measuring standards, but meanings are defined always in relation to other symbols in a collection. Classical particles are independent of each other, but meanings are defined in opposition to other meanings, or not at all. For instance, it is impossible to define ‘hot’ without defining ‘cold’. These two meanings are mutually ‘entangled’ even though separate.

My interpretation of quantum theory starts from the idea that we have made a mistake in classical physics by treating the world as things rather than symbols. Things we currently consider unintuitive or bizarre about quantum theory can be addressed by revising our view of reality from particles to symbols. An interpretation that explains the current set of problems in terms of unaccounted features in reality presents a distinct scientific advantage over interpretations that view it as a final theory. If matter can hold meanings, then matter has additional properties that have not been conceived in science so far. This work argues that the meaning of quantum theory is that it is a theory about meaning. The bizarre aspects of the theory arise because we describe symbols in terms of classical physics which deals with objects without meaning. The bizarreness in quantum theory is then only apparent, and can be resolved when matter is understood in terms of its representational and computational properties. This requires a rethink of quantum principles. The present work is thus entitled “Quantum Meaning” rather than “The Meaning of Quantum Theory.” I believe that the former is a scientific problem while the latter is merely a philosophical problem. 

The difference between a physical property and meaning is that between quantity and type. The reinterpretation of physical properties as meanings requires objects to be seen as denoting types rather than having quantities. A sign such as “$” has a shape, but it denotes a type associated with a meaning. The observable remains the same in the two cases, but the observable is perceived in two ways—percept and concept—rather than just one (percept). Indeed, even the percepts must now be defined in terms of concepts (e.g. color in terms of concepts like ‘red’, ‘yellow’, and ‘blue’) rather than quantities (such as the frequency of a wave). Both percepts by which we detect symbols, and the meaning associated with those symbols, therefore, become concepts. The implication of this new way of thinking is that causality is attributed to concepts rather than quantities. These concepts include both sense-observable percepts but also the mentally perceivable meanings. Semantics introduces new forms of causality quite different from classical causality. 

For instance, semantically it is possible to explain why people stop at a red light even though a theory based on the frequency of light itself cannot explain this fact. Reinterpreting physical states as meaning doesn’t change observables although it changes the causal explanation of behaviors. By changing causality, many things that we cannot explain using classical forms of causality can now be explained. The semantic view therefore ushers in a new type of causal explanation that is not possible in current physics. A semantic view of quantum reality also helps us understand why a classical treatment of semantic states will suffer from indeterminism, probability, uncertainty, wave-particle duality and non-locality. For instance, the redness of light doesn’t always mean stop. In some cases, it can mean danger, which would imply running away. This illustrates the idea that a theory that reduces semantic states to physical states will be incomplete because it will not be able to explain whether redness denotes stopping or running away.

The formal mathematical theory of semantic information is not developed here, although a sketch of a formalism where meaning is represented via extended forms within space is described. This requires us to view spatial extension—length and position—as semantic rather than physical properties. The present interpretation sets up insights and intuitions about a newer way of thinking about space, which can lead to a new mathematical description of quantum phenomena. The development of a full-fledged mathematical theory about meanings in symbols, however, requires a solution to the problems of semantics within mathematics, which are not addressed here. I have, however, discussed these in Gödel’s Mistake, which describes paradoxes in logic and mathematics and connects these paradoxes to the nature of meanings in ordinary language.

If the quantum world is a world of symbols, atomicity is the limit to the divisibility of information in material symbols. Information must come to us in chunks; the smallest bit of data is the most elementary idea and the smallest algorithm is the most elementary operation. Chunks of information are bits that make up the universe. We can liken these bits to letters that form propositions. In current physics, physical properties are causally relevant but semantic properties are not. Quantum theory can be completed if semantic properties have causal effects. This is like how we decode the information in a book not in terms of its weight and length, but in terms of a language in which physical tokens are viewed as symbols of meaning. Explanatory gaps can be bridged if the theory accounts for what quanta represent in addition to what they are. 

The Semantic Interpretation of Quantum Theory is the view that meaning is part of the universe but not described by any fundamental theory of physics. Meaning is not an epiphenomenal property of macroscopic objects—brains, computers, etc. It is rather a property of the fundamental atomic objects themselves. If quanta are capable of being symbols, then nature has fundamental representational and computational properties, unknown to physical theories so far. Postulating the existence of meaning to complete quantum theory does not make it a hidden variable theory because meanings are derived from the same empirical facts as current physics. Semantics rather helps us understand why a non-semantic theory must have probabilities, uncertainty, non-locality and wave-particle duality. 

My goal therefore is not to interpret the current quantum formalism in a way that rationalizes its problems—as is the case with the current interpretations. My goal is rather to provide an interpretation that shows why the quantum bizarreness exists so that we can conceive an alternative theory of nature based on meaning. The general purpose of interpretations is to take the symbols of a theory for granted and provide a meaning to them. My interpretation will rather not take the symbols for granted; I will rather aim to show that this theory is not just incomplete, but it is wrong in the sense that it carries forward classical assumptions in which matter and mind were separated as two ‘substances’. My claim is that there aren’t two substances to contend with. There is just one type of reality, but it is symbolic; so, it has a physical existence in the sense that we can observe it, but it also has meaning. The physical existence is also described in terms of types rather than quantities. So, we are dealing with a reality that comprises many types, and the causality is no longer in the quantities but in the types. Once we redefine the nature of causality, we can redefine the natural laws. Current quantum theory is therefore a vista to a revolution. The revolution involves an overhaul of thinking about the world.

To those who consider quantum theory a revolution over classical physics, I can only say: the revolution is incomplete. We have taken the classical physical concepts and defined new mathematical relations between them, rather than adopt a new set of concepts. It was important for the founders of quantum theory to maintain a sense of continuity with classical physics, which is unnecessary. This need arose from the presumption that the macroscopic world is described adequately by classical physics, and we need a new theory of the microscopic. I would instead argue that even the macroscopic objects—e.g. books, painting, musical compositions, or drama—are incompletely described when we view them as classical physics. We don’t need to maintain continuity with classical physics; we rather need to reject it completely in favor of a wholesome theory that doesn’t distinguish between the nature of big and small.

A physical theory cannot be a victim of sizes—which are relative to our perceptual apparatus. Who is to say, for example, that something is small or big? It completely depends on our senses. If we had the senses that could perceive the microscopic, then it would be macroscopic. So, to pretend that we need a separate theory for the atomic world is to assume that nature’s theories are dependent on our perceptual apparatus, something we should aim not to. Thus, the belief that classical physics is adequate for the macroscopic world is not only inadequate when we look at macroscopic symbols, but it is also misleading in making us think that atomic theory is about the microscopic. These mistakes can be corrected by breaking away from the classical physical notion about matter and its properties.

 

Ashish Dalela

 

 


1: Quantum Information

How wonderful that we have met with a paradox. Now we have some hope of making progress.

— Niels Bohr

 

Setting the Scene

Quantum theory is now more than a century old. When, in 1900, Max Planck presented his landmark paper on black body radiation, which introduced the idea of a quantum of energy, most prominent physicists did not believe in the existence of atoms let alone sub-atomic particles. Matter was supposed to be this infinitely divisible and continuous substance whose properties got smaller and smaller in magnitude as we divided it into more and more granular pieces. So, the initial idea that matter may not be in fact infinitely divisible was itself a major revolution in the physics community. But today, most of modern technology including communications, electronics, space exploration and biotechnology depend on it. Quantum theory is the most successful and valuable theory science has ever built. 

Notwithstanding its many successes, the fundamentals of quantum theory are still quite mysterious. In fact, they are as mysterious today as they were when the theory was originally formulated. Early founders of the theory including Planck, Einstein, Bohr, Born, Heisenberg and Schrödinger debated the meaning of quantum tenets and their exact significance. It was important for them to understand the theory and its wider philosophical implications. But in the last sixty years, physics teachers like Richard Feynman and Freeman Dyson have replaced the quest for meaning with the computation of numbers. Quantum theory, in this view, does not need an interpretation if it can make correct predictions. Although there are occasional papers interpreting the theory’s meaning, writing about the philosophy of quantum theory isn’t the most respectable professional choice for physicists. It is still a respectable professional choice for philosophers, although what a philosopher says does not make headlines in the physicist’s world. 

Physicists widely believe that speculating upon the meaning of quantum theory is unnecessary. It is only necessary to understand the rules by which the game of quantum theory must be played. After all, we wouldn’t waste time trying to understand why a football field has a certain size, or why a tennis ball must be of a certain diameter. The rules of quantum theory are no more meaningful than the rules of other games. The quantum formalism is a mathematical theory that makes predictions. The methods by which we compute these measurable outcomes don’t need to have ulterior meanings.

Underlying this widespread view is the belief that an interpretation of a theory does not add value to the theory itself. There are many ways you can look at a theory, which are all consistent with the mathematics. These views are basically different models of the theory. As an example, suppose that you were asked to interpret the equation ‘A + B = C.’ Depending upon how you look at it, this equation has either no meaning or several meanings. It can represent the outcome of adding 5 apples and 5 oranges to get 10 fruits. It can also represent the total number of people in the world if the count of people below the age of 50 is A and the count of people above 50 is B. Countless other interpretations of this formula can be created because A and B can be made to refer to many different types of entities. The act of interpreting creates one particular way of understanding the formula—sometimes called a model of the theory—although it is not necessary to have models. Physicists similarly believe that interpretations of quantum theory will not change the theory itself and each interpretation is one type of model by which we could understand the theory although no one view will eliminate other ways of understanding. Critics of interpretations thus believe that the mathematical theory is compatible with all interpretations, and an interpretation is our view of how we want to think about the theory, without impacting the theory itself.

What I will present in this book significantly differs in this respect. I will describe an interpretation that, like any other interpretation does due diligence of explaining the meaning of uncertainty, probability, non-locality, quanta, and other concepts in quantum theory. But my goal is not to create yet another model of quantum theory. My goal is rather to create a model of reality, which can be used to understand the shortcomings in the present theory. If reality is different than how we have conceived it in current physics, then an alternate picture of reality can help explain why that reality would be inadequately described by current quantum theory. The alternate picture can also be used to develop an alternate mathematical theory of nature that explains the observations in a new way. The alternate theory will not be probabilistic and causally incomplete. Rather, the new theory will produce predictions which current theory cannot because of its unavoidable probabilities.

The interpretation of quantum theory described in this work is called the Semantic Interpretation of Quantum Theory (SI henceforth). SI has both philosophical and scientific implications. The key difference in SI vis-à-vis other interpretations of quantum theory is that probability, wave-particle duality, uncertainty and other problematic features of quantum theory are shown as limitations of the theory, not of reality. Quantum objects are not just units of matter but also units of information. Probability, uncertainty, wave-particle duality, etc., which make quantum theory mysterious vis-à-vis classical physics, are problems that arise when we think of information in terms of classical physical concepts. SI discusses how the mysteries disappear if reality includes information.

 

The Quantum-Classical Conflict

The biggest problem bedeviling our understanding of quantum phenomena is our attempt to think of quantum reality in terms of classical concepts. Since classical concepts are inadequate for describing quantum phenomena, notions such as uncertainty, probability, non-locality and complementarity have been added as conceptual addendums to the classical view. The task of interpreting the theory now expends efforts in trying to explain the addendums, given that we seem to already understand the classical worldview. Early quantum theorists were bred on classical physics and wanted to broker peace between the established classical view and the new quantum principles. A path of least resistance was thus chosen where we reuse ideas from classical physics, making quantum theory an incremental progress on classical physics. Specifically, it was very important for the early founders to show that quantum theory reduces to classical physics under some conditions. It was also important to retain classical measurements, as it seemed that these are the only way we can empirically know the world. Early quantum theorists were convinced that the macroscopic world is classical.

While the incremental approach to explaining quantum phenomena did create a predictive framework, it also brought two problems. First, by reusing the language of classical physics, quantum theory retained the classical intuitions although their meanings were inapplicable. Second, to reconcile the disparity between classical and quantum formalisms, the theory added many unintuitive ideas making it very hard to understand. The multiple interpretations of the theory in the last century haven’t made our understanding of quantum phenomena any better, because these essentially try to create a model of the quantum theory without actually addressing the issues about uncertainty, non-locality, probability and discreteness that started the entire debate. Can we now go back in time and think about quantum principles without the prejudices of classical mechanics constraining our philosophy about nature?

A rethink of quantum principles needs to ask a very fundamental question: Is the everyday world a classical world? Despite the many successes of classical physics, I do not believe that the everyday world is classical because it contains information—pictures, books, music and science—which cannot be described by classical physics. The phenomena of information are widespread in nature, and current physical theories neglect these phenomena. Classical physics studies matter as if it were devoid of information, and this works when information can apparently be reduced to classical properties. But there are also instances when a reduction of macroscopic objects to classical properties is not possible. In these cases, classical physics is bound to fail, even at the level of macroscopic objects. 

The genesis of the informational problem is that classical physics describes objects in a context-independent manner whereas objects acquire meaning in relation to other objects. Some of these meanings may refer to the properties of other objects. Pictures, books, music and science are, for instance, about other things. The properties of a classical object depend only on that object, and the object describes nothing other than itself. The meanings of a symbol on the other hand depend on other objects and a symbol can describe other objects or even other symbols. These two basic differences make classical physics an inappropriate theory for symbols.  

A universe of classical particles is devoid of knowledge because the universe can only be itself and not be a representation. If the universe were only composed of classical particles, then there would only be physical properties, but no meanings. The idea that we can have information about an object without becoming that object is central to all knowledge acquisition. By holding information about the world, we create its representations and interpretations. There is now a distinction between what we know about the world and what the world is in itself; specifically, knowledge can be false. Thus far, there is nothing in science that permits the creation of knowledge about other objects because fundamentally there cannot be things that are semantically false although they exist physically. In a sense, science hasn’t allowed for the possibility of its own existence. 

The explanation of how knowledge can exist within nature needs a distinction between reality and information about that reality because the information can potentially be wrong although it must exist before it is proven wrong. Knowledge is true when it corresponds to reality, but it is not necessary for everything we believe in to be true. In present science everything that exists is always true. This is not necessary with information. False information can exist in nature. This requires a distinction between knowing and being. The distinction does not mean that knowing and being reside in different worlds (Plato, for instance, made the present world of being an imperfect reflection of another world of knowing). Rather, every instance of knowing has a being although that being is distinct from the knowing. Therefore, while the existence of information is true, the information itself may be false. This means that there is something physically existent although its meaning does not correspond to the facts about other things it represents. 

The notion of symbols creates the possibility for interpretations about matter to exist within matter. Now, an object can hold information about another object, and while the referring object exists, the knowledge it conveys about the referred object could be false. Unlike physical properties whose existence is the truth, the existence of meaning does not guarantee its truth. I might think that the ‘sky is green’ and the thought exists in my brain and it can be measured physically. However, the meaning conveyed by the thought isn’t true. For the brain to hold meanings there must be something in nature that can exist without being true. In classical physics, whatever exists is also true; there is no room for false things to exist, because the world only exists as physical properties. Symbols don’t suffer from this problem because there are two ways to understand the symbol. The physical properties in the symbol indicate that the symbol exists. The meaning in the symbol indicates whether the claims made by the symbol are true. If a physical state is false, then that state does not exist. However, if a semantic state is false, the symbol physically exists, although its meanings are not true.

This tells us that there are two notions about truth—physical and semantic. Accordingly, there must be two notions about scientific claims, only one of which exists in classical physics. Classical physics is an incomplete description of reality because it deals with the truth about the existence of propositions, but not with the truth of the propositions themselves. If, therefore, quantum theory is indeed a final theory, then it must distinguish between these two types of truth claims. This means that quantum theory should be capable of dealing with meaning and that quantum theory would reduce to classical physics only by discarding questions about the truth of meaning. Since classical physics cannot deal with meaning, trying to reduce quantum theory to classical theory will essentially leave questions about mind and meaning outside of science.

An alternative approach to interpreting quantum theory is that it is a theory of meaning. It never reduces to classical physics, although classical physics describes matter in terms of physical properties by discarding questions about meaning in matter. The conflict between classical and quantum theories, in this alternate approach to interpretation, is based on the false premise that the everyday world is classical, because the macroscopic world is obviously semantic. Classical physics reduced the semantic world to a physical world, and this seemed to work because classical physics studied objects as if meaning did not matter. Since meaning arises in symbol collections, and classical physics studied individual particles, the semantic properties remained invisible. Quantum physics deals in collections rather than independent objects. Quantum collections have properties that a collection of classically independent particles cannot. This can be understood if matter is viewed as information. However, now, both macroscopic and microscopic worlds are informational; the macroscopic world cannot be classical.

If an informational conception of the macroscopic world exists, then it would free physics from the trouble of trying to reconcile classical and quantum theories. It will free us from the problematic idea that realities at atomic and macroscopic levels are basically different and need to be described by different theories. With such a view, quantum theory would not require an interpretation, because we will see quantum principles in the everyday world. 

Einstein once said that science is a refinement of everyday experience. Classical concepts such as particles and fields, position and momentum, were drawn by abstracting everyday experiences into physical ideas. If today these concepts conflict with quantum principles, why would we not look back into the everyday world and find new intuitions to describe reality? The successes of classical physics and its wide application in the development of machines seemed to have convinced physicists about the mechanical nature of the macroscopic world. And this mechanical view conflicts with quantum theory because, in quantum theory there are (a) no point particles, (b) no determinism, (c) no continuous trajectories, (d) the classical ideas about the continuity of space-time are suspect, (e) the notions about the separation between matter and its state are doubtful, (f) the concepts of locality are violated, and (g) the idea that observation detects a pre-existing reality is no longer true. With such a deep conflict between classical and quantum ideologies, attempts to reconcile them at any level are not likely to succeed. 

I will therefore sidestep all attempts to reconcile the classical and the quantum worlds. In my view, the classical worldview is false. It was developed to explain objects that do not describe other objects and questions about meaning were never important. The classical worldview works when we study isolated objects. By isolating objects, we minimize the effects of their semantic properties, because semantic properties only appear in collections. The classically isolated particle is an idealization, which makes us believe that the world is comprised of independent things. This idealization is incorrect when objects are collected, and the semantic properties of collections are already well-known in the macroscopic world. The bizarreness of quantum theory can be demystified if these intuitions about semantics are also extended to the microscopic world. Such an interpretation will tell us that meanings are not creations of mankind. They are rather fundamental features of nature itself.

 

Identifying the Intuitions

To think differently about quantum theory, we need to identify some ordinary experiences that don’t fit within classical physics. These experiences can then be used as the intuitive foundation to further our discussion about quantum theory as a description of non-classical phenomena. Of course, such an approach, in general, is contentious. If X does not fit within the scope of a theory T, using X to discuss T can be flawed. After all, T may never have been intended to explain the phenomena X. However, the approach becomes necessary if X and T are very generic, or aim to be very generic. Here, T is quantum theory, which aims to describe the entire universe. Then X can be anything within the universe and the more widespread and common X is, the more relevant the need to discuss T in the light of discrepancies that arise from T trying to explain X.

A phenomenon that does not fit in the classical worldview is knowledge. Classical physics cannot explain knowledge for three reasons. First, every classical particle has possessed properties that are independent of other particles. A symbol, however, acquires meanings in relation to other symbols, and the meaning in a symbol does not exist outside this relation. Second, every classical particle only describes itself and we cannot interpret the particle’s state into knowledge about a different particle. A symbol that represents information about another object is however at once similar and different from its reference. By representing information about something, a symbol does not become the reference although it certainly captures salient features of its reference. Third, there is another class of relations by which symbols can refer to other symbols, through what we call naming in philosophy. By this relation, a symbol can become knowledge about another symbol. 

In this respect, knowledge is a non-classical phenomenon because classical physics is exhausted by the possessed physical properties of material objects, which are defined independently of other particles and there cannot be anything in an object that is not entirely about that object. Can we now postulate that since quantum theory is a non-classical theory, and since knowledge is a non-classical phenomenon, quantum theory may be potentially a good explanation of knowledge? I understand that the recognition that knowledge and quantum theory are both non-classical doesn’t imply that they are related. And I’m not implying that the non-classical nature of knowledge should be reason enough to convince us of its relation to quantum theory. I’m only suggesting that this could be a working hypothesis, until we have worked out its ramifications. 

It is also important to note that I am not talking about knowing the meaning of quantum theory, which is a philosophical question. I am instead talking about using quantum theory to explain the phenomenon of meaning, which is a scientific question. A theory of reality must not just explain reality, but also knowledge about that reality because knowing reality is part of reality. Current science assumes that knowing is different from matter. In Greek times, this was the divide between the Platonic world of forms and the everyday world of things. After Descartes, ideas have a place in the world, but outside matter—into another substance called ‘mind’. From Plato to Descartes, we brought knowledge from the other world into the present world. We now need to move another step forward in the same direction as Descartes and bring knowledge inside matter. 

Modern advances in biology and neuroscience have shown that much of what we earlier regarded to be features of the mind are in fact properties of the brains, which are physical objects. These advances have created the need to understand knowledge in terms of matter. Ultimately, this is a problem of science coming to terms with the existence of knowledge. If quantum theory is a fundamental theory that governs everything, then it must govern our brains as well. Knowledge in the mind is at least correlated to some physical states in the brain. In order for quantum theory to explain the brain it must be able to explain the phenomena of knowledge in the brain. In fact, if the brain is studied symbolically, then its existence—as physical particles—is not empirically different from the meaning represented in it because the meaning is in the relation between the symbols. By observing the symbols and disregarding their relations we can study the brain physically. But by viewing the same brain as relations between symbols, we can treat it semantically. 

Any theory of knowledge needs a reconciliation between reality and its meaning. Quantum theory as a theory of knowledge must also therefore require a reconciliation between objects and their meanings. And this is a non-classical requirement for quantum theory, assuming that the theory is an ultimate theory about reality.

If quantum theory governs the brain, then reality and its knowledge are governed by the same theory. This is similar to the relation between a picture and the landscape it displays. We might say that a picture is an artist’s impression of reality, although it is not reality. But the picture is also part of reality, when you expand the definition of reality. You can also have someone recursively draw a picture of the picture! The brain similarly can picture reality and be part of that reality at the same time: both the knower and the known are real. Accordingly, they should be explained by the same theory. The key non-classical question is: What are the requirements for a theory that describes pictures of objects in addition to objects? Note that pictures too are objects, although not in the same sense.

If quantum theory does not explain knowledge, then there must be another theory that explains it. This quickly leads to an infinite regress. Now we need theories that will explain the brain’s capacity to know quantum theory, and then theories that explain the brain’s capacity to know that theory about the brain, and so on, ad infinitum. We might then conclude that we cannot know everything.

If, however, quantum theory is a theory of knowledge, then infinite regress is avoided and everything is knowable. However, in that case, there has to be something within quantum theory that explains knowledge. Interpretations of quantum theory are part of what we know. By such knowing, we form our view of quantum theory. If quantum theory can explain knowledge, then it can also explain the manner in which we form interpretations of the theory, which are various representations of its formalism. Interpretations are thus not irrelevant to quantum theory. As philosophical problems, it is easy to deride their significance by assuming a fundamental divide between the mind and the world. As scientific problems, interpretations place new demands on any fundamental theory of nature. My approach to interpreting quantum theory is to use knowledge as a non-classical phenomenon to be explained by quantum theory. Now, we are not just trying to explain reality but also knowledge about that reality. If quantum theory can explain knowledge, then quanta are reality used to represent reality. 

This approach to formulating an interpretation of quantum theory differs with the traditional philosophical approaches. It makes the philosophical problem of interpreting reality into a scientific problem of explaining the mind. The requirement for interpretation can then be restated as follows: A theory of reality must explain pictures and not just objects. Currently, all interpretations of quantum theory think of it as a theory about objects, as an extension of classical mechanics that deals with objects. My focus here is to provide an interpretation of quantum theory as a theory of pictures. 

What is the key difference between a picture and an object? An ordinary object is a collection of facts—mass, charge, length, momentum, etc. A picture has these properties as well, although the picture also represents another object’s facts through its facts. When you look upon a picture as an object (merely analyze its mass, charge, shape, size, momentum, etc.), you don’t get its meaning—the things that it refers to—although the meaning is part of the picture. To know the meaning you need another mode of knowing the object, where we attempt to understand not what an object is but what it represents. All of modern science is the study of what a thing is and not what a thing represents. The ability to represent has to exist in matter, for it to be able to explain the mind. However, representations are not necessarily associated with the mind. Ordinary objects can also be representations; pictures hanging on the wall are examples. The task of interpreting the theory therefore need not be associated with the mind. It can also be associated with a class of things that represent other things. Minds are amongst this class, although minds don’t exhaust the class of things that refer to other things.

The Consequences of Symbolism

There are three clear consequences of treating reality as symbols instead of physical particles. The first is that we get a new way of subsuming classical physics within quantum physics. A symbol gives us information, which can be about other objects, or it can be about itself. A classical ensemble informs us only about itself. In that sense, it is a symbol for itself, although we don’t treat that ensemble conceptually—e.g. a ‘chamber of gas’. We rather treat it as a collection of point particles which are devoid of everyday concepts like ‘chamber’ and ‘gas’. Symbols can additionally inform us about other things, in which case they would not fit within classical physics, but they could fit into a new physics that directly deals with information instead of classical particles. The second consequence of viewing reality as symbols follows from the first. If a symbol can represent reality, then it must also be able to represent non-classical properties, besides classical properties. For instance, a book describes the world in terms of non-classical properties like color, shape and size, not in terms of classical properties like mass, charge, momentum, etc. If nature is symbolic, then it must be able to represent both classical and non-classical properties. This is consistent with the fact that our brains represent reality as non-classical properties and not as properties that physics attributes to reality. The third consequence is that if symbols can represent non-classical properties, and symbols can describe themselves, then a symbol that describes itself non-classically will have non-classical properties. This is more profound than might initially seem. It implies that matter has the ability to convey information about its own color, taste and smell, which are non-classical properties. Note that I am not saying that matter is color, taste and smell. I am only saying that matter can convey information about how we may perceive it.

Early in the history of empiricism, philosophers drew a distinction between primary and secondary properties. Secondary properties are how we perceive the world, and they include sensations such as taste, smell, color, etc. Philosophers argued that the way we perceive the world is a human way of looking at reality, which is generated by our minds. Nature itself, however, exists as primary properties, such as length, mass, charge, momentum, etc. which are properties that we can measure in relation to other objects, not in relation to human observers. In this view, nature exists as primary properties, but it is converted into secondary properties by our observational apparatus. This view creates the following important problem in science. We can say that an object’s physical state is real, but we cannot say that its redness or sweetness is real, because redness and sweetness are facts about our perception, not about reality. The claim that the apple is red is false. It is truer to say that we perceive the world as red and apple. This implies that everything we see is an illusion created by the mind. How the mind creates such illusions requires a new type of explanation.

This divide between reality and its perception creates serious problems for a physical theory of the mind. First, how do real physical states in the brain lead to illusions about color, taste and smell? Second, what makes the brain think that this illusion is reality and that the world is red and sweet instead of position and momentum? Third, if the physicist is sure that the brain is always an illusion about the nature of reality, then how did he come up with reality in the first place—isn’t his brain supposed to be under illusion as well? 

These problems have not yet been solved, and I don’t believe they will ever be solved within the framework of current physical concepts. They can however be solved in the symbolic view if we say that symbols in reality represent color, taste, smell, etc. Note that we don’t have to say that symbols are color, taste and smell. It is sufficient to say that they convey information about color, taste and smell, using which the observer creates sensations. When we say that the apple is red we are using the same words to describe reality and our experience, but the words have different meanings. In the mind, redness represents a sensation. In the external world, redness represents a symbol of redness. The symbol is objective, and the sensation is subjective. They can be described by the same words, but they are different. The simple advantage of this scheme is that our theories about nature can be validated through perception, because the words that describe perception can also describe reality. In current science, physical concepts need to be mapped to perception, when this mapping is under question and yet to be explained. For instance, how do we know that the emission of a photon will create the perception of color in an observer, when we haven’t yet explained the process by which eyes perceive the photon as color?
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