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Abstract
New age thinking (if one may call it such) has taken on board the idea that quantum physics has proven that classical 
Western dualistic thinking about the physical world is inadequate. It is a fact that a number of the founding fathers (sorry, as 
far as I know, no founding mothers (*)) of quantum physics — Erwin Schrödinger, Niels Bohr, Wolfgang Pauli — were 
fascinated by Eastern thinking and associated their insights into fundamental physics with what they saw as Eastern 
philosophical insights into the nature of the world in general (cf. Marin, 2009, ‘Mysticism’ in quantum mechanics: the forgotten 
controversy). 
         However, even the founding fathers were disturbed by the EPR paradox, and if they would have lived long enough, 
would have been even more disturbed by the Bell theorem (named after John Bell, 1964), which is generally supposed to 
prove the existence of spooky action at a distance (“quantum nonlocality”, “passion at a distance”). Moreover, the shocking 
predictions of this theorem are supposed now to have been experimentally confirmed, over and over again. Is this the end of 
reductionism? Everything is connected … subject and object cannot be distinguished. 
         The entangling of subject and object is dramatically brought home by interpretations of quantum mechanics which 
connect the collapse of the wave-function to an interaction with a conscious observer (subject). The observer is now an 
essential part of the physics (the moon is *not* there when nobody looks). There are interpretations of quantum mechanics in 
which Schrödinger’s cat is both alive and dead. There are theories of mind which claim that consciousness itself can only be 
explained through quantum mechanics. The 100 year old problem of how to interpret quantum mechanics is further from 
resolution than ever. 
         I would like to explain to you Bell’s theorem (don’t worry: without mathematical formulae, without physics even!) and 
discuss my own picture of a quantum-driven universe which I think does actually fit well to Buddha’s picture of mind, with one 
exception: it introduces irreducible randomness, which I suspect would have been as unpalatable to Buddha as it is to us 
today. I will argue that we cannot “understand” quantum physics because it contradicts what our embodied cognition allows 
us to understand. It violates our built-in “systems of core knowledge”, according to which irreducible randomness does not 
exist. 

(*) Erwin Schrödinger allegedly obtained his deepest insights in physics at the moment of sexual union with his mistress at the 
very same sanatorium in the Alps which was the inspiration for Thomas Mann’s “Zauberberg”.
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Part 1: Bell’s theorem
• J.S. Bell (1964) “On the Einstein Podolsky Rosen paradox”                

(One of the most cited papers of modern physics)                                        
http://www.drchinese.com/David/Bell_Compact.pdf (the paper) 

• https://www.youtube.com/watch?v=V8CCfOD1iu8                             
John Bell explains: “I cannot say that action at a distance is 
required in physics. But I cannot say that you can get away with no 
action at a distance. You cannot separate off what happens in one 
place with what happens at another” 

• https://www.youtube.com/watch?v=ZuvK-od647c (Veritasium video) 

• No action at a distance, but what some call passion at a distance

http://www.drchinese.com/David/Bell_Compact.pdf
https://www.youtube.com/watch?v=V8CCfOD1iu8
https://www.youtube.com/watch?v=ZuvK-od647c


Weihs et al. (1998)

Coming soon: Delft; Delft + Leiden



Ursin et al. (2006)
 

Distance no worries for spooky particles

Stephen Pincock

ABC Science Online

Friday,!8!December!2006

A message sent using entangled, or spooky, particles of light has been beamed across 

the ocean (Image: iStockphoto)

Scientists have used quantum physics to zap an encrypted message more than 140 kilometres between two Spanish islands. Professor Anton 

Zeilinger from the University of Vienna and an international team of scientists used 'spooky' pulses of light to send the message. They say this is 

an important step towards making international communications more secure. Zeilinger described the study this week at the Australian Institute of 

Physics meeting in Brisbane. The photons they sent were linked together through a process known as quantum entanglement. This means that 

their properties remained tightly entwined or entangled, even when separated by large distances, a property Einstein called spooky. The group's 

achievement is important for the emerging field of quantum cryptography, which aims to use properties such as entanglement to send encrypted 

messages. Research groups around the world are working in this field. But until now they have only been able to send messages relatively short 

distances, limiting their usefulness. Zeilinger's team wants to be able to beam the messages to satellites in space, so they could theoretically be 

relayed anywhere on the planet. 

To test their system, the team went to Tenerife in the Canary Islands, where the European Space Agency operates a telescope specifically designed 

to communicate with satellites. Instead of pointing the telescope at the stars, Zeilinger says, the scientists turned it to the horizontal and aimed it 

towards a photon sending station 144 kilometres away on the neighbouring island of La Palma. "Very broadly speaking, we were able to establish 

a quantum communication connection," he says. "We worried a lot about whether atmospheric turbulence would destroy the quantum states. But it 

turned out to work much better than we feared." The results suggest it should be possible to send encrypted photons to a satellite orbiting 300 or 

400 kilometres above the Earth, he says. "This is our hope. We believe that such a system is feasible." The next step is to try the system out with 

an actual satellite, a project which is likely to involve the European Space Agency and others. "This is about developing quantum communications 

on a grand scale," Zeilinger says. His team expects to publish its results soon.



The Bell game

• Version 1: leave space/time out of it 

• Version 2: add them in
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Question: can you colour the four balls green and red, so that   

the two on the bottom have the same colour ❤️

the two on top have different colours ☯

the two on the  
left have the  

same colour ❤️

the two on the  
right have the  

same colour ❤️
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Question: can you colour the four balls green and red, so that   

Answer:  
No you can’t. 

Either one  
or three  
failures

the two on top have different colours ☯

the two on the  
left have the  

same colour ❤️

the two on the  
right have the  

same colour ❤️

the two on the bottom have the same colour ❤️



Bell game: version 1
• Alice and Bob collaborate against Eve 

• Alice and Bob get to colour the balls                          
(two each, opposite corners) 

• Eve gets to choose a side of the square                             
= one of Alice’s and one of Bob’s balls 

• Alice and Bob want their colours to comply with the 
requirement on Eve’s chosen side (other sides 
don’t matter)

J. S. Bell (1964) “On the Einstein Podolski Rosen paradox”



❤️❤️

❤️

☯Alice 
1

Alice 
2

Bob 
1

Bob 
2

Eve chooses a side  
= one of Alice’s &  
one of Bob’s balls



Bell game
• Alice chooses colours top left and right bottom ball 

• Bob chooses colours top right and left bottom ball 

• Eve chooses one of the four sides = chooses one of Alice’s two balls and 
one of Bob’s two balls 

• Alice and Bob win if their chosen colours comply with the demand for Eve’s 
chosen side 

• Optimal strategy for Alice and Bob: choose colouring with mismatch on one 
side; side of mismatch completely random 

• Optimal strategy for Eve: choose one of the four sides completely at random 

• Alice and Bob will win three times out of four (i.e., with probability 75%)



Bell game

• What if Eve has to choose first, Alice and Bob 
colour afterwards? (or vice versa) 

• Boring game! 

• We’ll make it more interesting by separating Alice 
and Bob and only telling them which ball of theirs 
will be checked, afterwards



Bell game: version 2: 
distributed variant

• Alice and Bob confer (in secret) 

• Alice and Bob are separated (no more 
communication; but they can take notebooks, 
computers, etc etc with them) 

• Eve tells Alice which of her two balls will be inspected 

• Eve tells Bob which of his two balls will be inspected 

• Alice and Bob choose colours of designated balls



Bell game: 
distributed variant

• Optimal (classical) solution: Alice and Bob choose 
in advance, at random, one of the “solutions” of the 
original game 

• Why? Because they may as well perform in 
advance (in secret) any randomisations (tosses of 
coins, dice throws…) which might be needed; and 
they might just as well decide in advance how each 
of their own two balls will be coloured if it happens 
to get chosen



Bell game: 
distributed variant

• Optimal (quantum) solution: Alice and Bob each take 
one part of a pair of maximally entangled qubits with 
them (qubit = quantum two-level system, e.g., 
polarisation of a photon, spin of an electron, …) 

• When told which ball they should colour, they measure 
their qubit according to one of two pre-chosen settings, 
and colour according to measurement outcome 

• Alice and Bob can win with probability 85%                         
= 100 * (1 / 2 + √2 / 4) %



Alice 1

Alice 2

Bob 1

Bob 2

❤️

❤️
❤️

☯

Measuring in 
(nearly) opposite directions  

gives (mostly) same result ❤️

Measuring in  
(nearly) same directions  

gives (mostly) opposite result ☯

Singlet state, two spin half particles



Remarks
• There is no Bell telephone: Alice can’t send 

messages to Bob at superluminal speed 

• They can’t even speed up information transfer (*) 
Tsirelson bound: 85% 

• Bell forces randomness 

• Quantum physics enlarges possibilities in some 
directions, reduces them in others

(*) Pawlowski et al (2009), Nature



Part 2 
Some quantum speculations
• At “ground level” there exists irreducible 

randomness in nature 

• There is an arrow of time 

• Time and space are not as exchangeable as 
Einstein would have us believe 

• Slogan: “the past is particles, the future is a wave”





Past FutureNow

   
     

Collapse of the wave function

Einstein’s 
space-time

awareness 
(consciousness)



Part 3 
And what about Mind?

• https://en.wikipedia.org/wiki/Quantum_mind 

• (IMHO: mainly garbage)

The quantum mind or quantum consciousness hypothesis 
proposes that classical mechanics cannot explain 
consciousness, while quantum mechanical phenomena, such as 
quantum entanglement and superposition, may play an important 
part in the brain's function, and could form the basis of an 
explanation of consciousness. 

https://en.wikipedia.org/wiki/Quantum_mind


Why can no-one understand 
QM?

• Embodied cognition 

• Neuro-linguistics: “systems of core knowledge” 

Developmental Science 10:1 (2007), pp 89–96 DOI: 10.1111/j.1467-7687.2007.00569.x
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Abstract

 

Human cognition is founded, in part, on four systems for representing objects, actions, number, and space. It may be based, as
well, on a fifth system for representing social partners. Each system has deep roots in human phylogeny and ontogeny, and it
guides and shapes the mental lives of adults. Converging research on human infants, non-human primates, children and adults
in diverse cultures can aid both understanding of these systems and attempts to overcome their limits.

 

Introduction

 

Cognitive science has been dominated by two views of
human nature. On one view, the human mind is a flexible
and adaptable mechanism for discovering regularities in
experience: a single learning system that copes with all
the diversity of life. On the competing view, the human
mind is a collection of special-purpose mechanisms, each
shaped by evolution to perform a particular function.
The first view traces back to Enlightenment thinkers
such as Locke (1689) and Hume (1748) and has been
invigorated more recently by cognitive psychologists and
neural network theorists (e.g. Rumelhart & McClelland,
1985; Hinton, 1993). The second view was inspired by
Darwin (1871) and gained prominence with the rise of
evolutionary psychology (e.g. Cosmides & Tooby, 1994;
Pinker, 2002). Much public discussion has focused on
the diverging ways in which these views explain human
behavior. Does a given ethnic group excel in mathematics
because its members have studied more diligently, or
because they have inherited greater talent? Do some
adolescents join violent gangs because they learned
aggressive behavior from their communities, or because
they inherited a predisposition toward intergroup com-
petition? Behind these specific questions lies a more
general concern: To what degree can we human beings
determine our fates and choose our futures? With enough
cognitive work, can any person develop her mathematical
talents and control her aggression?

Developmental science was born from these concerns,
and its research bears on these questions. We believe its
research has shown that both these views are false: humans
are endowed neither with a single, general-purpose learning
system nor with myriad special-purpose systems and

predispositions. Instead, we believe that humans are
endowed with a small number of separable systems of
core knowledge. New, flexible skills and belief  systems
build on these core foundations.

Studies of human infants and non-human animals,
focused on the ontogenetic and phylogenetic origins of
knowledge, provide evidence for four core knowledge
systems (Spelke, 2004). These systems serve to represent
inanimate objects and their mechanical interactions,
agents and their goal-directed actions, sets and their
numerical relationships of ordering, addition and sub-
traction, and places in the spatial layout and their geo-
metric relationships. Each system centers on a set of
principles that serves to individuate the entities in its
domain and to support inferences about the entities’
behavior. Each system, moreover, is characterized by a
set of signature limits that allow investigators to identify
the system across tasks, ages, species, and human cultures.

The core system of object representation has been
studied most extensively. It centers on the spatio-temporal
principles of cohesion (objects move as connected and
bounded wholes), continuity (objects move on connected,
unobstructed paths), and contact (objects do not interact
at a distance) (Aguiar & Baillargeon, 1999; Leslie & Keeble,
1987; Spelke, 1990). These principles allow human infants
as well as other animals to perceive object boundaries,
to represent the complete shapes of objects that move
partly or fully out of view, and to predict when objects
will move and where they will come to rest. Some of
these abilities are observed in the absence of any visual
experience, in newborn human infants or newly hatched
chicks (Valenza, Leo, Gava & Simion, in press; Regolin
& Vallortigara, 1995; Lea, Slater & Ryan, 1996). Even
infants with months of visual experience do not, however,

 

Address for correspondence: Elizabeth S. Spelke, Department of Psychology, Harvard University, 1130 William James Hall, Cambridge, MA 02138,
USA; e-mail: spelke@wjh.harvard.edu



Conclusion
• Buddhists can appreciate Bell’s I cannot say that action 

at a distance is required in physics. But I cannot say that 
you can get away with no action at a distance. You 
cannot separate off what happens in one place with 
what happens at another 

• The concept of irreducible randomness is intolerable,     
but it seems we have to put up with it 

• Buddhists can appreciate the idea that the now exists, 
the past and the future are both imaginary, only 
awareness exists


