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Summary.

The key terms.

1. Key term: ‘Emptiness’. The Indian philosophergdguna ( 2nd century BC ) is
known in the history of Buddhism mainly by his keynd ‘sunyata’. This word is
translated into English by the word ‘emptiness’eTthanslation and the traditional
interpretations create the impression that Nagarpleclares the objects as empty or
illusionary or not real or not existing. What isthssertion and concrete statement
made by this interpretation? That nothing can hendp that there is nothing, that
nothing exists? Was Nagarjuna denying the extewodld? Did he wish to refute that
which evidently is? Did he want to call into questthe world in which we live? Did
he wish to deny the presence of things that somedrtse? My first point is the
refutation of this traditional translation and iqtestation.

2. Key terms: ‘Dependence’ or ‘relational view'. Msecond point consists in a
transcription of the keyword of ‘sunyata’ by the ndo‘dependence’. This is
something that Nagarjuna himself has done. Now Naga's central view can be
named ‘dependence of things’. Nagarjuna is notilapkor a material or immaterial
object which can be declared as a fundamentakyeslithis world. His fundamental
reality is not an object. It is a relation betweshects. This is a relational view of
reality. Reality is without foundation. Or: Realiftyas the wide open space as
foundation.

3. Key terms: ‘Arm in arm’. But Nagarjuna did nabg there. He was not content to
repeat this discovery of relational reality. He wen one step further indicating that
what is happening between two things. He gave atitios to the space between two
things. He realised that not the behaviour of badoit the behaviour of something
between them may be essential for understandingetiigy. This open space is not at
all empty. It is full of energy. The open spacehs middle between things. Things
are going arm in arm. The middle might be considier® a force that bounds men to
the world and it might be seen as well as a fofceration. It might be seen as a

bondage to the infinite space.



4. Key term: Philosophy. Nagarjuna, we are tolds waBuddhist philosopher. This
statement is not wrong when we take the notionlgsbphy’ in a deep sense as a
love to wisdom, not as wisdom itself. Philosophyaisvay to wisdom. Where this
way has an end wisdom begins and philosophy is moe mecessary. A.N.
Whitehead gives philosophy the commission of dpsiee generalization. We do not
need necessarily a philosophical building of ursaérdimensions. Some steps of
descriptive generalization might be enough in ordesee and understand reality.
There is another criterion of Nagarjuna’'s philospph Not his
keywords ‘sunyata’ and ‘pratityasamutpada’ but Bt philosophical examples are
the heart of his philosophy. His examples are imad@ey do not speak to rational
and conceptual understanding. They speak to oww. dymages, metaphors, allegories
or symbolic examples have a freshness which rdtideas do not possess. Buddhist
dharma and philosophy is a philosophy of allegoridss kind of philosophy is not
completely new and unknown to European philoso@yce Plato’s allegory of the
cave it is already a little known. (Plato 424 — B18) The German philosopher Hans
Blumenberg has underlined the importance of metapincEuropean philosophy.

5. Key terms: Quantum Physics. Why quantum phyditg®pean modes of thought
had no idea of the space between two things. These vibound to the ideas of
substance or subject, two main metaphysical tawtiof European philosophical
history, two main principles. These substancesthesle subjects are two immaterial
bodies which were considered by traditional Europ@ataphysics as lying, as a sort
of core, inside the objects or underlying the emgirreality of our world. The first
European scientist who saw with his inner eye trees between two things had
been Michael Faraday (1791-1867). Faraday was aglishn scientist who
contributed to the fields of electromagnetism. Laibysicists like Albert Einstein,
Niels Bohr, Erwin Schrodinger, Werner Heisenberd athers followed his view in
modern physics. This is a fifth point of my work.cbmpare Nagarjuna with
European scientific modes of thought for a bettedeustanding of Asia. | do not

compare Nagarjuna with European philosophers likgal Heidegger, Wittgenstein.
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The principles and metaphysical foundations of pi&ajs sciences are more
representative for European modes of thought thamdeas of Hegel, Heidegger and
Wittgenstein and they are more precise. And slomdyare beginning to understand
these principles.

Let me take as an example the interpretation ohigyua entanglement by the British
mathematician Roger Penrose. Penrose discusses year of 2000 the experiences
of quantum entanglement where light is separateat avdistance of 100 kilometers
and still remains connected in an unknown way. &ree well known experiments
in the last 30 years. Very strange for Europeanesaad thought. The light should be
either separated or connected. That is the expactabost European modes of
thought tell us. Aristotle had been the first. Aotte (384 - 322 BC) was a Greek
philosopher, a student of Plato and a teacher ekaider the Great. He told us:
Either a situation exists or not. There is notiadtpossibility. Now listen to Roger
Penrose:

“Quantum entanglement is a very strange type afgthlt is somewhere between
objects being separate and being in communicatidneach other” (Roger Penrose,
The Large, the Small and the Human Mi@@&mbridge University Press. 2000 page
66). This sentence of Roger Penrose is a firstatepphilosophical generalization in
a Whiteheadian sense.

6. Key terms: ‘The metaphysical foundations of mradescience’ had been
examined particularly by three European and Anaeriphilosophers: E. A. Burtt,
A.N. Whitehead and Hans-Georg Gadamer, by Gadameneatly in his late
writings on Heraclitus and Parmenides. | try toldel the approaches of these
philosophers of anti-substantialism. By ‘metaphgbkidoundations’ | do not
understand transcendental ideas but simply theciptes that are underlying
sciences.

7. Key terms : ‘Complementarity’, ‘interactions’,ertanglements’. Since
1927 quantum physics has three key terms which @mwme indication to the

fundamental physical reality: Complementarity, ratgions and entanglement. These
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three notions are akin to Nagarjuna’s relationawiof reality. They are akin and
they are very precise, so that Buddhism might leaomething from these
descriptions and quantum physicists might learrmfidagarjuna’s examples and
views of reality. They might learn to do a firsg¢gtin a philosophical generalisation
of quantum physical experiments. All of us we mitgarn how objects are entangled

or going arm in arm. [The end of the summary.]



2. Nagarjuna

Preliminary note

We should be cautious about hastily translating tiganskrit terms

‘pratityasamutpada’ and ‘sunyata’ before havingarstbod the full spectrum of their
meaning. Rather than dealing with the abstract tgmnatityasamutpada’ and
sunyata’, this essay will work with the images whidagarjuna used to illustrate his

concepts. The images are evidences of relatiotesyails and intermediate states. [1]

Nagarjuna's view of reality.

Nagarjuna was the most significant Buddhist phibs of India. He was the
founder of the Middle Way School, Madhyamaka, whglof great topical interest
because it became fundamental to all later Budddabblarly thought, known as
Mahayana (Great Vehicle). It is a path of inneetdtion which avoids the extreme
views of substantialism and subjectivism. Apaoinirvarious unconfirmed legends,
we have no assured biographical knowledge of Nagarj The authenticity of
thirteen of his works has been more or less estaddi by research. The Danish
scholar Lindtner has examined and translated thvesks into English. Nagarjuna's
main work, Mulamadhyamaka-karikaMMK) has been translated into several
European languages [dh the MMK the Middle Way is described d%Vhat arises
dependently (pratityasamutpada) is pronounced teubstancelessness (sunyata).
This is nothing but a dependent concept (prajnaf@ybstancelessness (sunyata)
constitutes the middle way”. [MMK: chapter 24, \&1K3] Nagarjuna's view consists
principally of two aspects. The first is an expiasitof his view of reality gunyata,
pratityasamutpadg according to which reality has no firm core aws not consist
of independent, substantial components. Realitatiser a system of two-bodies or

many bodies which reciprocally affect each othe}. [Bhis view of reality is
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diametrically opposed to another key concegtabhava’,'own being’ or ‘inherent
existence’, also known in the Greek tradition ab&ance’.

The second aspect of Nagarjuna’s philosophy isnawaer to the inner contradictions
of four extreme modes of thought which can be soiesl under the headings:
‘substantialism’, ‘subjectivism’, ‘holism’ and ‘itumentalism’. My thesis is that

these four modes of thought are unsustainable.

(1) Substantialism

Substance (or own being) is defined as somethiaghtas independent existence. [4]
Substantialism is at the centre of traditional mpkyeics, beginning with pre-Socratic
philosophers, for example Parmenides and Heracliwe were two critics of
substantial thought, and going right up to Immanaht (1724-1804). Substance is
considered to exist by itself, i.e. the unchangeabternal and underlying basis for
the entire non-material foundation of the worldwhich we live. Plato (4th century
BCE) made a distinction between two forms of bamgis Parmenideson the one
hand, singular objects which exist exclusively tlglo participation without own
being and, on the other hand, ideas that do haveb®wg. Traditional metaphysics
adopted Plato’s dualism. An independent own besgharacterised as something
that, as an existing thing is not dependent onhamgtelse (Descartes); is existing by
itself and subsisting through itself (More); is qaetely unlimited by others and free
from any kind of foreign command (Spinoza); andsexiof itself without anything
else (Schelling). The highest substance was oftelerstood as God.

Since Kant's ‘Copernican Revolution’ the primaryegtion of philosophy has no
longer been to comprehend reality, but rather thoia the mind, i.e. the source of

perception and knowledge.

For this reason traditional metaphysics has lostiggd in the modern world. In fact
its central concepts, such as ‘substance’, ‘réali@gsence’ and ‘being’ have been

replaced by the reductionist modes of thought ofleno science. Now ‘atoms’,
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‘elementary particles’, ‘energy’, ‘fields of forcand other concepts derived from the

‘laws of nature’ are viewed as the fundamental gdou

(2) Subjectivism

Subjectivism is the philosophical theory that kHowledge is subjective, and
relative. According to René Descartes (1596-16500sciousness is primarily
existent and everything else is sheer contentron,fa creation of consciousness. The
summit of subjectivism is the idealism of Georgerkégey (1685-1753). The
subjectivism of Immanuel Kant can be consideredraslerated idealism. Hans-
Georg Gadamer (1900-2002) emphasises that subfgctig. self-awareness has
become the fulcrum of modern philosophical thouglitich provides us with
evidential proof and certainty. This view has beentinually brought into doubt by
modern physical science. However, these doubts hatvied to a new view of reality
but to a fatal separation of philosophy and thesrsmes. This separation has
exacerbated the dualism that preoccupies modeughktoAccordingly, the physicist
P.C.W. Davies, expounds in his 1986 book that elast photons or atoms do not
exist; they are nothing but models of thought. [5]

(3) Holism

The third approach avoids the fatal either-or dichty of the first two
approaches by merging subject and object into omigyesuch that there are no
longer any separate parts but only one identitysane. Holism is “the view that
an organic or integrated whole has a reality inddpat of and greater than the
sum of its parts”[6]. ‘Wholeness’ is made absolusemystified and becomes an
independent unity that exists without dependenceiterparts. Wholeness is
understood as something concrete as if it was demat fact or an object of
experience. As a philosophical approach found reagperiods of European
history of philosophy, this view is connected withmes like Thomas Aquinas

(1224-1274), Leibniz (1646-1716) and Schelling @-1854). In quantum
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physics, holism is represented by David Bohm. Hisy kconcept is

‘holomovement’, an undivided wholeness in flowingyament. [7]

(4) Instrumentalism

Instead of favoring subject or object or the twgeiher, the fourth approach ignores
the existence of the three. According to this viewp the search for reality is
insignificant and meaningless. Instrumentalism ugegmodern, intelligent (see the
philosophy of Ernst Cassierer) and sometimes Ipdittiag and hypercritical. It is
difficult to disengage from it. It is an extensioh subjectivism and it regards the
process of thinking as model making and as workmtp information, without
concern as to what phenomena the information isitatMWhat philosopher Donald
Davidson (1917-2003) said about subjectivism, migéattrue for instrumentalism
also: “Once one makes the decision for the Cartegggproach, it seems that one is
unable to indicate what one’s proofs are eviddace [8]

For instrumentalism, theories are not a descriptiothe world but an instrument for
a systematic classification and explanation of pla®ns, and for the prediction of
facts.

The instrumentalist approach is outlined by the eexpental physicist Anton
Zeilinger who stated in an interview, “In classiqadysics we speak of a world of
things that exists somewhere outside and we deschbir nature. In quantum
physics we have learned that we have to be vergfudaabout this. Ultimately
physical sciences are not sciences of nature lenaes of statements about nature.
Nature in itself is always a construction of mimdiels Bohr once put it like this:

‘There is no world of quantum, there is only a quam mechanical description™. [9]
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Nagarjuna’s viewpoint.

Nagarjuna presents these four extreme views oityeala scheme that is called in
Sanskrit: tatuskoti, the equivalent of the Ancient Gredietralemma’,as follows:
things have no substance: 1. neither out of theraseR. nor out of somethimrdse,

3. nor out of both, 4. nor without a caugetralemma: a figure in Ancient Greek and
Eastern logic with four possibilities.)This kind of tetralemma refutes the four
modern views of reality as above mentioned. Thashthat Nagarjuna does not fall
into any of these extremes and that his view ispletaly up-to-date. In the very first
verse of the MMK a tetralemma is pointed out: “leit from itself nor from another,
nor from both, nor without a cause, does anythif@tever anywhere arise”. [10]
This verse can be understood as the principalns@ateof the MMK: the refutation of
the four extreme metaphysical views which cannotdoenciled with the dependent
arising of things. If this is the case, the remamaf the MMK would be a
clarification of this verse. This requires careéxlamination. What is the assertion
made by this verse? That nothing can be found, tttexe is nothing, that nothing
exists? Was Nagarjuna denying the external world? 2 wish to refute what
evidently is? Did he want to call into question therld in which we live? Did he
wish to deny the everywhere presence of things sbatehow arise? If ‘to arise’
refers to the empirical data, then we are obligedrgue that if a thing does not arise
out of itself, it must arise out of something elSm we should ask: what is the
significance of the notion ‘to arise’? In anoth&xt, Nagarjuna gives some
indications how to understand this view. He writekis YuktisastikgYS): 19. “That
which has arisen dependently on this and that has not arisen substantially
(svabhavatah). What has not arisen substantiadly, ¢an it literally (nama) be called
‘arisen'? [...] That which originates due to a caasd does not abide without
(certain) conditions but disappears when the cmditare absent, how can it be

understood as 'to exist'? [11]
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By the notions of ‘to arise’ and ‘to exist’, Nagamp does not mean the empirical
existence but the substantial existence, as wess#l in the following examples.
When in many passages of MMK Nagarjuna statestthatjs do not arise (MMK
7.29), that they do not exist (MMK 3.7, 5.8, 14.6)at they are not to be found
(MMK 2.25, 9.11), that they are not (MMK 15.10)atithey are unreal (MMK 13.1),
then clearly this has the meaning: things do neeasubstantially. They do not exist
out of themselves; their independence cannot bedfolihey are dependent and in
this sense they are substantially unreal. Nagarjonly rejects the idea of a
substantial arising of things which bear an absoand independent existence. He
does not refute the empirical existence of thingesplained in the following: “It
exists implies grasping after eternity. It doed axist implies the philosophy of
annihilation. Therefore, a discerning person shautidecide on either existence or
non-existence”. (MMK 15.10)

For Nagarjuna, the expression ‘to exist’ has thammeg of ‘to0 exist substantially’.
His issue is not the empirical existence of thibgs the conception of a permanent
thing i.e. the idea of an own being, without depare on something else. Nagarjuna
refutes the concept of independent existence widchnchangeable, eternal and
existing by itself. Things do not arise out ofrtieelves, they do not exist absolutely
and are dependent. Their permanent being or ekisteannot be found. The many
interpretations of Nagarjuna which claim that healso refuting the empirical
existence of objects, are making an inadmissibleegdization which moves
Nagarjuna near to subjectivism, nihilism and instemtalism. Such interpretations
originate in metaphysical approaches which themeselhave a difficulty in
recognizing the empirical existence of the datesgméad. This is not at all the case
with Nagarjuna. Nagarjuna presents the dependdngbemomena mainly in images

as in the twenty-five chapters of the MMK.[12]
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A brief review of the 25 chapters of theMulamadhyamaka-karika (MMK):

1. A thing and its cause; 2. A mover and the d=taio be moved; 3. A seer and a
vision or view; 4. A cause and its effect; 5. Araateristic and its characterization;
6. Desire and the desirous one; 7. Origination, ation and decay; 8. Action and
agent; 9. A viewer and a vision; 10. Fire and fuEl; Birth and death; 12. Suffering
and the causes of suffering; 13. A teenager andgad person; 14. Something and a
different thing; 15. Being and nothing; 16. Bondagel liberation; 17. Action and its
fruit ; 18. Identity and difference; 19. The pasie present and the future; 20. Cause
and effect; 21. Coming to be and passing away; @# Buddha exists and the
Buddha does not exist after death; 23. Pure andunetp24. Buddha and bodhi; 25.
Nirvana and being.

15



Chapter 1. Cause and effectA high speed photograph by Harold E. Edgerton.
Picture:http://canibuk.wordpress.com/2011/11/16/harold-ebge

Commentary: A projectile after penetrating an applee penetration of the projectile is the cause

of the direct effect: the beginning of an explosairthe apple. This happens at the same moment.
Cause and effect cannot be separated. They arenaobbject and they are not two separated
objects. There is no space and no time betweere @ object. The cause leads immediately to a
near effect. There is not first a cause and later aeoeffThe most important characteristic of bodies
is their interdependence and the resultant, subsliessness, the impossibility of existing
individually and independently. A thing is not iqemdent of its cause and conditions, nor is it
identical with them.
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Chapter 2: A mover and the distance within which tomove.Usain Bolt. 2012. Picture: Reuters.
A thing is not independent of its conditions, nertiidentical with them. A mover does not exist
without the distance within which to move. The moaad the distance are not one. A mover and
the distance are neither together nor separatesl nidst important characteristic of bodies is their
interdependence and the resultant, substancelesgshesmpossibility of existing individually and
independently.
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Chapter 8. Action and agentPicture: Allsport. Description: Cassius Clay (Mulmaad Ali) lands

a right on Brian London during their Heavyweight NdoTitle Fight at Earls Court, London.
Commentary: When there is no action there is notageither existper se Action and agent are
not isolated components; they arise only by thepashdence on other bodies. Not the behaviour of

bodies but the behaviour of something between tisezasential.
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Chapter 10: Fire and fuel. Photographer unknown. Commentary: Without fire ¢hean be
nothing designated as fuel. The material or imnet@omponents of a twbody or three-body
system do not exist in isolation, they are not and yet they are not independent of each other.
Something is happening between these bodies araugeof this, they are not substantially real.
Nagarjuna emphasises one central idea: bodies @then together nor separated. The most
important characteristic of bodies is their intgreledence and the resultant, substancelessness, the

impossibility of an independent and individual ¢erse.
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Chapter 12: Suffering and the causes of suffering?icture: Kevin Carter. hungerl_kevin.carter.
Commentary: Suffering is not independent from aseaaf suffering and not identical with its
cause. There can be no cause without an effean effect without a cause. The notion ‘cause’ has
no meaning without the notion ‘effect’. Cause afféat are not one, but they cannot be separated
into two independent notions either. Like sufferirgplity does not consist of single, isolated
material or immaterial components; suffering ariseéy by dependence on other causes. Like
everything in this world suffering and its cause aot one and they are not two different objects.
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Chapter 13. A teenager and an aged persoihe 14th Dalai Lama, Tenzin Gyatso in exile in
India. 14th of April 1959. Commentary: The Dalainha is not properly a teenager. He is a
young man of 24 years. Picture: © Keystone Feal@edty Images. Next page: Photography by
Wolfgang H. Wogerer, Vienna, Austria. CommentarkieTl4th Dalai Lama in 2012 as a man
of 77 years. These two men are not the same agdthenot two different men.
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Chapter 13. A teenager and an aged person.
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Chapter 16: Bondage and liberation.1945. Description: Prisoners of Dachau, at liberati
cheering the liberating US soldiers: We are freeeefr. Picturehttp://isurvived.org/TOC-IIl.html
Commentary: There is no liberation without bondager two complementary realities, bondage
and liberation, the nature and the existence oh eme dependent on the other. There is no
fundamental core to reality; rather reality corsist systems of interacting facts or ideas.
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Chapter 23. Pure and impure.Rio Negro and the Amazon meet in Manaus, Brazittupe:
Markus Mauthe.http://www.wildview.de/tag/rio-negro/ Commentary: Usually two waters get
mixed when they come together. These two impurersatmain separated in the same river at the
beginning of the Amazon. Only after 30 km they epenpletely mixed. The idea or notion ‘pure’
has no meaning without the opposite idea or nofimpure’. A fundamental or elementary or
independent idea or notion does not exist. Oursideanotions are dependent. One notion is
contingent upon another.
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Father and son.Description: The author, his daughter Larissa )laftd his son Nikolai (right),
Dec. 1980. Picture: C.T. Kohl. “If the son is pradd by the father, but the father also produced by

that very son, then will you please tell me, whimhe is the true ‘cause’ and which the true

‘result’?” (NagarjunayVigrahavyavartani.)




A solar storm. Something is happening between sun and earth. rPictu

http://www.picalls.com/data/media/17/Solar stornpd.
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3. Interpretation of MMK’s 25 chapters.

In 25 out of 27 chapters, Nagarjuna emphasizescengal idea: bodies are neither
together nor separated. The most important chaistote of bodies is their
interdependence and the resultant, substancelssghesimpossibility of existing
individually and independently. This is the meaniofy pratityasamutpadaand
sunyata bodies are without own being and are not independf each other. Reality
does not consist of single, isolated material omaterial components. It is not the
behaviour of independent bodies but the behavibaomething between them that is

essential.

Let us concentrate on the 25 chaptersa thing is not independent of its conditions,
nor is it identical with them. A mover does not @#xwithout the distance within
which to move. The mover and the distance are net A viewer is not the same as
the view, but a viewer without a view does not exiiere can be no cause without
an effect, or an effect without a cause. The ndttanse’ has no meaning without the
notion ‘effect’. Cause and effect are not one, thety cannot be separated into two
independent notions either. Without a characteristive cannot speak of a
characterization, and the other way round. Howadtlwre be a desirous one without
desire? When there is no action there is no agesither existper se Without fire
there can be nothing designated as fuel. The mamrimmaterial components of a
two-body or three-body system do not exist in igofg they are not one and yet they
are not independent of each other. Something ipdrapg between these bodies and
because of this they are not substantially realt ®&@ or sometimes three
complementary bodies or for two concepts like camse effect, or bondage and
liberation, the nature and the existence of eaehdapendent on the other. The one
arises with the other and disappears with the othhrs is why a thing arises
substantially, neither out of itself, nor out ofoéimer, nor out of both, nor without a

cause. There is no fundamental core to realityierateality consists of systems of
27



interacting bodies. This view of reality is firshch foremost an idea; a pointer to
reality which cannot be described in words. One wap speak about concept-free
reality has not experienced it. For the Buddhiatitton based on Nagarjuna, the
yogic experience of substancelessness, the expera@rdependent arising, the direct
perception of reality as it is, all presupposeghhevel of spiritual realisation which
entails the abandonment of extreme views and th@bigon of the entire edifice of
dualistic thought and philosophy. To experienm&tityasamutpadaor sunyata
means to become free of all entanglements of tlddwNirvanais simply another

expression for this.
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4. Discussion of Nagarjuna'’s work.

For Nagarjuna, the primary question was not aboudmor about the origin of
knowledge but about the reality of the physical ldiofTarab Tulku Rinpoche
presented an all encompassing position when he sSamkrything existing partakes
in a fundamental 'mind-field', which is the basabstance' from which mind in a
more individual way and the individual body devélofd3] In order to emphasise
that Nagarjuna does not only speak about viewsowttlsubstance but also about
bodies without substance, here is a comparisontivitlviews of reality suggested by
guantum physicists. Physics is about views andctmglitions of physical reality. It
creates models and thus examines only realitieshwive been posited by physics
itself. Nevertheless, as the experimental psychsildgzin Rock who studied visual
perception, describes it, we should not go sogapaonsider all our perceptions and
thought models to be purely adventitious. Whiledbastructions of our mind are not
identical with reality, they are not purely coinerdal and usually not deceptive. [14]
Behind these models are empirical bodies and tieeome approximation of a
structural similarity between a physical model dahd corresponding physical and

tangible reality.
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5. The metaphysical foundations of quantum physics

“A courageous scientific imagination was neededréalize fully that not the
behaviour of bodies, but the behaviour of somegthietween them, that is, the field,
may be essential for ordering and understandinghevd...] “What impresses our
senses as matter is really a great concentratioangrgy into a comparatively small

space” Albert Einstein.[15]

This is not a presentation or criticism of quantphysics but a discussion of the
metaphysical mindsets and principles which undepliantum physics. The views of
reality in quantum physics can be expressed byetkey terms: ‘complementarity’,
‘four interactions’ and ‘entanglement’. [16]

In the prehistory of quantum physics it could netgroved experimentally whether
the smallest elements of light were particles ovega Many experiments argued in
favor of one or the other assumption. Electrons@mtons sometimes act like waves
and sometimes like particles. This ‘behaviour’ wesned: wave-particle dualism.
The idea of dualism was therein understood to logjiaal contradiction, in the sense

that only one or the other could actually apply; pparadoxically both appeared.

According to this understanding of atomic theomgctons and photons cannot be
both particles and waves. According to atomic the@ scientific explanation
consists of a reduction of a variable factor ing@ermanent components and their
applicable mathematical laws. This is the fundamdedutalistic view that modern
atomic theory has inherited from the natural plufds/ of the ancient Greeks who
expounded that substance and permanence cannotié ih objects of perception
of the world in which we live, but can be foundtie fundamental elements making
up objects and their mathematical order. These mahtend immaterial foundations
hold the world together, they do not change, aljmoeverything else changes.

According to the expectation of atomic theory, hbosld be possible to reduce an
30



object to itsindependentlements, to its mathematical laws, or to its sen@hd
fundamental principles. Until 1927 the fundameneééments had to be either
particles or waves, they could not be both. Whao ibe understood hydependent
elements? As mentioned before, the notion of sabstaefers to something that has

independent existence.

Albert Einstein’s contribution to the interpretatio n of quantum physics

Albert Einstein was following the aforementionedtapdysical tradition when he

wrote in the year of 1948 very clearly:

“For the classification of things that are introdddn physics, it is essential that
these things have for a certain time an indepeneb@stence from each other, in
so far as these things lie 'in different parts dce'. Without the assumption of
such an independent existence [Einstein uses thedhgerm So-sein, this is akin
to terms like substance, or being, or suchnessihimigs which, in terms of

ordinary thought, are spatially distant from eacheo, physical thought in the

usual sense would not be possible”. [17]

This idea of an independent reality was projectei the basic element of the world
of matter by atomic theory. For atomic theory, #istfic explanation means to
reduce the variability and variety of objects aondditions to their permanent, stable,
independent, and indivisible elements and to tleemformity with mathematical

laws. According to the expectations of atomic tlgeatl variations in nature can be
explained in terms of separation, association ammvements of unchanging,
independent atoms or still more elementary pagicleThese particles and their
conformity to mathematical laws constitute the cofebodies. They underlie

everything and hold the world together. The questichether the fundamental
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objects are waves or particles was an explosiugeisat stake were the traditional

metaphysical views of reality available to quanfomysics.

It became evident that fundamental reality couldb®grasped by traditional views
of reality. What is the explanatory value of atortheory if it becomes clear that
there are no independent, stable atoms or elenyepéaticles, and that objects have
no stable core? Are these quantum objects objecéwijective, both or neither?
What is reality? Is the quantum world completelstidict from the world in which we

live?

Niels Bohr’s contribution to the interpretation of quantum physics

In 1927, the physicist Niels Bohr introduced thlikea of complementarity into
guantum physics. According to this idea, the warenfand the particle form are not
two separate forms which contradict and excludeheaiher but are mutually
complementary forms which can provide a completscdtion of physical
manifestations only together. According to NielshB complementarity means that
in the quantum world it is impossible to speak @ahodependent quantum objects
because they are in an interactive relationshif wach other as well as with the
instrument of measurement. He emphasized that itlteyaction between the
guantum object and the instrument of measuremestamainseparable element of
guantum objects, because it plays a major pahardevelopment of several features
of them. Certain measurements establish electrophaions as particles and destroy
the interference that distinguishes the objectas\ae. Other measurements establish

the object as a wave. This was Niels Bohr's nea afeeality.

From the insight that the quantum object and thstrument of measurement
could not be separated, Niels Bohr did not conclind¢ there are no quantum

objects. At least he did not do so when he wasiagga terms of physics. When
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he spoke about the metaphysics of quantum physc®dk an instrumentalist
approach. [18] For the physicist Niels Bohr, quamfphysical objects consist of

interacting and complementary quantum objects.
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Ein grundlegendes Experiment zur Quantenphysik:
Welle-Teilchen Dualismus der Materie

5«
50" 6h 55°'

'.lh 41 42h 18"

4h 13"

-80 40 0 40 80 X/pm

Schickt man Helium-Atome gleicher Richtung und Geschwindigkeit durch einen Doppelspalt, so erzeugt je-
des Atom auf einem Schirm dahinter einen streng lokalisierten Auftreffpunkt; das Helium-Atom erscheint
hierbei seinem Wesen nach als ein Teilchen. Werden die Auftreffpunkte bei einem lénger laufenden Experi-
ment héufiger, so tritt ein Interferenzmuster in Analogie zum Youngschen Doppelspalt-Experiment auf. Die
sieben Teilbilder wurden im Abstand von 5’ bis 42h 18’ nach Beginn des Experiments aufgenommen. Die He-
lium-Atome verhalten sich hier als Welle. Dieses Experiment stellt den Welle-Teilchen Dualismus der Mate-
rie in eindrucksvoller Weise dar. Wie es der Quantentheorie gelingt, den Widerspruch: punktférmiges Teil-
chen einerseits, ausgedehnte Welle andererseits zu iiberbriicken, wird in diesem Buch dargestellt. Diese Expe-
rimente mit Helium-Atomen wurden durchgefiihrt von Carnal, O., Mlynek, J.: Phys. Rev. Lett. 66, 2689
(1991) und Kaurtsiefer, Ch., Pfau, T., Mlynek, J.: Nature 386, 150 (1997). Mehr dazu in Abschn. 6.6.
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The double-slit experiment.(see previous page) If you send an atom of heliomgh a double-
slit, every atom produces a point behind the degbieThe atoms arrive in discrete lumps. There is
no interference in the beginning. The atoms arlike bullets at the screen. But later they show
interference. Their appearance shows the strucfuneves in a similar manner to waves on water.
The seven pictures shown were taken at intervalgimg from 5 minutes to 42 hours and 18
minutes. Quantum objects show a double qualityasfigles and of waves. They are dependent on
the instrument of measurement: the double-slit. sTlhlouble quality has been named
‘complementarity’ by Niels Bohr. Complementarity ams that the two qualities are not dualistic.
They do not exclude each other but complement edichr like the poles of a dipole. Picture:
Haken, H./ Wolf, H.C.,Atom- und Quantenphysik.Springer Verlag Berlin 2000. With the

permission of Springer Verlag.

Dipole. Picture: Quelle: leifi.physik.uni-muenchen.de/wpb07 _g8/umwe...
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Figure 1: In this Feynman diagram, an electron and a posaramhilate each other, producing a
photon (represented by the blue sine wave) thatrbes a quark/anti-quark pair. The photon is or
represents or creates or realises the electromagmetraction or electromagnetic force.

Picture:http://en.wikipedia.org/wiki/Feynman diagram
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The concepts of interactions in the standard modelf quantum physics.

The notion of four elementary interactions wasadtrced in the standard model of
guantum physics. These four forces obstruct theatemh of quantum objects into
iIndependent objects. Such an idea had alreadypmested by Democritus in the 3rd
century BCE. The interactional forces which opeilzéveen the quantum objects,
are added to the quantum objects. Instead of sangmdependent objects, two-body
systems or many-body systems were establishededsase of matter. Between the
bodies, interacting forces are effective in keephregm together. [19]

These interactions are a composite of the bodiestlylthey are forces of attraction
and in the case of electro-magnetic forces theyatsm be forces of repulsion. One
visualises the interactioletweenthe elementary particles as an interactmn
elementary particles. The physicist Steven Weinlpeutg it like this: “At the present
moment the closest we can come to a unified viewatdire is a description in terms
of elementary particles and their mutual interawdio[...] The most familiar are
gravitation and electromagnetism, which, because thedir long range, are
experienced in the everyday world. Gravity holds fteet on the ground and the
planets in their orbits. Electromagnetic interatsi@f electrons and atomic nuclei are
responsible for all the familiar chemical and plgsiproperties of ordinary solids,
liquids and gases. Next, both in range and fantjiaare the 'strong' interactions,
which hold protons and neutrons together in thenatmucleus. The strong forces are
limited in range to about 18 centimeter and so are quite insignificant in oagyn
life, or even in the scale (fCcentimeter) of the atom. Least familiar are thealV
interactions. They are of such short range (leas 10"° centimeter) and are so weak
that they do not seem to play a role in holdingtlaumg together”. [20]

In this respect, the explanations enter into qdifiecult and subtle particulars. How,
for example, can an electron which consists onlgrad particle be in interaction with

another quantum object? What part of itself caenilit if it consists only of one
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particle? These questions can be answered by theepbof interaction. In fact an
electron does not exist of only a single partictaatly because the interaction of the
electron is a part of it. In 1978 The physicistsn[®dZ. Freedman and Pieter van
Nieuwenhuizen wrote in this regard that “the obedrelectron mass is the sum of
the 'bare mass' and the 'self-energy' resulting tfee interaction of the electron with
its own electromagnetic field. Only the sum of tia® terms is observable”. [21]
What in quantum physics is known about interactiasn$iere summarized in the
words of the physicist and Nobel prize laureatea@krt Hooft: “An electron is
surrounded by a cloud of virtual particles, whitrcontinually emits and absorbs.
This cloud does not consist of photons only, bsio @f pairs of charged particles, for
example electrons and their anti-particles, theitps. [...] Even a quark is

surrounded by a cloud of gluons and pairs of qaakanti-quark”. [22]

Singular, isolated, independent quarks, a phenomerich is called ‘confinement’
In recent research, have never been observed. Qaeglcaptives, they cannot appear
on their own but only as one of a pair or as ona tfo. When you try to separate
two quarks by force, new quarks will appear betwidsm which combine into pairs
and trios. Claudio Rebbi and other physicists haperted that, “between the quarks
and gluons inside an elementary particle, additiogaarks and gluons are
continuously formed and after a short time agaibsgle”. [23] These clouds of
virtual particles represent or produce interactiohke central core of quantum
physics consists of a new view of reality that ranger perceives singular,
independent elements but rather two-body systamwsstates of a quantum object or
two concepts, e.g., earth/moon, proton/electromtogorneutron, quark/anti-quark,
wave/measuring instrument, particle/measuring umsént, twin photons, super-
positions, spin-up/spin-down, matter/anti-mattdeneentary particle/field of force,
law of nature/matter, etcetera. These systems tdngeparated into independent
parts, or reduced to two separate, independentebodr states, nor is one

fundamental and the other derived, as the metapdly®ither-or schemes of
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substantialism and subjectivism try to establisheyl are not joined into a seamless
unity either, they are not the same, they are dentical and they are not a
mysterious wholeness as holism indicates. Finallye cannot claim, as
instrumentalists do, that they are nothing but mathtical models which we have
constructed and which do not correspond to physeality. In physics, there is a
fundamental reality that is not a one-body systelinis a two-body system or an
assembly of bodies, a cloud of virtual particlesahlsurround the central or 'naked’
body. Between these bodies is an interactionithahe of the composites of them.
This understanding of physics cannot be dislodged yet all our metaphysical
schemata struggle against it. The cloud does notfoom to our traditional
expectations of what should delineate and undesaibility, substantiality and order.
How can clouds be what we are used to calling #eecbelements of matter? How
can this small vibrating something be what genenatof philosophers and physicists
have been searching for in order to arrive at tre of matter, the ultimate reality? Is
this supposed to be it? From these little clouds aitempt to use metaphysical
interpretation to distill something that has substaand is enduring. Entirely within
the sense of the substance metaphysics of Plaisetterg (1901-1976) contends
that the mathematical forms are the idea of eleamgtarticles and that the object of
elementary particles corresponds with this mathe@daidea. The physicist and
philosopher Carl Friedrich von Weizsacker (19127)0@alled mathematics 'the
essence of nature'. According to the physicist Bpbn fields of force are the
ultimate reality. [24] Some of us want to see tgas a mysterious whole (holism) or
dismiss it as a construction without any correspowce to empirical reality
(instrumentalism). All of this only because we dut find it easy to admit that the
complex interactions of the world in which we likave their roots in a reality that is

in itself complex.

It is impossible to escape from the entanglemerthisf world in quantum physics

and, to find an elementary quantum object thatoisdependent on other quantum
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objects or on parts of itself. It is also impossilib dissolve the double-sided
character of quantum objects. The fundamentaltyeadiour physical world consists

of clouds of interacting quantum objects.
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6. Conclusion.

It seems that reality is not static, solid or inglegeent and does not consist of
singular, isolated material or immaterial factdrst of systems of dependent bodies.
Most systems consist of more than two bodies, terietis no system that consists of
less than two bodies. In quantum physics we cathstundamental two-body
systems: earth/moon, electron/positron, quarkfumirk, particle/field, etcetera.
Nagarjuna calls his systems or dependent pairs:endistance to move within,

fire/fuel, agent/action, viewer/view, etcetera.

Both, quantum physicists and Nagarjuna deal with-bwdy systems or two entities
which have bodies that are neither properly separair properly joined together.
They do not unite into one, nor do they fall apatese bodies are not independent
and cannot be observed singly because in their gstence and constitution they

are dependent on each other and cannot exist ctidarindependently.

They are entangled by interactions, even at a ifftarce. One of them cannot be
reduced to the other and it is not possible toarpbne of them on the basis of the
other. The resultant systems have a fragile stabilhe components of which are
maintained by interactions and mutual dependensigsh are sometimes known,
sometimes not fully known and sometimes totally nown (for example as with

entangled twin photons).

What is reality? We have become accustomed touveelie a firm ground under our
feet and fleeting clouds above in the sky. The voéweality in Nagarjuna's thought
and the ideas of complementarity, interactions emanglement of quantum physics
teach us that everything is built on sand. Morepegen the grains of sand are not
endowed with a solid nucleus. Their stability issé@ on balancing unstable

interactions of their components.
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Appendix 1.
Meanings of pratityasamutpada.

In the first placepratityasamutpadais an indication of dependence. Dependent
bodies are in an intermediate state, they are rogeply separated and they are not
one entity. Secondly, they rely on each other amdialuenced or determined by
something else. Thirdly, their behaviour is influed by something in-between, for
example a mover is attracted by gravitational foeceiewer is dependent on rays of
light between his eyes and the object, a pianogplayaction is determined by the
fine motor skills of his fingers, an agent is degemt on his acPratityasamutpadas

an indication of dependence and of something thppéns between the objects. One
object is bound to the other without being identicait. The implicit interpretations
of pratityasamutpadaare in terms of time, structure and space.

The following citations and references illustratee tterm pratityasamutpada
Pratityasamutpadas used:

1. as Dependence in Nagarjunkflgmn to the Buddhd: Dialecticians maintain that
suffering is created by itself, created by (somé¢aise,created by both (or) without
a cause, but You have stated that it is dependbatly’. [25]

2. as an intermediate state by Nagarjuna: Objeetaither together nor separated
(Nagarjuna, MMK 6. 10).

3. as bondage in thdevajra Tantra:“Men are bound by the bondage of existence
and are liberated by understanding the natureiefemce”. [26]

4. as an intermediate state by Roger Penrose: ‘tQoaantanglement is a very
strange type of thing. It is somewhere betweenatbjeeing separate and being in
communication with each other”. [27]

5. as something between bodies by Albert Einst&n:icourageous scientific
imagination was needed to realize fully that n& lbiehaviour of bodies, but the
behaviour of something between them, that is, tekl,f may be essential for

ordering and understanding events”. [28]
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6. as the mean between things in modern mathemabaguote Gioberti again: “The
mean between two or more things, their juncturégmyntransit, passage, crossing,
interval, distance, bond and contact — all thesenaysterious, for they are rooted in
the continuum, in the infinite. The interval thans between one idea and another,
one thing and another, is infinite, and can onlpgbassed by the creative act.

This is why the dynamic moment and dialectic cohaapthe mean are no less
mysterious than those of the beginning and the &hd. mean is a union of two
diverse and opposite things in a unity. It is aseesially dialectic concept, and
involves an apparent contradiction, namely, thetitle of the one and the many, of
the same and the diverse. This unity is simplecmdposite; it is unity and synthesis
and harmony. It shares in two extremes without dp@ne or the other. It is the
continuum, and therefore the infinite. Now, thaniié identically uniting contraries,
clarifies the nature of the interval. In motion, time, in space, in concepts, the
discrete is easy to grasp, because it is finite. dntinuum and the interval are

mysterious, because they are infinite”. [29]
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Appendix 2.
What is quantum entanglement? Two very short answes:.

According to Clegg:

“Entanglement is a strange feature of quantum gBys¢he science of the very small.
It's possible to link together two quantum particle- photons of light or atoms, for
example — in a special way that makes them effelgtitwvo parts of the same entity.
You can then separate them as far as you like,aagtlange in one is instantly
reflected in the other. This odd, faster than lighk, is a fundamental aspect of
guantum science. Schrodinger, who came up witméme ‘entanglement’ called it
‘the characteristic trait of quantum mechanics’tdaglement is fascinating in its
own right, but what makes it really special arenaltic practical applications that

have become apparent in the last few years”. [30]
According to Merali:

“This weird quantum effect inextricably links two more objects in such a way that
measurements carried out on one immediately chdrg@roperties of its partners,
no matter how far apart they are. Quantum effettsh as entanglement, are usually
confined to the invisible microscopic world and aetected only indirectly using
precision instruments”. [31]
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7. Notes

[1] See Appendix 1 for the term pratityasamutpadBastern and Western modes of thought.

[2] Lindtner, C. Nagarjuniana: Studies in the wigs and philosophy of Nagarjuna. New Delhi:
Motilal Banarsidass. 2002. It is worth noting, hae that Tilmann Vetter has raised doubts about
the authenticity of one of Nagarjuna's works in: tba Authenticity of the Ratnavali. Asiatische
Studien XLVI, 1992. pp. 492-506. For two well-knowanslations of MMK see: Kalupahana, D. J.
Mulamadhyamakakarika Nagarjuna: The philosophy led middle way. New Delhi: Motilal
Banarsidass. 1999; Garfield, J. L. The fundamemtadom of the middle way: Nagarjuna's
'Mulamadhyamakakarika'. New York: Oxford Univerdityess. 1996.

[3] I use the expression 'body' synonymously wathect' or 'particle’ or ‘field' or 'system’ ortigy.
[4] Cf. Webster's New World Dictionary, Second @gk Edition, The World Publishing Company,
New York and Cleveland. 1968. p. 669

[5] See: Gadamer, H.-G.. Der Anfang des Wissensglig®?Reclam jun. Stuttgart 1999, p.35. Cf.
Davies, P.C.W. and Brown, J.R. The Ghost in themAtCambridge, University Press, 1986.

[6] Webster's New World Dictionary, Second Colldgéition, The World Publishing Company,
New York and Cleveland. 1968.

[7] Cf. Bohm, D. Wholeness and the implicate Ord@mndon: Routledge Classics. 2000.

[8] Cf. Davidson, D. The myth of the subjective: Davidson, D., Subjective, intersubjective,

objective. New York: Oxford University Press. 1988 own translation from German).

[9] Zeilinger, A. Interview in the German newspafiagesspiegel 2Dof December 1999 (my own
translation). Steven Hawkings is defending a vamyjilar position. He says: “I, on the other hand,
am a positivist who believes that physical theoaes just mathematical models we construct, and
that it is meaningless to ask if they correspondettity, just whether they predict observations”.
Penrose, R. The Large, the Small and the Human Mimd/. Longair (Ed.), The Objections of an
Unashamed Reductionist. Cambridge: Cambridge UsityerPress. 2000, p. 169. It is not
meaningless to ask about the correspondence betaveeodel and object, because if a model is
correct then it has structural similarities witle thhenomena that it is reconstructing; otherwise it
can lead to predictions for which there are no rmeginl physical explanation, because they have

no correspondence to experimental data.
[10] Garfield, J. L. The fundamental wisdom of theniddle way: Nagarjuna's
'Mulamadhyamakakarika' (MMK). New York: Oxford Umissity Press. 1996, p. 3.

[11] See: Lindtner, C. op.cit., pp. 109 and 113.
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[12] Images, metaphors, allegories or symbolic g¥as) analogical ideas, have a freshness which
rational ideas do not possess. The starting pditihed MMK is the double nature of phenomena.
These fundamental two-body systems cannot be fudhaded analytically. The two bodies
constitute a system of two material or immater@minponents which complement each other. One
of the components cannot exist without the othacheone forms the counterpart of the other.

[13] Tarab Tulku Rinpoche. UD-Newsletter N. 4, Jaryu2006. Rabten, Geshe. Mahamudra. Der
Weg zur Erkenntnis der Wirklichkeit. Le Mont Péteri2002. Keown, D.. A Dictionary of
Buddhism. Oxford: Oxford University Press. 2003.

[14] See: Rock, I. Perception. New York: H.W. Freen& Company. 1995.

[15] Einstein, A. & Infeld, L. The Evolution of Bhics. London: Cambridge University Press.
1938. pp. 257, 311/312.

[16] The term entanglement is explained in the Ajjpe 2.

[17] Einstein, Albert. Quantenmechanik und Wirkkelt, 'Dialectica 2', (my own translation).
1948. pp. 320-32Attp://onlinelibrary.wiley.com/doi/10.1111/].174881.1948.tb00704.x/pdf

[18] Niels Bohr says: “I do not know what quantunechanic is. | think we are dealing with some
mathematical methods which are adequate for demeripf our experiments” (Collected Works.
Volume 6, Amsterdam: Elsevier Science Publishe3851p. 103).

[19] “The most convenient context for investigatitg forces of nature is a system of two objects
bound together by mutual attraction. The earth #nredmoon, for example, constitute the most
readyly accessible system in which to observe thavigtional force. The hydrogen atom,
consisting of an electron and a proton, has lorentan essential testing ground for theories of the
electromagnetic force. The deuterion, made upmbton and a neutron, represents a model system
for studies of the forces in the atomic nucleuswNbere is a bound system in which to investigate
the force that acts between quarks, the constsguginprotons, neutrons and many related particles.
The system is called quarkonium, and it consista dleavy quark bound to an equally massive
antiquark. The force at work in quarkonium is thersgest one known; it has come to be called the
color force, and it is now thought to be the badisll nuclear forces. Of the various two-body
systems the simplest in some respects is thecatifitom called positronium” (Bloom, E. D. &
Feldman, G. J. Quarkonium. Scientific American, , 261982, pp. 42-53)
[20] Weinberg, S. Unified theories of elementarytjgée interaction. Scientific American, 231, 1,
1974, pp. 50-59.
[21] Friedman, D. Z. & Nieuwenhuizen, P. van. Sgpavity and the unification of the laws of
physics. Scientific American, 238, 2, 1978, pp.-123.
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[22] 'T Hooft, G. Symmetrien in der Physik der Elmarteilchen. In: Dosch, H. G. (Ed.): Teilchen,
Felder und Symmetrien. Heidelberg: Spektrum. 198540-57 (my own translation).

[23] Rebbi, C. Frankfurter Allgemeine Zeitung. Sapber 5th, 2001 (my own translation).

[24] Cf. Heisenberg, W. Der Teil und das Ganze, bhiegm 1969, p. 141. Weizséacker, C.F. von Ein
Blick auf Platon. Stuttgart: Philipp Reclam Junid981, p.134. Schopper, H. Frankfurter
Allgemeine Zeitung. May 5th, 1999.

[25] Nagarjuna, Catuhstava. Hymn to the Buddha.Lindtner, C. Nagarjuniana. New Delhi :
Motilal Banarsidass. 1982. p. 135.

[26] Farrow, G.W. & Menon, |. The concealed Esseoicthe Hevajra Tantra. New Delhi: Motilal
Banarsidass Publishers. 2001. p. 10.

[27] Penrose, R. The Large, the Small and the HuMard. Cambridge: Cambridge University
Press. 2000. p. 66.

[28] Einstein, A. & Infeld, L. The Evolution of Phics. London: Cambridge University Press.
1938, pp. 311-312.

[29] Gioberti, V. Della Protologia. Vol. 1. Naplest864, p. 160. In: Zellini, P. A brief History of
Infinity. London: Penguin Books. 2005, p. 53.

[30] Clegg, B. The strange world of quantum entangint. California Literary Review. March
20th, 2007 http://www.calitreview.com/5hccessed on October 2011.

[31] Merali, Z. Quantum effects brought to lightegults of entanglement made visible to human
eyes. Naturenews. April 28th, 2011. D0i:10.10385@11.252.
http://www.nature.com/news/2011/110428/full/newd.2@52.htmlaccessed on October 2011.
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