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Abstract

It is shown that neither the wave picture nor their@ary particle picture
offers a satisfactory explanation of the double-estperiment. The western
Physicists who have been successful in formulatthgories in the
Newtonian Paradigm based in their culture find ifficult to interpret

Quantum Physics which deals with particles thatnatesensory perceptible.
A different interpretation of Quantum Physics basethe Sinhala Buddhist
culture is presented in what follows. Accordingth® new interpretation
Quantum particles have different properties fronosth of Classical
Newtonian particles. The interference patterns explained in terms of

particles each of which passes through both slits.



Quantum Physics in the Sinhala Buddhist culture

INTRODUCTION

Planck introduced his ideas on quanta or packetsnefgy towards the end of the
nineteenth century. In that sense Quantum Physiosore than one hundred years old.
From the very beginning Quantum Physics came up stitange phenomena that made
the western Physicists to disbelieve what they dedwes were proposing to understand

the new features that were being observed.

The so-called double-slit experimérbntinues to baffle the western Physicists who are
glued to twofold two valued logic that is behindstexn thinking. As it was one of the
most fundamental experiments that they could naletstand in Quantum Physics the
Nobel Prize winning Physicist Richard Feynmann oteelared that no body understood
Quantum Physics! This statement by Feynmann makedmdelve into the meaning of
understanding. In other words one has to understdmat is meant by understanding.
However, it is clear that if one is confined to fold formal logic, and linear thinking
one would be confused by a statement such as uadénsg what is meant by
understanding. A decade ago the western inteléctnho are only familiar with linear
thinking and not with cyclic thinking would haveftleleliberations into such statements
to whom they call mystics, as such statements didcome within their “rational” way of

thinking.

The principle of superposition which was familiar €lassical Physicists as well, has
taken an entirely different meaning with respecQtmantum Physics. The essence of the
principle can be explained as follows.xfandy are two solutions of what is called a

linear differential equation thexty is also a solution of the same differential ecprati



This is a simpler version of what is generally kmo&s the principle of superposition. In
Classical Physics two magnets giving rise to twffetent magnetic fields would

combine to give one magnetic field, and a compass is brought to the resulting

magnetic field would respond to the resulting fieddd not to the field of any one of the
magnets. It has to be emphasised that a magnebisly one state, corresponding to the
respective magnetic field and it is the two fietdg¢he two magnets that combine to give
one field though one would not find a single maghet gives rise to the resultant field.
We could describe this phenomenon as that of twmane becoming one. However, in
the Quantum world things are different, and the@pile of superposition has an unusual

interpretation.

THE WAVE NATURE OF PARTICLES

In order to discuss the new interpretation of thigiple of superposition we first

consider the so called double-slit experiment wheerstream of electrons (in general
particles or photons) is made to pass through titeand then to strike a screen. If both
slits are open an interference pattern is obseovetthe screen. Now in Quantum Physics
it is said that particles such as electrons pos&mge properties and photons (light)

exhibit particle properties in addition to theirrm@l properties. Interference patterns are
supposed to result from wave properties and acogrdi the western Physicists the wave
theory successfully explains the formation of spetiterns in the case of a stream of
particles fired from a source to strike the screftier passing through the slits. The
western Physicists would claim that the doubleestjieriment demonstrates that particles

such as electrons do exhibit wave properties.

The double-slit experiment has been carried out witly one electron passing through
the slits one at a timdelectrons at very low intensities) instead otraam of particles
released almost simultaneously to pass throughatbeslits. Even at very low intensities



interference patterns have been observed aftaciguffly large number of electrons had

been fired from the source (Figure 1). The wesEmgsicists have been puzzled by this
phenomenon. In the case of several electrons gatisiough the slits simultaneously it

could be explained using the wave properties ofpinticles, in other words resorting to

the wave picture. Unfortunately in the case of tetets being shot one at a time this
explanation was not possible as what was observedhe screen was not a faint

interference pattern corresponding to one elediwgran electron striking the screen at a
single point on the screen. These points in seffitty large numbers, corresponding to a
large number of electrons, finally gave rise tardgerference pattern. The wave nature is
only a way of speaking, as even in the case otlatgnber of particles what is observed
is a collection of points and not waves interfenmith each other.




Figure 1: The interference pattern producgd bingle-photon source with (a) 30, (b) 300, and
(c) 3000 photons registered. In contrast, the dextt distribution of (d) 30, (e)
300, and (f) 3000 photons lacks the dark fring€suftesy Afshra)

The western Physicists also believe that an ele@soa particle could pass through only
one of the slits and a related question that has lasked is whether it was possible to
find out the slit through which an electron passesits way to the screen. Various
mechanisms, including “capturing” the electron gsieiger counters, have been tried to
“detect the path” of the electron, and it has biemd that if the particular slit through
which the electron passed was detected then tedargnce patterns were washed out. In
other words determining the particle propertieshefelectron erased its wave properties.
Bohr, who was instrumental in formulating the Cdmegen interpretatidnwas of the
view that one could observe either the particlepprbes or the wave properties but not
both, and the inability to observe both wave andiga properties simultaneously came
to be referred to as complementarity. The experim@rat attempted to determine the slit
through which the electron passed were known ashwivay (welcherweg) experiments
as they attempted to find the way or the path efgarticle from the source to the screen.
The outcome of these experiments made it clearthieatvhich-way experiments washed
out the interference patterns. It was believed dhany given time the electrons exhibited

either the particle properties or wave propertigsnot both.

However, what the western Physicists failed to gecxe was that in the case of one
electron shot at a time there was no weak intentargattern observed on the screen for
each electron thus illustrating that a single etecdid not exhibit any wave properties.
The electron strikes the screen at one point, argdtihhe collection of a large number of
such points or images on the screen that gaventkearence pattern. In the case of a
stream of electrons fired to strike the screen edebtron would have met the screen at
one point and the collection of such points or iesagvould have given rise to an
interference pattern. Thus we could say that ttexference patterns are obtained not as a
result of the “wave nature” of electrons but du¢hi® collectiveness of a large number of
electrons that strike the screen. The “wave natarises out of “particle” properties and
not due to “wave properties”. Afstfatomes closer to this view when he states “in other

words, evidence for coherent wave-like behaviarasa single particle property, but an



ensemble or multi-particle property¥We are of the opinion that in the double-slit
experiments no wave properties are observed cgrivawvhat is generally believed. It is
the particle properties that are observed, though necessarily those of ordinary

classical particles.

As a case in point this does not mean that a particQuantum Physics has a definite
path from the source to the screen through ondeslits, as could be expected in the
case of classical particles. For a particle to heayath it should posses both position and
momentum simultaneously. A path at any point (agsgrthat it is a continuous path)
should have a well defined tangent. In the case jpdirticle moving, the direction of the
velocity (and the momentum) of the particle at @nyen point defines the unit tangent
vector to its path. Conversely the tangent to i @t any point defines the direction of
the velocity and the momentum of the particle ait §hoint. However, according to the
Uncertainty Principle, both the momentum and thesitmn of a particle cannot be
determined simultaneously, and if the position n®@wn then the momentum cannot be
determined. Without the momentum the directionheftelocity of the particle and hence
the tangent vector cannot be known implying thabatinuous curve is not traced by a
particle in space. On the other hand if the monrantéi the particle is known then only
the direction and magnitude of the velocity (momemt and properties of other non
conjugate observables such as spin of the padrel&known, without the position being
known. Thus the particle can be everywhere, withalde probabilities of finding the
particle at different points, but at each point tharticle being moving in parallel
directions with the same speed. However, as wilexglained later, this does not mean

that we could observe the particle everywhere.

In the light of the uncertainty principle it is fiat to design experiments to find out the
path of a particle. The so-called which-way expenits have been designed to detect the
slit through which the particle moves, on the agstion that the particle moves through
one slit only. The which-way experiment actuallpps the particle from reaching the
screen and hence there is no possibility of obtgiiny interference pattern. It is not a
case of observing particle properties destroyirg wave properties of matter, but an



instance of creating a situation where the pariglgther not allowed to strike the screen
or pass through only one slit deliberately. Ireeffit is the particle properties exhibited
at the screen that are cut off.

What is important is to note that interference graté are observed only if both slits are
kept open, and if the particles are free to relehstreen. If one slit is closed or obstacles
are set up in the guise of which-way experimentstberwise, so as not to allow the

particles to reach the screen then no interferguaterns are observed. The most
important factor is the opening of the two slits.the case of which-way experiments as
well, what is effectively done is to close one lo¢ slits as particles through that slit are
not allowed to reach the screen. With only onecglgn while the other slit is effectively

closed with the which-way experiment apparatusnterference patterns are observed.

The probability of an electron striking the screg¢ra given point with only one slit open,
is not the same as that when both slits are oplens When a large number of particles
strike the screen, the different probabilities grige to different “patterns” which are
essentially collection of points where the parsclaeet the screen. The “interference
patterns” observed when both slits are open isoepl by “chaotic patterns” when one of
the slits is closed (Figure 1 — interference antbderence). The “interference patterns”
as well as the “chaotic patterns” are the resul{zaaticle properties, the difference being
due to the number of slits that are open. If btite are closed there is no pattern at all as
no particle would reach the screen under such tondi When one of the slits is open
the particle can be only at that position wheredlitas whereas when both slits are open
there is a probability that the particle could lebath the slits “before” reaching the

screen.

The western Physicists are obsessed with the iigaat particle can be only at one
position at a given time. While this may be the exignce with our sensory perceptible
particles (objects) or what we may call ordinarywinian classical objects such as
billiard balls, it need not be the case with Quantparticles. However, from the

beginning of Quantum Physics, it appears that thetevn Physicists have been of the



view that a particle can be at one position atvamitime whether it is being observed or
not. Hence they seem to have assumed that oroitsngy to the screen from the source”
a particle could pass through only one of the.sliteey have worked on the assumption
that even if both slits are open the particle pagbeough only one of the slits but
behaves differently to create interference pattas& the particle is “aware” that both
slits are open. According to the view of the wastehysicists if only one slit is open the
particle having “known” that the other slit is okuk passes through the open slit and
“decides” not to form any interference patterngsitlear that the explanation given by
the western Physicists for the formation of intexfece patterns on the basis of the
particle picture is not satisfactory. We saw eatiat the explanation given in the wave
picture is also not satisfactory as a single etecfired from the source does not form a
faint interference pattern on the screen. If thdigdas behave like waves then even a
single particle should behave like a wave and predufaint interference pattern, having
interfered with itself. What is emphasised hertha the final interference pattern is not
the sum of faint interference patterns due to singarticles, but an apparent pattern
formed by a collection of images on the screen tuehe particles. There is no
interference pattern as such but only a collectibthe points where the particles strike
the screen, or of the images formed by the pastithat were able to reach the screen.
The images finally depend on the probability thabédicle would be at a given position.

Before we proceed further a clarification has tarte on “seeing” a particle at a given
position at a given time in respect of the doullikeegperiment. In this experiment we are
concerned with particles released from a sourcé waitgiven momentum and given
energy. As such according to the uncertainty ppile¢inothing can be said definitely on
the position of these particles. It can only bel $hat there is a certain probability that the
particle would be found in a certain position. Thing particle is “everywhere” “until” it

Is “caught” at some position such as a slit or i@est. Though we have used the word
“until”, time is not defined as far as the partideconcerned as it has a definite energy. It
can only be said that there is a certain probghihitit the particle could be “seen” at a
given place at a given time, with respect to thseoler. The particle is not only
everywhere but also at “every instant”. Thus itnisaningless to say the patrticle is at a



given slit at a given time as neither time nor posiis defined for the particle with
respect to itself. The particle would meet the sarat some position on the screen at

some time but “before” that it was everywhere ahelary instant.

EXPERIMENTS OF AFSHAR

Afshar has claimed that he was able to demonstrate thategtron or a photon would
exhibit both particle and wave properties (Figure @n next page). He allowed light to
pass through two slits and to interact with a wirel placed so that the nodes were at the
positions of zero probability of observing a photdhe photons were not affected by the
wire grid as the nodes were at the positions ob zgpbability and at those positions
there were no photons to interact with the gride Ppihotons were then intercepted by a
lens system that was able to identify the slit gigto which any single photon had passed.
According to Afshar the nodes of the grid at thsifions of zero probability indicated
that the wave properties of the photons were obbéevwhile the lens system in
detecting the slit through which the photon hadspdsdemonstrated the particle

properties of the photons.

However, in this experiment, assuming that the rstem detects the slit through which
the photon passed, what is observed is again thielpgoroperties of the photons. The
wire grid with the nodes at the position of zerohabilities does not interact with the
photons, as there are no photons at positionsrof m®bability to interact with the grid.

No so called waves are observed, as there is verséor the particles to strike. Thus the
wire grid has no effect in this experiment and vathwithout such a grid the lens system

would behave the same way.

Let us consider what would happen if the wire gedshifted forwards towards the
source, backwards towards the lens system or lgterss the nodes of the wire grid



would be shifted from the positions of zero proligbsome photons would strike the

grid and they would not proceed towards the lerstesy. Thus the number of photons
that reach the lens system would be reduced ame the@uld be a decrease in intensity of
light received at the lens. Though Afshar clainet thave properties are observed just by

placing a wire grid so that its nodes are at thatjpms of zero probability, it is not so.
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Figure 2: The wire grid and the lens systdmfehra, and the corresponding images observed.
No interference patterns after the lenses and Afsflaims that the wire grid
demonstrates the wave property while the image®spond to the particle property.
(Courtesy Afshra)



The so called wave properties could be observegllmnplacing a screen in between the
wire grid and the lens system. As we have menti@iee, even then what is observed
is a collection of images at the points where thetpns strike the screen, and not wave
properties as such. In this case as all the photamdd have been absorbed by the
screen, the lens system would not be able to datectphotons nor the “slit through

which the photons passed”. On the other hand istineen is kept beyond the lens system

then there would not be any photons to strike theesx and hence no “wave properties”.

EXPERIMENTS AT KELANIYA

We at the University of Kelaniya have given thoudbt this problem, and Suraj
Chandana, one of my students has carried out a emaoflbexperiments, which may be
identified as extensions of the experiment of Afsh@handana and de Sikvéad
predicted that if we were to have a single slit #meh a screen, instead of the wire grid
and the lens system, “after” the photons have pasise®ugh the two slits, then the
photons would pass through the single slit withgame probability as that of finding a
photon at the point where the slit was kept. Tinplied that if the slit was kept at a point
where the probability of finding the photon is zeite photon would not pass through the
slit to strike the screen, but on the other hahtha slit was kept at any other point there
was a non zero probability that the photon wouldspidarough the slit, and striking the
screen. This implies that if a stream of photongassed through two slits, and “then” a
single slit, to strike the screen, depending onpgbsition of the single slit the intensity
with which the photons strike the screen would gearFurther it implies that these
intensities should correspond to the intensitieseoked in connection with the
interference patterns observed in the case of thradard double-slit experiment, if the
positions of slit were along a line parallel to trauble-slits and the screen. Chandana has

been successful in obtaining the results as pestlict



In another experiment Chandaniaad an Aluminium sheet of very small thickness
joining the points or positions where the probapitf finding a photon is zero (positions
of zero probability), stretching from the doubléssito the screen as illustrated in the
figure 3. As an obstacle placed at a position @b z@obability would not affect the
photon the Aluminium sheet had no effect on theblgsinterference patterns on the
screen. This experiment was carried out by Chandathanumber of Aluminium sheets
placed along lines joining the positions of zerohability stretching from the double-
slits to the screen. We were not surprised to fimat the Aluminium sheets did not
interfere with the interference patterns. Howewaren if one of the sheets is slightly

displaced the interference pattern is destroygtlephotons now interact with the sheets

at points where the probability of finding a photemot zero.
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Figure 3: The figure represents the aluminahmeet joining the positions of zero probability

from a position closer to the double slit to theesa.



These observations are not consistent with the \p@tare as a wave would not be able
to penetrate the Aluminium sheets without beingeffd. Even the pilot waves of Bohm
are not known to go through a material medium undied. As we have argued a single
electron emitted from the source would not exhéitaint interference pattern on the
screen but a spot or an image having passed bdkgerslits. The western Physicists are
interested in the wave picture to explain the fietence patterns as they find it difficult
to believe that a particle would pass through Istite simultaneously. Thus they mention
of particle properties when they are interested'capturing” particles and of wave

properties in explaining phenomena such as thefeméace pattern.

PRINCIPLE OF SUPERPOSITION IN QUANTUM PHYSICS

We consider the Quantum entities to be particlesgh of a nature different from that of
Classical Newtonian particles. We have no inhibitio believing that the Quantum
particles unlike the Newtonian particles could péseugh both slits at the “same time”,
as the logic of the Sinhala Buddhist culture pesmi to do so. Western Physics and in
general western Mathematics and sciences are loas@distotelian two valued twofold
logic according to which a proposition and its riegacannot be true at the same time.
Thus if a particle is at the sli, the proposition that the particle is Atis true and its
negation that the particle is notAis not true, andice versa. Therefore if the particle is
at A then it cannot be anywhere else as well, and heaneot be aB. However, in
fourfold logic (catuskoti) a proposition and its negation can be both tare hence in
that logic it is not a contradiction to say thgbaaticle is at the sliA and at somewhere
else (say at the slB) at the “same instant” or “every instant” Thus@cing tocatuskoti

the particle can be at many places at the sameviithaespect to the observer.

In the case of the double-slit experiment, the muoma of a particle is known, as the
particles are fired with known energies, and haheeposition is not known. In such a



situation Heisenberg’s uncertainty principle densatttht the position of the particle is
not known. The position of the particle is relievaaly after a measurement is made to
determine the position. Before the measurement,ptréicle is in a superposition of
states corresponding to the positions in spaceptrécle could be found. After the
measurement the particle would be found in a defiposition (state), having collapsed
from the superposition of a number of states ta tiahe definite state. Before the
measurement what could have been said was that thas a certain probability of
finding the particle at a given position. Thougk tharticle is in a superposition of states
before a measurement is made to find the positios,in a definite state with respect to

the momentum.

In Quantum Mechanics unlike in Classical Mechardcstate of a system, a particle or an
object is represented by a vector in a Mathemasigate known as the Hilbert space. The
observables such as position, momentum, and spiregresented by what are known as
Hermitian operators. If a system is in a state espnted by an eigenstate> of a
Hermitian operato, belonging to the eigenvalue a, then the systemtha valuea
corresponding to the observable represented byHéenitian operatorA. This is
expressed mathematically b 10> =a 10>, If B is the conjugate operator Af then the
value corresponding to the observable represenge is not known. All that can be
said, according to the standard Copenhagen intatpme, is that if the value
corresponding to the observable represented liy measured, then there is a certain
probability of obtaining an eigenvalue 8f as that value. Before the measurement is
made nothing could be said of the value. In plamgliage this means that if the value of

a certain observable is known then the value ottrgugate observable is not known.

However, the state'> can be expressed as a linear combination ofigjenstates > of

B in the form |®>=)_|c¢, >where ¢, 0 C , the field of complex numbers. In other

words the coefficients ofi>'s in the expansion of > are complex numbers. The
Copenhagen interpretation tells us that when thgemable corresponding tB is
measured it would result in a state correspondimgone of thei>’s with the

measurement Yyielding the eigenvalbeto which the particulan> belongs, the
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probability of obtaining the valuk being given by the value of the relev)aﬁt Before

the measurement is made nothing can be said regattte observable corresponding to
B. According to Bohr, it is meaningless to talk loé tstate of the system with respecBto
as nothing could be observed. There is no knowledggarding the observable
corresponding td as it has not been observed. The value or the ledge of the
observable is “created” by the observer who setarupxperiment to measure the value
in respect oB. The observed depends on the observer and it nmaksense to talk of an
observable unless it has been observed. This netatpn is rooted in the positivism as
opposed to the realism in which the entire corgusnowledge in Newtonian Physics is
based.

As a patrticular case one could refer to the congudgfermitian operators in respect of
position and momentum of a particle in Quantum Medts. When the position of a
particle is measured then its momentum is not knaofatording to the Copenhagen
Interpretation, it can only be said that if an ajppas is set up to measure the momentum,
the observer would observe one of the possiblesgdior the momentum and that there is
a certain probability of observing the particwatue. Before the measurement is made
the particle has no momentum, as such, and it enmgless to talk of the momentum of
the particle. The observer by his act of observatjoves or creates a value for the
momentum of the patrticle, so to speak of. Oncentbenentum is measured the observer
has knowledge of the momentum but not before itwéleer, after the momentum is
measured, the knowledge of the position of theigaris “washed off” and hence it
becomes meaningless to talk of the position ofghdicle. The observer could have
knowledge only of either the momentum or the pasjtbut not of both. A version of

this conclusion is sometimes referred to as themainty principle.

What we have been discussing in the proceedinggphs is the principle of
superposition. A particle or a system with itsipos known is represented by a vector
10> in Hilbert space, which is an eigenvector of Hermitian operatoA corresponding
to the position. As the position of the particletioe system is known, the momentum is

not known. IfB is the Hermitian operator corresponding to the matum, then®> is
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not an eigenvector d. However, 11> can be expressed as a linear combination of the
eigenvectors>’'s of B though the momentum is not observed. Tiy@egposition of the
I0>'s cannot be observed, and neither can be resahtecbbservable constituent parts.
This is different from the principle of superpositi in Classical Physics, where the

resultant can be resolved into its constituentspart

For example as we have mentioned in the introdadhe resultant magnetic field due to
two magnets can be resolved into its two componantscan be observed. One of the
magnets can be taken off leaving only one of thestiment magnetic fields. The

superposition is there to be observed and if thgnetathat was taken off is brought back
to its original position the resultant magneticdieeappears. In Quantum Physics the
superposition cannot be observed without disturlbiegsystem and when it is disturbed
to measure the conjugate variable, only one ofstages in the superposition could be
observed and we would not have known in advantieif particular state were to appear

as a result of the disturbance induced by us.

COPENHAGEN INTERPRETATION

In Classical Physics, as we have already statqukrpasition is there to be observed.
However, in Quantum Physics the superposition cabambserved, and further unlike in
Classical Physics interpretations are requiredttanslate” the abstract Mathematical
apparatus and concepts into day to day languagélalssical Physics one knows what is
meant by the position or the momentum of a partcié those concepts can be observed
and understood without an intermediate interpretatHowever, in Quantum Physics, the
state of a particle or a system is represented\mceor in Hilbert space and observables
are represented by Hermitian operators in Hilbgoacs. An interpretation or

interpretations are needed to express these aerd athcepts to build a concrete picture



out of the abstract apparatus. Copenhagen intatfmetis one such interpretation and it

Is the standard interpretation as far as the wgestmcerned.

Bohr more than anybody else was instrumental immidating the Copenhagen
interpretation, and he in turn was influenced bgifddsm and Chinese Ying - Yang
Philosophy. As a positivist he believed that oty sensory perceptible phenomena exist
and did not believe in the existence of that cout be “observed”. When a state of a
particle or system is represented by an eigenveaftan observable (Hermitian operator
in Hilbert space) the corresponding value of theeobable can be measured and the
positivist school had no problem in accepting thistence of such state. For example if
the momentum of a particle is known then the stdtéhe particle is represented by a
certain vector in Hilbert space, belonging to thetipular eigenvalue that has been
measured. However, the problem arises when theugatg Hermitian operator, in this
case the position, is considered, as in positiviia ontology is connected with
observations and sensory perceptions.

As we have seen a given eigenstate of a Hermipanabor that has been observed can be
expressed as a linear combination of the eigemssiatehe conjugate operator. To a
positivist, though the given eigenstate exists tas iobserved, the eigenstates of the
conjugate operator are not observable and it immingkess for him to talk of such states.
Thus if the momentum of a particle has been medstie eigenstates belonging to the
eigenvalues of the conjugate operator, which ispgbgtion, are not observed and the
positivist would not say anything regarding theseamce of such states. As far as the
positivist is concerned, there is only a probapitit finding the particle at some position,
and the particle will be at some position only aftee relevant measurement is carried

out.

In the case of the double-slit experiment, this msethat a positivist would not say
whether the particle passes through a particulaaslit is not observed. However he
assumes that it passes through one of the slitsnahdoth as the western thinking
demands that the particle should be at one of tit® and not at both slits. If a



measurement is made, that is if an experimentrigecaout to find out the slit through
which the particle passes, then the particle wbeldound at one of the slits washing out
the “interference pattern”. Then superposition adlapsed and “decoherance” sets in

resulting “chaotic pattern”.

A realist differs from a positivist in that the foer would want to know the slit through
which the particle passes even without observingetwould say the particle would pass
through one of the slits whether one observes itaby and that it is an integral property
of the particle independent of the observer. Thas§ital Physicists were realists. An
object in Classical Physics has a momentum wheth&measured or not. The observer
in Classical Mechanics measures the momentum tigaparticle already possesses. In
Quantum Physics the positivists would say thatpiduicle has no momentum before it is
measured but acquires a momentum as a result ah#dasurement. We would not go
into further details on the differences between tbalist position and the positivist
position as it is outside the scope of this artilewever, what is relevant to us is that
both the realist and the positivist would agreet tha particle goes through one slit,
meaning that at a “given time” the particle is fdumnly at one of the slits. They would
also agree on the wave nature of the particlesy Tiage to depend on the wave nature as
they assume that the particle passes through ewysht, and as such they would not be

able to explain the “interference patterns” withthe wave properties of the particles.

A NEW INTERPRETATION

We differ from the positivists as well as the rstdisince we believe that the particle is

found at both slits and hence pass through bothetreral we include the postulate that

the eigenstates >’s in\‘D >=Z|Ci<//i > exist in addition tar> (Postulate 3 below). We

have also introduced the concept of a mode. A mafda particle or a system is

essentially a potential observable. A mode hapthential to be observed though it may
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not be observed at a particular instant. For examposition, momentum, spin are
modes. A particle or a system can be in both madesesponding to two conjugate

Hermitian operators, though only one mode may lseoied.

A revised version of the postulates of the newrprtation formulated by Chandana and

de Silvd is given below.

1. A state of a Quantum Mechanical system is reptedeby a vector (rayy in the
Hilbert space, wherg can be expressed as different linear combinatairnse
eigenvectors in the Hilbert space, of Hermitian rapms, any operator
corresponding to a mode. In other words a state Qiantum Mechanical system
can be represented by different linear combinatiminsigenvectors of different
modes, each linear combination being that of tgeraiectors of one of the modes.
Thus a state could have a number of modes, eache rbethg a potential

observable.

2. If x is expressed as a linear combination of two oremeigenvectors of a
Hermitian operator, that is a mode, then the cpoeding mode cannot be
observed (or measured) by a human observer withvittrout the aid of an
apparatus. In other words the particular mode dabeoobserved and a value
cannot be given to the observable, which also méastsno measurement has

been made on the observable.

3. However, the non observation of a mode does reznnthat the mode does not
“exist”. We make a distinction between the “exist®hof a mode, and the
observation of a mode with or without the aid of apparatus. A mode
corresponding to a given Hermitian operator coelxist” without being observed.
The knowledge of the “existence” of a mode is irefegent of its observation or
measurement. In other words the knowledge of thastence” of a mode of a
Quantum Mechanical state is different from the klenlge of the value that the

observable corresponding to the relevant Hermijaerator would take.
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4.

If a mode of a Quantum Mechanical state is regesl by a single eigenvector,
and not by a linear combination of two or more eigetors, of a Hermitian
operator, then the mode could be observed by a mwhserver with or without
the aid of an apparatus, and the value of the sporeding observable (or the
measured value) is given by the eigenvalue whiehdigenvector belongs to. It
has to be emphasised that only those modes of at@QuaMechanical state, each
represented by a single eigenvector, and not byineal combination of

eigenvectors, of an Hermitian operator can be oeseat a given instant.

If a mode of a Quantum Mechanical state is regpriesl by an eigenvector of a
Hermitian operator then the mode correspondindnéocbnjugate operator cannot
be represented by an eigenvector of the conjugateniian operator. It can be
expressed as a linear combination of two or morehef eigenvectors of the
conjugate operator. This means that the mode quneng to the conjugate
operator cannot be observed, or in other wordannot be measured. However,

the relevant mode “exists” though it cannot be ol

It is not necessary that at least one of the maderesponding to two conjugate
operators should be represented by a single eiganvef the relevant operator. It
is possible that each mode is represented by lio@abinations of two or more
eigenvectors of the corresponding operator. In sitciations neither of the modes

could be observed.

A state of a Quantum Mechanical system can lezealtby making an operation
that changes a mode or modes of the state. Howeweall operations correspond
to measurements or observations. Only those opagthat would result in a
mode being expressed as a single eigenvector, @nasma linear combination of

the eigenvectors of an operator would result insuesments.
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8. A particle entangled with one or more other pagBdk in general represented by a
linear combination of eigenvectors of an Hermitigperator with respect to a
mode, while the whole system of particles is inegahrepresented by a linear

combination of the Cartesian products of the eigetors. In the case of two

particles it takes the forid ¢; 1@ 1@ . If one of the particles is in a mode that is
observed, then the particles entangled with itas® in the same mode as an
observable. If a measurement is made on some othde then instantaneously,
the corresponding values in the same mode of tih@ngled particles are also

determined. In such case, for two particles the levlsystem is represented by

vectors of the formp> 1@ >. If the number of entangled particles is less than t
dimension of the space of the eigenvectors of teertitian operator, then if a
measurement is made in the particular mode, thiclgawould be represented by
one of the eigenvectors, while the other partieleangled with it would be each
represented by a different eigenvector of the Heamioperator. However, if the
number of entangled patrticles is greater than iheeision of the space of the
eigenvectors, then in some cases, more than otiel@avould be represented by a

given eigenvector.

According to this interpretation if the momentumaoparticle is known then it has not
one position but several positions. In other wotigs particle can be at number of
positions in superposition though we are not ableolbserve it at any one of those
positions. The particle could be observed only i§ iat one position. If an experiment is
carried out to determine the position of the phetthe superposition or the wave function
would collapse, and the particle would be locatedree of the positions where it was

before the measurement was made.

Similarly if the particle is in the position modeat is observed then it can have several
momenta in superposition but we would not be ableldserve any one of them. If we

perform an experiment to determine the momentumat, ighif a measurement is made,
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then the superposition of momenta would collapseorte of them, enabling us to

determine the value of the momentum.

With respect to the double-slit experiment this liegpthat the particle is at both slits in
superposition without being observed and if we qrenf an experiment to determine the
slit through which the particle passes then theemgsition collapses and the particle
would be found only at one of the positions. Theifpasts while assuming that the
particle passes through only one slit would notaaything on the slit through which the
particle passes as it cannot be observed. Fordbiiyist it is meaningless to speculate
on something that cannot be observed. The redabstsassume that the particle passes
through only one slit but would not be satisfiedhathe positivist position, and claim that
a theory that is not able to determine the slibdigh which the particle passes is

incomplete.

We make a distinction between existence and bdisgroed. A particle or a system can
exist in a certain mode without being observedhla case the state of the particle or the
state is expressed as a linear combination or papiion of the eigenstates of the
relevant Hermitian operator and the particle or flystem exists in all the relevant
eigenstates without being observed. The mode isrebd only when the state of the
particle or the system is expressed as a singlensigte of the relevant Hermitian
operator.

The existence of modes with more than one eigessstas been known for sometime.
Monro€e”® and his colleagues in 1996 were able to demomsthat existence of two spin
states of Beryllium cation simultaneously howevethaut observing them. One could
say that the interference obtained by them couldubdgerstood on the basis of the
existence of simultaneous spin states of the Bemllcation. Since then similar
experiments have been carried out and the existehciperposition of eigenstates

cannot be ruled out anymore.
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SINHALA BUDDHIST ONTOLOGY AND LOGIC

In Sinhala Buddhist ontology no distinction is madé the existence of sensory
perceptible objects and of other entities. Theradsabsolute existence as such and all
existences are relative to the mind. It has beewstby de Silv& that even the mind is

a creation of the mind a phenomenon not in contteh with cyclic thinking or
cakreeya cintanaya. It is the mind that creates concepts includirag tf self, and as such

sensory perceptible objects do not have any prederever the others.

As we have mentioned the positivists find it difflicto take cognizance of entities that
are not sensory perceptible and it is this ontolttgy makes them not to commit on the
existence of unobserved “objects”. In Sinhala Busidbntology all existences are only
conventional orsammuti and not absolute oparamarta. Thus the existence of
simultaneous eigenstates or superposition of eigwssis not ruled out in Sinhala
Buddhist ontology. The Sinhala Buddhist culture mas inhibition to postulate the
existence of such states and it is not in contteaiavith catuskoti or fourfold logic that

may be identified as the logic of the Sinhala Busidtulture.

As Jayatillek& has shown in fourfold logic unlike in twofold laga proposition and its
negation can be both true or false. In twofold dodi a proposition is true then its
negation is false, and if a proposition is faldeent its negation is true. Thus the
proposition that a particle is & and the proposition that a particle is notAacan be
both true in fourfold logic. We may deduce fromtthgarticle can be both AtandB at
the “same time”. In other words a particle can bkeah slits in respect of the double-slit

experiment, and in general a mode represented dyparposition of two or more than
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two eigenvectors can exist as the particle or fls¢esn can be at number of “positions”

simultaneously in fourfold logic.

In twofold Aristotelian logic of the west a parechas to be either ator not atA. Thus
the western Physicists whether they are realispositivists find it difficult to accept that
a particle can pass through both slits simultanigpasd they have to resort to so called

wave nature in order to explain the interferendgepas.

The Sinhala language reflects the use of fourfolficl in expressions sucleg nogevi,
adu vediya, yana ena, where the opposites are combinedsasasa without the use of a
word equivalent toor in English This is a result of threefold logic where both a
proposition and its negation can be true. | understthat this usage is found in some
Indian languages as well, as threefold logic iss@n¢ in the Vedic culture. In fourfold
logic we have another case where a propositionitangegation can be both false. The
famous statememta ca so na ca anno in the “Milinda Prashnaya” meaning that neither
oneself nor somebody else is reborn is an exanmplarf instance where the fourth case
in fourfold logic has been used. Perhaps a morditanexample is the answer given by
King Devanampiya Tissa to Arhant Mahinda. The kimgwering the Arhant Thera said

that he was neither a relative nor a non relati@iraself.

DISCUSSION

It is seen that both wave picture and the ordinaasticle picture fail to explain the

interference patterns observed in the double-spegment. The wave picture fails as a
weak intensity stream of electrons (one electrora d&tme) exhibits no interference
patterns in the case of few electrons. The ordinzasticle picture fails as a particle
passing through only one slit would not produceerifierence patterns. The western
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Physicists had to resort to the wave picture asatpe in their culture would not permit a

particle to pass through both slits.

In the case of the experiments conducted by Chandathe University of Kelaniya the
wave picture as well as the particle picture cogress more problems as neither a wave
nor an ordinary particle would be able to penetthgealuminium sheets without being
affected. These experiments justify our new intetigdton involving modes of the particle
or the system and the particle picture presented Wwhere a particle can pass through
both slits. In general we postulate that a partamlesystem can exist in a mode where
more than one eigenstates are in a superpositioe.pdsition where a particle is found
depends only on the relevant probability, and thealled interference patterns are only
collections of images formed by such particleskstg the screen at different positions

with the relevant probabilities.

The new postulates are based in the Sinhala Buddhlisire and are consistent with the
Sinhala Buddhist ontology and the fourfold logicappears that, unlike Classical Physics
with its twofold logic and realist ontology, QuantuPhysics is rooted in the Sinhala
Buddhist ontology and logic and we should be abldevelop new concepts in Quantum
Physics, especially regarding the motion of a Quanparticle from a poin& to another
point B. It is not known how a particle “moves” from theuthbe-slit to the screen in the
experiments carried out by Chandana, nor how acfeawith less energy than the value
of a potential barrier “scales the walls”. It may that it is neither the particle that left the

point A nor some other particle that reaches the mint
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