Chapter 5

Quantum Mechanics and the Application of Quantum Mechanical

Ideas to the Mind-Body Prodlem

rview of guantum Mechanics, this

ﬁicist John wheeler. A group
" J.
home @ Nordheim for a friendly

thj: “hfhg_dinner they started what

To set the stage for
anecdote is provided b
of scientists gathe
dinner.. John Wheele
is usually played However, there was an
interesting modific

\

According to Whegle the room for what

seened an inordi eturnlng to the
room he saw a smil e--a sure sign that

mischd

some sort of‘ e then started his

questioning ries: "Is it
animal?" No. "{Eﬂit a But asﬂahe questioning

went dn, ﬁeeler “woted that. tHe’ answers were slower and

slower ME»L? qﬂrﬂ m jﬂsﬂ :ln ixuestioned
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possibilities down to the point where he was ready to
take the plunge. "Is the word ‘cloud’?" he asked. At
which point everyone broke out laughing and told him he

was correct. It seemed that while he’d been out of the
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room the others had agreed that they would not select
any word, but rather would let some word emerge as a
consequence of Wheeler’s questioning. The agreement was
that the parties being qﬁestioned could respond with

either a yes or a no, the only constraint being that

Ik

2 J
all the precedin S

OQ was at least
as difficult fy 3 &8s it was.for Wheeler'*

vhichever response they ey would have to have a

definite word in consistent with

participation of obser

and awaiting discofery-by -the guest: ‘fact there was no word
but only the poten@li Hhat ta;t. word becomes, rather

than what that word ¢ is, has been determined notﬁv any pre-arrange-
0

ment but by t@jsuaguylﬂmg mﬂs’lﬂ
ARIAINTUNRINEIAY

*John L. Casti, Paradigms Lost (Abacus, London, 1990), p. 418

the participants.

*A more detailed account of Wheelers 20-question game is

found in P.C.¥. Davies & J.R. Brown, The Ghost in the Atom (Canbridge

U. Press, London, 1986), p. 22-24.
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It might be said that the word evolves out of the probing in the game.
This competing versions of reality 1lies at the heart of what is

problematic about Quantum Mechanics.

In order to appreciate the participatory kind of reality which

Quantum Mechanics seems made inevitable, a few words

;‘his is the kind of reality
| ——
vhich can be descr

| — -
i V there". If such definite
reality is scale 0 » \ , Newtonian reality is

f particles and forces.

must be said about Newh

exhaustively des
The particles are 28, 1i rd balls, if you will.
At any given mon Tea ty-consitituting entity
maintains its defi as determined by its
static attrlbutes and its @ Er putes. The static attributes

refer to propertll_\is m @s do not change over a

period of time while the ' ?"* those which change in

the course of time mxch as position and veloéﬂ,y. In Newton’s world,

each and everﬁﬂsg ﬂﬂ%ﬂﬁwrﬂ jth its attributes

exist at each moment. me and contlnue toex1st from moment to
o G/ R PSS SR ) s o
the plcﬂure that we have regarding tables and chairs, that is,
regarding our everyday world. An observed table and an unobserved
table both share the benefit of havi}ng definite attributes. Even when
unobserved, a table either has three legs or it has four legs, for

example. It would be difficult to understand someone who says that
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such an unobserved table has neither three nor four legs because
when unobserved it i‘s meaningless to ask how many legs it has. 1In
both the common-sense and the micro-world of Newtonian physiecs, to
observe an object is to discover its attributes and not to create thenm.

The world is really there, ready-made, and independent of observers.

If the picture

/s constituents of Newtonian

reality is clear, t ~ basic —ingredient--the forces--remains

somewhat m.yst.erious/ ' 'I\\" lo with the nature of these
ing ther H\?T\\

N

the particles. Newt ind__ La s »\1, ible as a=F/m, meaning

upon it divided by the

forces rather than wi | heir interactions with
that the rate of cha particle or, in short,
its acceleration,
the initial position and

- 2
particle’s mass.

velocity of each particles are in principle correct to say

that all physica F&"‘"““‘i—i“f"?—_ffin cted and retrodicted
. i
in terms of the int%ct ON S s 'pziaicles and the forces.

Yet,what the forces essentially are had not been made clear by Newton.

On the contra@] urEJegrm ﬂmtﬁlmr&lﬁ Q:i]”t.y, Newton said
R AT A

*Ibod.,, p. 417-418.

*Ibid., p. 418.
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Newton’s forces have been later understood in terms of fields.
A élassica] fieid is a distribution of forces in space. The range of
a field is how far its force extends, the force falling off as the
distance squared. There are two fields of forces in classical

physics--the electromagnetic field and the gravitational field. The

three classical forces s course, electric, magnetic

and gravitational. Together with 'h ) motion, Newton discovered

- of he%ﬁeld It was James

ning the electric field and

the inverse square
Clerk Maxwell who »p

the magnetic field, are not separate but

different aspects of field.® These field

laws together with t ufficient to describe the

workings of the univer Moreover, these laws

are dekerministic is uniquely dependent on a

. T ey e !f # hi ) PR .
given initial condition. JFt-45 such-a-determinism that would come

-wspp“--

into conflict w1 ‘ echanics.

The clockworks megularity of, the Newtonian world rests on

the deflnlten@ u&l\"] mIHMO§tWJEJII] ﬂ ﬁs and the fixed
laws governlﬁ such objec ts.‘ It has ﬁften been%nphasmed in

RIANTNIUANIINE TN E

“Nick Herbert, Quantum Reality (Anchor Books, New York, 1985),
Ds 33,

®Ibid., p.33.
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layman’s terms that Quantum  Mechanics represent. something
indeterminate, uncertain and mysterious. Such as observation should
be taken with a pinch of salt, for while it nmay be- said that
these descriptions figure in the interpretations of Quantum
Mechanics,the mathematical formalism descriptive of Quantum Mechanics

is very preicse and underlies %nistic paths of sub-atomic

objects. Probabilitie ole-at-the quantum level but only

at the crossroads WM ) meet. the everyday objects

with explaining what

background for lepatic a brief sketch of quantum

descriptions is g‘—‘.‘_ ,

A physicist .‘d cribing SOmg , quantum event would construct

. ...athe..amﬂ 1233) ’Jfﬂ&] Tehent JhE8 bk Sevresont varions

aspects that are the focus? of his descriptions. @/There are at
least h’ﬂqew;l‘ﬂﬁ msimo:J m"]u’;tm ﬂgia Ellich, as it

turned out, are ultimately mathematically equivalent.e- Each of

“Nick Herbert, Quantum Reality. p.42.
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these description is a quantum theory, and, depending on how one
chooses to view then, it can be said that because they are all
mathematically equivalent, they all constitute one Quantum Theory
or the three descriptions can be taken as constituting a group of

Quantum theories. Whichever way seems unimportant to our project. But

it is important to be clear abot Quantum Mechanics is.

entities such such ons, photon nd other more exotic

g quantumstuff
Nathematically: a Model ofsthe we ecuted in symbols.
¥vhatever the nmath e quantumstuff does
in the outside nust cont.ain at
least: 1. f_ ", stands for
quantumstuffs; B a bes hoﬂthis quantity

goes through ibﬁgﬁ:hanges; 3. @/rule of correspoﬁdence

sk ﬁl} WY A N2 AaWELAT 3. ineo
AT ANY 1 e

classical physics in incorporating physical facts in the economy of

71bid., p. 41.
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mathematical formulas. What the mathematical symbols do on paper is
always correlated with actual facts as though there is some
connections between the symbolic notations Vand the workings of nature.
This nmysterious contact has been described by Eugene Wigner as "The

- - - ) 8
unreasonable effectiveness of mathematics in the natural sciences”.

matical symbolisnm, Quantum

}physics. To have a clear
J v

it i@ry to sketch even only

briefly how its root out \of the“shortconings of classical

mechanies. , A AR \

As an intellectual system
Mechanics is no differe

picture of Quantum Me

ecbion with Max Planc’s

The word "
assumption that enery ' ‘_; ' ticular-sized chunks, 1like
coins of various. denom ‘,;:—';' ding to classical physics,
particles can havg any -xngﬁf;kj, d 7 onsequence of this view

is the prediction ;F-——_?—‘i'f ¢ bright blue at all

temperature, which coﬁra il cal @ct that they do glow

bright red. Only if ﬂmtromagneticuadi.ation comes in packets of

— ﬁii] UL AW BV W BLAELD e tacte. e
finite uﬁ: ﬁf ’_ixérgé ﬁ ﬁrafﬁtijn ﬁﬁnﬁlﬁﬁﬁeﬁﬁa reveals

®Ibid:, p. 2.

°Ibid., p. 36.
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that fact that the inhabitants of the sub-atomic world do not obey
Newtonian laws. In fact, electrons and the 1likes of them do not even
obey a classical kind of law, that is, a kind of law which governs

the world of ordinary objects.'®

Further undermining mechanics came from Einstein’s

first 1905 paper.“ ntum of energy, Einstein
demonstrated that light’ rons out of metal means
that 1ight behaves a to the received view
that light has wave tein’s theory of the
photoelectric effec ewtonian idea that light
consists of corpusc a .1y, it wunderlines the
wave-particle duality \ behavior of quantum
objects. Departing from the : es _ Hishe theory that light behaves
like a wave, the idea : - 1 0 has something to do
with being particl jy.r ’ ation which can be

brought out clearlymby considering how comadlctory it is for

something to be uﬁyﬁﬂm ave can spread
out sweeping widening area, ut 2 partlcle is locallzed to a
very sma}awr] arﬁﬂ ?mﬂﬁﬂr’?ﬂ mﬂ H,e variety

*°Ibid., p. 34.

**Ibid., p. 35-386.
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of ways, each way tracing an a different path, but a particle’s
path is constrained to a single direction. Waves can produce
interference patterns, either reinforcing or cancelling each other, but
two particles in contact would only crash. Einstein’s understanding
of the nature of light as consisting of two contradictory aspects
not only showed that Newtonian ‘ / is incomplete, but also that

to complete it, we : &to deal with something as

much paradoxical as i *al descriptions.

The "black e interaction between

light and electro the theory of the

»
f \
%

B Newtonian physics to

hﬁ‘ Lrang
..:EH,\:

photoelectric effect : € 1nabili
explain sub-atomic phe ; - by ‘means imply that classical
mechanics is obsolete. Newton’s laws remains useful

in the world of commen _ elween the very large

. and the very small in the realm below

the surface phenomégl of things with well-defined attributes which

J— the ;E;[:pn Zj Eijﬂ’Tﬂ ﬁ response to the

need for ways to‘Fesc predlct the contradlctory behavior of

sub-atonma;WfTa,Qﬂi mtﬂd mf}%ﬁ "Oa H by Werner

Heisenberg§l Erwin schrodinger, and Paul Dirac. To give a flavor of
vhat these theories consist in; a rouéh sketch of each follows:

10 Heisenberg’s theory is called matrix mechanics because

he represent the quantum world by set of matrices. A matrix is a

square array of numbers 1like a mileage table on a roada:nap which
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lists the distances between various cities. In Heisenberg’s equation,
each matrix stands for a particular attribute of the particle such as
position, spin, energy, etc. The evolution of these natrices
follows a particular law of motion which resembles Newton’s law in
form but contains peculiar differences. One- big difference is that

: This means that the order
& In particular, when

1 x times p.12

unlike numbers, maatrices do
of matrix multiplicati

p and X are square arr

} mﬁ;;.-cts as a wave form.

More precisely, he repres sha @ of .z antum entity such as

2) Schroding

an electron by mat it'as having wavelike

properties. Wwhat thi o.sntuh - entity being

described can show t phenomena associated

measurement the waves. ¥hen the

. — >

peasurement is nad, “ ntity disappears,

resulting in the exajﬂ localization of the entgay. This - is ba]led

o, . .
"collapse of tﬁ u\E]pr‘WE"J ﬂ%/ﬁ mﬂtﬁrpreted loosely
where quantum probability be

as the cross-qpad comes CORROD-Sence

s A RVANTUNRINGINY

*®1bid., p. 41-42.

**1bid., p. 42.
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3) In Dirac’s equation, quantum objects are represented
by rotating arrows. The motion éf each quantum entity corresponds to
the rotation of the arrow. Describing quantum motion, according to
Dirac, has to do with understanding the rotating arrow in relation

to the prescribed set of coordinates. Mathematically, Dirac’s

arrow can be conceived as eithe up of matrices or a wave, so

that it can be shown that beth H )\d Schrodinger’s theories

For our puru/: chnica \ s are of peripheral

importance. The mathe i quantyh “» not concern the

problem being hand]éd i issue is the question

concerning what sort of e quantum world, for

I

it is the intention of "t hig™ ‘p‘é' show that some features of
Vﬁiﬂf"" A ;

L
i
- et b

the quantum reality make ossible “t ibe interaction between

an immaterial mind a éi"’f:f'f“—_’—“‘—“ ‘o the underlying

quantum reality is cer@inly re C o quantum Bhysicists. But it

is also equally ertaifi that physicists do not need to answer this

question in ordeﬂuﬂyqonﬂnjrmﬂ ﬁﬂj{, it couldrl be
e/

said that a:ﬁjt@]ﬁ ﬂriﬁtm Wqﬁwyﬁ?ﬂe”s a tool

to manipul han as windows int eep reality.
But it 1is necessary for our project that the nature of quantum

reality be brought out. It will be seen that various views are

**1bid., p. 42-43.
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offered as descriptions of the deep structure of the wvorld, these
views representing different ontologies based on results obtained
when quantum theories are tested against events in the actual world.

~ There are at least seven versions of quantum reality:

1) There is no, This is one version of the

orthodox Copenhagen tl&#hat the quantum theories
——

mean in terms of the u cording to Niels Bohr,
there is no quantun adoxical behavior of
sub-atomic particl nstituted by them is
anything but real i enbers says that atonms
are not things, t ge of ghostly particles
suggesting that wh | '_ oncrete reality has no
substantial essence.’® : |

2 The world nsidered to ‘Goncrete reality is created

by acts of observa VI ‘“’ of the Copenhagen

interpretation and may be viewed as an extﬂlon from the first

version. Com firs_t version,

namely, the qu@yﬂﬁm Ejﬂyhl; Hg versmn suggest.s that

the worlﬁsw aﬂﬂhﬁmﬂw'?ﬂmﬁ ﬁr-created
1

leavmg at to qualify as an observation. This view does
not collapse into idealism; for an observed phenomenon does not

necessarily have to be a mental observation. Any recording instrument

**1bid., p. 158-164.
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counts as an observer, which, of course, means that the mind can be an
observer as well, but acts of observation are ﬁot limited to those
belonging to the mental category.18

3) Reality is seamless. Despite the appearance of diversity
of existents, the underlying reality is not constituted by various
categorical boundaries ividing ., into  kinds of things.
The universe is intercoanectedl &-e piece of cloth. The

emphasis on the seam , c cloth is significant,

for it serves to poin ness is not a matter

of things being lin hich, for example,
they are gravitati contrary, quantum.
vholeness implies a n h the interconnectedness
is undiminished by aration, no matter how

a certain cause

vast. A non-local ;;ediated{

originating at one antaneously producing

an effect at the'yﬂ@ voodoo curse employs

the concept of nonEBoca11ty. curse is utaired here and the

::::m of the cﬁsuﬂﬁwﬂeﬂ?ﬁsﬂﬁﬂﬁ thousand miles
ARVRIAIO AV Yo e

universes. ! For any situation in which several outcomes are possible,

**Ibid., p. 164-168.

*?1bid., p. 168-172.
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such as flipping a coin, this version of quantum reality, known as the
many-worlds interpretatiof\, suggests that all possible outcomes
actually happen. When a coin is flipped, it either comes up heads
or tails. According to the many-worlds reality, one universe contains
a coin that comes up heads, and another universe takes shape to
accomodate the other possibi '” e coin being tails. In more
complex situations, more URIVerses é}ulred to accomdate the

additional worlds are not limited.

outcomes,and the number o

The number of possibleg situation matches the

number of the accomod identical in every
detail except for th their coming into
being."{
| 5) Reality m | a non-Boolean kind of
logic. This version is almo _ ly silent, for it makes no

attempt at the description ¢ “geep realit ocusing instead on how

we are to make sensel j antum experiments.

To give a flavor of w@, e quantum logicians are getting at,consider
the two vieis a'g. fered by “Newton and Einstein. Newton
explained gravﬂﬂ tﬁn?l EPI miﬂ thﬂlj never verified
by sensaLﬂnWwTasQﬂ ?td ﬁ _ aﬁ criptions
of the in@raétion between the H)';ﬂ:i) gj‘]igfﬁd’ E[er. Such

approximate descriptions become evident when Mercury’s anomalies are

‘inexplicable in terms of the Newtonian laws. On the Other hand,

%1bid., p. 172-175.
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Einstein chose to explain gravity by the concept of the curvature
of space-time. According to Einstein gravity is not a force but a
curvature of space-tinme. Fron Einstéin’s perspective, observing
the effect of gravity on the movement of the planets is 1like

standing on top of a mountain on a dark night and observing some

night travellers, each holy. h, following a circular path
around and up the mountain. | ‘! eller, each planet is just
ompelled by any external
force.”® In the words » David Finkelstein:
times Bohr

:::?- uth... Our

ong in a basic

Einstein threw
throws out the
classical ideas

practical way. T : :j to les to think in

20

the right way, to antum-logically.

8) Realiﬁy is_créated” by o usnes This version has

some affinity wi i th xj luded to above. In

the second Copenhageiﬂhers on, ooservagion creates reality

in the éense that it gellapses thelwave function iy converting the

probabilities rﬂ u E.L‘lmtﬂ nﬁ Wﬂ’lﬂ
the actuallt of that ﬁzﬁpm%pjﬁ ax&za . In this
view, however, :]s 01 c n given as to what is to qualify

rtain value into

*°1bid., p. 177-185.

2°Quoted in Herbert,'Ibid., P 24



83

as an observer, with the implication that any measuri_ng apparatus
can count as such. On the other hand, if reality is created by
consciousess, and if the act of observation is necessary to collapse
the wave function, then only a consciqus apparatus qualifies as

a observer.

f_.wo worlds of potentialities

}own version of quantun
. . - ‘ -
interpretation. Heisenber bsc¢ ib@ Copenhagen view that

there is no deep under However, Helsenberg qualifies

\\\ of potentialities or

T Reality consist

and actualities. This

such a lack by po

The probability wa 2 te \\ something.

concept of

"potentia” in Arist, y. It introduces

something standing ip 2n._the idea of an

event and the é"_ 5 E‘# physical

J!‘

ﬂ‘lJEJ’J‘VIEJVlﬁWEJ’]ﬂ‘i
amaﬂnimumqwmaﬂ

reality just in Ehe i tween poss hty and

reality.®®

*'Ibid., p. 193-197.

22Quot.ed in Herbert, Ibid., p. 27.
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Heisenberg’s world of potentia is both less real and more real than
our own. It 1is less real because its inhabitants enjoy a ghostly
quantum existence consisting of mere tendencies, not actualities.
on the other hand, the unmeasured world_ is more real because it

contains a wealth of coexistent possibilities. In suchk a world, a

flipped coin can show head \ ils at the same time. It is only

vhen an act of measuremen ' ‘ : the world of possibilities

The seven etched above represent

seven speculative thequantum theories.
As already mentione ‘quanbunitheories, \or at least the three

we have looked at,areex et e in the sense that their

seems a matter taste What reality ubscribes to, for all are
k F - . = 3

experimentally , ping once again the

»

underdeterminationg But, ﬁ is important for the

problem at ha ﬁﬂiﬁ}juﬁiﬁ aspect_of Quantum Mechanics
that gave ri t peting ve ﬂxgmjep realities.
s

RN TN UM AN, . o

This crucial feature share quantum

t.eor y

emphasis on measurement. First of all, we must note that despite their
differences in mathematical formalisnm, all quantum descriptions
proceed from the common assumption that prior to measurement, noting

definite can be said of quantum objects: quantum objects are described
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only by a probabilistic quantity specifying the relative likelihood of
some attributes taking on certain valued when measured. The emphasis
on measurement results in two important questions about measurement:
1) "At exactly what point in the measurement of the electron’s

spin does the probability set collapse? 2) How does the act of

observing the electron’s spi ‘the set of likelihoods?"®®

In answering the secon uantum measurement, we will
have also explained how aterial mind interacts with
a material body.

The signifi brings out in essence
what has been consid ical™ about Quantum
Mechanics. According the point at which
a measurement takes unproblematic. For example,

land, the point of

yardstick or some
similar measuring Egools. when it E}nes to measuring some

sub-atomic attr'butes'ﬁ!b situation ¥ not so cut-and-dried. Questions

like these, whi ﬂdfaem &Lmaj wes ,;lm&j to common-sense
g S T I T
measuremqpt of an attribute of a quantum object occur when the

experiment is planned. Or does it occur when a dark spot appears on

a phosphor screen. Or does the measurement take place when our

*2Casti, op. cit., p. 432-433.
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consciousness registers some observable results. Or, to take the
problem to the 1limit, does it occur when the experimenter first
decides to perform the experiment. The problem seems to be compounded

by the fact that no agreement is forthcoming from the community of

_ physicists.“
As for the sec& //%mg the mechanism involved
in the collapsing of a-* ave unc_ he major problem here lies

in explaining how is.d in principle may be

just a recording quantum wave function,

which is a mathemati > information.Collapsing
a wave function nmesg dat ﬁ_ f_v _ nite quantum attribute.
When a quantum attrik reality ensues. A dark
spot on a phosphor scree GGy : event as this is understood

in our everyday uSldg--;..

at.trlbut.e--the pr

However, prior to Ebis ar event, g;e particle cannot be
said to be in ﬁ ccor@ihg to Quantum Mechanies, the
particle in @ﬂ ﬁﬂgf ﬂﬂfalfllion of space, being
= TR S e i e
measurenqﬁ a quantum object only "exist" he. probabilistic
vave function which, as its name suggest.;s,, represents the particle’s

possible whereabouts with the image of an ever-widening spherical

wavefront. How is it, then, that a measuring device, which is a
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pacro-world object, act wupon this mathematical wave function to bring
about the "collapse". Further, it is also unclear what this
"collapse" means other than what is implied by its mathematical

formalism.

ﬂ'LJEI’JVIEWI‘iWEI’]ﬂ’i
’QW']ﬁﬂﬂ‘ifuuﬁﬂﬂEl’]ﬁH

**Jerbert, op. cit, p. 145-149.
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