Chapter 6

Time and The Second Law of Thermodynamics

and Its Application to the Mind-Body Problem

W of @ynanlcs become relevant to

ontext of what has been

Time and the .
the problem of mi ra t
described as the Some choose to call it
the reversibility the same regardless of
the terminology.) he fact that macroscopic
systems are ‘\1» systems are reversible.
To be more precise, € u_;: : paradox underlines the common-

phenomena suggestive of ynality of time in which events

occur in a certdi id not the other. For

example, we can ?‘f : " backwards if it show
piéces of brokenmglass collecting into mxe shape of a vase.

Intuitively, ﬂﬁzy? ﬂﬂm ﬂ conflict with the
i the case

directionalityy) of ne. In the above exalple, we would
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shattered bits and pieces to reunite. We would also say that such an

event is miraculous since it goes against the "nature of things". For

*Peter Coveney & Roger Highfield, The Arrow of Time (Flamigo,

London, 1991), p. 148.
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macroscopic objects, time has a direction, without precluding the
possibility that the direction it has for us or for our universe as a
wvhole may be reiersed or in some nénners_ altered in some other
universes, assuming, of course, that there may be universe other than

the one we have perceived. This directionality of time makes sure

that events follow one anof ‘ ,’/} ust one direction. Hence, the
irreversibility of events ening & directional time.
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low. This claim about
the flow of tim o how we, humans, both

conceptually and e bact, with time. Whether

other 1life forms ;ion is an open question.
In our own case, ime’s flow in the way we
anticipate events ome, in the way we remember

events that are p&t ’ n the way we live each

ephemeral instant ' \5 strained by the very

irreversibility of Bme #

about past euvent ﬂ %b'n that/we can do to hasten the oncoming

future eventaeﬁ ﬁ, ijg nﬁeﬂﬂ;]eftljwhat we believe is
o

forthcoq'lw p\]tana. ﬂaﬁhmﬂ mﬁbnyzlﬁfgh what will

really ecome simply becaus e tempora between the

ha the@ is nothing we can undo

future and the past, we find ourselves living through the swift and

imperceptible transitoriness of the present.
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Conceptually, time is modal.” "Time is a passage from
possibility through actuality to necessit.y."3 Such a modality
influences the way we conceive of the present, the future and the past:

Our different attitudes towards the future and the past
are due, in part, to our being able, as we suppose, to

make a difference to whal ns in the future , but

the past. The erable, to some

extent malleabl 1;‘2\>. closed, unalterable,
part of the

i —regord\ ‘o \{\\aory. And the
present 1is the i @f~ I 0, the time of

decision, when he one side or

the f_)t.her...‘l

— =
-

The irreversible —of —time = ' # woven into the very

N,
i "y

fabric of our huian y seﬂahat to speak of a non-

temporal existence forshuman beingsgis incomprehensible.
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J.R. Lucas, "The Open Future” in The Nature of time, ed. by

Raynoud Flood & Michacl Lockwood (Basil Blackwell, 1986) p. 126.
*Ibid., p. 126.

“Ibid., p. 126.
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Against this 1lived experience of time and our intuitive
acquaintance with its directionality, physics offers a different view
of tiﬁe. In the Newtonian framework, for instance, time and space are
absolute, an arena in which events take place and objects have their
places, an existential container, so to speak, which is independent of

"f image of a transcendent absolute
&n a cosmic billiard table of

. - A ——— X
unending and vasw.the foundation of Newton’s

the objects of its contai
time shadowing the
monumental descri equations governing the
change of the w . ce -and| 1) me are given, then the whole
future course of : he starting conditions.
Time appears ‘supe is going to happend is
0. f-'er, the Newtonian laws of

programned into

motion could be applied o the G’ ption of the world and foliowed _

backwards in ti"- at., saccording to Newtonian

mechanics, even ﬁr} 't f ian equations do not

decide for us whum direction © e constlmtes the actual past. and

 ARANYNNENT
SCUACRRIDE NG

probe, whi was launche to explore the outer solar
system in 1977. Such motions were the first to be
reduced to mathematical law by Newton. Yet the film
would be consistent.with his laﬁs of celestial mechanics

whether it was run forwards or backwards. This belief
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in a deterministic world,where time has no direction and
the past and the future are preordained, has played a
pre-eminent role in the development of physics. Its
power is shown in a remarkable statement made by
Einstein when he learnt of the death of his lifelong

. "% Besso. In a letter

written on 21 ! 5 Ei eized upon this

unshakable CODV -_ 28s’ of the laws
of physies to . \ Besso’s family.

e convinced

friend and confidant

Death was not

physicists, t present and

future is only istent...

Einstein’s own ories which supersede Newton’s

laws in areas he .concerned underscore

A

the directionless o ds time as a part of
space. m

i
It is a ‘;.AL rish : take a
block view@ﬁﬂugvﬂgﬂghl t.E;Efutltn ?:m;e of
WARATTI U AR TN TR

time.‘l The future already exists: it is only that we do

eve

not yet know what is in store for us, and only discover

that as we crawl along our world-line More cogently, it

sCoveney & Highfield, op. cit., p. 30.
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argues that there cannot be a real, modal or ontological,
difference between future and past, because the present--
the instant that divides past from future--depends on
our criterion of simultaneity, and our criterion of
simultaneity depends on our frame of reference. If we
/ ur frame of reference
' % change not only

what distant ev . e Simultaneous with us-

change our velocity,

and our criteri

i.e. what we asent ' omitantly what

distant evetn

In short, clativity takes away the

fixed point of referen om whi ) - of time can be seen as a

reservoir of mem 'e

T U

Similarly,!ﬂquantum mechanics bakegﬂﬂno notice of either the

flow or theﬁaﬂﬂ a ﬁﬂmﬁﬁﬁnal formalism which
ory obeys

underpins qqut strict time symmetry. From the
= AW TS mw'ﬁ TIMB YR e
time is%indeed mysterious, for the collision between any two molecules
is completely reversible without any preference for past-future

orientation. For example,

8 .
Licasy oDy Cibes Do 130,



Suppose, in a sealed room, the top is removed from a
bottle of scent. After a while the scent will have
evaporated and dispersed throughout the room, its
perfume apparent to anyone. The transition from liquid

scent to perfumy air--from order to disorder--is

irreversible. We
wait, for the dissemin

way back spontaneg nt bottle and there

to reconstit vaporation and

diffusion of ssic example

of asymmetry bei ¢ witnessed a

tle we should
PRTIoy

spot immediately s that t J g _ deing run backwards

in the projector.

Yet there i

a eyaporates and
diéperses p—‘ el " molecular

bombardments. Iﬂhe molecules of alr in Jﬂkir ceaseless

:::::imﬂm PRI
AW EN;H’ ;‘Ef cj"a“m‘l“'fﬂ%‘l“

given individua ision 1is perfectly

reversible. Two molebu]es approach, bounce and retreat.

Nothing time asymmetric in that. The reverse process

ect., however long we
: ﬂules to find their
.

94
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would also be approach, bounce, and retreat.’

Since sub-atomic particles also move about in a completely time-
reversible manner, the laws governing these bodies seem to suggest

that all macro-world phenomena which reflects time’s irreversibility

but which are also reduci ”gghe motions of the underlying

—

constituents are subjec ep nvolved in our perception of
the passage of time ilar to-the process which, for instance,

gives rise to our imersed in water looking

bent when in read words, the view which
suggests subjectivi irreversibility of time

is the same view whi time to mere illusion.

There is i fjj;jﬂ-,f‘ ence between something being

subjective and some In. the case of the stick

appearing bent W/l “ it is a matter of our

sense data not @:resen ng the true stam of affair, a condition

e E A
o .8 -
CL RN OELe e N L e

Wa
the samp laws of optics. In the case of illusions, we have the power

to correct conceptually our perception of such illusions. We tell

“Coveney & Highfield. op. cit, p. 268-269.
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ourselves that the stick is not really bent but only appears bent due
to a certain incidence of 1light and its reflection off the water
surface to our eyes. It is also true that if we are so familliar with
the illusion, the conceptual corrections can be automatic; that is, we

do not have to think twice about the situation before arriving at the

true picture.

On the other i e‘ the case that no such

conceptual correcti rception is conditioned

by subjectivity. ’s notion of our mental
categories throug intelligible for us. We

cannot lay down In this sense, the fact

that, for example, we/'ex only three-dimensionally is

due just as much to o the world itself. 1In this

case, there is “pt,ually or otherwise.

Without getting gent.ial issue about

usion, ave to basaid in passing that if

subjectivity and i
the flow of time as erience i‘ﬂ us:lon, there should
be a possnﬂlu EFL’J ilﬂ Ej’j: other hand, if the
passagno ﬁ }j WEI a ?Ise nentloned
briefly qm @en it mﬂﬁere is no wao‘T ascertain beyond

the phenomena whether time is irreversible or reversible, for we can
know the world only as it is received through out mental categories
and not the world as it is in itself. Even without invoking Kant, to

relegate the transitoriness of time to subjectivity is also to call



97

into question the claim of time’s symmetry since this is Just as much

a conceptual schenme.

The Second law of Thermodynamics suggests the objectivity of

time. This objectivity is supported by the irreversibility of time’s

) ’,ﬁ; the content of the Second Law
\ d.

A v 3 he law and then

flow central to the Seco
of Thermodynamics:
Rudolph Gottlei
~ quickly chan & \ a classical
disposition, » the name by
which he is ausius statement
of the Second
m cold to hot.
Second Law is due to
William Thompson “also q hanged his na;e,

A s statement

| y

ﬁ‘g’iﬁ ISR ThY

and we now lkng

of the law is:iﬂ

another 1sewhere.

¢ o W
AT I I I e
heat] engine, that extraordinary device which, despite
our picture of it as a lumbering, steaming hulk, is in
fact an elegant epitome of change and summarizes the
essence of irreversible change.

That the heat engine captures the essence of ' the



98

Clausius and Kelvin statements of the Secind Law can be
seen as follows. First,a heat engine needs a hot source
and a cold sink, which is effectively Kelvin’s
statement. Moreover, in order to achieve the reverse
flow of energy, from the cold sink to the hot sousce,

//‘ernal motor, as in a

at w be done in order

the engine must be dri
refrigerator.
to achieve thi equivalent to

Clausius’ stat

he problem of the objectivity

\\\\\ iing to this law, events

he measure of this randomness

The singnificance
of time derives

unfold toward random

and disorder is called ff ropy" The Second Law of Thermodynamics

says that entropy

e T

~The most p k ‘ endency for

things todispelﬂL is the dispersal of thelﬂolecules of a

o Y BT TR

in one #égion of a contalner wlll quickly spread

"R T‘Pﬁﬂﬂ“ﬁﬁ"’f"ﬂ ik} g

P.¥. Atkins, "Time and Dispersal: The Second Law" in the
‘Nature ofTime, ed. by Raymond Flood and Michael Lockwood (Basil

Blackwell, Oxford, 1986), p. 82-83.
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molecules regroup and collect in one small region, is

o2
unnatural, and has never been observed.

The situation is generalized to the level of the macro-world, we then

have the very familiar situation in which our rooms always get more

. V/yer words, entropy or disorder
always increases. . __//'
¥hat does ;ﬁﬂ!""frf o\Rith iectivity of time? The

inexorable increas

untidy without our interfer

\ n to time; time flow
toward disperal stat . offee always results
in brownish 1liquid he milk molecules and the
coffee molecules 2 point of equilibrium. The
situation in which a brownf" rid: a ts separating into different
e = g"{‘tﬁk( '.: .
- portion of coffee -.and 'k never ‘hag oweyer, if one pausee to
ask how the purpo '}f S J can be accomodated

to the uni-directiﬂl flow toward 1spersionmone begins to see the

plausibility o ﬁ(ﬁ cal fornalisn in

both cl:s.ssmaf1 ﬂeﬁﬁﬂﬂzﬂcs produces conZﬁte reversmlhty

" S A ST N T o
)

time’s irreversibility as defined by the Second law of Thermodynamics.

How are we to account for such a discrepancy? One asnwer to this puzzle

°Ibid., p. 83.
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to post time as an objective entity. The worn-out metaphor of time as
a river visualizes the situation well, for the objectivity of time has
to be conceived as actually carrying along objects and events towards
increasing entropy as dictated by the Second Law. The reason why ice

cubes always melt to form a puddle of water and why a puddle of water

never shape itself into ice ﬁ/ because the objectivity of time
: :éﬂualize the first event while

and its flow towards

In philos various opinions are

offered to explai ena we know as "time".
Regardless of t.her however, it is usually
acknowledged that a t, space and time must be
also included among the é£is '7 .S, Egén when "time" is considered to

be "unreal”, " We simply cannot

eliminate our priception of etely reduce it without

ce
remainder. Our olgect.iv v ie 1s nomat. all far-fetched when

we considerﬁt in ﬁx&lﬁlt of Einsteinian space-time. The metaphor
4

wort wot. o | ehtel LELL LA WY DL E10 cimer vt can 2o
stretcﬁdmﬁge@cﬁm a:lgﬁs.]pﬁtwﬂqeé{ﬁ[ concrete as

anyt.hinq it reguires some conceptual exibility to
understand both space -and time this way without also imposing on it
the concreteness of everyday objects. In other words, time, and space,
is objective but its manifést.ations do not resemble the appearance of

things considered paradigmatic of concrete objects, . a table, for
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instance. Quantum mechanics has already taught us to become familliar
with such a unique objectivity, for example, in David Bohm’s notion of
the very real but undetectable pilot wave. In the same way that matter
can be said to have created space-time and is at the same time

embedded in it, we can view time as something analogous to a flowing

*/)}\coded in the Second Law unfolds.
3
e —

9

river in which the drama of ¢

The problenm ) Rd how to reconcile the
directionality of . .hfu ot.e eversibility of micro-
systems. Again, . s £ to.g ’-w."f hanics. It will be noted
that prior to th nic particles cannot be
said to have eithes This lack implies that
quantum entities do real" objects in the sense

$s of observation. The quantum

311 it "reality", could

L ,—‘::“'J_,f A
nature of the ugerlyiii"géﬁi‘

explain why micro SRS are Ci f le, for at this level

the Second Law dog not apply

at the quaﬁﬁeéi%ﬁgﬂhmi] ﬁ ﬂeias detracting from
its efficac U e :J d e in t "has been termed the
¢

S WO AN 'wﬁﬁﬁ?ﬂﬂ'ﬁﬂm o

qualifies only as a realm of possibilities or potentialities. The

on-applmat.ion of the Second Law

integrity of the Second Lav remains int.aqt. since it describes the
natural tendency of things to become more and more disorganized. More
importantly, the crucial implication of the Second Law seems to be

that the reversibility of time applies only to "real" objects, that is,
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objects of the macro-world. The reversibility paradox seems to
evaporate when - we conconsider the fact that without the act of
measurement, which is the instrusion of consciousness into the quantum
phenomena, there cannot be any contact between the micro and the macro

worlds. It is only when the wave function collapses that a quantum

,/’/}” and becomes subject to the
objective flow of time.™ ‘!”' ‘
- .
, —
We can saiﬂ‘f""’H y11a, ﬁ\ﬂ;;< he wave function is the

um entity is registered

entity instantaneously b

beginning of en
as a macro-world ot on a phosphor screen,
that event become _of sthe‘eonmon-sense reality and is governed
by the Second Law Yod i ‘,«“fﬂﬁ” According to this picture,
time becomes the nexus between quant potentialities and the everyday
world of ordinary, obje 2 consciousness is in time,

experiencing it V,T ical s LUrE of,t.he passage of time

from the future o the prese 0 the]ﬂbast, the mystery of the
Ziifii;;@ui[ eyt o AL} i A
ammnim URIINYIAY

*®paul Davies, "Time Asymmetry and Quantum Mechanics" in The

Nature of Time, ed. by Raymond Flood‘ and Michael Lockwood (Basil

Blackwell, 1988), p. 107.
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