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Metaphoric Usage
of the Second Law:

Entropy as time’s (double-headed) arrow

in Tom Stoppard’s “Arcadia’*

Imost as soon as the concept of en-

tropy and the second law of thermo-

dynamics were introduced, people

began exploring their application to

matters that, at first glance, appear
o be oulside their scope. This is perhaps not sur-
prising—if the second law tells us about things as
small as the efficiency of a heat engine and as
large as the ultimate fate of the universe, il seems
logical to conclhude that there are no matters that
fall outside its domain. The implications of the
second law are as deep as they are broad, as the
following quote insists [1]:

The law that entropy always increases—the
second law ol thermodynamics—holds, I
think, the supreme position among the laws of
Nature. If someone points out to you that your
pet theory of the universe is in disagreement
with Maxwell’s equations—then so much the
worse for Maxwell’s equations. Hf i is found to
be conlradicted by observation—well, these
experimentalists do bungle things sometimes.
But if your theory is found to be against the
second law of thermodynamics T can give you
1o hope; there is nothing for it but to collapse
in deepest humiliation.

Couple that with the difficulties that existed
(and persist!) in defining exactly what entropy is
[2], and it is easy to see why it turns up in such a
range of intellectual pursuits. Just a quick search
of a library’s (University of California) holdings
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for titles with the word “entropy” turned up
dozens of books on topics not explicitly con-
cerned with thermodynamics, such as the envi-
ronment, information theory, traffic patterns,
ete. Also included are at least half a dozen works
of fiction, as well as a score for a piece entitled
“Entropy” for woodwind trio (which, alas, I have
not yet heard).

To what extent do these various endeavors
represent rigorous application of the second law,
as opposed lo approximate or even metaphoric
usage? Nobody questions the rigorous applicabil-
ity of the second law to heat engines, The in-
evitable “heatl death” of the universe, too, is little
questioned [3]. Hlowever, there is rather less im-
mediaie concern about the conclusion thal we’re
all going to die in some billions of years than
about the potential implications for the fate of
man and society over a more relevant time scale.
Are those implications rigorous? If not, are they
nonetlieless of value in the realms to which they
are applied?

The metaphoric exportation of scientific con-
cepts to other fields and the reverse process are
well-explored topics. It has been noted that there
are risks attendant upon imprecise usages, and
the second law is no exception. Indeed, it gives us
some prime examples, such as the creationists’
entropic argument against evolution or Jeremy
Rifkin’s appallingly neo-Luddite “new world
view” [4], which misapplies the second law in
about every way possible. Such distortions are in-
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deed dangerous, doubly so: not only do they vali-
date dubious agendas by clothing them in (pseu-
do)scientific garb, bul they also tend to discredit
others who engage in relaied bul more careful
projects [5]. However, they do not (in my opinion)
demonsirale that approximate or metaphoric
treatments of scientific concepls are inherenily
bad; just that anything can be done badly.

The question of how the second law applies to
the world of the human mind, and ils inlerac-
tions with the physical world, has received in-
tense and enduring attention. From the early
days of the concept of entropy, following the in-
troduction of stalislical treatments (by Maxwell,
Boltzmann, and others), it has been suggested
that the entropy of a system is in some way con-
nected to how much we know ahoul the syslem
and that there is therefore a “subjective” compo-
nent to entropy. The idea of subjective enlropy
reached its pealk, perhaps, with the development
of information theory around 1950 (Shaunon,
Brillouin, etc.), in which mathematical relation-
ships between entropy and information are pro-
posed. Denbigh and Denbigh have examined this
idea and its hislory in some detail; they conclide
that il is in fact not rigorous bul at best approxi-
mate, and only applicable in certain, restricted
situations [6]:

Although information theory is more compre-
hensive than is slalistical mechanics, this very
comprehensiveness gives rise 10 objectionable
consequences when it is applied in physics and
chemistry... It remains true, nevertheless, thal
informalion theory can be of value in an heuris-
tic sense....Notions aboul “loss of information”
can sometimes be intuitively useful. But they
can also, like the comparable concept of “disor-
der,” give rise to mistakes....lt needs to be kept
in mind that thermodynamic entropy is fully oh-
jeclive...and the same must apply lo any other
“entropy” which is used as a surrogate.

A much earlier lreatise considered if and
when thermodynamics might be applicable to
human activity [7]:

The Second Law in its ohjective-physical form
(freed from all anthropomorphism) refers Lo
certain mean values which are found from a
great munber of like and “chaotic” clements. .
. . this law has no independent significance,
for its roots go down deep into the Theory of
Probhabilities. Tl is therefore conceivable that it
is applicable to some purely human and ani-
mate events as well as to inanhmate, natural
events.., provided the variable elements pre-
sent constitute adequale haphazard for the
Calculus of Probabilities.
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This suggests that a minimum requirement
for applicability of the second law is a sufficiently
large number of elements—an Avogadro’s num-
ber of people, perhaps?—as well as hinting al is-
sues such as free will versus random actions. It
appears, then, that the connection between ther-
modynamic entropy and inlormational “eniropy”
is al besl only approximate, not rigorous [8].

Nonetheless, these analyses do not deny that
even such approximate analogies may be of value,
even if only to provide mental slimulus, So, with
the above as background, let’s turn to the explicit-
ly metaphoric use of the second law in tiction, As |
indicated earlier, there are hosts of examples,
with widely varying purposes and impacts, rang-
ing from the whimsical (pardon the pun) [9]:

‘What I like aboul your evidence, Miss Kolm, is
that it adds the final touch of ulter and impene-
trable obscurity to the problem.....Jt reduces it
to the complete quintessence of incomprehen-
sible nonsense. Therefore, by the second law of
thermo-dynamics, which lays down that we
are hourly and momenﬂ’y progressing to a state
of more and more randomness, we receive
positive assurance that we are moving happily
and securely in the right direction....I have got
to the point now at which Lhe slightest gimmer
of commonsense imported into this preposter-
ous case would not merely disconcert me but
cut me to the heart. Thave seen unpleasant cas-
es, difficult cases, complicated cases and even
contradictory cases, but a case founded on
stark unreason I have never met hefore.

to the rather preientious [10]:

[He] found in entropy or the measure of disor-
ganization for a closed system an adeguate
metaphor to apply to certain phenomena in
his own world. He saw, for example, the
younger generation responding to Madison
Avenue with the same spleen his own had
once reserved [or Wall Streel: and in Ameri-
can “consumerism” discovered a similar ten-
dency ifrom the least to the most probable,
from differentialion 1o sameness, from or-
dered individuality to a kind of chaos. He
found himself, in shori, restating Gibbs’ pre-
diction in social terms, and envisioned a heat-
death for his culture in which ideas, like heal-
cnergy, would no longer be transferred, since
each poinl in it would ultimately have the
same guantity of energy; and intellectual mo-
tion would, accordingly, cease.

Both these exiracls suggesl how one might
apply the second law, in metaphoric form, to
mental as well as physical processes, although it
is far from clear how aware these aulhors are of




the extent of their imprecisions. [Note in the sec-
ond extract how Pynchon (or his protagonist?)
recogunizes the importance of a “closed system”
in his detinition of eniropy but then applies the
concept lo a system that is about as far from
closed as possiblel]

In the remainder of this article, I will examine
Tom Stoppard’s ireatment of this theme, in his
recenl play “Arcadia.” Stoppard’s earlier work
evinces his interest in the intersection between
art and science, most notably in the play Hap-
good, which explores ambiguity by interweaving
espionage and quantum physics. The main sci-
entific themes in “Arcadia” are of chaos, time,
and entropy. To be sure, “Arcadia” is about much
more than that; other themes featured promi-
nenily include English gardens, Romantic poets,
straying wives, outraged husbands, obsessed
academics, ete. But a significant part of the mix is
a piclure of how entropy and time work—at least,
in the world of the human mind—that is intrigu-
ingly different from more traditional and “purely
scientific” views. One aspect that makes it partic-
wlarly intrigning, as T will try Lo show, arises from
the mode of presentation: not by overt exposition
(although there is some explicit discussion of the
scientitic themes in the text) but, much more
subtly, via the overall structure of the play, in-
cluding staging.

A brief synopsis is in order first. “Arcadia” is set
in a single location—an Lnglish country estate—
but in two time periods, one around 1810 and one
around now. The main characters (for owr pur-
pose) in the early period are Thomasina Coverly,
the teenaged danghter of the manorial family, and
her tator, Septimus Hodge. Other characters in-
clude a son, Augustus, and a guest, Chater, with a
notably promiscuous wife (never seen). In the
contemporary period, the three key characters are
all academic types. Ilannah Jarvis is a guest,
studying the history of the estate (concentrating
on a mysterious hermit). Bernard Nightingale
drops in, looking for support for his theory (based
on some letters and penciled notes in manu-
scripts) that the poet Byron was a guest at the es-
tate in 1809, had an atfair with Mrs. Chater, killed
Chater in a subsequent duel, and was forced to
flee England (the last being the only established
fact in the sequence). Valentine Coverly (the same
family still owns the eslate) is a mathematician,
working on chaos theory—specitically population
dynanics as represcnted by the records of grouse
humting in the estate game books. There are also
iwo younger Coverly children, Chlde and Gus.

It is clear from very early on that the play has
something 1o do with time and entropy. Within
the first ten minutes, we get this exchange [11]

(pp 4-5):

THOMASINA: When you stir your rice pud-
ding, Septimus, the spoonful of jam spreads it-
self round making red trails like the picture of
a meteor in my astronomical atlas. But if you
stir backward, the jam wiil not come together
again. Indeed, the pudding does not notice
and conlinues Lo turn pink just as before. Do
you think this is odd?

SEPTIMUS: No.

THOMASINA: Well, I do. Yon cammot stir things
apart.

SEPTIMUS: No niore you can, time must needs
run backward, and since it will not, we must
stir our way onward mixing as we go, disorder
out of disorder into disorder until pink is com-
plete, unchanging and unchangeable, and we
are done with it for ever. This is known as free
will or self-determination.

Obviously Seplimus is a bil of a cynic; his last
sentence can’t be meant seriously. {Earlier in the
play (p1) he defines carnal embrace for Thomasi-
na as “the practice of throwing one’s arms around
a side of beet.”] Equally obviously, Thomasina is
quite a prodigy; she anticipates both Laplace (p 5):

THOMASINA: I you could stop every atom in its
position and direction, and if your mind could
comprehend all the actions thus suspended,
then if you were really, really good at algebra
you could write the formula for all the future;
and although nobody can be so clever as to do
it, the formula musl exist just as if one could.

and the second law (pp 87, 93):

THOMASINA:...Newton’s equations go forwards
and backwards, they do not care which way.
But the heat equation cares very much, it goes
only one way...

SEPTIMUS: So, we are all doomed!

TITOMASINA: (Cheerfully) Yes.

SEPTIMUS: So the Improved Newtonian Uni-
verse must cease and grow cold. Dear me.

Stoppard has drawn here the classic contrast
between the elernal mechanical clock universe
and the universe decaying toward ils inevitable
heat death—and if we go no deeper than these
expository statements, then he seems to be ac-
cepting the latter, pessimistic view. Of course,
Prigogine and Stengers have explained how this
long-term pessimism is no¢ the only alternative
to the reversible and static Laplacean universe:
so-called dissipative systems create order in lo-
calized subregions of open systems [12]:

A new unity is emerging: irreversibility is a
source of order at all levels. lrreversibility is
the mechanism thal brings order out of chaos.
ITow could such a radical transformation of our
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Fig. 1. Enlropy as lime’s

double-headed arrow
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views on nature occur in the relatively short
time span of the past few decades? We believe
that it shows the important role intellectual
construction plays in our concept of reality.

No doubt Stoppard would agree with the last
sentence. However, the play seems to present a
picture of reversibilily at odds with both Laplace
and Prigogine and Stengers. The latter argue {13]:

‘When time goes forward there is a role for
chance, because small or random fluctuations
near a bifurcation point can cause a system to
lake a different path than it otherwise
would....But when time runs backward along
the same track it took before, every juncture
point is already predetermined, and hence
chance can play no further part in the sys-
tem’s evolution.

Since “Arcadia” presenis us with a single set-
ting at two different times, we can examine how
the “system” evolves over time. We may take it for
granted that evolution in the forward direction is
characterized by chance and disorder, even
though Stoppard does not explicitly dwell on this
motif in the play. (There are veiled hints about
degeneration of the Coverly family: whereas
Thomasina is a child genins and Augustus is a
budding young aristocrat, Chlée appears to be
pretty much an airhead, while Gus is mysterious-
Iy mute.) On the other hand, a major focus of the
play is on the various attempts—especially
Bernard’s—to reconstruct the past, which, in the
informational world, is metaphorically a back-
wards trip in time. And what we see is that these
backwards time travelers are subject to exactly
the chance events and random fluctuations that
Prigogine and Stengers deny! Bernard gets (near-
ly) everything wrong, because letters are left in
the wrong place, misleading inscriptions are mis-
attributed, crucial documents twn up at the
wrong time, etc. So if we make the usual com-
monsense connection (but not the only possible
choice; see below) equating randomness, disor-
der, and loss of information with increasing en-
tropy, we get the result shown in Fig. 1. If entropy
is “lime’s arrow,” in this play it points both ways!

Well, this is just silly, isn’t it—how can a quan-
tity increase in both directions? Perhaps in the
mental/perceptual world it can. A familiar illus-
tration by M. C. Escher is shown in Fig, 2, where
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one gets from point A to point B by going uphill
and from point B to point A by going uphill! Be-
fore I iry to interprel this paradox, though, let me
extend it a bit further. As the Escher print shows,
if you can travel uphill in either direction, then by
continuing to travel in one direction, yon must
return to your starting point {14]. The analogue
in “Arcadia” would be a demonstration that the
system is in the same state (since thermodynam-
ic entropy is a state function) in the two time pe-
riods. That equivalence is suggested by the stag-
ing. The directions for the opening of Scene Two,
where we shift, for the first time, from 1808 to the
present, read (p 15):

The lights come up on the same room, on the
same sorl of morning, in the present day, as is
instantly clear from the appearance of Han-
nah Jarvis; and from nothing else.

Something needs to be said about this. The ac-
tion of the play shutiles back and forth be-
tween the early nineteenth century and the
present day, always in this same room. Both
periods must share the state of the room,
without the additions and subtractions which
would normally be expected. The general ap-
pearance of the room should offend neither
period....The landscape outside, we are told,
has undergone changes. Again, what we see
should neither change nor contradict.

This equilibration of the two time periods in-
tensifies as the play proceeds. Whereas the first
six scenes alternatf_: between 1809 and the pre-
senl, the seventh (last) scene is set in both time
frames (the earlier one has moved forward to
1812). Eventually, characters from both periods
occupy the stage simultaneously, right up o the
end. Furthermore, in the final scene the action in
the conlemporary period includes preparation
for a costume ball, so the characters are all wear-
ing BRegency dress and are not readily distin-
guishable from those of the earlier period—espe-
cially the 1812 character Augustus and the
modern Gus who, the author directs, are to be
played by the same actor,

What is Sloppard trying to convey by portraying
in “Arcadia” a universe where changes over time
are reversible—no! in the Laplacean sense, but
rather in the paradoxical Escherian mode of con-
tinuous change and return? I read it as a message




Fig. 2. M.C. Escher,
“Ascending and Descending”
© 1996 M. C. Escher/Cordon
Arl-Baarn-Holland.

All rights reserved.

of optimism, to counter the second law’s pes-
simistic prediction of decay; but it does so guite
differently from Prigogine and Stengers. Their
message comes from superseding Laplace’s time-
reversible vision ol slasis [15]:

The world of Laplace was eternal, an ideal
perpelual-motion machine.

by one centered on the role of irreversibility in
creating order. How do these pictures translate
into informational entropy terms? If entropy and
information are mathematically relaled, then, in
Laplace’s universe, enlropy is constant, since in-
formation is constant—cverything we need lo
predict the future or retrodicl Lhe past is always
present. As we intuitively took entropy and infor-

mation Lo be inversely related, the creation of or-
der seems obviously to correspond Lo a decrease
in entropy. But, in fact, Shannon’s version of in-
formation theory assigned entropy and informa-
tion as mathematically identical, not opposite—
enlropy increases together with information.
Perhaps with that in mind, Stoppard is not much
concerned with creating order—which if contin-
ued indefinitely, after all, amounts to a one-way
wip just as surely as its opposite. The destination
of Lhat trip is yet another dismal fate the second
law holds out for us: we will be smolthered lo
death by a glut of information [16}:

The achievement of redundancy—when
everything that needs Lo be said has already
been said—is analogous to entropic honio-
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geneily when matter-energy settles into ter-
minal equilibrium,

an image that is echoed in “Arcadia” (p 94) {17}

VALENTINE: And everything is mixing the same
way, all the time, irreversibly . . .
SEPTIMUS: Oh, we have time, 1 think,
VALENTINE:...till there’s no time left. That’s
what time means.

SEPTIMUS: When we have found all the myster-
ies and lost all the meaning, we will be alone,
on an empty shore.

So this is how the second law works in the
Stoppardian-Escherian universe of the mind: en-
tropy and information are always increasing but
always stay the same. Perpetual motion is possi-
ble (see Fig. 5 for a diagram of a perpetual-mo-
tion machine)—bui not as in Laplace’s static uni-
verse. We are continuously creating information,
Dbut lthal simultaneousty creates the demand for
more information—and it is the creation, not the
information itself, that is important (p 75):

TANNAIL I’s all trivial—your grouse, my her-
mil, Bernard’s Byron. Comparing what we’re
looking for misses the poinl. Vs waunling to
know that makes us matter.

And thus this metaphboric variant of the sec-
ond law shows us how to escape its pessimistic
implications [18}—all we need Lo do is never run
out of questions. Which brings us back to the in-
tersection ol art and science—for Victor Hugo
said much the same thing, over a hundred years
ago [19]: “La science cherche le mouvement per-
pétuel. Hile I'a trouvé; c’est elle-méme.”
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