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Popperian evaluation of earth science

2. S Mohartr

It has been freguemtly argued that geology is nof a science. Among the reasons given are (a) il is
a field dealing with the particular and hence not nomological; (b) it is not a quantitative
discipline and (c¢) it deals with hustory sehich 1s not a science. It 1s briefly argued here that these
are basically prejudices. A defimition of scicnce propounded by Poppers is rew only in ferms of a
systematic and coherent treatment. Otherwise many earth scicntists have had similar attitudes. In
spite of the special nature of earth scicnce, it can more readily be a Popperian science, if the
cdicational and research opportuntties are more democratic and decentralized.

Is geology disabled?

The utle of this articie 18 somewhat inappropriate. 1
would not be truc lo describe (sav) physics as being
cutirtely a Popperian science and  cnuire  sociology
(another arbitrary examplc) as being not There arc
theorics 1n physics wluch arc not scicntific by the
Poppertan critcrion. just as there would be some 1n
soctclogy  which certamnly arc Physics. chemistry,
mathematics. carth scicnce. soctology ctc arc territorial
terms. Popperian demarcation of scicnce operaics on
individual thcories or rescarch programimes, or Cyvei
more appropriately on 1ndividual scicntists and their
attitudges.

As this is a scverely space-limited treatment, the
analysis would be suggestive rather than exhaustive No
altempt is made to review or summarnize Popper' ' nor
is the history of carth scicnce systematically scanncd

The question whether pliysics 1s @ Popperian scicnce
has normally ncver been asked. whercas it has
frequently been suggesicd that Popperian crileria for
scicnce are not universal and that lor biclogy. gcology.,
otc. they should not be regarded as appropriate. This
indicates that there are sigmificant diffcrences 1o the
territorics of plysics and geology Yot what s morc
important 1s whether these daifferences are adequale 10
disenfranchisc geology as a science

One of the basic diffcrences is tlat geology is a
historical science and (here 1s a widespread nusconcep-
tion that hisltory 1s nol scicnce at Icast on Popperian
i ttersa Popper® himselfl has rejected that suggestion.

Aa attendant noton 1s that geology 18 a Oicid dealmg
with particular events and objects. and that. therctore,
there cannot be amy laws in it HowcvCr, evenils dic
caused. formi an interconnected scquence and objects
evolve. Underlving these, there are processes and
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thcrefore laws As an example, the law of superposition
of Steno (1969) 1s adjudged to have® (p 3) sinular
sweep and sumphicity as s atinbulied to Newton's law of
gravity, Duc to tlus and other laws propounded by
Steno, Cloud® (p 9) writes that “the date of peology s
emergence as a distinctive science with principles of 1ts
own can be.ncatly sct at the vear 1669°. Much laler.
Bucher® formulated 46 laws of structural gcology.
Obniously, geology cannot be writien off as a scicace of
the particular. unamenable 10 nomological attempts i
1s a different matter that carth science has specrfic
nowWmoiosical constramts requiting what Scriven’ has
called “normic’ statements rather than either universal
or statistical®,

in fact the distinction between the scicnces of the
particular and the universal. that is, between the
concrete and the nomological scicnces, 1S based on @
mistaken notion of a refcrence. Consider the statement.
‘Rhodonite is pink’. The enistental reference miny be
presumed to be 1o all rhodontte samples A logically
cqunnalent form of this statoment is' "Whatever 1s not
pink 1s not rhodomic’. Then the reference should be
presuined to be to the objects that are not pink Woali
the logically cquivalent statcnicnts are 1o be regarded iy
hasing the same reference {othcrwise any muuber of
paradonical situations will anse). thea that refercuee s
to evenntung The geo tn geology should go the way of
pco in gcometry. The study of the carth necessiates and
depends heanvily on the swudy of other plancts and
astronemy 1 an cssential way '’ I this sense, there are
no scicnces of the particular

Another crincisin of carth sCience is thal 1t 15 not
guantitative cnobph This cuticis o creipliantegs the
mportance of numbers. The pomnt can be dlustrated b
diawing an example (tom geodluonology Thete 1s
redative e scale detived from the lossitl conten
changes and the coblation of scdumcntany  secuons
There 1s also an afmoluie nmnenical time seade based on
quantitatne tadiametrie methods Queong such seale™,
the boundany between the Trwassic and Jurassic periods
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is dated 208 £ 18 my BP, and that between the Early
and Middle Jurassic as 176 £ 34 my BP. It has bcen
pointcd out'! that these cstimates may permit an absurd
suggestion that the Middle Jurassic could be In the
Tnassic. Il numbers come out of obscnations and
experiments, their utihity and rclevance must be inde-

pendently judged The aim of a scicnuist 1s not 10 be
benumbed by mimbers

Popperian attitudes

Popper ts trealed here as a representauve of a
viewpoint, as the one who has most systematically and
persistently prepoundced it Popperian attitudes can be
traccd . many of his predecessors and  also
conlecmporarics for whom he had plenty of contempt.
"And as to our nihilists and exwstentialists who bore
themselves (and perhaps others). [ can only pity them,
They must be blind and deall poor things. for they
spcak of the world hike a bhind man of Pecrugino’s
colours or of a dcaf man of Movarl's music’. he wrote’
(pp. 194-193). Just as an example. Camus's. onc
among the ewistentialists who called his philosophy
"the absurd’. among many other stmilar thangs srote:
‘Beginning to think is beginning to be undermined’
(p. 12). *... that is ccrtainly a truth — yet an unfruitfud
onec because it is a truism’ (p 13} "Il the only
significant history of human thought were (0 be wrilien,
1t would have to be the Iustory of its successive regrets
and its impotences'(p. 24). ‘The absurd creator does
not priz¢ his work, He could repudiate it. He docs
somcetimes repudiale it’ {(p. 90). "I am nol sccking what
is univcrsal but what is true. The two may well not
coincide’ {p. 122)."Thinking is lcarming all over again
to sce. 10 be allenive, 1o focus consciousness; il 1S
turning civery idea and every image....'{pp. 30-31).
Popperian resonances can be noticed 1n these attitudes
readily, Yet Camus would hardly classify himsclf as a
scientist. Thus, Popperian attiudes have popped up
time and again among rattonal thinkers concerned with
the world. irrcspective of whether in the territorial
terms they would be regarded as scientists. A synlhesis
of rationalism and ecmpiricism can naturally point
towards Popper.

A Popperian scicntist must follow a critical approach
1o ¢vervthing that he studics. William Buckland
{(1784-1836) once visiled a cathedral’® (p. 62) and was
shown what was purportedly miartyr’s blood frozen on
the pavement, He immediatcly knecled down, licked the
stain with his tongue and testified that it was bat’s
urine. This compulsion not to take anything on faith
and 10 put evenything to test for wvernidicahity 13
Popperian It can I¢ad 1o the desired deconvolubion or
unscrambling of peological arguments and those of
divine design and purpose hinted at by Miller et af?

(p x i).
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Scdgwick in his presidentiat  addreesst to  the
Geological Socicty (1831) recanied his bchief in the
Mosaic flood quile cyphcitly. “Having been mysclf a
belicver. and. (o the best of my power a propagator of
what | now rcgard as philosophical heresy ... [ think it
rnight. as onc of my last acts before 1 quit this Chair,
thus publicly to read my recantation”. he said. Thus
rcadingss to retract from one's own past behiels in the
Light of newer cmpirical obscrvations rather than (o
matatain consystency 1s certainly Poppenan, A scien-
tist 1s nat a pedrever but a {esicr.

Sengor'® has shown how ‘Hutton was a Popperian in
the full sense of the word’. ‘Prior to Hutton, geology
did not exist, and [ think it is generally agreed that the
scicnce was created in the fifty vears between 17735 and
1825". wrote Mclintvre!?. Thus, geology came out of the
Poppernan stock.

Popperian 1dcas have to contend with two scery
diffcrent scts of ideas. One is representcd by Kuhn'®
and the other by Bacon, For want of space, 1l is
assumcd that the readers are famihar with thesc
alternatives.

While criticizing Wegener, the propounder of the
contingntal drift theory, before plate tectonics became
generally accepted. Lake'™ wrote. ‘Whatever his own
attitude may have been originally, in his book he 15 not
sceking truth; he is advocating a cause, and is blind to
cvery fact and argument that tells against iC. This is a
charge against an opponent to be an advocate rather
than a scientist, who according io Popper should
subject s idcas to strict empirical tests rather than
shicld them. Wcegener wrote to Koppen about some
professor in the following terms®?: *Such men will have
nothing to do with a reorientation of ideas. 1f they had
tearncd the displacement theory at school they would
vphold #t wuncritically with the same lack of
undcrsianding as they now do with the sinking of the
continents into the oceans...”. This 1§ an accusation that
an opponcent was following a Kuhnian model of normal
scicnee rather than keep an open mind about thicones
and continually judge them in the light of empirical
obscrvations, Thus, as proper expectations begin at the
opponent’s home, earth scientists are publicly
Popperians.

Consider a passage from Gilbert?’, who was a
practising methodologist. “Scientific observation, or the
observation of the investigator endeavours to discri-
minate the phcnomena obscrved from the observer’s
inference in regard to them, and 1o record the
phenomena pure and simple [ say “endcavours™, for in
my judgement he does not ordinarily succeed. His
fatlure is primaniy due to subjective conditions, percep-
tion and inference arc so intimately associated that a
body of inferences has become incorporated in the
constitution of the mind, And the record of an
unattaincd [facl is obstructed not only directly by the
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constitution of the mind., bul indirectly through the
constuitution of language. the creature and mutator of
the mind But while the investigation does not succeed
in his effort to obtain pure facts. his effort crcatcs a
tendency, and that tendency gives scientific observation
and its record a distinctive characier’. This concern to
carcfully scrutinize all the effccts of subjective traps
and an effort to stay clear of them is quitc Poppenian,
On the other hand, Kuhn's formula of normal science,
which seems to have manv adhecrents, is unduly
Maginot-minded, and not really objective. and even Icss
sctentific.

At one place Popper? (pp. 140-141) has listcd what a
scientist (S) does. Let 4 and /7 be hypotheses and p a
problem. Then the activitics of .5 ar¢ listed as an cffort
to understand A, thinking of alternatives to A, criticisms
of h, proposing empirical tests for A, aticmpts to
axiomatize A, deriving 2 {from H, proving that / is not
dertvable from X, proposing a new problem p suggesicd
by %, developing a solution of p and criucizing that
solution. To pun. the Poppcrian formula is (o propose,
observe, ponder, predict. experiment and refute.
Eventually, every hypothesis will be reluted by the
empirical evidence. The inductivist notions of the
probability of a thcory being true and the balance of
evidence cannot be sustained against any proper
definition of truth. The argument, that as the thcory
survives more and more empirical tests, 1ts probability
of being true goes up, i1s just as bad as the belief that as
the age of a living creature increases, the probability of
its being immortal increases. To quote Popper’
(p. 103): ‘The realization that natural science is not
indubitable episteme (scientia) has led to the view (hat
it is fechne (technique, art, technology); but the proper
view [ believe, is that it consists of doxai (opinions,
conjectures), controlled by critical discussion as well as
experimemal rechne’, There is no reason (1o believe that
geology cannot be a Poppernian science.

The latest transition and freedom

In earth science the transition 10 the concepis of plate
tectonics is regarded by many?? as a Kuhman
paradigmatic revolution. Carcy® believed that he was
initiating another Kuhnian revolution towards the
paradigm of the expanding ecarth from that of plate
tectonics. But these revolutions and their possibihitics
signify a paradigm-shift away from Kuhn as suggested
by Naess?* and Kuhn can be complimented for
permitting in his model such a paradigm-shnft away
from his conceptions of history. In a recent festchrift
volume!? the editors have argucd how the transition has
been cultural (pp ix—xv); from the ‘tradition virus’ that
infected almost everyone in the former chitist social and
scientific structure to the modern frece (at Icast in
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tendency) emvironment wherein ¢ven 3 student can
tefute his teachers” theones, Formerly, Kuhnian normal
scicnce  held sway. jumiors and students had to
strengthen the “school of thought’ presided over by
some¢ authority. In th¢ meodern environment, cduca-
tional and rescarch facilitics arc more democratc,
Those outside the clite class or caste and thosc younger
in age can also succeed 1n having facilitics, grants and
rewards of their onn without subscribing to the ¢stabli-
shed *school of thought®, That is how the ‘festschriftee’
K. J Hsi has matured from a Kuhnian to a Poppcrian.
An obvious corollary is that the better and morc
democratic a funding and recognition system in a
scientific ficld. more Popperian ¢an the [iberated scicn-
tists be. Those who stand for Popperian science must
support democratization and decentralization of cducat-
ional and rescarch opportunitics. Kuhnian normal
scicnce basically can be viewed as an aberration which
was strengthened by the pre-democratic era in cduca-
tion. Popper’s=® concern for an open society can be
undcerstood in this light.

The festchrift volume'* can be read as a documen-
tation of how carth scicnce has progressed by ulilizing
the opportuntiies of devising crnitical cxperiments and
adopting critical Popperain attitude to the theorics. It
also rccords many degencrating problem shifts in hasto-
rical perspective, which can be understood as lost
Poppenan opportunities Opportunities arc countably
infinite, Under more democratic and {reer research set-
up, if they are seized more frequently by ecarth
scientists, their ficld has a potential to be Popperian
scicnce

Sengor'é has conducted a highly enlightening Poppe-
rian analysis of the tecmporal aspects of orogeny. This
ficld has had a persisient unrcsolved controversy
between Kober-Stille and Wegener-Argand scliools. He
has shown that the theorics locked in debate are mcla-
physical and not scientific. The supporting [rameworks
of those theories constitute Lenbrlder and hence the
controversy could not be resolved scicifically. The
importance of Popper scparating science from mcta-
physics by his dcmarcation critecrion <an now  be
appreciated in the light of a relevant geological content.
So does Scngor’s paper illustraic that Popperan
notions are guiding the work of some contcmporary
carth scientists.
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Molecular modelling and graphics of polymers

D. Mukesh

Molecular modelling and graphics studies of polymers have developed as an important (ool to
predict the performance and design of new polymers. This article reviews the work reported in the
literamre and compares varions commercial packages available n the market. The article also

describes

modelling studies carried out on styrene-butylmethacrylate copolymer, and the

attempts made 1o predict the physical properties of the product from the molecular structure.

CoMPUTFR-AIDED molccular modclling and graphic
visuahization of small and large molecules have become
a part of chemical rescarch, mamnly due to drop in the
cost of computing technology. avarlabilits of sophisti-
cated graphics software and rapid increase in the cost
of conducting laboratory cxperiments'. Modclling and
simulation techniques are fairty well cstablished in
ficlds such as biological chenustry and pharmaccu-
ticals. It is now being extended in othier arcas of
chemistry fike polymers, matcrials scicnce and 1n-
organic chemistry,

Polymer molecules are very complex and large. and
modelling them invokes a staggering number of vari-
ables. This has become feasible over the last few ycars
owing 1o the incrcase in available and aflordable
computer power in the form of graphics work stations
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and fast parallcl processors. Interest in predictling
polymcr properties has risen dramatically, especially an
industrial laboratories. as the cost of industnial research
has incrcased and as polymers have moved 1nto
specialized high-performance arcas. named as “specialty
polymers’, lndustnes are busy creating ncw “designer
polymers’ to meet customer-spectfic needs. Chenuists at
Hocchst Celamiese are scarching for new high-perfor-
mance polvmer blends using modelhing and simula-
tion-. This approach reduced the number of polymer
palrs thal nceded to be cxperimentally tested in the
laboratory from 300 to 30,

Sceveral compantes have joined polvmer-modelhing
consortinm cstabltshed by Biosym Technologies. a soft-
warce company based in California, to act as a {ocus for
developing new mcethods 1 polymer modcelling and to
distisbute them in the form of rigorous softwarc
pacakges'. The consortium has about 50 mcmbers,
including Hoechst Celamese, BASF, Ciba-Gergy and
Eastmann Kodak. They have released siv modules
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