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Mankind assumed that he, second to God, was the center of the universe. Earth

was the center of it all, and the sun and all celestial bodies revolved around it. The
Aristotelian view held that the heavens were immutable, or absolute, and the moon, other
planets, and stars were smooth, pristine orbs. This view was the one adopted by the

Catholic Church.
The Heliocentric Theory

This long-held belief was eventually challenged by Nicolas Copernicus [ 1473~

1543 | and mathematically confirmed by Johannes Kepler [ 1571-1630]. Their theory
was called heliocentric, meaning that the sun was the center of our solar system, and
Earth and the other planets revolved around it. This theory was regarded as poppycock
and ultimately turned into heresy. Great controversy surrounded the hypothesis while it
was still only mere speculation. When Galileo invented a telescope and was able to

prove the theory via empirical and indisputable observation, things really hit the fan.



Galileo Galilei [ 1564-1642] was an Italian mathematician and scientist who

proved the heliocentric theory. His telescope also showed that the moon had peaks and
valleys, crags and craters, and that the sun had spots that appeared and disappeared,
disproving the Aristotelian/ Christian belief of pristine heavens. In 1616, he was called
before the Inquisition and forbidden to teach the heliocentric theory. Knowing what fate
befell those who defied the Inquisition, he sensibly consented to this demand. You
cannot keep a good scientist down, however, and in 1623, he published a work called
"The Appraiser,” which reiterated his heliocentric belief. He was tried and found guilty,

but he recanted, and his life was spared.

Legend has it that Galileo offered the then—pope the opportunity to look through
his telescope and see for himself the true nature of the cosmos. The pope refused. He had

no need to look through the telescope because his mind was already made up.

The Catholic Church ultimately suffered as a result of their stubborn

condemnation of the Copernican heliocentric view of the cosmos and the persecution of
Galileo, not to mention the murder of Bruno and numerous other "heretics." In 1993,
Pope John Paul II more or less apologized for past indiscretions and acknowledged that

the Earth did indeed revolve around the sun. 1
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thinking of the thinker<

James Mannion, The Scientific Revolution in Essential Philosophy, U.S.A.: David & .1

.Charles,2006,pp.69-70
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French philosopher René Descartes [1596-1650] is often called the Father of

Modern Philosophy. He started out his career as a mathematician and is credited with
discovering the concept of Analytic Geometry. He also was a physicist of great repute.
Descartes was a faithful Catholic, but he privately knew the Church was wrong-headed
in its resistance to and persecution of men of science. He knew that these men and their
philosophies were the way of the future, and if the Church did not adapt, it would suffer

.as aresult
Doubt Everything

Descartes sought nothing less than the formidable task of a radically revisionist

look at knowledge. He started with the premise of doubt. He decided to doubt



everything. He believed that everything that he knew, or believed he knew, came from
his senses, and sensory experience is inherently suspect. This is the classic Skeptic

starting point. 1
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Descartes was hesitant to publish much of his work because it supported the
findings of Galileo. He eventually "hid" his controversial theories in a philosophy book
called Meditations, which he dedicated to the local Church leaders in an effort to curry

.favor



Descartes quickly discovered that to doubt absolutely everything is to be poised

on the precipice of madness. Is it real, or is it a dream? Descartes came to believe that he
could not even know if he was awake or if he was dreaming things. There is no absolute
certainty, not even in the realm of mathematics. This was called the Dream Hypothesis

.and 1s radical skepticism taken to the max

Descartes went on to speculate that there might not be an all-loving God
orchestrating things from a celestial perch. Perhaps there was an Evil Demon who had
brainwashed us into believing that all we see and sense is reality, but is really an illusion

devised by thisdiabolical entity. This is called the Demon Hypothesis. 1
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Descended from the apes! My dear, let us hope it is not true, but if it is, let us pray that it

will not become generally known. 1
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Ashley Montagu, Man's Most Dangerous Myth: The Fallacy of Race, California: .1

.Altamira Press, 1997, p.99
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Monkey mythology of Darwin" is the cause of permissiveness, promiscuity pills, "
propphylactics, perversions, pregnancies, abortions, pornography, pollution, poisoning

and proliferation of crimes of all types.1
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The Church's experience, during the Galileo affair and after it, has led to a more mature
attitude.. The Church herself learns by experience and reflection and she now under
stand better the meaning that must be given to freedom of research ..one of the most
noble attributes of man.. It is through research that man attains to Truth .. This is why
The Church is convinced that there can be no real Contradiction between science and
faith, .. [However]; it is only through humble and assiduous study that [the Church]
learns to dissociate the essential of the faith from the Scientific system of a given age,
especially when a culturally influenced reading of the Bible seemed to be linked to an

obligatory Cosmogony.2



Jon P. Alston, The Scientific Case Against Scientific Creationism,Nebraska: .1

1Universe.inc, p.17

Henry Nargenau, Roy Abraham, varghese, [eds.]|, Cosmos, Bios, Theos: Scientific .2
Reflect on Science, God and The Origins of The Univers, life and homo-sepiens, Open

.cort Publishing, 1992,pp.96-7
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The doctrine of the Spherical shape of the earth, andthere fore the existerice of the

that of antipodes, was bitterly attacked by theologians who asked: "Is there any one so
senseless as to believe that crops and tress grow downwards? ...... that the rains and
snow fall upwards?" The great authority of St. Augustine held the Church frmly against
the idea of antipodes and for a thousand years it was believed that there could not be
human beings on the opposite side of the earth - even if the earth had opposite sides. In
the sixth century, Procopius of Gaza brought powerful theological guns to bear on the
issue: there could not be an opposite side, he declared, because for that Christ would

have had to go there and suffer a second time. Also, there would have had to exist a



duplicate Eden, Adam, Serpent, and Deluge. But that being : clearly wrong, there could

'not be only antipodes. QED

Ecclesiastics and theologians of the medieval Church vigorously promoted the

view that comets are fireballs flung by an angry God against a wicked world.
Churchmen illustrated the moral value of comets by comparing the Almighty sending
down a comet to the judge laying down the sword of execution on the table between
himself and the criminal in a court of justice. Others denounced people who heedlessly
stare at such warnings of God and compared them to "calves gaping at a barn door".
Even up to the end of the 17th century, the oath taken by professors of astronomy
prevented them from teaching that comets are heavenly bodies obedient of physical law.
But ultimately, science could not be suppressed. Halley, using the theory of Newton and
Kepler, observed the path of one particularly "dangerous" comet and predicated that it
would return in precisely seventy-six year. He calculated to the minute when it would be
seen again at a well-defined point in the sky. This was incredible. But seventy six years
later, when Halley and Newton were both long dead, Halley's comet retuned exactly as

.predicted

Christian ohrition orthodoxy held geology to be a highly subversive tool in the
service of the devil. Not only did geological evidence refute Archbishop Usher's
assertion of the earth's age, but it also showed that creation in six days was impossible.

The orthodox declared geology "not a subject of lawful inquiry", denounced it as "a dark



art", called it "infernal artillery”, and pronounced its practitioners "infidels" and
"impugners of the sacred record". Pope Pius IX was doubtless in sympathy with this

feeling when he forbade the scientific congress of Italy to meet in Bologna in 1850

During the Middle Ages, the doctrine of the diabolical origin of storms was

generally accepted, receiving support from such unassailable authorities as St.
Augustine. Storms, it was held, were the work of demons. Against this supernatural’
power of the air various rites of exorcism,were used the most widely used being that of
Pope Gregory XIII. Whereas in earlier times the means of exorcism amounted simply to
various chanting and ringing of church bells during storms, in the 15th century there
evolved a tragic belief that certain women may secure infernal aid to produce
whirlwinds, hail, frosts, floods, and like. One the 7th of December 1484, Pope Innocent
VIII issued a papal bull, inspired by the scriptural command "Thou shalt not suffer a
witch to live". He exhorted the clergy of Germany to detect sorcerers and witches who
cause evil weather and so destroy vineyards, gardens, meadows, and growing crops.
Thereupon thousands of women found themselves writhing on the torture racks, held in
horror by their nearest and dearest ones, anxious only for death to relieve them of their

.suffering

The thunderbolt, said Church dogma, was in consequence for five sins:
impenitence, incredulity, neglect of repair of churches, fraud in payment of tithes to the

clergy, and oppression of subordinates. Pope after pope expounded on this instrument of



Divine retribution, calling it the "finger of God". And then in 1752 Benjamin Franklin
flew his famous kite during aanelectrical an electrical storm, discovering in this
dangerous experiment that lightning was but electricity. Immediately there followed the
lightning rod, a sure protection from even the most furious storm. At first the Church
refused to concede its existence. Then, as the efficacy became widely recognized and
more and more were installed, the orthodox took up cudgels against them. The
earthquake of 1755 in Massachusetts was ascribed by them to the widespread use of
Franklin's rods in Boston, and preachers fulminated against those who attempted to
control the artillery of the heavens. The opposition would undoubtedly have lasted
longer but for the fact that churches without lightning rods were frequently devastated by
lightning. In Germany, in the period between 1750 and 1783 alone about 400 church
towers had been damaged and 120 bell ringers killed by lightning. On the other hand, the
town brothel , with its protruding I lightning rod, stood smug and safe even in the worst
of storms. The few churches which had installed rods were never touched. And so,
grudgingly to be sure, lightning rods received the Holy Sanction and were used to

.protect most churches by the end of the century

When Immanuel Kant presented the theory that there exist nebula as well as stars,
throughout the theological world there was an outcry against such "atheism". The
rigidly orthodox saw no place for it in the Scriptures. Hence nebula should not exist.

These opponents of nebular theory were overjoyed when improved telescopes showed



that some patches of nebular matter could indeed be resolved into stars. But with time
came the discovery of the spectroscope and spectrum analysis; the light from the nebula

was clearly from gaseous matter. And so the orthodox were ultimately forced to retreat. 1

Www.alislam.org/ egazette/ articles/ Andrew-Dickson-White-200907.pdf. 1
[2010-03-29]
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From Creation to Evolution. 2- Geography, 3-Astronomy, 4-From "signs and -1
wonders" to law in the Heaven, 5- From Genesis to Geology; 6-The Antiquity of man,
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The Church learns to dissociate the essential of the faith from the scientific system of a

S"given age
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It was generally accepted in mediaeval Europe that the earth lies at the centre of a

finite universe and that the sun, planets and stars orbit around it. The physics and
cosmology that provided the framework in which this astronomy was set was basically
that developed by Aristotle in the fourth century B.C. In the second century A.D.,
Ptolemy devised a detailed astronomical system that specified the orbits of the moon, the

.sun and all the planets

In the early decades of the sixteenth century, Copernicus devised a new

astronomy, an astronomy involving a moving earth, which challenged the Aristotelian
and Ptolemaic system. According to the Copernican view, the earth is not stationary at
the centre of the universe but orbits the sun along with the planets. By the time
Copernicus's idea had been substantiated, the Aristotelian world view had been replaced
by the Newtonian one. The details of the story of this major theory change, a change that

.took place over one and a half centuries

When Copernicus first published the details of his new astronomy, in 1543, there

were many arguments that could be, and were, levelled against it. Relative to the
scientific knowledge of the time, these arguments were sound ones and Copernicus
could not satisfactorily defend his theory against them. In order to appreciate this
situation, it is necessary to be familiar with some aspects of the Aristotelian world view
on which the arguments against Copernicus were based. A very brief sketch of some of

‘the relevant points follows



The Aristotelian universe was divided into two distinct regions. The sub-lunar

region was the inner region, extending from the central earth to just inside the moon's
orbit. The super-lunar region was the remainder of the finite universe, extending from
the moon's orbit to the sphere of the stars, which marked the outer boundary of the
universe. Nothing existed beyond the outer sphere, not even space. Unfilled space is an
impossibility in the Aristotelian system. All celestial objects in the super—lunar region
were made of an incorruptible element called aether. Aether possessed a natural
propensity to move around the centre of the universe in perfect circles. This basic idea
became modified and extended in Ptolemy's astronomy. Since observations of planetary
positions at various times could not be reconciled with circular, earth-centred orbits,
Ptolemy introduced further circles, called epicycles, into the system. Planets moved in
circles, or epicycles, the centres of which moved in circles around the earth. The orbits
could be further refined by adding epicycles to epicycles etc. in such a way that the
resulting system was compatible with observations of planetary positions and capable of

.predicting future planetary positions

In contrast to the orderly, regular, incorruptible character of the super—-lunar

region, the sub—lunar region was marked by change, growth and decay, generation and
corruption. All substances in the sub-lunar region were mixtures of four elements air,
earth, fire and water, and the relative proportions of elements in a mixture determined the

properties of the substance so constituted. Each element had a natural place in the



universe. The natural place for earth was at the centre of the universe; for water on the
surface of the earth; for air, in the region immediately above the surface of the earth; and
for fire, at the top of the atmosphere, close to the moon's orbit. Consequently, each
earthly object would have a natural place in the sub—lunar region depending on the
relative proportion of the four elements that it contained. Stones, being mostly earth,
have a natural place near the centre of the earth, while flames, being mostly fire, have a
natural place near to the moon's orbit, and so on. All objects have a propensity to move
in straight lines, upwards or downwards, towards their natural place. Thus stones have a
natural motion straight downwards, towards the centre of the earth, and flames have a
natural motion straight upwards, away from the centre of the earth. All motions other
than natural motions require a cause. For instance, arrows need to be propelled by a bow

.and chariots need to be drawn by horses

These, then, are the bare bones of the Aristotelian mechanics and cosmology that
were presupposed by contemporaries of Copernicus, and which were utilized in
arguments against a moving earth. Let us look at some of the forceful arguments against

.the Copernican system

Perhaps the argument that constituted the most serious threat to Copernicus was
the so—called tower argument. It runs as follows. If the earth spins on its axis, as
Copernicus had it, then any point on the earth's surface will move a considerable

distance in a second. If a stone 1s dropped from the top of a tower erected on the moving



earth, it will execute its natural motion and fan towards the centre of the earth. While it 1s
doing so the tower will be sharing the motion of the earth, due to its spinning.
Consequently, by the time the stone reaches the surface of the earth the tower will have
moved around from the position it occupied at the beginning of the stone's downward
journey. The stone should therefore strike the ground some distance from the foot of the
tower. But this does not happen in practice. The stones strikes the ground at the base of
the tower. It follows that the earth cannot be spinning and that Copernicus's theory is

false

Another mechanical argument against Copernicus concerns loose objects such as

stones, philosophers, etc. resting on the surface of the earth. If the earth spins, why are
such objects not flung from the earth's surface, as stones would be flung from the rim of a
rotating wheel? And if the earth, as well as spinning, moves bodily around the sun, why

?doesn't it leave the moon behind

Some arguments against Copernicus based on astronomical considerations have
been mentioned earlier in this book. They involved the absence of parallax in the
observed positions of the stars and the fact that Mars and Venus, as viewed by the naked

.eye, do not change size appreciably during the course of the year



Because of the arguments I have mentioned, and others like them, the supporters
of the Copernican theory were faced with serious difficulties. Copernicus himself was

.very much immersed in Aristotelian metaphysics and had no adequate response to them

In view of the strength of the case against Copernicus, it might well be asked just

what there was to be said in favour of the Copernican theory in 1543. The answer is, "not
very much", The main attraction of the Copernican theory lay in the neat way it
explained a number of features of planetary motion, which could be explained in the
rival Ptolemaic theory only in an unattractive, artificial way. The features are the
retrograde motion of the planets and the fact that, unlike the other planets, Mercury and
Venus always remain in the proximity of the sun. A planet at regular intervals regresses,
that is, stops its westward motion among the stars (as viewed from earth) and for a short
time retraces its path eastward before continuing its journey westward once again. In the
Ptolemaic system, retrograde motion was explained by the somewhat ad hoc manoeuvre
of adding epicycles especially designed for the purpose. In the Copernican system, no
such artificial move is necessary. Retrograde motion is a natural consequence of the fact
that the earth and the planets together orbit the sun against the background of the fixed
stars. Similar remarks apply to the problem of the constant proximity of the sun, Mercury
and Venus. This is a natural consequence of the Copernican system once it is established

that the orbits of Mercury and Venus are inside that of the earth. In the Ptolemaic system,



the orbits of the sun, Mercury and Venus have to be artificially linked together to achieve

.the required result

There were some mathematical features of the Copernican theory that were in its
favour, then a part from these, the two rival systems were more or less on a par as far as
simplicity and accord with observations of planetary positions are concerned. Circular
sun—centred orbits cannot be reconciled with observation, so that Copernicus, like
Ptolemy, needed to add epicycles and the total number of epicycles needed to produce
orbits in accord with known observations was about the same for the two systems. In
1543, the arguments from mathematical simplicity that worked in favour of Copernicus
could not be regarded as an adequate counter to the mechanical and astronomica,;
arguments that worked against him. Nevertheless, a number of mathematically capable
natural philosophers were to be attracted to the Copernican system, and their efforts to

.defend it became increasingly successful over the next hundred years or so

The person who contributed most significantly to the defence of the Copernican
system was Galileo. He did so in two ways. Firstly, he used a telescope to observe the
heavens, and in so doing he transformed the observational data that the Copernican
theory was required 'to explain.' Secondly, he devised the beginnings of a new
mechanics that was to replace Aristotelian mechanics and with reference to which the

.mechanical arguments against Copernicus were defused



When, in 1609, Galileo constructed his first telescopes and trained them on the

heavens, he made dramatic discoveries. He saw that there were many stars invisible to
the naked eye. He saw that Jupiter had moons and he saw that the surface of the earth's
moon was covered with mountains and craters. He also observed that the apparent size
of Mars and Venus, as viewed through the telescope, changed in the way predicted by the
Copernican system. Later, Galileo was to confirm that Venus had phases like the moon,
as Copernicus had predicted but which clashed with Ptolemy's system. The moons of
Jupiter defused the Aristotelian argument against Copernicus based on the fact that the
moon stays with an allegedly moving earth. For now Aristotelians were faced with the
same problem with respect to Jupiter and its moons. The earthlike surface of the moon
undermined the Aristotelian distinction between the perfect, incorruptible heavens and
the changing, corruptible earth. The discovery of the phases of Venus marked a success
for the Copernicans and a new problem for the Ptolemaics. It is undeniable that once the
observations made by Galileo through his telescope are accepted, the difficulties facing

.the Copernican theory are diminished

The foregoing remarks on Galileo and the telescope raise a serious

epistemological problem. Why should observations through, a telescope be preferred to
naked-eye observations? One answer to this question might utilize an optical theory of
the telescope that explains its magnifying properties and that also gives an account of the

various aberrations to which we can expect telescopic images to be subject. But Galileo



himself did not utilize an optical theory for that purpose. The first optical theory capable
of giving support in this direction was devised by Galile's contemporary, Kepler, early in
the sixteenth century, and this theory was improved and augmented in later decades. A
second way of facing our question concerning the superiority of telescopic to naked-eye
observations is to demonstrate the effectiveness of the telescope in a practical way, by
focusing it on distant towers, ships, etc. and demonstrating how the instrument magnifies
and renders objects more distinctly visible. However, there is a difficulty with this kind
of justification of the use of the telescope in astronomy. When terrestrial objects are
viewed through a telescope, it is possible to separate the viewed object from aberrations
contributed by the telescope because of the observer's familiarity with what a tower, a
ship, etc. looks like. This does not apply when an observer searches the heavens for he
knows not what. It is significant in this respect that Galileo's drawing of the moon's
surface as he saw it through a telescope contains some craters that do not in fact exist
there. Presumably those "craters" were aberrations arising from the functioning of
Galileo's far-from-perfect telescopes. Enough has been said in this paragraph to
indicate that the justification of telescopic observations was no simple, straightfoward
matter. Those adversaries of Galileo who queried his findings were not all stupid,
stubborn reactionaries. Justifications were forthcoming, and became more and more
adequate as better and better telescopes were constructed and as optical theories of their

functioning were developed. But all this took time



Galileo's greatest contribution to science was his work in mechanics. He laid

some of the foundations of the Newtonian mechanics that was to replace Aristotle's. He
distinguished clearly between velocity and acceleration and asserted that freely falling
objects move with a constant acceleration that is independent of their weight, dropping a
distance proportional to the square of the time of fall. He denied the Aristotelian claim
that all motion requires a cause and in its place proposed a circular law of inertia,
according to which a moving object subject to no forces will move indefinitely in a
circle around the earth at uniform speed. He analyzed projectile motion by resolving the
motion of a projectile into a horizontal component moving with a constant velocity
obeying his law of inertia, and a vertical component subject to a constant acceleration
downwards. He showed that the resulting path of a projectile was a parabola. He
developed the concept of relative motion and argued that the uniform motion of a system
could not be detected by mechanical means without access to some reference point

.outside of the system

These major developments were not achieved instantaneously by Galileo. They
emerged gradually over a period of half a century, culminating in his book Two New
Sciences which was first published in 1638, almost a century after the publication of
Copernicus's major work. Galileo rendered his new conceptions meaningful and
increasingly more precise by means of illustrations and thought experiments.

Occasionally, Galileo described actual experiments, for instance, experiment involving



the rolling of spheres down inclined planes, although just how many of these Galileo

.actually performed is a matter of some dispute

Galileo's new mechanics enabled the Copernican system to be defended against some of
the objections to it mentioned above. An object held at the top of a tower and sharing
with the tower a circular motion around the earth's centre will continue in that motion,
along with the tower, after it is dropped and will consequently strike the ground at the
foot of the tower, consistent with experience. Galileo took the argument further and
claimed that the correctness of his law of inertia could be demonstrated by dropping a
stone from the top of the mast of a uniformly moving ship and noting that it strikes the
deck at the foot of the mast, although Galileo did not claim to have performed the
experiment. Galileo was less successful in explaining why loose objects are not flung
from the surface of a spinning earth, With hindsight, this can be attributed to the
inadequacies of his principle of inertia and of his lack of a clear conception of gravity as

.a force

Although the bulk of Galileo's scientific work was designed to strengthen the
Copernican theory, Galileo did not himself devise a detailed astronomy, and seemed to
follow the Aristotelians in their preference for circular orbits. It was Galileo's
contemporary, Kepler who contributed a major breakthrough in that direction when he
discovered that each planetary orbit could be represented by a single ellipse, with the sun

at one focus. This eliminated the complex system of epicycles that both Copernicus and



Ptolemy had found necessary. No similar simplification is possible in the Ptolemaic,
earth-centre system. Kepler had at his disposal Tycho Brahe's recordings of planetetry
positions, which were more accurate than those available to Copernicus. After a
painstaking analysis of the data, Kepler arrived at his three laws of planetary motion, that
planets move in elliptical orbits around the sun, that a line joining a planet to the sun
sweeps out equal areas in equal times, and that the square of the period of a planet is

.proportional to the cube of its mean distance from the sun

Galileo and Kepler certainly strengthened the case in favour of the Copernican

theory. However, more developments were necessary before that theory was securely
based on a comprehensive physics. Newton was able to take advantage of the work of
Galileo, Kepler and others to construct that comprehensive physics that he published in
his Principia in 1687. He spelt out a clear conception of force as the cause of
acceleration rather than motion, a conception that had been present in a somewhat
confused way in the writings of Galileo and Kepler. Newton replaced Galileo's law of
circular inertia with his own law of linear inertia, according to which bodies continue to
move in straight lines at uniform speed unless acted on by a force. Another major
contribution by Newton was of course his law of gravitation. This enabled Newton to
explain the approximate correctness of Kepler's laws of planetary motion and Galileo's
law of free fall. In the Newtonian system, the realms of the celestial bodies and of earthly

bodies were unified, each set of bodies moving under the influence of forces according



to Newton's laws of motion. Once Newton sphysics had been constituted, it was possible
to apply 1t in detail to astronomy. It was possible, for instance, to investigate the details
of the moon's orbit, taking into account its finite size, the spin of the earth, the wobble of
the earth upon its axis, and so on. It was also possible to investigate the departure of the
planets from Kepler's laws due to the finite mass of the sun, interplanetary forces, etc.
Developments such as these were to occupy some of Newton's Successors for the next

.couple of centuries

The story I have sketched here should be sufficient to indicate that the Copernican
Revolution did not take place at the drop of a hat or two from the Leaning Tower of Pisa.
It is also clear that neither the inductivists nor the falsificationists give an account of
science that is compatible with it. New concepts of force and inertia did not come about
as a result of careful observation and experiment. Nor did they come about through the
falsification of bold conjectures and the continual replacement of one bold conjecture by
another. Early formulations of the new theory, involving imperfectly formulated novel
conceptions, were presevered with and developed in spite of apparent falsifications. It
was only after a new system of physics had been devised, a process that involved the
intellectual labour of many scientists over several centuries, that the new theory could be
successfully matched with the results of observation and experiment in a detailed way.
No account of science can be regarded as anywhere near adequate unless it can

accommodate such factors. 1
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These studies among other things showed Einstein's prediction of cosmic
significance, particularly the one relating to the bending of the ray of light when it passes

.near a massive star turned out to be true
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If Einstein's theory is applicable to the world, then under a wide variety of
circumstances Newton's theory is approximately applicable to it. For example, it can be
shown, within Einstein's theory, that if the velocity of a system with respect to a set of

frames of reference 1s small, then the value

Ibid., p.35. 2.Tbid., p.36 .1

of the mass of the system will be approximately the same, whichever reference frame in
the set it is evaluated with reference to. Consequently, within that set of reference frames
we will not go far wrong if we treat mass as if it were a property rather than a relation.
Similarly, under the same conditions it can be shown from within Einstein's theory that if
we treat mass as a property then, within a particular reference frame from among the set,
the sum of the product of mass and velocity for each part of the system will remain
constant to a high degree of approximation. That is, from the point of view of Einstein's
theory, we can show that the Newtonian law of conservation of momentum will be

.approximately valid provided velocities are not too great

Again, we are forced to conclude that Newton's theory cannot be adequately
characterized in instrumentalist terms. On the other hand, it cannot he construed in
typical realist terms either, since, from the point of view of Einstein's theory, it does not

.correspond to the facts



Unrepresentative realism .2

The physical world is such that Newtonian theory is approximately applicable to

it under a wide variety of circumstances. The extent to which this is so can be
understood in the light of Einstein's theory. The approximate validity of Newtonian
theory is to be tested under experimental conditions, although, if the world is such that
Newton's theory is applicable to it, it will continue to be so outside of experimental
situations. Newton's theory cannot be construed as corresponding to the facts but its
applicability to the world must be understood in a stronger sense than 1s, captured by

.nstrumentalism

I suggest that all of these comments on the status of Newton's theory must be accepted
by a realist who subscribes to the correspondence theory of truth. Given this, and given
the difficulties associated with the correspondence theory of truth discussed in the
previous section, the path to my own position is fairly straightforward. In involves
treating all physical theories in the way that the above discussion had led us to treat

Newton's theory

From the point of view I wish to defend, the physical world is such that our
current physical theories are applicable to it to some degree, and in general, to a degree
that exceeds that of its predecessors in most respects. The aim of physics will; be to

establish the limits of applicability of current theories and to develop theories that are



applicable to the world to a greater degree of approximation under a wider variety of

.circumstances. [ will call such a view as this unrepresentative realism

Unrepresentative realism is realist in two senses. Firstly, it involves the

assumption that the physical world is the way it is independently of our knowledge of it.
The world is the way it is whatever individuals or groups of individuals may think about
the matter. Secondly, it is realist because it involves the assumption that, to the extent
that theories are applicable to the world, they are always so applicable, inside and
outside of experimental situations. Physical theories do more than make claims about
correlations between sets of observation statements. Unrepresentative realism is
unrepresentative in so far as it does not incorporate a correspondence theory of truth.
The unrepresentative realist does not assume that our theories describe entities in the
world, such as wave functions or fields, in the way that our common sense ideas
understand our language to describe cats and tables. We can appraise our theories from
the point of view of the extent to which they successfully come to grips with some aspect
of the world, but we cannot go further to appraise them from the point of view of the
extent to which they describe the world as it really is, simply because we do not have
access to the world independently of our theories in a way that would enable us to assess
the adequacy of those descriptions. This clashes with our common sense notions,
according to which talks of cats and tables includes what is taken as descriptions of such

things. However, I would remind those defenders of the applicability of the



correspondence theory of truth to physics that they, too, are obliged to render Intelligible
Newton's, to some extent successful, talk of-light particles, and of mass conceived of as

.aproperty, Maxwell's talk of the aether and Shrodinger's talk of wave-functions

My characterization of unrepresentative realism in terms of the applicability of

theories to the world, or their ability to come to grips with the world, might well be
objected to on the grounds that it is too vague. Part of my response to that charge is to
admit that my account is vague, but to insist that this is not a weakness but a strength of
my position. The ways in which we are successfully able to theorize about the world are
sornething we have to discover and not something that we—can establish in advance by
philosophical argument. Galileo discovered how it is possible to come to grips with
some aspects of the physical world by way of a mathematical theory of motion, Newton's
theories differed from Galileo's in important respects, whilst quantum mechanics comes
to grips with the world in ways that are fundamentally different from classical physics
and who knows what the future has in store? Certainly not philosophers of science. Any
account of the relationship between theories within physics, and the world that those
theories are intended to be about, should not be such as to rule out possible future

.development. Consequently, a degree of vagueness is essential

My own account of the relationship between physical theories and the world
draws on two general features of physics since Galileo. One is that physics involves

experimentation, which provides me with a basis for rejecting instrumentalism. The



other is the fact that physics has experienced revolutionary changes, a factor that
constitutes part of the grounds for my criticism of the application of the correspondence
theory of truth to physics. More details can certainly be added if we wish to characterize
two hundred years of physics more precisely. We can say that physics involves universal
generalizations formulated in mathematical terms, that systems of theories form
something like Lakatosian research programmes, and that their development has taken
place in conformity with the objectivist account of change presented in Chapter 11. In
this kind of way we can fill out an answer to the question "what is this thing called
physics?" However, we cannot be sure that physics will not undergo some drastic
changes in the future. It has already been noted that modern quantum mechanics differs
from classical physics in fundamental respects, and it has also been suggested that the
character of physics may be changing due to the social changes accompanying the

.growth of monopoly capitalism

This talk of judgements about the status of areas of knowledge decreases in
significance in the light of non-relativist aspects of my position. The, objectivist thrust
of my own stance stresses that individuals in society are confronted by a social situation
that has certain features, whether or not they like it or are aware of'it, and they have at
their disposal a range of means of changing the situation, whether they like it or not.
Further, any action that is taken to change the situation will have consequences which

depend on the objective character of the situation, and may differ markedly from the



intentions of the actor. Similarly, in the domain of knowledge, individuals are confronted
by an objective situation and a range of methods and theoretical raw materials at their
disposal for contributing to a change in the situation. One theory may, as a matter of fact,
meet certain aims better than a rival, and the judgements of individuals and groups may

.be wrong about the matter

Looked at from this point of view, judgements made by individuals concerning

the character and merits of theories are of less significant than is frequently assumed.
My objectivist account of theory change was designed to show how the development of
two hundred years of physics can be explained in a way that does not depend crucially
on the methodological judgements of individuals or groups. Aims need not be analyzed
in terms of the aspirations of individuals or groups. Take, for example, the aim of
increasing technological control over nature. That aim has greater significance in
capitalist societies than in the feudal societies they replaced. Within a capitalist
economy increased technological control is a necessity, in so far as capitalists who fail
to achieve it will be forced out of the market by those who do and will consequently
become bankrupt. The situation was not the same in feudal society. Communities
centred around neighbouring manors were not obliged by the nature of the economic
system to compete in this way. A feudal community which failed to match the

technological advances of its neighbour would not go broke, but would simply



experience a lower standard of living than its neighbour. Such talk of aims does not

.nvolve the judgements or values of the individuals involved

In retrospect, I suggest the most important function of my investigation is to

combat what might be called the ideology of science as it functions in our society. This
ideology involves the use of the dubious concept of science and the equally dubious
concept of truth that is often associated with it, usually in the: defence of conservative
positions. For instance, we find the kind of behaviourist psychology that encourages the
treatment of people as machines and the extensive use of the results of I.Q. studies in our
educational system defended in the name of science. Bodies of knowledge such as these
are defended by claiming or implying that they have been acquired by means of the
"scientific method" and, therefore, must have merit. It is not only the political right wing
that uses the categories of science and scientific methods in this way. One frequently
finds Marxists using them to defend the claim that historical materialism is a science.
The general categories of science and scientific method are also used to rule out or
suppress areas of study. For instance, Popper argues against Marxism and Adlerian
psychology, on the grounds that they do not conform to his falsificationist methodology,
whilst Lakatos appealed to his methodology of scientific research programmes to argue

lagainst Marxism, contemporary sociology, and other intellectual pollution

As will by now be clear, my own view is that there is no timeless and universal

conception of science or scientific method which can serve the purposes exemplified in



the previous paragraph. We do not have the resources to arrive at and defend such
notions. We cannot legitimately defend or reject items of knowledge because they do or
do not conform to some ready-made criterion of scientificity. The going is tougher than
that. If, for example, we wish to take an enlightened stand on some version of Marxism,
then we will need to investigate what its aims are, the methods employed to 'achieve
those aims, the extent to which those aims have been attained, and the forces or factors
that determine its development. We would then be in a position to evaluate the version
of Marxism in terms of the desirability of what it aims for, the extent to which its

.methods, enable the aims to be attained, and the interests that it serves

Whilst one of the objectives of my book is to undermine illegitimate uses of
conceptions of science and scientific method. I also hope that it will do something to
counter the extreme individualist or relativist reactions against the ideology of science.
It is not the case that any view is as good as any other. If a situation is to be changed in a
controlled way, whether the situation involves the state of development of some branch
of knowledge or the state of development of some aspect of society, this will best be
achieved by way of a grasp of the situation and a mastery of the means available for
changing it. This will typically involve co-operative action. The policy of "anything
goes", interpreted in a more general sense than Feyerabend probably intended, is to be
resisted because of its impotence. To quote John Krige again, anything goes. means that

in practice, everything stays". 1



Marxists are keen to insist that historical materialism is a science. In addition,

Library Science, Administrative Science, Speech Science, Forest Science, Dairy
Science, Meat and Animal Science and even Mortuary Science are all currently taught or
were recently taught at American colleges or universities. Self-avowed "scientists" in
such fields will often see themselves as following the empirical method of physics,
which for them consists of the collection of "facts" by means of careful observation and

experiment and the subsequent derivation of laws and theories from

A. F. Chalmers, What is This Thing Called Science? U.S.A: Open University Press, .1

1988, pp. 162-170

those facts by some kind of logical procedure. I was recently informed by a colleague in
the history department, who apparently had absorbed this brand of empiricism, that it is
not at present possible to write Australian history because we do not as yet have a
sufficient number of facts. An inscription on the facade of' the Social Science Research
Building at the University of Chicago reads, "If you cannot measure, your knowledge is
meagre and unsatisfactory”. No doubt, many of its inhabitants, imprisoned in their
modern laboratories, scrutinize the world through the iron bars of the integers, failing to

realize that the method that they endeavour to follow is not only necessarily barren and

.unfruitful but also is not the method to which the success of physics is to be attributed



The mistaken view of science referred to above will be discussed and demolished

in the opening chapters of this book. Even though some scientists and many pseudo-
scientists voice their allegiance to that method, no modern philosopher of science would
be unaware of at least some of'its shortcomings. Modern developments in the
philosophy of science have pinpointed and stressed deep—seated difficulties associated
with the idea that science rests on a sure foundation acquired through observation and
experiment and with the idea that there is some kind of inference procedure that enables
us to derive scientific theories from such a base in a reliable way. There is just no
method that enables scientific theories to be proven true or even probably true. Later in
the book, I will argue that attempts to give a simple and straightforward logical
reconstruction of the "scientific method" encounter further difficulties when it is
realized that there is no method that enables scientific theories to be conclusively

.disproved either

Some of the arguments to support the claim that scientific theories cannot be
conclusively proved or disproved are largely based on philosophical and logical
considerations. Others are based on a detailed analysis of the history of science and
modern scientific theories. It has been a feature of modern developments in theories of
scientific method that increasing attention has been paid to the history of science. One of
the embarrassing results of this for many philosophers of science is that those episodes

in the history of science that are commonly regarded as most characteristic of major



advances, whether they be the innovations of Galileo, Newton, Darwin or Einstein, have

.not come about by anything like the methods typically described by philosophers

One reaction to the realization that scientific theories cannot be conclusively

proved or disproved and that the reconstructions of philosophers bear little resemblance
to what actually goes on in science is to give up altogether the idea that science is a
rational activity operating according to some special method or methods. It is a reaction
somewhat like this that has recently led philosopher and entertainer Paul Feyerabend to
write a book with the title Against Method: Outline of an Anarchistic Theory of
Knowledge and a paper with the title "Philosophy of Science: A Subject with a Great
Past"; According to the most extreme view that has been read into Feyerabend's recent
writings, science has no special features that render it intrinsically superior to other
branches of knowledge such as ancient myths or Voodoo. A high regard for science is
seen as the modern religion, playing a similar role to that played by Christianity in
Europe in earlier eras. It is suggested that the choice between theories boils down to

..choices determined by the subjective values and wishes of individuals

Francis Bacon was one of the first to attempt to articulate what the method of

modern science is. In the early seventeenth century, he proposed that the aim of science
is the improvement of man's lot on earth, and for him that aim was to be achieved by
collecting facts through organized observation and deriving theories from them. Since

then, Bacon's theory has been modified and improved by some and challenged in a fairly



radical; way by others. An historical account and explanation of developments in the
‘philosophy- of science would make a very interesting study. For instance, it would be
very interesting to investigate and explain the rise of logical positivism, which began in
Vienna in the early decades ot this century, became very popular and still has

considerable influence today..1
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