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Lesson 1

THE PARADOX OF KNOWLEDGE

BACKGROUND INFORMATION
Some scientists speculate that our society has increased its body of knowledge to such a point
that an ultimate “TOE” (Theories Of Everything) will be found to explain all phenomena. Man
can finally know the mind of God. Others suggest that science may be reaching its end. John
Horgan, a staff writer for Scientific American, in his controversial bestseller The End of
Science (1997) manages to elicit from some of the most famous scientists of our time (as
Noam Chomsky, Stephen Hawking, Stephen Jay Gould, Thomas Kuhn, and Karl Popper) their
fears and desires surrounding the possibility that we have come to a juncture in knowledge that
can only add details to already existing theories. He interviewed some popular scientists and
posed the tough question: Is pure science in sight of completely understanding the universe,
thereby foreclosing any further revolutionary scientific discoveries? A question most resonant
in physics, it provokes titles such as Steven Weinberg’s Dreams of a Final Theory (1992) and
vexes theorists of cosmology, biology, and chaos and complexity. Horgan’s book highlights
the debates on what the future of science is and what science holds for our future as a
civilization. The assumption that science has come to its end has been attacked by many
scientists, though some people claim the reaction of some scientists to it sounds more like
church leaders defending orthodoxy than like individuals interested in the pursuit of objective
truth.

Using specific examples in science, Lee Loevinger suggests in this article that science
will never come to its end because we can never find the “TOE.” The more we know, the more
we perceive we do not know. This is the paradox of knowledge.

The omitted parts of the original article are provided as the following:

(Line 71) In the sixth century B.C., Pythagoras proposed the notion of a spherical Earth and of
a universe with objects in it that moved in accordance with natural laws. Later Greek
philosophers taught that the sky was a hollow globe surrounding the Earth, that it was
supported on an axis running through the Earth, and that stars were inlaid on its inner surface,
which rotated westward daily. In the second century A.D., Ptolemy propounded a theory of a
geocentric (Earth-centered) universe in which the sun, planets, and stars moved in circular
orbits of cycles and epicycles around the Earth, although the Earth was not at the precise
center of these orbits. While somewhat awkward, the Ptolemaic system could produce

reasonably reliable predictions of planetary positions, which were, however, good for only a
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few years and which developed substantial discrepancies from actual observations over a long
period of time. Nevertheless, since there was no evidence then apparent to astronomers that the
Earth itself moves, the Ptolemaic system remained unchallenged for more than 13 centuries.

In the sixteenth century Nicolaus Copernicus, who is said to have mastered all the
knowledge of his day in mathematics, astronomy, medicine, and theology, became dissatisfied
with the Ptolemaic system. He found that a heliocentric system was both mathematically
possible and aesthetically more pleasing, and wrote a full exposition of his hypothesis, which
was not published until 1543, shortly after his death. Early in the seventeenth century,
Johannes Kepler became imperial mathematician of the Holy Roman Empire upon the death of
Tycho Brahe, and he acquired a collection of meticulous naked-eye observations of the
positions of celestial bodies that had been made by Brahe. On the basis of these data, Kepler
calculated that both Ptolemy and Copernicus were in error in assuming that planets traveled in
circular orbits, and in 1609 he published a book demonstrating mathematically that the planets
travel around the sun in elliptical orbits. Kepler’s laws of planetary motion are still regarded as
basically valid.

In the first decade of the seventeenth century Galileo Galilei learned of the invention of
the telescope and began to build such instruments, becoming the first person to use a telescope
for astronomical observations, and thus discovering craters on the moon, phases of Venus, and
the satellites of Jupiter. His observations convinced him of the validity of the Copernican
system and resulted in the well-known conflict between Galileo and church authorities. In
January 1642 Galileo died, and in December of that year Isaac Newton was born. Modern
science derives largely from the work of these two men.

Newton’s contributions to science are numerous. He laid the foundations for modern
physical optics, formulated the basic laws of motion and the law of universal gravitation, and
devised the infinitesimal calculus. Newton’s laws of motion and gravitation are still used for
calculations of such matters as trajectories of spacecraft and satellites and orbits of planets. In
1846, relying on such calculations as a guide to observation, astronomers discovered the planet
Neptune.

While calculations based on Newton’s laws are accurate, they are dismayingly complex
when three or more bodies are involved. In 1915, Einstein announced his theory of general
relativity, which led to a set of differential equations for planetary orbits identical to those
based on Newtonian calculations, except for those relating to the planet Mercury. The elliptical
orbit of Mercury rotates through the years, but so slowly that the change of position is less
than one minute of arc each century. The equations of general relativity precisely accounted
for this precession; Newtonian equations did not.

Einstein’s equations also explained the red shift in the light from distant stars and the
deflection of starlight as it passed near the sun. However, Einstein assumed that the universe
was static, and, in order to permit a meaningful solution to the equations of relativity, in 1917
he added another term, called “cosmological constant,” to the equations. Although the
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existence and significance of a cosmological constant is still being debated, Einstein later
declared that this was a major mistake, as Edwin Hubble established in the 1920s that the
universe is expanding and galaxies are receding from one another at a speed proportionate to
their distance.

Another important development in astronomy grew out of Newton's experimentation in
optics, beginning with his demonstration that sunlight could be broken up by a prism into a
spectrum of different colors, which led to the science of spectroscopy. In the twentieth century,
spectroscopy was applied to astronomy to gain information about the chemical and physical
condition of celestial bodies that was not disclosed by visual observation. In the 1920s, precise
photographic photometry was introduced to astronomy and quantitative spectrochemical
analysis became common. Also during the 1920s, scientists like Heisenberg, de Broglie,
Schriédinger, and Dirac developed quantum mechanics, a branch of physics dealing with
subatomic particles of matter and quanta of energy. Astronomers began to recognize that the
properties of celestial bodies, including planets, could be well understood only in terms of
physics, and the field began to be referred to as “astrophysics.”

These developments created an explosive expansion in our knowledge of astronomy....
(Line 109) Furthermore, the observations astronomers make with new technologies disclose a
total mass in the universe that is less than about 10 percent of the total mass that mathematical
calculations require the universe to contain on the basis of its observed rate of expansion. If
the universe contains no more mass than we have been able to observe directly, then according
to all current theories it should have expanded in the past, and be expanding now, much more
rapidly than the rate actually observed. It is therefore believed that 90 percent or more of the
mass in the universe is some sort of “dark matter” that has not yet been observed and the
nature of which is unknown. Current theories favor either WIMPs (weakly interacting massive
particles) or MACHOs (massive compact halo objects). Other similar mysteries abound and

increase in number as our ability to observe improves.

NOTES TO THE TEXT
1. Lines 17-18 “‘ontogeny recapitulates phylogeny’”
Ontogeny (onto-: organism; -geny: origin, production, development) refers to the life cycle
of a single organism or the biological development of the individual, distinguished from
phylogeny. Phylogeny (phylo-: tribe, race, phylum), coined (1866) by Emst Heinrich
Haeckel (1834-1919, German philosopher and naturalist), refers to the history of the
evolution of a species or group, especially in reference to lines of descent and relationship
among broad groups of organism. Fundamental to phylogeny is the proposition,
universally accepted in the scientific community, that plants or animals of different species
descended from common ancestors. The evidence for such relationships, however, is
nearly always incomplete, for the vast majority of species that have ever lived have
become extinct, and relatively few of their remains have been preserved. Most judgements
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of phylogenicity, then, are based on indirect evidence and cautious speculation. Even when
biologists use the same evidence, they often hypothesize different phylogenies, though
they do agree that life is the result of organic descent from earlier ancestors and that true
phylogenies are discoverable, at least in principle.

The “law of recapitulation” has been discredited since the beginning of the twentieth
century. Experimental morphologists and biologists have shown that there is not a one-to-
one correspondence between phylogeny and ontogeny. Although a strong form of
recapitulation is not correct, phylogeny and ontogeny are intertwined, and many biologists
are beginning to both explore and understand the basis for this connection. Studying
ontogeny is still one way to discover phylogeny, since ontology may be an analogue of

_phylogeny.

Ernst Heinrich Haeckel is best remembered for his vociferous support of Darwin’s
theory of evolution, and for his own theory that “ontogeny recapitulates phylogeny.”
Haeckel was always quotable, even when wrong. Although best known for the famous
statement “ontogeny recapitulates phylogeny,” he also coined many words commonly used
by biologists today, such as phylum, phylogeny, and ecology. On the other hand, Haeckel
also stated that “politics is applied biology,” a quote used by Nazi propagandists. The Nazi
party, rather unfortunately, used not only Haeckel’'s quotes, but also Haeckel's
justifications for racism, nationalism and social Darwinism.

Although trained as a physician, Haeckel abandoned his practice in 1859 after reading
Darwin’s Origin of Species. Always suspicious of teleological and mystical explanation,
Haeckel used the Origin as ammunition both to attack entrenched religious dogma and to
build his own unique world view.

Haeckel studied under Carl Gegenbauer in Jena for three years before becoming a
professor of comparative anatomy in 1862. Between 1859 and 1866, he worked on many
“invertebrate” groups, including radiolarians, poriferans (sponges) and annelids
(segmented worms). He named nearly 150 new species of radiolarians during a trip to the
Mediterranean. “Invertebrates” provided the fodder for most of his experimental work on
development, leading to his “law of recapitulation.” Haeckel was also a free-thinker who
went beyond biology, dabbling in anthropology, psychology, and cosmology. Haeckel’s
speculative ideas and possible fudging of data, plus lack of empirical support for many of
his ideas, tarnished his scientific credentials. However, he remained an immensely popular
figure in Germany and was considered a hero by his countrymen.

“I established the opposite view, that this history of the embryo (ontogeny) must be
completed by a second, equally valuable, and closely connected branch of thought—the
history of race (phylogeny). Both of these branches of evolutionary science, are, in my
opinion, in the closest causal connection; this arises from the reciprocal action of the laws
of heredity and adaptation ‘ontogenesis is a brief and rapid recapitulation of phylogenesis,



