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Despite what the media would like to have us think this year marks the
end of a milestone in civilization—the last year in a millenium.  The second
millenium is going to start in just about 7 months from today on January 1,
2001.  And as everyone else did in December of 1999 I have been thinking
about what has happened and what changes I can expect to see in the next
few decades.  If we start by looking back…

One thousand years ago life was very different than it is today.  I for one
would not have the opportunity to stand before a gathering of scientists, as
women simply did not do that in 1000 AD.  I would not have been listened to
if I insisted on speaking and who knows, if my work had survived, at best it
might be published today as a diary of a medieval madwoman!

The civilizations of Egypt, Rome and Greece were already shadows of
what they once where.  Much of what the people of these times learned was
fading from the collective memory of the people or already lost.  But each of
us today possesses the rediscovered knowledge of these philosophers and
teachers from these ages as the foundation of what we know today. In ancient
times, the heavens were well observed and charted in part because these an-
cient peoples believed that they could presage natural disasters but more im-
portantly they were the homes of the their gods.  Astronomy and mathematics
thrived and texts dating back to 1700 BC show that the Babylonians knew the
Pythagorean relationship and could solve the quadratic equation.  

In 400 BC the followers of Democritus and Plato argued whether or not
matter could be continuously divided or if there was a fundamental stopping
point.  Our word “atom” is derived from the classical Greek language and
means uncuttable.  That idea did not resurface again until the 1800s when Dal-
ton tried to explain the behavior of matter and proposed that there was a fun-
damental stopping point to matter, which he called the atom.  The contribu-
tion of the Greeks to medicine is unquestionable.  It was the Greek, Hip-
pocrates who first proposed that disease was a natural phenomenon and as
such needed to be treated with something other than prayer and ritual.
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When Rome conquered the Greeks they were impressed by their level of
knowledge but wondered why they were such intellectuals as common sense
is what kept the Romans in power.  And after all, they did conquer the
Greeks…  The process of trying to explain an observation—of doing research
if you will—was quite foreign to the Romans and new arguments as to WHY
and HOW the things they saw happening around them in the occurred were
few and far between.  From what I remember of a classics course in my un-
dergraduate years at my alma mater, the writings of Pliny the Elder in the first
century AD were a collection of natural phenomena, odd tales, mystical crea-
tures and some science all rolled into many volumes, which seem more de-
signed to entertain rather than to educate.

As Rome gave way to the rise of Christianity the followers of this new re-
ligion faced a dilemma, as they were part of this world but not really part of
this world.  The world they were living in couldn’t be ignored but to be over-
ly concerned with worldly things was dangerous to the soul.  None-the-less the
early Christians soon found themselves involved in discussions, in philosophy
and metaphysical arguments about Christ and their beliefs.  A friend of mine
who is a Benedictine scholar would tell you that you have to understand this
world to be able to see the plan of God and the monks of his order and of
other orders therefore could not allow the learning of the ancients to be for-
gotten.  So meticulously they copied the old manuscripts and had them wait-
ing for those who would seek to rediscover them.

At the beginning of this millennium some of the scientific discoveries that
where made include the use of the first magnetic compass in 1117.  Explosives
were used in warfare in the West for the first time in 1151 and eyeglasses came
onto the scene in 1288.  An automatic striking clock dates back to 1334.  Things
were starting to change and the pace of technological innovation and scientif-
ic discovery were quickening.  Then the bubonic plague deluged Europe from
1348 to 1361 and the Ottomans were moving into Europe with the Battle of
Kosovo in 1389.

In 1492 Columbus sailed the ocean blue and discovered the new world.
This shook up man’s belief in the ancient philosophies.  For years—from the
works of Ptolemy through Augustine—it had been held that there could only
be three continents.  Suddenly there was a forth one that offered fame and for-
tune to those who could turn navigation into a more trustworthy venture.  This
in turned spurred the study of mathematics.

The Renaissance was a time of feverish intellectual activity that led to re-
discovery of the ancient knowledge and laid the foundation for the Scientific
Revolution.  The discoveries from this age challenged much of what man be-
lieved and its effects on societies across the globe is still discussed and chal-
lenged in many scholarly circles.  One of the more dramatic and at that time
even heretical discoveries was that of the act of placing the sun at the center
of the solar system by a Polish astronomer and mathematician, Nicolas Coper-
nicus.  Despite the mathematics that substantiated his claims of a sun-centered
universe, his theories were challenged and debated.  Contemporaries of Coper-
nicus could not understand why God would have placed man and Earth where
they are lost in the immense space.  After all, they believed that God did noth-
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ing without a purpose and was not man his greatest creation?  I have long been
fascinated by the works of Copernicus and a few years ago a friend of mine
shared a quote with me from this great scientist:

What I know is not approved and what is approved is not correct.

that must sum up some of the frustration that he felt.  Shortly after his death
three more astronomers made observations and discoveries that affirmed the
work of Copernicus and shattered the Aristotelian view of heavenly perfection.
Tycho discovered a moon and a new star that where not where Aristotelian
doctrine predicted and there was mounting evidence from his observations that
the earth was not motionless.  Galileo’s telescope proved even more stars ex-
isted in the universe than had been imagined.  Kepler discovered Mars.  Yet
despite the work of these men no one could propose an alternative explana-
tion to the universe from Aristotle’s theory that made sense.  No one could ex-
plain why objects did not fly off the face of the Earth.

No one that is, until Isaac Newton.   In the beginning of the 1600s almost
all that was known was being questioned and new answers were not easily
forthcoming.  In this era Rene Descartes proposes a simple explanation for the
motion of an object.  He states that bodies once in motion will remain in mo-
tion in a straight line unless and until they are deflected from this line by the
impact of another body. Hence by his theory, all changes of motion are the re-
sult of impacts.  Descartes theory did not involve a god or god-like being who
intervened and controlled motion.  But the 17th century was still a time of deep
religious feelings.  Isaac Newton set out to explain natural phenomena in such
a way that God would be preserved and revealed to those who read his work.
Newton’s simplistic genius into the insight of natural phenomena and his math-
ematical ability—attested with his invention of calculus—regulated the universe
once again with the help of God.  He formulated three laws to explain the mo-
tion of objects in the heavens and on earth.  He saw gravity as the interven-
tion of God in the physical world. His Principa  (Philosophiae Naturalis Prin-
cipia Mathematica or the Mathematical Principles of Natural Philosophy) which
was published in 1687 is still one of the more revered scientific works of the
millennium.

Unfortunately my own discipline, chemistry, was stilled mired in “mystical
argot” in the 17th century.  It really is not until the early part of the 19th cen-
tury that it makes a break form the search for the philosophers stone to be-
come a discipline that it is based on scientific law. 

Meanwhile advances keep happening in science.   Some of these were not
great discoveries but where driven by the need to get information out to all sci-
entists—not just those who could afford a priceless book.  Scientific Societies—
many still in existence toady – formed in England and in France.  The printing
press soon ushered in scientific journals.  

Some of the advances in technology that occurred from the advances in
science in the 17th and 18th century include the mechanical calculator (1671),
the piston pump (1690), the improved steam engine (1769), a vaccine against
small pox (1795), a differential calculating machine (1833), Mendel’s Laws of
Heredity (1866) and the invention of the light bulb (1879).
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In the 19th century we see the birth of the modern ages of chemistry, bi-
ology and physics.  Chemistry finally comes of age with Dalton’s Atomic The-
ory.  One point he makes is that under ordinary physical circumstances chem-
ical change, or if you prefer a chemical reaction, cannot transmute one type of
an element to another type of element.  The search for the secret reaction that
will turn lead into gold had finally come to an end.  Other events that help to
turn chemistry into a real science include the ordering of the elements on the
first periodic table and the realization that structure and reactivity are connect-
ed.  Of course understanding structure will take a few more years and even to-
day sometimes puzzles or eludes us!

Modern biology advances with Linnaeus’ classification system and
Lamark’s suggestion that species evolve and Darwin’s evidence for evolution.
The work of Pasteur, Koch and others revolutionizes thinking about the caus-
es and eventually the cures for diseases that have plagued human beings since
long before the start of this millennium and in some cases still cause untold
suffering throughout the world.

Physics continues to change and to tackle questions that could not be an-
swered all that long ago.  The discovery of X-Rays, the work of the thermody-
namist Max Plank and of Albert Einstein shook the very foundations of this
branch of science. Since the time of Newton light was treated as a wave.  Work
in the latter part of the 19th century and early 20th century had evidence
mounting that it can and did behave as though it consisted of particles.  And
then there was the Theory of Relativity.  While many an elementary school stu-
dent can quote E = mc2 how many of us in this room can really comprehend
what it means and what implications it will have on the future.

Science has helped people at the end of the second millennium of the
Common Era look and act and believe differently than our ancestors did at the
start of it.  The question of where it will take us next has many answers, most
of which are not even thoughts in our imagination today.  We have a contri-
bution to make to the new millennium for not only are we scientists seeking
to advance the knowledge base and the teachings of all of its disciplines but
we are also educators.  We are educating tomorrow’s scientists.  The verb "to
educate" has it roots in Latin and means to lead forth.  Likewise, science means
knowledge.  It is interesting to think about where our students will lead us with
the knowledge we have given them.
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