TRADITIONS OF ANCIENT SCHOLARSHIP

In this course we will deal with ideas about thgsbal world around us, finally
leading to quite fundamental issues, namely, spaddime. It will be useful to look at
these ideas from an historical point of viewhen and where did these ideas appear, and
who contributed to our present understanding ofabed? The short answer to this
question is people from nearly all over the wosltletching over a very long time span.

Science is a quantitative subject so we need somoeirast of mathematics to deal
with it. Where did our math come from? The earlresbrded significant work in
mathematics comes from Mesopotamia about 3500 Bl#erthe Sumerians developed
the place value system in arithmetic. We use tstesn today. For us the number 1997
means 1*1000 + 9*100 + 9*10 + 7*1. The Sumeriambsribt use a decimal system, but a
mixture of decimal and sexigesimal: For them thenber 1997 would equal 1*600 +
9*60 + 9*10 + 7*1 (=1237 in our notation, a comelgtdifferent number).

The important thing is that they developed the @halue system, allowing
addition, subtraction, multiplication, and divisjqust as we do these things. Using
Roman numerals, with no place system, these opagatire so complex that they were
regarded as magical.

The oldest recorded long division problem appeara 8umerian clay tablet
written 4600 years ago. It probably came from aing school for Sumerian priests,
who played the role of accountants and lawyers gnadimer things in their society. In
this problem someone wants to pay workers to didaThey will be paid seven volumes
of rice apiece, each volume being about 0.7 molitens. He has 1,163,242 of these
volumes. So the question he has is, how many weiant he pay? Clearly we need to
divide 1,163,242 by 7, as we all learned how tandgrade school. The Sumerian student
was using a mixed decimal and sexigesimal systefrthle process is the same, and there
it is, all worked out on the clay tablet with thesaver 166,177 with a remainder of 3.

Clay tablets are the only traditional writing medithat is not destroyed by fire,
and today we have about half a million of themhia basements of museums around the

world (most untranslated) as well as unknown nusisall buried in ruins in Irag.



Indian mathematicians developed our number systéencall our numbers 0, 1,
2,3,4,5,6, 7,8, 9 Arabic numerals, since Eaams got them from Arabs, but the Arabs
got them from Indians. The integer O was andistilé harder nut to crack. It first appears
on counting boards in India in th& Century. The Maya invented 0 at about the same
time. It was not accepted in Europe until th& »2 13" Century.

Even today O strikes many people as being diffédrem the other
integers. For example, one of the rules of thee@ellof Arts and Sciences is that entering
first year students whose social security numbédsevith an even integer should take
ENWR in the fall. Those whose number ends with @ rmumber should take it in the
spring. A few years ago some students, and sonutyfagere puzzled about what a
student whose social security number starts withduld do. This was discussed at a
meeting of faculty advisors, and the correct casioln was obtained: O is indeed an even
integer. This year’s student handbook separatedgips 0 and even integer endings.

Our calendar begins with the year 1. Should it hastead begun with 0? The
Maya used year 0 and day O to restart their calemtianever a new king was installed.
The Babylonians knew there was a problem, but theyot have a 0, so they called the
first year of a king’s reign the accession yead #re next year was year 1. With our
calendar if we go from yeadl to year +1, we have skipped a year, which cledidynot
happen at the time.

Astronomy will play an important role in the ideas will discuss in this course.

It certainly has roots more ancient than arithmdéeople have been looking at the night
sky and wondering about it ever since we could consly wonder. Early astronomy in
all ancient societies was mystical and religioospathing like astrology today. The Sun,
Moon, Stars, and Planets are so majestic and makesuch grand regularity (with the
possible exception of the planets) that they cahetpt but impress us.

In the new world the Maya, during the period 20800, created a
historical calendar millions of days in extent sioggyohases of the Moon, Venus, Mars,
the Zodiac, and eclipses. Only a few of the thodsani texts they created survived the
Spanish book burnings, so we know little of whatytlctually understood. (We do know

that they realized the evening and morning staewlee same object (Venus)).



All the Mesoamericans built astronomical alignments their
architecture. They were oriented towards speaalgiand setting points of the Sun,
Moon, Venus, Mars, and the Pleiades.

In the old world, in Mesopotamia astronomical relsogo as far back as
the 18" C BCE. They were interested in predicting eclifseslivination purposes. They
developed a L2nonth calendar with 360 days per year. Egypt ipthee of origin of the
365-day year and 24 hour day. They may have been ailéake fact that the flooding of
the Nile in spring averages to a 38y year. The old pyramids built during 26062100
BCE faced precisely north, with entrance hallwdgpiag down as you go in so the
North Star could always be seen from within at high

In India astronomy was advanced by Indian mathesatiore than by
observations. In 499 Aryabhata proposed that Eat#ies on its axis, causing the
apparent daily motions of the celestial objectssTdea was not advanced in Europe for
another thousand years.

From the 18 to the 18' centuries, Muslim astronomers were the best in the
world. In 1420 they built an observatory in Samarkaith the largest sextants ever
built. They developed the trigopnometry needed toutate the direction towards Mecca
from all over the Muslim world.

China has the longest unbroken record of astroteirobservations of any
ancient civilization, going back 5000 years. In QBXCE they knew that the year was
365 Y4 days long. Kan Te in the 4th C BCE reportetspots, at a time the Greeks
thought the sun was a perfect uniform sphere. gtomomical knowledge in ancient
China was a state secret. It was thought to beiaedcomment on the emperor’s fithess
to rule. In the ¥ century BCE Chang Heng invented quantitative caaohy. He
applied a grid system to maps allowing distancdsetmeasured between points. This
was used both for the Earth and the stars.

This summary of ancient accomplishments could agara on. It is clear that
people in nearly every ancient civilization contriéd to what we call science today. Not
all their achievements survived to influence oth@&re Maya remained isolated until
European contact for example. The curiosity andgnand ability were present all over

the world.



Among these ancient civilizations the Greeks stautdn a peculiar way: It was
only here that objective thinking about the woniduand us came about, eventually
leading to science, and by direct extension, taytscience and technology. This is
remarkable. Is it just a matter of chance? Were3tteeks better at this than other
people? The above summary suggests not. The kayh&te ibjective thinking about
the world. Objective means without ideological doamist. We just saw that in ancient
China all astronomical observations were a stateesebecause they were thought to be a
divine comment on the Emperor’s fitness. This du@dead to objectivity. Similar
political and religious constraints prevented astroers and mathematicians in other
parts of the world from thinking freely about whia¢y were doing. Objective thought
simply was not popular among kings and priests. ttho dangerous to the survival of the
current rulers. How then, did objectivity ariseGneece?

Let us begin by describing some important cultatitudes of Greek civilization.
A good place to begin is with Homer, the great paed wrote around 700 BCE, just as
Greece was beginning its golden age. Homer writesme traditional legends and
stories from the Mycenaean civilization of Cretengo700 years earlier. Did Homer just
make up these stories? Perhaps, but clay tabletsl fon Crete, written in an initially
mysterious script referred to as Linear B, werenavaly translated to reveal a people
interacting with the gods of classical Greece: Zbaiswife Here, Athena, Poseidon,
Hermes, and others. So Homer’s stories are plaulsdsged on fact.

Homer’s two great epic poems are the lliad anddtigssey. The lliad is the story
of the siege of Troy, and depicts the futility ocimvThe Odyssey is a sea yarn filled with
fantastic events, as Ulysses makes his way bacle fimm Troy. These two poems have
come to define important aspects of ancient Greélkre, illustrating that their highest
values were skill in battle, and skill in debatethe opening scene of the lliad a meeting
of an assembly is depicted. The meeting was ctdleliscuss what to do about a plague
that has appeared. What is interesting about thenady is the diversity of people who
attend. The king, Agamemnon is present, along mathles, merchants, and soldiers.
People of all stations in life. And they all feedé to speak, even insulting the king. The

tradition of free debate as a way to solve problencéearly deeply rooted in Greek



history. We do not know whether this tradition gaéighe way back to the Mycenaeans
or whether Homer used it as part of the story besaeople of his own time would
understand it. In either case, it was a vesllablished part of Greek culture.

Ancient Greece was a seagoing nation. They traokeith sicross the
Mediterranean to Egypt, and north all around trecBlsea. This helped prevent them
from becoming isolated from the surrounding peagdlesddition this made it relatively
easy to move around from one seacoast town to @anahabling adventurous people to
escape political oppression. Indeed, Pythagorsaidsto have left Samos, his island of
berth, for just such a reason. In addition thednaduced a merchant class that could
afford to educate their children, creating the nieed teaching profession. Following is
a list of characteristics of Greek culture that rhaye played a role in leading to

objective thought about the world:

1. The assembly, where people first learned toyaels one another by rational
debate.

2. A maritime economy helping to prevent parockrali

3. The existence of a widespread Grspkaking world around them through
which travelers and scholars could wander.

4. The existence of an independent merchant diassould hire its teachers.

5. The literary masterpieces lliad and Odysseydhathe epitome of liberal
rational thinking.

6. A pantheistic religion not dominated by priests.

7. The persistence of these factors for many cestur

It is remarkable that all these factors came tagathone great civilization. This
did not happen twice.

For comparison let us briefly review some charasties of ancient China. In
addition to the accomplishments listed above irbasimy, we can only be impressed
with their technical achievements: Chinese sailsed battens on their sails to improve
efficiency in the first century, 1800 years bef&tgopeans. They built ships with
separate watertight compartments to help prevakirsj in the §' C, 1200 years before

Europeans. And they used the magnetic compassfagation in the 12 C, 200 years



before Europeans. The invention of paper, the tib#ok printing, and many other
impressive achievements could be added to this list

In many ways Confucius (551479 BCE) can play the role of Homer as an
indicator of the style of Chinese thinking. He vpaignarily concerned with human
relations and the creation of good government.reieeted around China hoping to be
appointed to a government post, and failed at thisas he traveled, he spoke and wrote.
And he was tough. For example in the Analects,ridemn:

The Master said, “The essentials of good governmensufficient food,
sufficient arms, and the confidence of the people.”

“But”, asked Tzu Kung, “if you have to part with@wof the three, which would
you give up?”

“Arms,” said the Master.

“But suppose,” said Tzu Kung, “one of the remainiwg has to be relinquished,
which would it be?”

“Food,” said the Master. “From time immemorial, ttehas been the lot of all
men, but a people without confidence is lost indeBdlitical leaders today know that
confidence is paramount, but few would be so biguthfect about it.

Confucius taught loyalty to family and communitythe highest values. There is
no mysticism here, or superstition, and theredsramitment to education. These ideas
were built into the Chinese governmental systerd,fan2000 years China had the best
government in the world. Over time however theaystame to be more and more
bureaucratic. The governmental officials, choseritieir knowledge of the writings of
Confucius came to be the most powerful group inctintry, known as the mandarinate,
and jealously guarded their power. Edicts weregmhgsrbidding trade with foreign
countries, presumably to prevent the possibleaisemerchant class.

Chinese thinking can be characterized as gamigered, and evolved into a
bureaucratic governmental system that brought gtehility, but foreclosed China’s
future. In spite of the absence of superstition tiedcommitment to education, the
climate of thought did not give rise to independarjective thinking about the world.

Each of the ancient cultures listed above was ofssunique, a product of its

history and environment. In each there was a toaddf scholarship. In most cases the



scholars studied the history of their people, entlords of an ancient wise man, such as
Confucius. And succeeding generations of scholarst wn doing the same thing. In
other words, a scholarly tradition lasting everuttends of years does not guarantee
progress. Usually succeeding generations studeedame things the past generations
had studied. In Greece things happened differeniidy us now see how this began to

take place.

The Milesians

In sixth century BCE Greece, the most vital citysvidiletus, near the mouth of
the Meander river (hence our word meander) in whaow Turkey. Thales lived here
and was active around 585 BCE. He is often destisahe first philosophecientist,
and sometimes as the person who “discovered naflins does not mean that he or
others of this era developed a complete descrigtidhe natural world. Indeed all we
have from most of the pi®ocratic philosophers of ancient Greece are fraggnen
collected and numbered by classical scholars. Ngttemotely approaching a complete
text exists.

What is meant by the “discovery of nature” is ttiea that natural processes take
place on their own and do not involve supernatior@es. For example, in Homer’s
poems, an earthquake would usually be attributéde@nger of Poseidon. Thales’
model for the cause of earthquakes was this: Hktkat the (flat) earth floated on water,
and every now and then waves occurred on the wadecaused the earth to crack just as
a ship is rocked and stressed by waves. This ianahbly close to the modern
explanation, except that the Earth’s crust doesloat on water, but on the seswlid
mantle and liquid core beneath it. Since Posewdas the god not only of earthquakes,
but also of storms, this model is only a step remddvom the traditional Greek
supernatural explanation of earthquakes. But gy ista big one. Poseidon’s anger is not
involved. The psychological difference is enormdi¥hen an earthquake occurs near us
we do not need to feel that we may have done sangettrong to anger the gods. We
were just unlucky to be near the crack when it ozl

Thales and the other Milesians were the first corded history to “leave the

gods out” in their explanations of events in theural world around us. In addition while



Homer’s poems would describe a particular earthgutide Milesians dealt with
earthquakes in general. This is an important steybjectifying nature. An earthquake in
our hometown can be a stressful and emotional eVéntking about earthquakes in
general, however, makes it easier to step baclkanmdore rational about the question.

Thales was regarded as one of the 7 wise men @iritient world. Following
him in Miletus was Anaximander around 555 BCE, Andximenes around 535 BCE. It
is thought that they continued the tradition otdission and debate used in the Greek
assembly. The evidence for this is indirect. Prathis time many speculations had been
put forward about the world around us. For exargggptians had several models of
how the sky is held up. One was that it was hel@yposts, another that it was a god,
and another that it was a cow. But someone dergritme of these pictures need pay no
attention to the others. These conflicting stowese not in competition with each other
they were simply different ways of viewing the sattmag.

With the Milesians, there is a sudden differencstye. They tended to attack the
same problems, and it is tacitly assumed thatreiffemodels are in competition with one
another. There is a desire to express the stroggasnds for the model being proposed,
find the best evidence for their idea and exposembaknesses in another proposal.

They all struggled for example with the origiinthe universe, and what things
are made of. Thales suggested that in the begiratingas water. This is a reasonable
beginning point because water was the most commiostance for which all three
phases of matter (solid, liquid, gas) were knowpaas of everyday life. As water
evaporates or boils, it becomes a gas, and wHegeites it becomes a solid.
Anaximander did not like being tied down to a specubstance, so he said that in the
beginning there was boundless chaos. Out of teisitliiverse grew as from a seed. This
is qualitatively similar to today’s big bang modet the origin of the universe.
Anaximenes argued that in the beginning all wasaaid other substances were formed
by condensation. All three models describe a fosmigitial state for the universe with
the things we see around us evolving through ngpuogesses. This is a remarkable
modern picture, although of course nowhere neaptete (The same can be said of

today’s models of the origin of the universe).



One of Thales’ important accomplishments must bgled out. While on a trip to
Egypt (probably a business trip), he noticed thg thea Egyptians were surveying the
land to reestablish boundaries after the annuadlftaf the Nile in the spring. This was
necessary from the Pharaoh’s point of view bechesgssessed taxes in proportion to the
land area cultivated by each farmer. If the rieaktland from a farmer, he should not be
required to pay as much tax. What the Egyptiansdmembvered were some of the
properties of similar triangles. Thales observeawthey were doing, understood it, and
brought these ideas back to Miletus. There he adhlaaefriends by showing them how
he could measure the distance offshore of a slpmaphing the mouth of the Meander
river.

Here is the idea: On each side of the river nsanituth, establish an observation
post and measure the distance D between them.aharship approaches, an observer at
each post measures the angle between the shibewther post.

Call the two measured anglesandf3 and the distance from one observation post
to the ship A. This is what we want to know. Novawra small triangle on a flat surface

with base d and the same base anglaad[3, and label the left side a.



The drawn triangle is similar to the triangle ceshby the lines of sight of the
observation post observers. This means the twogles have the same shape; they just
differ in size. The size difference can be enormthe makes no difference. The shapes
are the same, and so the ratios of correspondileg snust be the same. That means:
A/D = a/d
So A = D(a/d). So if we use a ruler to measuredadafor our drawn triangle we can
evaluate a/d. This ratio is about 2 for the triasglrawn above. Then since the distance
D is known, we know A. For example, suppose D s oiile, then in this case, A would
be about two miles.
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