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Preface

WHEN ONE SURVEYS THE RISE AND DEVELOPMENT OF SCIENCE, on¢ cannot
help but notice how fragile its origins had been. It held a condition not unlike
that found in the words of Marcus Aurelius in the film “Gladiator” (2000) when
describing the birth of Rome: “There was once a dream that was Rome. You
could only whisper it. Anything more than a whisper and it would vanish.. it was
so fragile. And I fear that it will not survive the winter.” Tts hopeful beginnings in
the Classical Greek world did not assure its continued existence for posterity; just
as men do not lean towards democracy in the historical record, they also tend to
prefer power over truth.

Although ‘another history of science survey,” this book will focus on precisely
those crucial turning points in its history when either the birth of science itself or
of some subdiscipline were dangerously fragile, possibly stillborn. It is 2 detailed
history which has been easily forgotten in light of the success of modern science.

Some of these incidents are very well known, the most famous of which is
pethaps the conflict between Galileo Galilei and the Catholic Church or between
Arab natural philosophers and their surrounding Islamic cultural milieu. Others
are less so: the conflicts between Isaac Newton and Robert Hooke, Charles
Darwin’s brushes with death or misfortune in Latin Amerca, for example. (No,
we will not provide any spoilers.)

This aspect of the story is an important one which hopefully provides the
reader a greater appreciation of the historical fragility of science; with a notion of
how, at any given moment in time, we¢ might bave ended up living in an
intellectual landscape noxiously different from our contemporary one. It's
outcome should not be taken for granted.

At the same time, it will also help impress upon the reader just how resilient
science has been. Again somewhat akin to the character “Maximus” in the same
movie, our historical figures also persisted in spite of all odds, showing a clanty of
mind and determination of will that is in and of itself a testament of the human
condition. (Again, no spoilers.)

Not all were successful. But even in the cases of those who ‘failed,’ they were
able to endure long enough to have a remarkable impact on their era’s intellectual
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landscapes. This book might be considered a testament to the heroes in the world
of ideas.

-Rodrigo Fernos

November 9, 2015
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Introduction

What is Science ?

IN HIS BOOK, WHAT IS PHILOSOPHY? José Ortega y Gasset noted that the best
way (o get to a topic was via a spiral: an indirect and circular route whose points
are breached repenitively as one circles around a topic. This is a useful tactic that
we will take as our starting point.

What 1s science? Where does science come from; the brain? Science is usually
associated with geniuses, as Isaac Newton or Albert Einstein. There can be no
doubt that they were intelligent. May we then conclude that science is due to
human brain size? Is science restricted only to geniuses?

Human Evolution

The size of primate brain can be determined by the Dunbar number showing
a close correlation between its respective group size and the neocortex. The larger
the social group, the greater the cranial mass and “1Q” of the species. Tamarind
mpnkc_vs show a 2.3 ratio with groups of 5 members. Macaques have a 3.8 ratio
with a 40-mcml.>cr group. Humans, with the largest neocortex (90%), have an
average group size of 148 members; 5o accurate is the relationship, the ‘normal
group size’ of humans was predicted simply based on the average human brain
size, D:md Attenborough in his documentary “The Life of Mammals” (2002)
uses plfzsuun.c to effectively show the relationship. ‘
nm’l’hxs mlnu(;:lshxp can be easily explained: more interconnected points lead to a
fomuclxzpo;m ,gxowth in the number of connections, defined by the simple
7 X=(n)fn-1)/2. The same phenomenon can be observed in the world of
i€ecommunications. Better computers are needed as the total
telephones increase, which otherwise would overburden the sy

relationship is akin to the area/volume ratio of a sphere: as a sphe;
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number of
stem. This
re’s volume

increases as a cube (¢), its area increases as a square(@), & : ¢, with endothermic
benefits. As animals grow bigger, they can retain heat more easily, wath reduced
metabolism, generating an evolutionary pressure to increase weight. Similarly, the
increase in the number of telephones acts as a spur towards technological
development.

The large homo-sapiens brain was a necessary factor for the emergence and
creation of science: But was it a sufficient one?

Obviously, humans are not born with scientific knowledge, unlike most
animal species with instincts. Newton was not bora with the gravity equation
engraved on his forchead; Einstein did not suckle on a relauvity bottle as an
infant. Two counter examples also help demonstrate this point. There is the
strange case of a ‘wolf boy' in Europe: the discovery of an abandoned infant
reared by a wolf/wolf pack, also called a “feral child’ which surviyes but is found
deformed and suffering from malnutrtion and poor teeth, It never acquired
capacity to speak, and dies shortly thereafter. In a crude way, it illustrates the
point that we are not born with scientific knowledge; cultural content is not
passed down genetically.

The capacity for mathematics vares greatly across cultures, as shown in
anthropological studies conducted by Jack Goody. Pamitive societies with oral
traditions lack the ability to count above low numbers, larger ones above five are
routinely referred to as a ‘cluster’ Mathematics, partculady advanced
mathematics, is inherenty graphic and requires a watten language; one simply
cannot do caleulus in society where oral language is its only means of
communication. Newton, the inventor of calculus and the law of gravity, simply
could not have emerged in a tribal village setting—not for lack of intelligence but
simply due to his immediate cultural context.

Humans (homo sapiens) emesged 200,000 years ago, meaning that “Western
history,” roughly dated at 2,000 years, accounts for only 0.1% of its totality. Our
history is but the utmost thin crust atop an infinitely vast ‘deep history.” Even if a
shorter time span is considered, with the emergence of bomo sapiens sapiens some
40,000 years ago and the dying out of the Neanderthals 10,000 years after that,
the image of an apple’s rind remains. A modern person placed in that era would
not be biologically distinguishable from the rest, in spite of the marked difference
in lifestyle and worldview. We are not as different from our ancestors as we
would like to believe.

Technological Evolution

Today we can fly to Europe in less than 24 hours, have access to records
thousands of years old, and even have a relatively good picture of the vast
universe. The ‘Stone age’ past had none of these things; they had no medicine and
hence an average life expectancy 35 years. The most sophisticated tools were the
spear, arrow; and flint. The key difference between us is science and technology,
which is the principal source of wealth of the modern world—or at least of its

potentiality.
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We may draw three immediate conclusions. The ﬁfst is that the existence of
science is conditional on various factors which are not ‘inherent” to hluman nature
(ie. genius). The second is that science 15 3 cultuml. code acquired through
education. Individuals are their society, figuratively and literally; they make up the
<ociets and in turn are made by the collective. Psychology cannot \:'ahdl'y study a
persox'r isolated from their social environment. The third conclusion is that as
cctence s cultural, it is hence external to man. This third observation requires
elabomtion because of its importance.

Science is of a cultural nature, and by definition external to us. It is retained in
books, articles, but also in education and schooling. This means that there is an
inherent materal nature to culture/education in a deep sense which we all too
often tend to ke for granted, not appreciating its true significance—a lesson
many high school reenagers should heed. Modernity cannot exist without science,
and it without schools.

Yet the loss of science is often irreplaceable. That the enormous advances are
today are seen as commonplace is as tragic as the foolish teenager, and has just as
frightening consequences. We fail to appreciate the enormous effort and
revolutionary developments underlying common everyday tools.

The common cellphone today has the computing power of a million-dollar
computer from the 1960s, yet costs only a fraction of its predecessor. The IBM
370, housed in a large room and divided berween various distinct cabinet units;
had a memory of 2 ‘million bytes’ (2 megabytes of RAM) and a storage space of
32 mullion bytes, costing around $2,500,000. Today’s advanced smartphone on
average costs some $400, has 2 gigabytes of memory and can easily hold more
than a thousand million bytes of information. In the 1970s, 2 5-megabyte hard
drve was the size of a filing cabinet and required a crate to be lifted onto an
airplane for shipment. Today’s 128 gigabyte smartcard is smaller and lighter than
4 paperclip, easily fitting in a shirt pocket. As computers developed, there was
even concern by United States military leaders during the 1990s that these could
be uscd to guide intercontinental ballistic missiles. But, as *“Marty”” and “Doc”
noted in a recent televised anniversary of “Back to the Future” ('1585), today we
only use our cell phones today to take pictures, chat, and sce tragic videos of
“Jackass” (2002) copycats jumping onto cacti.

At around 49 BC, the Alexandra Library was burned to the ground, losing
perhaps the largest collection of recorded human knowledge available at ll;e time,
some 400,000 scrolls. The library had suffered a sedes of continuous attacks
which ultimately dc§t:o_vcd its vast wealth of learning, This is perhaps not unlikc’
::;i‘:ﬁ t:;l B:;“,V:I:_destroyed by the Taliban. The impressive sculptures,
Tl e r [cs ndung back thousands of years to the days of the Silk Road
= i wzxmin }m fl:mpe. was .desttoyed by unruly Arabic teenagers.
culmnadmml s o aqnss corf?.OOI \ﬂtll;nately led to civil chaos, whereby many
bungm;dtﬂ’ms culmtunlt i fzi::: :)los:vcre destroyed. Irreplaceable relics of

of
e stos s;;l; g:s:ihii cc‘:lx]mn::lc si:"':gez; ::h:;:c Western civiliza_tio'u back to
egree external, this is not an

c scenario, with 200,000 years of learning wiped away from history. The
8

external character of science does not preclude such an outcome, however
improbable 1t might be,

But, What Is Science?

Science could be described by its sub disciplines: physics, astronomy, biology,
chemistry, geology. It could also be described for its essential traits, symbolized
by the anagram EEMM, It is empincal, based only on information provided to
senses, directly or indirectly; spints and mediums are not allowed It is
experimental; scientists have to trick nature into revealing her secrets. It is also
mathematical, the key to deciphenng nature’s secrets. Finally, science is also
mechanistic or model based; we can only know something unul we have
constructed a model of the phenomena.

But, is this a viable explanaton? While suggestive, it does not tell us that
much. It is only by tracing its origins and emergence that a genuine understanding
of the nature of science can be obtained. Cliché as it might sound, only by
looking at the past can we understand the present.

For example, the history of the discipline of chemistry is intertwined with
many different practices that today are defined as wholly different from it. In the
past, chemistry was part crafts and part religion. Processes that today we define as
chemical were defined as the “affinities” between substances: anthropomorphic
projection of human psyche onto the natural world, our all too 1anate propensity
to detect faces on obscure innate objects.

We may also note that the ‘scientific method’ typically described 1o textbooks,
of hypothesis, experiment, and theory is an oversimplified descaption. Very few
historical examples actually exist that accurately fit it. The history of science 15 full
of complicated twists and turns, in which the context and questions asked
constantly change—thus making for a constantly shifting territory without clear
boundaries or rules. As Stephen Toulmin and June Goodfield descrbe,
protochemists first began looking for incorporeals and then, as if by magic,
chemists were plotting elements on what would become the periodic table: a
rabbit out of a hat magic trick.

The scientific discovery of the new is, by definition, unpredictable, and in a
sense the use of the term ‘psendoscience’ to describe intellectual efforts from the
past are unjust anachronistic characterizations, reading back onto the past
modern contemporary values and expectations. The very notion of
‘pseudoscience’ can only be conceived of post facto, after science has been
formally created in a process which took centuries. In this sense, the development
of science is not as rational as it is often portrayed. For example, diseases as
‘malaria’ (bad air) were nonspecific, and were identified by a whole host of
changes in temperature and fevers of the diseased; as such, the long list of well-
defined illnesses today were then grouped by broad categones as “quartians.”

This oversimplification of the history and character of science is also an
inherent problem of all science policies which hope to stimulate scientific
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advancement. Given that the search for truth cannot be determined beforehand,
ane obviously cannot predict scientific breakthroughs. ‘ \

As c\‘cn"hism:inn of science knows, the term ‘science emerges in the ll)A[h
century when it was ficst coined by William \W\cwcll' in rcco‘gmuon. of its
pmfcs‘sionalimdon. Prior to that, science was ‘natural philosophy ;,_(Or, Newton,
scieatific practice was tanamount o a rchgiqus exercise, sg'ckxlllg (:ql s rules in
the universe. The early modem religious motivation for scientific activity xn:fkcs
sense in light of the fact that there were few financial and economic incentives
for 1ts practice. ‘ % g

This book will try to get at that deeper and richer muddle which is history,

hoping to create a reevaluation of imperfect concepts, which. will hopefully result
in a better appreciation of its difficulties. While science strives for ever greater
perfection and exactitude, its history is imperfect, discontinuous, and erratic. But
that is the beauty of the story of the quest of man to understand the world and
himself in it. This book deals with some of the most profound questions humans
have ever asked themselves; the eardy history of science is often a history of
philosophy. These questions might appear to be easily answered but in fact are
very hard to do so, How big is the universe; how old is it? What is the nature of
time and space? The understanding of time and space have drastically changed in
history, shifting from the closed world to the infinite universe.

But, again, what is science?

Overall science is not one “thing” but is rather composed of multiple
elements, each of which have their own unique and particular histores. Each
‘science’ undenwent their revolutionary periods at different moments, and do not
necessanly coincide at a single ‘explosion’ of activity. Biology, for example, had
1s ‘revolution” durng the 19% century with Darwin’s notion of evolution.
Medicine’s ‘revolution’ emerged during the late 19% century when Robert Koch
and Louis Pasteur discovered bacteda. Organic chemistry emerged during the
second half of the 19" century wath the science of polymers. Genetics did not
truly emerge uanl the mid-20% century, finally solving the Darwinian puzzle of
evolution.

In spite of this diversity, the Scientific Revolution is the grandfather of all,
equally cc.)mplcx and strewn throughout various centuries. The term alludes to
;h?ngcs in astronomy and physics, taking some 200 years from 1453 (first
pantiog press) to 1687 (Newton's Prinpia). The key traits of modern science
(EEMM) were developed during this period. Newton becomes the crowning
g;?;s ?t;s p:co:; fi!cvelopmc::l:ls, and hane trly ‘standing on the shoulders of
i i)mcedcd hcx::, pecr:’;r: mz' nxllsotgi. Hxs/w‘orl; was Ehe culmmano? of all those
(1588), Kepler Astranomia Noy 120';"’ ”c”w{' 4 (1?43)' Br_ahf: ‘Nef" o)
(1632), Descactes Discourse 0;1 \'Ik;l)o(d 16)' o Dlﬂ/og‘w R i

This evolution is rcfenec; ti) as g '235330?%2 o {Zﬂw‘miliod” O GZO)il

; : : 5 cause the world view that
existed prior 1o it had drastically changed by the time it was completed.
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Civilization

ONE OF THE UNQUESTIONABLE FACTORS for the emergence of that cultural form
we all ‘science’ is civilization. As we have noted before, the ‘deep history” of
humanity occurred outside of a ‘avilized” context. You can put 2 modern human
today into a community tens of thousands of year ago, and there would be no
marked physical difference between the two—except for their vastly different
cultural levels. Yet, how did humanity shift from small primitive clusters of
nomadic tribes to the megacities with atomic bombs of today?

A ‘cvilization’ can be defined as life in a large soctal grouping with enough
resources to allow for specialized labor; it is the development of specialists whose
activity is focused on a particular topic that allows for any type of scientific
development. Early astronomers could not study the skies if they had to spend
most of their time worrying about food, as most other animals do. Complex
civilizations hence form the bedrock of science; without civilization, there is little
chance whatsoever for modern science to arise.

As most readers likely already know, the first sciences—math and
astronomy—belong to the first civilizations: Sumedan, Babylonian, Chinese and
Indian. There were a few cases also in the Americas: Maya, Tnca and Aztec. The
rise and fall of civilizations is a fascinating issue with multiple interpretations, but
one where each néw view contributes to our understanding of this complex topic.

Factors in the rise of civilizations

We will look at the ideas of four key thinkers: 1) Amold Toynbee (histonco-
social aspects), 2) Jared Diamond (biological aspect), 3) Joseph Tawnter
(mathematical analysis), and lastly 4) Joseph Goody (technological analysis).

Amold Toynbee’s (1889-1975) interpretation can be summed up as the
“Challenge-Response” theory. He was historian at the London School of
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Economics and the Univessity of London (1934-61), \\'lxpsc Magaum Opus was a
12 volume masterpiece called A Siudy of History. (There 1s a more accessible one
volume abridged edition prepared in 1947 by Somervell)

In his work, Toynbee looks at 26 civilizations, attempting to find common
factors for their emergence.

Society s not a collection of persons but is & network of relations;
it is the field of intemctions of two or more agents...the medium of
communication through which human beings interact with each
other..

For him, society is a dynamic entity, whose inter-social relations and daily
exchanges play a very important role in their development. It has a m‘arkedly anti-
geographical charcter given that it was a response to geographical theories
predominant at the time. It was obvious to many academics that the largest
civilizations had been formed in dver valleys with rich alluvial flooding, thereby
providing a stable agricultural food source. The principal earliest civilizations are
hence tied to their nearby rvers: Nile rver: Egypt (3200 BC); Tigris and
Euphrates River: Mesopotamia (3500 BC); Indus River: India (2200 BC); Huang
Ho River: China (1500 BC).

One might suppose that challenging traditional geographic-centers theories
would have been foolish. But by enlarging the total number of groups studied
Toynbee was able to get a better and more accurate notion of the factors
underlying formation of complex societies. He identified favorable and
unfavorable conditions and is able to trace distinctive historical patterns. Societies
with favorable conditions did not necessarily emerge to greatness as traditional
geographical theory suggested, Boethia and Calchedon being two examples.

Instead, he found the opposite to actually be true: difficult conditions tended
toymds the growth of civilizations. Perhaps the ideal case is that of Greece. The
region of Greece is relatively inhospitable, with a mountainous terrain and dry
semi-and climates that did not easily allow for agriculture, Hence the Greeks were
forced © take (0 sea, creating new opportunities in the process. Other examples
aloog this same train of thought were the Phoenicians, seafarers who also used
water trade routes and to the exchange of ideas culminating in monotheism and
the consonant alphabet.

He also noted thx'n, contrary to expectation, the conquest of Mesoamerica was
1Ot as easy as one might suppose. Modern biologists have shown that much of its
wildlife actually occurs on the forest canopy, under which lies a vast desert. The
Mayas, Toynbee noted, had to be constanty fighting the forest; whenever they
stopped, f°m§t took over territory, as attested by the ‘discovery’ of Tnca by Hiram
Bingham. A similar examp!c was that of Angkor in Cambodia, ¢

TOYDPC_C then g?u.e.rah:‘zes these cases into a broader notion of ‘challenge-
tesponse’ in that civilizations emerge when social groups confront difficult
cieccumstances, and produce ad cti i : it

sl p ¢ adequate reactions—leading these into a positive
growth. The “eavironment” was not just geographic but rather

acluded a whole host of secondary factors. Toynbee enlarges its definition to also
12

include the social context, such as legal circumstances. Legal sanctons against
Jews prohibitng these from entering into traditional professions in government
and politics, their ‘environment,” led these to successfully focus on others:
banking, commerce, medicine, etc.

For Toynbee, societies were not static entities, but where rather charactenzed
by a continual dynamism, either growing or decaying. Positive creanye responses,
which had led to the formation of such societies in the first place, had to be
repeated on an ongoing basis given that threats and challenges of some kind
always existed or emerged. It is in its continual response to, these challenges in
which ‘civilization” grew and maintained itself. Civilization in this sense meant
‘forward moving’; ‘precivilizations’ lacked this growth given their emphasis on the
past. There could also be the case of “arrested growth” which was typically seen
when creative responses had at one time emerged but were no longer being
created. Emerging societies could thus stagnate and, ultimately, collapse.

One should also not be fooled into associating a great deal of external activity
with the dynamic process of ‘civilization; much activity can oceur in the absence
of appropriate changes in lifestyle or ways of living. Various examples of arrested
growth were the cases of the Eskimo or Eurasian nomadic societies as the Sami
in Lapland.

Dynamic ‘civilizational’ societies were charactenized by particular features,
The conquest of nature often led to the conquest of the psyche, creating a
distinctive culture. A series of internal conquests as the creatve formation of laws
and social institutions to meet their respective needs was a key aspect of his
theory. It was certainly a continual uphill battle; the creation of cvilization did
not have an inherent ‘inertia’ and autonomous growth, but rather was a process
which continually needed intellectual responses adequate to the needs of their
respective circumstances, Civilization was something that had to be continually
fought for, and which simply could not be taken for granted. Leaders which
rested on their past laurels would ultimately doom their respectve civilizations.

By definition, expanding social groups had ‘creative minonties’ who found
solutions; others in the community noting their success would hence follow their
example. This was a process referred to as ‘mimesis’ by Toynbee. It was not blind
imitation but rather imitation of character and spirt in the relation between
leaders and the masses. By contrast, office holders who blindly repeated old
responses were not suited for leadership, often typified by an inadequate passivity
when action was required. In this; a ruinous and excessive use of force was also
both a cause and symptom of the loss of leadership. In these circumstances, the
role of mimesis no longer applied, given the lack of credibility and moral
authority of its officials, with few genuine followers and little overall influence.

The popularity of Toynbee’s ideas is likely due to affinities with its existing
cultural setting; one cannot help but notice the very “Protestant” character of his
interpretation, with its focus on individual will and merit. Certainly, his notions
contributed to the popularity of Greek studies at mid 20tha century Europe and
United States. There is an undetlying social dynamic that is undeniably captured
by his theory. It was a nuanced psycho-cultural interpretation which was very

13



good for its time, but not as ‘scientific’ when compared to the other theories that
cmcltg:):fslt'gnt‘f(l‘)-t‘)-) is an amhmpc?logisz of some Q(‘ vears who has (au'g!n
at Utah State University and at Univessity of Ncw.;\lemco. I.“ 1988.\\'ro(c The
Collapse of Complex: Socteties. At its core 1s @ mnthcmnuc.al mo‘dchng o‘f dse and fall
of societies, from a cost/benefit analysis point of view. Some of its ideas are
cudously illustrated in Zeno’s paradox such as the race between um!c and
;\chilles: In spite of his enormous speeds, Achilles can never catcl‘1 up with the
turtle, who always takes one half step for every one of his, suggesting a freezing
of their motions in an eternal race. Zeno is, of course, tricking the reader by
situating both figures 1a two different frames of reference, which could be
classified as a ‘description error.” The key lesson ta the story, however, is the law
of diminishing retums: the harder we try, the less we achieve.

Tainter applies the law of diminishing returns to a broader social scale. The
eady formation of societies implied inherent benefits against the typical
difficulties of human life: protection against floods, fires, and drought with
surrounding community. However, these benefits cannot grow indefinitely, ‘and
reach a peak of maximum efficiency as more institutions are added onto the body
poliic. These institutions withdraw greater benefits from society than they
contnbute to it. This detrimental pattern continues until the costs have increased
to such an extent, that individuals within the collective find it more personally
beneficial to remove themselves from the community rather than to remain
within it. There is a delicate balance between the costs and benefits of social
complexity.

This is an important contribution. It used to be believed that social collapses
led to a decline of welfare of its members, whereas Tainter shows that in fact, the
opposite is true; the arrow of causality had actually been reversed. Medical and
bio!ogiml studies have shown that the consequent ‘atomism’ following a broader
soq:‘nl-dissolurion actually resulted in the increased health and well-being of its
pmms].lftdkinfg as i_t may sound, the nutrition of individual Maya increased
after the collapse of empire.

"I'here are many examples of this dynamic, and can be seen in contemporary
society. Over time, igstitution.s tend to show a marked loss of efficiency as the
percentage of administrators increase relative to its productive personnel, as in
the United States whose percentage increased from 6% to 22% over half a
century (1900-1950). As is often said in Puerto Rico, the institutions had acquired
s ¢ on as well as the United States health care system, as

¥ 1he vast acrease 1n its total share of the gross domestic product (nearly
20% of GDP)—without visible net gains in the lifespan and 1if i N
T e pan and life quality of North
hom[n Sy ':f“‘;l: case of the Maya, Tainter makes the observation that the

ogeneity termitory also worsened the rate of decline of the Mayas. 1
the absence of domesticated animals which served at supy e
e » : supplementary food
sources, drought had a compounding effect throughout the region. | i
likelihood of warfare and (i versely) decreasi : ¢ reglon, increasing ic

1ng social stability. This was a similar
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dynamic observed by Jared Diamond in his book Collapse (2005), where he
describes the clash between Hutu and Tootsie in Rwanda. Violent and horrfic
incidents could be directly linked to famine in the region.

Similar ideas can be found in Roland Wright's A Shorr History of Progress
(2004). Wright's key notion is that of a “technological trap.” Acts of creation can
have negative impacts in that they introduce new problems as well as benefits,
raising the severity of a collapse given their compounding effects. As noted by
James Burke, a subway car which facilitates the transport within a city could
become a coffin in the absence of electrcity. An elevator in a skyscraper, which
allowed for greater concentrations of individuals in a given geographical location,
would become a ‘technological trap® during a blackour, literally speaking,

Wrght is highly crtical of notion of “progress” As modem society
encompasses the entire globe, its collapse implied the doom for all of mankind.
By contrast, as ancient societies were limited in scope and size to relauvely minor
geographical spaces, collapse impacted only the immediate group, without any
‘global repercussions’ as in the contemporary world.

Jared Diamond, a 78-year-old physiologist (b. 1937) undertook a different
approach in his Guns, Germs and Steel (1997), winner of the Pulitzer Prize. If, as
Toynbee recognized, the vast differences in development between different
societies were not due to ‘race,” what other factors were there? “Why the West
and not the Rest”’? as Diamond was asked by a young New Zealander. Why did
the West conquer world and not the other way around?

Diamond seeks to account for this outcome on a ‘biological basis,” more
‘scientific’ and ‘concrete’ than prior models. He looks at the preconditions for
civilizations, specifically at factor nergy in this system when crossing layers. The
importa s that would encourage formation of large complex societies. The ttle of
his work is actually misleading as ‘guns, germs, and steel” were only proximate
factors; it is certainly the case that 2 book with the name “Farming and the Rise
of the West” would not have sold as quickly as his provocatively titled book did.

Diamond analyzes the underdying factors which led to food production, the
ultimate precondition of all civilizations. He notes that domesticable animals were
a key element; none of the animals in Africa are domesticable. We cannot rde
zebras as horses because of their violent character; similary, cute looking
hippopotamus will all too readily kill men who dare to venture too close to their
territories. Of the 72 large mammals in the world, only 18% are domesticable—
the horse, cow, sheep, etc.—all of which were originally found near Europe. The
Americas, by contrast, had only one species: the alpaca.

Particular social traits of species were also necessary, allowing these to be co-
opted by humans. Domesticable species are characterized by the tendency of
having an alpha leader who heads the group, thercby allowing another, man, to
serve as its substitute. With the new ‘alpha,’ all others follow, akin to a substitute
mother duck whom is followed by all her ducklings (Konrad Lorenz).

Key traits identified by Diamond include the presence of a) herd
communities, b) a dominant leader, and ¢) overlapping territories. Secondary
traits included: d) the capacity to breed in captivity, ¢) a short breeding cycle, and
f) being non carnivorous. The importance of this last trait was not to eliminate
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it would have been too expensive, requirng the
es to feed the domesticable one. As shown by the
application of thermodynamics to thc_ study of natue, rhf'n‘: 18 .afx cnormm.xs loss
of energy in this system when crossing ecological layers. The importance of a
short breeding cycle can be obtained by considering that elephants breed every 15
years—far too long to wait to use as a food supply. : )
" Secondly, Diamond also emphasizes the particular genetic traits of
domcsdcnbfc plants. Very few plants can actually be CODSHING d by humans; of the
millions of plant species that exist, only 0.1% can be digested by hun-mfls. As the
case of domesticable animals, neardy all of the consumable plant varieties, (90%)
come from the Fertile Crescent: wheat, badley, etc. While humanity was fortunate
in the initial genetc foundation of domesticable crops, these have been
‘selectively bred’ over millennia to obrtain their particular contemporary features
and propénics. Wheat, for example, had to be gradually selected, as the grain of
the first variants tended to easily fall off when slightly shaken.

Finally, Diamond identifies key geographical factors to account for the rise of
the West. He notes that the Fertile Crescent is characterized principally by an
east-west axis orientation. This might not appear to be as important, uatil one
considerers that populations distributed along lines of latitude (horizontal) rather
than longitude (vertical) have the advantage of crops being easily transferable
throughout their termtory. Similarities of climate and condition characterize such
regions, thereby allowing for a faster expansion and population growth. The
Amescas and Africa, by contrast, have axes that are orfented prncipally along a
north-south direction, making for the transplantation of food much more
difficult, and consequently, human expansion.

The impact of print on intellectual development is another important factor.
The Greeks crticized print, complaining that it led to a decayed memory. Daniel
J. Boorstin i The Discorerers (1985) describes how Simonides was able to identify
all .Of the bodies after the collapse of a building in which he had minutes agé)
recited a poem. Recent studies curiously demonstrate that chimpanzees shown
better memory than humans; our over-reliance on ‘external technologies’ appears
to have had an evolutive cognitive cost.

However, it is certainly the case that print has also contributed enormously to
Western dcve!opmgm. Words are the instruments of thought, and their nature
has an undeniable impact throughout history; they ‘shape’ to some degree our
thought as well as the pattern of intellectual development of a2 community. It is a
dy mFor :::noccplcmkow ‘;::”;ﬁ:;zl S(;alcilan? I;s n\?t ri;:vigus \on a daily basis. 8

TR W LRy y Y52 , M) are i 1
mathematical tools given that the absence of decimals—unlike ge oiigili]al;r;;giin
;iu;l:et u;y;st;x:l. Newtonian calculus under this setting will also not emerge. We
R f:xampl: °‘f Chinese print versus Western alphabet. The former
nlphzbetyn; ‘ som: :‘gg “l':::/ syllable (logo syllabic), resulting in an enormous
e ZW0 characters. _Onc-cannqt ]ust learn key picces (26 letters),
o m;, lam l;lcxgc portion of an individual’s education is taken up
R o me. L NOI; as well that new unique words have to be

1y objects and idea. As strange as it may sound, the 26 letter
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aggeession, but mther that
growth of a secondary spect

alphabet allowed for a faster rate of cognitive change and growth in Western
societies, Understandable compound words can be easily created to account for
new notions and concepts; a greater part of the educational process can thus be
spent on the acquisition of new knowledge and ideas, and on the exploraton of
this knowledge base—so much so that the Western alphabet is today used as a
learning aid for their own native language in China.

Jack Goody (b. 1919) is an anthropologist who specifically studies role of
print in socio-cognitive development. Goody was influenced by Robin Horton's
work in Africa, Patterns of Thought in Africa and the West. He departs from Claude
Levi-Straus’s notion that society is swis generis whereby all cultural traits are
accounted for at the at macro level with relatvely minor analysis of the
individuals that compose it and their interactions. Africa is often taken as a case
study because of the readily available evidence, but it's not the only location in
this field of study.

Print introduces a level of objectivity that did not previously exist in oral
societies. Asymmetrical and emotional relations of power develop between
student and teacher in the absence of print. Because the student is bound by what
teacher says, the oral tradition reinforces need for personal interaction and
emotional dependency, and its hierarchy sets the rate of learning as one defined
by the teacher rather than the student.

With the presence of the printed work, however, the student can learn on
their own, at a faster pace if desired given that they are no longer dependent on
an external figure to obtain information. Print also allows the student to venfy
the tnformation received from the teacher, rather than the blind obedience
typically seen in oral traditions. Differing positions, ideas, and notions in the
world of print also allow for comparisons. A student can compare two pieces of
writing, calmly and objectively without the presence of the teacher—even having
the ability to verify the validity of what was taught by the teacher.

More importantly, the written word allows all readers to trace changes or the
historical development of concepts that have been accumulated in writings over
years, decades, or centuries. Changes of ideas can be easily identfied with the
written word that are impossible to do with oral tradition. Crtically, this allows
for innovation to flounish in that originality can be traced and its creators
rewarded. Intellectuals have existed in all societies; but in the context of oral
societies, the creator is subsumed by it as his innovations are routinely usurped
without credit to their original creator. A good example is Homer's Odyssey and
Iliad, which were the accumulation of multiple contnbutors. They are both long
poems whose rhyme allowed for easier memonzation, but inversely made it
harder to identify exactly whom contributed which verse. Since Homer is the last
poet prior to its written form, he became its ‘author.”

There are other benefits identified by Goody. The prnted word introduces
new categories of organization. Preliterate tribes in Uganda have no word for
‘word,” only ‘speech’; there was also no notion of grammar: noun, verb, adjective,
etc. Print allows for the analysis of language itself, broken up into concrete units
whose relationship can be analyzed.
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Secondly, the printed word allows for the unique ft:"{d“fi“é! of 1“"&'““8".515
alphabetization, which is a purely graphical fe:\(ure;:. \\."hlle there are negative
aspects of this teait, lists and tables are unique to print, They ate graphical xoluls
which allow users to sort information. However, it has to be noted that all lists
tend to have an implicit ‘hierarchy bias’ ; items do not ‘coexist’ on the same plane
but are mther placed ‘higher’ or lower’ in relation to one another. Inevitably, a
‘hierarchical interpretation” naturally emerges. Any list of items implies some sort
of assessment—up/down  true/false—while also providing the appearance of
neutrality.

Words in oral traditions are also unstable, widely changing meaning and value
according to their context, as for example ‘left-handedness.” A man with stick in
left hand is a positive sign of diviner in Africa, whereas a man with stick in left
hand in a group confronttion is perceived negatively, with the alleged intent of
attacking. To some degree this helps account for some difficulties in the history
of science: concepts vary in meaning over time. Words in a table suggest fixed
relationships that may not actually be the case.

Tables and lists also tend to suggest simple linear relationships, while hiding
the complexity of relations behind these. They are inevitably tied to power
relations and the ose of empire. The first printed words were not poems but
rather administrative tax lists, allowing for the register and long-term preservation
of debts and obligations for all to see. Empires cannot be constructed without
panted lists’ akin to those of the Inca’s ‘quipu.’

_ It is mportant to emphasize the complexity of that phenomena known as
‘(.:mh.za!ion_' Intellectuals from the 19505 tended to grossly overgeneralize and
sx{nphfy culms and cultural dynamics. They were usually from the United States
with ties to elite schools of modemization theory. This does not mean that the
l;oc!y of' kx}owledge was false or uminteresting, but rather that it was typically
limited in its sca)eA © a few factors; the context of policy-making implied a
corresponding requisite for simplicity that undermined its cognitive accuracy and
cultural sophistication of its analysis. 1

: .I_x goes wi‘thout saying that multiple factors play a role in the creation of
cmhzzuor.ls——m complex and mutually interacting dynamics. Some are
psychological (I' oxnbce). some are biological (Diamond), while others are cultural
l(e(;::ody‘) or .hufoufal (T: air_ner). Any one single factor, in and of itself, will not
dcsli::dct:hzfaﬁm;;;hgzs r;“:: :::mgfl'fal f:m‘x(\;la,’.and any calls and promises are
hard to see at their moment of impacc’t. S ER kb

Fa.ct.o:s in this sense are cumulative or ‘synergistic.’ The exi
preexisting f‘actots coqu:ibulcs to the emergence ofynewglones. The dvers\t:lllce; l:ci

the globe, because it was leading in science and technology. Yet its inherently
unstable social dynamics. Empires do not last
hange_m human affairs. Overinvestment in military
» toutinely leads to the collapse of empire, China in
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as noted by Robert Kenned

the 1970s was grossly poor, but now appears to be on the road to becoming
global behemoth. It has transformed from a backward mural nation to a dominant
one, whose cyberespionage exceeds that of the Unired States.

Finally, it goes without saying that advancement is not related to race. As we
have shown, intellectual progress and economic prosperity are daven by external
factors. Inversely, the only thing that separates modern man from his stone age
ancestor 1s education.

Mesopotamia

Babylonian society anses from Sumenan civilization in 3000 BC. While the
Tigris and Euphrates Rivers had alluvial flooding, they lacked the natural
protection that as that afforded by the Egyptian desert. The region was hence
characterized by a constant state of warfare and an initial lack of complex social
organization. Two key cities emerged, and other protocivilizations in the region
were quickly absorbed into Mesopotamia, such as the Jericho (Jordan River) and
Oxus-Jaxarten (Karun River). Typical battles between Ur and Lagash, show a
distinct cyclical pattern whereby a charismatc leader and his descendant would
last for 2-3 generations, only to shift to new another eycle of family dominion.
Two principal societies emerge: Akkad and Sumer.

Sumer, the earlier of the two, was more ‘stereotypical’ given the nse of a
priesty class whose symbolic power was based on its special relation to the gods;
however, much of their actual political power originated from administrative
duties. Akkad developed a different, if more chaotic, style. The tribal and non-
hierarchical power relationships forced many leaders into continual senes of
invasions to maintain their own personal power and control, even if they
eventually adopted the Sumer style. However, its prospenty lead to the
development of an important merchant class which traveled widely through the
region and stimulated the development of cuneiform.

Mesopotamia’s political dynamics are aptly reflected in the important ruler
Sargon. He arises with a strong 5,400-person army but, due to the lack of writing,
the king is forced to continually live with his own army, making regular patrols in
order to retain power—a feature which can also be seen when his son and
grandson inherit his leadership. The first cuneiform tablets made were simple
accounting records: lands owned, rented, debts, taxes paid, etc. Interestngly,
cuneiform also took the form of a ‘contract,’ whereby the clay tablet could make
a ‘faithful copy’ for both parties at the moment of ‘singing’ by pressing one clay
tablet against the other. (Many modern practices are not as unique as supposed.)
These forms were then gradually modified to record names and more
sophisticated mathematics.

Formal “Babylonian” civilization emerges around 1762 BC; 1,500 year later,
Hammurabi establishes his famous code, one of the earliest known collection of
laws, based on the principle of ‘an eye for an eye’ concept.

The sources of knowledge about Babylonian science emerge from some
500,000 tablets. While the number might appear impressive, they are but a minute
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fraction of all that previously existed. These m‘blets are found in a -fcw k‘f."
archives: Yale Babylonian Collection, Yale Plimpton Collection, Columbia
University, and the British Museum. The largest collection is located in London,
with some 46,000 tablets at the Brinsh Museum. lronicnll:.". th‘escv fablets have
been preserved because of the destruction of their societies. Their cities were not
repopulated, but mther were absorbed back into xbe desert fr(_Jm \.vhencc the)r
came. This cultural collapse allowed for the preservation of the historical material;
had they remained thriving population centers, these tables would bave likely
penshed.

Their sciences can be divided into two basic perods, each separated by a
thousand years: 1) the Hammurabi penod, 1750s, and 2) the Seleucid period, 300
-0BC (l'SOBC) following Alexander the Great’s conquests. Each period has its
own distinctive scientific charmcter. The earlier Hammurabi period was
characterized by a significant amount of mathematical activity, with little trace of
astronomical interest. By the Seleucid: period, its astronomical work was more
fully developed.

There is however, an underlying pattern to both periods. The Babylonian
exact sciences were mainly undertaken for practical purposes, showing much
sophistication in its record keeping, but was markedly simple ata theoretical level.
The division of inheritance, the calculation of land, the volume of water for
damns, or what we would refer to as ‘astronomy’ were all mainly ‘algebraic’:
calculations of numbers and figures. That deep and rich theoretical analysis so
typical to later Greek civilization was absent.

Certain myths, however, exist, such that the Babylonians were excellent
observers taking as its basis the detail of their astronomical predictions. This
claim is hard to sustain when one considers the difficulty of observing horizon
events; deserts .and storms and dust in air made for poor sight of the landscape.
'I'hcs; are required for observation of heliacal stars, which set just right before
sungse. The accuracy of their ‘measurements’ were mainly due to the long time

span of their observations and agile mathematics; all ambiguities could be
“calculated away.’

Babylonian number system

The main problem with the Roman numeral system was that it had n
value, making complex calculations difficult, as mentioned earlier. Their :uﬁ:
system had symbols which were cut in half: 5 (V) was half of 10 (X); 500 (D) =
half of !,000 .(cm:l: with line in the middle). By contrast, Babylonian numbers
were wrtten in columns on clay tablets typically the size of hand: 3 1/8 x 2
hx.n:ha. The reed left fine minute markings, a triangle like shape, a single vertical
so;c o‘;u: d:i?]:d tiangle. While they did not invent the zero, they did have

nmeg - a: niz [ecx:;:gn sgpmlc.aerm u:;d to hc:lls prevent br(x:umerical misreadings.

ot . : 0 10 their number system. Our modern
:::berhsys(cm is dcctmal., all based on factors of 10, The Babylonian number
¥stem, however, used a diverse base which vared along various ‘multiples of 60:
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10, 24, 40, 60. The predominant sexagesimal system was used 1n astronomy for it
allowed the quick calculation of large numbers; the value of digit was dependent
on location on an imaginary table, much like ours: “1, 20" = 60 + 20 = 80.

As one might imagine, Babylonian mathematics had a relatively high level of
sophistication. Implicit in it is the discovery of Pythagorean formula rght tnangle
(a? +b? = ¢?), which can be observed in both ‘old’ and ‘late’ periods. That typical
‘Pythagorean’ number patterns regularly appeared in their solutions to quadratic
equations was used to identify this formula. They had a diverse series of solutions
for quadratic equations, from very simple to more complex forms. The remaining
tablets suggest that student actually practiced exercises where they had to ‘reduce
down® quadratic equations. Record keeping over long periods of time allowed for
accurate determinations of astronomical events.

In spite of these impressive results, however, there were many limitations to
Babylonian mathematics and astronomy. As mentioned before, their exact
sciences were theoretically simple, relative to that of the Greeks. They had no
notion of an irregular number (square root of 2), reducing all such figures in their
algebraic caleulations. Theoretical geometry as that of Euclid or Archimedes did
not exist. They did have the notion of ‘pie’ (r), but only an approximation (3) was
used (rather than 3.14.....). Tt was ‘good enough’ math, but not ‘exact’ in a stact
sense of the word,

Egyptian astronomy

The Egyptian civilization is one of the oldest ongoing civilizations in world
history. The area contains around 138 world-renown pyramids, the most famous
of which are situated at Gaza, which were built around 2500 BC. Its success was
due to a combination of favorable factors: the Nile river, on one hand, provided
food security through its annual floods, and the Saharan desert, on the other
hand, provided military security by making a ‘Tateral invasion’ prohibitvely
expensive. While the Nile could have served as an invasion highway, there are a
series of water falls along the Nile River preventing such attacks. Under these
favorable conditions, Egypt developed very quickly, but equally as quickly
stagnated into formalized cultural forms. Menses was the first to unify ‘upper’
(south) and ‘lower’ (north) kingdoms, using a mixture of religious symbols from
all groups for political expediency. By definition, however, this tactic resulted in
an ‘illogical character’ to its ideology with many discordant elements from vanous
places that were never reconciled.

The prestly class actually emerged into a quasi-merchant class which
controlled the Nile River's flow of goods and people in region. The Nile was
divided into 42 nomes, providing a degree of homogeneity of rule that was not
possible in Mesopotamia with its sharp division of priestly class and merchant
class. One of the most well-known and odd social traits was that of the
inbreeding of its leaders. While the marriages of brother and sister might keep
wealth and power within the family, these degraded into gross genetic
deformations. King Tutankhamen, typically characterized as a young athletic male
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on pyramid walls, was actually a l'gnmu?ed fat ':ldolcsc.enK showing deformities as
poor ankles and wide hips—all typical sigos of inbreeding, 3

Feeling too secure and peaceful, the Egypuan civilization was. unable
effectively respond to external invasion, and hence its col}apsc as a collective,

Their mathematics was simple and nothing of note. They were made up of a
series of ‘additions’ and subteactions, lacking true m\dtiplicnﬂqn. l.,nrgc numbers
were broken up into sub units for caleulation. Their contribution was more
sigaificant to Western astronomy, however.

Their metonic solution to the problem of the calendar was so useful, that it
was quickly adopted by Hellenistic astronomers. Lunar cycles are tflc most easily
detectable astronomical pattérns, and were a key to the Mesopotamian civilization
calendar. However, calendars based on it lose 11 days every year—a loss that
accumulates over time; in the short time span of 3 years, an entire month js Jost.”
The metonic cycle was created as a way of solving this ‘loss of time’ simply by
overlapping lunar and solar cycles every 19 years or 235 lunar cycles, (This
solution was also independently created by the Mayans.)

Yet the importance for the Egyprians in ‘Solving’ the calendar issue was not a
result of ‘astronomical advances per se’ but rather due to the need in determining
the annual flooding of Nile. Their unique solution was the use of ‘heliacal stars,’
which ultimately gave us our current 24-hour day/night cycle.

A ‘heliacal star’ refers to the last star seen at night prior to dawn, and was
used to define the ‘end of night.” The star was ‘destroyed’ right after its birth”
Strius is a heliacal star, with a close association the regular annual flooding of the
Nile, appeaning one month prior to the event and hence used to predict it each
year. Sirius 15 a bright star on the horizon that could be clearly and distinctly seen,
thus made for a good reference point. Sirius was known as Sopdet to the
Egyptians and marked beginning of the calendar.

B.ut the particular ‘heliacal star” shifts over the course of the year because of
the lt of the Earth's axis. As a winding clock, the position of the heliacal star
gradually changes location, thus the star assigned the heliacal ‘function’ would
change over the course of the year. Heliacal stars switch every 10 days, as in a
game of tag. This period itself was referred to as a ‘decan.’ The entire ‘heliacal
cycle’ actually took 36 decans over the course of a year, which were divided by
two as only the night position is what counted. (Heliacal stars during the day
cannot be seen, as their light is swamped out by the sun’s.) However, the 18
d.eansf were further reduced to 12 given that only 12 decans would appear at
night in the summer given the longer amount of daylight. The customs were
gradually adopted over the ages, hence giving us our 2 x 12-hour cycle.

Over longer pedods of ume, the calendar inevitably sank out of place, and
teforms were regulady called during the Romagn period. Copernicus Biiviselt vas
cglled forth to Ron?e _b)' the Catholic Church for the same reason, all due té the
dliﬁcuky of establishing accurate measures of time. Without a good clock, a
calenddeal method could be very cl & s : :

. e very close and “good enough” but over time. it
wouéd eventually lose sink with the solar cycle. :

| :‘ste:n::mcx;ahtjg L:cn(\lrec‘ry mm:mmmnces often obtain a static

s which motivated those customs in
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the first place change. Culture in this sense acquires a conservative character, with

beneficial and detrimental outcomes. While its static character renders stability to

social institutions, it also makes the adapiation to changing circumstances and

conditions difficult. Inversely, when we consider the brevity of man's lifespan,

their static character is usually to the benefit of their respective civilizations.
Social institutions are a double edged sword.
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Greek ‘Science’

Universals and the Problem of Change

MODERN SCIENCE HAS ITS ORIGINS IN GREEK PHILOSORI 1¥; the importance of
Greek philosophy cannot be underestimated as it established the key questions
and underlying ‘world view' of science, It might be pointed out that the loss of
Greek corpus coincided with the Middle Ages, whereas the “Renaissance” was
\‘Asbued due in part to its recovery. Neardy all of the important fgures of the
Scientific Revolution, from Copernicus to Newton, were influenced in one way
or another by the Greeks. ;

Yet while Greek literature is closely linked to modern science, it is not the
solc' deten’n_ining factor. Science is not bom fully grown in Greece. iI‘hcrc was no
notion of ngorous expenimentalism in Athens, for example; love of reason and
debate were its prncipal tools. Hence, while Greek philosophy is a necessary
cause 9f modern science, it is also an insufficient one. :

It is hn-xd o fntgm'u?l t%)at Aristotle was the dominant philosopher for 1,000
years in Western Civilization, roughly from 400 BC to 1700 AD. But, as ,onc

usm'll;l:cr: ::,s x:in enormous nme span between all of these thinkers. They are
i ;}:) x yed as contemporaries, but in fact ag average of 166 years sepa}ated
Ly ;ime to, anfi Archimedes, the main thinkers of their respecti\;e periods. The
e :gan ;s4;oughly as long as the entire Spanish Colonial period of Puerto

n ¥ (1492-1898); the chronological distance between Thales and

Archimedes is as that betw, :
Root (steel warshipy), - oPher Columbus (cacavel ships) and Elibu
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Contrary to common presumption, the Greeks were not talking directly to
each other, as in a conversation. Rather, they were reacting to the writings of
authors who had died many lifetimes prior their own births; to intellectuals whose
onginality of thought had been so strking and insightful so as to lead to their
deep study and continued preservation. The ‘Grecks’ tend to be clumped
together today only because of the historical distance from our postmodern era.

The Presocratics, spanning from the 6% and 5% cent BC, are referred to as the
“lonian philosophers,” located mainly around Magna Grecia and surrounding
regions. They are known for their search for ‘universals.’ Thales claimed that ‘all
is water’ and Pythagoras that ‘all is number,’ but there were enormous differences
amongst them. Plato at one point studied with the Pythagoreans and was greatly
influenced by them.

Classical Greek philosophy occurs mainly during the 4th century BC. Socrates
(469-399 BC) was a widely respected lower class Athenian. His intellectual
emphasis focuses on moral philosophy rather than ‘natural philosophy,’ leaves no
writing whatsoever, and becomes famous for his imprsonment and assassination
by the Athenian state (399 BC). His studeat Plato (429-347 BC), who by contrast
belonged to the upper class, placed Socrates as the central figure in all of his
writings. Plato is most well-known for his theory of “forms”: pierce the veil of
reality to get at its underlying structure. He creates the Academy, center of
learning on the margins of Athens,

While Anstotle (384-322 BC) appeared destined to be Plato’s successor at the
Academy as he had been the best student, he is overtaken by Plato’s nephew
Speusippus. This rejection marks Aristotle, who then leaves for Asia Minor,
previously having served as tutor to Alexander the Great in 339 BC. Upon his
retura to Athens, he forms the Lyceum with an emphasis on the empirical study
of nature. Anstotle’s key focus was on the biological sciences.

Hellenistic science, dating roughly between the 2nd century BC and the 1st
century AD, is demarcated by the concurrent death of both Amstotle and
Alexander the Great in 323 BC. There is a marked shift in the location and
character of Hellenistic science, whose center of activity moves from Athens to
Alexandria in Egypt, and whose focus is the practical application of the sciences,
Although not ‘revolutionary.’ it was no less significant. Its key figures include
Eratosthenes, (275-194 BC) who calculated the size of Earth and Archimedes
(287-212 BC), a Hellenistic Leonardo da Vinci." Archimedes is killed at his desk
by the solder of an invading ammy who is told by Archimedes to wait while he
finished solving a problem. Recent investigations suggest that Archimedes might
have invented the calculus before Newton.

Other important Hellenistic figures include Euclid- (300 BC) and Ptolemy
(22 century AD). Both men published compendiums in their fields (mathematics
and astronomy), Elments and Almagest respectively, which made all prior works
fall ‘out of print.” Ptolemy establishes the predominant view of the cosmos until it
1s superseded by the work of Copernicus.

Why did such revolutionary philosophical innovations occur in Greece and
not elsewhere?
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The Greek puzzle

Greek society was unique for its em; even a compaison (o our worl«ri reveals
of its distinct historical character. Had the Mediterranean been occupied byv a
prior empire, it is cerrainly the case that d.\c G:.ccks would not h:{\'c emerged as a
civilization; they had the fortunate historical circumstance of being able to feely
explore the Mediterranean qanchecked.” As is well known, tf‘bl‘." were (,ledlcmed o
the ‘polis’ which is often incorrectly interpreted to mean ‘city state, but rather
provided the principal cultural focus. :

The Greeks were ‘outwardly’ daven. For example, the notion today that cgch
individual should privately live their own lives would have bcc.n a strange notion
to them. The small geographical size, the open nature of their politics, and the
requisite participation in their ‘flegislature’ meant that the focus of life was the
collective (polis). All events could be observed by its citizenry and henu.: debated;
the most ordinary citizen, a humble farmer, could as easily occupy an important
poliical pOSiliO!-l as the wealthiest of Athenians. Whereas today we use
entermainment to withdraw from reality—movies, television, and now the
internet—the Greeks viewed as vile any amusement that did not have local issues
as its principal concern. The notion of citizenry and public virtue were drawn
from Homer's works, a literature whose role was similar to that of the Bible
today. As Toynbee noted, a society is a web of relations, and the strong bonds of
its citizens made for a unique cultural experience, something which helps explain
why all non-Greeks were seen as ‘bar-bars’ (barbarians).

That being said, the emergence of natural philosophy in Greece is still a
difficult issue to properly explain, and consttutes a key subset of the
historiogmphical question “why did the Scientific Revolution occur?” It is, for
example, difficult to answer why the small island of Miletus became a central
location for Tonian philosophers as Thales. In his writings, Aristotle abundantly
recognizes his debt to Thales as thinker. Yet Miletus was not all that different
from other Greek ciry states; it was prosperous, but not significantly more 50.

A companson of Thales and Solon is perhaps suggestive. Solon was an
important Greek “politician,’ a contemporary of Thales, whose key legal reforms
included the making of laws publicly known, and in the process opened the door
to an objective analysis of such laws. Another of Solon’s legal contributions a was
prohibition against a man being made a slave for his debts, going directly against
a common social pattern of the Ancient world. One may observe similar traits in
Thales's aigorous discussion of prior thinkers, making their ideas available for all
to see.

The inl’)exem process of rational debate in Greek democracy is a key to
understanding the nise of classical Greek philosophy, principally in its culture of
open debate before peers of alterative solutions. Pericles, for example, openly
discusses _the costs and §encﬁts of Greek policies during the Peloponnesian War,
at one point warning against unjust military actions as genocide.

T_hls fgorous open deb?fc was also typical of philosophers, who tended to
mention precedents and critically analyze their predecessor’s ideas, Aristotle is
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perhaps the best example in that he tended to make historical reviews of prior
thinkers while explorng his own solutions, This procedure is in fact the principal
mechanism by which the writings of centuries old authors were preserved for
posterity; we know the ideas of the Presocratics simply because these would be
cited by later philosophers; the original writings have often been lost to the sands
of time. Agstotle would evaluate particular topic by seeing what had been done
before not just for ‘history’s sake’ but to clarify problems and identify mistakes
done, and thus to help him trace a path to an answer. His nephew Callisthenes
wrote constitutional histories to account for the rise of Sparta for his study of
political systems. Anstotle even had histories of science written at the Lyceum
and might be considered the first historian of science. .

The Greek city states certainly did stand in sharp contrast to other societies of
the time. As we have seen, Egypt was a very hierarchical society, with priestly
control of trade, and where all decisions flowed top down from its rulers.
“Greece” 1s a misnomer in that it was a loose alliance of cites, each as its own
center of power. However, all Greek city states shared a common trait: their
democratic systems where decisions were undertaken by equals; those affected by
laws would have a say in the definition of such laws. It is suggested that the
equality of its members was reinforced due to their participation in the phalanx, a
military formation where the lack of uniformity became its weakest point. It was a
‘democratic’ city state in that it was composed by a community of men with
common interests. By definition, debate promoted an emphasis on rational
analysis and cntical thought, as debate became the key arena by which legal
changes were enacted. Debate forced an exposition of assumptions, a
contextualization of ideas, and an analysis of logical argumentation. By contrast,
the rule by power so common in autocratic societies tended to justify itself
arbitrarily, leading to a typical rhetorical patteérn that was ‘illogical’ and ‘erratic’ by
nature given that no steadfast critenia could be established to reach consensus.

Democracy and science, broadly speaking, are closely interrelated.

Other factors contributing to its unique social organization was its sea-trade
economy, based on the naval exportation of olive oil and wine throughout the
Mediterranean. Olive oil served as the ‘petroleum’ of Classical world. Its wide
ranging maritime focus exposed the Greeks to new ideas, such as Egyptian and
Babylonian astronomical concepts. That its geography was characterized by series
of separate valleys stimulated the formation of distinct and independent social
units, all residing within 40 miles from the coastline.

Classical Greece begins in 480 BC with the defeat of the Persians; prior to
that point, many Greeks had even served in Persian armies, referring to
themselves as “Hellenes.” Its earliest origins date to Crete. A phalanx can be
identified in their pottery as early as 750 BC and the first Olympics occurred in
776 BC. The defeat of Leonidas at Thermopylae in 480BC did teach the Greeks
an important lesson: seemingly impossible battles against much larger armies
could have successful outcomes. The consequent expansion in the Meditetranean
directly benefited Athens and its powerful naval forces by the collection of
tdbutes. Its rivalry with Sparta is well known—two city-states which historcally
diverged.
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Sparta, where all free men had to serve in the .milimryf contained the most
powestul ammy in all of Greece, and could have easily dgnm_mlcd the region had
they chosen to do so. However, the fear of wc't;kclmxg its army due to an
e.\p'oncnn'al growth inhibited such efforts; all foreigners tended to be rejected
within Spartan communities. Their military traning was very harsh and
prohibitive of ordinary sensibilities, which make for some rather amusing stories
and anecdotes. Whereas the Athenians knew how to think, it was often said that
the Spartans knew how to act. Yet the Spartan’s over-reliance on §1nvcr~,‘. in
contmst to Athenian’s light hearted treatment, also generated 1important
differences in world view and political concerns. In Athens the army was open to
slaves, thereby opening a path of social mobility to the members of its lowest
economic strata—a feature which led many Spartans to ironically comment that
in Athens. 2 free man could not be distinguished from a slave. The vast majority
of slaves in Athens were in fact domestic workers, and it 1s to be noted that
Aesop had been slave. Slavery in this sense did not have a permanent, inter-
generational character that it was to acquire in later world history.

The size of the Greek city state was relatively small, with a population of
20,000, about the size of Caguas, Puerto Rico (18,000). The largest city was
Athens with 300,000, roughly the size of contemporary San Juan. Athenian
victory in the Persian War led to network dynamics from which it enormously
benefitted; Athens became the jursdictional and legal hub of Greece. Citizens
from the whole region would have to go there to settle disputes or serve in
government, thereby contributed to a constant influx of income to the city. This
populational flow also fed the diversity of ideas. Athenian hub had a direct
benefit to Greek philosophy and to its well-being in general.

The Peloponnesian War (431 BC — 404 BC) became a decades long conflict
between Sparta and Athens, and played a distinct role in the emergence of Greek
Phﬂ:;’s.ophy. Its prncipal thinkers would be affected by the war in one way or
another.

Socrates (469-399 BC) fought in the Peloponnesian war as a hoplite, and was
well l.;qown for his impressive physical stamina. He tended to live a life of relative
asceticism, simple clothing, walking barefoot, rejecting shoes even in winter, and
O'f xelnuvc poverty. The wide respect for his intellect amongst the upper classes
limited the brunt of poverty’s impact. It appears. that his military experience,
accustomed to enduring harsh conditions as a soldier, influenced his world view.
He came to reject the external world and, in turn, to the diminution of empirical
analysis. Unfortunately, Socrates came to be associated with Critias. an unjust
tyrant during the Rule of 30 who bad been responsible for some of the worst
“b““fs during the war. Socrates actually opposed Critias when the latter tried to
use him as a justification for corupt acts.

Plato’s mother was an upper class descendant of Solon, and Plato (429-347
‘BC) 'had been introduced to Socrates by Critias and Charmides. Upon Socrates’
tnal’ and consequent death, Plato leaves Athens. In his travels, he passes b
Syracuse (Sicily) in 387 BC, when he is first introduc d to Pytha L
leaving a distinct philosophical influence. At one bri fc o g thc?ughl,
enslaved, but his friends are able to pa ‘d i baeenBloishimeelt

y and obtain his liberty.
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The role of the Peloponnesian war is much more indirect with Aristotle (384-
322 BC). Upon Plato’s death, Anstotle’s inability to obtain the leadership of the
Academy leads him to a similar self-exile as that of his former teacher. Aristotle
goes to Assos in Asia minor, which was ruled by Hermias, who was in association
with the Persian empire. Flermias is killed by the Persians and Adstotle flees again
to the island Lesbos with his new bride Pythias, daughter of Hermias. These
travels enormously contribute to his interest in narural history, At Lesbos he
identifies a species of fish in one of its lagoons which exists nowhere else in the
world. Adstotle’s father, Nichomacus, had been a physician and was also of
enormous influence in his scientific orientation towards natural history.

While it may go toa far to argue that classical Greek philosophy émcrgcd as a
result of the Peloponnestan war, it is certainly the case that its historical context
had a substantial impact on the particular scientific outlooks of its participants.
Socrates’ anti-empiricism was greatly influenced by his experences as a soldier.
Plato’s abstract Pythagorean ideas can be linked to his implied expulsion from
Athens upon Socrates’ death. Aristotle’s father in law’s death at Persian hands
encouraged his study of biology. Contingent accidental historical circumstances
expanded the experiences of each thinker, leaving a distinet philosophical mark ia
their intellectual characters.

There is also a role played by the relationship to political power by each
thinker. Direct ties to political power oftea had unforeseen consequences upon
the downfall of leaders with whom they had been associated. In spite of Socrates’
formal rejection of Critias, Socrates is still brought before tral likely as a result of
it, and it 1s unclear whether Plato himself may have felt threatened by the
Athenian state given his close association to Socrates,

That Aristotle tutored Alexander, however, gives a false suggestion of greater
influence and intimacy than actually existed between the two men. Calliphanes,
Aristotle’s nephew, is assassinated by Alexander for treason. Yet paradoxically,
Aristotle himself is also forced to flee Athens upon Alexander’s death due to the
animosity towards all things Macedonian. While Arstote commented that he
would not allow a ‘second erime to philosophy’ committed, he dies only a year
after his self-imposed exile at the age of 62. Plato’s relationships to powerful
political figures in Syracuse also resulted in his bref enslavement The
intellectual’s relationship to power is a double-edged sword, providing immediate
benefits at long term costs.

There can be no question as to the validity of Toynbee's analysis—at least
with regards to Greece, The highest forms of thought did not arise in regions of
‘peace and tranquility’ but rather in a society characterized by clash and conflict,
sometimes appearing to Egyptians as barbarous hordes constantly fighting
amongst each other.

The Presocratics

It is all too easy to ovedy simplify the past, given the long time spans
involved; large chunks of history covering various centuries tend to be clumped
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nd discrete units when seen from ‘afar.” This tendency,

rogether into small a itar.” S
= of prehistory, 18 pnm'culn:ly common in discussions of the

common in the study

Presocmucs. A ’ , el
1t is strking to consider that Miletus, starting poiat of the era, has a territory

of only 220 acres, smaller than a regular university campus. Their philosophical
claims of world often appear to be overly simplistic. For T'hales, all is water; for
Heraticlus, there was nothing but change. How could one ever pretend that
modem science emerged from such primitive beginnings? i

In order to fully appreciate the onginality and intellectual contribution of the
Presocratics, one has to get “into their minds” to truly understand why such
claims served as the foundations of modern science. In spite of being separated
by vast segments of time, there was an active debate going on between l}}cm. and
it is only by looking at these debates that we can come to better appreciate their
enormous contribution. Their profound influence on “Classical” Greek thinkers,
as Socmtes, Plato, merits atteation; even if ideas of the Presocratics had been
unoriginal, the stakingly innovative character of their disciples would inevitably
force their study. Even Aristotle, a ‘millennial philosopher, publicly recognizes his
debt to Thales, as previously mentioned. So rather than focusing on individual
ideas strictly speaking, it is important to turn attention to the persistent strands of
their long running debates.

One of the most common feature of the Presocratics is that they tended to
deal with exceptional natural phenomena—lightning or earthquakes—and
consisteatly so. Thales, for example, accounted for earthquakes by arguing that
the Earth rests on water; undetlying wave caused tremors on the Earth sitting
above it. Pror mythological explanations for earthquakes were based on the
powes of the deities, earthquakes typically associated with Poseidon and lightning
with Zeus. As every child knows, Atlas held the Earth on his shoulders.

In this sense, the Presocratics specifically sought to reinterpret preceding
myths by explaining such events upon different terms. Nature was to be
understood on its own terms, avoiding religious explanations based on human
emotion and arbitrary behavior. There was the operative presumption of an
undedymg order to nature, and it is important to point out the Presocratics dealt
with chs:fcs of objects rather than specific events accounted for in traditional
mytholog:_zcd explanations, The latter can be understood as a natural human
psychological reaction to suffering; specific instances of loss were attributed to
Zeus and other deities, helping its victims to emotionally cope with their grief.

Even.thcn, it is remar%uble how intellectually nch the explanations of the
Presocratics had been relative to their predecessors. If the Earth was held up by
m, what in turn hcld_ water in its place? Any material would in turn lead to
o mt; m%rwgom seen in Indian mythology, where the world sits on the endless

Of animals standing upon another. Anaximander raises the quality of
explanation up a notch and proposes that the Earth sits where it did because it is
equidistant from all other poiats in the universe.

Regardless of whether we aceept the validity of their ideas or not, it certainly
pomats to a cross-generational debate with an increasingly higher order of
abstraction. With each generational cycle, ideas were pushed a step upward,
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leading to conclusions which today we take for granted, but which could not have
been predicted at the beginning of the deliberative process. The context is altered,
new questions are proposed, leading to a recontextualization of the issues. The
notion of a linear ‘hypothesis-experiment-conclusion’ cliché does not
approprately capture this intellectual dynamic, so pervasive across the history of
science.

It is clear that Thales is trying to provide a unifying principle of experence, a
bringing of order to the complexity of the world. It was natural for Thales to
make this argument. Water, after all, is associated with all living things as they
cannot live without it. Water is also pervasive throughout the geographical world:
oceans, rivers, etc. More importantly, in the search for visible manifest properties
rather than arbitrary deities, water has a unique quality far above most other
substances: it is formless, colorless, odorless, and can take on the attributes of
other substances. This inherent lack of ‘intrinsic features’ made it a natural
candidate for a ‘universal.’

This trait curiously would come to characterize many universals, and led to
the distinct problem of their causality, shifting again the focus of the debate.
Since universals lacked specific traits, it was hard to specify and detect what the
exact nature of its influence in the world was. How could form emerge from the
formless? How could a body lacking any particular traits imbue distinct properties
to others? If all is water, how do fire and water cancel each other out? The
problem of universals was hence tied to the problem of change in the universe
from the very beginning of the debate. Accounting for change in the universe
would become one of the most important issues for the Presocratics, 2 problem
ingeniously sidestepped by Arstotle.

Anaximander’s ( ¢. 610= ¢. 545 BC) ‘pendulum theory’ was something akin to
the idea of ‘energy’; the world was made of extremes in constant recombination
of energies but never differentiated between themselves. Its most obvious
manifestation was the change in seasons, being a phenomena common in
temperate climates but not in tropical ones. Anaximenes ( ¢. 546 BC) expanded
on this to argue that all was air, in that all resulted from different states of
compression of air, The most compressed air became rock, and its gradations
were associated with different forms of matter. Anaximander’s interpretation is
also based on a commonly observed natural phenomenon, using precipitation as
its inspiration, where continuous change between muluple forms can be
observed. Air turns to rain, drops to form lakes and oceans, evaporates, and
reinitiates cycle.

Heraclitus ( c. 500 BC) goes one step further to claim that “All is change.”
That we cannot step into the same tiver twice might sound overly simplistic, as
there is obvious change in world, but the idea pointed to a much more important
underlying notion in that the problem of change becomes directly associated with
the problem of knowledge or epistemology. How do we know that our senses arte
not fooling us? Heraclitus observed that a bow and string do not materally
change upon the shooting of an arrow, but will refurn back to their onginal form.
For him, it was clear that there was underlying change in the material of the bow
that was not perceptible to man, bending and contracting; the appearance of
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stability was illusory. Heraclitus thus refects sense experience as guide 1o knowing

the world. :
However, the Presocratic w
establish the paradigm for the rest 0

ho would most forcefully deal with this issue, and
f the period, was Parmenides; everyone after
Parmenides would be forced to accouat for change in some fashion ot o(fur For
him, change was completely illusory. In a simple poem of two parts, “Way of
Secing” and “Way of Truth” Parmenides mnde. the apparently innocuous
observation that something cannot come from nothing, and hence that there was
1o fundamental change in world. This npp:\reml)"tuvml observation became the
prncipal metaphysical obstacle of era. The followu'lg Presocratics would have to
address this issue in some way or other before going onto oth.cr problexjns, and
would even plague Anstotle, who comes up with his own ingentous soluu.on and
is able to bypass the issue completely. Its solutions would lead to most radical and
revolutionary ideas of perod.

One of these waspe the notion of an ‘element,” by Empedocles, a doctor-
philosopher (493 - 433 BC). In contrast to the lost writings of other Presocratics,
his poems were very popular, of 500 lines of verse, 350 have been preserved. For
Empedocles, all change was the result of mixtures of the elements, of which there
were four fire, air, water, and Earth. The varous mixtures resulted from two
factors, Jove’ and ‘strife; an anthropomorphic explanation which obviously
contributed to its popularity. Change in this sense was reducible to fundamental
‘universals,” in this case elements.

The notion of proportion was very important in his intellectual construct, in
that amount of each element in a given unit of matter is what gave the resultant
matter its distinct properties. While the idea of the four elements had long
preceded Empedocles, his rationally comprehensive explanation is what made
him orginal. In contrast to Heracles, Empedocles accepts sense experience as
valid evidence. While our perceptions were valid, there also existed an underlying
structure beyond our senses. Nonetheless, we could use logic to deduce its
internal dynamics. One should pownt out that that his notion of elements was not
the same as ours, alluding more to states of matter. For example, water alluded to
all liquid forms, including molten metals. Empedocles also established what we
today would call a research paradigm: systematic investigation into the mixture of
various elements—to some degree.

As Empedocles, Anaxagoras (c. 500 BC) provides an explanation to the
problem of change, and was actually a historically important figure in that he was
the tenchu of Pc_ndcs—fo.r which Anaxagoras, as Socrates, is attacked in order
10 dlscmdxt Pericles. Curiously, Anaxagoras accepted the basic premise of
Parmenides and expanded it with a very original logical analysis.

It was obvious, notes Anasagoras, that hair cannot come from non-hair, flesh
cannot come ft03n non-flesh, and blood canaot come from non-blood. However,
instead of deducing the absence of change, he concludes that at the beginning of
tme all was in each other, in the “nous” The nous was the original
ugfhffem‘tmcd mass of the universe, in which some part of all substances and

;oﬁ,)" icmnzdai:maimbsmmes- exist in each other to some degree (the
2 was provided accounting for change in the world.
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While it sound§ like a very complicated theory of infinities within infinities, in
fact, its simplicity rested in that its entire complexity could be accounted for by a
single predominating principle (the “Nous”). {

Pythagoras (c. 580-500 BC) does not fit to well into this historcal
progression in that he preceded many of these thinkers and was also rather
unusual. Pythagoras established a religious sect with strict religious beliefs, as the
ptohibi(i()ﬂ the eating of beans. P)’lhngoms 1s born on is]nna of Samos, but 1s
forced to flee because of a tyrant. In contrast to the “universalist” notions of
other Presocratics, his idea that ‘all is number’ alluded to a formalist cause rather
than a material one. However, the belief that numbers were ‘real’ in some sense
led to many difficulties akin to those of other universals, such as the exact nature
of their interaction with the world of matter. The Pythagoreans were widely
crticized by Arstotle, which helps account for his departure from Platonism;
changing a number of something will not change its fundamental character,
Aristotle observed.

Pythagoras came up with his ideas from a study of music, specifically noting
that chords (fifth, fourth, octave, etc.) form exact numerical ratios between
themselves, 1:2, 2:3. 3:4. To him, numbers revealed an underlying order in the
universe. This intellectual orientation did push the Pythagoreans to explore and
develop mathematics. There was an obvious emphasis on number theory, the
definition odd and even numbers, the identfication of ‘square’ and ‘oblong’
numbers, and generally the relation between numbers and geometric shapes onto
which these were described. Irrational numbers, as the square root of 2, was
referred to as a diagonal that could be presented as a ratio (instead of our modern
‘number’). Proofs of vanous sorts were developed, as every high school student
learns: presume the wvalidity of a claim, and then show the consequent
contradictions that emerge therefrom.

The group also had some interesting cosmological ideas that would play a role
later during the Scientific Revolution. At the center of the universe there existed
an ‘central fire,” about which a counter Farth revolved, as a counter to the Earth’s
own revolution. This particular feature was criticized by Anstotle in that it
violated known evidence. However, it had been postulated purely as a ‘logical’
argument to account for the higher number of lunar eclipses to those of solar
eclipses, given that lunar occur at twice the frequency of the latter. The
Pythagorean world view might be referred to as an ‘anti-empirical’ world whereby
the sensorial information was illusory, and hence required the use rgorous logic
(mathematics) to decipher its truths. These notions would have a strong influence
on atomists and Plato.

The rise of atomism as a philosophy is perhaps the culmination of the
solution of Parmenidess ‘dilemma.’ Whereas others had accepted Parmenides’
presumption of the impossibility of the void, Leucippus and Democritus turns it
around on its head, They not only accept the existence of the void, but
incorporate it into the very center of their philosophy. The void was the ‘space” in
which atoms moved and interacted with each other, giving the world and its
objects their particular features. Atoms by definition were ‘indivisible’ objects n
which a substance could be divided into.
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ms were reducible to three aspects. When they

The range of intesaction of ato ‘
another or latch onto each other by ‘hooks.”

clash, atoms could either repel one - :
They could also be affected by arangement (AT / TA) as ‘“‘f" as orientation (H
vertical, versus H horzontal). Atomism was too rich a theory in that 1t proyxcicq a
limitless number of combinations of atoms, and avoided the pmbllcm of nfinite
regression in Anaxogoras’s ‘nous.” Yet so infinitely ‘\\'ldc-mng'mg were  the
armngements of atoms, that they could not be systematically studied. Leucippus
did not seek to account for specific nstances of theory; no ‘:cscn.rch P:‘ujﬂdlgm'
was ever developed because of the futlity implicit in the exploration of infinite
combinations. His student Democritus did this to some degree, but in a very
limited manner. According to Democritus, ‘sharp’ objects obtained their property
due to the ‘sharpness’ of their atoms—a philosophically inconsistent feature that
would plague atomism during the 17% century,

Atomism was one of the least popular of the Presocratic theories, made
known in Leucritius’s On the Nature of Things (50 BC) five centuries after the
onginal thinkers had lived. Its poor public reception is relatively easy to
understand: it had an abstract nature and alluded to unseen entities. By contrast,
most popular natural theories tended to be those which directly alluded to the
senses and played upon anthropomorphized human themes. Aristotle’s
philosophy, discussed in the section below, is a good point of contrast to the
neglected atomic theory. Empedocles, the most popular, used senses as the
starting point of his ideas. Atomism would remain relatively dormant until the
19 century.

We may thus point out a couple of things about the Presocratics. They took
the fundamental step of using naturalistic explanations to account for classes of
objects, by presuming there existed a coherent order to the universe which could
be found by reason and rigorous logic. This attitude was actually unusual in world
history. Secondly, their exploration of universals and the problem of change
gradually evolved into groundbreaking ideas and epistemologies. The notion that
mzl.hcv:qau:s was the key to understanding the universe, or the idea that
underlying all visible change is a coherent order accounted for by atoms would
become fundamental tenets of modern science.

Socrates / Plato

We o.nly know_of Socrates lhrough the writings of Plato, yet Plato is such a
good witer !hat, it is hard to distinguish where “Socrates ends” and “Plato
be?ns. Socrates’s ideas are likely represented mainly in The Republic and The Trial
of Soerates. Generally speakmg, Socrates does not make a ditect contribution to
:);::;:z\_:. “i::i::s mmnl&hm ughfoi:luscd with the moral life of man. His influence on

vas t, the now known * i 2 i
Bictontis now known “Socratic method” and his personal
By contrast, Plato’s influence is more direct
) 3 t and pronounced. Plato’s
El:xlo;q:hy olf scxe;xce left a lasting legacy, specifically his Theory of Forms and
epistemology. Institutionally, by tnstructing his students at the Academy to
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design a model us.ing at its core perfect circles to account for stellar and planetary
motion in the Universe, Plato helped create the fundamental cosmological model
until the Scientific Revolution. The problem of ‘saving of the phenomenon’ was
solved by his disciple, Eudoxus; Prolemy’s improvements are based upon
Eudoxus's cosmology.

Socrates was 4 stone mason, but his fame was of such a degree in his day, that
he is routinely mentioned 1n a number of Greek plays. As we have mentioned, he
fought in Peloponnesian Wars as hoplite, or spear holder; spears were not used
for throwing but mainly for piercing at a distance, He is known to have gone into
deep trances while thinking about a problem, allegedly visited by Delphic oracles
for hours and days on end.

In the “Trial of Socrates)” Socrates is forced to drink hemlock after he is
accused of corrupting Athen’s youths. The common mythologized wview,
however, that Socrates had been without a defense is an incorrect one, He
actually had an opportunity to ‘escape’ its harsh outcome, as was often in these
types of cases, but his proposal that he be fined 30 minas was such a small sum
that it ended up offending his jurors. His tral in 399 BC comes shortly after the
finalization of the Peloponnesian War in 404 BC. His faith in reason and
subservience to the state thus ends up in his demise, the death of one of most
original thinkers in world history. Whatever the facts of the case, Socrates
becomes a martyr of individual rationality to public and political excesses.

Although The Republic is not directly concerned with science, it was not
without impact. The principal aim of Plato’s work (Socrates) was that of
determining the moral conditions necessary for the creation virtue of its furure
leaders. Socrates (Plato) was not undertaking a structural analysis of the best
forms of government, as that which can be found in Charles de Secondat
Montesquieu during the Enlightenment or the Federalists in the United States,
but rather a cultural/psychological one. The study of ‘science’ as astronomy for
example, was as good insofar as it helped establish the virtue of leaders. This was
perhaps no. different from the suggestion that youth should spend time in
exercise, a practice seen to clevate an individual’s moral fortitude aside from his
physical conditioning:

The key contribution of natural philosophy to a person’s virtue was through
its development of abstract thought. For Socrates, science gave its pracutioners
the ability to peer at reality and look at its true causes, allowing these to detect
abstract patterns in the chaos that is the reality most men live; it gave men the
ability to isolate the wheat from the chaff. Most individuals are full of false ideas
that are never rigorously questioned, living as if in a cave where shadows were
mistaken for the truth. The self-examined life, Socrates tells us, allowed men to
be free of false notions. The sciences of astronomy and acoustics he alluded to
were all forms of abstract geometry, rather than the empirical sciences \ricwc§ as
today. As in geometry, its truths could not be established by the empirical
measurement of drawings, but rather could only be logically deduced—thereby
fortifying man’s capacity for abstract reasoning, :

It has been suggested that Socrates/Plato at times did have a negative cfjﬁ:gt
on scientific development by discouraging empiricism. Certainly the dynamic is
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more complex than that as Plato’s student Arstotle would be the foremost

empincist of the era. '
Plato’s key contnbutions to science was through the “Dialogues” (Timeans),

which are famous for revealing the ‘Socratic method.” Here, their respective roles
begin to change.

This method is likely what made Socrates such a respected and beloved by his
students. Its amm was to get an individual to verbalize all their presumptions and
notions, and to expose the full extent of what they knew (or believed they knew).
Once verbalized, each presumption would then be analyzed in order to detect
contradictions, logical incongruences, and implications. (Plato’s fascinating
dialogues can be obtained online for free at the Project Gutenberg ox at the Internet
Arhire, archive.org) After each one of the preconceptions had been put to the
test during the ngorous process, the individual would then have arrived at a
higher level of understanding from that which he previously held.

It is unfortunate how often the Socratic method is misunderstood and
impropedy practiced. Certainly, anyone being subject to it would experience an
unpleasant experience, and likely contributed to some of the hatred for Socrates.
chnxdlcss of social status, political position, or role in society, deeply cherished
nouons would be artacked. An individual would be made to look the fool before
his peers, and hence the inherent criticism of the process was likely perceived as a
personal attack, rather than the rigorous logical analysis of ideas for which it was
dcﬁncd;(}'c! x:h 15 1o be emphasized that the procedure was in spirit an exploratory
one, used to discover new points of view ths & S coinni
i po that were not present at the beginning

In this sense, Sm(es’ approach greatly contrasted to that of the sophists
whereby prior conclusions were already held and the sole aim of the :-lrgumcn;

:;a; ::]!c ::n:;x:;s(:::lc;;x;::s b:ut::lvebe:lx1 ct\fvs'olminds.fbutd?ther force anoth.cr-mind
IR - t was for this mtdlecmal' stmlt‘mck.et
.  Plato detested the sophists, whom in fact sold their services in
Prder to train politicians. These tactics could be used not only to sway individuals
1n 2 court room, but to sway public opinion as well. The sophists betray i
subjects by giving the appearance of an open explorati o Flde IhC_u.'
e e s pméc(c np:m e(?'pl oration and dJscusgon, .whcn in
i : ed long befox? the discussion was
phist method” was not a true exchange of ideas, but an unequal
cnc;tlxzntct used to impose beliefs on unwitting victims, ’ ;
s to hﬂlgdl:‘c:dn u:]?ﬁh influenced b)j the myth of Sparta, or t%:c notion of self-
zcccxvm'ﬁangcd ot minimg_ frugally _wuho.ut prvate property, in which women
= sk ::;ge:li :](;m:: lf cdui?fous to note that Aristotle’s analysis of
ppm”ummed. Thers Ty erent society from what had been
prest was 4 great deal of corruption in Sparta, for ex A
its king was supposed to be overlooked by 2 ¢ : i c.}ample. Aroun
;';;mndy bribed. There was also a p:ltt}em SZ?A;:::] c%r::c%umtifaa th'(:ne ;"cm
o Bjicen ation wi
panties of wealth whereby women lived in the lap of luxury while the p:‘]f:'

starved around them. The bl Z
information about Spartan soé{g}”m; }l;?s?ogzagcan)‘ been based on incorrect
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Upon Plato’s return from exile to Athens, he forms the Academy (385 1o 370
BC est.), which became a formative institution where leading thinkers of the 4th
century would meet on the outskirts of Athens, As its focus was mainly
theoretical, the level of funding required to administer it was rather small, and
therefore allowed its economic sustenance to be based on donations and student
work. Plato compliments Anaxagoras for teaching without pay, while the sophists
of his time charged a great deal and made fortunes. It is likely that the Academy
did not have patronage support, as this form of financial support first formally
emerges in Alexandra.

The Academy became a recognized meeting ground of minds and a space for
intellectual discussion and analysis that could not be found within confines of
city, thus leaving an important legacy for all future educational institutions.

Plato also creates a philosophy of science that would ripple through the ages.
The Theory of Forms is his own particular response to the metaphysical and
epistemological problems implied by the problem of change that afflicted prior
thinkers, What is change, and what is constant all around us? Plato takes Socrates
and fully expanded on his work.

The world had been created by a magnificent craftsman (the demiurge), but
Plato’s god is not like the God of Christianity. The traditional Christian God
created the matter of the world and had absolute power over it. He can make any
change at will, without reason or purpose, thus making God unknowable—an
issue dealt with in Book of Job and his attempt to come to terms to the
difference between the promise of God and his own personal suffering.

By contrast, Plato’s craftsman did not create the matenal of the world, and
hence does not have absolute and arbitrary control over it. His role is to impose
order onto this material but is constrained by the limitations inherent it; as a
result, only the ‘best of all possible worlds® that can exist with the available matter
emerges from his work. The Craftsman does the best that he can with what is
available to him—but no more.

It wis therefore the purpose of the philosopher to determine the underlying
order which the Craftsman had imposed on world, as well as the limitations
under which he operated. A good example is Plato’s analysis of the human head.

Flesh and bone, according to Plato, are insensitive; they provide enormous
protection but reduce the intelligence of man. As a result, the final form of the
human head is thus the balancing of the two contrary dynamics at hand. Men
could live for 200 years with thick and powerful heads, but would have been

brutes. However, as the amount of tissue and bone is reduced, man obtains his
intelligence, at the cost of his longevity. Thus the final design of the human head
endowed men with intelligence, but at the cost of a relatively short span of life.

The good philosopher could not be limited by the immediate particulacs of
reality but had to look deeper at the balance of forces within nature to understand
the world. Critical to the philosopher was the analysis of function: to what ends
and to what purposes was a thing constructed? This line of thought wov:xld. be
incredibly influential for Arstotle, even while disagrecing was Plata’s principal
research agenda.
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Plato also pushes atomism (0 a more AZOTOUS f.omm than ';imt_ found in
Leucippus. In contrast to Socrates, Plnt.o'makcs a du_'-c.ct Con{(n \fuon o the
theory of matter in classical Greece: While clmmcxgnung his response as g
tentative solution, it was certainly of a much more¢ ngorous character than the
onginal atomic doctrne. Mathematicians as the ["\tthagormn S_Ch""’l hf‘d proven
the total number of perfect solids, which Plato 0!)\'10}151}' toolf for Inspiration. He
argued that atoms were actually geometrical shapes, trom. which objects obtained
their particular traits. Fundamental to all atoms was the trangle, and goes at some
lengths to descabe the many shapes a triangle could take to form more compley
armngements. Instead of describing simple shapes, Plato takes the most complex
scenanos possible ‘

In hindsight, it easy to tell that Plato was seeking for‘the underlying universal
geometrical forms behind reality, akin to his instruction to FEudoxus at the
Academy to use the perfect circle to account for planetary paths. Geometric
forms were simple ‘perfect forms” and the influence of the Pythagoreans is
notable.

More importantly, by assuming geometrcal shapes, Plato imposes a
theoretical limit to the total number of interactions between atoms, with the
benefit that it would again allow one to establish some sort of coherent research
agenda. Plato was no longer swimming in an infinite ocean of forms and
combinations of atoms, but was instead walking along well defined boundaries
established by the small number of perfect solids. Remember that for Leucippus,
as the torl number of atomic interactions were in theory infinite, there was no
logzcal place to start an inquiry and nio clear delimitation of its end.

In this sense, Plato’s contrbution to atomism via Pythagorism is concrete,
and helped provide legitimacy to a body of unpopular ideas. Yet curiously, Plato
1s a0t a ‘strict’ atomist, in that he also incorporated Empedoclean notions of
elements into his work. How the two interacted was a topic that was not explored
by him. It is curious to point out its similarity to modem proteinomics; proteins
obm:in their unique physiological properties because of their distinct shapes, some
playing roles as hormones, some as catalysts, etc. The study of proteins has its
own order of complexity, that is not reducible to the chemical components of
which they are made. The shapes, although not infinite, are so numerous and

nteractions so complex, that supercomputers are needed only i
ek Totedactions P needed oaly to begin to model

Aristotle

phikl; s:: lhl;;cdlble to think that the writings of one of history’s most influential
sty POEIS Wea Pms;ved mostly in the form of student lecture notes. Had the
ginal yauogs not beea lost, they would have more accurately transmitted

Aristotle’s original SrEes : <
ideas. Lecture note:gml;s;'?i in lucid, articulate, and artful construction of

“The Philosopher,” as medieval Arabs used to call him, made a aumber of
innovations, the first of which was his study of ‘dynamics,” or the science of
motion. Motion, according to Anstotle, was the state in which nature existed: to
deny this as some did was to show intellectual weakness, He was also first to
undertake a systematic analysis of what we could call today the ‘chemical’
behavior of matter in Meteorologica. Aristotle introduces logical tool of syllogism
a=b, b=c, therefore a=c, and it was his writings in logic were influential during
the Medieval perod.

Most important of all, he was a comprehensive biologist with roughly one
fifth of his corpus dedicated to natural history. His father Nichomacus had been
a physician who plays an important role in his life—a father-son pattern
repeatedly oceurring in the history of science. Such was the accuracy of his
anatomical descriptions, that some were denied as scientifically valid until the 18®
century, as viviparous fish with placentl-like chords. Arstotle recognized the
inherent difficulty in the study of biology. Living entities were difficult to analyze
as one could not directly observe the interior processes or functioning organs.
When cut up, internal structures as arteries collapsed, thus inevitably leading the
researcher into errors. Adstotle was not immune to these errors, himself adopting
mistaken popular folk beliefs. For example, he did not believe that the brain held
blood, and hence rejected the claim that it was the ‘seat of the soul.’

His creation of the Lyceum was also of enormous importance in the history
of science as it was the first institution dedicated to systematic research, A large
corpus of men contrbuted to Arstotle’s findings, and was thus the first example
of ‘collaborative research.” Theophrastus eventually became its leader after
Aristotle’s death; both had met in the island of Tesbos while Anstotle was
traveling through Asia Minor.

One of the most beautiful appeals ever wrtten to promote the study of
science appears in Anstotle’s watings. He is well aware that most individuals
found the study of biology disgusting, and does recognize that the contemplation
of the perfect heavens was eminently more satisfying. However, he points out
that we do not have direct access to stars or planets, contrary to the case of
biology. In spite of its unpleasantness, the study of biology revealed that each
creature was unique and special. For him, the study of all science in the end was
pleasurable because it allowed men to understand the causes of things, one of the
greatest sources of joy. The experience of reason, after all, was man’s highest
state of happiness.

Taxonomy had been the key biological problem in his day, and would remain
so for various centuries: how do you classify living species? There were no clear
methods, and much of Aristotle’s studies in biology and data collection were
focused precisely on trying to elucidate this issue. He recognized that the
demarcation between life and non-life was not clear cut, but unfortunately his
biological studies were themselves cut short with his self-imposed exile and
consequent death.

Oddly enough, his most prominent legacy was not in biology, but rather in
cosmology. One could argue that chemistry became the foundation of his
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cosmology in that his theory of the four elements were used to account for the
dynamics of motion in the universe,

As previously mentioned, Anstotle analyzes what has been watten down
Before: pmpndng. histories of science not for history sake, but mther to clarify
issues, and detect problems. There were a wide variety of theories of matter ar
time, thus Asstotle is able to build from the ground up’ using binary-like
contrasts to amive and establish a topic’s key bases. Once these key aspects are
identified, he then uses these to build up a complex conceptual structure. One
might suggest that Aristotle formalizes the Socratic method with regard to natural
world. His emphasis on categories might appear absurd today but it had distinct
benefits, as it allowed Arstotle allows to completely bypass Parmenides ‘paradox.’
His emphasis on sense experience allows him to also discard the abstract notion
of the Pythagoreans. For him, the philosopher has to ‘save the phenomena’ by
providing a logical explanation for what at first sight mistakenly appears
contradictory.

There was thus an intimate relationship between chemistry and astronomy in
his worldview. The world was composed of 4 elements: fire, air, water, Earth,
combinations which of created world see today. While the suggestion that Earth
might agses from liquid sounds peculiar, consider the formation of salt crystals
when water evaporates. While the notion of four elements in and of itself was not
onginal, his use of it is. His physics was defined by the “Doctrne of Natural
Place,” whereby each eatity sought to move in a certain direction according to
the elements it was made up of. The two extremes of elements, Earth and fire,
thu’s had two extremes of motion, downward and upward, with water and air
falling 1n between. By contrast, ‘violent motion” was that motion which prevented
an eatity from fulfilling its ‘natural place.’

Reculinear viol«':m motion was not natural, and required an external agent in
constant contact with the moving object, via ‘efficient cause’—a process in which
the mover was affected as well. Given that the medium in which an object moved
bccagxe a lxmmng factor, hg? defines speed as inversely proportional to the density
of this mcdxum:—a suggestion which is ‘reasonable.” An object falls more quickly
_lhmngh the air than in water. Whereas objects undergoing natural motion

going
w speed as they neared their destination, objects undergoing violent
motion naturally slowed down. These observations lead to some particular
conclusions.
’ I_hmkmgo' on these dynnmics,_ Asistotle concludes that 1) the universe is not
m&mﬁmt:. 2) there c:)uld bcf no voujl, and 3) stellar motion required a 5th element
erred (0 as the a:fhex._ The universe could not be an infinite void because, as
o!gcc}.s moved in this void, they would pick up speed over time and ultimately
ﬁ:m mﬁmte H}.ss’?cd‘la?d ‘infinite weight,” which Asdstotle believed to be an
(“Pt:ussthhg;h solution m.the prob]§m was the creation of a fifth element
), which had a natural circular motion, and operated in the absence of what
we today would call friction. Aristotle’s * 2 4
: ABSIOtle’s ‘eraftsman’ was an ‘unmoved mover’ who
mmed-tbcaetbe:.butwashimselfnolinﬂ i :
o : uenced by it as he did not operate by
efficient cause’ but rather by thought (‘final ] . :
S i of o ! 1 causc’): Upon moving the aether, the
chain €quent movements in the universe were themselves set in
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motion via crystalline spheres which held all of the planets in their respective
locations.

Austotle, as one might imagine, is a contemporary of Eudoxus, and improves
on his model by taking the required 26 circles and creating a total of 55 nests
spheres to account for the particular motion of the lower planets. The moon
divided the Earthly and heavenly terrains, with natural /violent motion ruling the
sublunar region; and the eternal circular motion of aether in the superor region,

There were inevitably problems with his all-too coherent model. How exactly
did the two regions interact at the sublunar / supralunar boundary? If the aether’s
natural motion was circular, and rectilinear was the main characteristic in the
sublunar region, how did objects interact at the boundary between the two? How
did light from the sun reach the Earth, at the very center of the system, if 1t had
to cross through the diverse crystalline spheres?

There were other problems with his concepts of motion, which were later
criticized by Renaissance authors who began issuing challenges to his
cosmological model. For Anstotle, arrows moved in trangular motion. As there
could not exist a void, when an arrow was launched, it pushed air to the side,
which in turn pushed it from the rear in its path through the air. When its
influence stopped, the arrow fell to the ground in a direct line. The problem of
falling bodies would be one of the key weaknesses of Arstotelian ‘physics’ and
worldview.

In spite of these problems, it is easy to see why ‘Anstotleism’ became such a
predominant philosophy for more than 1,000 years. The vast breadth of
explamation and its comprehensive scope made it an effective intellectual
‘purchase.” In effect, Ardstotle solves the problem of maximization of intellectual
goods for a ‘low price’; his worldview provided an explanaton for nearly
everything, thus did not force others to seck elsewhere to account for
phenomena that was not present therein.

It would be impossible today for a single thinker to obtain as much influence
as Aristotle had during millennia in the history of Western Civilization—and with
good reason.
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Part Il:
Intermediaries




Hellenistic Science:

Is There Progress in Science?

ALEXANDER THE GREAT's conquests set the context for all of Hellenistic science.
The Hellenistic period begins with the death of Alexander in 323 BC, which also
coincided with that of Arstotle in 322 BC, and ends three centuries later. He
extended Greece society and culture far beyond Athens, and into Persians lands
where he went so far as to even defeat old rivals. The Persian King Darus TI runs
from battle in spite of having supedor forces, and is consequently killed by his
generals. Upon this death, Alexander is named the new king of Persia. The story is full
of irony as the attack by Persia is what first led to formation of Greece. Alexander
moved far beyond Persia, to reach India. Yet Alexander was not “Greek” properly
speaking, but mther a “Macedonian” to the north. .
The \[av:cdonmm. had adopted Greek knowledge and policies for advancement,
s0 as 1o ininally limit colonization from Athens herself. Alexander’s father Phillip 11
h?u:l been taken captive 1n Thrace, where he leams to appreciate Greek culture; later as
king hc bccomgs the source of this cultural transformation. As a father, he does
ew.'_t‘vthmg possible to provide the highest education for his son, accounting for how
Aristotle cn:!i‘:d up a5 :\lfzxandoix‘s tutor. Phillip also took his son into battles, giving
.'\lmmndcr' opportunity (o lead the forces on one occasion, decisively winning,
Alexander idealized Achilles in his desire to be remembered for pos:cn':.a 3
However, when Philip IT 1s eventually assassinated, Athenians lx,gm distinguishing
Greek from nltm-Grcck, sbowing prejudice against the Macedonians, the worst
example of which occurred in Thebes that had never accepted Philip IT's rule. In this
powes vacuum Alexander is able to rise to the top, and ultimately trashes Thebes. His
emphasis on strategy helps account for his decisive cxpnnsion,’dcmons(mtcd by his
attack on Thyre, a supply point for the Persians. Alexander literally burns it to the
ground duning a period of two years, which prevents direct Persian attacks on Greece.

i ;;: tumn, allows him to expand east without worrying about the secunty of
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He establishes “Alexandria,” a thoroughly Hellenized city 1n Egypt, which 15
used as the base power in lower Mediterranean. After the Egypuan conquest, he
establishes a series of supply-cities throughout Asia which allow for the
provisioning of an army continually pushing eastward, and which is also used as a
channel of communications throughout the expeditions. Curiously, he tended to
marry conquered king’s daughters so as to strengthen social bonds bond,
applying this policy as well to his soldiers. At one point, a wedding benween
10,000 soldiers and Persian women 1s held.

The vast region he conquers is ulumately divided into three kingdoms upon
his death by his three principal generals, Ptolemy Soter, who contro} Egypt, also
led what was at the time the most powerful of the three. Alexander’s body 15
taken back to Alexandria. A vast and meticulous tax system 15 established, serving
as Soter’s power base.

As one would expect, the existence of multiple cthaic groups undermines the
stability of the Hellenistic empire, and multiple “Alexandrias™ are established for
Greeks to migrate into and Hellenize these regions. Political power is thus
distrbuted between Greeks and the local Hellenized nobility.

With Hellenism, the character of Greek civilizaton changes in a significant
manner.

The large urban size of Athens, which had been the exception, becomes the
rule. The ‘amateur’ character of Greek polities is transformed into a career. The
notion that farmers would routinely vote on an issu, only to return to their
properties—a practice which provided for 2 certain equality and homogeneity—is
replaced by enormous bureaucratic machines.

The philosophies which emerge during this period reflect their new social
contexts; they are ‘negative’ philosophies. Both Stoicism and Epicureanism seek
the avoidance of disharmony, which has a limiting effect on scientific
development (natural philosophy). Philosophy was good only in 50 far as 1t
helped to establish peace of mind, given that ignorance of the causes of violent
events as earthquakes or thunderstorms led to panic and unease. Thus while these
philosophies stimulated a certain level of science, they did not encourage a
pessistently active inquiry into nature to find its fundamental causes.

Alexander’s territorial expansion leads to a consequent shift of scientific
activity from Athens to Egypt (Alexandria), part of the general expansion of
Greek culture throughout western Asia. This vast reach helps secure the
preservation of culture Greek. Incidentally, while Alexander’s march east ends
with his death in what is today India, mathematics is carried over into the region,
resulting in a gold age of ‘Indian mathematics.” The resulting innovations serve as
the basis for the creation of ‘Arabic numerals; originally called by the Muslims of
the medieval period Indian numerals.” Natural philosophy (or ‘science’), 0
previously closely tied to the Academy and the Lyceum, becomes a non-Athenian
activity.

While there is no doubt about the Hellenistic recognition of G:cck
achievement, there is an overall decline of philosophical activity algng with an
increase in ‘technical’ work during this perod. The focus of Hellenistic science 1s
10t s0 much on the “why,” as on the “how.” We do not see an attempt at a
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comprehensive systematized view of the universe, but rather its efforts are
delimited and less ambitious—which results beneficial for astronomy.

Hellenistic Astronomy

The notion that Christopher Columbus believed the Earth to have been flat
as a pancake greatly undermines the sophistication of Greek science. Columbug’s
error actually rested in using a lower value for size of the Earth, a figure taken
from the work of Eratosthenes of Alexandra. A less radical difference existed
between the ancient world and the early modern perod than is generally
appreciated, undermining the significant achievements of premodern science.

Eratosthenes calculated the size of the Earth in a relatively simple manner.
Finding that the sun at noon in Syrene and Alexandria cast respective shadows in
their wells led him to realize that estimating the size of the Earth became a simple
geometric exercise. Find the angle, determine the distance between the two cities,
c?lcu.ln(c the percentage of 360 degrees, and multiply to get the total
circumference. It was a brlliant and powerful ‘tour de force, if albeit bref.
Eratosthenes’s error, however is that he presumed the two cities to have been on
same line of longitude, which they are not, and hence the inaccuracy of his
calculation. It is important to note as well that the unit of measurement, the
‘stade,’ was not consistently used. That being said, it was stll a surprisingly
accurate estimation at 39,000 km versus 40,008 km today. ¥

Eratosthenes’s case is important because it demonstrates a key feature of
astronomy gnnd science) during this period: it was a subset of gc.omelrv. and
would remain so for many centuries. Mathematics was not just a tool of séi-encc,
bur was science itself.

E;nl:::h:_f; l:l:sre;;ndp:e'si;\:.ly, }-tigfuchus calculates the pre.c'ession of stars. The
mriebidat lightly wo es, and thereby the position of stars change
alr}uhgmﬂn y over long spans of ume. Hipparchus is impressively able to
;e; of‘is m:] Z;zmglie(c c:':;lzs occu‘;m; l:\rlcz:y‘26,00() years. In order to reach this
Bt e vmts,-anOPI{“ - used Babylonian star charts which had preceded
) years, allowing for a calculation with fair degree of exactitude. The

world becomes an enormous problem in geometry f . ;
: i Al !
givens and determine for missing variables, SR oeadian establih

“Theory” i ic s i
ry” in a platonic sense is no longer the hard part of science, but rather

z:::n;:eg :}l:c data became its principal challenge. While their measurements do
i ; exactness ot: tod:j\y. given the limited technologies available, their
n a.pp;aachcs \n principle were the correct ones. Using simple right
angle guz::etry, abstract proofs of properties of right triangles, Hellenistic natural
philosophers were able x:(;:a[lhcuhte the size of the universe, the respective sizes of
and the relative distances between them. Th e all
impressive feats vyhosc wnaccuracy should not be mistaken for dnzsc'“c:: cal;d

sou’ni'ducssodﬂ underlying their calculations, s

y we take it for granted that the Earth rev
Rg BEay e : olves around th . T

this is an ‘obvious fact,” but we do not personally know that it is ncruea;; ?:uc.0 \‘(l::
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have obviously not traveled to edge of solar system to look at its structure nor did
we personally establish its proof. Rather this belief is to some degree a cultural
construction that is passed down to from generation to generation via out
educational system. We acceptit as a truth of nature because of we are taught it is
so and it appears to be in concordance with our daily experience. This is a
dynamic for many accepted common beliefs, but this modern day “fact” was not
<elf-evident during the Hellenistic period. Many convincing arguments were made
for either side in an important series of debates.

Aristarchus of Samos (310 — 230 BC) claimed that the sun was at the
universe’s center. He calculated the respective size and distances of Earth, moon,
and sun using right hand triangles. The moon was half the size of Earth by his
study of lunar eclipses. The sun to him was 19 times away from Earth as the
Moon-Farth distance, with a similar ratio for its size. We do not know if his
heliocentrism emerged out of these calculations, but the suggestion s unlikely as
the distances do not necessanly determine orientation in space. He also appears
not to have proposed it as the universe’s actual structure, but rather as a
hypothetical model. We know of Aristarchus only because he is mentioned by
Archimedes in detail, who opposed the hypothesis in his own study.

One of the positive aspects of the heliocentric model however was that it
helped account for the unevenness of the seasons. Fall, winter, spring, autumn,
do not have an' even number of days; Calipanus at the Lyceum calculated their
exact days to be 94, 92, 89, 90 respectively. By contrast, the rotation of the stars
about the Earth in a geocentric system would have led to even days per season.

Yet the heliocentric model had its own difficulties, particularly the problem of
motion. If the Earth rotated and revolved about the sun, the Earths’ axial
rotation would create such speeds, that nothing would ever be able to move
eastwards. Clouds certainly would never be able to freely move as they do in the
sky. Some weakly suggested the problem of motion could be acclou.ntcd for by
airs, making a distinction between lower and higher airs. The air immediately
above the Earth moved at the same speed, thus keeping everything on the Earth’s
surface moving at the same pace. o o &

The arguments against geocentrism tended to be dxsxmsscd. pnnc:pz}lly:
because of the coherence of the Aristotelian system. Aristotle’s ‘chemical physics
held geocentrism firmly in its place. However, work do_ne in thf: Lyceum afuT-r h}s
death was already beginning to suggest important and irreconcilable anomalies in
his model.

After Anistotle’s death, the directorship of the Lyceum was passed onto two
important figures, the first of which was Theophrastus whp heads the Lyccun'f
for forty years (322 — 286 BC). Aristotle had met and bcfngnfied Theophrastus
during his exile at Lesbos. Although not the most ongmal“ of the two,
Theophrastus did extend Amstotelian ‘chemistry’ in his stud)j 'On Stones” a
systematic analysis of the reaction of diverse materials to fire. While some rocks
cracked, others melted (alloys), and some had 8o reaction at all. Perhaps his most
significant contribution was in the field of biglog_v, where he looked at pr;:blc;n
of spontaneous generation. He noted that it confld be ac;oumcd for by :h c

dispersal of seed in air or water but did, but ultimately did not quesiion. the
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qotion: In contrast to his friend, Theophmstus does not propose a

comprehensive interpretation of the universe. !

Steato, who later heads the Lyceum for half the time (286-268 BC), however
was the more orginal of the two. He makes detailed observations of motion and
qotices two things. The fisstis that falling water from a roof showed a continuous
flow at the top when first leaving the roof, but became discontinuous at bottom,
in that droplets formed prior to hitting the ground. He also noticed the enormous
varation of impact in free fall, according to height. For example, a stone dropped
from the distance of one finger had a negligible effect; however, the same stone
dropped from 100 feet would have a much larger impact, as if it were a boulder.
From these observations, Strato concludes that objects sped up as they fell.
Droplets formed in falling water because water could not retain its cohesion as it
picked up speed while falling through the air. A falling stone obviously did not
change weight before and after the fall, and hence the enormous difference in
impact could only be accounted for by an increase in speed. He also noted thata
vacuum does exist. One could blow air into a perfectly sealed tube, and create a
partial vacuum by sucking air out of it.

Strato’s work seemed to suggest a revaluation of Aristotle’s doctrines of
motion, which in turn would have inevitably led to a reexamination of
Asistotelian cosmology on which it was based. However, Strato never proposes a
new global doctrine of motion, and in this sense the tone of his work is very
similar to that of Theophmstus given the limited scope of their explanations. .

..\pollomust a brlliant mathematician active between 220 and 190 BC, argued
against lhc_ heliocentric system, an irony when one considers that his analysis of
conic sections would ultimately contrbute to the unraveling of Anstotelian
c_osmology. One problem with Anstotle’s nested spheres is that it did not account
for .plnncmry retrograde motion, as planets or ‘wandering stars” moved irregularly
;:l;g:msy the stellar bsskground. By Placing the planet on a secondary ring about

primary orbit (x'-.lhpse). Apollonius made the Eudoxian system more feasible,
accounting ‘for.theu backward vamation in path. His mathematical device thus
.hdps to maintain the coherence of Amstotelian model by accounting for some of
its most noxious anomalies, ¢
vcryT:‘t:)::em Ot}:‘rl:rsgumcm_s against hel'i?cenuism as well. I_’tolcmy prqvided
e cm“‘g‘“ﬂ_ﬂ“ svs[zp:ﬁ:gbgco‘hcul\mam. Hc no'(ed that 1f the doctrine of
e : ¥ y the lower air camed. all objects on Earth—

! nothing would be. able 10 move relative to everything else as all would be
carried along by the air. Taking a page from Asstotle, given that speed was
demhdwa\:]Oﬁ::‘;ﬂﬂl& w?glht. Earth's massive size would also imply that the

e e of the objects on it far behind long ago.

Jo tloponus during the 2ad cent AD expands on Strato’s work by
;nhk;:g two important observations. The first was that the varation in the time of
e fween two stones of drastically different weights will not be proportional t

eir weight. A stone 20 imes heavier than i 2 e
R g r another will not hit the ground in
S fe Kb ohbe air:‘.v oponus also Ob§ew_ed that if you held an object
R whatsoc‘v:xe]:mc‘l'bmc‘ it with a fan, the object showed

manif . t. The notion that an ‘arrow is carried by air’ was a
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false one in that the medium only served as an obstacle to motion rather than its
cause, Philoponus therefore introduces the idea ‘impetus” or a motive force’ that
was transferred from hand/bow to arrow, as if it were a substance.

In essence, Philoponus begins to undermine the physics of the Adstotelian
system in 2% century AD.

However, in spite of his innovations, he had little impact philosophically. By
his time, one can begin to see a decline in ‘science.” Again, because o'f the
comprehensiveness of the Aristotelian world view, minor ‘attacks’ would do litde
to unseat it from the common imagination. Even when the underlying physics
was discredited, the inability to provide a coherent physics led to continued
support of heliocentric model, a tightly packed intellectual system whose validity
would not be undermined by attacking only one portion of it.

Curiously, the geocentric system became much more cohesive dunng the
Hellenistic perod, specifically in the work of Ptolemy. Given Archimedes's
mathematical genius, it is somewhat odd he did not contrbute to its history.

Ptolemy

Prolemy’s Almagest is the culmination of Greek astronomy, being 2
comprehensive model of the universe that accounted for its movements with far
greater accuracy and precision than all prior work. The books’ tile originates
from its Arabic translation ‘the greatest work, indicating that it did supersede all
others that came before it. Its actual name was Mathematical Composition, not a
book to be read on a couch during an afternoon. Its detalled mathematical
exposition and its comprehensiveness helped guarantee the perpetuity of the
heliocentric theory.

Its core structure of planetary arrangements is based on Eudoxus. Prolemy
also admired and drew from Hipparchus, erroneously attributing the epicycle to
him. Hipparchus does offset the center about which the pamary orbit of a planet
moved or the “eccentric,” helping to further account for discrepancies of
planetary motion.

Ptolemy’s own contrbution emerged from dealing with the problems
associated to the calculations of Moon and Mercury that appeared in error;
Hypparchus had been unable to account for irregularitics of calculation and
observation of the Moon during the fisst and third quarters. Ptolemy ultimately
introduces the “equant”, whereby the rate of motion was fixed relative to an
offset point, a stratagem similar 10 the eccentric, but which only regarded ume
rather than distance. The problem of the moon’s motion is thus ‘fixed’ with a
deferent on Earth that is moving in the opposite direction as the moon’s own
epicycle. Similarly, the problem of Mercurian motion is resoivcd.by hz'v'mg an
epicycle move on an eccentric, which itself is rotating around a third point. The
complexity of the model is somewhat baffling. ’ 4

Ptolemy did recognize that there were inherent pxoblcn?s _\mh system. His
own innovation of the equant violated the Arstotelian P““C‘P!c, of ‘,ﬁ“.'c the
phenomena’ but curiously justified system on the basis of simplicity: While the
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constructed mathematical models were complex, to him the heavens were
ultimately perfect. For him, the observaton of the heavens made men nobler,

leading the mind to higher ains and truth than those of terrestrial concerns.,

The idea of progress

Is there Progress in human history? Is ‘hm'n-.mity destinc.d to continually
improve ot is it destined for collapse? Thc? idea of progress is also a cultural
construct, akin to the notion of Earth rotatiog about sun. However, rather than
being untouchable phenomenas that can only be imagined, progress 15 known
because it is experenced. We believe in progress today because we have lived
through a sedes of improvements in the present when compared to those of the
past. Scientific and technological innovations during the last five years have been
many. As we have previously mentioned, they include the discovery of the Higgs
boson at CERN, the ‘god particle’ which creates mass. Cellular phones have been
constantly improving. In the 1970s they cost $4,000 and thetr battery only lasted
one hour. Computers have shown ever more miraculous improvement. There is
more computing power in laptops today than were held in warehouses during the
1950s. The list is vast as it is extensive.

Yet the notion of progress is ultimately only a belief, a faith, which can never
be proven or disproven. It is a projection of the past onto the future. With some
6,000 years of civilized history, we can project only 6,000 years into future. But
we can rationally recognize that the future is relatively boundless and infinite.
What about 6,000 milleania or 6 million years? Do we have the ability to
continually improve science during that period? Is there some intrinsic limitation
imposed by the human brain to scientific activity?

, The human brain, after all, is not boundless, and there are actually signs of
hx§mdcaﬂy-mhti"e deterioration. Recent comparative studies have shown
chimpanzees to have better memories than humans, as we have become
dependent on external devices for their cognition. Also, can the morality of man
improves Will new technologies only mean new abuses of power? Recent events
involviag the NSA and Edward Snowden have shown that certainly to be the
case. The nise of the internet allows for an invisible intrusion into pravacy which
few citizens have the capacity to detect. .

chhgology has ch quickly, but the mind of man has not.

\vm?:r m:ef E::tgt;ss 15 (;lhus bascrd_on a seres of unpl.:ovable presumptions.
3 o Cﬁmc:‘n tions o hhi'c are no longer vm?sle: no humans and
G mmpmsxc. ml;on, . e c:zng:ﬁs oulfl perhaps be key issue of concern for

£ spilzg‘:;'ethei: : et'w'fm ]:11] the ld_ea of progress come from? .
ks G Grcl:l:]:r::m philosophical, astronomical and mathematical
achievements, ¢ ; y did not believe in progress. Some approached
it, but do not amive at it. Plato is rather typical in this s him. th
Demiurge created a world wh ioi S ot b

. S I ose onginal form was perfect. Plato thus alludes to
fect ciassic age poor to his, and in this sense the general tendency was to

perceive change as negative. The notion of G i
on of a degradation from an ideal point of
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ofigin led to a natural resistance to change, and was common across many Greek
thinkers. The Greek cultural notion of “moira” is suggestive of, but cannot be
ranslated to “fate” This pervasive Greek notion held that the world has an
innate order and structure, of which humanity was part but which it could not
transcend. This notion is akin to the great chain of being, how each animal
occupies a particular niche in the world: birds 1n the air, fish in the sea, etc. For
the Greeks, to merely suggest the notion that men could supersede their place in

the universe was to imply folly, to give men godly faculties they lacked. Man was
ultimately destined to operate within his *humanity,’ and could not transcend his

human form and place in the universe,

"The first inkling of the idea of progress emerges with the atomists. Epicurus
suggests the notion of progress, discarding the notion of a prior “Golden era”
He believed that men had ascended from brutes, which through a gradual sedes
of innovations improved their condition: fire, social insttutions as government
and marriage. However, it should be noted that the atomists also believed that all
would end up in chaos, and in this sense there was no linear progression to
history in their philosophy. Rather history was defined as an eternal serdes of
cveles of chaos and order. Curiously, there was nothing to suggest that the future
could not be a mere repetition of the past; the same history could be repeated
over and over again, as in the movie trilogy “The Matrix” (1999).

Seneca (4bc — 65 AD) comes closest to the notion of progress, recognizing
that genuine scientific discoveries had been made in the past. For him, humanity
was merely at the door of nature, and believed that the future would yield riches
far bcyona what he could even imagine. Posterity would look back to past and
not understand their ignorance.

There are many peoples today who are ignorant of the cause of
cclipses of the moon, and it has only recently been demonstrated
among ourselves, The day will come when time and human diligence
will clear up problems which are now obscure. We divide the few
years of our lives unequally between study and vice, and it will
therefore be the work of many generations to explain such
phenomena as comets. One day our posterity will marvel at our
ignorance of causes so clear to them.

In spite of this hope, Seneca could not escape the neg'fm'vc pessimism typical
of the classical world view. For him, humanity would ultimately be doomed by
vice; the wickedness of man would increase with the consequent dcvelpprpcm of
science and technology as these would provide new avenucs for its realization.

Yet the philosophy of stoicism perhaps best captured the Grgck worldview.
The Roman emperor Marcus Aurelius (121-80); who was al§o a stoic plnl(_>sophcr,
expressed in Meditations that the patterns of life were so periodic and'cydxcal, that
a 40-year-old man would not learn anything new: as hg would have witness all that
was already likely to happen during the rest of his lifetime. . )

Were the Greeks right; is there no progress? As it is a question of belicf, one
cannot answer it any more than one can Prove the existence of God. Tt 1
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interesting to observe the relanve absence of history of Greek civilization, given
that Greeks had been a relatvely ‘new society’ lacking a long record of history,
celative to that of the Egypuans or Babylonians, For the notion of progress to
emerge required a long span of history and detailed knowledge of changes in
society. The Greeks in this sease are actually rather typical of most societies in
that the notion of the inherent cyclical nature of history has been the
predominant view throughout most of human history. Socicties lacking a written
tradition by definition lack the possibility of an awareness of progress in their
inability to detect histoncal change.

The notion of progress oaly truly begins in the 16% century, during the
Renaissance and a distinct awareness of positve change and intellectual progress.

Dogmatists and empiricists

The history of Greek medicine raises other issues about the question of
‘progress?” Is there a hidden cost to the acquisition of knowledge that is not
cecognized? What ethics should a scieatist hold? Do we have the right to destroy
nature in order to obtain her secrets? Should there be moral boundaries with
regard to what scientist are willing to do to acquire knowledge?

Hellenistic physicians provide important clues to these issues, as Hetophilus
or Emsistratus. The most well-known ‘Greek” physician is Galen who, akin to
Prolemy, compiled all of the existing medical knowledge and hence becomes the
cqmpeadi@ of his field and its major point of reference. Their medical research
raises the issue of progress. How do we resolve ethical dilemmas? Do we justify
un¥nom.l acts because of knowledge thereby gained or do we deny this
mnomlmu(tn and abjure any immorality in the acquisiion of scientific
knoﬁcdgc? I'hese questions are sull pertinent as ethical issues still exist today in
m'cdqul research, so well documented in the case of Henrietta Lacks and o;her
minority victims of medical abuse.

2 There Lz t‘:mat! Greek medical philosophies on these issues: the
logmatists 1nd the et_npt_uasts.’ Note that these terms do not reflect their
fnodcmlz,:e;;mng: ‘empidcism’ IS not to suggest a focus on sense data and
Mdogmnt:ﬂ oes not allude © stubbpm’ physicians, although perhaps implicit in
p! osoph_v.. Dogmatsts believed that vivisection was necessary (o
understand the inner working of the human body, whereas the e iricists

- i o : Y, the empiricists
believed that medic: | knowledge had to be qualified by dignity. For the
empircists, thg phmcmn could not breach moral lines, and as a ct;nsequcnce
knowledge acquisition was thus characterized by a slow pace as inf 1 uki
only be gathered through th istic tres o S

& ugh the opportunistic treatment of disease. Only accidental
circumstances could be taken advantage of to leam about h : d
BRIl S scis The : 0 lear ut human anatomy an

I"&“_ e ses, se who practiced dissection have historicall ined
e e el 1 h storically refraine

Gﬂl"cnvmounly P f%:!“ good example of the empiricist medical philosophy.
i o humnnh skelcto_ns by sheer chance, as when he
ot i by himWhm'Ih suﬁc:xs an accidents had occurred. Two particular

e first was that of a thief who was killed by his
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{ntended victim, and the thief's body was left to rot by the afflicted community.
The bones were Cf)'nchucntly picked clean by birds, leaving behind a perfect
ckeletal specimen. The second case is that of a tragedy when a father missteps
while crossing a turbulent nver, falling into it and drowning: The body was not
recuperated for weeks, which is also picked clean by fish, providing another well
pxcscrvcd specimen for Galen. In particular, his ligaments even preserved. Galen
takes advantage of such ill-fated opportunities. He did not kill either thief or
father, but rather makes use of evidence provided by (mis)fortune to yield better
data on human anatomy. The same might be said of Louis Pasteur.

Given the prevalence of disease in human history, naturally creating hundreds
or thousands of case studies, this was a reasonable stance to take, and in fact the
dogmatst attitude is seen rarely in history. Its most ardent Hellenistic exponent
was Erasistratus, whom is routinely attacked by Galen.

It is important, however, to note that Galen also conducted vivisections—but
in a very different style and character to those of a dogmatist. Vivisection for him
was only to be conducted but under delimited conditions in order to possibly
yield medical knowledge. Galen believed that the medical rescarcher needed to
undertake many dissections before even beginning to think about performing a
vivisection; otherwise would miss important details in procedures that by nature
could only be undertaken under enormous time constraints. Dissection on apes,
specifically Barbary apes who were purposefully drowned for these purposes, was
stressed by Galen as a critical method to all anatomical studies. In other words,
vivisection did not necessarily provide a good biological methodology, resulting
in many medical errors such as those by Erasistratus.

The historical context is also important to understand the pervasiveness of
vivisection during the Hellenistic period. Crminals and slaves were very pootly
treated, lacking our modern notions of human dghts; These, for example, were
often publicly tortured in horrific court procedures so as to induce a desired
statement. Slaves are also often used to test the effectiveness of poisons, suffering
horrific deaths, This immoral social backdrop thus became a moral reference,
reducing the instinctive reluctance towards vivisection that is naturally felt

We should note that the practice was openly criticized by the early Chrstian
theologian Tertulian. One can observe a similar dynamic in modern 20th century
when Germany experiment on Jews and Japan experiment On WAr captives duning
World War I, That the human brain is a ‘relativistic engine’ implies that values
are not absolutely set, but are established by a companson o the surrounding
context. The evaluation of facts and actions rarely have Sntrnsic’ value, and only
in context do they acquire their respective importance and meaning. Similarly, it
is the theoretical background which gives significance and meaning to facts that
would not otherwise have them.

Hippocrates

Hippocrates (460-377 BC) can be regarded as the ‘Pmsocratic’. fathcr of
medicine, best known for the ‘Hippocratic oath’ that all modern physicians have
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to take before entering their practice. The oath's principal point is that the
physician 1s not to use his povileged positon to purposcful\y harm or take
advantage of the patient in his care; the physician will always seek to improve
health, even when he cannot. Some of the statements in the oath abjure
assassination. T will not give a lethal drug to anyone if T am asked,” whereas
others forego the promise of a full life upon its breaching. “Should T transgress
this oath and violate it, may the opposite be my fate.” As in matrimony, the
arualized public statement serves to ceinforce all too easily breached rules.

The “Hippocratic Corpus™ 15 used to describe a group of some 50 texts, that
were not all wrtten by Hippocrates, and do have an uncertain authorship.
Nonetheless, they embody a general and consistent creed in the calling for the
empirical study of disease and the identification of its matenal causes. We find
‘cold’ burt objective descriptions of observable phenomenon, the best example is
book Epidernics, whereby day by day analyses of 42 cases can be found which are
striking for their similanty to modem medical procedures. The information
gathered included estimates of body temperature, body color, with a minimal
amount of interpretation. Sixty percent of the patients listed in Eprdernics actually
die. but the authors still candidly describe their treatment and its efficacy. The
benefits of this approach are rather clear. The physician is leaving a record for
posterity, akin to those of Babylonian star charts. By placing their observations in
writing, the Hippocratic authors expand the range of information and experience
gc;: ;::K practitioness, whom are hence not be require to perform everything

Disease for the Hippocratic authors was not a random occurrence. Illness did
not hz!:pcn in an arbitrary and unpredictable fashion, a will of the gods, but
mther it was the _solc task of physician to uncover this pattern and idenufy its
cause. “'Phlcgmagc constitutions” tended to suffer illness, and were intimately
tied to the constitution of the body. The human body was composed of four
humors: blood‘, yeﬂt?\v bile, black bile, and phlegm. Curiously, they rejected the
four elements in their analysls by noting that the answers tended to be too vague
to be of any use, and in this sense their approach was more ‘pragmatic.” They
:m tz:or:u;::: ;:«'cts ncco::ing to the perod of emergence, “quartian”
L t appeared every four days and a “tertian” to one that

It goes without saying that the early history of medicine did not have ‘medical
pr?f&‘won’ per se, and hence could not tell who could cure. There were no clear
cnter of whom to trust, and.iaixhﬁd prognoses tended to occur only if the
doctor’ could accurately descrbe what had BEs g

Ul : t had already happened to the patient,
thereby gaining the patient’s trust. In other words, upon d i
md;f :;5"‘:;;‘:’3 t‘ﬂrl& physicians suggested 'thci?:fcon:z;nsk:z::;egdg: Z;
p on and cure.
ina?im that the Sl‘:cPhiSlS wete a body of men who charged to prove any point
q &om waters began making the distinction between ‘idiotes’ and physicians.

tes’ as one ma s 3
A y well suppose, were laymen without any experience in ‘art of
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Galen’s battles

Very little is known about Herophilus and the facts known about him are
only known as a result of Galen, a common Greek pattern. Nonetheless,
Herophilus did make important contributions whose terminology still remain in
much of today’s medical terms for organs: retina, ovanes, and the duodenum. He
was the first to systematically analyze the pulse, using it as a key indicator of
health. He finds that extremes of pulse did not positvely correlate with  for
health, and varied greatly over a person’s lifespan.

While Herophilus is a dogmatist, perhaps the worst case was Erasistratus,
who practiced vivisection with too much zeal. This 1s not to say that Erasistratus
made no medical discoveries at all.

Whereas Aristotle claimed that an inner heat ‘cooked’ food in the process of
digestion, Erasistratus identified mechanical causes of digestion in the intestines.
His opening of living torsal cavities revealed intestines that wrapped themselves
around food, pulling it along the way with its inner muscles, Whereas Arstotle
believed arteries and veins to have been different and separate systems,
Erasistratus showed they were connected somehow, and suggested the existence
of capillaries uniting veins and arteries. It is important to note, however, that his
was not a circulatory system. However, rejecting Erasistratus’s notions, perhaps
out of moral good will, led Galen to commit one of the worst critical errors he
ever made, an enormous medical blunder which effectively paralyzed medical
research for centuries.

What was the source of life? For, Erasistratus, the arteries were full of
preuma (air) which to him was the cause of life in all animals. The arteries in his
view were literally full of air, which raised the question why the body bled so
intensely when its arteries were cut. Erasistratus accounted for this outcome by
arguing for the role of the vacuum. When an artery is cut, pneuma was quickly
released from it, thereby creating an instant vacuum which pulled blood from the
veins into the artery, thus accounting for the effect of bleeding. Erasistratus
argued that the liver cleaned blood by removing bile via a series of gradient veins,
each smaller would allow blood to pass but would prevent impurities as bile. He
also argues the same procedure oceurred in the kidneys. Finally, the heart was
made up of one-way chambers, which allow blood to move only in one direction.

Erasistratus’s intensive use of vivisection led many to question whether there
were alternative routes to knowledge that humanely complied with basic morals,
particularly Galen.

Galen (129-199 AD) was born in Pergamon. A great deal is known about
Galen, much more so than others, due to fact that had been physician to the
emperor Marcus Aurelius and his son Commodus. Galen’s father had placed a lot
of effort in his son’s education, initially training him as a philosopher. It is not
generally well known that Galen wrote multivolume critiques of Anstotle, which
were unfortunately burnt in a fire at the Temple of Peace in Rome where they
were kept. Galen had the misfortune of losing many original texts during his own
lifetime. At the age of 16, his father has a ‘vision® and changes his son to the
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study medicine. Upon his gaduation, Galen returns (o Pergamon and becomes

s ~ician to the gldiators. This would be an important experience, as he
de;-dops a firm appreciation for dissection. In order to put body back ia place,
one need to know how it was organized onginally. ;

Social uarest in his home town forces his return to Rome, which he detested
calling it a city full of greedy backstabbing charlatans. After three years Galen had
enough, and was about to leave when he is called to become physician to Marcus
Aurehius, who had been initiating a campaign upon Germania. Strangely, when an
epidemic of plague strikes. Marcus Aurelius leaves the battlefront, while Galen
stays with the troops. However, when the emperor reinitiates his Germania
campaign, Galen is allowed to return to Rome where he establishes a successful
medical practice.

As previously mentioned, Galen becomes the "Prolemy” of medicine by
preparing a synthesis of all that had come before him. In this sense he was not
truly ‘revolutionary’ but mther provides a comprehensive and  systematic
exposition of pror discoveries; reference books are valuable even if do not
preseat new knm\"led_gc per se. The chaotic character of information leads to
value in its organization and preservation. As with Prolemy, his compendium
‘erases’ many pror medical texts in that his medical encyclopedia becomes a
more efficient (and mpomble) subsatute for the orginals. But to suggest that
Galen was a mere compiler was to provide a false notion of him, as in the case of
Prolemy.

Galen is as c.n‘n'cal of the Greek medical legacy as he had been of Aristotle.
Anstotle had claimed that all objects had a purpose, but in Galen’s 16 volume
study, analyzing the purposes of animals and their structures, he discovers many
features that appear to have no role whatsoever in nature. He notes that the
contrary was oft.cn the case; some organs were actually injurious to animal’s life,
as excessxvc!y big homs in mammals would lead to death in challenge or get
mnglcd. up in branches, preventing escape. He is also critical of Aristotelian
c\ar:gonﬁ and elcments.‘ noung that categories were often hard to differentiate.
Minute gradations of vanations are often difficult to separate; it was hard to tell if
an ob;cctfg ‘wet or ‘dry.” Counter examples could be provided, as in the
zcefs :;h, t. An object might be physically cold, but have great potential for
Pmst;:“n o t (Od':l}.‘ we would call a ch@cd reaction. A great deal of heat not
immc&o:gmlly 10 two substances might suddenly appeared in their mutual

In co 3 i :

: m:mst:.?la‘z:?t?ﬂc' Galea did recognize the presence of blood in the
hu:r,. ’P°. it as essential inpredient of life. In his evaluation of
Emsistratus’s interpretation of digestion, he fin i
el bt ha o, he finds that food was not just

- i to first tum into bile before undergoing
mechanical change. us also underwent a change of subst th uld
not be reduced to mere mechanical action: £ ; i s
ks b on; food was not just being broken up

&mall:t‘ £ wdergong a more substantive change.

In spite of his many important contributi s bi ; i
pertined to the beatt, claing tha b ﬂons‘ Galen's biggest medical mistake

o o owed through the thick inner wall of
heart. There ogical reasons for this argument. He measured the
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artery to be wider, and thus presumed that outflow did not match inflow. He also
noticed bumps on the surface of the septum (the heart’s inner wall), believing
these to be the place where capillary action was occurring. Knowing the outcome
of the process, Galen speculated about the existence of an internal mechanism he
could not directly abserve.

[s there progress in medicine? It is clear that medical knowledge is not ‘cost
free’s phyﬁiciaus do not merely go to nature and observe the birds and the bees.
The study of human anatomy was believed to require an active intervention,
specifically the obstruction of normal process to reveal its inner workings. This in
wurn implied two costly procedures: 1) dissection, which for Galen meant that
thousands of apes would have to be killed, and 2) wivisection which for
Frasistratus meant sacrificing the lives of hundreds of prisoners in torturous
procedures.

The legitimate and ethical grounds for the acquisition of knowledge is an
issue which extends itself to contemporary period. The United States medical
practitioner Cecil Rhodes in Puerto Rico during the 1930s was accused of
injecting victims with cancer, apparently caused by a romantic dispute. Whatever
the reason, the scandal forced to Rhodes to flee Puerto Rico, never to return.
Although a formal inquiry revealed no conclusive evidence, three letters which
had been found after the incident, wrtten in Rhodes’s own handwriting,
voluntarily confessed the crime. His case is akin to the syphilis studies of Afro-
American prisoners in Tuskegee, Alabama or United States medical practitioners
in Guatemala whose victims were purposefully also infected with syphilis to study
the disease: a crass violation of the Hippocratic oath. In all cases, physicians
purposefully harmed their patients to advance medical knowledge. It is often the
case that the weakest of society suffer in the hands of the prvileged: minontes,
criminals, and women.

The issue also raises the question of category. Should we extend human rights
to animals? Do they feel any less suffering and pain than we do? How many dogs
were needlessly tortured and sacrificed to discover the functions of the pituitary
gland? Does humanity have a right to act as the gatekeeper of the natural world,
with the omnipotent godlike powers these activities imply? What if we were the
subject of these experiments ourselves?

We might ask Seneca’s question: is humanity discovering new knowledge or is
it simply discovering new ways of doing evil?
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Science in the
Medieval Period:

Is There a ‘Clash of Civilizations’?

T {5 MILLENNIA AFTER 250 AD (250-1450) was marked by a decline of scientific

activity, roughly known as the Medieval’ period. Its distinct intellectual decline

can be bcsg‘scc‘u by a contrast of two respective thinkers, John Philoponus and

Isodore of b'cnllc.‘Phjloponus in 2 AD does work similar to that of Galileo. His

onginal lﬂSlghlSA mto motion, that the speed of a falling object was not

propomom] w© its weight, led him to the theory of ‘impetus.” In spite of its

ouﬁ;mhty, the nouonrfcll on deaf ears. By contrast, Isodote of Seville in 6AD, a
:;: ;zggrdcd‘schoh; in premodern Spain, undertook scientific studies by reading
wondc::othn:? .\'Il'fs hl:xmm stars sl?onc because they reflected the sun’s m_vs‘. It is no
classifying it c;n a sum].':f lcb\i'::iu:o‘::autlifsp}faks s:i)a B e ol
0 : ar leve the Sudan in Africa. This is not to say

hd;adt i::uiic act::;y dxs:;!ppcarcd comple'lcl)'. but there can be no doubt that it
seventeenth ceﬁanm' ::) wl'ascn::“ju:ws Shising e oS dieval era. As late as the
ptmg:s :\:::!odc b‘ e read:(j\?x—:):n‘:, bnfj:g\hv:zyxyspcred at monasteries: “one
st E!:eom thc:t:\'?;?:x Clilcnmcrcnzcd bya <_‘hsrinct shift in the foci of scientific
R o, s ::sel ; dEasL The medieval period saw the flourishing of
s c;rtamjy b‘:cn l:e Uthfc Greek legacy, without which it othenwise
e R Scic:;ﬁ “Ro‘ffulnﬂ?d)', Ehc Islamic Arabs did not come to
A e
undaries; their science was eternally ‘evolutive’ L e

a cudous historical puzzle: Why did they not? ve' xathec than ‘revolutionary.” It is
. &y not? The issue is by definition a negative
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topic, in that we are trying to account of the absence of something that, in theory,
should have existed, i .

The period is thus marked by two associated key questions. Why did science
decline in the West, and why was there no Scientific Revolution in the Arab
world during its Golden Era? Implicit is a hypothetical ‘why not?,’ underlain by a
broader query as to the relative absence of the Scientific Revolution in the Non-
Western world.

Yet the period also raises another interesting issue, valid in our time, Can we
lcginm:nc]y speak of science as an inherent feature of Western culture? Is
‘westernization' is the same thing as “science’? In turn, what political implications
do these definitions have? Science 1s sometimes depicted as an instrument of
imperialism, a claim more strongly made for medicine. Is Samuel P. Huntington
then correct in suggesting that the 21st century will inevitably be characterized by
the “clash of cvilizations?”

We may immediately observe that, since the non-Western world acquired
science (Arab) and the western world ‘lost’ science (medieval), this history and its
themes are not as clear cut as we would like them to be. Science, as a' cultural
form, is neither fixed nor eternal. Rather than seeing the perod in a black &
white or binary yes/no terms, we nced to presume a more nuanced gray
distribution curve occupied by a wider range of positions and combinations.

Unfortunately, this is a stance that is often ignored in the broader academic
community.

The dynamism of culture and history

Contemporary scholarship regarding science and power reflect to. some
degree the animosity with which science is treated. In some academic quarters,
such stances are surprising. We find passive aggressive attitudes; rather than
criticizing science openly, criticism is implicit and subtle. Phrases such as "¢/ afan
de la modernidad” contain an implicit attack on modern science and technology,
whereby modernity is characterized as an ephemeral trend no different from
fashion in clothing. Worst of all, such critiques are often made by scholars who
enjoy its fruits: driving the latest cats, using the latest computers and mobile
devices, enjoying air conditioners at home and at work, ete. Scholars that obtain
private benefit from that which they attack in public are patently dishonest and
disingenuous.

A strong animosity to science can also be seen in contemporary Arab Muslim
scholarship. In it, we find claims that reverse traditional definitions, amounting to
a distorted play on words: science as ‘fundamentalist” or the scientist as “Taliban.’
Science is characterized as a ‘religion, religious catechism or as an ideology
justifying imperalism. :

As a historian of science, it is shocking to read the gross distortions of its
history, Some of these are based on poor historical research, often using August
Comte (1798-1856). While Comte, a nineteenth century scholar who created the
notion of ‘positivism,” did invent a religion out of science, his story does not
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represent the entirety of science, and the philosophical history of ‘posiavism’ js
more complex than that used to portray it. Comte's work can actually be divided
into two periods. During the eady period, we find a rigorous and sedous analysis
of the stages human cultuml evolution. In a later phase, the ‘religion’ of
positivism emerges. Comte suggests that only select few could study science,
selects 100 books and buens all others—including all Greek works. Only the
study of ‘useful science” would be allowed, which meant that much of astronomy
would also be thrown out of his bizarre utopia.

How can we account for the vast differences in these two pedods of his
work? Dunng the first, Comte had been an outstanding student at I’olytcchxﬁquc_
cegulasly reading newspapers and being an active participant in the world. During
the second penod, Comte suffers through the psychological crises of a love lost,
Cloulde de Vaux, after which he decides to stop reading and loses contact with
the public domain. Hence his second period is characterized by a morose social
isolation. Extremist scholars in this sense do not take Comte as a whole but
md}er nitpick and chc?osc Fhose aspects of his life which are most convenient for
their argument, doing injustice to their subject. Comte’s well regarded
contemporary, _]phn Stuart Mill caticized the change, recognizing the enormous
flaws mhcnmtm the second phase. Comte is oddly similar to Alan Kardec
founder of ‘bpl'n’nsm.’ Kardec had also been a student at a Polytechnique, and
also foqns a religion, but of a much greater impact. Kardec and Spiritism become
predominant in Brazil and widespread throughout Latin America.

‘ Our observations, however, do not preclude that science has been used for
m‘icologzczl purposes, as shown by Edward Said. His work Onentalism (1 978) is a
;gorous analysis of \‘(fest?m 'studies of .lhe Middle East and India, typically in
rance af:d Eggh.md. Peaking in 19th period, there emerged “Orentalist studies.”
wlm:h snll_ exist in academic but are rather hidden away. Overly broad cultural
'sxmphﬁcanons existed in the field. Said notes that Napoleon’s invasion of Egypt
in 179§ ook an amy of scholars exhaustively analyzing the region, describing its
pyramids, Egypuan.a.xlmm, and so forth. These studies culminated in a 17
volume study, Desmiption de I'Egypre, 1809-1826. Said points out that, in spite of
their comprehensiveness, the French scholar all 1 ;
< ; : s all ignored Abd al-Rahman al-
{;bam,& specifically his three volume interpretation of the invasion from Arab
Said's piece is one of the most widel i
! S translated 7 v i
e Kt i comcxt{xaﬁz:s :;e books awadal?le. It gives voice
ideol e : power relations of colonial

OgF, catically analyzes the rhetoric of power. Said, who died in 2003
h°“" ver was surpased by the way his work was tak i s
Pl the Rierbint st l s taken. Right after the book was

: 1 in istel
message in @ pee Napster, Limeryire mm::;aus-ct:) ;;ssme tapes to distribute
ion. ‘Said had : ; Y , postmodern information
never inteaded his book to be 1 legitimizati i
form: all West was bad? 0 4 leginmization of Islamic
‘m‘im e .tnhsm. /as and all Islamic was ‘good.” More i
Said riticizes the presumption of cultuges as a static ph ey,
Another mportant analysis of the topic isst}:azc . :cn:amkem‘ :
Lo Machines as the Measure of Men (1989), he ﬂuﬂ £a by Michael :\c%n&
sophistication of Westermue. el » he evaluates bqw the technological
 shaped the historical appreciations of
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the Nonwestern other. Whea William Smith was on a geological survey of
Gambia River, local tibesmen were both aggressive and fearful. Upon scci}lg a
cartwheel for first timlc,d they were fascinated but would not run in front of it.
Machines offers a detailed analysis of Western interaction with Africa i
China, and provides a picture one would expect. Africa received af::: Ll\nﬁmu:;u?:
given the simple housing construction of palm, clay, which contrasted concxcu:
European fortresses. By contrast both India and China were held initally in high
esteem. These were complex societies, social structures, and majestic ;;alaccs as
the Taj Mahal (India). The Jesuit entry into China during the sixteenth century
praise Chinese innovations, as gunpowder and paper. If one were to guess in
1500 which nation would have been ruling the world five hundred years later, one
would have likely picked China.

What is most important about Adas’s masterpiece however, is his evaluation
of the dynamic character of these relations. The social appreciation and
interrelationship between cultural groups are not fixed because their respective
technological capacities change over time. The emergence of the Scientific and
Industrial Revolutions led to an enormous change in the evaluation of Chinese
and Indian societies. Although stll valued above African tribal communities, the
two declined after the seventeenth century. British colonial administrators as
McCauley noted that a single shelf of a British library contained more knowledge
than entire Indian libraries. The Chinese came to be defined as ‘despots,’ and
were now criticized for inability to innovate or adapt.

The Chinese were hard working, but stubborn.

Rome and the Decline of Science

The Roman period (190 BC-640 AD) of roughly 830 years had relatively few
scientific innovations, and were generally more focused on engineering and
technical marvels. There can be no question about the impressive size of the
Roman empire. During the late period, 235-641 AD, the population peaked at
some 75 to 100 million persons, spread throughout enormous swath of tertitory 9
million km? To place this in perspective, both the United States and China have
territories of approximately 3.6 million km?.

Needless to say, the Romans also had impressive infrastructures: The Roman
Coliseum held 50,000 spectators, and could be flooded for simulations of naval
conflicts, with an equally quick capacity to remove large amounts of water ina
short amount of time. Rome’s vast aqueduct system, maintained at a gradual
slope, guaranteed a constant supply of water. Its road infrastructure consisted of
60,000 miles, principally for the transportation of troops, which cndcd. up
becoming trade routes. The Pantheon is still today an impressive quasi-religious
structure, designed as an enormous sphere encased in a cube.

Most of these important engineering innovations were based on a key
invention: the arch. Its design distributes weight evenly rather than laterally,
allowing for much larger and ample structures. Applied on a three dimensional
framework, the dome leads to the construction of buildings with enormous
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empty spaces, offenng the feeling qf awe a.nd. sublimify that 'would. 'b¢
incorporated into Roman Catholic religious bmldmgs.as St. I’e}crs Basilica,
Roman scieatific activity, by contrast, came nowhere in companson to these
ineering marvels.

cngt.::e“n:g have seen, the decline of empire is a complex topic. Joseph Tainter
soted that Rome, as so many other empires, grew too big for its own good.
Input/output flows were unsustainable given the burden of government and the
costs of inefficiency. Its leaders, Toynbee notes, did not dse to confront
problems, merely repeating old solutions. Julius Cesar realized the state was
uosustainable. He toed to eliminate thousands of pounds of bread freely
distributed, but was also accused of sacking public funds to buy private favor.
Julius Cesar, incidentally, had been a historian.

Generally, there was a recognizable decline of elite culture, as power became
ever more concentrated in a few hands. The myth of Rome was that it had been
founded on heroic acts of sacrfice, endowing its citizenry a sense of virtue
lacking in later periods. Coming to rise as a republic, based on rational public
debate and consensus, the formation of a large nonproductive bureaucracy
ultmately set 1ts demise. An emperor is endowed with absolute power to solve
Rome’s ills, initially pledging to maintain a delicate allegiance with sepators within
a cult:;v of democracy, but soon abandon their commitment. Power is
completely usurped by the emperor.

.'I.he decline of state coincided with ‘barbanian invasions’ in a series of mutual
positive feedback dynamics which were self-reinforcing. A weak state always
invites attack, which further weakens it, promoting the ‘barbarian horde’ to move
1010 4 power vacuum, which continues to further reduce its power until none
remains.

By 408 AD Alaric invades Rome, sacking it for 3 days. Although defeated and
killed, the mudent shows how greatly Rome had declined. Germanic kingdoms
eventually form in Roman tertory. Theoderc takes over Traly’ in 493 AD
Cloveo takes France’ in 510. With the barbarian conquest, a quasi:markcl societ\:
is trnsformed into a feudal one, which would last for roughly another
millem?i\xmoru:hﬂ the lt::;hn nc::ktury where we again see the formation and
expansion url ets. The i iod i
marked by the Co“nglnmbus venture to .\mdcc:‘ilno{4!;1§ L
e
R ; ¢ ption to the rule. In 500
AD, Roman senator Boethius tries to salvage Greek knowledge, but is
imprsoned by Theodoric the Great and executed in 524 for allegedl cogcm‘ lottin
mmmmmtorhadcmbukcdonnﬁfgjoy ptogf
preserving Ancient Greek Classical knowledge by attempri Ll
works of Plato and Asstotle into Latin. Whi i m'mmtc a l‘he
Consolation. of Phi Boatin bk in prson, he 1s.able to write
h‘% believed that, in spite of the inequalities in
world, there was a higher form, merging platonic and Christi i
St Augustine of Hippo wrote City of God (427 AD, L
Rome, in order to account for Rome’s problems \ug)u::z:tlg e tghle ;:lcl;sng s
and -5 epicts glo tory
constant wa between the Devil and God. The Farthly City of Man’ with its
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penshable pleasures contrasted to the heavenly ‘City of God’ where men were
focused on eternal religious truths. Truth could not be sought in the world as its
most significant achievements, empires, coliseums, were all penshable goods that
would ultimately decay over the long run. Men had to thus turn away from the
Earthly world to focus on the cternal aftedife. St. Agustin had created anti-
empirical attitude, formally adopted by the Catholic Church as its official
doctrine. This emphasis is repeated again in 1962 during the Second Vatican
Council, declaring itself to be in a ‘war’ with the Devil, whatever than meant.

For Augustine, all objects in the world were religious symbols and hence to
be interpreted as such. Everything had a double meaning and the purpose of
intellectual effort to get at an object’s double meaning, marking a distinct shift of
view away from the objects themselves into a ‘literary’ interpretation of the world.
Galileo’s book of nature, mathematics, in this period was in effect the Bible.

The anti-scientific attitude was also greatly influenced by the predominant
social structure of the Medieval period, feudalism, a social structure inimical to
scientific activity. Its principal features were established by Charlemagne during
the Carolingian period (742-814 AD) in what we now call Germany. Charlemagne
became the First Holy Roman Emperor in 800 AD so as to save Rome from
foreign attack. In order to increase his military strength, he created vassals, giving
these land while moving them around to keep their own power in check. This
tactic proved to be very successful, and Charlemagne leads 44 successful
campaigns with 8,000 men. Naturally, the early success of feudalism led to its
perpetuation throughout region, particularly so under the continually growing
environment of chaos, violence, and disorder. Yet feudal institutions had actually
preceded the fall of Rome, but were not as widely used prior to it. Europe during
the Middle Ages becomes a military society.

Although lord and vassal made up only 1% of population, it held tight control
over all resources. The relationship between lord and vassal was, in theory, a
relationship of equals. In its formal ritual, the vassal pledged his life to the lord,
and the lord in turn provided a benefit to the vassal, typically a usufruct or ‘fewds’
(Spanish). The vassal did not own the land, but rather had a right to enjoy all of
the benefits derived therefrom—Dbenefits which became hereditary. Its impact on
the European economy and social system were immense, leading to a gross
overall reduction of agricultural production. The protagonist’s main interest was
that of social status rather than financial gain or productivity. While in theory a
vassal could pledge allegiance to only one lord, he tended to have many—which
could lead to dual conflicts. The stagnation of its economic system was somewhat
alleviated by the Crusades.

The basis of it the entire system was, of course, the lowly commoner, whose
tights and responsibilities were more similar to that of slaves than might be
imagined. The commoner was locked into the teritory he was bom in. Initially
the system had not been that bad, as the commoner was usually judged by his
peers in public court. However, the gradual encroachment of lords in the courts
meant that most decisions were only taken with due regard to the lord’s own
particular economic interests. A sense of justice and faimess is lost. Thc
commoner bore the brunt of medieval society across too many 2 gencrauon.
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Medieval rebellions were often attacks on mgnastcu’cs; bo(h castle and

monasteries became Janus-faced symbols of protection m?d repression. :

The rise of the castle and the monastery coincided with the drgsuc decline of
cities and urban areas in general. The population of Rome ;‘md Paris fell ro 4,000;
cities are essentially abandoned. We do see the invention of the stccl.pllough. very
valuable specifically in northem sections of I.‘Zuro'pc Wllh llfglltff humidity and rich
undergrowth, leading to the creation of medievalism’s dns_uncm'c lqng agncull_uml
plots. Another innovation s the use of three crop rotation, .'.tllo\m;\‘g for soil 1o
replenish itself with legumes. The abundant nitrogen in the air, 80%, could also
be ‘fixed’ into the soil by lightning, but was obviously not a reliable source. The
‘fixation of nitrogen’ via synthetic fertilizers would not emerge untl the 20th
century in Gemmany.

Why was the social structure of feudalism so imimical to scientific
development?

Broadly speaking, there were a lack of incentives to the practice of science
that we find in modern society, Specifically, 1) there were a limited set of social
roles an iadividual could play in society: commoner, monk or warrior (vassal), 2
theze existed no market for technological goods, and 3) currency generally did not
exist as most exchanges oceurred in the former of barter.

A similar dynamic repeats itself during the Brazilian slave society of the
colonial period with egregious levels of inequality. Slaves lacked education or
discretionary income, while owners who had wealth and education were not
interested in labor saving devices. Even if one assumes an abundance of any
creative geniuses, no market existed for their innovations. As long as feudalism
dominated the social landscape, there was little probability for science to emerge
as a self-sustaining professional activity.

Fortunately, there were other underlying social determinants as urban
capitalism, which emerged as a favorable precondition for the fifteenth century
Renaissance. As market relations increased and urban regions emerged, there was
a consequent reduction in feudal relations, indicating an inverse correlation
berween .thc two, feudalism and capitalism, The emergence of the marketplace in
Euxopc is described in Ferdinand Braudels masterpiece. The new sources of
income freed the commoner from his dependency on the lord, allowing for a

much greater movement to urban areas, increasing market demand, stimulating
the creation of new goods and services, and so forth,

. It is important to note, however, that this form of early capitalism is markedly
glffcxcm from twentieth century capitalism. They are two entirely different
d:‘:;;.a ;:db;hl: ugf:r:;er cannot bc used as a justification for t?:e later, so
o 2 Tporate entities, \'as:l.y‘ unequal power dynamics, markets,

Capacities to eater into productive functions,

Eaxly capi(a!isn? was characterized by exchanges between individuals, rather
than their exploitation by mega corporations.

Catholicism and Science

What is the relationship between religion and science? Were certain religious
sects inevitably tied to the Scientific Revolution? Was Chustianity as a whole
«destined’ to have a Scientific Revolution, in contrast 1o the ‘idolatrous’ Islam ?

Science has at times been used in attempts to give greater legitimacy to a
particular religion or sect. Such propagandistic purposes imply that a given creed
has a closer link to truth (and God), and hence somehow more ‘legitimate’ than
other creeds. Given the cultural instability of science and religion, it is in fact
difficult to prove a particular relationship.

Christianity is not a ‘single religion,” but rather 15 a broad umbrella composc.d of
VALOUS Zroups and denominations, each with its own sectanan subdivisions.
Protestantism itself is a huge umbrella divided into further groupings: Baptist,
Methodist, Episcopal, ete. Although Catholicism contains a simplcr‘dxvisxon at an
organizational level, being more socially ‘cohesive,’ there does exist a mnge of
varation within it: Jesuits, Franciscans, Dominican, Carmelites, etc. Similarly, there
has been a substantial amount of doctrinal change and ideological complexity
throughout its history. What is nature of soul? At one point, the Catholic Church’s
notions were more similar to Indian reincaration than one would presume, but
eventually evolves into its current view. One should not presume homogeneity withia
Chdstinn.ily in its organizational or theological aspects. :

It has been typically argued that I’totesmntism was more fn\'qmblg o science,
a key proponent being Robert K. Merton, who 1n turn dc.nvc‘d inspiration from
Max Weber’s famous tract, The Protestant Ethic and Spirit of Capitalism (1904).
Allegedly, one’s inability to know if one would go to l}c:t\'ep cngoumgtd
continual good works on Earth. This psychological oncn.muon, in turn,
stimulated frugality and savings, serving as the fognc!auon for f:apxml
accumulation and the formation of what today we call capitalism. As credit card
indebtedness rates in the modern world indicate, the general .bchayioml tendency

for individuals is a negative feedback loop: any income obtained is usually spent
on current wants, with litle or nothing to account for future qccds.
Protestantism’s ideology led to capital accumulation and served as the pnmary
engine of modern capitalism. . - . 5,

Similarly, Merton noted that Protestants had higher participation rates 10 early
modern sci.cnce, as revealed in the statistical data. 62% of the members of Royftl
Society were Protestants as were 80% of correspondents to the Frcnch-Cathphc
Amde;nie des Sciences. Between 1543 and 1660, only 3 who adopted Copcmxcamslrin
were Catholic, while during the period 1550 to 1750, the percent of Catholic
scientists declined from 23% to 9% of the total, while the Ca!ho!lc popula.non =
whole increased to 30% in Europe. Catholics are dxspropomombly
underrepresented in science.

It is important to point out that Merton was 00
as a whole, but rather alluding to a subgroup within
an argument for broader Protestantism is somewhat '
Protestantism, Martin Luther, openly rejected Copernica
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catly leader, John Calvin, did 5o as well. United Stfues Baptists as a whole haye
also shown very low science participation rates, while Protestant Sweden records
2 marked decline as a scientific nation dunng the nineteenth century.

Catholicism also reveals a complex relationship, as the case of the Jesuits
demonstrates, formed as a part of the Counter-Reformation to defend the
Catholic faith against Protestant encroachment. The Protestant revolution
stressed that a relationship o God was direct, and all members had the right and
obligation to personally read the Bible. By contrast, under Catholicism the
relationship could only occur through intermediaries of the Church, and its
members could not access the Bible personally.

The process now known as the Inquisiion gave the Catholic Church
enormous social power. Key dates to this history include the meeting of the
Council of Trent in 1540, the formal formation of the Inquisition in 1542, and
the Indexc Librorum Probibitorum (Index of prohibited books) in 1543. Paradoxically,
the founder of the Jesuits, San Ignacio de Loyola, had a philosophy which
promoted education, proposing that knowledge and education were a means to
God. As with Protestants, good works had to be known on Earth. However, the
Jesults were beset by a problematic epistemology: the doctrine of probabilism
smfed that 1f s<?mcthh1g was true if it had been previously theologically proven.
Th:a led to a bizarre eclecticism that although a rich in its diversity of ideas and
notions, prohibited the resolution of contradictory views. A vast gamut of diverse
ideas tended to coexist alongside each other in blatant contradiction.

! By c?ntmst. the procedure of modern science is a harsh one, where ideas
‘;omPete RSt each other and.a:e rejected.; it does not consist of a relativistic
h::it:l:gg;n (:f, :sax::;::ﬁga iI;asso<':1au.or.x. \Vh;n an ccliecl;icd philosophy assists a

: s comm maintaining coherence by reducing the probability
:: :e«';‘c:;l I::nt:ﬂxcstgt will havelhom:;l: consequences for its intellectual growth and

. Science uires t 1 fecte
e re;]ﬂ i .:;)mt‘: ideas be rejected and others be
debite/ eiebariee of dca ectual ngor of utmost honesty and fair

ideas.

Typically, an Inquisitoral accusati i tndivi d
- Shemiine s anlon meant the ruin of mdxfrxdual, as these did
e g commonly take for granted today. The accused could
Y e nature of the charges brought against him. T hey did not have the
fght to counsel (lawyer), and did not even have the ;

A en have the right to see all the evidence
peessiied sgsinst them. Worst of ll,they could be held endlessly in jail without
any reasonable expectation of release. 3
'unholyl?vsot:;twm body would confiscate entire libraries on the basis of 4 single
P g T b Bk o bk o
B b o kS
Boak effcisnify! the uithas coulc{ ;Ctgally lacked the manpower to evaluate each
been lost. Without any clear ide fa'mauy S | colesnasiohig

€a of its finalization, the inordinate length of trial

and uncertain: 3 i

all b:l:;:@ngsty B:ifrl::]c’:::c cel more often than not forced its victims to sell
bankruptcy, destroying f,:,m:;ma;d"“‘, one’s family would inevitably end up in
debate. » A0d creating an environment hostile to open
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Of all Catholic countries, Spain was perhaps the worst case. The arbitrary
nature of the proceedings and their extreme cost, led individuals to snitch on
each other; it was better to preemptively accuse than to be accused. Rivals could
be ‘neutralized’ in the process, never knowing whom the actual accuser had been.
The Inquisition created an irrational ‘climate of fear’ with its predictable impact
on intellectual and economic progress.

The Inquisition had an enormous amount of social power, the power over life
and death by determining whether or not an accused would be burnt at the stake.
It could be pointed out that the total number of persons killed in this manner was
low. During the seventeenth century ‘only’ 1,402 persons were thus condemned,
amountiog to 2% of the population, in contrast to the 33% who died as a result
of the Bubonic Plague. Nonetheless, there can be no doubt that the potentially
high costs of arbitrarily being accused—the loss of one’s life—would certainly
place a chill on any form of conversation, be it scientific or not, and therefore on
any sort of intellectual development.

The exact nature of the impact of the Inquisition, however, becomes hazy
with regard to specifics of science. There certainly were scieatific authors in the
list of banned books, Galileo and Copernicus being the most well-known.
However, it was not a strict ‘scientific’ denomination per se. That is to say, not all
natural philosophers were placed in the list of prohibited books. Throughout the
perod, these tended to be defined principally according to religious
denomination. Protestants were thus much more likely to end up in list. The
Index also did not distinguish “magic” from “natural philosophy,” “astrology™
from “astronomy,” etc. Of all the 5,420 banned works (1559-759), only 759 could
be classified as being scientific.

Tragically, the Inquisition’s most active period, 1616-1640, coincided with
apex of the Scientific Revolution.

Samuel P. Huntington And George Sarton

Is there a clash of civilizations? The prior sections have hopefully shown that
the topic is more complicated than is usually assumed. Societies and institutions
are not homogeneous entities, but rather a mixture of interests in constant
competition, perhaps not unlike Heraclitus’s image of a bow under pressure.
Thomas Hobbes is right to some degree, and naiveté is often blinding to internal
dynamics.

While we might presume that science is inherently ‘Western,” in that the
Scientific Revolution did not emerge elsewhere, it is clear that there are many
exceptions to the rule. The Romans were not ‘scientific’ in strct sense of the
word, and actually developed an ‘anti-scientific’ view: the existence of Platonic
mysticism or its orientation towards engineering and practical applications were
ascientific in character. Both Protestantism and Catholicism show a rather
ambiguous relationship to science. While the Jesuit sect was empirical and valued
education, it was unwilling to identify and discard conflicting clauns The
Protestant founders, contrary to what one might expect, were initially more
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antagonistic to Copericanism than the Catholic Chuzch 111 mddrl If“zl“““‘.‘d.\‘- the
underlying spisit of free inquiry found in the former sumulated its adoption over
- llfl):\g\-:uv:;. the broader noton that modcmizat'ion. as defined by science, is
‘Western' is a problematic comemion.AHistory is far too complcx‘ for easy
generalizatons.  But, what did Huntington actually mean by ‘clash of
awvilizations'? . y £ .

The notion first appeared in a Foreign Affairs article of his in 1993, lene title
was not a statement, but a question primarily directed to an interpretation of
global politics during the post-Cold War era. The Berlin .\\7:111 had ‘fallcn tWo years
eadier, marking @ decisive shift in the world of international relations. For some
fifty years (1945-1991), Cold War politics had dominated the air waves, defined as
an 'itieologicnl conflict between communism and capitalism. Huntington’s main
argument was that the lines of rupture and conflict would shift during the period,
mcreasing in occurrence along cultural boundaries rather than ideological ones.
The Soviet Union eventually broke up into more ethnically traditional lines.
Global events thereafter, as the Hutu-Tutsi conflict in Rwanda, have
demonstrated the validity of Huntington’s notions.

But Huntington did emphasize in a later work that ‘modernization’ was not
the same thing as ‘Westemization.” Western nations were ‘Western’ before
becoming modern. By this, Huntington ‘alluded to a set of particular cultural
traits: the tradition of political democracy where decisions were usually based on
general consensus, and individualism, by which he meant the existence free
choice in a community, and so forth. He notes that all nations pick and choose
cultural elements which are deemed to be the most suitable. Humans in this sense
are no different from the capuchin moneys of David Attenborough's “Planet
Earth” (2002) documentary. One member discovered a plant with insecticide
properties, and all others followed in imitation due to the plant’s obvious
benefits.

_Yet Huntington poiated out the rony that modernization often results in
‘anti-westemization,’ suggesting the pattern of a typical bell curve. Modernization
is ad9pted because of perceived benefits, but tended to create negative feedback
reactions. At the state level, leaders often sought to distinguish themselves from
former c.olonm]. powers by reasserting ‘national values. At the at individual level,
the postindustrial Durkheimian anomie incurred by modernity or the anonymity
of large urban spaces negatively impacted interpersonal relations, described by
‘Gcorg S.lm'fml' led to a rejection of the industrial society. As individuals
modemized” and began to live more isolated lives, they reacted to this
souolog:‘cal'vacufxm 'b).’ Wantiog to tetumn to a former sense of community. The
use of “Odenulism’ implied 2 mythic image of a volk pre-industrial tribal
community ruled by social harmony.

Aside from its similarity to Nazi ideology,
dynamics of tabal life, ignoring the resultant problems from having all spheres of
“ul‘l’ll;}'—fﬂmﬂy, work, friendship—conjoined into one another. A rupture in one
:::tn n::;d::; l:sosss(i’{l'hc support of the community would lead not only to social

y murder. One of the benefits of modernity, at least, was
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this view incorrectly portrayed the

the existence of discrete psychological spaces whose members do not interact
with one another.

There were certainly transitory cases of ‘torn countries,' whose leaders
recognized the importance of 'modcmiznnon. but whose visions conflicted with
that of the rest of the population. Trained in western elite schools in the United
States or Europe, their leaders’ ‘competitive’ presumptions often clashed with the
collective values of traditional society, the best case being that of Turkey. Its
Western-educated elites clashed with its Muslim majority, but at the same time
were not recognized by Europe as truly ‘Westernized’ thus were often not
allowed info the club.

Huntington also makes other important observation of these changing
cultural dynamics. Consumerism was often misunderstood for Westernization, as
the purchase of modern industrial goods do not necessarily entail adoption of the
values of the societies which created them. A justification for a global trading
system also was distorting its history. Specifically, greater trade did not necessanly
lead to peace, and worst still was often used as a rationalization for the excesses
of capitalism. Huntington points out that in fact, greater number of encounters
tended to exacerbate unknown differences between societies. The high level of
United States consumption of Japanese products during the 1980s, for example,
led to a consequent mise in the animus felt towards Japan without making North
Americans necessarily more “Japanese” during this period. In fact, the idenuty of
an individual varies enormously within the context they find themselves in. Two
women engineers holding a conversation might identify as female 1o room full of
male engineers, but adopt their respective Batish and Freach cultures in an
isolated exchange.

The notion that science is ‘Western’ has its own curious history. Schools in
China and Egypt during the nineteenth defined science as ‘universal,’ and hence
tended to take a broader ‘natural philosophy’ approach. This allowed for a closer
linkage and association between modern science and the native culn.xrc
(Confucian thought). Definitions which tended to be more technical, according
to this view, tended to prevent this diffusion of science into a local culture. 'I.n the
twentieth century, however, a marked change could be dctcc:c'q. spec:lhcally
during the 1920s and 1930s as science was increasingly defined as Western”

The formation of anthropology and the greater interaction with prmiive
groups also encouraged this differentiation. For Lucien Levy Bruhl, the ‘savage
mind’ was a derogatory ‘prelogical mind,” a view which was sharply rcbl‘xkcd by
Bronislaw Manilowski. Living with Tonobran islanders for years, Mantlowsky
noticed that Melanesians were astute observers of nature, and would not have
been able to survive without it—such as their impressive skills of stellar-guided
ocean navigation. Although containing a comprehex}sive body of knowledge, l}l;:
fact that they had not codified onto paper it in a Western manner ‘covuld not
taken as evidence of its absence. The increasing recognition of Nonwestem
science’ actually led 1o an exploration of this knowledge base, spgc:ﬁcall)' of .Laun
American Indians knowledge of surrounding plants. Thg t\vcnue‘th' ccnn'u) \:as
thus marked by a notion of the divergent cultural vanants qf science,’ and 2
greaterinteraction than that which had existed during the colonial pedod.
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However. do the continuing cultural contlicts between groups imply that
there is there no hope at all? George Sarton, founder of the field of ‘history of
science, believed there was hope for the future. ;

A Belgian doctorate in mathematics, Sarton worked at (I:\rf}g;,nc Foundation
for International Peace for a number of years, extensively writing in the field,
\While his Introduction to the History of Science is now rather obsolete in its historical
methodology, parts make for an interesting read. Oddly enough, Sarton
considered himself mainly an ‘arabist,’ entedng into strong debated with Hensi
Pirenne. Pirenne argued that the Islam invasion led to fall of the West; by
contrast, Sarton emphasized the intellectual contribution of the Arab world in the
creation of algebra, their role in the diffusion of Hindu numeral system, and so
forth.

Sarton believed science and its history to be the ‘new humanism’ a new
‘universalism’ that would unite humanity in places where men were inevitably
divided by religion. While humanity would inevitably disagree on pnrticuln’:
religious points, all could agree on fundamental scientfic truths. In essence,
science could provide backbone to international peace in our tumultuous world.
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Islam And Science:

Al-Hazen and the Tragedy of Arabic Science

T MIGHT SEEM STRANGE TO A STUDENT the notion that the rise of the Roman
civilization does not necessarily constitute proof of a scientific culture. In fact, the
history of science as a study of ideas cannot use urban growth as an indication of
intellectual change. Humanity emerged out of Africa and spread throughout the
world without an inkling of scientific knowledge. Similarly, populations have
grown and cities spread without their sciences or technologies necessanly
increasing in sophistication. Fighteenth century urban regions in the United
States lacked the steel reinforced concrete that so characterizes their 20th century
counterparts, but grew nonetheless.

Facts are not “out there,” waiting only to be discovered and seen in order to
be understood; they have to be interpreted, analyzed, digested and debated before
a claim can be validly established. Arab scholars, for example, often crticized
Ptolemy, validly noting that the equant’s role could be interpreted using only old
tools as the eccentric and the epicycle. While this might appear bizarte, it is no
different to the dispute between Brahe and Copernicus’s cosmological models:
two different models accounting for the same facts. “Facts” do not speak for
themselves; they are not necessarily clear cut, unquestionably demarcating their
interpretation. The eyes, as Al-Hazen noted, have to interpret in order to be able
to see.

Arab scholars paved the way to the Scientific Revolution in more ways than
can be imagined—and hence the ultimately tragic nature of their history.

Arab civilization

Islim emerged from the Arab peninsula during the scvcnth century.
Mohammed is a complicated religious figure whose religious expressions 10 the
Koran appeared in a chaotic and disorderly manner. His death in 632 AD led to
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A0 intercene battle, forming what are now its two princi‘pal \'an".m(s: Sulxmi aqd
Shiite. The following century is marked by a mpl.d expansion out of Saudi .-\.rabm
and into the Middle East under the Umayyad Caliphates, stabilizing by the middle
of the eight century. r . ‘

This vast expansion inevitably brought the .\I}nsluns nto. contact with
Hellenistic culture, as that which still existed in relatively small Pockcts. There
Wwas some amount of translation of Greek-material by Persian officials at first bur
lacked any sort of systematic character. Islamic culture peaks perhaps in southern
Spain; Seville, Cordova, Toledo were advanced and sophisticated urban center
with conveniences similar to those of modern life. These included illuminated
street lighting, a vast system of aqueducts, and gravity fed water fountains,

Islam’s eadly rapid and tumultuous expansion, however, meant that any type
of agorous scholastic, academic, or intellectual activity did not truly emerge until
the very end of the Umayyad period, when a minor caliph requests alchemical
translations in order to gain an ‘edge’ after failing in a bid for power. The Abbasid
Caliphates thus initiate an “Amabic renaissance” after the ‘empire’ is established
and relanvely settled, creating a seres of social dynamics not unlike those which
occurred at a later date during the European Renaissance.

The expansion has unexpected cultural bepefits, the first being that the
Arabic language becomes the lingau franca between many different ethnic
groups: Berbess, Persians, Hindu, etc. This common language drastically increases
the pool of information available by allowing for the easier diffusion of ideas and
concepts between each ethnic group. The expansion in and of itself also requires
a general attitude of open-mindedness by Muslim caliphs in order to be
successful. The Muslim caliphs were open to ideas and notions in other societies,
given that the approach eased the unification of such diverse groups within its
domain. That the expansion implied a broader social base, led to what might be
referced 10 as the, ‘Home Depot effect.’ The unified character of a vast region
implied a rich synthesis of intellectual diverse notions. Muslims meet new ideas
from both ‘West' (Greek philosophy from Alexandrian) and ‘East” (mathematics
from India), This dynamic is further stimulated by yearly migrations to Mecca,
whereby diverse person from the distant corners of the Muslin empire were
brought together into a single geographic space and, by definition, interaction.

Two distinct groups form at the extremes of empire, Whereas the ‘eastern’
camp at Baghdad acquires a more mathematical character, the western camp in
Spam_ lms‘ 4 more ghﬂosophicnl onentation with strong Asistotelian influences.
The bp}n@h camp is far more conservative than its eastern counterpart. Rather
than rejecting Ptolemy’s equant as in Baghdad, they abandon the use of epicycles
and eccentric altogether, making a backward turn to Aristotelian nested spheres.
However, by this time, the formal abandonment of Ptolemy was impossible given
the accuracy of his astronomical predictions—calculations which simply could
ot be done under the old Aristotelian system, and why they had been abandoned
in the fiest place. :

[tis illustrative to compare the Islamic expansion to that of the Mongol under
S[:‘::]s Kbanﬁhnlfa millennium later. Tn spite of its severity and exter%:;on, the

xpansion came and went without leaving a single cultural trace behind.

12

While the Mongols did in fact put an end to Islamic hegemony ia the region, it is
Arabic culture, through its written literature, that not only outlives the Mongolian
invaders but is even adopted by them. In the middle of the thirteenth century,
Muslims lose their grp over the region in w‘hat might be loosely characterized as
a prolonged ‘two front conflict’: The Spanish Reconquista at one end, and the
Mongol attack at the other. 0

[slamic interaction with Greek Hellenistic culture begins in Alexandria, being
one of the most important centers but was not exclusively limited to it; Antioch
(now Turkey), Harran in Mesopotamia and Bactna in Asia Minor had also been
important point of cross cultural dlfﬁ;sioxl. As we have seen, the prncipal traits
of Hellenistic science were its technical and practical outlook, which in turn
facilitated its entry into Mushim culture. The relative absence of general
philosophical traits in this particular case eased its ‘adoption’ into the Arab world
by showing no apparent ideological conflicts, although conditionally as we will
see later. Hellenism is also used as means for religious propaganda; it is tumed
into a mechanism to explain Islamic faith in non-Islamic terms, in a defense of
faith through ‘reason.’

The important translations from Greek to Arab begins under the Caliph al-
Ma’mun of the Abbasid dynasty in the capital Baghdad, which had beea founded
in 762. The story is told that the caliph had a dream about holding a conversation
with Aristotle. He asks Arstotle what was the true nature of ‘the good,” to which
Aristotle replies that the source of all good was reason, whic.h superseded religiqn
and public opinion. Al-Ma'mun then begins an organized and systematic
translation of all known Greek works.

Key traits of Islamic science

The three centuries' long Abbasid Caliphate after the final gcqgmphic
expansion of Islam thus marks a ‘golden scientific age’ in Arabic society. Its
leading thinkers write and study Hellenistic thought, typically replying uvxrthc fon"n
of marginal ‘commentaries’ in the translated texts. The House of Wisdom in
Baghdad, where this activity occurred, is created in 814 AD by Harun al-Rashid
and his son al-Ma’mun. The activity of translation had been prcccc.icd’ by
Mohammed al-Fazari, who translated astronomical works form Sangkm. The
House of Wisdom becomes a leading research center, \villi.Hufiay'n xbnAIshaq
(808-873) as its director. The translations were often from Synfm into Arabic, the
Nestorian Christians serving as first translators in this enterprise. To ugdctstand
‘scientific texts,” it was often necessary to translate olhc'z philosophical texts
beforehand; in the process, a vast number of commeatancs were p::ducc:. A
total of approximately 65 scholars worked in the House of Wisdom, 47 of w 'I?hm
exclusively dedicated themselves to the direct transition of Greek _wor_ks e
carliest translations were often undertaken by literary scl}olafs, resulting in texts
of a poor quality as they could not understand the scientific contents of the
original versions, Ptolemy’s works, for example, were undertaken over the years,
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with each new version fixing erfors of previous editions: 827 AD, 885 AD, 90y
\D'(;;;mx Muslim  thinkers began recognizing  the enormous  value and
influence of Greek philosophy. Al-Jahiz (d 869) in the Book of Animals gives credit
to Aristotle, while al Al-Kindi (d 870) On First Philosophy notes that truth was 5
universal good that must be sought out regardless of where it would be found,
The appreciation of Greek thought is aptly verbalized by al-Wathiq in 847 AD,

Our share of wisdom would have been much reduced, and our
means of acquiring knowledge weakened, had the ancients not
preserved for s their wonderful wisdom, and their various ways of
life, in wntings which have revealed what was hidden from us and
opened what was closed to us, thereby allowing us to add their
plenty to the litde we have, and to attain what we could not reach
without them.

Inevitably perhaps, this interaction with Greek culture eventually produces
onginal research and discoveries. One of its most important scholars is Al-
Kywarizni (850 AD), inventor of algebra. His book On the Caleulation with Hindu
numerals is also responsible for the spread of Hindu numerals throughout the
Middle East, and ultmately Europe. It was loosely translated into Latin as
Algoritri d¢ mumery Indoru, giving us our term ‘algorithm.” Ibn Rushd, also known
as Averroes (1150 AD), 1s another important Muslim scholar. The large body of
comments written by him on Adstotle leads to his nickname “The
Commentator.” Al-Hazen (1010) writes on the optics of Prolemy, using both
empirical and mathematical analysis.

The : laxges!‘ output was in the form of commentaries, which were
observations written on the margins of books, which in tura would be followed
by further comments. Following the Greek tradition, these were important
cxamples of active catcisms. Al-Hazen, for example, produced a long critique of
‘l:t;icmy‘m his Daoubis :ln Plok{)g' as well as Apmending the Almagest. Unfortunately, he

1ot generate an alternative cos ical visi < in thi
s Gz:::ogxeal vision. Other examples in this style

2 The thf:hﬁoclfiﬂp between the religion of Islam and Ambic scientific practice
inﬂuengcm. medieval period is complex, showing both a positive and negative
Islam plays a role, for example, in shapi i ;

: S : ping the questions asked by its natual
gﬁ?::g:m:e 3“"“ that all believers had to pray five times a day in the direction
e r;znt : efcr:nqmon of the exact geographical location of Mecca became
= dePO 3 ﬁzp“’ uning the Arab chm:ssance. While traditional determinations

associations to particular astronomical phenomena, it was 2 ‘more or less’

system whose accuracy declined as the location’s distance from Mecea increased.

Similarly :
, the hour of prayer and the measurement of time acquired importance,

given the detailed rescaptions of its ice. Fi
2 practice. Finally, calendrical problems
_ y, calendrical p:
emerged as the end of Ramadan was marked by the crescent moon, whereupon @
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month’s long fasting would end. The formation of a portable astrolabe along with
other elaborate instruments helped to practically solve many of these questions,
However, it might be asked, was Arab science on'gin'al? Did Arab scholars
make important contributions or were they just agother footnote in history? To
answer this question, we will look at three scholars: Al-Biruni (cosmolog\"). Al-
Kwarizmi (mathematics) and Al-Hazen (optics). :

Optics

Al-Biruni (d. 1048), from the region of Afghanistan, wrote 146 works, most
of which were in the field of astronomy and mathematics. Some titles included
Eixchaustive treatise on the shadow and Derzvation of the Chords in a Circk. In a series of
letters with Ibn-Sina (Avicenna) discussing the Aristotelian cosmological vision,
Al-Biruni questions its claims. In contrast to Aristotle, he accepts the existence of
void pointing that the available evidence did not rule out its possibility. He also
comes to reject Aristotle’s notion of stellar ‘natural motion,’ specifically the idea
that the circle was the only possible path of a planet or a star due to the acther.
He notes that rectilinear heavenly motion was also possible. Most mnterestingly of
all, he claims that the ellipse was most accurately description of planetary paths—
foreshadowing the work of Johannes Kepler some five centuries later.

Al-Kawarizmi (d. 850), a scholar at the House of Wisdom, invents algebra, one
the most original creations of the era. He was equally well aware of the originaliry
of his contribution. His solutions to quadratic equations were not tied to specific
problems, finding for x under all cases with same formula. He showed that once
general formulas were derived, these could be applied in a large number of
unrelated cases. Its creation became widely used to solve specific problems of
inheritance.

Perhaps the most original Muslim natural philosopher, however, was Al-
Hazen (d. 1040). Working in Andalusia (Spain), Al-Hazen created modern optics
and perhaps had the greatest direct influence on Western thought. He was the
first to portray the means by which humans actually see.

The Euclidian - Ptolemaic view proposed that that light emanated from eye in
2 ‘cone of vision,” what is referred to as the extromission theory of light. In his
study of vision, Al-Hazen combines multiple sciences, form what we would today
regard as “physics,’ ‘biology.’ and even ‘psychology’ when he incorporates the role
of human brain in the visual evaluation of information. He noted, for example,
that damage to the brain could affect perception, in spite of having undamaged
eyes. His intromission theory of light overturned prior interpretations, and his
work became the most comprehensive on the topic. Translated 1nto L_min during
the twelfth century, it was used as a principal textbook throughout Middle Ages.
The philosopher Roger Bacon becomes a follower of his in England. .

Al-Hazen was the first to propose that light bounces off objects and travels in
straight paths to the eye, specifically the retina which inverted the image, thus
producing the phenomenon of sight. He also identifics rl_:c. condxu.om uqdcr
which sight occurs. Given that light travels in straight line, vision required a light
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source of some sort, from whose rys bounced off the object seen. Observed
obiects thus required a certain magnitude and solidity in order to be seen, and
obviously light rays needed a transparent mcdxgm 0 which to _tmvcl. Al-Hazen
undertakes a comprehensive and complex analysis of hghl_rcﬂecnou.

There were key arguments used AgAINSt eXtromission theoryt 11. was
impossible for light to onginate from the eyes, as t'hca; burned wl_wn ‘lummpus
objects’ as the sun were observed. Only by considering the notion t.h:u light
onginated outside of the body of the eye could we account for this injury. His
most ongnal argument, however, used a type of reductio ad absurdum logic.
According to the extromission theory, when we look at the he:wgns, a b"df from
the eye traveled through the immense magnitude of space, which by definition
would have to fill the entire space between it and heaven, By prior definition, the
eve had to be a body because only bodies with magnitude could detect each
other. Since it was impossible for bodies to travel such distances in such short
amount of time, the subject of vision therefore had to onginate from an external
source.

His study of refraction is ‘mechanical’ in that he uses an ingenious description
to account for the angle of incidence in refraction. Today it is well known that the
path of light is altered between two media of varying densities. The denser the
media, the greater the projection toward the perpendicular of the interface; with
an inverse effect with less dense media, whose path is projected outward from the
plane of interface.

While Ptolemy and others and only looked at angles in their analysis, they did
not seek material causes to this phenomenon. By contrast, Al-Hazen notices that
the type of media had a direct impact on the angle of incidence. He defines
reflection as a vanant of refraction. Coarse media did not allow light to pass and
thus reflected back; he referred to such media as having high ‘resistance.” By
contrast, the refraction of light occurred through a less ‘resistant media,’ which
led to the modification of its path: He used various mechanical analogies to
account for the phenomena. If you take a thin board and throw an iron ball
directly onto it, the board will break; if you throw the same ball at an angle, the
ball will change course without breaking the board, Similatly, if you take a sword
and hit a rod directly, this could be cut easily. If hit obliquely, the greater the
angle of strike, the less the sword's capacity to cut.

For '.-\l-Hazcn. light tries to follow path of least resistance: that which is
perpendicular to the line of interface.

Four case studies

If there cleady were original Tslamic contributions to natural philosophy, why
then was there no Scientific Revolution in Arab world? ‘

'I‘hF short answeti§ that Arab science was an elite science, entirely dependent
on caliph patronage wnl':in a social environment which perceived it as a threat.
Contrary to our era, science was not a mode of education taught at schools,
whose rote religious learning depended on pure memorization and any type of
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questioning Was not allowed. Towards the end of a lecture, the teacher would
proclnim «Allah is great,” and all students would bow to him as he left the room.
Since natural philosophy was not generally accepted, the death of a ruler could
mean either assassination of the scholar, the burmning of an entire life’s work, or at
best floggiog. , :

In short, scientific activity could aptly be descrbed as an oasis in desert,
operating 10 small pockets of privilege and wealth that stimulated such activity,
yet within the confines of a hostile environment. To suggest that the relations
between ‘scientist’ and ‘citizen’ were not positive would be a gross
understatement. At any time, the dangerous sands from the desert could blow in
and destroy nascent scientific activity.

Four cases aptly illustrate this environment.

Al-Kindi (d 873) was a brlliant philosopher whose 270 works were in the
fields of math and physics. He argued that the Koran should not be taken
literally, as it contained too many errors, but rather that it should be seen as an
allegory for the masses. One particular passage in the Korn, for e:\"aml?lc.
claimed that that world ‘bent in prayer’ to God. To al-Kindi, rather than imagine
2 twisted world, he suggested one should take the passage to allude to a universal
law to be followed, a subtle piece of argumentation favoring the sciences that was
Jdefined as heretical. When the enlightened despot Caliph al-Mutassim  dies,
Caliph Al-Mutawwakil rises to power. He then confiscates al-Kindi's Pcrsoml
library and orders 50 lashes in public for Al-Kindi, then 72 years old. This _radlcal
change in environment naturally led al-Kindi into a prolonged depression—a
reaction that would be fairly common to other Islamic natural philosophers.

Al-Razi (d 925), known as the ‘Arabic Galen, studied in Baghdad and
returned to Tehran where he writes Baok of Doubts on Gualen, as previously noted.
One may observe the originality of his thinking in On Smallpox and Mea{/a, where
he identifies these as distinct diseases. All should stay away from the patient upon
the formation of a blister, as otherwise it would furn into an epidemic, suggestve
of the notion of quarantine. A more radical stance of his was that God endowed
man with power of reason, enabling him to undesstand the um.vcrse. Fot' Al-Raz,
reason was supesior to revelation in order to artive at truth. These claims were
defined as blasphemous by the emir al-Mansour, who then ordered Al-Razi to be
hit with his own manuscript untl either manuscript or head‘ brok(;. All of his
works were consequently burnt and banned. As a result of this pumshmcm.. Al-
Razi was blinded, and became depressed. When an oculist sgggcstcd a possible
remedial by surgery, Al-Razi turns it down, noting that he did not want to sec
more of world. J >

Ibn Sina (d 1037) or Avicenna, had been 2 child prodigy, .w:lto cx:ic::j
medicine, publishing The Canon of Medicine, which became a principal medic
textbook until the Renaissance. Avicenna also cnllgd for pamacy of reaso;l 0\‘::
revelation in the quest for truth, leading the emir of Hgmdzn to call o;fxom
execution by beheading. Tbn Sina hides in the house of a foend, later ﬂl:mn:g,Lm y
Hamadan, His biography reads like a novel full of intrigues and_da'ngct:l?bc }:K;
While this might sound for an exciting, spy novel, there Ctjm““l)' C‘; A
pleasure in being constantly hounded in real life. All of Avicenna's books
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banned because he refused to repent, claiming that he woy]cl rather lead a “wide
and short life” than “long and narrow one.” Oddly, he is attacked even by gl-
Biruni. One should never underestimate power of t.hc masses and their
manipulation by religious leaders. Five centuries later, Avicenna is still labeled 2
heretic in the world of Islam

Ibn Rushd (d 1198) or Averroes is one of the most well-known Arabic
philosophers, referred to as “The Commentator” for his ab'und:mt works on
Anstotle, as we have seen. Averroes argued that the notion of a routne
intervention by God was absurd, in that it would imply that man could never
have any kno‘.\"ledgc of world and effectively denied the efficient cause of things.
Averroes was directly contradicting al-Ghazzali, known as “the single most
influeatial prophet after Mohammed.” One may well imagine that the cards were
stacked against Averroes. When his patron, the ealightened despot Caliph Abu
Yaqud died, his son took over, and ibn Rush fell into all sorts of political
intrigues. He was ordered to exile from Cordova, whereupon all his writings were
also buent, being preserved only though Latin‘and Hebrew translations that had
previously been made.

In Islam, the ultimate source of truth was God as wrtten in the Koran. For
the theologian Al-Ghazzali, cotton burnt because God willed it so. God played an
active intervention by angels at all times. So powerful was God that if one were to
shoot an arrow, one would have no guarantee that it would hit anything as God
could destroy and remake the world in time that it took the arrow to land. The
distraction from God, as mathematics, was akin to devil worship. This deeply
religious view of world meant that nature was ultimately irrational, and hence
could got be understood except by acquiescing to God’s will—a view which still
exists today. It is ‘a belief system that has yet to be reconciled with obvious
scientific facts.

Oddly, some Islamic wrters try to attribute discoveries to Islam, alleging that
all discovenes have already been previously mentioned in the Koran. The
historian of science A. L. Sabra is rather critical of the nonsensical scholarship of
Islamic apologists as Seyyed Hossein Nasr. If science has already proven what
was alfcady in Islam, then why repress it? Flons Cohen points to the
internalization of religious view by Islamic scientists, tending to reject what logic
and expenment demonstrate,

Neil deGrass Tyson notes that when Al-Ghazzali made mathematics
blasphemous, he cut all and any scientific activity from Islamic world. Whereas
25% o_f all Nobel Przes have been awarded to Jewish scientist, less than 1% have
been given to their Arab counterparts—in spite of the enormous disparity in the
sizes of their respective populations groups: 13 million versus 1.5 billion.

Yet the distorted role of religion can be also seen in the law, which was not
made but rther ‘found’ or sought for within the Koran. All flegislation® is
established in accordance with sharia canon law, or what could be termed as
m n:ﬁzmuonal l;)ws Its interpretation i ultimately dictated by

i ovemighsetmo:r:rsalle ulfl:lnate voice of t?xe social orc?ez, and he.ncc 'wnh
mP"m“'“ SR soci aspects, The inherent arbitrary and. irrational
gislative-political order is pechaps the complete opposite to that
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established by Thomas Jefferson who sought to embed rationality into the very
heart of the pulilical process and social institutions,

Non-religious factors

There were also non-religious factors at work in the relavonship between
{slam and science. There tended to be an excessive ‘utilitarian’ emphasis in the
Arbic culture of the perod; if a discovc_ry was of no apparent practical
application, it tended to be discarded, suggcsuye‘of l.hc mentality of d_)c modern
urban poor. When the diplomat Mustafa Hatti Efed.l was showr} a thick French
glass that would not break if hit, but would with a piece of flint in it, Hatti Efedi
made the accusation of ‘French trickery.” Even a man as gifted as Ibn Kaldun, the
founder of “Arabic sociology,” dismissed claims when informed in the fourteenth
century that important philosophical activity was occur.u"ng in France.

There appear to have existed some amount of ‘pohucal.icalousy’ on bchalfi of
religious leaders. Arabic ‘scientists’ had direct contact with the cahphs, being
consulted on a regular basis on a number of issues. Such consultations were
viewed as a very dangerous practice by Islamic theologians given the alleged
aature of their heretical beliefs. One may thus account for the ultimate fate of
Arabic scientist by an ‘internal group conflict model.” As previously mcnﬁone§,
all social groups( are heterogeneously composed of competing interests ia
constant conflict with each other, vying for a greater share of power, wealth and
influence. There were two principal groups in the Muslim world: the falsafa and
the kalam. ] .

The falsafa were a Hellenistic school that emerged in Islam, xdeologcally
characterized as a mix of Aristotleism and Neo-Platonism. These puz§ucd m.ugnal
inquiry independent of religious doctrines, and everything, including religious
doctrine, was open to inquiry. Members of the falsafa’ _group were not
theologians, but tended to be leading intellectual figures: Al-Kindi, Avxccnn::( ’;rixld
others. As one might suppose, they were typically s\fppon.efi by pau.omlgci\ ‘hile
they were the leading innovators under model, their position was institutionally
uncertain and unstable : _ :

The kalam, on the other hand, had a more theological orientation, nqd
develop a series of public inquiries on a vast number of topics; these p:lbhc
debates were more sophisticated than one would presume. I'hc. kalam adopt
some notions of atomism. Most importantly, they were supported in the madsas,
initially law schools which were later turned into charity schools. The eng;;mgus
expansion of madras guaranteed the success of the kalams upon afstim shu:g
state backing,’ that was independent of the uncertaintics of politic l;l:ng:b 3
which the falsafa were constantly subject. By means of the madas, tll:e e
routinely had a much larger number of students, and hence a much more
moging and longer lasting social influence that the falsafa. -

The kalam’s greater institutional influence meant they cn(i;d u
defining the relationship of science to religion 10 the Muslim world.

p ultimately
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The Renaissance:

The Role of Magic in Scientific Advancement

WHY DO CERTAIN IDEAS FLOURISH at particular moments in history? Why do
some take hold and spread quickly throughout society, whereas others linger like
ghosts, ever preseat but without having much impact? On the other hand, why
do we personally adopt certain ideas and reject others? Do we see the world with
‘our own eyes’ or with the eyes of preconceived notions?

The case of Copernicus is illustrative in this regard. The heliocentric model of
De Rewlucionibus (1543) initiated a revolutionary transformation in Western
thought, and is often taken as the formal starting point of the Scientific
Revolution. It had a certain degree of popularity, and was prevalent in 16th
century in the sense that was widely discussed. Martin Luther would hear of it in
1539, and even laymen knew about the ideas, The poet John Donne would come
to lament world lost in Anatomie of the World (1621). Copernicus is actually cited in
other literary pieces during the seventeenth century.

Regardless of whether one agreed with him or not, Copernicus was generally
well respected as a scholar. But he had ot been the first
view. Nicolas of Cusa ( 1401-64) had also suggested in On
that the human mind could nor fathom the unbound ¢
object moved relative to each other, without a fixed formal center, offsetting the
Earth from the center of universe. In fact, notes Cusa, the rotation of Earth
could account for the movement of stars at night. Note, however, that as a
metaphysiciag, he was proposing a theological argument which was not seen as a
direct threat to Catholicism, in contrast 1o Copernicus’s coherent cosmological

model. We might portray it as a minor internal relip] deb e
Church. Merely suggested an idea wa gious debate swithin

Marsilio Ficcino (1433-1499)
influenced by Causanus. For him the

person to advocate this
Learned Ignorance (1440)
osmos. Every celestial

s 0ot the same thing as proving it.

Was a wide ranging hermeticist who s
sun had to be at the center of universe.

80

Nothing reveals the nature of the Good .[which is ()odJ more fully
than the [light of the sun... .thc hcat. which accompanies it fosters
and nourishes all things and is the unnfcrs:}l generator and mover, ..
there is nothing which spread out so en?ﬂ.\r. broadly, or rapidly as
light. .. like a caress, it pelnc'tmuis all things harmlessly and most
gently. Similarly, the Good is itself spread cvcr‘n\"hcrle. and 1t soothes
and entices al things. It does not work by compulsion, but through
the love which accompanies it, like heat. This love allures all objects
so that they freely embrace the Good. ..

Ficcio, as Copernicus, was a sun worshipper.

But the reaction of the Church to the ideas of these two men, (_:.’lus;\nus-and
Ficcio, could not be more sharply contrasted to that of Glordapo Bruno ( 1348-
1600). 1f we look at his ideas, they do not appear to b«. all that dxffcgc'nF from his
predecessors. For Bruno, the universe was an infinity of \vm:]ds within worlds,
where no one universe had a special place than any other. The world has no
center, he tells us, But, he goes one logical step further: there could be parallel
universes. :

Yet this seemingly innocent and small step. was of enormous dwo}ngmal
consequences for the Catholic Churgh, for it df:rucd Arhe uniqueness f’f Cl}ns! aqd
implied the impotence of the Catholic Church in saving sou]s..\Vcrc mdx'vxduals in
other universes inherently condemned? What implications d{d these views have
for Church dogma? Bruno makes the strategic error pf moving from Protestant
Burope to Italy, where he is captured by the \ﬂ'cn_cuau Inquxsfuon and handed
over to Roman authorities. Eight years later he is bumed ah\fe—bul not for
advocating Copernicanism, as it is never mentioned in his accusation.

As Herbert Butterfield points out, that it took fifty years for the Church to
realize that Copernicus led to Voltaire. ; ! '

The main philosophical argument for heliocentnsm rested on its gllcg:(;i
simplicity, The Ptolemaic modeling of universe ha.d bgcomc overly complicat f
Copemicus’s own personal belief was tha.t his llr..ieas were a defense o
Pythagorism; he was merely taking a conservative position by restoning E;luop]cag
cosmology back to the authenticity of the Greek orginals from which it ha
strayed. '

It is certain to say, however, that quasi-religious factors also plgycd a role in
his thinking. A's with Ficcio, the Sun held a special place in the universe for our
conservative revolutionary.

In the middle of all sits the Sun enthroned. How could we place this
luminary in any better position in this most beautiful temple form
which to illumi’natc the whole at oncer He is rightly called the Lamp,
the Mind, the Ruler of the Universe...So the Sun sits as upon a royal
throne ruling his children the planets which circle around him.

Copernicus’s revolution was not just about a “sun at f:cgler” mc:)dtl. hoc;\ Ic;;;
The entire universe exploded in size as a result of it William Gilbert and |
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Digges in England were the first to accept lh'-: model and explore ”” C"Sm‘"]ogicf\l
implications, truly mind boggling at tme. (“ommr}' to the traditional Catholic
world view, the universe had not been made for man as he was merely a Spec on
enormous space some 120 million miles across, 1000 times larger than previously
thol;sl:‘;v of the participants of Scientific Revolution were partly af fected by }\vlm(
today might be referred to as “mysticism.” During the em, each Mgorous science
had its irrational counterpart or “pseudoscience”: alchemy to chcrms;r,\'. astrology
to astronomy, and natural magic to natural philosophy. When Tycho Brahe
observes a new stat in 1572, he predicts a “New Age” therewith. All would be
peaceful and the world would be without wars, but one would have to wait fifty
years to enjoy the fruits of this prediction. Brahe in fact was first drawn into
science by studying alchemy, and in his castle he had an enormous alchemical
laboratory whose assistants prepared diverse alchemical experiments,

OF all the key participants of the Scienufic Revolution, Johannes Kepler was
perhaps the most moved by mysticism, o at least visibly so. It is so pervasive in
his work, that he is often depicted as an oddity, but was fairly normal when seen
from the lens of his era. As Brahe, Kepler also issued his own series of
astrological predictions. In 1595, for example, he predicted there would be
famine, peasant upsising, and an invasion by the Turks, Because these, rather
frequent, events occurred, he was regarded with some esteem and prestige for his
ability to predict the future,

Galileo Galilei, a figure so symbolic of ultimate rationalism of science,
fighting many scholars and institutions in its defense, also tended to issue
pessonal astrologies, as that to the Grand Duke. As a keen political player,
however, he likely provided these predictions to gain favor with the Court, a
practice common at time, rather than a testament of his concern with the
otherworldly. (In spite of his prediction of a long life for the Medici lord, the
grandfather dies few days later,) It should be noted that Galileo detested mystical
claims, attacking suggestions as “action at a_distance” as being unwarranted
gleusive and unscientific ghosts. A follower of Deepak Chopra he would have not

en.

The very same Isaac Newton, who culminated the Scientific Revolution and
was glorified as a paragon of rtionality, was deeply obsessed by alchemy and
religious issues. Nearly a fifth of his entire corpus is dedicated to. the study of
alchemy. His famous Mathemutical Princples of Natural Philosophy was written only
nfger he had dedicated many years to the study of ‘pseudo-chemistry.” He viewed
sclence as a way of knowing the mind of God. In spite of these facts, this aspect
of his life is rejected as a stain upon our hero.

The tmits previously mention all point to an overridi : The
Renaissance was a penod of transition. 5 SfEce fene

The penod is so called because it was literally a “rebicth” of Greek culture in
that it was realized that Greek culture was so much more than Arstotle, made up
of other sival views equally as impressive and fgorous, It was as if aliens had
suddealy descended from outer space with vast scientific systems  ready-made.
The period is truly a transition between the medieval world of mngic-mi'sticism
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s industrial conquest of nature, Historically speaking, however, we have
mdd?[a; iish the ‘scientific renaissance’ of 1450-1650 AD from its formal
= tS !a;:t a hundred years eadlier (1350-1550),
couI?\CFP‘ ected, its personalities showed a curous mix of experimentalism and
m';li;;‘;‘[') \Vhil'e William Gilberl. in De Magnete (l-()f)()) copgludcd that Lhc‘ Earth

.’ 2 giant magnet, he viewed its forces as a living spint’; the Earth is thus
M; »?:lnby him with mystical properties. In his work, we can clearly see the seed
:,? ;:cmodem scienccs,‘ surrounded by the hazy mist of mysticism in which it
ﬂouﬁ'l:f:l ilcnn is also a source of healthy debate in the field. .-\h,hgugh ‘erasing’
magic from the historical perspective we can quam a ‘clean image pf the
Scientific Revolution, it is all too easily tumed into a m_vd.xologu.@ view of
science and scientific development. Qn the othe.r hand, keeping mysticism and
other Srrational’ and ‘non-scientific” intellectual features make for a mgch more
complicated story, which is not as collchn_t and clea; cut and more difficult to
romanticize. It goes without saying .that. 1s mcorpor’auon prf)\ﬂdcs a muc}h more
accurate representation of the Scientific Revoluton, while making it more
i derstand.

dlfﬁ&fu}lxta:otﬂ‘id men away from a quasi-religious world vi'ew toa scculs?r one; ‘how
did the process occur? Ironically, observing th'e process 1s somc\j\'ha}ii like fce;;]lgb a
magic trick performed before one’s very eyes. Three features of its history will be
discussed: humanism, print, and hermeticism.

Humanism

issance’s Humanism is typically associated with F]orcnce’:mc‘:i the
eﬁtcTExeleI;‘;t?;'}le majestic and sublirn;p works of Michelangelo (1475-1564) at;d
Leonardo da Vinci (1452-1519) point to elevated standards of culture. Bo.th lhe
sculpture “David” and the painting on the Sistir_xe chapd ccdfng_do sn\‘xu;uggv.'st .tz
presence of God by their utter perfection. Da \ nct’s Mom Lisa 15 actually q.?Cd
small, but true to life, as were all of his anatomical dmx\m.gs.‘ Both were pri;c -
by Leon Battista Alberti who first applied geometry to painting, l(:ddu?g to B c(hc
of drawing in perspective, a feature taken for gre_mted t :3\ w; L
pervasiveness of our mobile cellphones and tablets. ‘chmssancc works 0 we
all characterized by an impressive realism, s0 hfc-hke that our min .
temporary fooled into thinking its subject are still alive—as well as to igno
difficulty with which they were created. T :

A s?milar trend occxi]rted in map-making and '(he pictorial mpm‘;";" d(::
nature. Broadly speaking, we move from a cartoonist style to phc»tod S S
depiction of nature, Early mapmaking was very crude. Ro.man roa ﬂmn‘:m o
only used predominant markers, such as a church, tree, \VluCh;;':;C ey
lines connecting the dots.” The TO map of the world éca R
clementary style of representation, principally in order to !m.:scmd a s T
over the world’s globe. There certainly existed more sophisticated po )
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based on angles to determine posttion, but its labels appe
costal land side,

The rediscovery of Prolemy’s’ Geagrifia helped revolutionize Europe,
mapmaking, as he had solved the mathematical problems of ﬂ:utcning a spher,
Gross distortions could not be avoided, unless one stretched and cur the globe,
creating lines of longitude / latitude onto which points og Earth are plotted
Jacobo Argelo had retreved a great deal of Greek material from Consrantinoplgl
only to be shipwrecked off the coast of Naples. The only book
save was Geognafia. Its translation in 1410 led to more ccurate European maps,
Prolemy’s surviving work did NOT have origina] maps or images, but the author
had wisely provided insteuction in the book 0n how o recreate them—a taeiic
that other Greek authors had also implemented,

One of the most Pervasive problems ywas that of longitude,
sailing of the oceans 4]] that much more difficult and dangerous than it already
was. Its solution required clock technologies of high quality and nigor over long

1 1 century. There were consequently many
S by astronomers to solve this issue, but were
instability of ships at sea. One crafty inventor
2 > ON0 S everything else would rock along
with the boat, the mechan; i

We find a similar refinement i ¢

ared only on (he on g

making for the

; : : the acuity of biological drawings, Up to the
Pedod, biology was Wy natural history ang medicine, and as 4 formal science
it wou]d. 1ot emerge ungl the 19¢p seatury. The: emphasis was thus placed on
botany, in pacticular ‘herbls’ o books which described the medicinal properties
of p!ants. By definition, these tended 10 be limited in number, as few plants have
medical beucﬁ.ls. Because they we | their dra\vings would
gradually deteriorare over time. The deseriptions of animals suffered ‘many of
these same Problems, often depicu'ng W ¥

! : : . hat in essence Were fictional creatures,
The l:unmab was a hoq With human feminine anatomy, the bishop fish was thus
named for its shape. Stmilarly, animals frop, £xotic Jand

: : S, as the thinoceros, were
my;)nccd‘;_ dra\;m with dmored plates, Ahese cages Pethaps provide the best
-c'n c;alc:e ;)1: role of cognition in Perception, 5 noted by Al-Hazen: we tend to
>e¢ only what we think we gre seeing, rather thag ‘Seeing the facs’ for what they

The broad trend during Renaissance i thus a dragic change towards realism,
: S I an attempr 4 obtain 4 faithful anq <
reProducﬂ?n of the objects observed. Leonarg Fuchg Histopy of P/{lﬂzn( 15‘:;)(: l"l::‘"

they had committed SOme type of error i
authors were merely descdbing only
the Mediterranean, The Renaissance

CIr own part of
look at nature for what it was, rather

» and begins to
A trait that can

eve becomes MOre accuraye
than for what g desired
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P iy : . AN
found in social analysis as Machiavelli’s The Prince &313). Its aim
$ tound al ang Selhk .

e bc «n as they are rather than as one would_ like them to o
i f;li term “humanism” to characterize the era was u'ls-t ide i
These of the te anis : ; 5

“l}c.'» l»khan The aim had been not only to recuperate Gzec;: .ciadr::lngof o
licey u}: as well. The valonzation of the human fom),di : »c-“ lahe s
imitate them. 4 2 . : 40 o
ummAlL. n, and the inherent pantheism, defining l}umnmt) as o ity
pt‘thC“Omm- nly internalized. The Greek legacy, in short, \v?s reinhil

o (8} ® 4 ; - 25 . £l
Ly thl)ltuml standards by which to judge oneself and all wo
new ¢ andar ) |
i ¢ uman art, focus
ma[t;(m\’inci for example, had inivally planned a w:rk on h T ;um upl(x;f:

; : L i$ proje enwent a
rever, this project un tum up

5 urface drawing. However, . ‘ ; e e g
ma‘mly ;12 ivork of Galen and his detailed chssecuon.s. The p!:(l)t:;n.ﬁ 20 liion >
S 1 it would require its own T
by the ancients 1s so common, that it w 1 c}d e e
G) ek works often would lead to an onginal ¢ Sl

i ibution of others. Alphonsene planetary tables ha St
Cl(x;mua month, and the efforts of Georg \'ori Pcu:rll a(c;reCk o
- e edy by translating s s

spoi antus sought to help reme y by L me
Rtgglomo_fm ‘g bitious, their work led to the first prin P!
While their plan was too am ‘

A in 1528

Ptolemy’s Almagest in 1528, ey

: tQ-)I’c:u)erbz«lch dies on the way to Rome for calendrical re

The Printing Press

i 7. There was
The European search for Greek works began in the {:f:ht ;:nftzll,?;,,,q,,i,,,,, o
ly phase which occurred in premodern Spain [; i
o {?b ¢ was an important source of works, with a .md a8 ie
%‘g]f:: ah;dml?een an Arabic intellectual ccxl':e.x, \x;sd:aolncc)it:; o
1 d began school of translation | g
& }:: :gne(::rd ofg?;emona who ut;mslated t.'ron:] :\::‘:\:1)1 st
""mls(]“:’rﬁw i160 and 1187, many belonging ;o};%gs?t;)s cpg(,) ity
s i : illem of Murbek (12 -1280), ;
ke Pml(im}"i A/”;iie;:;:lz? tl\jer ::let accurate translations directly from that
knew Greek, wr :
' : i i he lower quality
languagc P 1ability in the quality of translations, t . :
5 > variability ia the quality Ao i
i it la‘rfc t:: ﬂ'nniug of the period. A second pl;asc bccg:,; mnl:li o
S et 13:g§:0c) drawing mainly on \}'o:ks rom St ey
end of 14thhccntgg]ssmtin;>£ﬂe falls to the Turks in 1[45.2i ,:c;: l.e i y e
However, when ic event for having closed the dogrsd ?1 i
scholars as a tragi f works had already been obtained. ‘ el
e ho\vaer, e i + of their rranslations, but also shO\.\'b to sof vl i
of iu.JProvmg the qu?h[tl:m acquisition. Such was the 'uugmunl::cozl o gmdmuamngv
ccnmgenntlnmalm[ e ented a cultural challenge which cockl s
s dy rte!:;sand assimilated. The transfer of Greek learning
discussed, understood,

sould require educational institutions.
occur “overnight” and wo
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The institutionalization of higher learnin actually dates i

the :\(cdic\'nl pegod. Chmlcmnggnc after g()ﬂ f‘-{"g‘ :ien:l';;cl()]actll:;? ;h'in"“dd]t‘ e
mmc:i ;;a Z\Sn:.:‘umc\ :io n;x:d and hence dmwl pn'.e.sts who could read m‘ﬁ; \::il:l:
e ety u:: or;1 to lh‘c smnd?r zation of writing and the crenu'o:;
S e oughout empire, !c:mng a lns%mg legacy. These stimulate o
Sy ],;gncv- Wp:[i:;us 10 pergamins in monasteries, which help preserve the
il co_s,d‘ i mrgm:m texts were prcscfvcd 1 pergamins. These, howevey

L Produce, requiring an entire flock of sheep to make only
- ) a
His minister of education, .;\;cuin, created what are now known as the liberal

! ‘ , thetorc, logic) ; A

anthmerc, astronomy and music), Irs purpf:e)\v:; ?o e!?:xbgfl‘:(lt'::”r:’:ls%;o?;:'
: e

atcs was not then the

knowledge was produced.

The first Eur iversi
jutisprudence whc‘:ep?: mlziwcmty was Balogoa 1158, principally as center fi
o S nl"P. cated Roman Jaw was deciphered and’ta ht in d?r
B ggn eTﬁ urban demands.' This intense educationuaﬁ; :1ctiv1'orv :::
Buiie o theis St axfd ;e‘:jﬁejiaﬁ:\vmgc hux_xdreds students from all rczvcl'
TEERe '€ Cconomic activity. Its wi g
T e o g (1231), and Sorbonge (1253), Thers b s (1224,

Sdfel:xpc cm]uhcs at an instittions] levd 253). These also tended to

olars at the University of Pari .
Amnstotl ¢ ane began widel ' i ‘
s . e o s, 0% Sl
oI5k SELy H e 1f true or fals
quotes by Church fathers, plfdngc?l;:go"Fs' Peter Abelard prepares 4 list of lé;

m side by side ang noticing their mutually

contradicting alle tions,
: g. gatons, :\s _]ames' Burke noted: “if You don’t und 1¢ i
: erstand 1t

characterized by a critical analys; -l hea Z
: ¢ : od >
The printing press, whicixsw o Catho}lc.hegem i

drmastic effect. First invented by]ohann:s Guten
. en

printed prior to 1501, an arbitrary definition, as does nor reveal any technical
change in printing per se but is rather & cultural term still used today to refer to
the earliest printed works.

It goes without saying that the pnnting press led to revolutionary
sociocultural changes. Manuscripts had previously been prepared by monks. A
monk would read the manuscript's text out loud, and a room full of peers would
copy what they heard by hand on parchment, As one might expect, this was a
very slow and tedious, and thus costly. Worst of all, due to inevitable human
error, inaccuracies and distortions would accumulate over time, particularly so
when monks did not understand what they were hearing, This process in itself,
the decay of texts over time, also contributed to notion of decay of information
and the broader notion of historical social decline. It suggested a fall from
paradise of higher intellectual achievement, which was properly coined by in the
term non plus ultra. we can never reach bevond gates of Greek achievement.

The benefits of the printing press are obvious, in hindsight. It drastically
reduced cost of printing; allowing for a much wider audience in a much shorter
amount of time—one of the key reasons for the rapid spread of Copernican
ideas, With the efficiency of the printing press, the delay between creation of a
work and its diffusion was drastically reduced. The absence of manuscrpt errors
alsoimplied that an author would be able to accurately make his ideas known,

The role of communication in science cannot be underestimated. A great
discovery not published is a great discovery that never existed, One of the best
examples of this dynamic was Leonardo da Vinci. While nobody can dispute his
originality and genius, da Vinci never published his works but rather quite the
contrary; he tried making them as inaccessible as possible. Using a secret lingo of
words written in reverse to prepare his manuscripts, made them hard to
disentangle and much less read. As a result of his secrecy, da Vinei is but a

footnote in the formal history of science, as he had no direct lasting influence.

The same can be observed of alchemy. By searching for the philosopher’s
stone, 50 as to turn any metal into gold, alchemists were by nature very secretive.
The practice of alchemy ambiguously alluded to terms and objects whose genuine
identity was hard to distinguish. But this process also meant that their discovenes
could not be verified and authenticated. Many princes and kings would be robbed
by it; if they could only grant money, enomnous quantities of gold were promised
in return. The duplicity was not well received, and its practitioners were often
killed as a result. One cudous case is that of Alexander Seton (d 1604) whose
claim of transmutation of iron by a red powder led the Saxony king to request its
recipe. When Seton refuses to reveal his secret, he is imprsoned, tortured and
killed. Prior to his death, a confession suggests that he had discovered an actual

chemical procedure.
As natural philosophy and chemistry advanced, their books eventually make

alchemy look quaint and foolish. The new sciences were providing natural
explana'tions for phenomena which had been previously believed to have been
magic. The publication of practical works took the mysticism out of alchemy and
natural magic. Examples include Georgius Agricola’s De Re Metalica (1556),
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overlooking a city. One can spot immediate differences with Mondino's work in
that Vesalius begins anatomical procedures by scraping away the exterior of the
body and thereby slowly revealing its interior layers of musculature, as if the
human body were an onion. He thus progresses, gradually moving from skia to
muscle, then onto bone structure and finally the organs. Vesalius likened bones to
the walls of a house; both were the underlying framework on which all rested else
rested. Whereas Mondino proceeded from the inside-out, Vesalius moved from
the outside-in.

Vesalius closely imitated the structure of Galen’s work, literally breaking up
his book into the same organization and chapter divisions of his predecesors,
Since Mondino had not known of Galen's masterpicce, this helped raise
Vesalius’s fame. Physically of short stature, Vesalius wrote a treanse as
comprehensive and encyclopedic as Galen’s, superceding him 1n VArious Ways,
specifically in his description of the structure of the heart. Vesalius would begin
to correct Galen’s most egregious errors, opening the door to a revolution in
medicine.

His first edition of 1543 notes that he could not detect the intraventricular
cavities of the septum, where blood swooshed from one side of the heart to the
other, The septum is characterized by an irregular surface, acknowledged in first
edition. Vesalius however, only claims that he could nor see the structures, and
does go so far as to claim they did not exist. By 1555 edition, his interpretation
had changed. Trusting the data before his eyes, Vesalius finally acknowledges that
the intraventricular openings in septum did not in fact exist—a claim more
revolutionary than might appear at first glace.

To understand its importance, we first have to turn to the prior model of
blood flow. The human body was divided into two basic structures: veins, which
onginated in the liver as served as a nutrtion distribution network, and the

arterial system, originating in the lungs and providing the body with its vitalistic
life force. The inability to find ventricular openings in the heart forced a
reconceptualization of human anatomy by revealing that the traditional pathways
in the body were entirely mistaken. It would require an entire remapping of the
human body’s arterial and venal highways; in short an entire reimagining of the

way the human body worked. -
To what extent do we trust our senses, and to what degree are we seeing what

we want to see? This question is a common issue in the history of science. We
often only see what they are taught to sce, and do not accept the reality before
their own eyes. Preconceived notions tend to cognitively blind us.

Somewhat ironically, Vesalius made many of the same errors that Galen had
committed, greatly due to the fact that he was still using animals as the principal
dissection subjects. For example, while liver in dogs showed lobes, these are non-
existent in humans. The position of human kidneys in the body is not vertically
symmetrical, in contrast to other mammals. These and other errors were actgally
not correctly identified for many decades, untl post-mortem human dissections
became the norm.

The work of William Harvey (1578-1657) also contains strong Renaissance
cter. While he is recognized for the discovery of ‘circulatory
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the development of science; philosophies as hermeticism would create a ‘space
for scientific activity' unconstrained by the tyranny of long-held assumptions.

Hermeticsim

While the notion that a mystical religion as hermeticism would have a
significant impact on development of science appears odd, its contnbutions were
significant and diverse. Not only did it create a space for interpretative freedom,
but it also placed greater emphasis on direct evidence and interaction with nature,
while also stimulating intellectual activity outside of traditional conservative
institutions as universities. Hermeticism, in short, freed Europeans from the
intellecrual and social hegemony of Anstotelian scholasticism; as a mangrove
forest, it became the nursing ground of the Scientific Revolution.

Hermeticism is a body of religious texts that emerged in Alexandna during
Greco-Roman in 300-700 AD. It was a syncretic philosophy, where the Greek
god of communication Hermes and the Egyptian god of wisdom Throth were
allegedly integrated by Hermes Trisegsistrus. It was characterized by three main
areas: astrology, alchemy and natural magic, codified in the Corpus hermeticum.
Although initially accepted by the Catholic Church, it was later rejected.

One should not place too much focus on the details of its pseudoscientific
ideology, but rather concentrate on the broad conceptions which proved to be so
stimulating to thinkers of the early modern period. Specifically the hermeticists
believed in the microcosm-macrocosm analogy, suggestive of a broad parallelism
in the universe. The world was in man, as man was in the world, literally
speaking; its philosophy is well exemplified in the work of Paracelsus, who
enormously contributed to medicine and chemistry, Its importance can only be
gleamed by considering the broader intellectual context in which it existed.

Although scholasticism was based on a rather loose interpretation of Asstotle
and the early Church authorities, through the medieyal period it had devolved to
become a hegemonic ideology. This is striking as Anstotle had initially been
banned by the Catholic Church in 1210 as a result of Peter of Abelard’s ngorous
critiques of Church doctrine. However, Adstotle was so widely read, that Church
leaders were ultimately forced to formally reinstituted his works 45 years later

1255).

( T})w Catholic Church’s principal interpretation of the relationship b.clwecn
philosophy (science) and religion had been established by St. Thomas Aquinas. A
student of Albert Magnus (1206-80), Aquinas argued that Greek thought could be
usefully incorporated by the Church, and establishes the tone for the rest of
medieval period. While faith in God would always be the pamary source of
revelation or truth, God had given humanity the power of reason and hence the
ability to discover that which had not been provided by revelaton. For Aquinas,
there could be no inherent contradiction berween the two, and basically sought to
compartmentalize the worlds of philosophy and religion. He effectvely locks
medieval knowledge within theological chains, placing severe constraiats on its

ultimate development.
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such absurd claims. To read the book of nature, one had to turn directly 1o it
rather than to secondary representations, he noted. Such was his disdain of
waditional scholasticism, that he rejected the medical degree awarded upon
graduation, as he had not learnt anything dunng the course of his university
studies.

As one would imagine, van Helmont was denounced by his faculty of
medicine to the Inquisition in 1623, and was imprisoned shortly thereafter. L§pon
his release in 1636, van Helmont is kept under house arrest until his death in
1644. His son faithfully publishes his father’s posthumous writings in Orfus
Medicinae (1648), which obtain a great deal of populanty. By 1707, twelve editions
in five languages of the work had been published. van Helmont's arrest would be
ironic as he is formally charged for comments made about Robert Fludd who had
criticized Kepler's perfect solids. Tragically, Fludd had also been a hermeticist
chemist, whom would also suffer arrest and witness the destruction of his entire
book collection in England.

Tomasino Campanella is an open alchemical hermeticist who openly called
for an overthrow of scholastic institutions in order to achieve a scientfic utopia.
His plot to overthrow the Spanish crown in Naples leads to his consequent
imprisonment and torture for 27 years. While in jail, Campanella writes City of the
Sun, which is published posthumously. He calls for a city ruled by three hermetic
prests, bounded by concentric walls with writing and samples on wall. It took an
enormous deal of courage to be an intellectual at the time, as public opinions
could obviously lead to one’s state-sanctioned assassination.

Perhaps the best examples of the influence of hermeticism in the
development of science was Paracelsus (1493-1541). Born a bastard son to a
nobleman and peasant gitl, his original name of “Bombast von Hohenheimlast”
was gradually expanded to become the hornfically long “Philippus Aureolus
Throphrastus Bombastus von Hohenheim,” His father eventually moves to a
Frugger mining village, Jakob Frugger being one of the wealthiest men in Europe
by his use of the double accounting procedure, allowing him to better track of his

funds,

Paracelsus’s first treatise is in the field today called ‘occupational medicine,” in
that he focuses on the maladies specific to miners. Some of these included toxic
poisoning, and would later come to include the ‘bends’—the same affliction
scuba divers get when doing too rapid undenvater ascents or depressurization. As
when a soda can is opened, the sudden change in body pressure gasifies the
blood’s nitrogen, forming bubbles which can dangerously lodge in the bram The
more ovenweight the person, the greater the propensity towards the affliction. -

His personality is oddly similar to that of Giordano Bruno’s, but while
Paracelsus routinely insults peaple, he was also good at obtaining followers. His
insults are rather humorous; ‘my beard has more knowledge than your head’ or
‘my neck hairs have more wisdom than your colleges.” Undeslying these insults,
however, is a strong sense of his philosophical stance.

During his wide rangiog travels throughout Europ.c. he. becomes one of }lmc
main proponents of anti-scholasticism. While at a university, he burns medical
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to that of Paracelsus, that Paracelsus historically obtains the teputation of beisy,
plagianst. The was actually held ungl 1885, when the historian H. Ky
detects the existence of anachronisms in the writings of “Valen tinus,” such as the
use of term “French disease” which could not have appeared prior to
Columbus. Noxioys financial interests and disingenuos religious atracks are noy
unique to the modern egy.
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Interpretation as of late, Viewed only in context of his position 4 Grand
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mformation. Consequeatly, his call for knowledge 15 power’ is negatively
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which is then used to take advantage of her. This feminist distortion of his views
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Copernicus  was actually contemporary with renown figures of the
Renaissance: Leonardo da Vinel, Desiderius Erasmus, and Niccolo Machiavelli.
Frasmus had been the great Renaissance humanist who, upon produciog a

rranslation of an onginal Greek Bible, showed how corrupted over time it had

become.
But, in truth, men are as complex as their ideas. Copemicus’s model still

cetained many Ptolemaic devices as epicycles and eccentrics, being more of a
theoretical approximation. Copernicus the man was also not a heroic figure at all.
Timid and shy, averse to social interaction, he is a Catholic official with a mistress
“Ana” He also betrays some of his most loyal supporters, and abandons his
brother when he was most needed. Copernicus is no hero.

Nonetheless, some individuals cannot be understood for the life they led. The
character of the man must be separated from his intellectual contrbution, as one
is not necessarily a good indication of the other. Imperfect men can achieve
greatness in a subset of their lives; Nobel Prize wianers are not necessanly saints.
This is not to excuse vice in our historical actors, but simply to separate their
achievements from their failures. As Einstein noted, the focus of their lives
should reside with what was written on the page rather than that which occurred

outside of it.

Life of Copernicus

The life of Copernicus would be carried out almost exclusively in the Prussia
district of Ermland (Varnia), today Poland, in the town of Frauenburg. He was
not an adventurous fellow, making only a few taps outside of the region to do his

university studies and help out his uncle. With a few exceptions, he tended to be
a ‘stay at home guy.’ Born in 1473 as “Nicolas Koppemigk,” his father migrated
to region as a copper wholesaler secking better business opportunities. The family
consisted of two girls and two boys; the elder of the two being his brother
Andreaus. His father dies shortly 2

fter their arrival, and Copernicus the boy and

his three siblings are promptly adopted by his maternal uncle, “Uncle Lucas.”
Copernicus was his uncle’s favorite nephew, possibly because they hind
opposite personalities. The uncle was very outgoing, extremely so. Lucas marries
off one of Copernicus’ sisters, and sends the other one to a nunnery. Uncle Lucas
thereafter plays an important role in Copernicus’s lec As Bishop of Emﬂ:}nd, l?c
was an important figure, and would have been a prince or qﬂcr had he l}\'cd in
the region now called Ttaly. He looks over Copernicus, makmg.sum of his well-
was dying, Lucas immediately sends for

being. As a canon in Ermland S
Copernicus and his brother at the University of Cracow so they could obtain its

benefits. A canonship guammccd a person’s lifclf).ng income, serving as a lo.cal
administrator with judicial and legislative authorities. However, the canon dies
too early and the brothers brefly lose the.i: chance of economic comfort. But,
just as unexpectedly; another canon soon dies and both quickly take advantage of

the situation.
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Nicolas does help his uncle out with two important cfforts. The uncle tres to
get the Teutonic Knights to go on a Crusade against the Turks, but is unable o
do s0. So great was the constant conflict with them, that their ill will towards him
as widely well known. Recognizing the powerful role educational institutions
play in sational life and culture, Uncle Lucas also tries to get a Prussian University
established, but is also unsuccessful in this attempt. He dies under strange
ciccumstances. After going to Cracow for the wedding of a Polish prince, Uncle
Lucas gets food poisoning and dies on route back to Ermland in 1512, at the age
of 65. Although relatively young, Copernicus officially assumes his role as Canon
of Ermland. His uncle’s sudden death might have contributed to Copernicus's
secretive and guarded character.

His brother Andreaus also falls victim to illness; during his time in Italy he
contracts a disease. It is not known whether the affliction was syphilis or leprosy,
but in either case the consequent disfigurement led to his social ostracism. The
local Church, which had so recently issued him a canonship, now wished to
cetract its offer. Andreas naturally opposed the loss of income, and would stand
disfigured at church so as to gain sympathy and put political pressure on local
religious authorities. While they ultimately agreed to continue his annuity, it is
only granted on the condition of exile; Andreas would have to leave Ermland for
good. It is known that he goes to Rome, where he dies in obscurity.

Nicolas never defends his brother.

During his lifetime, Copernicus does not publish many books: a translation of
Theophylactus’s Epistles in 1509, his Commentarialus of 1514, and De Revolucionibus.
His first work is a translation of a Byzantine work of Greek origin, following the
humanist scholarly code which insisted that all good humanists translate some
arcane piece of work regardless of its importance. Copernicus dedicates his

translation to Lucas, noting that since the plece was both sedous and
lighthearted, it would be of broad general appeal. Like a doctor who combines
sugar to ease the swallowing of a bitter pill, the book’s low humor would ease the
acquisition of its bitter lessons. While the translation of was little importance, it
helped mark his “humanist” credentials at home and abroad.

His privately written Comprentariolus, by contrast was orginal and importam,
and was distributed internally amongst acquaintances. It laid out his basic ideas
on the structure of the universe that would be fastidiously elaborated in his third
work. The manuscript contained seven principle tenets, one of .\vhich was that
the eight sphere of the universe was very distant, making the distance between

Barth and sun so miniscule so as to make it appear as a point. e
Commentariolus surpsingly had 2 significant impact as knowledge of its ideas

were first informally diffused throughout Europe, making it one of the most
of science. Upon hearing of the ideas, Martun

poordy kept secrets in the history ‘ :

Luther casually dismisses them over dinner. Pope Leo X's personal secretary
presents a brief summary of Copernicus’s ideas before a small audience.

Although De Revolucionibus. Orbitun Coclestunt 1s published in 1543, 1t was

s locked away. Upon the draft’s completion, it

actually first written in 1530 but was . aft's
was only shown to 4 few select individuals during the author's lifetime.

Wi
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question that emerges 18
Given the state of insalubrity and

that it would have

Latter from 1
wext of Hellenistic origins,
pickcd up by Copernicus during his

Howevet, none of this should have been unexpected to Copernicus. The real
why Copernicus took some 30 years to publish his ideas.
short lifespan of his perod, this delay meant
likely never seen the light of day upon the author’s early death.

We can turn to the author to help obtain some idea of his motvations. A
Lysis of (1499) is mentioned in the De Revolucionibus's preface, It was a
combining Greek and Egyptian ideas, which had been
days as a student at Padua. The text presents
the ideas of Pythagorean ritualism associated with intellectual discovery.

One important message of Lysis was that one should not share knowledge
which had been costly to obtain, as third parties were unaware of the effort
iavolved and would not appreciate it or understand its significance. Quite the
contrary, implying that it would likely cither be misunderstood or mocked; this

atmosphere, in turn, would detrimentally affect the circumstances needed for

mild contemplation.

For it is not proper to divulge to all and sundry what we have
acquired with such great effort. .. Letus remember how long it took
us to purify our minds of their stains. .. “Thick and dark forests cover
the minds and hearts of those who have not become initiated in the
proper manner, and disturb the mild contemplation of ideas.

fear of ridicule. The ignorant in his view
s, however, had been greatly
three ‘attacks’ on

Copernicus was ovenwhelmed by
would not understand his efforts. These worrie
Arthur Koestler shows that there had been only
first was Martin Luther’s criticism, which had been
que was ever published by him.
king Copernicus, of little
Melchantor which

exagperated.
the work of Copernicus. The
mentioned only in a pavate setting; 10 formal crti
The second was a minor carnival performance moc
scientific menit. Lastly, the third was a private letter written by

was never released to the public.
There were other reasons why Copernicus should have been concerned,
however. — ‘
o Burope, and implied a rapid

As we have noted, book publication was new ) : '
spread of ideas, more so than had beeq previously cxpencnc_cd in \v?rld history.
Publication meant ‘instant’ exposure, akin to the use of Thwitter or l*accpook n
our day. Copernicus was aware that most \'vo\fld not upfl;rstnnd his mpdxﬁcauog:
of the world system, tending to un(hmkllngly criticize that which wasn't
understood. We might also note that Copernicus was a man of some stature In

Emmland (Poland). Holding a position of power, influence, and guaranteed
s g e Iv had a lot to lose. Finally, the social and

1 icus therefore potentialls
e Europe had drastically changed as a result of the

cultural environment in QUBEe
Reformation. When Copernicus had been a young university student, Europe was
d Copernicus himself imbibed its ideas at elite

at the height of the Renaissance, an : .
- after the Protestant Revolution, the intellectual

Italian centers. However, 3 Kot )
atmosphere had radically changed during his lifetime, becoming more tense and

restrictive.
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begun circulating about his aberrant sexual proclivites, which lead its faculty to
‘free’ him for a position at Leipzig, to which Rbeticus had previously solicited.
Rheticus’s sudden departure from Nuremberg meant that the responsibility for
Copcmicus's text would fall on the hands of Andreas Osiander, a Lutheran
mathematician,

Osiander commits two errors. He places a preface arguing that book was only
o mathematical instrument for calculation, and was not meant to represent the
order of the cosmos. This preface, however, 1s not published under Osiander’s
name, giving the incorrect impression that it had been wntten by Copernicus
himself. This error would stand until an 1854 publication, although Keplec
became aware of it in 1609 when he reads Copernicus’s letters before they were
destroyed. Osiander also changes the tide of the book from “Mund?” to
“Coelestum,” marking a distinct shift in the tone of the onginal.

However, these changes should not have surprised Copernicus at all
Osiander was not unknown to Copernicus, with whom he had previously
consulted about the very book itself, and whom had offered the very same
observations prior to its publication. Osiander believed that such changes would
reduce the severity of attacks upon the work by diminishing its abrupt
revolutionary character, and hence serving as a psychological transition which
would allow the community to gradually come to Copernicus's side.

There can be no doubt, however, that Copernicus did not agree with this
strategy and point of view, which is why the final result does have an air of
tragedy about it.

One would naturally assume for Rheticus to bave become some sort of
intellectual ‘heir’ to Copernicus, akin to the various teacher-student pairs in
history, as Socrates and Plato. In fact, no such transition came close to
happening, Rheticus actually becomes an anti-Copernican, rejecting the very work
to which he had sacrificed so many years of his life. Rheticus oddly began

preaching a return to Ptolemy. Why?

While Rheticus had been overseeing publication of the work, Copernicus
unwisely sends him a copy of the acknowledgements fo be included. As is often
the case, the author dedicates the work to the friends who had promoted the
publication, in particular the Cardinal of Capua as well as his close friend Geise.
Yet Copernicus never mentions the very person who had been the central force
behind its publication in the first place: Rhbeticus. :

This must have been a tremendous letdown. In fact, Rheticus’s life after these
events takes a turn for the worse: His homosexual proclivities come to haunt him
in Protestant Eumpc, and he is eventually forced to leave for Rmpc o stud)-
medicine. Fortunately, as his experience  with Copernicus, his work 1s
rediscovered by a young student Valentine Otho, a recognition which briefly
offers Rheticus some happiness i his later years.

It was thus how one of the world’s most important revolution began: a
homosexual scholar publishing the secretive works of a neurotic Catholic from
Germany during in the middle of the emerging

Poland in the heart of Protestant in :
European religious wars: The relations between individuals are not necessarly
defined by the categories OF §roups to which they belong.
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Heliocentrism

Copemicus’s main argument in his magnum opus is g conservative gpe
Prolemy had violated the cardinal rule of Greek unifomlit}' of motion, pa:dcularly
so by his use of the equant. As with all Renaissance men, Copernicus sought o
restore astronomy back to its authentic Greek origins based on the petfect circle.
He was also influenced by the Pythagorean notion of 3 central fire, recognizing
the proper role held by the sun as 3 universal life giver. Ptolemy’s work hyd
become much oo complicated a model.

At s core, different ‘models’ existed for cach planet, Browing ovedy
complicated and inaccurate, with 60-70 spheres in toral, One of the Key SSelling
points’ of the Copernican mode] was ity simplicity, by reducing the total required
sphere to 34.By contrast to prior heliocentric notons, Copernicus works ou the
full mathematical details of the structure, which is his

is fundamental contribution,
That he had been an ble mathematician and actually well regarded by his peers

added weight to this Proposal. As Vesalius with Galen, Copernicus follows the
same chapter division that Prolemy hag followed in the Almagest, again suggestive
ofits conservative purpose.

 However, the Copernican mode] also grew in complexity, being forced 1o
lncorporate a greater number of Prole

maic mechanisms that he had originally
expected. The final model js thus actually different from what one might imagine.

2 ¢ s and Mars romting around the sun, as
these were never seen 10 the middle of the night or day. The Copernican model
Y this pattern was ROt anomalous ar all, but

SUpposition wherein the
of stars: stellar parallax could not be S¢en, and jrs Sgiz,‘zz:h:;;;o gl:l?ngf‘
dccounted for by Presuming that stellar objects were Immensely distant form the
Earth. This Proposition, in turn, led o a0 enormoys increase in the entire size of
uaiverse, from 2,000 to 20,000 tercestrial radia. The 10HON of ek a; vast
UAIVELse was to some as Preposterous as it was nconceivable,

Another problem implicit in the Copernican model was thye of motion, Why
did objects not Spin off or fly off the Earth if it ys Moving g4 quicklvs Ohic
might counter this question with another one: how coylq enty univer;é spin
around the Earth ar such €nomous speeds? In tssence, the uﬂdcr}ying ;leba[:es
pertained to the factors which made motion ‘natural’ in both cases,
The eight circle of the world was that of stars, which fotate freely as there St
0o frction. Made up of aether, natural motion was cf » and ng e, ik
required to make the universe Spin—with the EXCEption of the oved mover\.
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contnbutors as Kepler and Galileo as an intermediate mech
physics, allowed for the continued productive elaboration of C¢

Although witially rejected by Protestantism, receiving
“bibliofatry™ by Martin’s adherents, its gradual aceept
the long run would actually modify the character
would become more elastic and liberal 1o temperame
exact opposite of the dynamic which occurs in Catholicis

anism of celestig]
Pernican model.

the accusation of
ance of Coperniczmism over

72 years
161 i At that would lead to questioning
ob 1ts theology. As Previously suggested. the Catholic Church had imbibed the

i ing the sixteenth century, and a long list of Popes
actually simulated the discussion of new ideas. It is also important to remember
that Copernicus had been a Catholic official Pope Leo N personal secretary
Presented ideas of Copemicus to 3 small group in 1520, His successor, Pope
Clen_mnt VI also encounaged open artitude. Although the next Pope Paul 1]
contnued this trend, his attitude contained g slightly more conservative bent: a5
!oug as 'the views did not directly question the Chur.ch, these could be discussed
in pub}xc. Calendrical reform actually provides an important stimulus to the

¥, given that the never-ending problem of splitting up
difficult task. Under uneven

. As ch was g i
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their self-preservation, The Catholic Church hyaq obtained 3 et f 5 njc l;lfe fi ;
and hence a vested interest that sought to MaAintain thes o bty
obsolete rationale. - Tifibased onan

; : : : realize i i
castle on a pfle of sand, using Anstotelian notions comst::}::::lt 1 had built a
theological edifice. This would turn our 1o be a migy e CnoHcs
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Life of Kepler

Kepler came from a rather unstable family. His father left the family as 2
soldier in Neapolitan armies during Kepler's youth, and’ thus was
sent in the household. He had actually contracted himself out to
fight Protestants, which naturally increased the local village's resentment towards
the family. The family sets up a tavern, not the best of environments for a child
16 be reared in, Various female relatives had been accused of witcheraft, including
his mother, gmndmolhcr, and aunt. Curously, a descendant on his mother’s line
had been mayor of the town of Weil, suggesting a sharp decline in the
fortunes of the family, His brother was an epileptic, and suffers a
horrific life of abuse. Unable to leam a trade, the brother is kicked out of house
by his father, leading to a miserable and unstable life of multiple jobs and
uncertain income. He finally returns home, only to die at the relatively eady age
of 42—a tragic life which would haunt Kepler's own dreams.

As a boy, Kepler himself was rather sickly, sufferng from a hordfic myopia,
repeated bouts of illness and even mange, which contributed to his general state
of hypochondria. These origins suggest he would not have picked astronomy at
all for a career; his eyesight is so poor that at times he sees double images. His
as an adult had been that of always living so near the edge of
would fall into it. Although his actual income suggests this

been unfounded, it is an irrational fear he cangot escape. He was

routinely made fun of and betrayed by other students, often finding himself in
typical of the era. In spite

fights for which he kept a record of his sins—a practice
of these petty troubles, his teachers were well aware of his remarkable
intelligence. Such was his precociousness, that at times he would correct teachers

in the classroom.

Kepler's coming into his oW
and protracted clashes between 1
Reformation and Counter Reform

where each individual was forced to declare an '
loss of his properties. Kepler was somewhat protected in that he had firmly

established reputation as an important scholar, and hence could travel more easily
than others. However, he was not immune to these threats. When Kepler sought
to unsuccessfully recuperate his wife's substantial properties, he is fotcgd o Qcc
Gratz hidden in a diplomat’s cart, thus forfeiting the couple’s substantial equity.
This forfeiture might have contrbuted to his wife’s carly death at .thc age37.

When he first goes to work for Tycho Brahe, Kepler quickly tm_md himself in
constant disagreements and petty squabblcs with the Brahe fnn:uly. The source of
Kepler's contributions had been based on Tycho Brahe’s precise measurements,
the best astronomical data there existed at the time. However, this was jealously
guarded by Brahe whom at first would not share any data with Kepler. When
Kepler arrives at Jizerou, he s first indignantly told by Brahe that he was to be a
guest rather than a formal collaborator as previously agreed, an unexpected insult
more likely due to the inner turmoil and chaos within Brahe household.
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Although Tycho Brahe (1546-1601) 1s a secondary participant of the Scienufic
Revolution, he was nonetheless significant given that he bad produced the best
planetary observations there existed to date, without which Kepler would not
have been able to realize his own contribution. Brahe, as we have seen, also
provides an alternative model to the Copernican system which was brefly more
popular. While suggestively trying to combige both models, the Brahean
cosmology also did not force a reformulation of physics, in that it retained the
Barth in the center of the universe. The acceptance of such a model would thus
have never led to the Scientific Revolution.

Brahe actually hoped Kepler would undertake the mathematical work
required to prove his own cosmological system. In that Kepler sought to use data
for his own purposes meant that, as in old comedies, each man sought to use the
other for his own ends, It was only due to Brahe’s sudden demise that Kepler 1s
able to gain the lead, but Brahe's dominance in the relationship suggested it could
casily have been othenwise, showing again the highly contingent character of our
story.

Their brief collaboration was equa
enormous significance of the encounter, one cannot help but be amazed at the

outcome, It was a meeting which almost did not happen. The two men
collaborated for less than a year and a half. Both had been de facto vagabonds,
having been outcast from their respective centers of work.

When they first began their collaboration, Brahe's new prncely settings were
in disarray. Kepler is not paid and routinely complains about the working
conditions. The exact demands provide an idea of the environment and his own
character; he desired a separate household, to be allowed to arnve late in the day
50 as to work throughout the night, to be assigned a formal salary by the
government, and to be given fixed portions of food such as bacon. Kepler had
not traveled alone, and was with his family; the situation left something to be
desired. The debate between the two men lead to Kepler's temporary
abandonment, but whom is conyinced to retum after some cajoling by the
amiable Brahe. Nonetheless, when Kepler later returns to Gratz to secure his
wife’s possessions, he also contacts Maestlin to procure employment elsewhere.
Therefore, the actual interaction between Brahe and Kepler was of an even
shorter span than the dates would suggest as Kepler spent 2 substantial amount

of time outside of Uraniborg. . Y
Brahe's treatment of Kepler certainly left something to be desired. Brahe had
entered into a priority dispute with a former worker, Ursus, who published a
2l ‘dual’ model. Brahe claimed plagiarism,

work describing a ‘Brahean® cosmologic : .
¢ Ursus had already died, he forces Kepler to write a

and in spite of the fact tha ; ?
letter for support for him, which Kepler naturally finds distasteful. Yet, as fate
reafter as well. Going to a dinner, Brahe

would have it, Brahe dies shortly the :
he should, and his urinary bladder breaks, As the

‘holds water’ longer than ! .
toxicity in his blood increased, Brahe enters into a delidum. “Let me not have
lived in vain,” he kept saying, until finally succumbing to the noxious effects akin
to renal failure. Dinner parties could be dangerous to one’s health in the sixteenth

century.

lly fortuitous; when one considers the
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Yet, how was Brahe able to produce such derailed and sophisticated celestial
maps? Kepler's own criticism of Brahe gives us the answer: one of Brahe'
astronomical instrument cost more than Kepler's own lifetime income. Brahe
belonged to Denmark’s elite, through very fortuitous circumstances,

His father’s brother had been an uamarried military attaché. When Brahe's
biological father was to have twins, he promises one of his sons to his brother.
However, upon birth, the father reneges on the brotherly agreement. Upon the
birth of a second child, Tycho 1s however sequestered by his uncle, leading 10 4
sedous sibling nvalry which is peacefully resolved in the end. Tycho's father
acquiesces to the pror contract. The outcome would be of enormoys
consequences for the infant.

His uncle, now adoptive father, had been accompanying the Danish King
Fredenck II, when the emperor’s cart falls into an icy river. The uncle heroically
jumps iato the freezing water and saves king, but at the cost of his own life,
Fecling deeply indebted to his faithful attaché, Tycho receives the full benefit of
the king’s gratitude. When Tycho as a young adult was about to move to Basle,
then a lcndmg intellectual center, King Frederick [1 offers Brahe his own 1sland,

Lord. Brahe’s salary would be

the third highest in all'6f Denmark, living like a feudal King for some 20 years.

Brahe would build the Castle Uraniborg, a scientific research center in chilly
northem Europe that became a “temple’ to science, In jts basement a
comprehensive alchemical laboratory is set up, aad its upper floors contained a
diverse armay of astronomical instruments, including the largest wall mounted
quadrant in Europe.
. Brahe had cutously planned for 4]] contingencies, and has all of the
nstruments designed 5o as to be easily disassembled and relocated. In spite of its
size, the enormous wall mounted Quadrant could also be split up into pieces, and
transported if need be. Upon his later exile in 1597

in the Holy Roman Emperor Rudolph IT in 1599, Brahe i

island! Rudolph’s delicate state of mind, h
between Brahe and his new patron’s state administrators who believe the
expenditure an enormous waste of state funds. If Brahe ol;rained 50% of his
salary in a given month, it would be considered a success. This is a power struggle
which Kepler inherits when he  obtains Brahe's P‘Jsitionp e
mathematician, e
Brahe’s entry into the sciences in and of itself was temarkable. qs noblaten
were expected to go into diplomacy or statecrafy father thay [’n.xrsf Sk
“foolish” notions of looking at stars night after night. His uncle even ol:g to'the
extent of hiang a pdvate tutor in history to try 10 dissuade him Ygex Bectice
Brahe would continually sneak out and look at the starry nighy sky. L hlm
to be incurable of his interest, his history tutor desists and bec;f; : Bg o
lifelong confidant and friend. e
Brahe’s exact contributions were the result of two particy]
and scale of the instrumentation used as well as the rigor and
which astronomical measurements were made. In contrast ¢

116

A factors: the size

lhotoughness with
& COPemicm,, who

Iy irregular and inaccurate spot planetary observations, Brahe and his
e ild make continuous observations of planets throughour the
NS?MCh wi‘":_ l\l’\l'(‘)i:‘ tclr()'gradc motions. He was methodical and precise, kept data
o CYCR“I(') bizl‘m by Michael Maestlin’s call for a celestial reform. \ ;
e )};: d1t'1g Brahe comes to the conclusion that lhc—_’s\nslolclmn

U-‘{l‘;‘g : 1l:cre; \.v:.-rc a ficton. His carefu! ol.)scrvmi(ms of the 1572 novnhatt({
et hich followed five years later indicated these phcno'mena to have
ot 1"§c the sublunar region. Most certainly, .rhc comet’s path would
o g v ted by crystalline spheres, had they existed. : oy
hﬂ‘v’f = ““Fm‘P{ the two men must have been a sight to behold, if anything ¢l)r

AI'he me?ung (:ersomlilies and social bnckgrounfis. Kepler w:?s' of (}jxumbc
lll.ﬂl.' o }hoﬁdriac math genius with a conflicted .pcrsonaht}, and poor.
’T‘ng::: ‘a: \\}/:Il:‘:'c scen was man from the highest economic strata of Denmark, a

Y S ¥

3 : : lizer.
feudal lord with his own island, :m'd an avid socx;llu Y s
Certainly, conflict at some point was bound to occur,
RS

life experiences.

Mars

i ces, Kepler was determinedly
[ ntrast to Brahe's most fortunate circumstances, l\ct[l)k‘r. W acﬁ(tl;d il
CONLIAS s e Kot v v
ble !:o raise himself only by his own ‘bootstraps.” He dfm.g :m)scms B
- 23 ; :
Protestant Revolution which freed C('h":ﬁno: fz; 5,: Mo l’”:mchhuncr—.ﬂ
: 1 ses. Initially decy o
G 7 academic successes. y . T
Ob“'“'mngl cRd}s unfit for due to his personality traits—he attc:nds thcdcfcmc 4
S he wa : : = s :
P(f)ht?zl?in en to study theology. While his thesis ‘151 :::;m;.[.y e &
(C) licagnix'm he does not consider himself an n\sl..mo e
\El’lcnl \h‘estl‘in a mid-grade astronomer, becomes a li tx;g . oue
;\ ; lmC : "dc aced in pan\by Kepler's habitually long letters to him—e
<epler, evider
these continually went unanswered.

£ C} n he town of GIﬂ 4 s hool turns tc ubingen
When a lllﬂ[b eacher t 1Z dies. lh(.' SCROO! to Tul

: R ins the position upon 4\13335‘11"’5
fos & :ecor.nmendaﬂom h]t\c?::iie:r lgch:;‘cx:Swns ) fapr ad\‘imccd. that d.um;g. 'h:
recommendation. As a n;al ts: by th; second year none registered for l?xs. c :\sgz n
first year he has ﬂ?w ) cil 1zkc Newton. However, the school admum{?}:ﬂ he
S ea ’lS veiix?‘ n::'nd kept him in the school cmplo:\'mcm.roﬂ‘ di:,( 4
recognized Bm‘hc - .’tZstrological prophecies also greatly "“d'{d_ h‘sls““’ nccg 7
h}?d producec? ac;lil:a:(;trological tables also provided an additional sou
the community; g

income. = curious over a number of un!mrtlam
e (e;\.ching. lge}')le:c[:c tcl:;fsonly 6 planets; why not 50 or 100:’-\.’("}1:’

astronomical issues. Why ¥ lanets? Similarly, why were their pcno_ds not L.\ncd y

determined the numbcr OfECD Saturn was twice as far away as Jupiter, ln‘ushn -

s e dlsm:s l<;ng'2 instead of the expected 24 years, n’m(‘)“ aturn

oo ey 12342::; the sun. These questions deeply puzzled Kepler.

30 years to revolve

117



As is often the case, aft inki
se, after thinking long and | i

it b ong and hard on the fssue he
i p«:c‘tl’lc i La_ moment w lulg providing a math explanation in ] i
L b A tmangle ciccumseribed between 2 circles i
B m;s :ﬁb;tmnd | :u;djupucr's data. It seemed like all six [‘)l
e 1 by the ﬁ}'e perfect solids. The complexity of the uni

i 10 a few bastc forms—or so he thought . Pl

\epler, however, is i S wrical; if ‘
- mﬁn : ,,:T:(; Vver, is ngom_ualy empirical; if the theory does not fir dat
i mspcmon‘nf‘gio of an idea he had recently placed so much ho e‘<

: 0, he later finds that a triangle would not match the ([))rl;i

anetary orbits coyly

a, he had
n. Upon
t. But he

would find this suggesti ]

Pluto, it does rc;:cgtg:;:(;gv oh(;¢ fftes ‘a).l there are only 8 planets notwithstandi

the universe Upoia pubﬁc:u' 801";;10 :ﬁ:ﬂl of an underlying mathcmalical\u?l?q .
erse. oii. he dista ; : / to

scholars in Europe, one of them being (::hl;:::}qlizhbook to various recognized

Upon receiving the work 1 i
Wil o1k, Galileo writes back to Ke ler. ing hi
Revolution were in e‘,gti::dct:o o Hit i ﬁg\f)res ;Zﬁfrthn;la;;inz?

, regrettably they were notf

s : .

o}ctl;;:ni?i c:vntlx\u :gfi: lettc.:rs between them. \\'/hile_ Kepler is the more solicitous
:}:&i ;E?:ée?;ij o: t(}:;ez!iuiecg c?f their discussion was ,ngl:lx;;e\r:lm;rg i
‘vﬂu\zghz [g:;ﬂthc — b(:ld < :ll:lliecos :;;(;gr:ized 1ts importance bulv \\:a; x;o(t)u)%::
g e ha‘iopill;lﬁli%lgi fl;irsldi;an] Me_.r.rmgerin 1610, Kepler is one of the very

7 it i
Another copy of i e AGAASLItS numerous opponents,
to Tycho Brahe, and it

. . X 40, b i
B Wgraphicum 1s also sen’
15 this letter which intiates the CO! t
Lo men. At the tim
< C,

g e aversation between th
raniborg, and immediately offers a jolea to Kepl i
f Kepler, recognizing
relatively secure in his

powerful mathemarical abilities. However, Kepler,
€S generous offer, It is not

lt:;hu{;g pos:;ion at Gratz, at first turns down B;
¢ authonties in G i 1
matz begin thcxr. Persecution thar Kepler
St s epler 1s forced to

c:rnng:;i!cl out of the city for his and his £
y, 1t is the 1 ]
which brings the two mun raee e ol beO¥een Catholic

\‘(hennfg:e ]e tWo men together for the firse time 40d Protestant factions
ool Marspx (’;’ hxf'ilsmua ¥ goes to work with Bmhe,'Bmhe h
that Legomontanus dssistant Legomontanus. Yer Mars. e e
data falls on Kepl gg’ ; €5 Up.as it exceeded his abilitjes Eva e e
within 8 days. 1 pless lap, who incorrectly believes he w onsequently, the Mars
folio pagcs‘w;t}: would in fact take him more than six = be able to resolve it

miniscule writing. (It is no Wonder'R):::is&mmhng 900 enormous

.U weat briefly mad,)

and hence is able to secur i
: secure a stable salary and place of oy mathematician,
use the nature

118

Mars had not been easy to conquer, in part because it has the largest deviation
from a circular path of all the planets. His intellectual progress is well descrbed
by Arthur Koestler. Kepler begins with the basics, by plotting the path of Mars, a
very detailed and excruciatingly tedious work. Stakingly, he initially porteays it in
the form of an egg, yet because of certain inconsistencies he discards this notion.
He realizes that his first calculations had an error of 1/8 of a degree, but because
Brahe’s data had only a 1/15 margin of error, he discards this first attempt.

Then he plots the path of Earth as it would be seen from Mars. While this
might appear to be redundant, it was an important exercise at obviously Earth
was the source of all Martian measurements, and served as a secondary
verification process. He discovers his equal area sweep law, which is titled as the
second law but in fact first to have been found. The regulanity of all planetary
motions could be traced by calculating the area beneath their paths and the sun:

eas would be traveled in equal times. Since the area of a planet closest to

equal ar
ts farthest pomt, it would be

the sun would be much smaller than that from i
traveling much faster—but at a predictable speed.
The second law is perhaps the most puzzling, in that Kepler appears to have
had the answer before his very eyes on 3 aumber of occasions, but his inital
hindered this discovery. Kepler would take years
pattern in from of him. At one point he notices a
428, typical of an ellipse. At another
rmed from the farthest and
After 6 years of continual
t travel in perfect

ignorance of conic scctions
before ‘seeing’ the elliptical
variation of the radius between sides of 0.00
point, he notices that the varation in angle M fo
closes point equaled 5°18,” again a trait of ellipses.
work, the answer finally hits him in the head: planets do no
circular paths, but rather in slightly compressed circles or ellipses.

With this discovery, Kepler breaks with a millennial Platonic/Anstotelian
tradition of using the perfect circle to account for celestial movement; his study
also does not pretend to be a mere mathematical exercise but in fact claimed to
reveal how the universe actually existed. There was no difference between the
model and the physical nature it represented.

The third law would take a decade to be discovered, and addressed his second
important question: how could we account for rcgu!an'ry of planetary motion, as
it did not follow a simple rule; double the distance did not mean double the time.
But it appeared as if there had to be some sort of und_cdym_g ord.cr. What was }t?

In 1619, Kepler publishes Harmonic Mundi, which, like lu§ other previous
works, is so autobiographical, describing all of the contours.of discovery, that ic
third law only appears hidden in the middle pages of the dqu book——son}cthm'g
which might have made Galileo shirk from taking a detailed look at Kepler's
work, aside from the fact that Kepler was clearly writing from a region with clear
Protestant affiliations. " r i ;

That t2/d3 = k, where k is a constant might sound trivial, but this is precisely
the purpose of science: to render order onto cA:lmos: Kepler in fact lmq found the
‘physics of the plagets,” in that there was an identifiable pattern behind the vast
:lrm'ys of points and aumbers in a planets path. This law applied to all planets,

size or distance; one did not need a different physics, as

regardless of their 4
Ptolemy had one, to account for the motion of each planet. The square of the
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time traveled divided by the cube of the distance traveled equaled 5 unifomy
constant. In his third law, Kepler begins to ‘clean up’ the picture of the univers,
and set the foundation stones for Newtons marvelous construct: the lay of
gravty.

Somnium
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social class. They have six children together. ctly different
During the preparation of his last book Kepler tray,

S

Europe, noticing the horrific destitution in whic
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Prince of Motion
Inquisition
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November 1632 had been a particularly

68 years old, he had

of three physicians were sent and inspect Galileo so as to ascertain the validity of
his excuses. All three verified that in fact Galileo was very sick, and that he
should not leave until he had recuperated. It was 2 medical evaluation that fell on
deaf cars, and the Inquisition orders him to set off immediately for Rome. But
that was not all.

The order sent a weakened old man in a debilitated state nght into a plague
infested land. Ever since the Black Plague arrived three hundred years prior to
Galileo’s departute, periodic waves of the disease had routinely swept through
Europe; although reduced in severity over time; they stll resulted in gruesome
and deadly epidemics. Families, believing they were protecting their loved ones,
lied about the condition, keeping them hidden indoors—only tragically resulting
in the death of the entire household. Galileo’s first ‘wife,” Mana Gamba, and his
own son’s (Vicenzo) wife also die during this event, leaving three kids behind. By
forcing Galileo to travel at such a time and in such a weakened physical
condition, the Catholic Church was issuing a veiled intent to assassinate him.

It took Galileo one month to get to Rome, as he became stranded in a town
that had wisely imposed quarantine. Although the journey covered only 130
miles, this was the era of the horse and cart; what today takes less than two hours
of driving on a highway took much longer back then—for good or ill. He finally
artives in February 1633. Galileo and his daughter Maria Celeste (Virginia) did
not really think the trial would last long nor did they fully appreciate its
SEHOUSNESS.

As a young man, Galileo had fathered three children: Virginia, Livia, and
Vicenzo. Upon his ascension to the Medici Court, he had taken Virginia and Livia
with him to live in Florence, being old enough at 10 years of age to undergo the
journey. Vicenzo at 4 years was (00 young and stayed with his mother. Galileo
had not married their mother, Maria Gamboa, whom he had met in Venice. She
was of a lower rank, and ultimately even Galileo advised her to marry another
man from her respective social rank.

Upon their arrval to Florence, he places his daughters into a convent as a
mere educational formality. A woman was not allowed to take religious vows
until the age of 16. Sadly, the convent ended up becoming a prison for the two,
greatly restraining their movements. While Virginia thrived in this environment,
Livia could not tolerate it-and was left with permanent psychological scars as an
adult. As they matured, Maria Celeste and Galileo developed close ties, as is often
the case with a first born. Unfortunately, their enormous correspondence was
burnt by a nun at the convent upon discovering it; only the 125 letters kept by
Galilco'providc evidence of the strong bond of thc.ir rclatiox}shljp. His gldcs(
daughter routinely mended his clothes, prepared jams from the fruits of Gahlcp‘s
garden. Galileo, “in his tum, helped the cash-abseat convent with routine
contributions.

Maria Celeste believed the tral would last less than a month. In actuality, the
trial would be tediously drawn out over 4 formal heanngs that would not end
until June, when a verdict was issued. Six months would pass pcforc a sentence
was Eead, forcing Galileo to undergo a great deal of psychological trauma, being
uncertain of an outcome on which his life depended. The human brain has
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mnt. The Catholic  Church

st be questioned. An accused as Galileo always stood alone before the judges,
testifving in the first person, which, in turn, suggested his inherent liability and
subjectivity, The language and tone of encounter was at its core partial and
biased. The accused was always on the defensive, and could never question the
case of prosecutor, neither on philosophical grounds, logical argumentation, oz
evidentiary basis. There was an inherent presumption of guilt by the Church’s
court, and its evaluation was to determine the degree of guilt rather than a
question of innocence. The accused had to prove that he was not as guilty as they
believed him to be—not a good place for anyone to be in.

At the final hearing of the trial, Galileo as a 69-year-old' man was forced to
kneel and recant. He is immediately placed under house arrest for the rest of life,
which is not as light hearted as it might first sound. He was not allowed inttially
10 go to Arcetri, his home situated next door to the convent where Mana Celeste
lived. Galileo was first placed under house arrest in the care of Asciano
Piccolomini, Archbishop of Siena. The surrounding circumstances—the length of
the trial, its uncertainty and enormous implications, and his inability to return to
his home and loved ones—took an enormous toll on him and his family.
Piccolomini worried that he would have to tie Galileo's hand to his bed, from the
traumatic emotional state he was in. Galileo had hoped to reform the Church, not
to become its prisoner. Maria Celeste had beea so worried about her father
throughout the trial, that she seldom ate or took care of herself. Shortly after the
last hearing, Maria Celeste gets dysentery and suddenly dies, bured in an
unmarked grave.

The Catholic Church could have “killed” the Scientific Revolution in its
beginnings. It is often the case that ‘revolutions,” or changes of enormous social
consequence, are not detected at the moment they occur; more often than not,
these are identified post facto, as is the case of the internet in our day. Had Galileo
been found guilty or had he died during the strenuous ordeal meant that he
would not have been able to publish: his greatest work: Discourse on Two New
Seiences (1638) where he invents the science of motion and matenals. It lmsi btfcn
published in Holland by Elzevir, outside of Catholic jurisdiction. The publication
could have led to Galileo’s execution but he denied that it was by his hand.

The original trial had been undertaken to ‘send a signal’ and make an example
out of him, Galileo had certainly become 2 well-recognized figure in Europe, and
the trial did actually have an effect. Descartes was about to publish his magnum
opus, L2 Monde, but immediately stops publication in Catholic France upon

hearing of its result.
There can be no doubt

opus. : :
As early as Siderins Nunins (1610), Galileo had suggested he was holding onto

two ground breaking studies. Throughout his writings, Gglilco repeats this
message, letting the reader know that he had such a study in his han(.is. Much of
this work began when very young, but was fully developed unnl‘ hc. began
teaching at the University of Padua in Venice. Galileo referred to his g:ghtecn
years in Venice as his happiest years. Any delay or postponement of his work

that the Church also delayed Galileo’s own magnum
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most joyous occasions in life similarly occurs when he also hears a boy playing a
flute reproduces same melody, much to the man's surprise. He then decides to
undertake a journey around the world 10 idenufy and categorize the many ways
by which the beautiful harmony could be made. However, throughout his long
route he finds so many different means, that he realizes the total number of ways
would ahvays be greater than those which he was aware of. It would become a
central point to Galileo’s philosophy of science.

As a young man, Galileo attends the University of Pisa. His father wanted
him to study medicine in order to have a more stable source of income, as is
often the case when individuals rationalize their entry into the field. Vicenzo
senior well knew the typical economic woes musicians faced. However, while at
the univessity Galileo acquires a poor reputation for constantly caticizing the

sitions of ‘the Ancients,” specifically Aristotle’s world view: In today’s terms, he
would be called a “guejoso,” and actually took a strong liking to mathematics. In
this, Galileo is influenced by the professor Ostilio Ricci, who was a ‘practical
mathematician’ in his use of math for solution to problems. Specialization hides
today much of what was previously considered mathematics.

Galileo drops out of the University of Pisa, and it is easy to see why: he was a
creative thinker operating in a conservative environment, He then begios to work
at home using his father’s instruments, doing his first motion studies. As a young
academician, he writes a significant study of motion, discovering that pendulum
of given length swings at a constant frequency regardless of amplitude. This study
is sent to Chrstopher Calvius in Rome, who in turn shares it with various
important people. The chain of eveats eventually results in Galileo, returning to
the University of Pisa in 1589 as a professor rather than as a student. As noted
before, his low salary of 60 flotins are meager SCraps from which had to pay his

sister’s dowry. The year 1591 is a difficult one for him. His father Vicenzo dies

and his contract at Pisa ends.

Yet Galileo had also made a hydrostatic balance, a
obleman who again igitiates a new chain of communications
rm employment at the University of Padua
tive periods in

“balanceta, which is seen by

an important 1
which results in Galileo’s first long te !
in 1592. At the age of 28, Galileo thus begins one of most produc

his life.

Galileo as a ‘scientist” was prncipally an experimentalist, which is ironic as he
risoned for astronomical work, There are two types of astronomers:
Brahe who sought accurate, exact determination position,
angle, elevation, and so forth. The second type is the theoretical one, as Johannes
Kepler, who focuses on the discovery of the mathematical structure of the
cosmos. Galileo was neither of these. The main portion of his productive life was
dedicated to study of motions; astronomy had been only 2 di§xmc.don for hxm
The importance of his astronomical works are based, however, in his recognition
of the significance of its discovenes. ; ‘

Galileo could very cleadly see implications for Catholic theology. Specifically,
he realized that Catholic Church had based its worldyiew on erroncous notions,

£ his life is the attempt to reform its underlying (and

and the purpose of much of | : ¢ :
incorrect) tenets. However, since Galileo also wrote in the vernacular, it meant

was imp
observational, as Tycho
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Galileo also seems to love the company of people; his good frieads Salviati
and Sagredo were memonialized in Dialopue of Tun World Systems. He would often
sty with Salviati when sick, and Sagredo’s sharp mind likely played a good
counterpart with insightful commentary, akin perhaps to that of a Michel Besso
(o FHinstein, By contrast, Newton was a loner who rarely socialized, never
d much less had children.

married, ha
of the Scientific Revolution, much more so than any

Galileo is the public face
of his scientific ‘co-revolutionaries.”

One also has to recognize that, as proven in Siderius Nunans, Galileo became
the first person in all of his history to actually observe the Moon's surface and the
moons of Jupiter—a point that cannot be emphasized enough. Galileo was also
well aware of the significance of these acts.

He begins his brief piece with description of moon and puzzles at the
information gleaned from his new instrument. He obviously notices the moon
had irregular surfaces. He looks at a reflection of sunlight from' the moon and
sotices how their shadows align with the sun and concludes that they were
craters and mountain peaks. However, if the moon is so irregular why does it
appear so smooth? One would naturally expect a jagged and irregular outline,
rather than a smooth and regular profile. Galileo comes up with two possible
causes for the visual phenomena: a) the role of the Earth’s atmosphere or b) the
creation of an optical illusion is akin to that of waves on the ocean. In his
consideration of the matter, Galileo opts for the second choice.

A thunderous sea full of waves looks flat on the horizon, in spite of being full
of crests and valleys; each wave peak cancels the other out, and thus giving the
illusory impression of smoothness. Galileo argues that a similar phenomenon on
moon was occurring; cach crater and irregularity scancels’ the other out, hcl'lf:c
providing the incorrect illusion of perfect circulanty from afar. Later, in The
Assayer, Galileo also points out that it was precisely the irregularity of the moon
that allowed it to serve as a ‘reflective surface” If the moon were a perfect and
polished sphere, we would not be able to sec it from the Earth; it was actually its
very roughness that diffused light in many directions, thus allowing a greater
portion of it to actually reach the Earth. ) —

The moon had other puzzling features. Galileo nofices an enormous yanation
in heights. If the Barth had the same degree of topogmphic vanability, it would
look vastly different; Mt Everest would be 2 common phenomenon. In othcr

words, \v};jle both Earth and Moon were charactenized by craters, the respective
magnitudes of each varied enommously. He also» notices that there was a
‘backlight’ on the moon. In other words, Galileo discovers (hat. the Earth was
serving as the moon’s ‘moon,” reflecting the sun’s rays back onto its own satflhtc.
The same processes which occurred in the heavens also occurred on Earth,

diminishing the previously assumed distinctions between each. .
important piece of Siderius Nuncins was the discovery of

Yet perhaps the most : A Tl
jupiter’spemoopns. They were difficult to see at the tme even with Galileo’s
powerful telescope, given that the telescope as a technology was stll relatively

; they required a skillful operator to work. There is an

primitive. As old computers, : !
embarrassing incident in Rome due to this. Invited guests at a party were unable
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p away, howevcr. a5 these
would ‘disappear’ only to reappear later,

He did notice, however that the intensity of light could not have bee
by their rotation around Jupiter, given that the vagation in distance to the Earh
Wis 0ot enough 1o have caused the observed variation in light intensity. Galiley
thus leaves the cause of this varation as an open  question, unwilling (o
hypothesize further than the data itself suggested. He, nonetheless, realizes thei
enomous scientific: significance: the Aristotelian world view upon which the
Bible was based would have to be modified.

While Galileo had not been a firm Copernican early
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anomalies Galileo was detecting. The Processes of heaye
dissimilar as had once been assumed.

It is also important to po!

A very acute observer who

1 caused

in his career, he would
vor. Only Copernicug's
y of the astronomic
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it out the scientific character of Galileo’s method.
' undertakes many comparisons, Galileo does not rake
exudenge at face value, but rather continually verifies the data he has obtained,
More importandy, he is unwilling 1o generalize to conclusions that are not
Properly supported by the available evidence. It would have been politically ideal,
for example, to have used the Jovi i i variation to supp'orl the

Jovian satellites® luminosity
, he prudently leaves the answer

7 had been created by the very
We trust the information provided by
It is certainly the case that there were SOme. problems with the early
telescopes, as these often did produce 3 double image, again requiring skilled
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exclusively P{ro]l:c‘f w political regions declaring gmh cex::n:) e
been one of the fev e ki
e g?ﬂzr:l;{i :::l?ftr:z Giovanni Fancesco Sagredo, a dip
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Galileo unwisely chose t©



There can be no doubr that Sagredo was correct: Ve
‘handed over' Galileo to the Catholic Church in Rome a5 occurred in 1637
Galileo would have found absolute protection against any direct personal thyey
to him for his religious or scientific views. Had Galileo chosen to stay in Venice,
there is no doubt that would not have become a ‘martyr’ to science, and hence, iy
hindsight, his decision to move ultimately be of critical Importance in history,

Yet the issue is of enough importance to merit 4 closer look. Why did Galile

{ irt at Florenee? Was it

nice would never haye

then push for a position as Courtier in the Medici cou
greed, or desire for social status?

Varous reasons have been proposed. Future thr
present. In contrast to' the looming cloud of the Jesuit menace, Galileo was
already being subjected to attacks by academics in his Own university. Tha
Venice was a ‘free thinking city.” did not necessarily imply that Galileo was free
from any type of opposition—as well it should be in any democratic space. It has
also been suggested that his move to Florence Was a ‘return home,

As Dava Sobel has noted, each municipality was then known for their own
distinctive traits and habjts, Naples was well regarded for its parades, Rome for s
picnics, Venice for its gondolas, and Florence for it plazas. It had been in these
very plazas where Galileo vas first launched

xqtelhg:_:utsia; u these public Spaces people

eats always look vague in the

Galileo’s decision to return home, where he had thrived as a4 younger man. One
has to also remember that he was 4 Yty good debater, a skill which was likely
developed and honed within Florence’s socially vibrant plazas.

The university atmosphere was another factor. T

was inhegendy & conservative one, as most universities were subjected to strong
religious influences, Even if no direct ties existed to the Catholic Church. these
Were predominantly populated by Church men. A good example would be that of
Niccolo Castelli, a former student of Galileo who had also become a close
confidant. A brilliant m:lthcmat%ciﬂﬂ, Castelli was the first to Propose a novel way
1 Q, i >
of paper, thereby avoiding the reting] dama; e telescopic image onto a piece

iy i ge that would otherwise occur. Castelli
4d become a Benedictine monk, and hence his name “Benedetto,” Benedetto

obtains 2 position at the University of Pisa, taking over prior Galileo’s prior

‘'he early modern university

It is important to note that as professor, Galilee did not teach Copernicus
but rather stuck to the traditionalist Interpretation of Ptolemy. 5o conservative

0 universitieg dlmng ;
all manner of academies had been formed: a p this period, that

Europ 3
being the “Aeademia deli Unmide® (Academy of Moistures) or g wom¢ Of these
Cursea” (Academy of the Chaff).
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Post Siderius Nuncius
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defending a young student.

ocial and
¢ enormous s

context of th : i
: and. In the : device where tru

: in Galileo’s own h a necessary

was written in was 3

: holic Church, it z SUF institutional
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was intermixed with uld ignite the
reprobation and sz;cuog;e[oxical device was the flame that wo
Ironically, such a

ileo and the Church. s on the relationship
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been done. Niccolo Lgn;:wn due to his ignorance of astrono
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launches a ‘frontal attack.” When Lorini receives a copy of the Castell; letter, he
perceived it to be a direct menace to the Catholic Church, Sgll retaining some
amount of wfluence and authonty in the Catholic tanks, he sends it directly 1
the Inquisition. In his criticism, he does not attack Galileo directly, but alludes 1
the ‘Galileans.”

Such incidents lead Galileo o wri

mportant historical document more thoroughly documenting hi
on the relationship between sclence and religion.

The sunspots controversy arises that same year when “Apelles” (the Jesuit
Shneter) sent a book for publication to Marcus Wesler. Wesler, wanting to verfy
the validity of the informat; seeking a brief letter of
ment on the work. Galileo however, responds with a lengthy exposition on the
i interesting because it sheds further light into Galileo’s
scientific mentality, He is not quick 10 accept or dismiss the claims in the work
but rather thinks ‘deeply’ on the complex issues at hand, as well as obtains
evidence before reaching any formal conclusion,

What were suaspots? Shaeier claims: that the
Galileo notes that this was unlikely given thay
character, shape or luminosity, In fact, their constancy was their unique trait.
Sunspots, by contrast, were so subject to change, that it was hard to tell whether
it was the same bodie

. ame S appearog on each rotation. Galileo also observes that
celestial bodies did not have to be dark to make spots
Phenomena of clouds on Earth as an example. [t wg

te Latter to' Grand Duchess Christina (1 613), an

S personal views

Y were stars orbiting the sun,
stars tended not to change

The case is 1ateesting because it suppested that
Apelles was a Galileo ‘wanna be mplyiag in his book the notion :tgg that bodies
revolving around others we

e NOt unique to the Earth,
was at heart a conservative

- : Appelle’s claim, however,
interpretation which con
clarified it.

fused the jssue rather than

The Assayer 1623

Various comets appeared in the night sky, raisi i,
their nature and ongin. Guiducci (Galileo) pubmlifhes hsi:m with regard to
phenomena, bue reaches no definitive . G

attacked by “Sarsi” In Galileo’s defen

2 2 : of space. Galileo’s
wit and rhetorical geaws comes full force in the rcspongl Sy bad
misrepresented the certainty of Guiducei’s claims, as wel] S ignored co c;n
experience of light. e
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The year 1616 was an i}



Tomacco Caceini also
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esar what is Cesar's; to God what 15 God's," Galileo had begun
ceading theology so to address issues his many discoveres were raising. His
discoveries were in fact so unusual, that Galileo himself could not believe their
uld thus spend much time talking and debating among
friends to hash out his own ideas and resolve conflicts. Most of the citations in
Galileo’s letter were based on St. Augustine’s De Genest ad literam, a well-known
tise. Galileo in essence argues that the truth of God is s0 complex,
simplified in order for common man to understand it. Religion

seender onto C
implications. He wo

theological trea
that it had to be
was not to be confused for science.

It is theologically well known, Galileo points out, that the Bible was not to be

ken literally. If taken at face value, it could be shown to be full of
contradictions. None of the planets, with the exception of Venus, arc ever
mentioned in the holy book. Even then, Venus is referred to as “Lucifer.” Much
of it was written for common man; the image of God as a man is used so that the
simple minded would abide by it. Galileo also notes that as God had given man
higher faculties, it was injurious to NOW deny the use of such faculties. At its core,
it was a bad idea to deny ‘science,” actually using the word “geometry,” in that its
practice demonstrated truths that were undeniable. Galileo is very prescient by
suggesting that Church would be injurdous to its self interest over the long run by
denying the veracity of basic truths so discovered.
Surprisingly, Galileo does explicitly defend Copernicani
the Book of Joshua. In it, the Sun is described as standing
Galileo explores the implications of this statement.
se, it would have to travel

For the sun to stand still in a geocentric uniyer
360X in opposite direction from west to €ast, something hard to believe given the

drastic change in speeds. The allegation also implied that entire universe had to
stop and then suddenly begin its entire cyclical motion once more—an incredible
assertion that was hard t0 easible and much more

believe. It was more fi i ’
reasonable to suppose, Galileo argues, that only one planet ceased its mouon,
specifically the planet Farth, rather than

the rest of the entire universe. Even the
very odd planetary behavior of Biblical imagery suggested the validity of the
heliocentric universe.

Galileo made similar arguments i 0

sm, using the case of

still in middle of day.

ther writings. Presume for second that

Aristotle is correct in that a Pome Mover at edge of the universe: a very powerful
entity that makes the world turn. However, the Book of Joshua’s allegation would
not make sense even in this world order. The Prme Mover has the power to
move the entire uanerse) but NOtIOFMONE & single plaoet? It defied logic to
believe such a situation to be the case, given the vast power in the Paome Mover's

‘hands.’ .
During the cousse of the 1616 info
due to the belp of Ba

Galileo were modified, : G
complaint against him ;s removed, and as well as the strict prohibition to teach

Copernicanism. Rarberini had himself been an astronomer, and was con;cmcd
how such a strong charge would 1n turn ncg:mvc}y affect his own practice: he
would have not been able to study Col.)cmicus without concern of any sort of
persecution by the very institution to which he belonged.

rmal hearings, the allegations against
cberini. The term of “heresy” in the
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Ultimately, Galil mal]
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suddenly dies und, :
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suppose that shore is moving away from us but rather that we are moving away
from shore. A similar argument could be made with regard to the universe.
Looked at from point of view of Earth, it was difficult to believe the implications
of motion: It is obvious that the Catholic perspective was not giving due weight
o implic:ltion for the rest of the universe: that millions of stars should be moving
at incredible speeds. As the scale 6f the universe increased, the stars now being
much more distant, this huge circle would imply ever more accelerated theoretical
stars. 1t is likely that Galileo's sensitivity to motion meant that he was
hese gross contradictions than others.

tly an issue concerning theology?

ebate between Galileo and the Catholic Church
to the many non-scientific issues

speeds of
more attune 1ot

Yet, was his persecution stric

It is patently clear that the d
was not strictly a ‘scientific debate’ due
involved: political, psychological, and sociological. One should never undermine
the totality of factors at play in a debate; a debater could hypothetically be “ultra-
wational” and logically “win.” while being declared its looser in the end. Galileo’s
case is such an example: one afflicted by strong psychological components which
were also tied to politics.

Galileo had in fact traveled to Rome in 1631 to obtain Inquisitorial
permission to publish his Dialoge, going by its rules and protocols. He was
fortunate to some extent in that the pesson overlooking permission had strong
ties to the Medici court: Even then, it took months to evaluate, and Galileo
eventually is forced to resort the help of Ferdinand II in order to secure a
decision. Ricci requests only a few changes, modification of 'lhc’tidc and a
reworking of preface and epilogue, and finally approves it for publication.

By 1632 Barberini (Pope Urban VIII) was a very changed man, however. Hc
had become one of the younger popes, more akin to a general often seea ndxlng
his horse as well as being a commanding figure, However, the Thirty Years War
weighed heavily on him; he had studied at Jesuit school and §upportcd Fhe
French. However, he was being attacked intemally for not Falung defending
catholic theology, placing him ina delicate polit'ical position within the Church.

One can easily obtain a notion of his debilitated {ncmal state from a number

birds from the garden at the

of anccdotes from the time: Barberini ordered all : >
Vatican to be killed because their qoise would not let him sleep. Although Galileo

arrives to Rome in February, his trial is not held untl May. The pathetic reason
for the delay was that Ba:bédni had been vacationing with xlcphe}\f by the coast.
Barberini believed he was constantly surrounded by Spanish spies, and was in
such a paranoid emotional state, that he dared not talk out loud in public,

choosing to whisper every Important conversaton.

But there is more. - ' : ?

A key turning point in tral was the ewficncc used against Galileo. This
evidence strongly indicates that the ‘audience o( d:xe tnal were not just ‘fs 10
cardinals, three of whom ended up siding \w.th Galileo, but rather Pope Urban
VIII (Barberini). Its sole aim was to undermine the close personal relation that
Barberini had with Galileo. o 2

Given that the Catholic Church was so ccm.mhzcd in the figure of the Pope,
any changes of opinion by the person holding the Papal seat would have
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enormous political implications. If i\
1 the case of Galileo, that figure w
much easier to attack. Inquisitors
make him believe Galileo had be
the 1616 discussions were
the Pope.

Notice that Galileo had ne
could have beea falsified
modern court of law.
between the parties was con
written and handed to Gy
prohibited from discussin
¢ven hypothetically.

This false proof rurned out to " Galileo was then asked if
he had ever informed Pope Utban VIIT of this agreement, to which Galileo
naturally said he had not, as he had never seen the alleged minutes before.

This single incident likely did more to damage the ‘case of Galileo® than any
other single proof or evidence. Barberin; was made to look it as if he had been
played the fool. Barberini

| would never again speak to Galileo. The wave of
support Galileo presumed to have been tding on suddenly collapsed in on itself.

Galileo was placed under house arrest for the rest of his natural life. Even
though he had an assistant, the able mathematician Vicenze Vicentia, Galileo
ultimntcl_v lost sight in both eyes. Galileo died five years later in 1642 before three
close assistants: his son Vicenzo, now a la\vyer, his assistant Vicenzo, and

ou could make the Pope distrust 4 figure, 4
ould lose all papal sanction, hence m
seem to have “played a trick?
en mkmg :1dv:\m;}gc o!‘lum.
presented as evidence of proof of G

nking him
on Barberin; to
The “minuges” of
alileo’s betrayal of

ver seen or heard of such minutes, which casily
« and today would never be admitted as evidence
The minutes allegedly registered that
trary to the formal document Cardin
ileo. The minutes ‘evidenced’
g, teaching or writing

ng
the agreemen
al Belarmine had
that Galileo had beeg
about Copernican ideas at all—

be the killer blow.

Evarsta Torricelli.

'I)/}Ib\gm' of Two Worid Systemss was banned for centuries in Catholic countries.
Galileo would not be ‘pardoned” until 1979 by Pope John Paul 11, but even then
would only be a partial pardon.
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Newton and the
Plenum:

The Rise of Mechanical Philosophy
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Newton creates the mythical image of the
professor. He was distinetly anti-social, nev
contact with people early on in life
cnses. He recuperated from his
Locke. Later on in life, he become
attendi

scientist, that of the abse
er marrying and tended
—for which he likely suffered VANOUS nerygy
menal illnesses due to good friends as ok
s the President of the Royal Society of Loridon,
p every single meeting, and commenting on the expenments pcrfotmcd‘
something which no ather president had so steadfastly done before. He imbuyes
the Royal Society with a distinct culture and social dynamic, continuing g
determine its course unil his dying days,

Yet Newton might have never come to be. He
boy; when born, he was so frail and weak that ma

survive. His tortured personality is both cause and Symptom of his scientific
Sreataess, two sides of the same coin. To understand him, we have to look a1

both sides of him, both what is ‘good’ and that which is ‘negative’-as with
anybody else.

.;\'-e\vtc.m., however, does 00t emerge in a vacuum, Important scientific and
p osoghxcal changes during the preceding period establish the predominance of
mechanical philosophy, setting the intellectual context in which his innovations
would pe grounded. New the culmination of the
mechanical treatment of particles in collision, the stojc ‘plenum’ of the Greeks,
However, while we might presume that early mechanical philosophy was tailor
made to go_nlong with quantification, the wo actually clashed during the early
gwem pgnod. More oddly sull, mechanical phﬂosophy also did not coincide
with experimentalism. Again, while toda taken for granted that the two £

0t minded
o avgid

suffered greatly as 2 ¥O
0y did not think he wouq

ton could be defined as

y it is
together, such was not the case in their origins,

key figures in the rise of mechanical philosophy was Rene
names in Newton's now-famous college

: to as his Wz Book, a blank notebook he had inherited
from his detested s.tcpfa(.her Barnabus Smith, While Newton would likely have
thslinhnstfto u;f: \jt. Paper was then tog eXpensive to be so casually discarded.
Smith had forced } Newton’s mother to abandon him t ree, i

g s at the age of three, in order

N, 3 T >
Newton's tortured genius is both the cause and SYmptom of his greatness.

Renaissance Naturalism

The ongins of expedmentalism be:
approaches would be ultimately blend
as ‘science’ is not necessarily how

¢ 3

One of these strands was Renaissance naturalism; Williarm sé;'l;l:!tficnt: ccnr:;yn'

Helmont are key figures in this movement. ais o

Gilbert undertook cighteen years of systematic i :

R S e A % amy

lodestone (magnet) culminating in e Magnete (1600), ae:rl:ed; uintn;;:] :;n' tf::
thoroughness. He was actually a physician who was initially i m}::c 4 eﬁ u:h

practical ways for improving sea navigation. Gilbert S)"stcmaticallyu;g;;yz:g
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to what C modem € i Te g
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viewpoint :

S e ged to is antithesis, % red, since the
later would be “’f’m:‘;}li vigfvpoi‘“ held that, as Descartes believed,
Furthermore, the rationalis

form
i id not need to per
bodiment of mathematics, one did o

world is the em

« fl 5
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S 1 one
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il arguing that expe:
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chanctenzaton. Quantification, eXperimentation,
not necessanly go hand in hand to eael

Brahe was the fisst (o detect the
that crystalline spheres did not exi
‘mechanism’ required 1o kee
off? Such was the power o
mnto his own: The Sug had an ‘amima motix th
also important to note the inherently ‘conse
still abiding by criteria of Anstotelian
‘ghost’® behind every violent m
notion, changing it from Gilbe
noton of ‘force.’

It s striking that none of 1S partic
the changes they were undertaking: ¢

ind mathematic
y modem philosophers,

cosmological implications of
st but also was led to thi
p planets in place. What preve
f Gilbert’s work, that Kepler i

al analygis gy

comets, sk
€ iSsue of 5
nted them from flyne
ncorporates it di:émr
at caused planetary revolution Itic
tyative nature’ of the concept. [t
efficient cause,” of an otiginal mover ora
otion: However, Repler further develops thie
TS “anima motrix to something akin to our modem

pants fully understood the implications of

ur revolutionaries apparently were not fully
aware of the intellectual tevolution they were starting. Galileo, father of modem

day physics, couched his studies within context of Aristotelian natural motion,
Kepler, for his pa 4 universal motion common to both

ena. Intellectual revolutions are not demarcated by
evelopments, but are full of bizarre and strange twists along

re othcm.n'se, they could be casily plotted on 2 graph and
ted, lacking that trait of ‘magical change’ which s so
ch revolutionary periods.

the way. If it we
statistically predic
characteristic of sy

Father of Mechanica] Philosophy

The mportance of Rene Descartes (1596-165
cannor be underestinated. As the

0) to the Scientific Revolution
established the key ques

' father of mechanica] philosophy, Descartes
: iesuons of the era: hoy do particles collide? Like a catalyst,
however, the inconsistent answers put forth by him were soon supersedcd'b"'
othex"authors, Serving to ‘erase’ the CIOIMOUS imporance of his original research
paradigm. While his name would be one of the most commonly cited in
Newton's notebooks. N one influenced by him.

s Newton would not be the only
Christian Huyge. 35 4 friend to Descartes, so thoroughly

08, whose father .
s antalizingly cloge 1 the law of gravity.

develops Cartesian ‘science’ that he co
The first publication by Gottfried Wilhelm Leibniz, whe had been a student of
{ collisions

Huygens,  crishes Descarres’ analysis  of

calculus; and although we give recognition to Newto
expressions which are today used i

As a young man, Descartes had also NV
geometry: algebraic descrptions o
tigorous analysis of particles along the
suggest that he came very
‘ahead’ of its time.

\now “"cu,'km_“"_ + Z axes. Some even
close 1o creaung an “Einsteiniay SPAce-time,” 400 vears
] J i
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the foundation stone fo haracterized of ‘s exter thus creates a distinct
Whereas: the. world was C body. and motion. Dlescaﬂc-id a new problem as to
included weight, e"m:m“m':wo '5’0 much so that it m:;:; try to answer, himself
boundary line betweea [himiot; Thomas Hobbes wo es’s shallow proposal _Of
how they interacted, & s? modem psychology. Dcscj:tk i bee attempt 1o give
laying the Comcrsl?ﬂe :l)ac seat of the mind e “x;ovc. on to more important
the ‘pituitary %:;ZSOIE’Y; however it allowed him to
cohesion to p

v
: he truly
ing: the only thing tha_t

aspects. : is stance was the follo“"“g. e ated by an evil demon,
The key point of his’rh world could have been cre s could not trust the
knew was his thinkiog: fosl and trck him. Hence Descartes
ing 10
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evidence received by the senses as valid. The notion looks odd to us
1S enomous Importance is not immediately obvious. In esser
the world could be something other than that w
tevealed; what we believed the world to be might be entirely different from thy
which it actually was, Curiously, Galileo had postulated a similar nouon, in his
distinction of ‘primary’ and ‘secondary” qualities. Secondary qualitiés as colog angd
smell could not be used as valid evidence, as these resided within the ming and
Were not necessaily situated in the object perceived. For Galileo, it was only the

pamary qualites that mattered: weight, motion, number; these could be meastired
and counted.

Cogito’s demon was of enorm
build up a mental construct of th

moderns, 3
Ace, it implied thy
hich our sense exXpenence

ous importance in that it allows Descartes 1o

e world entirely different to what early modem
Europeans presumed it to be. This philosophical state constituted
break with medieval philosophy, where the world of the sense
most. The world had been made for the sake and pleasure
be interpreted at face value for its religious symbolism.
From this base, Descartes proceeds to build the world
plenum. For him, the world was full of
which were so small they could not be
every action had a counteraction;
particles would be affected, and

a complete
s is what mattered
of man, and hence o

anew—atop the stoic
particles of three different sizes, some of
seen. Given that a void could not exist,
in the absence of a void, all surrounding
in tn affect those near the neighbonng
localities, as in a chain reaction. These motions in turn created innumerable
vortices and eddies, the total quantity of motion in the world being fixed by God
at us creation. All natural phenomena was hence 1o be explained on the
interaction of these paticles: solar system, gravity, light, and magnetism,

For example, as the sun moved, it created 2 countermotion that kept the
Planets on their orbits, Similarly, hrough the plenum, particles

as a planet moved ¢
were moved in such a Way as to create vortices which perpendicularly pushed
menon of gravity. Light was

down the objects on its surface, creating the pheno
the result of pressure waves from objects reaching the eye. Descartes’s
explanation of magnetism was truly ingenious, using screw like particles whose
motion was dependent on its onentation, thereby producing both attraction and
repulsion.

In the end, however, Descartes had created 4 nonsensical world that would
not have stood up to fgorous experi

e ; 2 % xpenmental verification, and did not readily
coincide with Kepler's or Galileo’s work. Ironically, it giq not lend itself

immediately to mathematical analysis given irs contaadictory nature, The
Cartesian world view provided a new space for analysis 5o utrerly lacking in
Aristotelian scholasticism. It certainly was intriguing and one might 'suggest that
the European intellectual landscape was ready for a change

The Cartesian new world view did have one crucig] implication: the role to
which it attabuted the impact of particles became th

b g © central focus of scientific
explanation. Since the universe was a plenum

: ‘ : : of particles in constang contact, the
outcome of the impacting particles ultimately determined the nature and shape of

the universe, and hence received the most emphasis. Iwni_cally, in spite of h aving
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and measured. For .I,ord:gufi)‘e‘_ptoc‘luccd by the fountain which cotl}gcchF l‘"nlllx‘s
he > impetus’ is similarly P
| :_efe G y accumulated over time, which
began Iy tum.” ) entum, as the fountain’s water

Aropy
s Paseql
al stratagem only to demogps 2

For example, in the case of b

pulling on a large ship will take uge ship and small tug boat at port, a man

h
ours to drag the large ship in. Bur when it

metal balls YO %
two pendl,]:‘,::f;é::nthc;"d of 2 strings, each ballgllx:istd:);?“‘g a man with 2
men each, and places 05 - He redefines the collision by givi ¢ other, essentially
with the same speed a x}: man on a small boat which mo:mg a metal ball to two
s the prior case. By this manner, he t::tf:tmlle}]] to. the other

€S the same prior
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collision. ‘This method thus allows Huygens to isolate the varying frames of

reference in his analysis.
More imporlanlly, he asks: under what condition would collisions lead to no
change of velocity? He realized that what remained constant was the square of
velocity (mv?) and calculated the force needed to keep body within circle of
endulum at a 45° angle, distinguishing centrifugal force (force pushing outwards)
from the centripetal force (force pushing inward) which would later be used by
Newton. The best measurements of gravity were thus undertaken by Huygens
with his conic pendulum, noting that at 45 degrees, the object was balanced
between the inward pull of gravity and the outward push of the centrifugal foxce.
Whereas prior measurements vielded 24 and 30 feet per second, Huygens arrives
close at to the modern day measurement 32 feet per second.
This aspect of his work was ‘culminated’ by Gottfried Ieibniz, who had gone
1o Paris to finish his studies with Huygens. Huygens immediately recognized his
intelligence and hires the young philosopher. In 1686 Leibniz publishes his
famous A Brief Demonsiration of a Mentorable Error by Descartes, cleady and succinctly
putting forth the key mistakes made by his predecessor, and setting forth the Jaw
of conservation of motion.
I.eibniz notices that a four (4) pound ball falling one (1) foot would have the
same effect as a one (1) pound ball falling four (4) feet. Imagine, now that our
one (1) pound ball bounced back four (4) feet from its orginal fall Leibniz
realized that if the ball bounced back 5 feet, he would be able to generate work
only by ‘capturing’ the extra foot generated from it. This ‘result’ would produce

more energy than put into the system. Leibniz in gffccl had showx} the
impossibility of a perpetual motion machines; each collision h:\c}l to 'rcsull in the
same amount of energy at the end as at the beginning: If all particles in the world
generated more energy than their initial state of collision, the world would have

long ago exploded; on the other hand, if each paticle collisioq :‘csultcd. na
substantial loss of energy, then the ugiverse would have long ago dissipated into a

vast heap of motionless particles. !
By resolving Descartes’ contradictions in the ¢

comes up with the law of the conservation of motion, W

foundation of thermodynamics two centuries later.

ollision of particles, Leibniz
hich would serve as the

Biography of Newton

born in the cold winter month of December 1642 in

he same year Galileo died. A premature child, maids
sent to fetch items 100k their time on route because they belicvgd it would not
survive. That he was baptized a week after birth mch?mcs how frail he must have
been as a newbom. His father “Isaac Newton” had dxgd a few months prcvlou.sly.
which must have led to 3 few months of stress for his mother Hannah, possibly
ing hi ¢ condition.

g b cftom a2 family that had been slowly gaining economic

1 her came
ek | ascendancy as sheep herders, as the area showed greater

prosperity and social
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Sir Isaac Newton was
Woolsthorpe, incidentally ¢
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College and would
gave his students an

chi New:
o w1 s
€ space in which

and develop. His room was covered with all sorts of drawings and
showing that Newton developed a degree of artistic skill. He
he basics of chemistry and chemical manipulation (‘alchemy’)
btains a book by John Bates, Mysteres of Nature and A,
portance, Clarke’s wife was friends with a
emberton, who would come to play
throughout Newton's carcer. One can easily visualize that
wton’s significant achievements as a youth, likely
ance early on. Newton was fortunate in that
t whereby information of his early
figures with close affiliatons

{0 GIOW
ponm.il sketches,
also learns about t
from Clarke. Newton 0
which he reads voraciously. Of equal im

prominent Trinity College professor, Henry P

a1 decisive role
pemberton was informed of Ne
{dentifying Newton's promising brlli
he lived within a protective social environmen
nts were diffused to important ‘higher up’

achieveme
to the family.
Newton certainly developed many impressive abilities on his own. He was
the latter which were extremely accurate.

constantly building models and sundials,
A sundial of ‘equal spaces’ would lead to
an ‘hour’ varies throughout the year Surpris
ariation. He learned so muc
when asked for the hour, he
Newton also built all sorts o

incorrect timekeeping as the length of
ingly, Newton's dials were adjusted to
h about the cycle of the sun, that
could always tell the time by
f wind and watermills. A new
own, and Newton builds an exact replica
h a watermill. It was clear that Newton was
fren the case, he had a hard time making

erly so.

account for this v
throughout his life,
looking at a shadow.
windmill was being constructed in t
improved in design by combing it Wit
a very gifted student. However, as is 0
friends. Newton was very compettive, perhaps oy

When Newton turned 16, he was initially sent back to the family farm to

become the new landlord. That Newton had now become the adult male of the
w role in life. But Newton was 0

family, which meant he bad to assume 3 ne:
horrible at it, that all servants weze greatly relieved when Hannah finally grants
permission for Newton to go off to college. The stories told are funay, typical of
the absent minded scientist. He was so focused on his expenments gnd models
that he often ignored his duties and responsibilities. The farm’s pigs mvac!ed the
neighboring homes because Newton had not mended thg fenccs—t_'o: whfch the
local council imposes fines on the young hndlo@ On va.nous occasions, ;\;wton
would forget to remount his horse after a steep hill, walking back absentmindedly

to the farm, and arAving hours after the horse had already returned on its OWD.

Absolute Space and Time

(Trinity College) in 1661. His
becoming a wealthy widow. In
rovides her son only with 104

Newton first enters Cambridge University
mother had been very stngys in slztc of rcccn)l]ly
spi al income of 7004 per year, S & p:
spite of her anaual 10 et o

annually to go to the universt : ' ys 2
pot i m}%‘o and a lock for his desk drawer. Newton also bongs his Waste Books
cOn‘nF-)fry to its name, SOme of the most important notes ver made in the history

of science would be written in that notebook.
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Newton obtains the position as a ‘subzicar at the university, 4
time employment to help sustain himself financi

served as a well-off landlord, he was relegated at the university to the lowes Ty
on the social hierarchy. As a class of students, subsizars were expected to sepy
the rest of the students; and were not to interact directly with the nobles o
whom they served food. Each group even had different vestments to casily
differentiate amongst themselves. The expenence was humiliating and hard for
him. One day, while moping about in the yard about his circumstances, he myde
one of his few friends in life: John Wickins, Both agree to support each other
throughout the harsh ardeal.

Yet, Newton soon TN across many
amiving, Newton better understood
Was supposed to tutor him. Needle
first encounter. Cambrdge Unive
typical for time. Its outdated scho

10w rated part
ally. Although having recengly

of the university’s limitations, Upon
Sanderson’s Logi than the professor who
Ss to say, they did not meet much after their
wsity as a whole had a curriculum that wis
lastic requirements for a diploma were seldom
T 5 as visiting the town’s cafés were just as widely
ignore

t reigning glory: its bookstores. Cambridge was
hom; 10 a thriving book trade, and it ; these bookstores where Newton
. wced ' ying books that are now considered
classics of the Smennﬁcl Revolution: Galileo, Kepler, Descartes, etc. The best way
o un:dcrstand Newton is not by his associates but by the books in his library.
When he first came across Descartes’ Analytical Geomretry, Newton' could not

Barrow, Newton actually do

¢s rather poorly.
Chair of Mathematics, s

2 held the new Lucasian
tested Newton on E

uclid, of whom Newton had never
_ ' tuflcnt passes the exam, Barrow instructs him to learn
Euclid, presuming that Newton could not Possibly know Cartesian mathematics
as the former was a Pretequisite for the latter, Needless to say, Newton quickly
‘catch.cs’ up to speed. When Barrow later finds out aboug Ncwto’n-’c self-studies in
ax_mlyucaj geometry, he is astonished. and €Omes a mentor t\o~ the student.
Newton continues buying books in mathematics, and soon catches up to the
leading edge of mathematical research in his day. R

Yet Cambridge was not all that bad. From

Henty More, Newton obrains
and absolute space.

Henry More was a colleague of Barrow’s at Trnity. This mi
mutual inﬂ\{cpce, yet More was not a mathematician bu?rathe: :utlfrcil;uignes;{:
had been initially attracted to the Cartesian world view, but the more h g:h ught
on it, the more he came to realize that Desc. S oug

: artes’ plenum lef God %
of the universe. He was the first to come up with the notioy of th:o::ilyztcly ;;u,:
clockwork, first formed by God who then set it in motio £0/0n it wa ;v ot

though a theologian, More also begins to critically analyze

a 1S professors Isaac Barrow and
5 ey metaphysical constryers of absolute time
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b n R ive measure
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FAodbER numbe:;ldl fﬁ;::td‘v‘ affect the work of Newton O
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with absolute certainly
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approximate ‘good e“";%h é::'lm& At first it was barely detectable, willvonly
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In 1665 the plague
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Tling victim it quickly ds throughout the city Kin,
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Cambrdge and were relatively safe, as the
contagion difficult. The only letter that w
written to her son during this erisis, concerned as she was about his \\’L‘ubcing and
pleading for him to return home. Newton’s two years back at Woolsthorpe wouy
be some of his most productive pedod in life,

The role of disease in the development and outcome of the history
I8 more sigaificant than commonly presumed. '

Four years later, Barrow is offe

low population density myge g,
as kept of Newton’s mother js Ot

of science

red a political position by the King Chatles 11,
leading to the fortunate circumstance that Newton, recognized for his abilities, js
awarded the Lucasian Chair at the early age of 29, The incident would puarantee
his income for the rest of his life, and certainly no longer be under any concery

that bc would have to return to manage the family estate, far away as it was from
a thoving intellectual center

_Yet Newton’s income was also guananteed from another source, Hannah had
inhented all of Smith’s properties, and had made Newton the sole heir, 1gnosing
all of her other kids. Upon her death, Newton would never have to worry again
about financial issues for the rest of his life. Curously, this financial sccuci(y also

chamcterizes many of his peers: Copernicus (Catholic canon), Brahe (Imperiil
Astronomer), Kepler (Imperi

; ) Galileo (Philosopher to Mediccis),
and Descartes (phﬂgsop}xe: to the Queen). Most of its patticipants had relatively
comfortable financial situations from which to undertake their revolutionary
endeavors. ;

Optics

. Some argued for g ¢ 2
) : # “corpuscular theory,’ other
suggested a Swave theory.” As Galileo questioned, is col i

8

eye that perceives it? or in the object or in the

performed a similar experiment, but only projects the ligl:?:age'a ?e:;a;iia :Ca:
and thus is unable to differentiate the varable tefractions ?\)Iyew;m‘ 2 of ﬂ’
longer distance allows him to more clearly reveal the full im.P‘f;ct Ofotz s U§Lm. A
oblong circle appeared with its corresponding colors 4] stretched o : . rciing
to wavelength. Each color was refracted at different angles: a5 Ji ut acco ’
from red to blue it had a more acute bending. * # light progresse
Newton then took the light and projected it through 5 convey | hich
inverted the different colors once 3gain onto a single point. As Newt Zns’ “:cd a
sheet along the light’s path, the colors met once again, Creating 4 Sp(:)l ;n;) :vhite
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/ oceeds 1O
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P y 01 8 Society 0 K
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5 i S tcally exp o Newton’s
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the very small using that Newton lavi R
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; . even WwoOrse, 3 s he clearly state
cxpenmcm bu ’ 1 jates Newton, as he 7 saring in the
: ion. The charge infurates 2 « 11 letters appeanng i
interpretation, The spills out over somc ic experience
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been a hypothesis. ions. This must have = e
7 : ical T dfions. 1 hy int. Newton vIsits
Philosophical Transac is rival. At one point, i )
pages of the + e of his nival. 2 3 ed and
T e rOMINENc Boyle who recogo: :
for Newton given the p d by Robert Boy R et
Ny > warmly grectec D) : from the Roya 2
Royal boctet}‘, 52 tf: Dius %cwton however “{xdxdra\:f‘; gnum Opus, Optics,
1 N on e ; cond magnum -
Rt >g:ter its halls or publish his sc As we will see, there was
I oML TODABAELE Hooke some thirty years later.
: bert Hook
until the death of Ro

ke.
’s antl : towards Hoo ; e fon
i : pe ARt 1 tion lenses
some justification for Nf’wtowc:e faulty in that l.hcxxal xe&;c[s mp e
at time We : , '
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chromatic abcmuolnsc.ope e alized, was by
ild a telescope,

properly, build 2. int W
mirror to focus light at a poit

hich was then observed by the eye. Newton
ime nally
spends a great deal of time personaty

grinding down and polishing its mirror,
A
1 cope. «
creating an impressive small 4-inch telescope

s usual, he gives a copﬂ pf ;hc
Society. All were astonished in that
in shows it to Royal Society- All were
device to Barrow who agiid e

light. Newton W

experience for Ne

B and vltimately establishes

nd gl : ical telescopes
it had greater m"Phﬁcau,odnem‘hﬁ)‘;al astronomy. All modcr}:czzgi‘alkadi l[; 3
e rion fo:'m i rnciples established by Is-.aa‘cﬂiik e ngoncs-
ol e ‘dcjunnglgn = the twcntic,d: century LhL ‘ : 'm:rcascd in power.
telescope ‘space mc"_d ot bend under their weight :;‘ ﬁ?c i
et telis:l'o acshit may be, Hooke adds fuel to the

Hard to believe

rguing that he had previously built a similar telescope.
> s a
again claiming plagiacisit, -



The contlict between the two men was also fueled by
ome Secretary of Royal Society. A naturalized Germ
along with Hooke, and would publish personal le
muke the other look bad—encouraging the

Newton was fortunate in thar
but nonetheless sull decide to play an important positive
assistance in this sense was devious but
¢addy modern period. Galileo often wrote anagrams of discovery: jumbled letters
of fndings, which were then send to trusted others to claim priority should
others falsely claimed 1o have done so. In contrast to Hooke, Barrow uses the
threat of plagiarsm to help Newton overcome the aegative traits of his
personality.

Henry Oldenberg, 41 ghe
an, Oldenberg did noy gt
tters by either men 0,15 1o
animosity between them,

a lot of “second rate’ men recognized his talens
role in his life. Barrow's

well intentioned. Plagiarism was dfe iy

Alchemist

The period after conflict with Hooke, 1671-1684, was not a pleasant one for
Newton. At Trnity Colle

: ge he was relatively isolated, often lecturing to empty
classes. Newton was also ssolated from his collea

: : : gues, and did not generally
nteract that much with them, We see him thus entenng another ‘phase’ of work:
the study of alchemy.

An enormous amount of alchemical wo
builds his own |

0 out. It is also to be
damage, but Newton
Id age of 84 from a

noted that brain would have inevitably
dies instead as a fully cognizant inte
painful kidney stone.

One can obtain an idea of the Scope and amount of alchemical work done by
Newton by considering that he had a 00-page index of 5,000 individual
alechemical works. About one fifth (1/5) of his COIPUS i related to alchemy.
Newton was so proficient at the practice, that he is made Warden of the Mint,
:ll:;uu:;fbgzs ag;?motcd to Master of the Mint: the Person in charge of coinage for

Determining whether coins had been adulterated fequired a grear deal of
chemical knowledge of metals. Tt is Newton who introduces tidges on the L:dg'-‘s

of coins, as those found in United States quarters, so as to Prevent thin slices
from being removed and thus debasing the ‘v !

alue’ of the coip by reducing the
156

. .d
i i ingland was unsurpasse
£ metal in it. The quality of coin 1n E;lfl‘,)mm‘pl‘d it
1otal amount O ,,n;l it is for this work, rather _1han t"d L el
fueee ‘“sk“f“l"::(-i ‘bv the British Crown. Nc\\{(on is blxsnri Hep Bdmmfhn i
o in and other world re .
L e ith Charles Darwin an : i
th Charle . ; S
in London, ?1018}“:1““1 writings were first seno;xsl) ;tui::cslms e
e : hl ked. When she first begs § e
I el ; paragon of Weste
time was harshly iy g o
who at the .d as an ideal figure, _ g ol
sen venerated as 4 , apaop 9
figure ]"nd lle?us[ biographer in 1844 sm:c_d cat;,g(;nclax)li;\bb“s ot
qationality. His hlcncc setting the context in Whic (; Dot
o ﬂkh;m)’s f the reason for the animosity was Quc
Ve t o : IEAS
received. Par
& 5 ill, and
pnpiscwxon died without a testament or will,

. T a niece W
immediate descendant Cathenne Barton, :od. Newton’s
g his elderly years and whom m:\md e
dumgth vears, the collection was d,spclrst‘- a:rc wont f

o ¢ V€& s o ' » R " 0O
OVerﬁo[;s ﬁ\'id(‘fdy fracl\lfed as ("1‘2 = ctORzE Chrsties, @ Il::lor\t{?ﬂ i
gene 5 lly these were so! Wor ar
5 es. Hventually th he famous
uchmsmnccsi)L ht by John Maynard Keynes, t
which were boug 2

Germany with
; ity brought upon

<cen the economic calamity broug rs and gathered
conomist who had foreseen t her collécto

e

z . ted ot : Newton's
b sr World War 1. He Coqmc t ) Smglc Newt
its fcl’““;:’ons nf:;rd\l\e/o;)eml:.crton Collection. Still today, o :
’ is known s uags. : i hy
\\hax. ‘!‘\ ist. combining all of his ongmal_ : wil uﬁmtsx St v_mofher biography
archives C'M 8 ing. his newly obtained doc than that which had been
\'Et RC)’nCS:]C“;‘llgiffemm figure of Newton than

revealing a mi

traditionally portrayed. T
The topic raises an impo

d
aly of only dea
lossphes m universe composed only © e
philosopher: : hy presumes 2 TS o e
Mechanical phllosoll: g ‘dly reacting to colhsxonsa i shlmnrp‘ Iy
. < Il]l - -~ e st, 5
matter: inert pntt“';lr?l; view was seen as ultmately .ewas e qf
directed guidance. Lhis Naturalism whereby nature o puuﬁﬂle axiscbws in1 d:unm,_lf
e Renmss.anfclm some sense. crcf.ow{, ; dabble in alchemy and its
iy PR Th : ;
‘spirits’ and truly nl;\::ﬁ e e vy did
\ a
Newton was a mech hil

implici i athies? . ki ; :
Pl syﬂ];[; was a bit of bmh'. aga$ u;cicmiﬁc Rc\"flunon-_“'W,c judge
Lt Appeany her than the apex of the & one will immediately notice
P g e : rather than public claims, isely because it raised the
Newton by his actual wo; woravity, was attacked P?jxlf a mysterious action at a
thr Nestont acs 2 \Egc:tor'x‘s gravity cons‘s.{(c oalh during the 19" century
specter of ‘anima morRe s as Waterston and Herap xn day had very harshly
distance, which later s.acnusmmcdima Galileo in his o;“ ioht not have taken
would try to mcch'amcall; 4 might also explain why he mig ‘

iz d SllCh A . - 7 was ‘humblc‘ mn
criticize ery seriously: Newton’s mechanical phﬂc::so‘phy \‘\ st
}\cp\l\e/:sv also point Out that e uevan ke o

Ve can

+. wiew held ematics, There can
contrast to the C“szn:m:qs‘x;matcl)- knowable through mathematic

believed that the WO 157

thus his belongings fell on his
ho had taken care of Newton
former Mint employer.
passed down between
to do wunder these

ical
was Newton @ mechanic

= Newton was more
ating that Newt



0o doubt that New :
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e Principia’ had been published. Newton was 10w a well-recognized
hough few people could actually understand his magnum Opus, those
did recognize its brilliance. Some 700 copies of Prinapa were quickly
e author was: already working on a second 1713 edition. Newton
section to end of book: Oueries, where he would state tentative
d new lines of research, becoming extremely influential durng the

after th
scholar, Alt
who could
<old, and th
1dded a new
hypothcsis an
next (WO centunes.
Our character at t
at Cambridge University
neglect teaching duties without any negaty
London, Newton befriends important scholars as John Locke as well as Christian
Huygens, whose noble character shines through the anecdotes. Although
Fuygens strongly disagreed with many of Newton’s conclusions, he gives due
credit to Newton’s brilliance. The story of Newton’s nervous breakdown shows

him isolating himself from everyone. He then begins wnting scathing letters to
overly dominant and an

friends as Locke, but alternates his letters between an
overly submissive attitude. Locke recognizes Newton's' psychological condition,
and even tries to help him out by introducing potential female partners. Newton,
in typical fashion, rejects these.

There are many studies done on N
Newton suffered from Asperser’s syndrome,

stich a claim 15 lacking.
Without a doubt, Newton was @

much to the world.

he time had moved from Cambridge to London. Professors
did not actually have to teach, and Newton tended to
o institutional repercussions. In

ave suggested

ewton’s psychology. Some h
evidence for

but again, Hgorous

tragic soul, suffering greatly while giving 5O

Principia, Magnum opus

sophy (1687) showed that the
g such exact results that it
in the history of science.

to be unresolvable, and the
be overstated. Its principal contrbution consisted
physics and planetary cosmology, unqucstiombly
ernican model. The treatise also <howed how prior
work could be derved from Newton's gravity law F=G(m1m:.)/R3: Kepler's
planetary laws, Galileo's law of motion p:oportionnl to square of time of (s}ll. etc.
While few people could understand it, the work established the paragon scientific

200 vcm-s——umil the rise of kinetic theory.
: he publication of the Prinapia Hooke
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As mi haps be expected, upon t :
SR e im. alluding to their prior letter exchange
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implied an infinite universe, More specifically,
universe from devolving into chaos. How do obje
they know where to gravitate to; 1f each w;
who was to be the predominant one? Wh
rather than a moon of Mars or Venus?
Earth? Newton realized that influenc
allowed for multple and distinet
existence.

The publication of the Prindipia can be attributed to Edmond Halley more
than to any other man. Back

at the Royal Society, Christopher Wren and
Edmuad Halley had a similar debate to that between Newton and Hooke—but ig
a much more cordial fashion, Wren was an architect with scientific interests and

had an ongoing bet in the Royal Society with regard to the path of a falling body
influenced by the inverse square of a radius (1/r%). Wren and Halley disagreed as

to the conclusive trajectory, and Halley actually visits Newton in 1684 to sec if he
Enew answer.

By this time, Newton’s
himself had better social

he wondered
cts know
as its center of ot

hat prevenie
where to go? How do
avaty, what determipgg
y should the Moon be a moon of Barth
How did moon know to be moon only of
¢ of grvity declined with distance this
‘centers’ in the universe in ‘harmonioys

tumultuous emotional state had passed, and N

ties and in a betrer mood. When Newton receives
Halley, he quickly answers the puzzle by sta

ting that the path would clearly be an
ellipse. Halley is taken back by Newton’s quick response, asking how he knew,
Newton responded that he had calculated it early in youth, during the plague
years at Woolsthorpe, When Newton then tried looking for his old notes and
could not find them, he quickly writes up the proof, leaving Halley astonished.
The wisitor then asks Newton if h i

ewton

dentify its source.

Newton begios work during an intense period of activity, often becoming so
absent minded that he would forget to eat or where he actually was; a level of
infense concentration similar to that which Newton haqd pl:ev:iously, shown at
Woolsthorpe. Newton then Presents a bref article with summary to Halley,
which everybody at the Royal Society agreed was important. However. the
Society was unwilling to fund it. While it i argued that the instirution had
recently published an illustrated book on fishes atan Enomous financial loss, it is
to be noted that Robert Hooke was the Society’s president at the time, ;

Halley again comes to the rescue, He determines that the
important to not be published, and decides to pay for the entire
of his own pocket. In that the effort constituted a substantial fin

Halley, we cannot give enough credit to Halley role in creation o
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The Principia showed that an immense
be accounted for by his simple formula,
with regard to the genius that was re
however? Newton refused to specul

number of phenomena in nature
The formula’s simplicity
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The Hegemony of

the Newtonian
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That Newton became an iconic symbol of progress and scientific achievement

cannot be cmplmsizcd enough.
The seventeenth century had been a very turbulent and chaotic one, and helps

explain his fame: King James 1 in England tded to impose Catholicism, forcing
important thinkers as John Locke and others to exile in Holland. There Locke
first comes ACTOSS Newton by reading the Prindpia. The Glogious Revolution
emErzes, secking to restore Protestantism, and Charles 11 1s placcd back on the
throne. “Newtonianism” comes 10 be perceived as way of establishing a new
social order. [ncidentally, Newton playsa minor role in the Glosious Revolution

at the university, and, strangely enongh, is elected to Parliament where he brefly

ainly hard to consider Newton a ‘politician.’

Newton’s main influence, however, was through his work. Just as the Prindipia
had established an ideal order of the plaoets working in perfect harmony
according to A well-defined law, 1t was believed that a discovery of the laws of
society would help establish the ideal social order. This became @ central tenet of
the Enlightenment. In science, the Newtonian paradigm was applied across many
areas for the next 200 years, further extending its impact and range. At the heart
of the Newtonian model was the notion that sempircism’ and mathematics’ could
be used to identify key aspects of phenomena; Via analysis and synthesis, the truth
of nature would be revealed. There was a secondary aspect 10 his work as well:

conclusions than are warranted by the evidence provided. Deep
humility before nature absent

during the
to ever know it all)

serves. 1t 1s cert

never draw more
in the sinews of Newtonianism was 2
Medieval period. One could never presume

Newton’s scientific influence thus diverged into two distnct lines,
mathematics and empifcism. Mathematics began 10 be more continuously
applied to the study of nature, often characterized as abstract and abstruse. A
good example of its trend is Pierte Simon Laplace (l749~1821) anq }ﬁs
monumental Mecanigne Culeste (1788) which aimed to solve the remaining
problems with Newton's work. The Newtonian universe nppc:\rcd to be unsmblg,
and Laplace proves its stability. The Bernoulli family contributed to this
revolution, consiSHng of 11 members over 4 generatons of physicists and
riherRatdanE  Bernobllii NS not 2 single “pecsen but rather 2
multigenerational family who adored mathematics. The last name appearss SO
frequently in the history of science, that it is easy to forget who exactly is being
1 7 die) “_hkob." and 2 “Daniel.” As

discussed: 4 were named «Njikolaus,” 3 “Johann,
they fought amongst themselves.

is often the case within families, : N

The second line was that of experimental work, as shown in the Optics (1 704).
Newton never postulated Jefinitive account of the pature of light, which led to
a large amount of c.\:pcdmcnml work in the field: Vet Newton's Queries also helps

to establish numerous lines of inquiry, suggesting @ vast LAY of topics which
could be more fraitfully cxp]oted. Charles Coulomb in 1784 finds a Taw’ .0(
particle “attraction’ and ‘repulsion’ cimilar to gravitational law. Newton's gravity

licable to both the very big (stars and

law 3 d to be truly universal, app
pl\:n:E}))c;rg m‘(:hc very small (small electrified particles). Yet, how truly universal
was it?
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For 200 years, there was a systematic effort to answer this
leading to the kinetic theory which would paradoxic
Newtonian paradigm.

Finally, could there be Taws of society” and ‘humans’ as well? Newton's wor
suggested that if the laws of human nature cou

ld be found, a more harmonigy
social order would be established. The absolutist monarchies typical of the er

were social ordess, legitimized on a false basis. It was absurd to pretend that Ki
Lows XIV, the ‘sun king’ was God's representative on  Earth, A new
leginmization would come to be rationally based on ‘natural right.” John Locke,
influenced by Newton, argued that since ownership was based on effort, all
products of man were an extension of the human hand that had created them,
povate property therefore could not be arbitrarily confiscated. Locke in this
manner establishes the rational basis of private property as inalienable, inherent,
and ‘natural’ As Forrest McDonald points out, the United States Constitution
sought 1o create a new social order based on Locke’s natural dghts; “wovus ords
secloren” is- imprinted on every single dollar bill, repeating and reminding its
founders’ wishes time and time again.

Hence the new approaches to
contabutions in konowledge. The

Question, ultimapyy
ally  undermine the

the study of social phenomena led to genuine
formation of social sciences in this aspect owe
more of their existence to Newton than IS commonly supposed: economics,
socxol_ogy and psychology. Adam Smith’s The Wealth of Nations (1776), which
establishes the foundation of argued that each actor secking their own
u S atteras that benefited all. Akin to atomic
colhsxon.s which produced a hamonious totality, autonomous individuals
ufho\\ug!y produced the broader coherence of ‘the invisible hand.
Giambattista Vico's Sdenda Nuova (1725) similarly lays the foundation of
sociology. 'Ithe individual actions of each actor seeking' power, lead to more
complfex social forms and the modification of men’s minds. Vico pointed to what
today is called ‘emergent properties,’ accounting for how civilization could have
emerged from brutes, and actually se

€conomics,

The Enlightenment

The Enlightenment, focused principally in Pasis France from 1689 to 1789,
was characterized by a certain ‘anglophilism’ due to Newton's prestige in that
region. It is mainly an urban phenomenon, marked by the intelligentsia meeting
in cafes and salons, with its lively debates and discussions, Its participants
identified themselves as ‘reformers’ rather than ‘xcvolu!ionadcs,’ and tended l:o e
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It is certainly the case that Volmire is most vociferous in his antt-Cathyolie
stance. Ironically, however, the period does see the emergence of pseydg.
sciences. As the Scientific Revolution had ove

rturned ‘common sense’-—,
did not revolye around the Earth as had commonly

aceeptance of wild claims’ that would previously ha
The Secientific Revolution® implied a certain degree of suspended judgment,
implicit in Cartesian mind/ body duality. The world is not as we think it s, and
SENse percepuon is not necessarly a good guide to nature,

New technological achievements also ‘broke all the rules as the case with
aew hot air balloons in 1783 of Paris now allowing men to fly—an experience
which not previously possible in human history. As the limits of humy
achievement and knowledge were not clearly set, this stimulated rise of absurd
claims. One typical example was the notion of a perpetual motion machines,
Various secret societies emerge during the period, as the Rosicrucians and the
Convulsionists who preached the second coming of Christ. Leaders as Count

.'\'ICSS:lfldm Cagliostro obtained a surprising amount of popularity and influence;
his “Military order of Malta® was not a military organization but rather a magical
one.

the stars
been supposed—mean; the
ve been immediately rojected

Newton’s influence on the Enlightenment is in part direct. John Locke, called
the *“Newton of the mind,” had been a close friend of Newton. Locke likely
developed his notions through his long interaction with Newton, whom closely
conﬁdcd in Locke and was one of few persons Newton actually trusted. We can

while later writing very a
thgse anomalous behaviors affect their relationship, as he truly respected Newton,
seetng him as a tortured genius.

Given that Newton’s empiricism sharply contrasted to the rationalism of
Dcscafxes, we can detect affinities between it and Locke’s tabula rasa concept of
the mind. For Locke, the mind held no preconceived notions, very unlike the
ideal forms inherent in the mind to Socrates. (The purpose of phiiosoph\‘, for

Socrates, was to ger at the untapped internal ideas) Tiocke’s views became one of
the most prominent ‘p§ychologics.’ For him, humanity was purely the result of
expenience, and hence institutional changes were of enormous cénsequcnccs in
the ultimate character of men, While these notions are placed into question by
evolutionary psychology, their sociopolitical impact is undeniable. i
Newton’s European influence, particularly in France, was largely the result of
one man: Francois Marie Aronet 1 694-1778), better known as Voltaire. A
balliant writer, Voltaire was one of first to actually earn 5 living from his writing;
specifically, the sales of books helped to sustain his continued intellectual
activity—an economic dynamic sadly waning today. He teavels to England to
learn more of Newton, and is so impressed  that he writes Lettres /)i/o:(; higues
(1734), a popularization of Newton’s work for French audiences witlf the hpc] qof
the mathematician Emilie du Chatelet, The Lettres thus COnstitute 4 cross—umiglml
diffusion of scientific ideas; breaking linguistic barriers always had a ter
impact than most realize. grea
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was made minister of war dunng the Revolution and Gaspare Monde
its seeretary of navy. Monde’s chemical expertise
production of saltpeter, the basis of all explosives in the
production twelvefold,

& chemigy
and knowledge of the
era, led to an incregse in

The shape of the Earth

Prerre Simon de Laplace was a faithful revolutionary. He wanted to push the
Newtonian research paradigm to all areas of nature, believing that everything was
ultimately the result of gravity, the fundamental force of the universe. Laplace
was able to achieve this to a substantial degree due to his able political wrangling:
he became good friends with Napoleon, was elected senator and became 2
member of Acdermite des Sciences (1666)—the French version of Royal Soctety.

In contrast to its British counterpart, the Avademie des Sciences was an emblem
to elite science, where only 42 practitioners in the entire region were chosen to
participate. It was an arbitrary social creation that did not democratically open a
space for other scientsts. Those in the group held a great deal of social power,
serving in diverse state committees resolving national issues, such as setting
standards and measures, as the unit of length. Whereas prior measurement had
been determined on the length of the king’s arm, the Academie des Sciences opted
for 2 more universal unit. In 1790 a committee set the national standard of a
meter to 1/10 millionth of a quadrant of the Earth’s surface.

Yer, what was the size

of the Earth? Was its shape perfectly circular, and if
not, how would this alter the French meter? While Newto

was 1km 1o an egg lying on its side {an oblate sphcroid),_]acqucs Cassini took the
opposite view of an egg ‘standing up’ (a prolate spheroid). Various missions were
sent throughout world to determine the shape of Earth, and in turn, the universal
unit of measurement known as the meter,

One of these was headed by Chatles-N
included Louis Godin and Pierre Bo
the equatorial region. The other pa
Maupertuss, who along with Alexis
is today Tornio in Sweden. While
have been easier to conduct, the op

Maupertuis was able to

late de 12 Condamine; other members
uger. Their voyage took them to Peru, near
1ty was headed by Pierre-Louis Moureau de
Clairaut headed for the ‘north pole’ near what

one might assume the tropical exploration to
posite was the case,

It would take La Condamine more than a decade 10 obtain his data complete
his calculations.

La Condamine’s expedition was actually led b

- Y Godin, who soon entered into
a dispute over the type of measurements to be

y : : realized. Wheregs Godin wanted
fo measure mountain heights with a barometer, La

; : ondamine objected as it
would lead to inconclusive results and would as double the amount of. time
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By 1793, the elitist ~lademie des Sciences was abolished, and a year later the
system of Eak Polytechmique 1s formed, of a much diminished ‘monarchical’ tone.
These provided three year courses in science and engineering for the specifie
purpose of creating professionals for the service of the state; mcn'tocmcy tather
than family ancestry would be its pamary criteria of evaluation, and
as military schools. All leading French scientists of the period would study i
these vadous Polytechniques, imbuing these with a world view eadically differeny
from its nstitutional predecessor.

When Napoleon takes over as “First Consul” in
to high govemment positions: J.A. Chaptal be:
Laplace and his good friend Claude Louis
their newfound position of power to promote the Newtonian research programs.
It is mather ironic that, upon crowing himself emperor 1804, Napoleon invades
Spain believing his actions to be justified so as to bring ‘progress’ and
Ealightenment ideas to Spain. In actual practice, however, the war soon becomes
a long and protracted civil war, horrific in the scale of its atrocities. Napoleon's
acmies were not fighting the Spanish army but rather the population itself. The
atoaities of the conflict are aptly captured in the Francisco de Goya series of
drawing ttled ‘Desastres de la Guerrad® (Disasters of the War),

Laplace’s power and influence help establish Newtonianism as a research
paradigm, a combination of qualitative experiments and math theory. His own
Mecanigue Celeste (1799-1825 of planetary and lunar

) was an ambitious analysis

motion. Laplace, who was then called the “Newton of the age,” claimed that
Newton had been the happiest man ever to exist as there was only one system to
the universe, and only Newton had discovered it. His faith in

absolute.

When his good friend Claude Louis Berthollet moves to Arcueil, a Pards
suburb, Laplace moves next door, and both set up the “Society of Arcueil”
(1807-14). Berthollet’s mansion became a research facility that hired Ecole
Polytechnique graduates. Because Fr,

; : 3 ench life so centralized, those in power could
easily dominate and establish ‘national® research agendas. Inversely, however, the
loss of political power also meant th

e unbearable loss of scientific influence. Both

had well-thought out research programs, and establis'hing competition so as 10
extend Newtonianism.

Political power? Check. Economic resources? Check. Absolute truthy Maybe.

These competitions showed that results couldn’ ;

x g t always be anticipated. Such
was the case of the in 1807 in a contest on the refraction of light.

all were g

1799, he appoints scientists
comes Interior Minister, while
Berthollet become senators. Both use

Newton was

The nature of light

Newton did not claim to know what light was, much as he did not claim to
stated that it was compoged of colors, and
his fight with Hooke rested precisely

) ed precisely on this point. Hooke claimed that Newton
arguing for light as particle, in what was then called the corpuscular theorv.
Newton was furious precisely because he recognized :

the difficulty in
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Lighthouse Commission of France, he invents the

“Fesnel lens” and in 1823 4
clected to the Audemie des Sciences as well as the Ro

yal Soctety of London,
Strangely, a ‘dispute’ over priority emerges with Young. Fresnel had published
unaware of the existence of Young's work, and thus does not give credit to hig
predecessor in his important paper—to which Young naturally complains,

Members of the “Aademie des Sciones visit Young's home to settle the dispute,

Dunng the arguments, which had been patiently observed by Young’s wife who

had all along been quetly knitting nearby, she gets fed up and suddenly goes (o

Young’s office to bring back his notebooks clearly proving Young’s precedence,
In 1827, in spite of his emergi

ging recognition and scientific importance,
Fresnel dies atage of 39 from tuberculosis.

The history of light, however, is éven more co
In Query 26 of Newton’s Optics he argues

sound as its showed transversal displacement, perpendicular to direction of travel
A study by Etienne Malus in 1808 revealed this to be the case. Malus had
accompanied Napoleon in hi scientific expedition to Egypt. While looking at the
rv.:ﬂecqon from a window pane made out of calcite crystal, Malus noticed only a
single image, instead of the typical double image that was often seen. He realized
that the second reflection was being ‘absorbed” in some way by the crystal. His
further study of the phenomenon led to the detection of polarization of iigbt.
However, Malus’s results proved to be controversial; even Arago, who so
push_cd for wave theory of light, refused to accept the paper. Although the paper
on light polarization was eventually published, it was distinetly clear that the

phgnomenon of light was stll poorly understood—and would remain so for
varous centuries.

mplicated than it might appear,
that light was somewhat different from

Lavoisier’s experiment crucis

In his Ouerses, N’cwton also postulated the existence of intra-molecular forces
or forces of attraction, best demonstrated 1y

 capillary action. If you took two
glass plates with a drop of water between the)plat[z:s, tﬁe droplet \vci:ll:i l>0e pulled
up beyond what gravity would naturally allow, distinctly showing some type of
molecular forces at work. It was also clear that forces of repulsion existed. f%oylc's
Spring of Air showed that a  curved” test tube filled with air would create a
counterforce proportional to the pressure exerted on ity twice the force reduced
the content to half the space, four times the force 1o a quarter of space and so
forth, suggesting that corpuscles ‘repelled’ each other. The world of the small
showed many complex and contradictory properties,

In his analysis of fire, Voltaire argued that fire was a substance, an ‘object’ per
se, and the absence of regularity in chemical processes c,ont:ibutec,l to a degree of
rtualism in the practice of alchemy. Given the ereenlitis B sutee es
mixtures and potions, the only ‘control’ a practitioner had was his own behavior;
alchemists thus placed a great deal of emphasis on ritualized Procedures as well as
on their own internal frame of mind and Spifit to obtain successful alchemical
outcomes. Alchemists not only had to cleanse their spitits, but also Kadlto make
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“Base metals’ were those that liquefied under heat
which would volatize (tum to gas), and these were

substances, as mercury (quicksilver) for the principle of liquidity, and sulfiyr
relative to the degree to which it glowed red under fire. Paracelsus is pethaps
alchemy’s best exponent, ulumately contributing to the institutionalization of
chemistry in universities through his advocacy of its medicinal benefits,

The slow and gradual growth of chemistry means that the use of the term
‘revolution” to charactenze its development is inappropriate. That being said, one
may idenufy a point at which its practice emerged from the ashe
abscurity into a more concrete and empirical form; ironically
magic, the vague problem of ‘incorporeals’ suddenly becomes transformed ing

the concrete and systematic analysis of chemical elements.

As 15 often the case in history, this shift was result of
men: Joseph Priestly (1733-1804) and Antoine Lavoisier

Joseph Priestly had been librarian to William P
position gave him ample time for scientific activity. In 1786 he publishes his
extensive six volume treaties on “airs.” Experiments and Observations on the Different
Kinds of Airs (1774-86). The perod, unlike that of Eratosthenes, had devc]opcd
new public instirutions which made knowledge widely available to the general
public, as the Bodleian Library or the Ashmoleaun Museum (1683).

Lavoisier at the time had become an important scientific man. His marriage to
Anne Pierrette Paulze in 1777 proved to be a wise decision, as their Parisian
ho.mc' would become a focal point of European scientific activity; all leading
_scx_enuﬁc figures passed through it at one point or other while in France. The
uu?x:nml salon met twice a week, on Tuesdays and Thursdays, and its prominent
activity gave a great deal of social power to Lavoisier, \vhom‘is able to more easily
extend his scientific views. ¢

Prestley, by contrast, h.ad been forced to 80 into exile in 1794, given his vocal
support Of .thc rationalization and i litics, vocally supportive
9( the political upheavals of his era. As this did not sit well with crown, Priestley
is thus forced to “flee for his life’ Dy )
however, Lavoisier would be less fi

3 'spirt metals’ were those
in tuen correlated o specife

§ of mysticq|
almost as {f by

a nvalry between two
(1743-1794).
etty. As Eratosthenes, his

ortunate, being executed by the guillotine for
his duties as a tax collector. His wife Paulze would continye toymn the salon after
his death. \

Years bcfor_c his c‘ulc to :\n.lerica. Priestley presented L svoisier with his new
theory of phlogiston in 1774, using it to account for the “fire’ of merals hoping to

convince him of it. Priestly showed he was able to se % i
into a vase with flime and extinguish it Priestley’s ef;;ﬁg,}:l:ﬁ;fn;ﬁfcg
what he called ‘dephlogisticated air, which had the marveloys qunlitypof being
“eminently breathable.” It made animals more lively and a flame would burm with
brghter intensity when in dephlogisticated air, While We might mistake
phlogiston for ‘carbon dioxide,” it had a diverse set of properties that were
incongruous with its modern equivalent.
“Phlogiston™ was not exactly onginal with Priestly. The term ¢ istoe

first been used by George Ernest Stahlalluding to tlfc pdnci;;: o!;h!l]:gn;ﬁlxl}:::
Prestly argued that metals were composed of calx and Phlogiston, such than
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belteved he had discovered a key component in all acids, and began 1
systematically test all metals. Some 33 further elements were identified by him,
and his persistent terminology would further imbue chemistry with his undc[]}-mg
theones and assumptions—that could not be rejected without also thruwing awar
1ts teminology. :

Lavossier’s influence was not exclusively scientfic. He also used the
power in his hands to impose his theories via the formation of & new scientific
journal: The Arrakes des Chimiz, As Director of Academie des Seciences in 1785, Lavoisier
also removes the phlogistonists from positions of influence in the organization. His
Edoeents of Chemistry (1789) was the final préce de risistanee: a synthetic work, akin to the

to Priestley’s phlogiston theory by becoming 4

institution

Prinapéa which brought a ‘death blow’
common reference textbook.

Lavoisier's influence would remain long after his assassination, due 1o the
enomous insatutional influence he had held during his life—ominously pointing to
future concems in scientific practice.

Religious ot not, institutions used to preserve
legacies could also be used to demolish innovative actvities
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Leonardo da Vinci

t Leonardo da Vinc should have had similar life expenences
ted eady in life by their most intimate family
born in 1452 to a peasant gicl and a lawyer,

eventually being incorporated into his father’s houschold. The father actually had
four MArHAges, and all of Leonardo’s stepmothers rejected him when young.
Upon his father’s death, his half brothers steal his inheritance, and he is setup for
arrest by the police. His inherent distrust of human paturc, arising from such
hardships, likely helps account for his secrecy and relative isolation. His
aotebooks reveal a continued fascination with suffering and the evil aspects of
humanity, somewhat ironic as Leonardo also worked for a series of tyrannical
princes during his life, the worst of which were the Borgias:
Early in his ‘career. Leonardo tred to make a living as a courtier, and was
humorously known for telling terrible jokes. However, he amused patrons with
skill fully designed inventions and mechanical contrvances. In 1481, the monks of
San Scopeto commissioned a painting from him, which Jeonardo never
completes. His main source of income in life appears 10 be what today we }vould
call civil engineering. His caliest formal position Was with Duke Ludovico ‘Il
Morro” Sforza in Milan. In‘a letter of solicitation tO the Duke, Leonardo wates
that he knew how to constmict war machines, civil engineering, and sculpting.
My work will stand comparison with that of anyone else, whoever he may bg’——'
quite an understatement: More oddly still, Leonardo chose ‘routine engincering
jobs, such as inspecting and repainog fortresses. However, thf:sc |9bs pmd‘ well
and gave him ample leisure time to experiment and undcrtf:kc his private projects.
Few of Leonardo’s Notebooks survive today, one of which was recently bought

by Bill Gates. He invents the miter-gate canal lock for Sforza — one of most
original designs, that was widely copied and still used today d?roughout Furope-
The traditional canal lock was composed of a heavy door, \\jhlch moved along a
vertical axis, lifted up or down according to aeed. However, it was slow to move;
as it was heavy to lift, boats that came 0O close when opened wov.'xl_d often be
pulled into it with the current flow, leading to dgmagcs. The traditional canal
Jocks also tended to leak. Leonardo’s mited: gate design ll:z\d twc:i do:;rs clc::acl a;:::
1 triangular ar structure that made the candt |
?nncg:zdx;mzr;gu; bg?:as(; ) m;‘::gc. The barder the watet prc_ssed onto its sxfies,
the mor;: tightly it shut. More impo:tn;id{; L:omrdon:;d unlx:ilc?x;:;:\cs :,;ﬂ;cs
; ] ine. which when ope ¥ Z

lower inner door below the water line, by ilscll'l,J rcquigng a fraction of the

the chambers. The canal almost opened up

4 the traditional design. g »
effo:\lsl?qo\sz_[[l‘ ;ﬁ,:,h\zi Leonardo also had a number of x?nlltaty innovations. The
uadido,;q] muskets used matchlock that would go out in raia. Leonardo creat‘cd
2 spr i aded iron wheel with iron pyote which set off sparks, and thus wo:_k%ng
m‘:gﬁf ::f exters onditions. Leonardo also created the milling

ifci ket. The space between a ‘bullet’ and the wall of a musket or
pachle® - n;u:n: in that any irregulanties reduced the power and speed of

cannon was impo
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the respecuve bullet; the full force of the explosion would not be transferred
directly onto the bullet or cannonball. Thus, exact milling of the interigr gf
musket by Leonardo led to much more powerful and accurate shots, given thy
the bullets now traveled at much faster speed. Leonardo, however, gave this ide
to this his assistant “Tedesco,” who then takes it to Germany and becomes 5
wealthy man. Leonardo also invented a submarine, but destroyed his nofes
because of his concern of its use to kill innocent lives.

As Edwin Layton points out, Leonardo had enormous moral dilemmas with
technology—something rather ironic as one of his main business interests was
‘war mongenng,’ pechaps history’s original “Iron Man.” From 1502 to 1503, he
works for Cesar Borgia, the bastard son of Pope Alexander XV. Both father and
son were utterly corrupt, involved in continual murders of political rivals and
devious treacheres of all sorts.

Leonardo specifically feared that technology would ultimately destroy nature,
All forests would be cut down, mountains der

molished to get to its metals, terrors
and afflictions would be dealt to every living thing; all those who opposed would
be slain. “O monstrous animal, how much better were it for men that thou

shouldst go back to hell! Because of this the great forests will be deprived of their
trees and an infinity of animals will Iose their lives.”

Leonardo is one of the first environmentalists in the pages of history.

Creatures shall be seen upon the Earth who will always be fighting
one with another, with very great losses and frequent deaths on
either side. These shall set no bounds to their malice: by their fierce
limbs a great number of the trees in the immense forests of the
world shall be laid level with the ground; and when they have
crammed themselves with food it shall gratify their desire to deal out

and banishment to every living
de they shall wish to rise towards

>

what delays thee to open and hurl them
ssures of thy huge abysses and caverns, and
sight of heaven so savage and ruthless a
monster? All the animals languish, filling the air with lamentations.
The woods fall in ruin. The mountains are o open, in order to
carry away the metals which are produced there, But how can I
speak of anything more wicked than (the actions) of those who raise
hymns of praise to heaven for t

hose who with greater zeal h
injured their country and the human race? 52

However, Leonardo also abides by a quasi-utopic vision of the potentiality of
technology. He realized that canals could be

gréatly expande t just for
transportation but also for the production of d, not jus

goods. Canals represented an
enomous amount of energy that could be tapped, akin to ‘o tight under their
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In 1568, Phillip m?Odq‘;;y of 50,000 ptofessxo:zlnl d:: e
S Cdmc‘;c‘g]‘:i;; ::f‘:\lvﬂ, e def}c)a;ldiers implied that those who
Spain under the

heft by Spanis inued rebelling. All
ape, and't " than those who continue
the rampant {Orfure: cst treatment tha
.ed a Wors

submitted recei



who had surrendered were ransacked, i
. 5 'd, tortured, leading to ‘fates
death.” The policy led to an enorr & e
3 mous chs i 1
iy s change in mood, and in tuen 1o 4 new
While a very dangerous reaction, as
_ 3 ] , as the Dutch then lacked a traine
;l;’crfxadn\'c was far worse. The Dutch revolt paid off with surpri:il::i :ufm)’,.lhe
\meg ?s_tm_\'ed_ their own d:\'kcs, flooding towns, and tended to adgp} fcm‘m
'n,i- n::\ ;nh t“hl:g u:l t_hc bcglnx}xnilg they did not confront the Spanish forces (ﬁl::dh
¥ ned into an eight-year war, where seve i I X
[ VO 2 AR ) 2 seven provinces were liberate
s;:) thw u.naﬁ:oud defmsg:. the Dutch built ‘Ttalian style’ fortresses: rcc:xc;:; ¥
. ﬁil:%e]\:- su,cccimsg:ﬂnsq mtchcg, and narrow shaped bastions. The Dutch \\-:r:
l s in war because of the thriving e /Cres
Dutch East and West India Companies. e
1 2 W e
Comn c:i:fmit o .b;;?msh economic institutions, the Dutch East and West India
So cpoa ;‘ \t\icre self-goveming, plncm.g these on a much more efficient basis
Conquers)':oaf (‘)"nsn;::can:cll3 suiiessﬁll coffee trade in Java, slavery in Africa, and lhc
orthern Brazil. This economic success : ! B
S ; : Eson ess paved the way for {
: dac:x:rlx(;i aA\n:l\') superior to Spain's, and ultimately defeated th)e Spanishch
:md‘-isom g ,_}; truce \::s established in1609-12. While Philip TV’s aggressive
: e the truce, the Dutch capture i a8 ‘ §
v - o dgsuoy T ul;) 1633 an entire treasure fleet 1628, and
» 008 E::::S:n ;:nﬂ idea of the scale of the Dutch naval activites, by 1620 it had a
lm;i R t}::: gmn_ncd by 160,000 men: 80% of the world’s total. Holland
e pmn,Bance, and Hngland combined, becoming one of
ot (?;(P:]o n‘;"a ‘contm?t, 'the Spanish treasury went bankrupt by
S s revolt. The Dutch success was literally “Davi p
There are van .
b educat:ion;l af:;:: aspects to lhc‘Duu.:h power revolution. One of these were
e R gtis tt;:hc- eogineening curriculum by Simon Stevin (1548-
patenting an improved \:;xd;uh;lm i;dleSsBZf ;klm e copoc,
S - He supervised the hydraulic works
Ift, g as quartermasters general to the Dutch anny,’ writing ‘}Izlrri;:n:::/

Hydraulies (1586), and establishing the earli
: § 4 th i ;
. e tliest curricula for engineers for Prince

his .
e g 9 his reform was the establishment of standardized
The Dutch were favored by
y local steady and stro i
. bt mn S :
ﬁ::fe}f{‘:, 1?:193{&'“ rodund. The first windmills opemtcdnsgindd:u({fgthe I\O{m 'S‘ea,
o his under sea level; by pumping the water out, L}l: i e 2
claim the land from the sea. They also d Eprncoils helpee

2 5l : = Wing A
rotated about a horizontal axis. The use o; ;u?opdvs;:‘;i \;nniTaI{; whgsg sails
owed for an

increase in lift and a consequent a i
creas ugment in '
;;mdnglls funtwr_ change from small post mndn(::l‘ltspl:; by a factor of 11. The
coming .the prime movers” of all sorts of manufacnmgm:t POVSE fower i,
gﬂ;d;ng ail from seed, making gunpowder, grinding dyeng_ A yoos,
po <'hLug gems, and so forth. R daping el
This active external source of 1
. ’ power stimulated i :
raw materials, which were then transform imocco‘::u:nmpomuon 2l orse

er goods. The entire
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«« s obviously facilitated by the successful Dutch- naval fleet, f.hslubutmg
pmeai \( i '.shed goo«.js which emerged out of the ‘windmill factories.” l.'hc ’Dulch,
e m\\hu"ﬂ‘ een, even became leading book publishers of Europe in light of
ke . As the Dutch had 1o censorship, and their paper Was cheap 10
lnqumlto?}-w. Dutch print industry surpassed that of Venice. It is to the Dulc‘h
md\;;:‘scancs Galileo, and otl{cr scientific revolutionares turn 10 'for Lhz_:xx
e 5 'I:lw Dutch windmills become an exemplar of whaf the mdusmal
i uld turn out to be, allowing for the systematc creation of

cevolution WO it
£NOMMOUS «alue added’ acuvities.

Dutch windmills were the source ©
«echnological and ‘nstitutional innovations—an €xamp

in the nineteenth century.

f Dutch national power, combining
le the British would imitate

Industrial Revolution

defined by James Watt's steam
for the efficient conversion of

menon was a bit more complex than that, as

is usually the case in history. As Edwin Layton has shO\\"x:i’ ;l;cmlcr;d;x[s‘iia;
Revolution had as much to do with craftsmen innovations ;:, w:d e
innovations. The tacit knowledge acquired from \»fo:kmgkﬂncc r:x i
led to better production methods, Jemonstrated in the p

making of steel. : e
It %s often asked why France did not have a IR, typic

iction 1 British borrowed
Brtish’ revolution. Yet this is 4 WIO0g ch‘cuonhdez?:‘h,dzc. France did have
widely from many other Europeat nations; Frencn, DU

1 ¢ the  canals built as product highways,
e Wplﬁcqs:) I[f‘;sx:ll:z)tzabe noted that the IR in France

which were later imitated by BAC .. oocurred at a-muchslower pace and
did not displace “gdC“lmml workers, 38 it 06T, h varant where displaced
was more ‘humane’ when contrasted 10 the Brush vd :dden cities such as
agricultural workers flocked to congested and’ disease-ndde

London.
The poet

portray the British TR. Coal r&

and houses, and its €nomOUs B4 K p the privileges of anstocracy by

3 > liminated the Prv e :
(;f .tdh; le:l:x:;:h Rc::;:;:n::m\cih i violent and chaotic, it ultimately led to 2
viding land amo SR

restructuring of FEC[I‘Ch society: Society, 4 grOUp \\rhiC:l m,;; c:ll yﬁll}

The creators of the : tituting a grOUp O ‘radicals’ 0
- were walking; cons A

moon so as 1o Se¢ Wh‘:‘t‘:y,t?ezn\;, s believed that industrialization would be

sorts! The TasEs S(qughc working man, and had an alternative VIEW as to wltm

ultimately .bcncgmﬂ :lgcso:neam. or chould mean, for society. Their aim “"“; “:::“:;l

t;cht;oklog‘cf: cgenc l improvement © able to det

the IR o

£ society, but were unt
problems arising from 1t

The Industrial Revolution (IR) is typically

engine. While it does form ‘the core’ in allowing

conl energy to work (lift), the pheno

ally charactenized as a

. " »
ster for its «dark satanic mills” t©

Manch !
William Blake S s over its streets, buildiogs,

- uld be found all :
e C(i)nequalhy contrasted with the eventual rise
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Wealth s ulti

15 ultimately ¢ :

sopalata xdm?t'nm(cl). a relationship of goods to popul

ARG '; \l;)lt;s goods, the less rich a colu [:ll
By Yo RBEA MBI 08 ot Kis ol st vl

whereas resources ‘-uithrnex'l-1 ]l;l\ d,r ?nd"d Vision, P‘)Plll:lt.i()n 7

between the two. Somethin o, leading to an .3:rC\v Exponentilly

g naturally has to ‘give’ in r}‘ eventual imbalagey
: 1 %

Lunar Soci :
Soctety did se SO
) e many problems fateful s :
2 ms and created 3 seenaro, T
ated solutions - The
5 to these

seen as too radical 1
: at the time 2 1
s lh‘_' In England, its members were follow
) St o 1 ‘ |
T e grot;p down. During the French R “:d e
3 : ok asses in Eng S
h_,p};fhn R o ngland were concerned; could the "O”,lmﬂny
¢ Baush Industr Tl
‘ Baus ustrial Revolud
e ccmuwcl;glu;on began with the water wheel, whi
S e S (Roman). By 1500, these had bcLc o
_[ohn Smeaton (1724-1797) \mr;ol:":t.r; S bcomC( o Ve
Smeaton, oddly enough, was :1 1 ed to build one, he revolutioniz )‘ 18)9' e
noticed there were a lot‘of s @ lawyer that turned to ‘mechanical es'lhc e
SEeaee L I'hmcoﬁnrsxste.ncie:: in the litcr'm.lre"l’lcxﬂ e
: ' c ; yt %, O TOTvE 1
whereby water passed under th e outa\lvluc i
-t = 1 : s : !
‘fg)t\ce' T'he strength and volum: W?c;l, pushing the ladder up mdcll B
rershot’” wate L . o
ater wheels s ; e e
Ol v w 01;’ . [\hc S weregcthzmtcd the motive force.
W . . W : = unledigy
s L masmlll ater would accumulate until Q’P‘Cf‘l‘ e
e i ¢ uantil gravity pulled the
‘ generating the work.

Commercial i
ercial interests
ts led .
na - - 3 0 con! z
turally claimed its own desi flicts as to which wheel was | :
gn was the most efficient and s better; each side
and powerful. §
. Smeaton

decided
to put the dis
: ISpute
measurement of the amgum é? e o lmdertood’l; detai ,
amount of weight each could liftwuon:k Bl b fere[ - o
der the same conditions Snt meoae
. Smeaton measured

a determij i
ned weight over a set distance

ation; the preatg the
15. S
Its problem y,

but were

He discovers th
& > at Lhe be
shot’ water wheel. In thi st model was a :
: . In this ctually neithe
pushed it downward at a :a(l)gilv,:‘l,ltl water entered a:Ltrl‘xf l::a:la:he; [h}f s
L) of wheel, but

greatest force wi ation, east wh
iath least resi 4 &
si T'he breas
stance and turbulence Sme b: ‘, ol gCnemted the
o aton’s case show:
i owed that

the applicati
application of scie:
nee to
results, unquestionably dete technology could lead to ve
stood at the beginning of the | & which model was xbcty useful, if unexpected,
: O i S mos 4
lp ushing the other and vise ‘.ersaqg hxs:(,r‘y‘ of SC'.lep.cc-!c(:l’ulbt ophual Smeos
e:!d to new discoveries, and in 0 a positive feedback | clogy relations, one
Dy He 5 T
this was by 0o means the only dvcrsel? » new discoveries zooop' New technologies
Craftsme ; ynamic at v new technologies. Y
: a techniques 5 work. nologies. Yet
mentioned anywhere ?,‘. i3 were quietly incorporated
these by fo"’ilgﬂ visitor. r;]ush observers. One can onllmo IR, but were not
S, Wi . : ]
:‘f:mpcllcd to write about thfmarz)so impressed with ch rocb::;m foosatonon
g cm.. On : S|
mace, sometimes called an ‘air fu:-, of best innovations wag t;; [t va
¢ reverberatory

surrounding the : ace.” In it h ;
mate: : ea
aterial and did not come i ted air passed :
e 1nto contact directly v lc:ve: the brick
y with the o
re. One
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with traditional furnace was that sulfur in coal/air would interact
d substance, thereby -degrading the resulting material The
duced by craftsmen led to a higher quality oufput Other
f crucible steel. One needed sensitive
he properties of clays. Crucibles made out of different clays
and craftsmen adopted the technique of gondiog up old
Other techniques for thoroughly

making of the famed steel, one of

of key problcms
with the heate
10Lro!

scpamlion
rested in the making O

contributions
awareness as 10t
reacted differently,
crucibles for the production of new ones.
mixing clays were also incorporated 10 the

steongest in the world.
Mote importantly,

crucible; which had no air exp

Craftsmen realized that color was an importan

wen the quality of the finalized output. Agai, while
celationship or the formal undetlying scientific caus
could judge the process by color differentiation, Le.
technologies are enormously complex, and appear “simple” only
“black boxes’ 1o the consumer:

craftsmen also knew how to ‘read’ heat. In steal made via
osure, temperature control was an important factor.
t indicator of temperature and in
they did not understand the
o5 between the two, they
a ‘bright red heat.” Simple
because complex

processes become

The Steam Engine
ough it could be argued

the steam engint. Alth
recedents—a fact which

had been built upon P
ct contribution:

Watt did not invent ‘de movo”
that his was the “final design,’ it

helps understand true nature of Watt's exa _
Huygens and his assistant Paupan created aneaty version of the steam

engine, but their main aim had been <cientific: prove the aotion that work could

be generated by the lifting of a piston. At first, they tried to us¢ gunpo“"dcr in

Jeading to humorous, if dangerous, e.\'p'losx.vc IC.SU-‘.(S. Yet the

pressure g(:nem(ed by this source Was to0. 111 n intensity and force.

Huygens eventually gives up, but his assistant continues 10 develop the

experiment, away from gunpowdcr. In 1690.I?augm cubstitutes steam, and he is
its top position ia A1

finally able to push the piston 1O 1 > even manner it was then
held by a wooden wedge inserted by Paupan- I‘b.e following day, thc steam -had
condensed, and upon the wedge's removal, the piston fell down, .hfung a weight
g viable working profotype: as it was 100 slow

attached to it. Obviously this not @ : ; : sk
and inefficient. But the experiment Was certainly a ‘proof of concept Steam
could be used to generate lift, and henct, work. .

An (e:a‘::i;r prcgfursor was Gi { della Porta (d 1615) who observed d?a:;'wm
an inverted vessel filled with steam, water rose as steam cond_cqs_cd. Similar

thaps to Galileo della Porta was persecuxcd for his scientific acuviues. He had
e ‘ rm an Academia

been a part of the ‘patural magic’ movement, a0 attempting O forn
Secrotorup: Natura (Academy He is imprisoned by the
dly ook

of the Secrets of Nature).
Inquisition and allege own life by jumpiong from his prison tower—an
'lﬂft’.'rptcmd‘on difficult to believe given the circumstances. : i
By 1699, Thomas Savery had developed a working steam €Oginc, consisting of
/ " The boiler chamber ceceived steam from boiler tube. When cold
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catly models,

three parts.



water was poured on it, the chamber would cool; the steam would condensy
thereby lowering the pressure and hence pulling water up the shaft, This el
steam engine had no moving parts and worked as a primitive
its use. As previously noted, the ‘vacuum-suction” panciple had been identified by
Galileo and Torncelli who showed that, through condensation, a partial vacuum
could raise water only 1o a maximum of 32 feet. The Savery engine did not lly
for deeper mine exploration given its limited functionality.

The first stream engine was that designed by Thomas Newcomen in 1712,
This turned out to be an immensely successful varant; by 1800, there were 2,000
Newcomen engines but only 400 Boulton-Watt er

ngines. [ts success can he
attrbuted to its reliability, in that it could run for decades with it

maintenance—something which no digital technology can do today. English
mines were routinely affected by flooding, either due to the constant rain orwater
tables that were close to the surface: Water inundations were thus a constant
problem for mining concerns, Newcomen's ‘steam engine’ solved this by
pumping water out of mines, allowing miners to their work.
Another key to its success was the abundant availability of coal in Britain.
Newcomen’s engine was enormous, not the size
compact car today but rather filling the space
of which can be found in the London Science Museum. Newecomen modified
Savery's model, replacing the chamber with a piston attached to an inverted lever.
The enormous piston, 4 feet in width, was lifted with steam:; atmospheric
pressure also helped by pushing the piston down, forcing the other end of the
lever to rise. The use of ambient gir pressure led to the Newcomen engine's
nickname: ‘atmospheric engine” /- 5, -

One key problem was that the walls of
Savery model, these would be cooled do

s early
pump,’ limited i

relative to one found in 2
of a two story building—exemplars

: er, r words was not consistently hot, and
thereby lost much of its efficien:

Newcomen model 1o arrive at the first true

maker at the College of Glasgow when he
was first asked by Prof. John Anderson, a professor of natural philosophy, ©
repair a small Newcomen model. Watt immediately identified its main problen.
The cooling of the chamber walls m

cant that the engine had to reheat the walls
back up again, slowing its cycle down. Watt realized that the chamber walls had
to be kept consistently hot so as to make the engine cycle more continuous. He
devised multiple innovations, the principal of which was to separate the
condenser from the main chamber, leading to a three component system. The
creation of a separate condenser chamber

3 31 : - allowed  the piston chamber to
consistently retain its heat, which then cooled in the condenser.

Wart apparently has a ‘serendipity’ moment when an early model did not
work correctly. A laboratory accident led to a leak, which let atet ints the
chamber but created enormous. force in the resulting downward piston
movement. Watt realized that by spraying cold air di ctly into the piston
chamber, the force of resulting contraction could be gteaty increased and thus
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5 A By
h was generated by
h greater amount of power than that whic g2

e imes as efficient.
ncmuﬂ&n engine, and four times as d(. I ol e .
Newcome: vod into partnership’ with & D i cord
Watt cn‘: ut with sound technical cxpcm:c— and p i g%

: i o -VC! d :
busmcssl(ni\“ iiv'mg Boulton was able to geta 25-3¢ ;r K\ e it
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buttons 108 S

e o i Jurd Watt also
| e S d time for his work. Curiously,
e Y alth allowed Watt space an time D s e
L d w15, such as chlorine bleaching o di.mmng e e
L \;'mc and prevented Watt from dis
rorking mac
wanted a wor
fojects. L

Watt ingcmou:ly
dynamics: an analysis o
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sngine’s internal :
7 diagrams of the enginc (i
cates PV diagram: the S
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S \'Ohwnr.eliB lp ngmc can be identified by e L
1 sel e 4 : y '
e ‘hch v 2 under curve equaled to work done by
showed that the are |
1 calculation of its power. L appl{‘c‘d a
bl X ine. Watt an
- 1800, the Watt eng] en el
i t?:)r}:«u:es——much more than on%tj{f;lm\z\cz Fe ;g:f;llcv.’
: e ical ‘millionaires” of " Y
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the first technolog
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Origins of T hermodynamics
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A ses, quAnttative ; The studies P
pe b?{l}; o by Zach respective model.
; ne by
amount of work done by

pas Watt
1CL] \\hcftab
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: L5 ble to comparal
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Galileo as well. sat was Sadi
that had been detected by tabute to the science of heat w
a phcnomcnohlf} Ker - whO did most to comt
Yet the thinker

2 s alysis  were
5 d Smeaton's andy 3
> both Watt and iven engine design,
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ven, Wi
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Carnot’s effort was to /™0 ‘hermodynamics. His story, Sl nis
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With the ase of Napoleon, his father retices and sends his son S
Polytechnique. In 1824, Sadi publishes his renowned Refle¢
of Heat, an analysis of principles of steam engine.

Sadi nouced that in order for any engine to work
differentials; it is the difference in temperature of an engine that is actually
establishes the amount of work produced. If all parts of an engine were at the
same temperature, 00 work would be generated by it. Sadi also realized that there
15 a imit to work, a limit which is also dependent on temperature, and further
develops Laplace and Bertholler’s notion of a caloric using a theoretical windmjll
model to describe the thermal dynamics of steam engines. U

Calone, or heat, always wanted to flow from high to low.
space, it wanted to expand and cool. Since there was,
highest and lowest temperatures an engine could reach, this difference thus set 4
limit on the totl work produced by all engines. Akin to a waterwheel; whose
torque is dependent on its size, the steam engine’s ‘torque’ was similardy
calculated by the ‘height’ differential of heat. ;

: Although not spelled out exactly,
Camot had alluded to the Law of Conservation of Energy.

adi to the Fol,

1ons.on the Moline Pyyer

, it required ey

If in a compressed
by definition, a limit on the

Industrialism and Liberalism

It should seem strange to suggest, when compared with the close ties between
technology and corporate capitalism of our era, that the core vision of the early

tndustrialists was in fact a liberal and socially egalitarian one. Yet liberalism, so

; € new social utopia, and Sadi Camot was guided by key democratic
and mentocratic principles,

Yet this fact—the belief of the early industrialists that technology would lead
to a more just and humane world—is particulaxly perplexing and paradoxical
when viewed in light of the ultimate asymmetries of power the Industril
Revolution ends up creating, both at home (social inequality) and abroad
(Imperialism).

When Sadi Carnot studied at the Ecole Polytechnique, he internalized the
Ecole’s core value system of meritocracy. Positions were to be awarded to the
candidate who had performed the best, rather than the candidate who had the
wealthiest parents. Perhaps as his fathers revolutionary activities, this
mentocratic cateron was then seen as a ‘radical’ political view pazdcmnd\; S0 11

light of traditional hierarchies of French society. Carnot had cv‘cu been offered a
position as government advisor, which he rejects for this Very reason as it was
given on the basis of nepotism.

More importantly, Carnot believed that all democratic systems were ultimately
linked to economic development, and hence became active in the foundation of
the new College of Arts and Manufactures, a v

ocational school for thy akin
to the new Mechanics Institutes in England. So Tiberal’ was Carnot is ‘l:xf;o:i:\\-‘s-
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dely followed by the French secret police. .\»n :x;cccfi?:: ::&git::z
g et thich had been attended by 10 )0 pessons, /- ol e
t lec“um \}:u"crcl agents. Although exaggerated, 1t he }Fs p':m s
consisted o{ l"r'cn(j« 'Ml views and the reaction it created b‘y .tsv\ 3
e ot '*OC“ ce that would be shared by the Lunar bocxu})u.l Pl
e '-"\P“\‘\‘tl‘;‘o had been Thomas Jefferson’s professor while hiving

3 ‘ i i unar
e ¥ S“’mu‘ lonies, was a catalyst 0 the formation of the L
tish American colonies, 3
the British £

dlness. he introduces James
" d due to illness, he mntroduces |
< After his return home to Lnglag : prpee
s ii\(ftxtltolx:hﬁlr;nulmmg not only their ';O‘Yi::l [;ommge}rl:;‘ S
Watt to 3 S s o
i o seeds of the Lunar Society. 21 rmin : g
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including the American PhilosopH sty e ' :
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lowever, > - : X = '. |
2 scientific figures of the period, fn,cFudmngdg;;:c[:)’ L S
e Erasous Darwin (Charles Danyin’s g i e e
e ; :’ ‘digitalis for heart conditions), an J
(discoverer ©

important industrialist).

The group had som

X b
or ‘transactions.

3 S s an 'indus Ll'hl]
¢ awareness [ha[ a phcnon?cnon .‘UCh .ﬂ o ; = 3
V (o) wvas be (o) ; ht about by Ihcm, aﬂd \'lewed 1 Opmmsucau,‘ \hllc
9 'oluu n’ was bLlﬂg br ug)
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bc“)eved o O‘TCYPOP\@UO? \r\carll‘;:l:: London. Watt himself l:‘clllx)cc\[ zil (;l;:’ o
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e e ) dxsc??“ treatment. Watt also fO“bade wor : a}?,dc ;mder load,
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spreading of the French Revolution in England. James War, strangely engugh
was even elected member of Revolutionary French National .'\s.s‘cmbly.

The Brnsh government used underhanded tactics to suppress the Ly,
Society. In particular, they promoted false tots, making Priestly the focus of mol
attacks populated by the erminal underclass. Dudng one such attack on hi
home, Priestly is able to safely escape via a back door: it had been a ‘Iynch moly
whose actions could have easily ended in his assassination, Priestly chooses 1
migrate to the United States after this, a country then more amenable to such
views. The Lunar Society formally ‘closes’ its doors in 1791, having no further
meetings after thar date,Yet why had its members been so blind to the thimnl:ly
consequences of the Industrial Revolution?

Coal had been the key ingredient to the British Tndustrial Revolution; it s a5
abundant material throughout Europe, situated near population centers which in
tumn facilitated its use. Coal mining rose from 2.7 M tones (1700) to 250 M
(1900). However, its use did lead to serious problems, as the abuse of children.
Small children could easily fit through the small mine shafts, leading to their
prominent employment in the sector to' haul coal, The 1842 Coal Mining study
revealed abuses, providing images so shocking, that they helped facilitate the
passage of prohibitory laws to this practice.

Yet the ultimate cost of the industrial revolution was never foreseen by its key
founders: climate change—an issue now widely recognized as the leading threat
to humanity in the near and long-term future. It now appears that Leonardo da
Vindi’s concern about the use of technology had been on the ‘right track’ all
along.

There is a ‘law’ in critical literary theory which is applicable to the story. Once
an author lets go of his literary creation, he cannor control it in the public eye,
specifically its reception and reaction, The only moment an author has the most
control is when it is in his hands, prior to publication, where he can mold it to his
will and concerns. Once in the public realm, the public begins to read and
interpret in their own manner, and the work acquires a life of its own that could
not have been predicted by its creator. Similarly, once an inventor releases his
technology to the general public, it will be used in ways and manners he did not
initially intend or foresee.

We can best account for the inability of its early creators in foreseeing the
impact of the technologies they were introduci.ng to the world in this manner;
once out of their hands, they could not contro] the scope, reach and extent of its
development and use. Once out of their hands, as Mary Shelly’s Frankenstein, the
creators lost control over their creature.

However, the ‘unintended consequence’ of technology can be both a good
and a bad thing.

Creative users push the boundaries towards Positive ends as well. While there
will be no single technological ‘fix’ to climate change. there is no doubt
whatsoever that technological changes—solar, wingd and water power
generation—will not only help ameliorate changes wrought on by 200 years of
industralization on Farth, but actually help mends its damages to the
environment.
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depth, as dcscribcd' by Stephen Toulmin and June Goodfield. Human evolution
;¢quixcd millions of years, rather than hundreds, or even thousands.

The human brain is not made to truly grasp the meaning of ‘deep history,’
and still today most do not fully appreciate its meaning.

Yet the idea of ‘evolution’ in itself was not strictly new. Darwin's own
andfather Exasmus had previously proposed it. He did not provide a ngorous
roof as his grandson did, but nonetheless had the notion. Robert Chambers also
¢ in 1844, but was widely ddiculed—even by T.H. Huxley himself,
¢ held a more fayorable position. The
work actually taught Danwin that he needed the most
going public with his claim, as he obviously did not
would require a mechanism. How

suggested 1
whom we might pre
reception of € “hambers™
rigorous of proofs before
want to be needlessly humiliated. Evolution
exactly do new species arise?

Being his intellectual descendants, most of us already know some of the
answers. Mendelian genetics was the key, culminating in the discovery of the
structure of DNA by James Crick and Thomas Watson, for whicha 1962 Nobel
Prize was awarded. But the combination of ‘genetics’ and ‘patunl selection’ 18
much more complicated than presumed in that the combination was not intnally
obvious. This process occurred roughly during the middle of the twentieth
century, in what today is referred to as the “Grand Synthesis.” Its key participants
included 'T. H. Morgan, Theodosius Dobjzansky, and Hugo de Vres.

Sadly, this development in science also includes the story of scientific abuse.
The data accumulated to determine the structure of DNA was ‘stolen’ by Watson
from Rosalyn Franklin, one of best crystallographers of the time. Her x-rays
photos showed without 2 doubt the molecule’s double helix structure. The
images, which had been sitiing on her desk, were simply taken without
permission. One has to wonder how often this phenomenon has occurred in the

history of science.

The discovery of humanity’s
voyage through Latin America as @
life time—that almost did not happen-

sume would hav

Danwin's excitiog

biological history began with
the adventure of a

young student. It became

The Voyage of the Beagle

6. Although the prncipal
it had also been 2 sworldwide” journey Crossing
hiti, New: Zealand and Australia. It was a
90-foot boat, 13 feet in depth:
oung, with an average age of 25.
oldest. Danvin himself at

Darwin’s voyage lasted five years, from 1831 to 183
scope of top was South Amerca, it 1d
its regions as Tal

the Pacific Ocean and 3
voyage around the world undertaken qrlyin &
"I’hc'Bc:\glc.” Its 74-person crew was relatively ¥

Captain Robert Fitzroy, at 26 years old, was on¢ of the ol :
the time was 21 years © d. Yet Darwin's expertisc was quite advanced for his age;

we should not falsely presume from his youth that he was a novice. When it came
to identification of species, locales were awed by his ability to distinguish
venomons: From noN-VENOmous snakes. Darwin had already accumulated a very
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wtimate knowledge of the flora and faun

a of Engl
was ready to devour more.

and prior to his Jouney, g

For him, the trip was. ., ‘awesome.” as it would be for
seen mote i one foat of the Brazilian forest than in a mile long walk i England
Latn Amenca’s wildlife was also charactenzed by an enormous diversity of
creatuces, much more so than back home. Darwin had also been an 'aw'd
expenmentalist; his narrative routinely captures his dissection of animals g
examine their diets: fishes, octopt, birds, erc. He finds unexpectedly that the
hzards of Galapagos ate seaweed. Although he detested being in the ocean, he
unsuccessfully tres to throw one into a boat. Darwin cuts the heads off firefliec

to see if they would still light up (they would); he feeds a condor meat wrapped in
cloth to determine if it detected its prey by smell or sight (both). He is also very
well read. An enormous corpus is cited by him, some of the more common
authors included Hans Sloane, Capuain Cook, Alexander Humboldt

Cuvier, amongst others. Darwin had been preceded by
that had traveled the world.

It is shocking to consider, given the historical significance of the trip, that it
almost did not even occur—reminding every historian as to the unpredictable

tole of contingency in human affairs. Darwin had been the third person asked 1o
fill the position.
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to have invested in industrial concerns early dunng the Industrial Revolution,
Darwin’s father made a fortune from his investments. ThE Fathor e horneontly
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Darwin, who sedously thought of ab
the reader may correctly guess, decide
Throughout his travels in Brazil,
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Humboldt's phxlosophicnl influence might be referred to as
empincism,” analogous to the .\‘.'lrmp/u'/a.mplu'e moyement but distiney fo,
the view that there is an underlying unity to natute: order and cohere
not imnwdimcly obvious, but which is counterbalanced by
exploration of nature. From a sc

Humbaoldt was aware of the 1m

‘fomang,
i, [ i
\ 1ce that i
An intense and gofige
tentific point of view, we can POINt out thy,
pact of geology on biology. As he climbed
Chimborzo, the Andes’s highest peak, he noted that species varied enormongy
with: elevation, and drew maps ploting the relation between the tWo, 4
tsothermal species map of sorts,

Darwin was fortunate in having such able mentors,

Days of trip

Darwin actually got along very well with the crew,

“Philos.” Their appreciation and respect can be gleane
they came across something a curious specimen or sic
pick it up for Danwin,

By contrast, Fitzroy was a particular fellow. Hired to do
cartographic work, he kept 21 clocks in his quarters, each set
nwich time to help determine
ttempting to lay claim to as much land as possible, and
detailed readings helped settle international disputes. Beagle had only been one of
many such ships sent for this Purpose, which serves as a distinct reminder that
this was the perod of British colonialism. The nineteenth century would come to
be known as ‘Britain’s’ century,” eiven their ample control of lands, peoples, and
resources throughout the globe. British colonialism helped provide the ‘path’ to
Darwan’s discoveries.

whom referred to him 1
d in that, when on land, if
one, the crew would often

‘her majesty’s’
at different times;
the ship’s longitudinal

b 3025 to allow for a moge dertailed and richer
exposition of the event on paper. If, by contrast, Darwin were to delay his note
taking for too long, his memory would fade and Jack important details for later
use. It would be a tip that Danwin practiced religiously throughout the rest of his
tp. Fitzroy aids Darwin in other

ways. He be
shipment of Darwin discover;

resigning from his post due to the crew’s bias,

Yet to suggest a close friendship between Fitzroy and Darwin would be a
mischaracterization, There were enormous  social and cultural  differences
between the two men that could not be easily dismissed. Dgps
family that had historically sought abolition, Al
banning the slave trade by 1807, it took much |
and actual practice did not £o hand in hand, particularly th
pace of travel and the long distances implied a Jarge’
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flood having swept over the surface of the land, rather than to the
common order of things?

Darwin also comes across the fossil of a giant sloth in Brazil, Darwin realized
that it likely used its corpulent weight to push trees down, rather th
uppermost branches as a giraffe. As no other animal of its size w
Danwin, 1t was clear that it had gone extnct. As he ex
also observes a particular pattern: certain animals
exas, to then suddenly disappear or become minor pla
tended to have particular ‘dominant’ speetes; whose t
ame spans.

AN Cast e
as observed ly
plores the fossil récord, he
predominate during cery
yers in later epochs. Epochs
ype varied greatly over long

In the Argentinean Pampas, Darwin also witnessed the enormo
domesticated species: horse, cattle and sheep,
guanaco (lama), deer and ostrch. The Buropean pig replaced pecarrientice
species, and in turn affected the local ecology, which altered the life of other
animals in region. While at the Falkland Island (Istas Malvinas) of the coast of
Argentina, Darwin also comes across smaller horses. He finds that the
distnbution of horses was rather peculiar; although there were no natural barriers,
horses tended to aggregate to one side. If were animals affected by geology as
noted by Humboldt, why was this not the case here?

Perhaps the most striking: experience was that of aa earthquake 1 Chile
where Danwin witnesses land tising 10 feet; what had been a minor tdal pool
became a small cliff. Land had beeq raised, leaving Darwin in a state of ‘shock’
“A bad earthquake at once destroys our oldest associations: The Earth, the very
emblem of solidity, has moved beneath our feet like a thin crust of fuid?” The
event might appear to be trivial, but it became a key to Darwinian evolution,
revealing the influence of Chades Lyell.

Pror to leaving, Danvin took various books along with him, one of which
was ‘Lycll’s Principles of Geology (1830). In it Lyell describes his principle of

us impact of
came to substitute local ones as the

X iological change in the present was the same as
that which had occurred in the past,
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! factors underlying such change.
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were not amenable to observation and scientific analysis,
why Lyell would be opposed to it: as extreme events were .
repeatable, they were not amenable to rational analysis and empirical evaluation.
As in the Amb world, one could not do science if God could s quickly change
nature from one day to the next, leaving no trace behingd, i
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One can easily detect
npredictable and non-
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bit too close for comfort, As the small boat was 100 miles
it would not have been spotted had it become
he comes close to clashing with the native Americans in Argenting. Gen
Manuel de Rosa’s Native American extermination policy had Jeft
10 its path, and had Rosas not sent men for his
have been killed.

Upon returning to England Danvin gave a number of
about his trip, published as [ oyages of the Beagle,
Darwin’s eardy positive scientific reputation.
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of gealogical barriers, Lyellian uniformati
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. ‘idea bank.’ Malthus noted that population grows
exponentially, whereas resources (food) on which they thrive grow arithmenically,

As a result, because populations have 3 tendency to outpace their resources, there
ate never enough resources for a givi 1 1

what was going on.

In 1838, the same year which he read Malthus, Darwin comes up with the
b::lslc notion of bislogical evolutiog. Only a few months after returning from his
top, he draws the now famous diagram “tree of speciation.”
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It's important to distinguish various aspects of ‘evolution,
and if so, what is the mechanism by which they ch
certain ends, as Chambers suggested? Readily, the
necessanly imply the acceptance of any
such change. As Chambers’ case showed, one could believe in ‘o
evolution. In other words. ‘biclogical change’ did not necessarily
evolution; otherwise, Danwin’s grandfather Erasmus of the
have long ago received recognition for the onginal idea.

The ample public discussion of the topic, however, does suggest that the
notion of change was ‘in the air.’ The fossil record had been more widely
explored due to industralization’s need for coal and canal building. The
econamic inceatives of industrialization thus push forth the sciences of
stratigraphy and mineralogy, which could be used to detect coal reserves. The
financial benefits of geology m it ultimately ibuted to the study of
fossils; as these could also belp identify the location of coal reserves, .'\ltho.ugh
sedimentary layers are gradually deposited, ‘reading’ these layers are not as simple
as merely digging a hole given that the processes of uplift distorted the shape and
arangement of such layers, In spite of all of this, fossil deposits did reveal the
existence of strange forms of animals that no longer roamed the Earth, yet the
full extent of the scientific meaning of fossils was not yet understood.

There were also many deep connections between religion and biology,
specifically that of natural theology which used biology to prove the existence of
God and ‘His* greatness and perfection. John Ray was one of most prominent

authors of the era. He argued that life in the world had a natural and harmonious
order as the relationships benween hees
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acceptance of clmugc did g
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comment in public, as he detested public
coins the word “agnostic,” arguing that God’s exj
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The Orgin of Speces would jolt the religious world in part due to the idea that
order out of nothing (disorder) could emerge. Evolution had e divine plan, no
purpose, and no end in sight. In contrast to Ch T

A S : £ *“T‘bef's Views, there were 0o
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Put, at what level did natural selection operate? 1s natural selection active only
individual or does it operate at the broader species level? This was a
hich actually leads Danwin down the wrong path. He argues
curred at species level as he was trying to account for

bee colonies. Usually it is only

mbers as ant and
all other members of the colony are asexual

on the
oblematic issue, W
that patural selection 0OC
species with non-reproductive me
4 single queen that reproduces;
drones carrying out specific tasks required for the colony’s survival. Most drones
were ‘disposable,’ and left no future descendants. Darwin argued that one could
only make sense of such insect colonies if these were analyzed at the species level
Otherwise, the existence of non-reproductive individuals made no sensc.
Although later evolutionary theorists would show Danwin to have been wrong on

this point, this idea became 2 central tenant of biology after him.
Another important component [o Darwinian evolution was the existence of
variation. The issue of variation within species Was troublesome issue. There are
a great aumber of variants in 2 community: individuals with slightly different but
unique and particular traits. How do you distinguish varants from spedFs?
Fmpirically, variants are troublesome, often requinng long years of observation
5o as to be able to differentiate between them. Speciation OCcurs only when
variants can no longer interbreed amongst themselves, cither for phys}cnl or
behavioral reasons. This sexual wall allowed each species to enter their own
respective biological ‘paths’ as

they could no longer ‘swap’ traits amongst
themselves. A clear and distinctive dividing line between them. Yet
how did varations biologically emerge? Darwin

was drawn
had no answer, 0Or could he
have been able to provide one-
Darnwin also noted that the la .
and in turn, the rate of evolution WO

und in somller populations. Darwin realized t
ins of relationships were esta

a size, the greater the
uld actually increase
hat animals
blished

rger any given populatio

range of vadation,
relative to the rate fo

formed interdependent ecosystems: Long chain 5
in a locale which may not be immediately obvious, For example, he notes that the
3 the number of cats. That flower

number of flowers wer¢ dependent o1
Howevert, the nests

pollination depended on bumble bee was 3 well-known fact. :
of bumble bee were affected by mice, a8 greater mouse populations tended to

increase the rate of bee nest destruction. The greater aumber of cats \vad xhus
keep the total ice i the rate of flower pollination

population in check, and in turo (
from bees, Biological change in one species \vould-thus ncocht.:t throughout the
network of animal celationships tied t© that species; change 10 form of some

fect the forms and behaviors of others 12 the same

animals would, in turd,
system.

Darwin'is ogy from the link to geology. Not that geology

here removing biol : . .
was not important but that internal intra-species dynamic was equally as
important During his YOyages he became aware that if he tied the animal form
100 closeiv o the gcological landscape, it mught ultimately hinder theory.
; own internal dynamics, that while affected by geologieal

sted by Humboldt.

Biological change had its OW! :
c}mnge1 were not exclusively influenced by itas perhaps SUgEe
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The causality of natural evolution is

actually left open by Darwig, who wig
fairly open minded in this respect—ualike other biologists. The factors of chang,
could vary widely, and were not absolutely set in stone.

Danwin, for example, recognized the
female selection of males for bree
biological change. The
the male. As a re

important role of s
ding had an enormous
cost of pregnancy is generally highe
sult, this pressure to find the most suitable
‘perception’ of a female to act akin to that of the natural selection or the huiman
mnfluence on domesticated animals, The preference for one or other particulir
trait tn 2 male as evidence of his fitness would lead to the expansion of such
relative to other traits, and the gradual modification of species.

In this Danwin is very different from Alfred Russell Wallace who believed
that natural selection, and only natural selection, was the impinging factor oy
biological change. Wallace’s view s best summarized by the catchphrase Survival
of the fittest.’ Weaklings that died prior to reproduction were weeded out from
tree of natural history in that they did not leave progeny,

Darwin, to repeat, did not abide by these ideas. As he had ac
studying the issue for 30 vears pror to Wallace, he
many nuances of evolutionary biological change

exual selection, The
impact on historicy]
¢ for the femalg than
mate led the ming or

tually been
was much more attune to the

Reaction to Origin of Species

The reactions to Origin of Species were

raising many important issues that woul
ideas.

perhaps as interesting as the book itself
d ultimately further strengthen Danyin's

was the encounter be
Huxley on June 30, 1
Wilberforce asked Huxley from whic
mother’s side? Huxley famously an ape than a preacher.
Huxley became an able defender of Darwinism at much needed moment.
Darwin actually had not attended the debate, preferring to avoid public
controversy in the spirit of Copernicus. in i f

resembles Galileo,

Darwinism thus held 4 brief petiod of success, until the 1880% when it
recetved its first valid scientific criticisms, which consisted of three principal linies
of argument.

The first was the obviou
theory, if Darwin evolution
termediary forms (variations) prior to speciati
overabundance of transitional forms in the fossil re
wholly absent.

Darwin tended to downplay this criti

que by pointing out that the favorble
conditions under which animals could be fossilized tended o be cxt:cx:;l(;' e

s lack of l‘ransiu'onal forms in the fossil record. In
ary gradualism was corr

et evolution consisting of
on, there should occur an
cords. But in fact, these were
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> tedial THe! pi 5 O
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g t}?mcrlil;so:r‘c“rarc. they would therefore leave a

that such events 3

ey ‘b'lﬂlogli‘ﬂl t'l:\":rg’“\vﬂ:. far more problr:nmu:c e e
The issue, DOW! c‘ve’llcd something abqul nam; ol Fries s
resumed. What lf-ll. toot‘h as suggested by bis lhcor,v(.’lf :L il & B -
e Wﬂsd“m;:ﬂ;“g’ Danwinism. Fossil disco.vcry ;(:L-e g g-i(hou[ o
G K . ; ist can be entire care
iy pnucn(fc- ]:ﬁ(l):(::rlt(:ﬁkcls, if they are luck(y] B -
anything, pcrhﬂP* S itique, however, was issued by Of uw gmdual s
" A more Po\f’crf\ﬂfcdne Zavj For evolution to happen, Znﬁz e
g tions, it required that the [:;mf e e
over thousands of g,cncral t c‘.m e i omhgious e o
e e ;‘-j billion years rather than the e Eten one .
ey lo' :t;)rv Yet William Tho,mps;)c?ﬂmons revealed that the
6,000 or so year old hist 5‘. s
founders of 1hermodynarr.u<; 2 pvems
Earth was roughly 100 million 3

Thi is was 2
old, using its cooling m‘:l;:(\:’:iﬂ‘cdh!u:as not
) jously suggested, it = jon tO
han those previous inian evolution
time span that was ?l}\::hnzzg:: all space’ in which for D“}:‘: it began to erode
long cxgough 0;31] fh dol _ord Kelyin’s argument ap
occur. SO Pow

i inism.
the confidence in Darwint

: o
His arguments Were assisted by

colla
friend of Kelvin’s who had al-S:ﬁons cable. :
first transatlantic te.lecom‘;"“lu:‘cﬂy new traits in 2 fl:ef“::bm of its oWn SPecies,
SR - ¢ tha : v vith m : e
Jenkins pointed ou ourse of mterb‘c,cdmg‘v Using his ‘Jenkios dls.mbu h
‘averaged out’ over thee lending inhertance: Ithough new traits might pusd
in what is referred 0 & ), he showed th:‘i Ebuu@o; of traits, these woul
St 1 urves), o . 3 or
curves (bell dlsmbuu.onc;e or another 10 e t;cl words, one might gcl.fnsx'nc
e S onclde’mf the existing curve: I;‘ orsec Even a mre and de‘:ﬁ:ack
2 IngROomeS, * and blende
not ‘break the mo ot stop geting ‘averaged out’ and blent
horses, but one would + would eventually be mdantchbmined traits 10 eq
divergence form the nomulation as each descen
; ivinating  POP d
into the originating

1 ents.
portions from d1cixlrcsl‘p(\:;:uwf=°{;alr) -
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Things did not 10 win

Today we
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and ug absence of oxygen

ick and 10
e quiky ©

than Darwin himself

pears,

s, a colleague and

those of Fleming J"'“kmn d building of the

borated in the creauon a

would be immediately

¢ the tumn of the centuxy.
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Kinetic Theory ang
the Rise of

oretical Physics

On th
e Abuse of Institutional Power

THE RISE OF KINE
i NETIC THEORY is

thc(c):f“:: Ccl,zm“ science. .')\T(\mh e Shona '
Prccu.mor lo\:h .ch e imjmmc]v,g r:i‘:th lhc' dc:vcl()pmcn‘l “:){ﬂclue\’cmcms of
o i i iy i P oF clecxrgmn@mic
mcdmm'cg.r" it e 5 ry was the immediate
e 5 1O gases. Its later sta
S reactions. Some of its
e pc[imrf;qncncj revolution, Jam,
flepe o;] , clarified both fields
P .Hp enomena, one could
axwell wrote of fields

of hem

3 was the st

i Stry O

tstical formulas ¢y Ct application of Newtonian
s came Newt

artict ;
Participants had alsg ;0 e precicoins
es et i taken part in both it and the
with tigorous nm;hr?mgf“’t‘d as the ‘:\‘fc“"ton’ nf
th not ‘sec’ electro ematical formulation, A 'ol
B at were independ magnetic pheno, - As with
e es that existed { ent of phys; Sl
el d in empty space ysical objects that ed
new definit SIS pushed Newtonia t : lim : -
The \.::zln of[..vh_vsxcs: theoretical ph’: fhcor)‘ 19413 limits gt
study of | ; LGl phaysics, e :
L intangible objects also i
the Newtonian 1,\ SIICS _\vould be drastically ath‘-:]Shﬁd i
analy 1 : e
ysis of mnteracting particles i ﬂm iz
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Oy
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: 3

1h§ boundaries of

; l!ll definition; from
€ gravitational law

10 the stat of random colliding pnmclc-;. Their ph)’s\ml
ropcrtics and chemical behavior could be reducible to pmbabihucs. and did not

chemistry proper This type of reductionism helped endow physics with
f ‘magic’; could all sciences be similarly reducible to physics, and be
dent of their distinet characteristics?
at many of the today’s classical formulas of physics (or
Qaws) were actually produced by others who simplified the work of onginal
quthors, Newton's F=MA was by first expressed Euler (1750), and Boyle's gas
pressure Jaw by Henry Power, Boyle’s contemporary-: The simple expression of
was actually prepared by Max Planck, and Maxwell's complex
translated into its four lines of ‘code’ by Oliver
constituted true and original work by their

creators, they were SO complicated so as o be dysfunclional for efficient and

prictical purposes. Such simplified formulation thus constitutes an important but
unrecognized aspect of their history, allowing engineers and applied scientists ©

moré easily use them.

It is equally important to point out that the entities under study by are 0ot
‘common everyday objects.” The teader will please excuse of if we brefly jump
into quantum revolution, to which it is interrelated, but it is done to show that
the road to discovery was a complicated one:

N-rays’ were not discovered ot “‘seen” from one day t©
“constructed’ objects even if they did exis
very unlike seeing a common object as @ ‘car’ or
shape and size; metaphorically, the phenomenon under
the observation of a camouflaged moth hidden on 2 tree’s bar
were difficult to identify and to analyze. It took Roentgen a year befo
the discovery public. <

In his own experiment Rutherford claims that whea saw result of gold
experiment, the notion of an empty atom appeared 10 him in a flash. However, as

Helge Kraugh notes, this is an outright propngandisric deception ]
The inherent uncertainty surronnding the objects of theoretical phyAsxcs meant
that authors were often unaware of the implications of their discovenes. I’lgnck
in 1900 postulated the "quanmm,' which in German V(ml,v means a unit of
measurement, as a mathematical trick to solve the pu;zlmg blackbody problem.
Planck most certainly did not view the quantum as ‘entity’ per s€ :n_nd even as late
. i 1905, Finstein’s’ anftus

as in 1912 he was stil trying 0 B¢ rid of it Pnot 10 : d
mirabilis, few papers WeLe Thus Planck’s 1900 paper o8 quantum

{stical approximation

require
4n Aum O
sudied indepen

One may observe th

Bolzmann's law
clectrodynamics study was
Heavyside. Although the ‘discoveries’

the next, being partly
t in nature. They were hard to discern,
a ‘house’ with a recognizable
study was more akin to
k. These objects
re he made

written o1 it
' Einstein became 3 key figure simply for

did not visibly usher 2 ‘revolution: _ figur
recognizing its importance: Yet even the most famous scientist in history did not
accept its ultmate conclusions. «God does not play dice” he complained:

i d complicated relatonship 10

has a close Ao
macrocosmic analysis of energy and the

lso bave some common

also :
thermodynamics: Thermodynamics 15 the 1
b fferent forms. Both a

inte i ips betweed its di S
;:::;:::::::f Shli‘:;]ol b Clausius, who established the first formulas 1n kinetic

theory, is also rcs-ponsiblc for the Second law of Thermodynamics, OF what today
s C?‘l{l ;:nt;Op\‘ Hermann VoD Helmholtz, who came up with the first law of

Kinetic theory
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thermodynamics (conservation of energy), providing its first 5
had been an associate with the principal founder of kinetie thcory_ Lidy
Boltzmann. Yer whereas thermodynamics operated at the maerg level, Kinete
theory adopts its framework at the micro level, and hence why it i ‘theoretic] it
dealt with atoms, entities that could not be dir perimented upon,
This trait helps account for its wide ea nd its revolutiony

math dcscnpﬁon‘

ectly seen or ex
ty rejection, a
nature,

Kinetic theory began to alter the fundamental paradigm of physics, from (e
examination of tangible objects to ntangible ones, Many physicists simply did noy
believe this was 1 viable model for their discipline. In fact, thermodynamics wWa
often used to attack kinetic theory. One of its main opponents: had been Egng
Mach, a physicist who went into philosophy and established logical positivisy
around his Vienna Circle of adherents, Unfortunately, Mach obtained greater
support due to social dynamics rather from than the actual merits of his theory,
He was a physicist who spewed complex terms to non-scientists: impressive in 3
cafe wble talk with 4 strong: Buropean' accent which accentuated his public
prestige. Secondary traits are not to be confused for philosephical rigor.

Mach believed that the role of physics was only to look for correlations
between visible concrete phenomena, and tried to ban all theorization from
physics. As a result, atoms could not be studied because they could not be
tangibly verified. “I do not believe in atoms,” Mach once prochimed to
Boltzmann at a conference; his critique of Boltzmann would be persistent and,
ultimately, debilitating, Iaversely, he praised thermodynamics, sharply contrasting
it to kinetic theory.

Yet Mach’s logical POSIVISM was an absurd philosophy which distorted the
ac_m:d manner in which important physicists undertook their practice. Both
E.xrj\stein and Planck condemned Mach, as logical positivism is one of the most
dxsfngcnuous philosophies of science to ever have existed. Had physicists taken it
serously, neither the quantum revolution or Kinetic theory would ever have
emerged. Oddly enough, logical positivism Was so popular, that it can still today
be found hnggdng like 2 ghost in some halls of modem academia, being common

ork ere often rejected through
matter how brlliant and onginal their work had bee
serutiny and rejection, two important kinetic theorists commit suicide: John
James Waterston (1811-1883) and Ludwig Boltzmann (18444906).

Waterston is one of the founders of kinetic theory, his 1845 paper being far
above those of his contemporaries. In spite of Putting forth the first notions of
an equipartition theorem, his PAapers were rejected by lcading scientific societies s

the Royal Society and the Astronomical Society of London. To make things
worse, his articles were not to be returned

: ; e 0 him, in 5 Pre-internet era where
copies were hard to obtain and otiginals were often the only versions available.
His orginal work was just shelved in the Organiz ;
dust and undetectable plagiarism.

out their entire careers, 00
n. Under this never-ending

AAUON’S archives, accumulating

214

; jould have no direct
Jedpe of his work, \\'alcrs.wn_ w)oul R
i kn(:l\u-lt:ltt)g_r:ixion dunng his hflcfum’;i s‘t:c:’c}t\ilcss‘ R[:dolph
influence 0oL rcccwca: ())Lhcrs began to mnkc <um :;m omete o ﬁ,s“
achicvcmcmsv"cvc:js first article in 1857, thirty _iur: sl
(lausius pul?h,-hcs’ | work for publication. \X’atcn]lo. Rm o
submitted his semina ally came across his papers the s
o Z‘CC‘Q“T{' recognized their signuﬁ;anc}c‘.. R
s ;mm ‘;\dll;‘c(:)yublishcd in 1893 and g,lf:;v; tﬂ ;drr; i pti-:m‘sl;:
is body of work be o i b e i
; Certainly, LUd\v‘th:::llc:? abilities. However, ;:unnlggg (:up\ e
i dm:lb“;ld TSCEE;IM olon iy th‘Src‘:lS(:m:;n's state of discoursge::::;
wife apd three ChUERE - B, A e
ically ends his life. We can gr At So.lc csii] iy
Eg‘l‘zzglémg ‘hﬂf hL" . beflul‘:\'\ \fiz?r% Zenemtions. Nfll]‘lcr Eoﬂll;zg;x:r i
il dJSCO":;‘: constant scrutiny by the \'n,:n;\::l e i
o lﬁm;\\!/l'et;::ol:‘ l’foltzmnnn had simply had give
e -\bduri:;\g his own lifetime. Wz hon
mﬂ‘:‘mce and their story, we have 0 L
i mc:fcrji‘ﬁcally to the caloric theory ©
century, §

competed.

s —
Caloric and the origins of kinet1

As there W
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; d thus its size, cthollet and Lavotsic is. The exchange
increased, a0 ined by Be Jewtonians in Pazis. sdentifies
The term was actually cout ench New! oisier actually sde
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T X e. . heat,
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The supporters of caloric theory—Laplace, Bertholler, a

countered that if kinetic theory were v

nd  Lavojgjer—
alid, heat would be quickly diff

) used ang
differences n temperature would be mmediately smoothed our. ‘The inability of
‘kinetic adherents’ to address these objections meant that caloric thcory \Vt')u]d
remain the dominant nterpretation of heat untl a

pproximately the 18405,
Contrary to what one might suppose, the ‘caloric’ was actually used g

suecessful mathematical entity by Laplice and Poisson to make formula for speed
of sound in a gas at a specific temperature, a formula which is still valid rodsy
even though we reject the physical basis (caloric) on which it is based, -

As argued by Stephen Brush, the success of the
ceatury-long delay of kinetic theory, including the reje
papers. His notions too drastically

background of the pedod, and it wo

caloric helps explain the
ction of Waterstons' firg
conflicted with the broader wntellecny]
uld not be until the ‘caloric’ was ‘defeated’
that kinetic theory—a rival interpretation of heat—had any possibility in rising 1o
the fore. Ironically, it is not until the tise of the wave theory of light by Y

oung,
Fresnel and others, that we begin to see the debilitation of calorie theory.
Once it had been acce

pted that light could be accounted for as a wave in an

aether medium, as Poisson and Laplace did, a way was the
alternative interpretation of heat that could also be accounte
basis (the aether). That notion of a wave required the exist
composed of tiny particles (acther) changed the intellectu
the kinetic interpretation was perceived. In fact, Waterston was very careful in his
early papers to suggest that his ideas did not contradict the wave model.
In effect, the formation and revolution of a scientific

the study of gases, had itself served as an obstacle for the
scientific discipline in another area, thy
discipline, the study light, emerge th
of intellectual acceptance and, ultim

n opened for an
d for on a similar
ence of a medium
al background on which

discipline in one area,
emergence of another
e study of heat, Not until changes in a third
at kinetic theory begins to have the possibility
ately, success.

Particle Gravity: Herapath and Waterston

The first kinetic analysis of gases was undertaken by Daniel Bernoulli in 1738,
but under a restrictive case accounting only for prcs'su}e. It would take a century
before the publication of another work in kinetic theory emerged, which again
raises the issue of its long delay given such eatly oripins, It might appear obvious
that heat increases with pressure, a phenomenon that can be widely and regulary
observed. However, the available evidence did not unquestionably suggest that
heat was necessarly the result of clashing particles. The ‘data; was in fact

point towards kinetic theory.
For example, Boyle demonstrat ;

ed a range of phenomenon requiring air to
propagate, and others which did not. Experiments nvolving va?cuumg pump
evacuation of bell jars showed that sound required air. Howeyer light was not
affected by the vacuum. As heat als 2

comes to the Earth from the sun through empty space, the kinetic interpretation
of heat initially held little weight. Common sense dictate

d that a medium was not
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The story 15 ¢ : .
: story 18 ‘tragic’ s St
philascpbicel ﬂSSlmxpgons slfngl,\ because two thinkers who g}
principl g : end up needlessly fighti Shared simily
‘ ple agreed with the ‘comuscular’ view. | ghting one anoth ;
individuals in the review ¢ rpuscular’ view. Davy had told 1 ther. Both i,
likely on the pro-caloric <'L1(]mm"w0,sm‘l’l.\’ did not want to Ll:ﬂ-p ath that g
f el s G b’m].\u e. (:;1e might suggest that Dayy \Wl?‘;‘kh‘;h his: articl
B iR e e o ciapatits behalf for I VY was likely fighting 4,
¢ outside the journal : alf for kinetic theory. B g an
Herapath | el and i making public theis prvane e, L oLt
ost any sort of s g public their private i
energetic but ignc'anm m“ ;fr:i“ppm:,] by the powerful cchI)e 0 E gclorrgs}pondme‘
Herapath : atence ultimately leads hi ) e Herapatly:
s fortunes, ho y leads him to apath's
vs <y IWEV , unwares
Waterston’s. ever, would be much more successful "[‘:‘Cd e
In his w an those of
ork, Hera :
Eral e e e bodli):sthh:omﬁ;, across the ‘hard body paradox.’ If
R , he realizes Hard: Dody: paradox.” If 4
?louon 1 either particle. With m)':}‘;‘:ha( a perfect direct collision \voul:]loms iire
orces in the collist g to absorb f cease all
S10n Wo ¢ orce, the equs >
uld perfectly counterbalance each othg::l o «"ln]d (;;;posmg
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€S g absence of mouon S 5 1 CVEr, Y
I U.hlﬂ b < AS LS Odd outcome. IICI"AP: [h hO\\ v bCll
] > ¢ 'mg

then uses ' ;
ugcl:lnhuscs conservation of momentum to
ommc makes .lhe error of assuming that
: 5;, ltcs that kinetic theory could be used
o “:) 1tkasincdhcangr.n; of physical state or ;he
i Saatee ; 3
Dl thc[()) r;n ently published in a self-
who 1 3 ? o
e d?t clshitl;L most original of the two. Of
ntormlly ‘ i gh school in Edinburgh, while also
ioely plays a role in his future sci - However, he never enters collge, whi
S e scientific relations. His mi e
21, and works as a sunv[c’vo fi v does as well. He moves ‘s Ln:’momy sl
expansion (1832). He joins l;mor 90 oads lines, which \vereo th L e
talents and gets him a teachi cagineenng society, whose i l‘“de‘go"’_g o
; pm;y posn;on ey r[\)r:::;l}em rbecogmzes his
< B hmg,:lzoeh ; salary in Bombay, India f
di (1839 1857). }jh‘ 1s also fortunate ; ¢ would occupy the majority of hi il
Sp\‘\’fal during this period in having the Grant Coll, ill? e
Waterston’s first ettt e
trylng to use kinetic df:::sc: i oo ook
e 0 account for blood pres o the nervous system,
Rpi wo}; ,d‘;‘;l; a lot. of ideas that are s sure. The book is historically
it 1;!Ieal if all gases had the _Sggeamshve of his future work,
e - He recognizes the cnormouscs-'fuml;;:r of atoms at a
clentific benefit of this

In 1845 he sends his 4
Bad 2 5 his ‘infamous’ pape )
en Powell, a geometry professor arpélzrgoyal Society, which is first read by

it demonstrated abili 1 =
al and was in concordance wi&cich lkevithe worki
1y acts. However, Powell

recognizes his la eXpertise i
g w:;. . :,:: of kL.\pcmsc. in the field, and se ds 1
he also recommends ;i C!etes[s it, claiming the P“P‘-’Ir“vs S LubeCk'hf:‘
s that it not be read to the Society, atjn;,bbbh- Dot ol s
» @ Wish which is fortunately
y

:,]1 ;il‘l:xczﬁs were ingantnncous. He
Eeed e [;mpcmss of gas. Althos
e er than mv?, Herapath dem

Ve certain properties of matte:

run journal, marks the tru 1
ournal, S € beginning,
sco;;;, it 'ns._]oh'n‘n James Waterston
- ongin, Waterston studied at
ormally attending university lec
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sot complied with. On March 1846, the paper is entered into the Socety’s
qeords, but when Waterston tries to get his work returned, he is ignored. (It was
he institution’s policy to retain unpublished papers i its archives,)
During the late 1850s, Waterston returns to England and is able to preseat
articles at varous conferences, The Philosophical Magazine had accepted some
aticles but in 1856, its editor dies and no longer does so. When in 1878
Waterston sends articles to the Royal Astronomical Society, these are also
his membership

rejected. As he had been meniber since 1852, he does not renew

henceforth.

Oddly, Waterston was more well known in Germany than in England.

Helmholtz in a journal entry notes his name, suggesting the importance of
Waterston’s work but also pointed out that his article was nowhere to be found.
The issue of cross cultural reception is interesting in that the inverse was also the
case, having a greater influence outside his nation than within it.

These painful experience naturally left Waterston very resentful, s testified by
his nephew.
was charactenized 10 very
tion of them [learned
¢ considerable abuse. .. The last time
scientific subject was in regard 10 Mr.
as to which he used some

remember the Royal Society

I distinctly
epeat. ...any men

strong terms useless nOW 10 1
socienies] generally brought ou
remember him very angry on 4
Crookes and his radiometer,
unparliamentary language.
Waterston would' rant and rave at mere mention of scientific societies and,
worst of all, self-serving scientific men. :
It would seem to be impossible to determine whether different gases ‘hz\d the
same number of atoms but in fact had been demonstrated by Avogadro’s study

of vapor. In the creation of water vapor retained volume it was as if oxygen was
to 1 ratio—a suggestion Robert Dalton

dividing and uniting with hydrogen at @ 2 !
would have found odd as their calonc would lead to repulsion between the same
oxygen atoms. Given that like-repulsed-like, whereas opposites attracted, even
when formed it would lead to a2 nstable configuration, according (o the calonic
theory. While this descrption might suggest Dalton was a ‘conservauve

: S te.
reactionary’ chemist, it 15 Just the oppost : .
Dalton was 2 meteorologist Who waated to find out why gases 10 the
atmosphere did not settle out 1010 distinct bands according to weighty why do

they mix? He argues that different sized molecules existed and were thus kept in
' 3 bstances interacted in fixed

an uncertain' state of uX: Dalton argued that su |

measures, and Dalton bt be said to be the father of atomic theory and first 1o

dctcmﬁné atomic weights. Atoms are defined as the emallest units 10 chemical

reactions, whose components mixed in specific ratios. :
B c‘onmas! ¢ argued that there were an infinite number of

cOmbS;n rion; bérwcc ¢, infinite ratios of endless possibility, leading to

S st Greek atomists when compared to Plato’s

the same outcome A5

5 substance
that by fi
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contnbutions. If all chemical combinations age infinite
umpossible to analyze them at all, discouraging the
Atomism continued to be problem

and endless, it we
empirical study of ¢
atic in the 18 century,

uld by
hcmisu-y,

Rudolph Clausis, first approaches

Itis wrongly claimed that A, R Kornig began kinetic the
wilvennal Fortschrirte der Physik, an annual review of the
Kornig had published a review article of kinetic theory
deal of attention. Contrary to what one might
work and much of the review’s findings can be
his contlict with Dayy, Herapath went into the
of a nailroad magazine where much of his W

James Joule had also began working on these issues, and at first considered
mainly rotatory motion in his analysis. Once he came across Herapath’s article,
with focused principally on translational motion, Joule realized that caleulations
could be greatly simplified, more so than he initially supposed.

He quickly did a ‘napkin caleulation’ in 1847 to determine
of atoms 1n a gas. He presumed 3 particles of hydrogen in 1 ¢
60° under a given pressure, each hitting the other. Although only a model. it was
good enough for analysis, concluding that particles traveled with estimated
velocity of 6,225 ft. per second—a remarkable speed. He also realized that this
fast speed would remain true even if the container was divided into ‘infinitely’
smaller number of particle

s, allowing him to caleulate specific heat of basic gases.
Although not ‘exact’ his rough estimates were a solid

ory. As editor of the
progress in physics,
which received 4 great
suppose, he had not done o]
found in work of | Terapath. After
railroad business, becoming editor
ork appeared.

the average speed
ubic foot space at

beginning.
Gas Joule Experimental Modern %

(cal/gr) 1848 (cal/gr) variation

(cal/gr) (joule to

modern)
Hydrogen 3.012 2.352 2402 25.40%
Oxygen 0.188 0.168 0.1554 20.98%
Nitrogen 0.214 0.192 0.1765 21.25%

Yet the man who formally launches the kinetic

; = revolution was Rudolph
Clausius (1822-1888). He began his kinetic analysis not by ‘particle gravity, as

Herapath and Waterston, but rather via the wave theory of light. The properties
of light suggested that heat could be treated in similar hmnner, and realizes that

oc ¥ as tatermolecular forces would not be at
work—or at least their influenced w uced when compared to

ould be greatly red
the study of liquids.

As he was a distinguished professor in a German university, Clausios thus
held enough of a high reputation to have his analysis seriously considered and
viewed in a more favorable light. His papers were the first true mathematical
description of kinetics,
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; 128 pataud oW
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ibrational. ”,;U;E: calculations, but Clausius real ized that
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i od this approach.
uld have no et effect, s0 b dllclzrdcd ll:}:k;aol::ogcncous as they had presumed.
Wo! ! speeds could not be A jon. Vanation 10
»s that spee ition of evaporaton.
He also nofices t ion was the conditio! asion and
s of this observation s k surface te:
The best case o(;l meant that one pasticle would i some particles were
. surface ; Omes
speeds at lhtl: words, evaporation occurred bec e
ape; 1n other WOrds, ir nearby compa: :
esc:mg faster than the average of their ﬂ::: {h'“ Lalcu]ations would k]); h:‘::
3 : however, me ; he wou
X ervations, HOWEVeEr, A ate them, :
e obst‘;"{ ordér 10 be able to realistically C:; CL-d 1—a common practice
5 od, and 10 v el ATIOr
et tain properties to simplify his cale d
to assume cer a field. . : ad reache
aken in the first attempts of a fiel . velocity. Oncea gas b thei
e duced all of these to their average aly distibuted between thei
Clausius reduc : uld be evenly oo theorem.
% SR spergies Wo o arttion t
num, all energie 3 3 as the equip §
e e of fcdom, o whatis berter K el establishes that heat was
: edom, 3
various dcgrceéio. portant paper in 1857, which solich
He publishes his 1m

the tesuh f its kinetic e \g rerage S cd of []‘Cl(:ﬁ 1 1V ce.
(& pc P S 1n Q\Cﬂ SPB
1 1 ic nergy, or Ihtf averag
of 1ts ne ) ArL

- 2 ad with him.
| kinetic theory begins with Clausius—but does not € logist C.D. Buys-
Formal kine i

SLEOTO!
itict : Dutch meteo B
rized by ps : relled at near 10s
ideas were strongly cnt e
These ideas were

: imply that pa jmilar arguments
Ballot who argued that they ‘;f;d:n‘z%zdcﬂce s ‘epwc:.:ﬁl a;:cu odors
speed, which contmdgd?d ‘I:fo Clausius - were correct, :Y;nui.ner of chlorine at
wiade. 2 sty ‘[’]ffé;‘cmg a bottle of perfume 9% & €00, " uld remain at
immediately upon

3 own that cat! sequences of
d of a room. It was also kn ing the apparent conscq
the other end o | if undisturbed, violaing
S
bottom of vesse

: istibution of gases
Clausiug’s work. < Ballot was concerned “'“lli‘ d;z:: of kinetic theory:
As a meteorologist, Buys o very attune to the 1mp ciidvc cffect of pushing
in the atmosphere, .md hen\::ndcd critiques %‘“"eqic gﬁiowiﬂg year, he realized
However, these solidly gfisdcatcd formulation. cddcs were all colliding with
Clausius into a more sOp d immediately because P lation time. He therefore
that smells are not tmltls‘l\:;eg» ;;;2; a particle would need 0
her, hence Slow ; e W
f;:c‘l‘ercti:kcs,ﬂ new mal\gs :mrgcz, ord P‘”ﬁde 3 mtan -ft\i: E:I:POsc. In essence,
pass through before hmmgore revolutionary than O?L':?;gdcﬁnc 2 particle’s mean
This notion became blind statistical analysis ithin physics in such 2
S ins to incOrPOrate alysis was used Wi hanics of the
(‘]nusmihbe[g}: first tme smusﬂmlin“;’:pzndcm of the actual mecha
free path: s

: : scientific
. Vs “i theoty as its key saienti
manner. Clausius's 3,,::];’ s;:c application of probabilty theors

27 insight.
ted ; this important 1nsig ; sas the
system, and aﬂ}:;::weu would build on 8 or the tendency to disorder was
o M\ ‘entropy.
epistemology ¢ the term

: ; 10
their tendency

3 . but rather

Clausius fisst ngiec:s do not heat up normally,
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cool without an external energy source.
would ulumately result in ‘heat death’ w
system as no heat differentials existed
Universe. The tendency

As a result, objects in
here no work could be p
—suggesting the inevitable
to disorder thus becomes
of Sadi Carnot,

These German views were rather depressing for British Victo
unplicit view of progress as never ending movement to ultim
became a myth in this new context, All systems eventu
source of energy; if all British coal were used up, industrialization would come
2 sudden halt, pushing Britain back into the
implications for biology.

The evolution towards more complex forms was simply
energy source, the sun. The continual
energy to be redistrbuted throughout  system.
tmplication for ecological ma
energy in system, owes its orgin to it. The arrow of progre

ss of history was only
due to existence of the central fire.

Maxwell’s brief foray

As a teenager, James Clerk
was a typical Victorian boo)
forth his own view
of the matter was
specifically asks, h
hit its target?

Maxwell (1831-79) read a book review on Quetelet. It
k review of more than fifty

pages whose author puts
on the subject. What is the probability of error? At the heart
the identification of deviation from the norm (average). He
ow do you calculate the probability that a falling object will not
He uses probabilities along two different axes to arrive at result:
function of the square of its distance, Maxwell eventually uses this work to
?voludonize kinetic theory in his 1866 Paper “On the Dynamical Theory of
zases.” ) )
There can be no doubt that Maxwell was a mathematic
Newton’ of the nineteenth ce

ntury, He wins the

Saturn’s rings in 1859 when only 28 years old. The tngs of Saturn had first been
identified by Huygens, and it was unclear what exactly they were made up of or
what they were. MaxwelP’s paper showed that the tings could not be solid, but

al genius, and truly the
Adams prize for his study of

He ends up revolutionizing the study of clectromagneu'sm, specifically via the
rigorous mathematical analysis of fields which had en experimentally shown by
Michael Faraday to exist—but whom lacked the mathematical skills required for
their analysis. Maxwell establishes laws that unify all electmmagnedc phenomena.
Oddly, Maxwell's impact on kinetic theory is by contrast limited.

One reason for this is that eardy on he realizes that the Second law of
Thermodynamics could not possibly be a law, but rather 4 Probability, Points of
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Ludwig Boltzmann, tragic hero

In spite of the i ibuti
of Kineic theory’ can justly g0 6 oy oot
actively and persistently défmded()it :
::;::i Maxwell had published irnpottzmtt
\L1(\)“uil;Lfor Lhc"u- Own respective reas
Ma who in turn had writte :
however, could not have had mo‘tle ;

predecessors, the title of
h;)gcﬂ@an, Ludwig Boltzmann, \v:‘xfo t::cla‘:er
wozk:_\;:n; cl;e. Although both Claustus
iy Bdtzmc eld, thf:y had not followed
o :l;m fertmrily gtcatly admired
Whereas Max Chamf:)ten"g = hb. !82, piece: ToeRn:
Bonzmm;] “;::e:] ‘Etl:lgbehdcﬁx:;!d e :::;l\ll; gdxil,;tercm s(ciiinu'ﬁc styles.
for three decades (18'7’)L.1<)%ml giching 0“1.". to'one. He dn‘f‘fmy .fem'm o
for e i i e de _euds kinetic theory
s \;gqu (2501; ;;)::;qutors—morc than douk?ll: fzvzf:ciiiéf"/‘ti‘(;lsl:ﬂbﬂ.")'sigﬁi
\’—ler?x:—ir.nsfnf?r:clio? 2 and against all the g ) :
professor at the sa’;fujn?flﬂc}is e -t :
theory at all, and sought a‘:'l'Slt)'- o S L Cd} o ke also.a
¥ opportunity to undeunir;e ft Bdol?zm . kmerl;:
Y zmann's work

however :
, recetved a much
il warmer STt :
(William Thom ornchreception:in
pson) recognized its tr smendos im:;“glﬂnd, where Lord Kelvi
rtance,

His most im
& portant work are tw i

s : : WO articles i i
i Eng‘:n;t:;e:hwhm s introduced the «H_[E:::Z:eg respectively in 1872 and
in England of the paper mistook the symbel Bor .‘-}{::n;xemﬁng s
later coined by Pla ;mmm creates the Maxwell-Boltyr el
Newtonian mc;:har;i:sc b:,lS S=klogW. While his 1877tzmmn e
B he by 1877 these are abandoned e;dpapcr Sy e
physics from N'e\vtosinonc-d bcfo.t ¢, Boltzmann \vou];i e e
h an differential equations of particle :eclil?t?ne e
o Ollision to the statistics

Pposition i i
in ‘world'—or at least in

distributions. His influence is such that his ‘physics style” would
two of the most important physicists of the nwentieth century,
d Albert Einstein, which partly account for their condemnation of
an that, Boltzmann can also be considered as the grandfather of

of their velocity
be imitated by
Max Planck an
Mach, More th
quantum revolution.

How does an incoherent ma
propertics s A collective? This was
wick down each and every particle dudng the e
develops an ingenious procedure; take a snapshot and ‘look” at atoms under 2
specific window, delimited by velocity range and directions. He estimated how
many collisions oceurred within a certain range of time, how these affected
motions post collision analysis, and then performed a grand average of entire
thing. He is, again, bulldozing or ‘ploughing through' Newtonian mechanics, but
‘getting the job done.’

Unfortunately, Boltzmann incorrectly
Second Law of Thermodynamics (entropy) in his work. All collisions tended to
move to a minimal state, defined by “H,” where h is the velocity distribution of
Fven when they exceeded H, they would ultimately drop back down 1o
ore “naturalistic description,” as the bottom position as
ards entropy incréase was 0ot as Gntuitive’ 10 that
) or H ‘nverted.” He also detects problems with
previously shown to have an anomaly 10 not
£ diatomics as oxygen. He postulated that that

¢ unity, n=5, and thereby solving a problem

ss of randomly moving atoms obtain coherent

a difficult issue to tackle as it is impossible to
atire event. In 1872 Bolzmann

believed he had actually proven the

atoms.
this limit. It was a more
default. The tendency tOwW
entropy equaled negative H (-F
Clausius’s equipartition theorem,
accounting for the specific heat 0
one of degrees of freedom was a
which had pcrplcxed even Maxwell

In 1877 he continues to refine these ideas,

approach. As particles in a gas hit each other, o
and the tortality of collisions at any given moment. However, as there wii an

infinite energy states per atom, this created apparently insurmountable difficulties
in calculation as there would be 2 consequent infinite number of distributions.
Simply put, although there were 2 finite numl?cr of atoms 10 thc_ formglauou,
these would reach an infinite number of decimals which' were impossible to

mathematically determine. ; ot - :
To solve this puzzle, Boltzmant assigns to the atoms finite energy states—a

crucially impostant decision that solves the immediate calculau::)n a('h;n‘d and x].:
later imitated by Einstein and Planck. Specifically, Boltzmann © served that c;:c
atom moved between enerEy states or ‘holes” as ?-ach collided with one am?‘ er,
constantly changing States as individual nnits while the total state ot: th:*l S)s(cm'
remained the same. In other words, B.ohzmann pos@atcd a set of fixe (‘tncrgl;,‘
locations in his calculations, i0tO which the atoms 18 'thz? gas were constantly

of—as in @ golf course—thus bonging coherence to the
4l distribution of these encrgy states came (0 be c.al}cd
law. More importantly, it became a precise .mmhcmaucnl
of a given system. As S=klogW is a log function, the curve
.t o the velocity distrbution, increased.

further extending the probabilistic
they affect each other’s motions

moving in and out
system. The Statistic
Maxwell-Boltzmann

definition of entropY
declined quickly as W, symboliziog
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t : , a5 when D 5
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Given th
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s. It i |
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‘arth liquefy’ benealhhi:

suicide?
Bollzxn ¢
ann’s death in 1906 is i

because of mn 1906 is ironi .
of the : : c and tragic .
Circumstinses thc:;l".‘ of Ptqbabllily shows that %x, Bt the
suicide remain : tfaij sufferings that might lead a
AR ) cons . £ 4 a
md1\1§m1 dcdsions}m bclant In a given population. While :
expenences and random eve co",‘Plc.:cl)' private affairs, the on¢ might think
emerge. nts in life, at the collective e cremh of chance

ommon patt

erns

HiS dea‘h iS t .
Einstein had ragic because it nearly coinci _
proven validi i y comncides with - e
In 1827 Robert 1‘31'0?\:1? gfcll\metl;c atoms using Br;:vx:iat:f,fcr-" (1905) when
completely b ot ad published a f : otion,
petely by physicis Rk Amous art o _
Sl sihed strictly within:] df;mng nineteenth century ‘(C 1:,1“ hich was ignored
were seen as the basis ?u;ld of biology. Prior to hx; \[\)vL 5.1 )‘ly bec."’USe it was
organic granules which ?ve €; the source of fiving’ co&i‘;’b‘zfgﬂmc molecules’
Comte de Buffon (Le derc)mBmhcmndy o reduced to tiny
pollen. He also cuts up onh. town. decided to it ‘l;r)’ proposed by the
same behavior. What was oef organics into tiny pieces wlii CI] test, at first using
was that he also showed th nginal and so imp‘;rtam in’ 2 (5 :demoustm(ed the
e same behavior could be obse :\?\‘éq s work, howevyer,
ed in minute particles

of inorgani
c matter. Wh :
behav e Deasmcutatoit
ed as if ‘animated, which was v, :my oﬁmﬂcs’ orpanic mater costibt

Ty odd. I consistently

It is certainly
e y the ¢ q
raised in a very culrurcadsefa].?:ill;mm
val;cd ed.ucau'on. Traditional a
and the aim of every wo:ker.

same fime: It {s ironi
il e tme, It s jronie
tever the individual personal
person to suicide, the e of

had .

whose fatltl[c(;u\gled circumstances in life. He was

agnicultural op 45 a government bureaucrat who
4 Opportunities had drastically declined

self :

90mze th:l:long younger brother Albert as
. were not di:ecd, 1c° which Albert responded
in English, wisely notes the ruined its meaning, );)nompamble. el
However, both fath younger brother, ¢ had to read the original

g, whith has o e I CE Gl
commented that her bxonh:r'xous impact on him, I 5 Wha.ﬂ Ludwig was still
r's attitude became foxeve: Sister is known to have
serious after the incident

Joseph Loschmidt as 3
were not ‘revolutionary’
45 those of his student in the insubstantial either. He

a meter using Maxwell’s work. It was a

clculates the size of atoms at 1/1 M of
d 1o cancel out each other. Loschmidt

balliant solution where unknowns are use
he student of Joseph Stepag, Director of Institute of Physics

in turn had been t
the directorship from Emst Mach in the past.

who had snapped away

Stepan Was certainly the better teacher and creates a nourishing and posiive
open environment in which Boltzmana thrives and grows as an individual and as
2 scientist. Boltzmann is known to have said this had been the happiest time of
his life, and it is curious to mention that he pxcsumcd all scientific practice was
similarly carried about in an open ended discussion with few restrictions berween
student and professor. When he visits Helmholtz in Prussia, Boltzmana is taken
aback by the dry and hierarchical tone of the laboratory, Jeading Boltzmann 10

allude to Vienna' and Prussian’ scientific styles.
Boltzmann was also fortunate in that both Loschmidt and

the forefront of physics, first introducing him to the kinetic t

Joule and Clausius:
Upon graduation, Boltzma

years; it {s a trait that would characterize
problem after another. He goes on tour throvgh Europe 10D
when he first meets Hermant Helmboltz and Gustav Kirchhoff, who as ao

elderly man is startled by his enthusiasm. Boltzmann’s Work wins him a _favorablc
reputation as a professorat the University of Gratz (Vi icnpa), the same city where
Kepler taught high <chool. He is invited t© give colloquiums 111 England, where
he finds a positive environment seeking to hear and understand what he had t©

say

The death of his mother later in life, howeves profoundly nffec@ hxm, and h15
productivity rate briefly drops- There also occur @ nfnnbcr of odd mudcfzts with
his academic employment, W i tation. Boltzmann applies for 3
job in Berlin—a job appl.imdon which turns into @ fiasco. For some reason, it
became hard for Boltzmana O make a decision, and during the negotiations he
routinely waivers back and forth between staying Or 1f:avmg. He was ccmx.nl_\:
caught in a bind, as he had privately acgcptcd the job offer \vhxlc.: publicly
declaring his loyalty 0 Vienpa. Berlin gets nre_d of the ordeal, anfl dchcs o let
him go, while making S isi ndidate had not foxifc.ncd his o)ngml
CmpIO):mem. Berlin instea d promising Physxcxst, Max Planck.
. jece of his mind.

= 5 1tz gives Boltzmann a P! .
The mfunated I"L‘lmho‘:zg‘ indccisi\’cncSS \VOll]d again occur on a

ill, his 7
Moze oddly S 0 s, Munich and Leipzig: After various stays at different
i is former alma matter, the

s fallen into such a dilapidated
i csics. However, :
1’:::“&?2): ;:::imcr, a student at the time, noted .thm if a fire were to break
out in its facilities, i€ could casily have killed cveryone in the premises.
Over the years, oltzmann had certainly accumulated many health problems.
N o on tour through Europe, the few photographs show him

When he had first gon
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niversity of Vienna, he adopts
hmidt's sciennfic contrbutions
future, they were not

Upon entening the U
father figure: While Los¢

Stepan were also at
heory of Herapath,

qn is very productive, writing 8 papers in the first 5
most of his academic life, solving one
o make himself known,

universities, Boltzmant



as a very skinny fellow. Over the years, he grew corpulently rotund, iy
many health issues that accompany obesity. He gradually loses his eyesiphy 4
phenomenaon typical of diabetes, to the point that students had to read Papeérs
that were sent to him. This might account as for his lack of awareness of
Einstein’s recent work, which had been sent to him. Boltzmann had also lost b
manual dextenty. As a young physicist, he had been known for skillful abijy in
expenmentation and dexterous manipulation of materals; he also Plﬁ)'Cd‘(hc
prwno very well, but no longer does so in later years. His doctors had been telling
him to lose weight—advice that is completely ignored.

The decline of his faculties and overall profe
during a 1905 trip to the United States, where he had been invited to offer 4
sees of lectures at the University of California at Bertkeley, In R
autobtographical notes, Boltzmann believed himself to have made 2 good
impression, but in fact Boltzmann no longer worked at the leading edge of
physics and left many of the attendants disappointed. (Boltzmann also wrongly
thought his English to have been better than it actually Was, worsening the
difficult exchanges during the visit.)

During the summer of 1906, Boltzmann and his family go beach for a brief
vacaton pror to beginning of school year. It is clear that his mental state had
greatly detediorated by then. So concerned was his wife, that she asks her son,
who had recently become a military officer, to come visit as the two had a close
relationship. When she thea goes 1o beach with her two daughters late in the
afternoon, she notices her husband taking an excessively long amount of time in

joining them. She then sends the youngest daughter, then 13 years old, to fetch
her father.

1ducmg the

ssorial ‘quality’ can be detecteq

Henrierta finds her father’s body

hanging from a window frame, a traumatic
experience of which she never speaks

or comments the rest of her life.
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Einstein and
Relafivity
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itself composed of other particles. The new physics also
nergies and rays previously unknown. The notion

llelism so typical of the Medieval world view
th, Quantum phenomena Were unique and
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d many new types ofe
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discovere
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would turn: out to be a gross my
ireducible. Atoms Were not planetary systems, as had once been romantically

and energy were interchangeable; space and time were relative;
and light was both a wave and a patticle. Surprising to all,

imagined. Matter
t an accelerating rate, and the Milky Way was only one of

the aether did not exist,
the universe exp:mdcd a
many galaxies.

[n a very real sense, as turned upside down
dunng the guantum revolu
irationality and chaos; light
At its core, noO model could account for the pheno:
10 underlying ‘gears and shifts’ to explain its actions.
others had previously claimed that making and construction were
truth, humanity was left with no device t© construct. We were reaching out into

the entire picture of the universe W
tion. Instead of perfect rational harmony, there Was
could predict the future and be 1n two places at once.
mena under study; there were
If Giambattista Vico and
the ways 10

the void.
scicnces——Dan\mism

When compared to pc:iods in the ‘birth’ of other new

in biology or the tediously slow revolution in chemistry—the quantum revolution
occurred at a rapid pace. Within a span of less than 40 years. it had _bccn mostly
completed. In this sense, the use of the term “boys” physics” 10 describe quantum
mechanics is rather apt. 1ts leaders were relatively young, i lheif carly 20s. At its
peak, roughly September 1925, Werner Heisenberg was .2."1. Wolfgang Pauli 25,
Pascual Jordan 22, and Paul Dirac 22. 65% of its contributors Were born after

1895.

Changes in policy of the renown Amnaln der Phystke cr.ezftcd a s%luntion
analogous to today’s internet and Archivs ifa repumb}c ph?'sxcxsl sgbnmtcd or
supported an article, no peer review would be ncc.dcd. Submitted artl;lcs zcn_dcd
to be published within 2 month, and the Pacc of intellectual clh_nnge n dxc' t?clg
grew so rapidly, that ph_\vsicists living Outsxdg of‘ Eurt_)pc, spccxbcally _thc 1Unite

States, found 1t very difficult to make contributions 10 the field. An?clcs in ‘hc‘
United States \rere‘rcccived far too late, and by the ume a theoretically ‘new
contribution had been submitted, the game in Europe .had already changed. Even
its ‘gtandfather’ Neils Bohr, whose Copenhagen Institute served as the nucleus
for its practice, compl

ained to Ernest Rutherford that it was sheer madness trying
to keep up:
] ould ultimately al

Scientific styles W

so be swept under the rug.

Schrodinger’s cat
sechanics in the physics of

X o relativity from quantum fX
We have to distinguish relatvits q o ; s o
very different, actors, traits, and chronologies. Relatvity
¥ el

more general

ot o had
i P"“‘?ﬁ"—l.‘h;;: Einstein. His special theory 1n 1905 and the
R en if tremendously aided by

; 5 were the result of one man’s effort—even
::ix‘:;‘ lln?i]l:l;unl-\ along the Way. “Relativity” was his “baby,” s0 to speak,
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emerging out of the blue. His paper on special rel
whatsoever.

Quantum mechanics, on the other hand oceurs in two stages (1925, 1931)
was influenced by many different individuals, and was intrinsically difficy), o
understand. Whereas relativity was mainly discovered in Einstein’s Bem Pateqy
Office, quantum mechanism was developed in different centers and 1nstitutiops:
Copenhagen (Denmark), Gottingen and Munich (Germany), amongst others,

Their diverse outlooks and philosophies are perhaps best illustrated ig the
famous, but actually brief, Bohr-Einstein debates; Einstein believed it
abandon causality as Neils Bohr proposed. The debates
occurred mainly in two Slovay Conferences (1927,
argument display their mutual brilliance. For o
Bohr, Einstein had an incredible ability to quickly present counter-examples, 35 if
“pulling rabbits from his hat.” Although at the end of the day Bohr “wins he
encounter, it is actually continued at Prnceton University’s Institute of Advanced
Study where Einstein finds exile from Nazi Germany. While his ideas were then
allegedly proven by John von Neumann, whose mathematical genius was such

that his use of Hilbert spaces in Matheratical Principles of Quantum Dynanmics (1932)
weat unquestioned. In the 1960s

his argument was ultimately shown to be
incorrect by John Bell. )

The debate was also explored by Erwin Schrodinger, responsible for
developing wa

Ve quantum mechanics. Older than the rest of the ‘boys,” being in
his 30s, Schrodinger provi iment, in whi

ativity containg no Cltations

Was a sin tg
between the two meg
1930), and their public
very profound eritique offereq by

SXperment grew in popularity during the 1970s in the United States, possibly due
to the rise in popularity of murder movies, the fact of the matter is that it was
never taken seriously. Bohr himself never bothers to answer the thought
expenment, possibly due to its morally problematic nature, From a scientific
standpoint, the case in itself was invalid as the microscopic world is not subject to

macroscopic dynamics. The context of Nazi and World War I1, where Denmark

One hgs to emphasize, as Helge Krauge does, that this period in the history
of science is pacticularly ‘blurry’;

' t 1t is nota ‘clear cut intellectual development’ but
is mr.hc.r chzu‘actcnze(..l by many false twists and turns; both experimentally and
theoretically. Energetics theory was in i at the turn of the century, and

: ! of matter—the inverse of our
contemporary view. Atoms were believed to be i

believed atoms were merely metaphysical constructs. Pierre Curie, husbard of
Marie Cure, was another follower. In spite of its carly cnthusi;\sl’n, energetics
theory silently died away as new phenomena was discovered, New theoratical
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[t1s often forgotten that Einstein lived in C
Dunag the war in 1916, when paper searce, the German gove
publication of a 70-page description. Meant strictly
swrprisingly went through three consecutive edition
himself was taken aback by his popularity,
While taking the train one day, he

sermany throughout World War |

rnment alloweg the
for public consumption, i
s during the war. Einstein
which somewhat rather annoyed him
was queried as to his profession by someons
who had not recognize him. Einstein’s replied in a sardonic one: he
photogeapher’s model. When assisting a movie premier with Charlie
their car was hounded by photographers. Einstein turas to his friend
meant, to which Chaplin replied “absolutely nothing,”

The rupture of French and German relations during World W
brief period whete the French attacked relativity as an ex
ideology. The general rupture ultimately

de Broglie, the French would not partic
world.

Was 3
Chaplin,

asks what it

ar [ led to 4
ample of Germgy
meant that, with the exception of Lois
ipate in the discoveries of the quantum

the least. He later came to regret it, and we should
not judge Planck too harshly. He had actually w.

arned Hitler that anti-Semitism

would ultimately hurt German science, making the Fihrer furious. Planck’s home

stroyed dunng World War 1T, burning all of his personal papers

and correspondence—one reason why he is seldom cited as a historical SOULCE.

All of his children die during the War; one son was even accused for being
involved in a plot to kill Hitler, and is consequently captured and executed.

_Of all German scienti s the first to have recognized Hinstein's
geaws, and becomes one of the figst ‘relativists” in physics. Philippe Lenard,
discoverer of the photoelectric effect on which all cell ph}mc cameras are based,
would be a notorious counterexample as a Nazi ideologue and apologist.

Max Planck’s ‘quantum’

It is a common historical misconception to assume that chronological

changes coincide with revolutionary ones; we tend to divide time by centuries and
oddly presume that new centuries ha

and characterstics, The notion is
correlation between human events and our particular method of measuring time.
A good example 1s the case of the turn of the century ‘quantum,’

In December 1900 at a conference in Germany, Max Planck presented a small
paper containing the

notion of a ‘quantum.’ As p:eviously mentioned “quantum”
n German merely s

: . alludes to a quantity and has 110 special meaning for Planck,
who viewed it merely a mathematical stratagem akin

e 1 that used by Boltzmann.
Planck, a physicist at the University of Berlin who received the posi"tio: aflftcr the
Boltzmann's uncertain wavering, ha on the ‘bhckbody probles’
Often referred to as the ultravi VECrs to infinity at high

d been working
olet puzzle that
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discovery, requiting a deep understanding of concepts

‘ l[is discovery
modify the definition of nature of electricity aw

ay from ‘fluids.’
The premier expedmentalist of electromagnetism of the ey
Michael Faraday (1791-1867). Systematically studying electricity and magnets
Famday discovers magnetic fields that were produced by both Mignes
(north/south pole) and electricity (positive/ negative poles), demonstrated by
fillings. His dynamo of 1867 is the result of his discovery of e ;
wnduction, based specifically on the dynamics of the field. Faraday
the force of the field to the current produced by it creating a motor which
increased in power as the two mutually imcmctcd—nllo\ving for the conversioy
of strong mechanical energy into a strong electric current as that i hydroglectrc
dams. (The greater the Power generated, the greater the resistance in the moving
field and the electricity thereby generated.)

His work on polarized light of 1845 also further verified Oersted’s assertion,
by showing that polatization was influenced by electricity. There appeared
something inherently valid about Oersted’s faith in the connectedness of nature,

One problem, however, was that Faraday was not a mathematician, and hence
unable to more theoretically analyze his results or push' the limits of his
underst:mding. By contrast, James Clerk Maxwell’s unquestionable intellectual
talents allowed him to express Faraday’s notion of a field into mathematical
language, and to a more abstract analysis of the phenomenon. By 1860, 4ll
electromagnetic phenomena could be described in equations, allowing Maxwell to
reach conclusions that had not been immediately obvious to Faraday, as Maxwell
previously had done with 2 substance’s viscosity. Maxwell discovers that there
could be electromagnetic standing waves, or what we refer to as radio waves—a

phenomenon which would be portentous not only for the word of
communications but for Einstein as well.

The person to first detect the presence of Maxwell’s standing (radio) waves
was Heinrich Hertz (1 857-94), whose life, as Maxwell’s, can be characterized as
tragic for the taleat demonstrated in light of its brevity. Producing an oscillating
electric current, Hertz generated a spark in the &p of a ring which could be seen
‘with the naked eye.” The standing wave generated by the oscillating electric
current was then detected on a €opper ring with a £ap on it some distance away
from the source. Further experiment with these waves also verified Maxwell's
assertion of their common Properties similar to those of light. Electricity had
obtained a life of its own,

There is an irony to our story. Maxwell bega
mechanical acther model: a con

lx‘gﬂn to

1, howcver_ Wis

i1og
lL"C U.'Omagl)e[ic
was able to fie

0 work on his theory using a
oluted box of twisting acther ‘particles’ using

models were actually produced by his followers
ave been valid mechanica] i

s

consis(cnlly on, as the scientific focus
shifted to fields and formulas, As in the case of Newtonian gravity, one could
obtain precise mathematically predicted behavior in spite of the ignorance of the
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unwanted child up for adoption, which must haye certainly. affecred thegs
sentimental relationship.

Elnstein's future was by no means certain in 1904
ended up as unknown a figure as Waterston w
precanious position had been his ow

» and he could €astly hay
as in his day,

His dangerqy:
n foolish undoing,

“Einstein who?”
might be asking ourselves today. Hence, the four papers he wrote and published
w the Annaien der Physik were

truly miraculous from a personal point of view,
trrevocably altering the course of his life as well, as that of physics more broadly,

His fisst paper dealt with the photoelectric effect, 4 phenomenon wherehy
electrcity will flow through a metal when light is shined on it, The higher the
frequency, the more electricity generated in the process, which now allows 4l
cellphone users take millions of selfies every day. Prior theory could not aceout
for it If light were 1 wave, the resulting phenomenon made no sense, Einstein
shows that by assuming light to be traveling in discrete packets or quanta, the
effect could be accounted for.

His second paper dealt with Brownian motion,
wiggly motion of tiny inorganic particulate, as if alive,
considering the velacity distribution of a
particulate was small enough to be influe
hence proving the existence of Boltzmann
As icing on the cake, Einstein recalculat
receives a doctorate. (Tncidentally, whe
univessity, it was criticized for
and resubmits the final draft.)
His third paper presents an early
would not be finalized until 1907
on the equivalence of light and mat
Finally, his special theory
same for all observers, regard
‘invanant theory—our notion pace had to be drastically modified.
Time contracts with motion, His ideas can be betrer understood when we
consider them to be strictly logical conclusions, Consider that velocity is distance
divided by time, v=d/t. By definition, if velocity remains the same for all
observers, distortions will inevitably be wrought on distance and time. T cannot
remain the same while v is changing; nature must bend under her own weight,
The key to understanding special relativity, however, is the issue as to why
light speed should be independent of all observers, when the velocity of all other
objects 1n the universe is not. Many other thinkers 25 Henry Poincare had come
very close to this realization, but ha

: ' d not been wvilling to step through its
conclusions to question fundamental Euclidean notions. Poincare must have

noticed how tantalizingly close he was to relativity; after 1905, he never mentions
it again.

Physicists living in 1905 who had read his
asked to themselves, “Just who is this Albert

him before,”

previously discussed, The
could be accounted for by
toms in the surrounding area. Pollen
nced by these fluctuations in velodity,
’s hypothetical atoms in kinetic theory.
es atomic sizes—for which he finally
a the article was first submitted to the
being too short. Einstein adds a single sentence,

formulation of mass-ene
hen he forma
ter: E=MC2,

of relativity states that because velocity of light is

less of frame of reference—for which he called it
s of time and s

gy equivalence, but
lly presents his famous equation

groundbreaking articles must have
Einstein fellow? I've never heard of

238

Olympia Academy

5 in Mugich. His father sets
i degl:od:u:;th hie brother but
tempts. His mother was 2

wish family

Ty » from |e
Binstein came from | ducing electromagnetic

ing plant pro ; L

nufactung | ' ke o | ' 7
up & ma unsuccessful, and even fail at O:jhchhcs e t;‘o‘d u:l r:lsc
ol laved the piano, and te3 | bl v
. ‘ o 3 {olini _professional,
acher who play folinist, quasi-profe ; (s
o “?i ing l'?om it. Tt is to be noted dlha',h o

AY

i cnﬁv 50, being more concermne wi
rently 50,

music teacher Wi mc
+ violin. Einstein was s )

;};‘Sc\d he could have galmcd ﬂ, :1(0):1%; i

b wh |ewish, were i G '
s ‘.11‘}:_(:; %lv life. He had a younger sister, t] il Beern et

P“’blcm” e child some 7 years old, Albert go < on on him. The compass

< Ztilc(c;)mpass..it left a profound impre
brought a magn:

vi v So
d ) S biCCl o gfa'l('.
seeme o vipjate 4 na 1 ﬂt(‘ﬂll\’ not su i "
({4 1 lLlIﬁl behZVlOl', ‘ﬂpp \ 2 )
: ‘ d ‘ll,d 1o bC that E.inste,m even later 10 hfc Could snll ICCa] the
1 1 zare
magxcal 1t ha nppc

student.

y v gOOd

R : actually ‘@ very BoO% =

incicent: mmon presumption, Alb;ﬂ ey as a boy, and Einstein 1S al;l:,
Contrary to comn . cean theorem as f Fuclid as a rewa

His uncle tells Einstein about P’d:;g?hcﬂ receives a copy Of Euclid

v €

od in crystal
: . < le proofs expose g
ste roof on his OW o efutable proo ence
N p sort of a bible to him. The gbiwd and imitated, an expen i
miehbecomes s odel to be thoroughly unR ccell are known to have 3
clear logic become ﬂgil scholars as Bertrand Ru very smart—{o0 muc};‘ -
: utstanding 3 ¥ Was VED s the sheer
man'\‘othcf ol’ is certainly the case_the bo",cd from the school as &
experienced. It 1 ated to have him :cmod make other students turm #
perhaps. A teacher WETE,  classroom woul Jling the many errors in
presence of Hinstein 13] imagine Einstein reve
Y W
mockery. One may

. i : and acquired sciennt rceks
teacher’s CxPOlSl:(:\];,m a notion of]hls ‘Zle:;:sis::m b:?d been workmti f:;b::‘cxo
We may 3.5 His uncle and 3 cide to give 1t 10 <
by the following ““ECd()tt:l;lem. On a whim, ll}czm'?uws. astounding both uncle
on a business re.lated E teenager solves 1018 15 in was just
work on. Einstein as jal start when Einstein was 7
A it Nilan for a fresh ﬁmﬂﬂﬂﬁnfh his studies. Yet E:msu:u:
His parents move toh.im behind in Munich t:k 2 ‘W worse, his famxly_SC_n‘
16 years of age, 1.c'av1:lgonc in the big At - r":nccs- Albert ‘mutinies, Obm:t? a
wis miserable h\ﬂl:hg - wonderful Italian h';‘\pmmmhcmn‘ic"l knowlcdg'lH\yas e
ibi C: e that S s " eat. s y©
]]e.t::x;s ;l;s;ﬂ ami;cacher tcsug;nlg taly. The tcmP"“uoﬁr:t:, l::::u%:\ to school; the
e 2 : :
¢ d leaves -« father instructs
university level, an ds when his fa . 2R
iment finally eads ¥E20 : chnology in Zuric
?‘::hm:’l:cg\txsincss Was “gmnltilcs to the Federal I“S“m‘cpoci;;n\- assists Emstcukr
athe s ; ) &
tein APPEE L L Weber, however, pers nal School o
Although Einste tor Heinrich ion at the Swiss Cantonal S
< reiscteds Its directo ndary education at him, making a goc
hed‘s \!ﬁlzi‘ complcms\::usc‘::c“mc i spedﬁilf m\:u f: ;ight wave would look
ana - 2 g 1 elt wi E y
rears at s to ask hims
Aaraw The'y and he begin
gl fichel Besso,
friend Mich

tific knowledge

239



like if seen from the side. Would he be able to see his own re
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while traveling at light speed? He would think on th
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1o answer. Einstein’s mocke

( : ockery of academic authority had come back to haunt
him, and he grew increasingly despondent as 2 result.
But this was not the onl

But y trouble afflicting him, While he had been 2
uaiversity student, Einstein’s uncles in Genoa had provided a stipend to the
promising studeat, which was removed upon graduation, The death of his father
in 1902 also deteriorates his mood. There was, however, one bright spot to this
period (1901-3); The Olympia Academy,
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magnetic field was moving past the wire, Maxwell’s
separate treatments for each case, as if they were w
teference. The issue is akin to that Galileo in studying
to account for the absence of a sense

He also adopts the work of his predecessor in a different way. Maxyell
showed that a light wave has own unique properties; an electromagnetic Wave
was its own entity, regardless of how it had been formed. Einstein hence
concludes that speed of wave was irrelevant to object which caused jt—
second pranciple.

These two foundation punciples lead directly
relativity, showing that the universal speed of light inevitably leads to distortions
of time and space. Again, it took the courage to take that fundamental step o
question time and space. Einstein was curiously ignorant of the Lorentz-
Fitzgerald contraction formula, but is able to derive it directly. from his work,
This 1n itself was an impressive achievement, validating the soundness of his
work.

He writes that when a body gt

ves off energy it lost mass
proportion to E/c2 However, the amount of mass |

of the high speed of light. A 100-watt bulb turned o
lose only 1/1,000,000 of an ounce.

1907, and so the years between 1

formulation Provideq
holly distinet frames o

objects in moving ship, and
Earth's rotation and revolution,

to the special theory of

, diminishing in
ost was miniscule as a result
2 for an entire century would
This work would not be fully developed uniil
905-7 were when he finally derives his famous
there exists an enormous amo

unt of energy in
the time its full implications.

matter. Einstein did not realize at

F‘(’hcn the special theory was published, Planck immediately recognized its
ment and becomes one of Einstein’s early ‘groupies.” Planck was impressed by
the simplicity and symmetry of the work, and began contributing to it as early as
1906—as well as bcglnnmg to assist Einstein’s professional career. He writes 4

3 jected Einstein’s work on the
photoelectric effect, and requests the evaluating cor

= mmittee to dismiss such flights
of fancy from such an able young mind.

A Yet the specml rc]au'vity theory Paper was somewhat odd. It was published
without any citations, as a rabbit ma,

; gically taken out of a hat, What did Einstein
actually know at the time? He had also

argued that the acther did not exist. How
did he know and how did he reach conclusion? Lk :

The speed of light was first empirically

Aany consequent delay could be

detected. As one would expect, there was no appreciable difference between the

two could be found. Was light Instantaneous?

Ole Roemer in 1672 took up the issue, and came up with a more ‘modern
figure. Previously working at Tycho Brahe’s castle, Roemer obtains a position
with Dominico Cassini, who suggested the experi
distances between the Earth and Jupiter’s
speed of 190,000 km/s, remarkably close t

7

o today’s estimate of 300,000 km/s.
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Although, as we all know, Einstein eventually become

S 4 sensation, fy,
SUCCESS Was not instantaneous

as 1t took time for work to gradually becom,
known and digested within the physics community and outside of it. He does ot

leave the Bern Patent Office mmediately, but obt A concurrent position 4
the Univessity of Zurich, his alma matter. | lowever, this change of starus i 10t 4
positive as it might first appear, as the position of privadozent implied no salap
other than that directly paid by students—as well as a greater time burden fo,
lecture preparation. Only three students entoll in his class, one of which was his
ever faithful friend Michel Besso.

Elnstein is finally able to inprove his condition when he is finally offe
position in Berlin due to Planck’s enormous ¢
Earth’ to bnng Einstein to Berin
conditions for his colleague. For exat

ains

red 3
fforts. Planck moves ‘heaven and
, and is able to get extremely favorghle
mple, Einstein would be immediately made 4
member of the Prussian Academy of Sciences, and would not have to abandon
his Swiss citizenship, which meant a lot to him. He would also have a guaranteed
income without a teaching requirement. Although Einstein finally has the
opportunity to dedicate all of his time to research, he becomes hesitant in
accepting the generous offer.

Being offered positions in different unive
that was expected to lay golden eggs but was
lay.” Einstein was also waty about the German autocratic mentality that so adored
1ts military. In sharp contrast to his intellectual independence and autonomy,
German culture was rigid, structured, disdainful of individuality.

In the end, however, the offer as 100 good to pass up, and Einstein joins the
Berlin faculty in 1914,

wsities, Einstein felt like a chicken
uncertain if he had more ‘eggs (o

Of trains and elevators

The aim of General Relativity was to extend the special case to the
understanding of gravity. In a relative short amount of time, Finstein succeeds
and publishes the substantial D Eeldgleichungen der Gravitation (1915), containing
page after page of excruciating fiel '
modern view

d equation formulas that would so typify the
of the absent minded scientist

Einstein first comes upon it while working at Bern Patent Office. The image
of a man that falls but that does not feel his v

. _ veight forms the starting point of his
revolutionary theory. The scenario seems trivial but it a i
that there were gross incongruities

. M motion, which had already received
apt treatment by both Galileo and Newton, and in which the ‘principle of
relativity' can be found. As observed on Earth or in the cabin of 4 ship, all objects
move freely with respect one other in a i :

uniformly moving hody,
The new technologies of the era as trains and elevators were creating new
experiences, which are then further explored by

original thinkers as Einstein. It
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tome, where any deviation or small error in the long ¢
its entirety. Upon completing it, Einstein enters
that lasted varous days. By the end, he
reason.

.;1lcul;‘uiuns would nvalidye
a period of quast-religious elatioy
is completely exhausted, and with goog
In spite of the surrounding circumstances of World War I
hear of his revolutionary work, and set
already knew, however, that the disparity in the speed of the planet Mereury, if
solved, constituted an immediate proof of the validity of his work. Newtog's
predicted speed of the small planet at it perhelion vared from 40 to 507 of are;
Einstein’s work set it exactly at 43” of arc. The most important experiment]
venficaton of his work, however was done late in the war by Sir Arthur
Eddington, as mentioned before, Eddington measured the bending of light by
gravity, and the micrometer results fell in line with Einstein’s predictions.
The vedfication led to a momentous recognition in the world of physics and
of the general public. Einstein is hailed as the new “Newton,” and |.]. Thompson,
now President of the Royal Society of London,

holds a special conference 1o
commemonate the achievement by his German colleague.
Globally, everyone celebrates th

the notion of ‘relativity” in areas where it did not apply
so forth. The cases are far too numerous. The
Inappropriate to its actual achievement
Even the renown Spanish scholar Jose
‘new’ philosophy of “perspectivism”,
‘relative,” each with its distinct and valid normatives and values,

It is not with undue concern that Einstein had wished to coin his ideas by
“invariant theory.” However, Max Planck’s early entry and enthusiasm for his
work led to its social baptism with the term ‘relativity theory,”

It was a name that so contingently and ominousl:\-' stuck.

s Sclentists quickly
about testing its implications. Einsteig

¢ achievement, leading to the popular use of
at all: art, psychology, and
term incorrectly suggested a notion
» and suddenly ‘everything was relative!
Ortega y Gasset is led to formulate the
In essence, he argued that all cultures were
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acuty. The world of paper and pencil was trans
machines and global geopolitical transformations.
Quantum mechanics, however, is born in absenti
1o reconcile classical mechanics with expenmental re
the very small: invisible atoms that no longe
constructs, as the Greeks

formed into that of (cologg)

a; the result of the Attempg
sults. Tt was the physics of

t were hypothetical indivisible
had reasoned, but worlds onto themselyes,

Unusual suspects

The turn of the century was marked by many unusu
after the other, did not fit classical

mechanics. It is these
the physics community’s attention, rather than Planck’s obscure ‘quantum’ which
remained quietly hidden in a closet. Where

as few were aware of the meaning of
the quantum, the irregularity and unusual character of the new phe
immediately drew attention onto itself.
John Joseph Thomson at the Cavendish Laboratory in England had formety
0 a student of James Clerk Maxwell. Tt is Maxwell who first establishes the
now famous Cavendish in the basement of a castle at Cambridge. In this cold,
dark and dank space, Thomson began his study of the cathode ray tube, fisst
invented by Faraday, an old ‘CR'T” box television set. Its internals were composed
of a vacuum tube with negative cathode node at the other extreme from the
screen. When turned on, the cathode shot particles onto the screen, which could
b.c distinctly seen to light up, one by one. Thomson placed a magnet around the
dfscha:gcd particles in 1897, discovering that they would veer away from
direction of negative charge, showing that it had a negative charge. Thomson
referred to the particle as a ‘corpuscle,’ perhaps in imitation of Newton, As with
Einstein’s relativity theory, the name that stuck was not the
rather that of “electron” during the 1890,

Others had also be.

1895. A deep theorer
Maxwell’s equations if
field. He shows that

al discoveries which, one
public results which grab

nomena

discoverer’s but

full of electrons; metals
hence why they are such some began to suggest that
ot.hcr.pnm'clcs aside from atoms existed, Thomson oddly opposed this view. His
nsurmountable: atom were sixixp]y indivisible and that

would be the end of it—even though his most important discovery, the electron,
disproved such a view. .

X-rays were discovered by Wilhelm Roentgen in 1895 45, using a cathode ray
tube, the same instrument forming the core of J- J. Thomson’s experiments. Ta
fact, Thomson had actually witnessed the phenomenon—, sheet that fluoresced
when the machine was turned on—but was so focused on the ray itself, that he
that did not pay much attention to ir. There was an ongoing debate ben;rccn the
respective German and British communitics as to what the cathode ray actually
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Discovering the nucleus
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The Saturnian atomic model was another case of the Microcosm-MAcrocosm

omantic world view.
Yet Rutherford’s 1911 model was v

Jtomic iconography commonly seen in 0
formed of protons, surrounded by circling electrons on its outer layers. James

Chadwick, who had been influenced to enter physics by secing a public lecture by

Rutherford, adds the neutron to the picture in1914. w0/
However, this ‘planetary model,’ was inherently flawed as 1t was unstable.

Another interpretation of the structure of theatom was needed.

ery similat toit, forming the basis of the
1d NASA logos. In essenct, the core was

Neils Bohr

After working with Rutherford, Neils Bohr returns to Copenhagen, where he
continues his mentor’s work. Bohr would become one of the most important but
uarecognized figures in the history of physics. In 1913 ‘hc publishes 2
revolutionary new theory about the structure of atom, paving the Way for

quantum mechanics.

He realized that the atomic planeta incorrect, as the circling

d collapse nto nucleus. Bohr takes 2
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lifelong intellectual style to its students. As a thinker,
systematic and rgorous in his approach and questioning,

The incompatbilities of the second Bohr model were eventu
Werner Heisenberg, Paul Jordan, and Max Born. l-lciscnbcrg’s seminal paper 0}‘
September 18, 1925 in the renown Zeitschrift fur Physik formulated a quantum
mechanics that was logically consistent. During the spring of 1925, Max Born and
Pascual Jordan realize that matrix equations could be used to €Xpress
Heisenberg's work, becoming a feasible a way to describe an atom'’s interna|
dynamics. However, its extremely complicated physics made even the most
capable physicist twinge a bit. Matdces were not easily understood, e
Heisenberg,

Fortunately, Erwin Schrédinger, who greatly disliked both
model and matrix theory, postulated an alterative interpretation
method of calculation. Even if one disagreed with the wave model,
of its calculaton made it the £0-t0 approach in quantum mechanics. In poor
taste, Schrodinger characterizes the matrx atom as a fleeing refugee. His work
was influenced by Louis de Broglie whose 1924 Ph.D. thesis showing 2 strong
relation between matter and waves. His effort to bridge quantum theory and
relatvity led him to combine two of Einstein’s formulas, Schrodinger describes
his wave model in a 14 Page paper appearing in the Amnakn der Physik of 1926;
Afy] = 8mm/h? (E — V) = 0. His work shows atoms in phase changes, and his
method becomes the more widely used than the matrix model.
the calculations would be preformed in Schrodinger's s
to the matrix model prior to publication

Bohr tended 1 be

ally resolved by

ven by

Bohr'’s atomic
and a simpler
the simplicity

phenomena. Pauli retorts that it was as if o

ne could see with one eye (p position),
close that eye and look with the oth

er (q momentum) but oddly be blinded when
both were opened at the same time. Bohr ruthlessly rejects Heisenberg paper

with unclear arguments; however, a third scientist points out the similarities
between Heisenberg’s “uncertainty principle” to that of Bohr's, showing that it
was but a subset of the “complementarity principle.”

striking at the heart of the Newtonian paradigm. The absolute certainty implied in,
Newtonian physics would be a thing of the past.

The world of the small operated by its own set of niles,

Steps to an atomic bomb

The years of 19313 are important in retrospect. Chadwick proves the
existence of neutron, helping to account for atomic weight and the stability of
electrons. Paul Dirac further combines relativity and quantum theory to proposes
the wild existence of anti-particles and antimatter. The ‘positron’ for example was

an anti-electron. While in hindsight this work is tevolutionary, it received a
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These dynamics can be very clearly seen during World War 11 and the Cold

War, in the nations of Germany, United States, and the Soviet Union.
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Nazism and Science in Germany

mon images used to describe the ose of Nazism in
heated kettle, which will allegedly stay 10 the

kettle until boiled to death, The allegation is false in that a frog will jump out
when heated. However, the story very aptly captures the growth of German
Nazism. At first the party prclcndcd 1o abide by the law. Its encroachments 00
civil rights do not scale {mmediately but are rather gmdunlly increased untl the
point which later became well known to the world aftes the end of the war: the
mass extermination of Jews and other undesirables in gas chambers.

Upon Hitler's acquisition of pOWer, Albert Einstein became 00 of the first to
be dismissed from German academia. By 1933 he had become 2 world renown
scholar. His relativity theory was Jabeled by the Nazi pacty as ‘Jewish science,’ and
hence tended to be publicly dismissed as being of litde significance. It was 100
theoretical and speculative; its SUODS imathematical component had been biased
by Jewish commercial {nterest always seeking to usuriously calculate interest rates.

" An alternative model of science 18 prcsemcch that of “German science’ as
defined by Philippe Lenard, by then 2 much older man. l,xna_rd becomes the
ideological leader of Nazi science. and dresses 'scxennﬁ.c virtues in tather
conservative traits. These included: classical Newtonian physics, nbsolutf: space,
knowable universe, prcdictablc cxpcrimcnmlisl. ngl.ﬂc;llyt\l}‘;rfur_A(:llccl n rc.ah’ty;
and finally entities which could _bc moddcq and nsuah,zc H. 'JVL\‘\'IS h f‘ma W :n
an inferior science; all Aryan science, superor. .Lcmrd < call was, 10 essence, a ca
for a return to Newtonianism nmquC:ading itself under the horrors of ethnic
cleansing:

Labelled as rebellious,
God was the god of Spinoza
leaving him in awe of the sublim
Old Testament, whose focus of
relationship of fear: Einstein points Ot d
examples such as Giordano Bruno, Alexander
unconscionable self-restraint 1S what had allowed
observes,  You €l see Just \.vhcrc.su?h celf-restrain leads..
sense of responsibility lie bchlfd this?” _
In contrast [© World War I, when scientists

rest of the world, the Nazi restrcte

ith the
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German scientists, for example, that United States academia
commercializing their innovations, became public
figures leading the popularization of science (something which was not scen in
Europe), held close relationships to the press, and tended to believe 1n ‘the
bigger, the better’ technologies. They were instrumentally focused, tended to
work long hours and weekends, and finally were ‘a-philosophical'—wluch
<hocked Fritz London who ends up at Duke University. For him, United States
culture lacked enthusiasm for any endeavor other than bridge and football _
In spite of the exodus of German physicists, there was oddly no net loss 10
German’s physics community. Many new institutional positions were created that
made up for academic losses. The case of fascist physics in Italy was even more
In spite of its promising start with the work of Galileo, by the nineteenth century
Italy had become very backward scientifically; at the tumn of the twentieth

century, it was in bad shape. Under these circumstances, one might naturally

assume that fascism would have comy ¢s in that naton.

pletely destroyed physt
Strangely enough, the opposite occurred, Iraly physics briefly benefits from
totalitarism, as the case of Enane

o Fermi shows. ; .
Although apolitical, Fermi had a political godfather \\t'ho helps hxm.cxce] in
his home country. However, Hitler's increasing co-optation o{ Mussolini leads
Fermi to begin publishing in English, hence widening the audience that would
have otherwise not read his work of become aware of his sxgm_ﬁcant
contributions. The situation worsens for Fermi in 1939 as Italy bgcomcs junior
partner in its relationship with Germany; ch.li's ‘wifc Was _]C.““l-‘h A Pbl"ﬂ 1s
arranged and when he goes 1o receive Nobel Pnze 10 ?932. h_c is _abl‘e’to obtain
asylum in the United States, followed by Bruno Rosst and Emilio Ségre using
alternative routes, Ségre migrates via Copenhagen.
For these and many other cases, Bohr truly
theoretical physics by saving many young European
putting his own life in danger.

It was noted by
wnded not to be weary of

becomes the grandfather of
scientist, in the process

Psychiatry and human experimentation

¢ b RS
Tt would be a mistake 0 presume t00 great a differentiation between ‘science
W i as there was ample participation by

in N wWever,
and the ‘state’ in Nazi Germany, however, ; ‘
many ‘scientists’ in the sse of Hider, This 1s particularly the case with regard to

the physicians and psychimxists of the (}cmmn saenu_ﬁc community. Their
influence was much more noxious and hornfic (l?an one might [m:‘i“?e‘] o
German medicine during the 1nferwar pcnod_ was typified by the ra;;m

hyeiene”’ movement. The notion is somewhat akm_ to mcdxf:al sanitation, but
s the ‘cleansing’ of race: the cemoval of invalids suffeang from mental or
are S g, < who had become undue burdens to the state. Tragically, it was
phrct 8 hc: p«, hy internalized even by family members who felt ashamed of
N 1:;3113 u:) their homes. The policy led to the creation of 20 university
ith ample funding before the Naz ever

rudy racial hygiene W th amp! :
‘he[:if(cén journals in the field were established, one which ran a
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ture of humanity.
€ pomnt of view of
of view of the still
¥ would lead to] a

logical conclusion: we would then have to put to

he mentally sick and the psychopathic personalities
but all the crippled, including the disabled veterans, all old maids
who do not work, all widows whose children have completed their
.then pretty soon we will no longer hear about the
Aryans and non-Aryans, about the
with round skulls.

he impending tide

g obviously went

quite MONSLrous
death not only

educations. .
mentally sick but, instead, about
blonde Germanic race and about inferior people

Butnke became one of the very few men who warned of t
and its implications for his culture and nation. His warnin
unheeded.

The lack of regard for human life reached a point that 70,000 medical patients
were killed in Germany so as to make room for wounded German soldiers after
the invasion of Poland. The first formal gassings began in January 1940 at the
Brandenburg Hospital under the charge of Dr. Victor Barck. The death of
psychiatric patients by these means occurred at such a large scale, that it led to
concerns within the very psychiatric community as (0 its future. If all ps,\jchiau:'c
patients were killed, psychiatrists would be left without any clients or come;
furthermore, the reduced demand also meant that few students would enter the
field. Tn 1941 the Hadamar Psychiatric Institution celebrated the gassing of its

10,000% patient.

In the fall of 1941, once the
completed, the killing machine apparatus Sprea
psychiatric institutions in Germany were transferre
parks: Auschwitz, Treblinka, and Majdaneck.

Physicians and psychiatrsts provided
genocide. : - p

The close coordination between the medical community :?nd Nazi pubhc
policy occurred even within the concentration camps. The gc.n?qdcs‘pcr_ se begin
in Sworker’ encampments (Auschwitz . whose k{ﬂxngs \vctc.uuually justified asa
means to control the spread of infectious diseases which wou}d otherwise

f typhus could wipe out enure

eliminate the involuntary labor force. The spread of ty tire
blocks of workers, burting productivity. While genocide thus began as a Togical

ts rational and method became more widely gcncralizcd throughout

Gy ) wmc‘l{ sson to person basis, with the injection
The killings initially 0cCUrre on a per s :

of phenol (gasoline). However, the physicians, who prctcndcd 10 b(. undgnalung

routine medical examinations, noted that when the phcno! was injected 1nto the

ch a slow and painful manoer, that

ient’s death would occur in su
\[)}l‘:::d;;:‘c“: n::x:gony and cdes for helP would wam and .alcn Q1c rest of xhc
block. Phenol injections had been pam@ndy;qmmon»wuh ch‘ﬂdxcn. who.m
spite of the pretenses, Were well aware ot_' their u:qp?.ndmg demise. an chﬂd':
i)cfom dying, turns © the doctor and cnes out, “Why are you killing me?!,
puzzled by the actions of a maa who was supposed to be curing him.

A more efficient manner of murder was then discovered and implemented.

By injecting the phenol directly into the heart, death would result only withian 15

bulk of its medical cuthanasia had been
d throughout hospitals and
d to three main industrial

the means and rationale for Nazn

choice, 1
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seconds. The bodies, even if still partially alive, were thrown into 4 pit with the
rest of the other corpses. In this grotesque manner, German physicists raised the
rate at which they were able to ‘treat’ patients, to 60-200 Assassinations per day,
Furthermore, the abundant use of phenol could be ‘hidden’ among repyly
solicitations for other medications, and hence evade any unwarranted scrutiny,
Not only did the actions of the German medical community constiture 4
gross violation of the Hippocratic oath, concentration camp doctors also began
using humans as experimental guinea pigs in some of the most hortific cases of
torture. Patients were submitted to drastic changes in air pressure chambcrs, have
their genitalia treated with x-rays, placed for hours on end in pools of water 41

freezing temperarures, shot with infectious bacteria, or have mustard £as inserted
mto inflicted wounds, Although claiming such research was conducted for
medical purposes, few patients ever survived the torturous ordeals. One of the
most notonious physicians of all was Joseph Mengele.

Mengele is infamously known for his twin study
statstically rare samples of twins from all over Ge
Mengele would inject one twin with a poison or bacte

control. When one nevitably died, the other would also be killed so as to
perform comparative anatomical analysis at the Kaiser Wilhelm Institute. The
prestigious scientific organization, formerly led by Planck prior to the rise Hitler,
had been transformed into the instrument of genocide,

Discovery of the horrific hunan experimentation led to the formation of the
Nuremberg Code after the war, and the history of medical ethics can be sharply
divided by it. Twenty-five doctors were prosecuted at the N uremberg’s “Doctor’s
trial,” of whom seven were sentenced to death—including Hitler’s own personal
physician Kard Brandt who so closely coordinated the wartime medical
community. Yet, these were only the tip of the icebcrg. Many physicians of the
Third Reich fled to Latin America, and even became influential within Germany.
The unethical attitude underlying such tréatments Wwere pervasive yet could not be
so easily eradicated.

Yet the most important aim of the tral was to simply expose the rationalized
savagery that had occurred, as killing its medical perpetrators would never
alleviate or remedy their unspeakable atrocities, Hundreds of thousands of
nameless victims had been killed by

. : physicians and psychiatrists, all of whom had
sworn to the Hippocratic Oath at the beginning of their medical careers,

experiments. Receiving: the
rman concentration camps,
ria, using the other twin as 4

The German atomic bomb project

Germany also set about on 2 path in the atomic arms race, which began as
soon as Hahn and Meitner showed that 200 Mev of energy could be obtained
from a miniscule uranium sample in December 1938, [f Germany had succeeded
in first creating an atomic bomb, the implications for twentieth century history
were enormous. A victory by Germany of World War IT would obvioiely Lave
led to a radically different world from what we live i today, eﬁnﬁnaéng all
notions of civil rights, establishing a vast number of concentration camps, and $0
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helps explain to 1 :m) aphy, and others were 4 odcrstand that modern wars
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im : ; > :
tad bfen > !elsse-rxc ’i(r)ml foolishly believed :;mt theory, quickly ov‘cr\\hclm 1?
Neeiadibal Moty ds of attacks that would, 1 uering substantial parts ©
pliskresd e IOU‘; initially suCCCSSf"fl 2 c'ortqwcn: soon C*T'os?d “’bcg
opponents. Al.lho'ug.l of his blitzkieg .pohlc,\ od the Russian winter an
Eutope;. the hg,nmsuo-ti‘:m As Napolcon, Hitler 1gnors ‘ .
ket e ives change given the
senthis enommons S :}?e[:::irtude towards military a::cm:::;mi\'c to the atomic
Byitlicicat oF e ies. Nazi leadess bccomeut:h money would be th\mc,g
failure of Hitler's stra:lg’ ks Heisenberg how mm s o Sotie 100,00
effort, and Speer acm‘\(f{ en Heisenberg 1€ com:l However, as the war drags 00,
for its construction. Wh o million RM instead. £ German state places a steainl
Reichmarks, Speer off(‘:rs 2 cial circumstances O ing to the onginally
delc, S Iy precarious finan sthdraw the offer, returaiog
» increasing g e :
O::— its projects, leading Speer £0 imitations in the German atomic
0,000 RM figuze: jon of the limitaton ; S
sgpeite a clear impression United States effort by 1944 In other
Wegm ol ve consider that the Speer’s high offer (2 RM). A
bomb effort When e b - cice (45 RM) Speet’s BA 8 5 1 0o2vi o
B, or roughly t¥I%€ L iment had only o A2,
e sdll-s G:zn‘ﬂﬁﬂ gtoraic Bo u;nmic‘ bomb: the mamnglet;it'ting.thc German
WoEd i crealt 4n 4 factors inhibiting
was actually :ﬁmﬁ fortunate as the mnge Of.m?emem. institutional quarrels,
Yet the

in short supply: : loss of important
ic bomb effort were not.:d for its construction, and the :):rial in the first
ARG in the expertise requt begin prepanog the ﬁ.SSdc i dy in the war,
]mmuons‘ maten r;fq‘:m:-a:onlso removed from Heisenberg early
f the ettort
Control ©
place.
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Gemuany’s most important physicists; and handed over 1o 4
bureaucrat. Yet, in spite of his abilities, l-lciscnbcrg did not fully und
the bomb's complextties—specifically the notion of ‘crtical mass,
arrest by the Baush at Farm Hall, theic secretly recorded convers
Heisenberg constantly wavered as to the minimal
required. The successful sale of the
Vemok hydroelectdc damn to the F
effort.

The Allies, however, did gravely underestimate
military strength. More so than the atomi
exasted that, if used, would have radically

But, due to the most fortunate of circumstances, these temained under lock
and key. Massive wartime atrocities in the United States were only averted by the
most circumspect of reasons,

second e
eestand gl of
" While under
AUONS revealed
amount of fissile materig|
entire deutedum stock produced gt g
rench certainly helped delay the Gemmag

one critical aspect of Geman
¢ bomb effort, chemical Weapons
altered the outcome of the war.

IG Farben and ZyklonB

To understand role of chemistry durin

g World War IT one needs to first tum
to the story of Carl Bosch and IG Farben,

The ongins of Germany’s chemical indust
economic might and political power, actually be:
Perkins accidentally di
previously derived from
had been. The color p

ty, the principal source of her
gin in England. The chemist Karl
scovers that one could synthetically create mauve,
organic material as plants and Insects as all natural dies
urple became all the tage in the UK, and even the royal
wedding’s party were clothed in its color. Yet, in spite of the enormous success of
the new organic: chemistry, British scientific arrogance neglected to offer
Systematic support of this sci i i

" chemical empire, on the basis of 2
cloth’s colors, while Britain lingered behind,
Becoming aware of the im

portance of systematic research and development,

and size. Chemical companies that still exist today were born under those
circumstance: Bayer, BASF, Afga, Hoeschs

The chemist Fritz Haber invents ammonia, what might be referred to as
‘synthetic nitrogen,’ ushering new industries around the production of fertilizets
and explosives. The required  organizational nature of research is aptly
demonstrated in Hiber’s work: thousands of catalysts were tested before the right
one, osmium, was identified. Fis procedure is then sealeq up to industrial levels
by Cad Bosh, resulting in the now famous Haber-Bosch process.

However, the required investment to discover the Process had been very
costly, and Bosch at BASF was routinely attacked for hi efforts, His eventual
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was a problem

SR e

o istical political mghm‘ s ;
mrgzchia log“uld Eot pecessarily receilye as another. At a dinner Bos;h. as

Bosch wo h and Hitler detested one damage he was making to
pacticularly s0 8s BOSCR 89 0o of the enormous hich Hitler again leaves
Max Planck had done, “:'ir:liscal of Jewish scientst, 10 W £ to have the two men
German science by his ’z:ats‘wm told to make sure ncch:l dilemma is, to put it
in a rage. German bureau which Bosch solves his ﬁl?a:i‘ wherein Standard issued
share a table. The “m%:;da:d Oil. A deal was :ca;;uia aubber and syathetic oil
bl“‘l‘)ﬂy, })03/1 Sc?ci?f:!i::k with the promise e :jhenm one of them held it, and all
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importance, the Allies repeatedly bomb the Leuny manufacturing site. In spite of
the fact that 75% of jts facilities are destroyed, its mportance leads the
move 35,000 men to restore the site in only ten days.

Ulamately, 1. G. Farben's link to the Nazi regime wqs Of enormpys
mmportance to both German parties. Even when it can be pointed out that Boscl
dies early in the war, their mutually beneficial relationship could not be g,
casually abandoned, A study issued by the Eisenhower Commission afy
revealed that Hitler's continued ‘success’ would have bee
complicit assistance of the company. Worst yet, the com
chemical ZyklonB,

The chemical had been used primarily as o pesticide
deadly effects were hidden in an odorless and colorle
were added for immediate detection. However, upon
military, these important sensorial signals were removed, and ZyklonB s turned
nto a critical tngredient widely used in the gassing of Jews. German labor
prisoners were also given what was referred to as the Buna diet,’ treated as
mineral ores whose life Was squeezed out of them before being discarded.

Eisenhower insisted on breaking up IG Farben 1010 47 different companies, 3
proposal which gets lost during the post-World War II political wrangling,

The most surprising finding of the commission, however, had been the Nazi

plan to use German toxic chemicals to widely bomb United States cities. Aside
from ZyklonB, the Germans had also developed powerful nerve agents as tabun
and sann, which could kill a person in 4 few mj
Goebbels and Robert Ley all propose to Hig]
United States cities with these agents: Washington DC, New York City,
Philadelphia and so forth, If used, it would ha
mortality never before seen in US history.
The plan, however, was strongly opposed by
four important observations, The patents to these
I contrast to Germany, the United States had a
which to retaliate on 4 far larger scale should it
Ambrose and Speer warn Hitler that the United §
every German; knocking out American cities would
Hitler was infuriated ang
learning of the Uniteq States retaliation

Naz 4

et the war
1 impossible withey the
pany had in jts stores the

prior to the war, As its
5§ gas, chemical additiyes
its adoption by the Nazi

Ambrose and Speer, who make
dgents were widely known, and
mple petroleum reserves from
choose to do so. Essentially,

p . ! ckeround and foresight;
their control would have most certainly resulted in the feated worst case scenatio.
Speer talks to Hitler and convinces him to place the 8§ only in charge of testing
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existence. The hydroelectric plants of the Tennessce Valley Rj
(IVA) fed iato Oakndge’s facilities on a massive scale,

Major Genenal Leshie Groves was placed in charge of the entire project, g
overall organizer and administrator. Groves faithfully supported i, obtainigg
funding even when it all looked hopeless. Many brilliant men would come g4
collaborte in Los Alamos, New Mexico, headed by the young Robert
Oppenheimer who had previously studied in Germany. In  the halls of
\V'nshington DC, Vannevar Bush and ]. D. Conant served as key advisors 10 the
president, keeping him wformed of issues and needs,

Various techniques were used 10 produce the fissionable material at the Same
time, each with their respective  difficulties and benefits: electromagneric
Separation, gaseous and thermal diffusion. The second group was located
principally at Los Alamos.

Both groups had enormous facilities at their disposal. Los Alamos in New
Mexico became a city onto itself, even though built from scratch in the desert,
Some 5,000 scientists and engineers worked and lived in facilities that had not
been designed to last more than 3 year. Their average age of 29 meant that most
Were young, and would easily cohere as 2 group, forming friendships, and
romances that would last a lifetime. It was an honor to had been selected, and the
€xpedence as a whole was 1 unique one; constantly debating, interacting, and
resolving problems even dunng hiking excursions into the nearby desert hills,
Richard Feynman provides many 800d anecdotes of his experiences in Syl
You're Joking M. Feynman, appearing some fort years after the event. Most of the
issues to be tackled, however, were engineering nightmares,

Osge could create plutonium in nuclear reactors, but upon neutron
bombardment, 11235 would not only turn to U239, but would continue to
‘mutate’ into other elements not suitable for the bomb, EO Lawrence’s cyclotron

ver "\mh()n'n-

became filthy with residue, so the cyclotrons had to be routinely turned off
cleaned, and restored; only (1.7% of the material would be separated out by it. The
process of gaseous diffusion was much more efficien
hexachlou'nc, which kept corroding away its membranes; To properly function,
these had to be built from nickel, a costly material, By January 1945, only 200
grams of weapons grade materia] had been Produced, and the war was already in
1ts last days.

The design of the detonation device for the bomb had been equally quirky.
Seth Neddermeyer had proposed the use of implosion g i i
which was an original idea but could not personall i
detonate 2 perfect sphere, perfectly? When explosives were placed around
cylindrical pipes, these would only get horribly mangled, The situation seemed
hopeless until the Russian emigré George Kislakowsky developed explosive
lensing using two different detonators which burneq” 4 different rates of
contraction.

“Fat man” and “Little boy” were bora out pride, fear, and desperation. It
would have been difficult for any scientist under those cifcumstances to have
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Big Science during
the Cold War

Change of Scale, Change in Culture

C(".\"ﬂ{.\ﬂ’( JRARY SCIENCE IS ¢
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all objects in the unive
United States was Zoin,
the 1990s but its cost
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g, technology, and organization,
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Ise, a remarkable finding d
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An example of this
“God particle” giving mass to
one at CERN in Europe. The
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e backward attitude commonly
aching of evolution, there was a
y should we put into science?

that there were limits even to the

N fganan project. Wealth is not an
bottomless pit’ to be wantonly used. ey, by developed nations, The scientific

bcuchlsA were not clear, and some suggested that i would ultimately be more
productive simply to astronomically study  stars which made for natural
expeniments at a much reasonable, and reduced, price tag.

Were the conservative Texan represe

ntatives correct
concerns over investments in science?

in their financial
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CERN and Hubble
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single scientific mstrument. The seale boggles the

Rico’s perspective,

mind when seen from Puertg
Scientometrics

The first 1o formally analyze the scale of modern science was the. physicig;
Derek de Sola Price in his book L/ Science, B Scionce (1963). What was required
to understand this new social phenomenon was in itself a quantitative study of
sctence referred to a5 ‘Scientometrics,’ applying science back onto itself. There are
MOre practicing scientists today than have ever existed before (87%). When the
growth of the number of scientists was plotted, it revealed an exponential curye,
doubling itself every 15 years for average science, while taking 20 years for high
value science. As a whole, science has grown five orders of magnitude in three
centuries. It was not ag insignificant growth rate, outpacing ordinary Population
growth rates.

What is unique about the historical growth of science, at least where
compared to other paralle] phenomena, s its pessistent and continyed character,
High growth rates ace usually short lived, Such continued growth over such a
long 300-year time period is Simply unusual, and reveals something about the
character of modern science: acady all of science i the result of the most recent
generation of scientists, While most gteat men in history are dead, most of 4l
8reat scientists are now alive. Whereas Newton had nearly co-existed with many
pasticipants of the Scientific Revolution, ‘standing on the shoulder of giants;

astically changed over the ages.
€ nostalgia of early 20% century
scientist, as Robert Millikan (1868-1953), Studying in Germany during the

Millikan was aware first hand of the debates in his field. His
ingenious oil drop experiment revealed for the fipsy time th

Rockeller money to begin 3 large institute, Millikan rejects i

size implied. Would scientists strike [y
Since the middle of the twentieth
scale on scientific activity have been raised. To wha

at degree did the values and
principles of science change under the neW circuy

mstances? The cases' so far
mentioned have been Positive ones, as CERN’s LHC or the Hubble telescope.

There are some €xceptions to the rule, however, and one of the first to raise such
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interests rather than for the production of common know]
The capitalist dynamic naturally s inhibitory of public diffusion
knowledge, given the corporate concern of competition—in conpy
philosophy behind Dideror’s Encyclopedse which
partcular knowledge of prvate craftsmen,

A corponation’s implicit privatization of knowledge thus inherently clashes
directly with the fundamenral open character and ethics of science, referred 1o 45
the ‘open tepublic of science’ and aptly described by Richard Rhodes, For
example, a key trait of science are decisions made by mutual consensus. Thyt

ientt information as keys to solving scientifie
ublic discourse and criticism, Academic
training imbues Practitioners with these valyes.

By contrast, all important corporate information is
from broader use and availability. Profit is held as a value in the social hierarchy
above the quest for ‘truth,? as demonstrated in the teadency of fraud in corporate
research. False clinical trals routinely appear in the pharmaceutical industry,
whose purpose is to push drugs on which billions of dollars will be made, The
EDA rather than crifg S€ procedures often falls prey to them
as their officials revolve in and out of industry and Bovernment.

The nse of big science is 3 twentieth century phenomenon. Global RD
speading is now ar the $1.4 trillion level, of which the United States comprises
32.2% of the total, In 2011, $425 billion dollars (2011) were spent on science,
where only $50 B had be i > At an adjusted rate, it grew threefold
during the period. Most RD funding in the United States actually goes to the life

sciences. As a percent of GDP, United States figures are not as favorable, but the
continued size of the Uni

¥ retains its scientific investment
above the rest—for now. While the United St

ates placed 2:8% of its GDP (2011),
Europe spent 2% and Japan 3.5%, s overall scientific labor force increased from

I million in 1960 1o 5,8 billion in 2011, While We see a positive increase in the

rite of Hispanic science BA degrees, from 7% to 9.5% (2000-2011), it is a figure
that could be Improved.

edge broadly shared,
of ney
AL to the

sought to ‘Universalize’ the

problems, also requires abundant p!

Patented, and restricted

> and it witness the largest growth in article
publicau'on, from 3,000 to 100,000 per year. Tragical]y, it has also been
characterized by a great deal of fraud, suggesting th
internalized science’s core

value system,
The same could be said for the science in the Soviet Union durir
War.

At its community has not fully

g the Cold

Trofim Lysenko

The case of Trofim Lysenko (1 898-1976) is one of the most bizarre and
unusual cases ever to hayve occurred in the history of science. It consists of a
hardly educated ‘scientisy’ who obtains contro] over the whole of Soyie biology
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SPan 1o a single year, Yakovley began publicly supporting Lysenko ip Spite of
caticism from honest sclentists. Lysenko, in tum, would come (o yiey all whe
caticized him as ‘enemies’ who used covert tactics 1o undermine his work, which
later contrbuted to the violence of period upon his rise to power,

But Lysenko was a crackpot, His scientific ‘experiments’ contained mypy
ambiguities and nconsistencies, lacked true scientific analysis, and routinely
copied information from more reputable work, One of the first Proofs of
Lysenko’s ‘vernalization theory’ \was undertaken by his own father, 4 local
uneducated farmer. It ywas often the case that Lysenko's ‘data’ was in fact merely
survey polling figures that had been taken from poor Peasant in order 1o tryck
production. Under the implicit menace of state authority, the peasants were more
than happy to oblige, providing Lysenko with the answers he sought to ohtain,
All of Lysenko’s articles appeared in newspapers rather thaa in academic peer
reviewed Jjournals, and would have not withstood genuine scientific scrutiny, His
articles reflect the language and appearance of science without actually com;')lving
with its spirit. ;

From a political point of view, h
the Soviet leadership so desperate
sharply contrasted with those of
biological realities of genetics, T
targets of defamation, subject to

owever, Lysenko was publicly delivering what
ly wanted to hear. Lysenko’s public claims
actual scientists who kept pointing our the harsh
‘heir realist stance heace made Soviet geneticist
the accusations of Sstalling’ or of failing to ‘work
hard enough’ to solye the existing crisis, The fact that Lyseako publishes in

newspapers m_ther than academic journals also meant that his work would be
duegd_v accessible to the Sovier leadership, in particular Stalin, who begins to

: that l_:e began his formal education. His humble
Bolshevik revolution, and oge
romotion. He begins to publicly
10 gewspaper photos of his

which Lysenko astutely utilizes for his own self-p
present himself as a humble Peasant, and

€xpenments, hé could ot be inuncdiatel_v differentiated from other workers or
peasants. In spite of his uneducated background, Lysenko was a keen political
player who could closely ‘read’ the political climate surrounding him.
It is important to note as well the scientify
occurred. In the 1930 genetics was sil] 4
established nor globally recognized. It was sii]] afflicted by ¢ itive
uncertaiaties and, as of yet, had been unable e e
human welfare. Its ‘adolescent’ status in turn laced it i liti
v > X ‘ S tical
vulnerability wherein it could be easily attacked - 3
itself.
During the early period of Lysenko repression, nearly ajl geneticists were
removed from their Positions, many of whom Wi

: €I€ sent to the sovier gulags;
others were persecuted by the Soviet seeret police, be ol

e A S ; : » being eithey arrested or shot
on site. The Soviet repression of genetics could be said to have been Fravord
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that one could predict varieties of species that not yer
Vavilov also travels throughout world to collect seeds,
world's the largest collections in Leningrad.

Vavilov's personality could be characterized as that of being “a £ood guy.” He
is friendly, open to conversation, tcmcmbcxing everyone's names in the insu’tu(c,
and awarding unexpected small birthday gifts. Scientific CONVErsations were often
continued in large dinners ar his home, which routinely hosted guests. Vaviloy
creates an open atmosphere of discourse, which dr:xsticnll_\' contrasted to thar of
Lysenko's terror and repression wherein anybody could be mercilessly aceused
aad killed at any moment for the slightest crtique.

Incidentally, Vaviloy had been a true ‘soviet' in sense that had supported the
Bolshevik Revolution and was an important member of USSR Central
Committee. The relationship between Vaviloy and Lysenko thus constitutes an
important key to understanding Lysenko’s rise to power, based on the reputation
and corpse of Vaviloy.,

By the time Lysenko entered the Insttute |
figure in Soviet science, but had Stopped doing research. His role Was principally
that of an administrator, involyed in many projects, attending many issues, and
generally a busy person, This, in turn, meant that he was not personally inclined
to verify the validity of Lysenko’s work.

Vavilov begins inviting Lysenko to conferences so as to demonstrate some of
the work done at the Institute. He tended to praise Lysenko to the press, due in
part to the apparently social benefits of Lysenko’s result, and was generally
interested in vernalization or A0y opportunity to improve  Soviet agricultural
production. He was certainly keenly aware of the deficiencies in Lysenko’s
learning, but had faith in man's rationality and the scientific sprit. He was possibly
t00 naive in believing he could convince Lysenko of the error of his ways by
merely providing his colleague with ‘data.’

At the beginning of an important conference of 1935,
politically stabs Vaviloy in the back, V.

empirically identifieq
building up one of the

Vaviloy was already an importan;

where Lysenko
avilov had placed 4 display at the entrance
e invites Lysenko 1o look through the
tics in action,’ hoping Lysenko would be
of the science of genetics. Lysenko looks at
S 8035 1o not offend his boss, and casually

miczoscope shides, to observe ‘gene
convinced into accepting the validity
the slides for only 5 minutes, perhap.
walks away without a comment,

Vavilov’s methods and assumptions sharply conteast to those of Lysenko who
apparently believed that A0y means to power could he used as long as it obtained

‘results.” A student of his contacts the United States Department of Agriculture to

ask a few questions, for whom the USDA Prepares a lengthy: memo and even
took the time to' translate it nto Russian, The student ends up including the

Teport verbatim as a doctoral thesis chapter, without any change whatsoever in

the text. Upon finding out about the act, Lysenko praises the student for his
resourceful plagiarism.

Vavilov perhaps saw himself as a father figure ang Patiently supports Lysenko
in spite of his many failings, continually hoping that his Sont would: somahie
reform. Vavilov himself also came from 2 humble Peasant family, and likely had
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Yet Lysenko simply could not continually use re
of agricultural productivity, and at one point is force over his
fatlures: At the meeting, Lysenko pulls out six Potatoes, three potatoes from hs
rght pocket and three potatoes from his left pocked. Lysenko tells Stalin that the
smaller left pocket potatoes originated from his colleague’s facilities, whereqs the
larger right pocket Potatoes were from his own. Stalin, who lacked any scientific
education, accepts this presentation as proof enough of the validity of Lysenko’s
work. :

Stalin’s gullibility reflects one of the fundamental
societies: absolute rulers by definition will lack appropuate knowledge of evaluate
every issue before them, and hence will be liable o BTOSS errors of Judgment,

By 1937, Lysenko had obtained full political power in the USSR, as a member
of its Central Committee. Both AT Muraloy, who had supported Lysenko at the
1935 congress against his conscience and the opposition of his scientific
colleagues, and Yakovlev, the former Agriculture Sccrctary, are arrested by the
Soviet secret police and quietly assassinated.

Pression to hide the decline
d to confront Stalin

problems of autocratic

Anthropology at SLAC

.-\nduopology has traditionally been ysed to study ‘Other’ non-Westem
societies; both are to some degree the product of colonialism. However, the

independence penod following the liberation of British colonies after World War

IT led to an important shift in the social science. Anthropologists began to study

local groups within their own Communities, analyzing social dynamics, mores, and

hidden ssumptions as they would 4 small Swahili tribe in the coast of Affica,
1 a historian of science who switches to
anthropology, decides to study the instituge she had worked in to pay for her
graduate education: the Stanford Linear Accelerator’s (SLAC) world of high
energy particle physics,
The SLAC had multiple detectors, the oldest of which was the 82-inch bubble

chamber, conceived of during a Friday night beer session, Trs water was contained

at a high temperature and pPressure that were syl ‘eritical)’ to the point that where
the slightest increase could lead to the chamber's explosion. Its delicate state,

however, meant that when 5 particle passed through it, it would leave a bubble
track, captured by the multiple cameras placed at various angles. The chamber
contained strong magnets, whose changes of 5 particle’s Path could be used to
calculate jts momentum and mass. Oyer the years, the capabilities of the chamber
improved, increasing the number of events from 6 to 60 Per second. A total of
some 24 million events were captured over 4 SIX-year period.

New detectors during the period wege created, howeyer, which drastically
improved the SLACs capture rate, specifically the LARR; 2 linear accelerator,
Although particle paths in the LARR could 00t be trackeq with the same degree
of accuracy, their collision against a wire mesh mean that particle detection could
be tied to computers, and in turn an ncrease its collision rate to 100 million
events per year. More noteworthy still, a substantial ixnprovemcm again occurs
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aeeds of the instition and its scientists, Worst stll, only 2 smgl] amount of
ﬁmding was provided for maintenance of the machines, so any broken or
misconfigured patts would necessitate 3 tepair request to the company, whic},
further slowed down its internal activites.

As a2 whole, this odd funding  structure influenced the KEK>s own
wstitutional dynamics, In contrast to SLAC, there was a much greater emphasis
on the perfection of the machine, given the uncertainty of the maintenance
schedule and timetable, Requests would be placed for items that would last
vanous ifetimes.’ There was also a consequent lack of urgency in the KRk
physics community due to jts corporate dependence. Traweek i surprised to seq
that one working physicists at the facility all alone; as all other important parts
Were missing and hence lacked a functioning device, The institution was also
influenced by a particular funding pattern 4t Major universities, As funds were
awarded in block directly to the department, to then be distributeq by the
director, a distinct culture of technological specialization by department had
emerged. In other words, each physics department would focus on one particular
tpe of detector, mther than work on their physics independundy of these. One
department might focus exclusively on bubble chamber, others on linear
accelerators, and so forth—a fearure which was particularly striking and bizarre 1o
their United States counterparts.

There were other Important culturg] differences, perhaps more positive.
Higher education in United States Physics endow the discipline’s values to its
students, as with any other feld. Undergraduate often saw originality and
scientific creation gs being beyond theis abilities. Experimenta] anomalies, under
this context, were usually feared ang detested. However, the ascension to
graduate school saw 2 distinctive behavioral shift in the students, where personal
‘myth building’ began. While some students excelled in this new environment

When seen in 5 cultural Perspective, however, United States institutions were
characterized by q great deal of competition, which in guen greatly affected its
internal social dynamics. The world of United States Physics was an environment
based on ‘team leaders® wherein ‘charismg’ Played a much latger role and leaders
were unwilling to accept personal errors. In this context, decisions in United
States facilities are made ‘high on up’ and were typically not discussed with the
rest of the group. Graduate students may or may net know the plans or
objectives of a given experiment, for example. Becayse of its competitiveness,
team leader also reflected the odd traits of being unwilling o recognizes a
subaltern’s assistance. Yet, in more cases than ope might imagine, graduate
students and post-doctoral fellows routinely provided key solutions to crtical
problems.
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Conclusion

The Fragility and Resilience of Science

HOW FRAGILE 15 SCIENCE? Is it like that of early Rome a5 expressed by Marcus
Aurelivs in the movie “Gladiator” (2000): so vulnerable that any more than 3
whisper could haye destroyed ir> Typically, science 1S portrayed as dominant and

i i we have seeq many cases showing  this
curate. Nearly EYery major figure of the
Some  potentially decisive obstacle or
counterpart. Which of the tywe Versions is the correct one? The answer likely lies
somewhere in the midd]e: 1oL as strong as we Presume it to be, but neither as
fragile. Perhaps a more appropriate trait 1o describe its histo
of resilience,

Many cases could be used to describe the fragility and vulnerability of the
scientific enterprise, which s i i 1

Présumption to be hiszon'cally inac
Scientific Revolution experienced

rical character is that

obstacles. Galileo is the most Prominent ex.
could have led to his death, dircclly i

he was 5 young man without

s he was by both 4aternal’ and

undernyent early in life created 2
tormented soul. [saac suffers a nevous breakdown

W in 1692, likely as a result of
his abandonmen during infancy. We do 10t know what might have happened to
him had it not been for the ntervention of his frie

ads, as John Locke. As in the
case of Galileo, had Newton died prior to 1687 i

037, the Scientifie Revolution would
have never occurred. Newton also suffers imp d continyal attacks by

Robert Hooke, whose deficient mathematica] abilities rajses questions as to the
source of his claims and how they had been established, g Hooke break into
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nsurmountable odds-—pcrhnps the most mportant trait of the successfy]
sclentist.

Does this, however, meant that Toynbee is ulu'm:ncly correct in thyy Science,
as other cultural endeavors, thrives only when confronted with obstacles g5 his
Challcngc-Rcsponsc model suggested? Perhaps, but we should not eXagrerate,
For however much our imagination might want to assume godly Powers, humgag
faculties and limitation qare Just that, limitations: we Ar¢ not immorgg] gods.
L'lu'nurcl_v. obstacles took their toll. Galileo loses his beloved daughter, and hjs
life is completely overturned after the encounter. The Royal Society loses years of
articles by it most historically Important member. The German physics
community is exiled from jts homeland, altering the course of both Eutopean ang
North American physics.

We should not be so Wanton in praising life’s personal tragedies,

We also cannot ignore the persistent role disease in our Story, James Clerk
Maxwell was felled due to cancer at the age of 48 and his disciple’ Heinrich
Hertz died at the age of 36 from granulomatosis, Jean Fresnel a¢ 42, with so
much promise, succumbed to cholera, as had the founder of (hennod_vnamics,
Sadi Carnot, at the age of 36. Disease has certainly played its NOtorous role in the
history of science. Syphilis, a Post-American Phenomenon; riined the life of
Copemicus’s brother, and coulg have eastly afflicted both brothers, Tycho
Brahe’s unusyal death, by holding his urine for too long, was not unlike that of
Francis Bacon’s strange “chicken incidene” leading to his untimely pneumonia,
Poisonings also played a tole, as grotesquely shown by Nazi medicine. As the
Nuremberg Code noted, any human experimentation required the full consent of
the test subject, as wel] as their capacity to eng the experiment should the tested
deem necessary. Death should never be a physician’s Operating presumption,

More imporraml_v is perhaps. the question of whether there is a general
historical pattern 1o such vulnembility. Hoy are the obstacles at the beginning of
the history of science similar or different to contemporary ones?

However, it is clear that the most obvious changc in the historical nature of
scientific obstacles occurs in the abuse of nStitutional op state power,
gents, the most common of which were religious Institutions which did not share
the cultural valyes of science. In this sense, there is little difference between Arab
or Catholic Church persecution of natura] philosophc:s as Giordano Bruno,
burned at the stake, or Ibn Sina (.'\viccrma) whose threar of potential beheading
sends him into 3 miraculous escape. Science had ney yet become ‘sctence,” nor
acquired influence, social Power or public Ieputation; whenever confronted with

some powerful 1deological Opponents, it would Naturally Jose given the small
Population ofits practitioners and broader socig] support,

there is a detectable shift from ‘external’ to ‘internal® scipnyi
the very scientists themselves who become their WOrst o + Hook

Newton, Kelvin to Darwin, Mach to Boltzmann, Lysenko to Vaviloy, Upon the
creation of science, scientific institutions are used to both Preserve and destroy
nnovative scientific activity.
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When the same $9 billion allocated to a
nation's annual budget (Puerto Rico 2015) is
spent on a single scientific instrument
(Hubble telescope) or to administer a single
scientific facility for a year (CERN), we might
presume that science is today a monolithic
enterprise, akin to what the pyramids of
Ancient Egypt had been in their day.

Yet when we turn to the details and contours
of the history of science, we find humble
beginnings that could have easily resulted in
different outcomes. The aim of this book is
to open these hidden corridors so as to show
not only the fragility of eardy scientific
endeavors, but to also provide a greater
appreciation for the courage and sacrifice of
its formative practitioners.

Rodrigo Fernos, Ph.D. is an Associate
Professor at the University of Puerto Rico, Rio
Piedras. Some of his books include: Saene St/
Born: The Rise and Impact of the Pan American
Sdentific Congresses, 1898-1916 (2003) and Gonzalo
Fernis Maldonado y ¢l Espaco para fa Cienca en
Puerto Pico (2013). His research focuses on the
relationships between science in the metropolis
and the periphery.

For more information visit
www.rodrigofernos.com
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