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“Whoever is ignorant of the past remains forever a child. For what is the
worth of human life, unless it is woven into the life of our ancestors by the
records of history?”

Marcus Tullius Cicero (106-43 BCE)

“He lives doubly, who also lives the past”.

Marcus Valerius Martial (ca 100 CE)

“Mathematics was born and nurtured in a cultural environment. Without the
perspective which the cultural background affords, a proper appreciation of
the content and state of present-day mathematics is hardly possible”.

Leonhard Euler (1707-1783)

“History is the essence of innumerable biographies”.

Thomas Carlyle (1795-1881)

“To understand a science it is necessary to know its history”.

Auguste Comte (1799-1857)



“The history of science is science itself”.

Johann Wolfgang von Goethe, 1825

“No subject loses more than mathematics by any attempt to dissociate it from
its history”.

J.W.L. Glaisher (1848-1928)

“Take three hundred men out of history and we should still be living in the
stone age”.

Arthur Keith (1866-1955)

“The history of science is very largely the history of great men”.

George Sarton, 1927

“Without the concepts, methods and results found and developed by previous
generations right down to Greek antiquity, one cannot understand the aims
or the achievements of mathematics in the last fifty years”.

Hermann Weyl, 1950 (1885-1955)



“There is nowhere else to look for the future but in the past”.

James Burke, 1978

“The genesis of the majority of mathematical theories is obscure and difficult.
Often, today’s presentation of a classical topic, will be much more accessi-
ble and concise than it could even have been when it was developed. Any
scientist’s work, can only be understood within its contemporary scientific

framework”.

Walter K. Biihler



Preface

Many books are published every year on the history of science, but I know of
no comprehensive treatise that blends the essential historical data (chronol-
ogy, biographies, major background political and economical events, etc.) to-
gether with science proper (principles, laws, experiments, observations, theo-
ries, equations, etc.). The present encyclopedic treatise does just that; it tells
the reader not only who did it and when it was done but also precisely what
was done.

The saga of this history of ideas, discovery and invention in the natural
and mathematical sciences — spanning about 100 generations of great thinkers
from Thales to Feynman — unfolds in all its grandeur before the eyes and mind
of the reader. Whether to professional scientists, students, or unassuming
curious laymen, the doors of this shrine are open, inviting them to browse,
linger and study whatever suits them. I believe that every intelligent person
can understand the development of science when properly presented from its
beginnings; The historical method is the best for introducing scientific facts
and ideas to unprepared minds in a thoroughly understandable manner.

The history of science is more than the arithmetical sum of the histories
of all sciences, for it also explains the interrelations of them all. Indeed, our
division of science into many branches is largely artificial. Like the branches
of a living tree which have no separate existence, but grow together — the
progress of each science is dependent upon the progress of all the others.

The main postulate of science is the unity of nature: nature is one; and
therefore, science is one. Finally, the fact that simultaneous discoveries have
been made by different groups of workers, in different settings, organizations
and nations, demonstrate that mankind is one: one mankind through one
science is unfolding the mysteries of one nature.

It follows that the only rational way to subdivide this history is not ac-
cording to the sciences or countries involved, but only according to time; for
each period of time we have to consider at once the whole of science’s histori-
cal and intellectual development. This calls for the marshaling of all scientific
facts, activities and ideas in a definite order; which means that we must try to
assign to each of them a date as precise as possible — not just the date of their
birth or their publication, but also that of their actual incorporation into our
knowledge — often a very difficult thing to do, as the reader will not fail to
appreciate. Such work of erudition is the bedrock upon which this history is
built.

We have also considered some other departments of life which have bearing
on the evolution of science. These are:
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e General natural and human history, especially the history of civilization.
e The history of technology.
e The history of philosophy and religions.

To make this general synthesis possible, we found it expedient to write
a large number of monographs on various subjects which emphasize the in-
terrelations between environmental, economic, social, cultural, political and
scientific ‘events’ (e.g. the history of epidemics is needed to correctly estimate
the evolution of medical ideas).

The history of science is a field of endless complexity and incredible scope.
There are many ways to study it and many points of view, none of which is
exclusive of the others. The chronological order of discoveries is often very
different from their logical sequence. What some people call the logic of
scientific discovery is largely a retrospective construction; it is nevertheless
useful to bring it out. Discoveries are not always made in logical order but it
is worthwhile and helpful to attempt to explain them in such an order: the
actual path of progress is not straight but very crooked, although the general
direction is clear enough.

We have interspersed our history with a narration of general intellectual
climate and of major social, cultural, political, economic and environmental
events: science does not develop in a social vacuum and every man of science
needs a modicum of food and other amenities in order to do his work; if
called to arms and killed in battle his activities come to an end; if he is
an empirical scientist, his opportunities will depend upon the laboratory or
observatory to which he has been admitted or which he was able to fashion,
and his freedom to pursue his work will be limited by the good or bad will of
administrators or fellow workers. Yet nobody can completely control his spirit;
he may be helped or hindered, but his scientific ideas are not determined by
social factors. Honest men of science and mathematics have often continued
activities detrimental to their material interests.

In this treatise, I have tried to draw a map of science, technology and great
ideas that would be as accurate and complete as possible, yet sufficiently free
from unnecessary details and sufficiently condensed so as not to obstruct the
general view.

The book was composed through intensive work during 1991-2008. I had
planned to present it to my readers just at the turn of the millennium, but
unexpected difficulties prevented me from this symbolic gesture.

The diverse sources used in my work are listed in the bibliography and
sometimes in the text itself. Whenever possible, the data was cross-checked
between different sources.

January 2009 Ari Ben-Menahem
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Preface

Many books are published every year on the history of science, but I know of
no comprehensive treatise that blends the essential historical data (chronol-
ogy, biographies, major background political and economical events, etc.) to-
gether with science proper (principles, laws, experiments, observations, theo-
ries, equations, etc.). The present encyclopedic treatise does just that; it tells
the reader not only who did it and when it was done but also precisely what
was done.

The saga of this history of ideas, discovery and invention in the natural
and mathematical sciences — spanning about 100 generations of great thinkers
from Thales to Feynman — unfolds in all its grandeur before the eyes and mind
of the reader. Whether to professional scientists, students, or unassuming
curious laymen, the doors of this shrine are open, inviting them to browse,
linger and study whatever suits them. I believe that every intelligent person
can understand the development of science when properly presented from its
beginnings; The historical method is the best for introducing scientific facts
and ideas to unprepared minds in a thoroughly understandable manner.

The history of science is more than the arithmetical sum of the histories
of all sciences, for it also explains the interrelations of them all. Indeed, our
division of science into many branches is largely artificial. Like the branches
of a living tree which have no separate existence, but grow together — the
progress of each science is dependent upon the progress of all the others.

The main postulate of science is the unity of nature: nature is one; and
therefore, science is one. Finally, the fact that simultaneous discoveries have
been made by different groups of workers, in different settings, organizations
and nations, demonstrate that mankind is one: one mankind through one
science is unfolding the mysteries of one nature.

It follows that the only rational way to subdivide this history is not ac-
cording to the sciences or countries involved, but only according to time; for
each period of time we have to consider at once the whole of science’s histori-
cal and intellectual development. This calls for the marshaling of all scientific
facts, activities and ideas in a definite order; which means that we must try to
assign to each of them a date as precise as possible — not just the date of their
birth or their publication, but also that of their actual incorporation into our
knowledge — often a very difficult thing to do, as the reader will not fail to
appreciate. Such work of erudition is the bedrock upon which this history is
built.

We have also considered some other departments of life which have bearing
on the evolution of science. These are:
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e General natural and human history, especially the history of civilization.
e The history of technology.
e The history of philosophy and religions.

To make this general synthesis possible, we found it expedient to write
a large number of monographs on various subjects which emphasize the in-
terrelations between environmental, economic, social, cultural, political and
scientific ‘events’ (e.g. the history of epidemics is needed to correctly estimate
the evolution of medical ideas).

The history of science is a field of endless complexity and incredible scope.
There are many ways to study it and many points of view, none of which is
exclusive of the others. The chronological order of discoveries is often very
different from their logical sequence. What some people call the logic of
scientific discovery is largely a retrospective construction; it is nevertheless
useful to bring it out. Discoveries are not always made in logical order but it
is worthwhile and helpful to attempt to explain them in such an order: the
actual path of progress is not straight but very crooked, although the general
direction is clear enough.

We have interspersed our history with a narration of general intellectual
climate and of major social, cultural, political, economic and environmental
events: science does not develop in a social vacuum and every man of science
needs a modicum of food and other amenities in order to do his work; if
called to arms and killed in battle his activities come to an end; if he is
an empirical scientist, his opportunities will depend upon the laboratory or
observatory to which he has been admitted or which he was able to fashion,
and his freedom to pursue his work will be limited by the good or bad will of
administrators or fellow workers. Yet nobody can completely control his spirit;
he may be helped or hindered, but his scientific ideas are not determined by
social factors. Honest men of science and mathematics have often continued
activities detrimental to their material interests.

In this treatise, I have tried to draw a map of science, technology and great
ideas that would be as accurate and complete as possible, yet sufficiently free
from unnecessary details and sufficiently condensed so as not to obstruct the
general view.

The book was composed through intensive work during 1991-2008. I had
planned to present it to my readers just at the turn of the millennium, but
unexpected difficulties prevented me from this symbolic gesture.

The diverse sources used in my work are listed in the bibliography and
sometimes in the text itself. Whenever possible, the data was cross-checked
between different sources.

January 2009 Ari Ben-Menahem
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“Whoever is ignorant of the past remains forever a child. For what is the
worth of human life, unless it is woven into the life of our ancestors by the
records of history?”

Marcus Tullius Cicero (106-43 BCE)

“He lives doubly, who also lives the past”.

Marcus Valerius Martial (ca 100 CE)

“Mathematics was born and nurtured in a cultural environment. Without the
perspective which the cultural background affords, a proper appreciation of
the content and state of present-day mathematics is hardly possible”.

Leonhard Euler (1707-1783)

“History is the essence of innumerable biographies”.

Thomas Carlyle (1795-1881)

“To understand a science it is necessary to know its history”.

Auguste Comte (1799-1857)



“The history of science is science itself”.

Johann Wolfgang von Goethe, 1825

“No subject loses more than mathematics by any attempt to dissociate it from
its history”.

J.W.L. Glaisher (1848-1928)

“Take three hundred men out of history and we should still be living in the
stone age”.

Arthur Keith (1866-1955)

“The history of science is very largely the history of great men”.

George Sarton, 1927

“Without the concepts, methods and results found and developed by previous
generations right down to Greek antiquity, one cannot understand the aims
or the achievements of mathematics in the last fifty years”.

Hermann Weyl, 1950 (1885-1955)



“There is nowhere else to look for the future but in the past”.

James Burke, 1978

“The genesis of the majority of mathematical theories is obscure and difficult.
Often, today’s presentation of a classical topic, will be much more accessi-
ble and concise than it could even have been when it was developed. Any
scientist’s work, can only be understood within its contemporary scientific

framework”.

Walter K. Biihler



Preface

Many books are published every year on the history of science, but I know of
no comprehensive treatise that blends the essential historical data (chronol-
ogy, biographies, major background political and economical events, etc.) to-
gether with science proper (principles, laws, experiments, observations, theo-
ries, equations, etc.). The present encyclopedic treatise does just that; it tells
the reader not only who did it and when it was done but also precisely what
was done.

The saga of this history of ideas, discovery and invention in the natural
and mathematical sciences — spanning about 100 generations of great thinkers
from Thales to Feynman — unfolds in all its grandeur before the eyes and mind
of the reader. Whether to professional scientists, students, or unassuming
curious laymen, the doors of this shrine are open, inviting them to browse,
linger and study whatever suits them. I believe that every intelligent person
can understand the development of science when properly presented from its
beginnings; The historical method is the best for introducing scientific facts
and ideas to unprepared minds in a thoroughly understandable manner.

The history of science is more than the arithmetical sum of the histories
of all sciences, for it also explains the interrelations of them all. Indeed, our
division of science into many branches is largely artificial. Like the branches
of a living tree which have no separate existence, but grow together — the
progress of each science is dependent upon the progress of all the others.

The main postulate of science is the unity of nature: nature is one; and
therefore, science is one. Finally, the fact that simultaneous discoveries have
been made by different groups of workers, in different settings, organizations
and nations, demonstrate that mankind is one: one mankind through one
science is unfolding the mysteries of one nature.

It follows that the only rational way to subdivide this history is not ac-
cording to the sciences or countries involved, but only according to time; for
each period of time we have to consider at once the whole of science’s histori-
cal and intellectual development. This calls for the marshaling of all scientific
facts, activities and ideas in a definite order; which means that we must try to
assign to each of them a date as precise as possible — not just the date of their
birth or their publication, but also that of their actual incorporation into our
knowledge — often a very difficult thing to do, as the reader will not fail to
appreciate. Such work of erudition is the bedrock upon which this history is
built.

We have also considered some other departments of life which have bearing
on the evolution of science. These are:
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e General natural and human history, especially the history of civilization.
e The history of technology.
e The history of philosophy and religions.

To make this general synthesis possible, we found it expedient to write
a large number of monographs on various subjects which emphasize the in-
terrelations between environmental, economic, social, cultural, political and
scientific ‘events’ (e.g. the history of epidemics is needed to correctly estimate
the evolution of medical ideas).

The history of science is a field of endless complexity and incredible scope.
There are many ways to study it and many points of view, none of which is
exclusive of the others. The chronological order of discoveries is often very
different from their logical sequence. What some people call the logic of
scientific discovery is largely a retrospective construction; it is nevertheless
useful to bring it out. Discoveries are not always made in logical order but it
is worthwhile and helpful to attempt to explain them in such an order: the
actual path of progress is not straight but very crooked, although the general
direction is clear enough.

We have interspersed our history with a narration of general intellectual
climate and of major social, cultural, political, economic and environmental
events: science does not develop in a social vacuum and every man of science
needs a modicum of food and other amenities in order to do his work; if
called to arms and killed in battle his activities come to an end; if he is
an empirical scientist, his opportunities will depend upon the laboratory or
observatory to which he has been admitted or which he was able to fashion,
and his freedom to pursue his work will be limited by the good or bad will of
administrators or fellow workers. Yet nobody can completely control his spirit;
he may be helped or hindered, but his scientific ideas are not determined by
social factors. Honest men of science and mathematics have often continued
activities detrimental to their material interests.

In this treatise, I have tried to draw a map of science, technology and great
ideas that would be as accurate and complete as possible, yet sufficiently free
from unnecessary details and sufficiently condensed so as not to obstruct the
general view.

The book was composed through intensive work during 1991-2008. I had
planned to present it to my readers just at the turn of the millennium, but
unexpected difficulties prevented me from this symbolic gesture.

The diverse sources used in my work are listed in the bibliography and
sometimes in the text itself. Whenever possible, the data was cross-checked
between different sources.

January 2009 Ari Ben-Menahem
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finite rupturing faults with subshear velocity (1960). He introduced the fun-
damental concepts of Directivity (1959), and Potency (1965) from which the
Moment Tensor was derived. He unraveled (1975) the mystery of the Tun-
guska bolide explosion of 1908.

In this comprehensive tour de force, Prof. Ben-Menahem — a polymath
equally versed in pure and applied science, and the humanities — rises to the
challenge of tracing the tapestry of human thought and action throughout
history and up to our own age, placing it in the context of our niche in the
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“Whoever is ignorant of the past remains forever a child. For what is the
worth of human life, unless it is woven into the life of our ancestors by the
records of history?”

Marcus Tullius Cicero (106-43 BCE)

“He lives doubly, who also lives the past”.

Marcus Valerius Martial (ca 100 CE)

“Mathematics was born and nurtured in a cultural environment. Without the
perspective which the cultural background affords, a proper appreciation of
the content and state of present-day mathematics is hardly possible”.

Leonhard Euler (1707-1783)

“History is the essence of innumerable biographies”.

Thomas Carlyle (1795-1881)

“To understand a science it is necessary to know its history”.

Auguste Comte (1799-1857)



“The history of science is science itself”.

Johann Wolfgang von Goethe, 1825

“No subject loses more than mathematics by any attempt to dissociate it from
its history”.

J.W.L. Glaisher (1848-1928)

“Take three hundred men out of history and we should still be living in the
stone age”.

Arthur Keith (1866-1955)

“The history of science is very largely the history of great men”.

George Sarton, 1927

“Without the concepts, methods and results found and developed by previous
generations right down to Greek antiquity, one cannot understand the aims
or the achievements of mathematics in the last fifty years”.

Hermann Weyl, 1950 (1885-1955)



“There is nowhere else to look for the future but in the past”.

James Burke, 1978

“The genesis of the majority of mathematical theories is obscure and difficult.
Often, today’s presentation of a classical topic, will be much more accessi-
ble and concise than it could even have been when it was developed. Any
scientist’s work, can only be understood within its contemporary scientific

framework”.

Walter K. Biihler



Preface

Many books are published every year on the history of science, but I know of
no comprehensive treatise that blends the essential historical data (chronol-
ogy, biographies, major background political and economical events, etc.) to-
gether with science proper (principles, laws, experiments, observations, theo-
ries, equations, etc.). The present encyclopedic treatise does just that; it tells
the reader not only who did it and when it was done but also precisely what
was done.

The saga of this history of ideas, discovery and invention in the natural
and mathematical sciences — spanning about 100 generations of great thinkers
from Thales to Feynman — unfolds in all its grandeur before the eyes and mind
of the reader. Whether to professional scientists, students, or unassuming
curious laymen, the doors of this shrine are open, inviting them to browse,
linger and study whatever suits them. I believe that every intelligent person
can understand the development of science when properly presented from its
beginnings; The historical method is the best for introducing scientific facts
and ideas to unprepared minds in a thoroughly understandable manner.

The history of science is more than the arithmetical sum of the histories
of all sciences, for it also explains the interrelations of them all. Indeed, our
division of science into many branches is largely artificial. Like the branches
of a living tree which have no separate existence, but grow together — the
progress of each science is dependent upon the progress of all the others.

The main postulate of science is the unity of nature: nature is one; and
therefore, science is one. Finally, the fact that simultaneous discoveries have
been made by different groups of workers, in different settings, organizations
and nations, demonstrate that mankind is one: one mankind through one
science is unfolding the mysteries of one nature.

It follows that the only rational way to subdivide this history is not ac-
cording to the sciences or countries involved, but only according to time; for
each period of time we have to consider at once the whole of science’s histori-
cal and intellectual development. This calls for the marshaling of all scientific
facts, activities and ideas in a definite order; which means that we must try to
assign to each of them a date as precise as possible — not just the date of their
birth or their publication, but also that of their actual incorporation into our
knowledge — often a very difficult thing to do, as the reader will not fail to
appreciate. Such work of erudition is the bedrock upon which this history is
built.

We have also considered some other departments of life which have bearing
on the evolution of science. These are:
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e General natural and human history, especially the history of civilization.
e The history of technology.
e The history of philosophy and religions.

To make this general synthesis possible, we found it expedient to write
a large number of monographs on various subjects which emphasize the in-
terrelations between environmental, economic, social, cultural, political and
scientific ‘events’ (e.g. the history of epidemics is needed to correctly estimate
the evolution of medical ideas).

The history of science is a field of endless complexity and incredible scope.
There are many ways to study it and many points of view, none of which is
exclusive of the others. The chronological order of discoveries is often very
different from their logical sequence. What some people call the logic of
scientific discovery is largely a retrospective construction; it is nevertheless
useful to bring it out. Discoveries are not always made in logical order but it
is worthwhile and helpful to attempt to explain them in such an order: the
actual path of progress is not straight but very crooked, although the general
direction is clear enough.

We have interspersed our history with a narration of general intellectual
climate and of major social, cultural, political, economic and environmental
events: science does not develop in a social vacuum and every man of science
needs a modicum of food and other amenities in order to do his work; if
called to arms and killed in battle his activities come to an end; if he is
an empirical scientist, his opportunities will depend upon the laboratory or
observatory to which he has been admitted or which he was able to fashion,
and his freedom to pursue his work will be limited by the good or bad will of
administrators or fellow workers. Yet nobody can completely control his spirit;
he may be helped or hindered, but his scientific ideas are not determined by
social factors. Honest men of science and mathematics have often continued
activities detrimental to their material interests.

In this treatise, I have tried to draw a map of science, technology and great
ideas that would be as accurate and complete as possible, yet sufficiently free
from unnecessary details and sufficiently condensed so as not to obstruct the
general view.

The book was composed through intensive work during 1991-2008. I had
planned to present it to my readers just at the turn of the millennium, but
unexpected difficulties prevented me from this symbolic gesture.

The diverse sources used in my work are listed in the bibliography and
sometimes in the text itself. Whenever possible, the data was cross-checked
between different sources.

January 2009 Ari Ben-Menahem
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“Whoever is ignorant of the past remains forever a child. For what is the
worth of human life, unless it is woven into the life of our ancestors by the
records of history?”

Marcus Tullius Cicero (106-43 BCE)

“He lives doubly, who also lives the past”.

Marcus Valerius Martial (ca 100 CE)

“Mathematics was born and nurtured in a cultural environment. Without the
perspective which the cultural background affords, a proper appreciation of
the content and state of present-day mathematics is hardly possible”.

Leonhard Euler (1707-1783)

“History is the essence of innumerable biographies”.

Thomas Carlyle (1795-1881)

“To understand a science it is necessary to know its history”.

Auguste Comte (1799-1857)



“The history of science is science itself”.

Johann Wolfgang von Goethe, 1825

“No subject loses more than mathematics by any attempt to dissociate it from
its history”.

J.W.L. Glaisher (1848-1928)

“Take three hundred men out of history and we should still be living in the
stone age”.

Arthur Keith (1866-1955)

“The history of science is very largely the history of great men”.

George Sarton, 1927

“Without the concepts, methods and results found and developed by previous
generations right down to Greek antiquity, one cannot understand the aims
or the achievements of mathematics in the last fifty years”.

Hermann Weyl, 1950 (1885-1955)



“There is nowhere else to look for the future but in the past”.

James Burke, 1978

“The genesis of the majority of mathematical theories is obscure and difficult.
Often, today’s presentation of a classical topic, will be much more accessi-
ble and concise than it could even have been when it was developed. Any
scientist’s work, can only be understood within its contemporary scientific

framework”.

Walter K. Biihler



Preface

Many books are published every year on the history of science, but I know of
no comprehensive treatise that blends the essential historical data (chronol-
ogy, biographies, major background political and economical events, etc.) to-
gether with science proper (principles, laws, experiments, observations, theo-
ries, equations, etc.). The present encyclopedic treatise does just that; it tells
the reader not only who did it and when it was done but also precisely what
was done.

The saga of this history of ideas, discovery and invention in the natural
and mathematical sciences — spanning about 100 generations of great thinkers
from Thales to Feynman — unfolds in all its grandeur before the eyes and mind
of the reader. Whether to professional scientists, students, or unassuming
curious laymen, the doors of this shrine are open, inviting them to browse,
linger and study whatever suits them. I believe that every intelligent person
can understand the development of science when properly presented from its
beginnings; The historical method is the best for introducing scientific facts
and ideas to unprepared minds in a thoroughly understandable manner.

The history of science is more than the arithmetical sum of the histories
of all sciences, for it also explains the interrelations of them all. Indeed, our
division of science into many branches is largely artificial. Like the branches
of a living tree which have no separate existence, but grow together — the
progress of each science is dependent upon the progress of all the others.

The main postulate of science is the unity of nature: nature is one; and
therefore, science is one. Finally, the fact that simultaneous discoveries have
been made by different groups of workers, in different settings, organizations
and nations, demonstrate that mankind is one: one mankind through one
science is unfolding the mysteries of one nature.

It follows that the only rational way to subdivide this history is not ac-
cording to the sciences or countries involved, but only according to time; for
each period of time we have to consider at once the whole of science’s histori-
cal and intellectual development. This calls for the marshaling of all scientific
facts, activities and ideas in a definite order; which means that we must try to
assign to each of them a date as precise as possible — not just the date of their
birth or their publication, but also that of their actual incorporation into our
knowledge — often a very difficult thing to do, as the reader will not fail to
appreciate. Such work of erudition is the bedrock upon which this history is
built.

We have also considered some other departments of life which have bearing
on the evolution of science. These are:
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e General natural and human history, especially the history of civilization.
e The history of technology.
e The history of philosophy and religions.

To make this general synthesis possible, we found it expedient to write
a large number of monographs on various subjects which emphasize the in-
terrelations between environmental, economic, social, cultural, political and
scientific ‘events’ (e.g. the history of epidemics is needed to correctly estimate
the evolution of medical ideas).

The history of science is a field of endless complexity and incredible scope.
There are many ways to study it and many points of view, none of which is
exclusive of the others. The chronological order of discoveries is often very
different from their logical sequence. What some people call the logic of
scientific discovery is largely a retrospective construction; it is nevertheless
useful to bring it out. Discoveries are not always made in logical order but it
is worthwhile and helpful to attempt to explain them in such an order: the
actual path of progress is not straight but very crooked, although the general
direction is clear enough.

We have interspersed our history with a narration of general intellectual
climate and of major social, cultural, political, economic and environmental
events: science does not develop in a social vacuum and every man of science
needs a modicum of food and other amenities in order to do his work; if
called to arms and killed in battle his activities come to an end; if he is
an empirical scientist, his opportunities will depend upon the laboratory or
observatory to which he has been admitted or which he was able to fashion,
and his freedom to pursue his work will be limited by the good or bad will of
administrators or fellow workers. Yet nobody can completely control his spirit;
he may be helped or hindered, but his scientific ideas are not determined by
social factors. Honest men of science and mathematics have often continued
activities detrimental to their material interests.

In this treatise, I have tried to draw a map of science, technology and great
ideas that would be as accurate and complete as possible, yet sufficiently free
from unnecessary details and sufficiently condensed so as not to obstruct the
general view.

The book was composed through intensive work during 1991-2008. I had
planned to present it to my readers just at the turn of the millennium, but
unexpected difficulties prevented me from this symbolic gesture.

The diverse sources used in my work are listed in the bibliography and
sometimes in the text itself. Whenever possible, the data was cross-checked
between different sources.

January 2009 Ari Ben-Menahem
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“Whoever is ignorant of the past remains forever a child. For what is the
worth of human life, unless it is woven into the life of our ancestors by the
records of history?”

Marcus Tullius Cicero (106-43 BCE)

“He lives doubly, who also lives the past”.

Marcus Valerius Martial (ca 100 CE)

“Mathematics was born and nurtured in a cultural environment. Without the
perspective which the cultural background affords, a proper appreciation of
the content and state of present-day mathematics is hardly possible”.

Leonhard Euler (1707-1783)

“History is the essence of innumerable biographies”.

Thomas Carlyle (1795-1881)

“To understand a science it is necessary to know its history”.

Auguste Comte (1799-1857)



“The history of science is science itself”.

Johann Wolfgang von Goethe, 1825

“No subject loses more than mathematics by any attempt to dissociate it from
its history”.

J.W.L. Glaisher (1848-1928)

“Take three hundred men out of history and we should still be living in the
stone age”.

Arthur Keith (1866-1955)

“The history of science is very largely the history of great men”.

George Sarton, 1927

“Without the concepts, methods and results found and developed by previous
generations right down to Greek antiquity, one cannot understand the aims
or the achievements of mathematics in the last fifty years”.

Hermann Weyl, 1950 (1885-1955)



“There is nowhere else to look for the future but in the past”.

James Burke, 1978

“The genesis of the majority of mathematical theories is obscure and difficult.
Often, today’s presentation of a classical topic, will be much more accessi-
ble and concise than it could even have been when it was developed. Any
scientist’s work, can only be understood within its contemporary scientific

framework”.

Walter K. Biihler



Preface

Many books are published every year on the history of science, but I know of
no comprehensive treatise that blends the essential historical data (chronol-
ogy, biographies, major background political and economical events, etc.) to-
gether with science proper (principles, laws, experiments, observations, theo-
ries, equations, etc.). The present encyclopedic treatise does just that; it tells
the reader not only who did it and when it was done but also precisely what
was done.

The saga of this history of ideas, discovery and invention in the natural
and mathematical sciences — spanning about 100 generations of great thinkers
from Thales to Feynman — unfolds in all its grandeur before the eyes and mind
of the reader. Whether to professional scientists, students, or unassuming
curious laymen, the doors of this shrine are open, inviting them to browse,
linger and study whatever suits them. I believe that every intelligent person
can understand the development of science when properly presented from its
beginnings; The historical method is the best for introducing scientific facts
and ideas to unprepared minds in a thoroughly understandable manner.

The history of science is more than the arithmetical sum of the histories
of all sciences, for it also explains the interrelations of them all. Indeed, our
division of science into many branches is largely artificial. Like the branches
of a living tree which have no separate existence, but grow together — the
progress of each science is dependent upon the progress of all the others.

The main postulate of science is the unity of nature: nature is one; and
therefore, science is one. Finally, the fact that simultaneous discoveries have
been made by different groups of workers, in different settings, organizations
and nations, demonstrate that mankind is one: one mankind through one
science is unfolding the mysteries of one nature.

It follows that the only rational way to subdivide this history is not ac-
cording to the sciences or countries involved, but only according to time; for
each period of time we have to consider at once the whole of science’s histori-
cal and intellectual development. This calls for the marshaling of all scientific
facts, activities and ideas in a definite order; which means that we must try to
assign to each of them a date as precise as possible — not just the date of their
birth or their publication, but also that of their actual incorporation into our
knowledge — often a very difficult thing to do, as the reader will not fail to
appreciate. Such work of erudition is the bedrock upon which this history is
built.

We have also considered some other departments of life which have bearing
on the evolution of science. These are:
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e General natural and human history, especially the history of civilization.
e The history of technology.
e The history of philosophy and religions.

To make this general synthesis possible, we found it expedient to write
a large number of monographs on various subjects which emphasize the in-
terrelations between environmental, economic, social, cultural, political and
scientific ‘events’ (e.g. the history of epidemics is needed to correctly estimate
the evolution of medical ideas).

The history of science is a field of endless complexity and incredible scope.
There are many ways to study it and many points of view, none of which is
exclusive of the others. The chronological order of discoveries is often very
different from their logical sequence. What some people call the logic of
scientific discovery is largely a retrospective construction; it is nevertheless
useful to bring it out. Discoveries are not always made in logical order but it
is worthwhile and helpful to attempt to explain them in such an order: the
actual path of progress is not straight but very crooked, although the general
direction is clear enough.

We have interspersed our history with a narration of general intellectual
climate and of major social, cultural, political, economic and environmental
events: science does not develop in a social vacuum and every man of science
needs a modicum of food and other amenities in order to do his work; if
called to arms and killed in battle his activities come to an end; if he is
an empirical scientist, his opportunities will depend upon the laboratory or
observatory to which he has been admitted or which he was able to fashion,
and his freedom to pursue his work will be limited by the good or bad will of
administrators or fellow workers. Yet nobody can completely control his spirit;
he may be helped or hindered, but his scientific ideas are not determined by
social factors. Honest men of science and mathematics have often continued
activities detrimental to their material interests.

In this treatise, I have tried to draw a map of science, technology and great
ideas that would be as accurate and complete as possible, yet sufficiently free
from unnecessary details and sufficiently condensed so as not to obstruct the
general view.

The book was composed through intensive work during 1991-2008. I had
planned to present it to my readers just at the turn of the millennium, but
unexpected difficulties prevented me from this symbolic gesture.

The diverse sources used in my work are listed in the bibliography and
sometimes in the text itself. Whenever possible, the data was cross-checked
between different sources.

January 2009 Ari Ben-Menahem
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WHY STUDY THE HISTORY OF SCIENCE?

There are a number of compelling reasons for studying the history of sci-

ence:

1.

The story of the development of science can be used as a vehicle for
helping teaching science to non-scientists. In students, it awakens their
critical sense; in working scientists and other thinkers, it tempers the
tendency to assume that their original contributions are antecedent-free.

. From a purely historical perspective, the study of the history of science

helps us analyze the development of civilization, to understand man and
understand the deeper significance of science. The history of ancient and
medieval science is at least as useful as that of modern science. He who
knows only one of these histories does not really know the history of
science, nor does he know the history of civilization.

. To project into the future, the present is obviously not enough, and

we must depend heavily on historical perspective. This is because the
recapitulation of the work of previous generations puts in context the
present state of science. Moreover, our civilization in particular is essen-
tially different from earlier ones, because our knowledge of the world and
of ourselves is deeper, more precise, and more certain; because we have
gradually learned to disentangle the patterns, structures and forces of
nature, and because we have contrived, by strict obedience to their gov-
erning laws, to capture them and to divert them to the gratification of
our own needs. Thus our civilization, more so than previous ones, cannot
be understood without proper comprehension of the history of science.

Geography and history are two necessary bases of man’s education; just
as some knowledge of geography removes his provincialism with regard
to space — that is, teaches him that things are not necessarily better in
his own village, in his own metropolis or in his own country than else-
where — even so, a knowledge of history is the only way of removing this
provincialism with regard to time as well — that is, of making him realize
that things are not necessarily better in his day than in earlier or, maybe,
in later ones. One has to look at things as they really were perceived
in their own time: scientists of the past did not think about their own
work the way we do; e.g. Kepler did not deduce his famous three laws by
merely studying the data of Tycho Brahe; much of the spirit of the Mid-
dle Ages and the Greek World suffused Kepler’s thinking — things that
we now no longer associate with planetary motions, were on his mind.

. As emphasized by physicist Steven Weinberg, the history of science

shows us that in their final form the laws of nature are culture-free
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and permanent, in spite of the fact that many cultural and psychologi-
cal influences enter into scientific work. In the limit, cultural influences
are refined away. Aside from inessentials like the mathematical notation
we use, the laws of physics as we understand them now — and thus those
of all other sciences, which can be reduced to them in the final analysis
— are nothing but a description of reality. When a “revolution” in sci-
ence replaces one well-verified theory with a better one — e.g. classical
mechanics with relativistic and/or quantum mechanics — the old theory
continues to be both (approximately) valid and useful, within its own,
more restricted domain.

On this view, physical theories are like fixed points, toward which we are
attracted. Starting points may be culturally determined, paths may be
affected by personal philosophies, but the fixed point is there nonethe-
less. It is something toward which any physical theory moves; when we
get there we know it, and then we stop. The final theory toward which
we are moving will be (if reached) a theory of unrestricted validity, a
theory applicable to all phenomena throughout the universe - a theory
that, when finally attained, will be a permanent part of our knowledge
of the world, encompassing all previous successful theories as special
limiting cases.

. The history of science teaches us that it is those ideas that were most
successful, of which we should be especially wary, i.e. great heroic ideas
of the past can weigh upon us, preventing us from seeing things in a new
light and from a fresh perspective. Pioneers are beginners: they cannot
be expected to complete their task; it is not their business to complete
it. Consider the following example (again due to Weinberg):

In 1915, Einstein, in the formulation of his theory of gravitation, as-
sumed (in addition to the principle of equivalence) that the equations of
the General Theory of Relativity are 2"¢ order partial differential equa-
tions (PDEs); i.e. involve only rates of change in time and space and
the rates at which these rates change — but no higher order of change
[like the Maxwell equations, the diffusion equation, etc.].

He could have made them 4** order PDEs — but he did not. Today, this
theory of his is regarded a field theory that provides an approximation
valid in the limit of large distances (much larger than the Planck length
of 10733 cm). If one supposes that there are terms of higher order deriv-
atives, such terms play no significant role at these large distances, and
are thus fairly irrelevant to astronomical (or even most cosmological)
observations. We now realize that there must — for many reasons which
Einstein could not have foreseen — be such corrections, and that they
will be necessary in order to study matter, fields and spacetime at the
Planck scale.
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The main body of this multilateral Encyclopedic History consists of bi-
ographies interspersed with essays, articles and events. The biographies are
arranged chronologically, within the domains of six consecutive epochal chap-
ters. There are about 2070 detailed biographies of scientists, thinkers, en-
gineers, explorers, inventors and associated creative minds who, in one way
or another, left their mark on the history of science and technology in the
fields of: mathematics, philosophy, logic, physical and environmental sciences
(physics, chemistry, astronomy, earth and space sciences, cosmology), life sci-
ences (biology, medicine, physiology, botany, zoology, biochemistry), asso-
ciated engineering disciplines, and social sciences (economics, psychology,
sociology, anthropology, linguistics etc.).

The total number of scientists, thinkers and other creative individuals
featured in the treatise is about 3000.

The book includes the names of some 1700 inventors over a period of 2500
years. Of these, 300 belong to the period 350 BCE — 1900 and the rest to the
20" century alone.

The articles (380 in number) summarize the time-evolution of ideas in
the above leading fields of science, technology, mathematics and philosophy.
In addition, I have included historical environmental events that impacted
civilization and also important politico-historical events that affected science,
technology and world-order. The reader will also find many useful tables and
some 20 ‘Science Progress Reports’ (SPR) dealing with scientific setbacks.

The biographies and articles of this encyclopedia are interspersed with
many quotations, gathered from the wit and wisdom of sages, savants and
scholars throughout the ages from antiquity to modern times.

These quotations are to be found within the text in chapter 6 and un-
der the heading “worldviews” where they are attached to some fifty selected
individuals from Socrates to Feynman.

In these quotations, man reflects on himself, his condition, his times and
on science proper through the thoughts of scientists, philosophers, humanists,
poets, theologists, statesmen, and other miscellaneous mortals.

Our list of biographies is arranged in strict chronology. We must however
remember that history is full of uncertitudes. Even when we have managed to
arrange our facts in chronological order, we are not sure that the antecedents
have influenced the consequents. But at any rate, we are sure that the con-
sequents have not influenced antecedents, and historical certainty is so rare
that, when we find it, we must stick to it as closely as possible.
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Chapter 6 is dedicated to the second half of the 20" century. Had I
included here biographies of contemporary scientists together with proper es-
says on their respective research achievements (and considering the exponen-
tial growth of science during 1950-2005), this chapter alone would have grown
into a gigantic size of some 5000 pages. The time needed for the completion of
this task would require me to delay the presentation of the encyclopedia by at
least five years. To circumvent this difficulty, I have decided to present a gen-
eral layout of the major research topics and current front-lines, supplemented
with tables, timelines and a few key essays.

CREDITS FOR ORIGINALITY OF IDEAS AND INVENTIONS

Observations and measurements provide data that accumulate from epoch
to epoch. These form the stuff of hypotheses and theories that in turn suggest
new observations. Ultimately we arrive at a major synthesis. These also
accumulate, building toward the goal of an ever more inclusive and simple
conceptual structure. Connectivity involves the influences of one epoch, one
school, one scholar on others, leading to a significant advance in the science.
It is a sad but true fact that historical relevance accrues not to the originator
of the idea or a fact but to the person providing the connections. e.g. credit
for relevance goes not to Aristarchos of Samos, who first proposed, eighteen
centuries before Copernicus, that the earth moves around the sun, since that
insight was lost. Rather, the connectivity of Copernicus to Galileo, Kepler
and Newton was seminal to eventual progress.

It has been said that: “credit in science goes to the man who convinced
the world, not to the man to whom the idea first occurs”.

My policy in this treatise has been to give credit wherever credit in due,
i.e. also to the originator of an idea or a fact, irrespective of whether he made
the connection or not. In fact, I made it my business, as much as I was able,
to search for the true originators.

CREDITS FOR SOURCES OF INFORMATION

I have borrowed factual information from a vast number of books, articles
and encyclopedias, but the creative synthesis of all these sources into a final



Guide to the Reader 5

mold is mine alone, and the responsibility for accuracy and relevance rests on
my shoulders. I believe that in presenting the finished material to my readers,
I have saved them the trouble and effort of reading libraries of books.

The cited bibliography is sufficient, although no effort was made to make
it complete: first, there is a limit to what a single author can reach and
read. Then, even from his chosen sources, not everything is suitable nor
available to the common reader. However, in this day and age, when the
Internet is within reach of many people, all those who wish to, can update
their knowledge on a particular subject, person or event. The length of my
reviews of a person’s life-work was not intended to be a measure of his or her
greatness and importance.

SELECTION OF PERSONS

In a work of this kind, it is not easy to know where to draw the line
between inclusions and omissions. While it is relatively easy to determine
the most important scientists and thinkers, it is more difficult to agree upon
personalities of the second and lower orders. Very often, the inclusion of one
scientist entails the admittance of a number of others whose merits were of
the same stature. Thus, while it is impossible that I have overlooked any
really important personality, it is probable that I have included a few whom
it would be better to omit. Clearly, no selection would please everybody. As
a rule, however, I have adhered to the following selection criteria:

e Not to mention a person unless there is something special to say of his
or her activity (discovery, book, etc.).

e Name people who took the first step in the right direction, however
simple it may seem in retrospect.

e Take into consideration the opinion of both contemporaries and later
scholars about the contributor.

e Consider the impact and influence of a person’s actions, writings and
ideas upon the history of science, in both short and long range perspec-
tives.
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It was my original intent to deal only with the history of pure science, but
it is often difficult, if not impossible, to draw the line between pure science
and the applications. Sometimes the applications were discovered first and
the principles deduced from them; sometimes the converse; but in any case
pure and applied science grow together. Yet a line must be drawn somehow,
for while the number of pure scientists is relevantly small, that of physicians,
teachers, engineers, and other practitioners have always been considerable.
My rule is to speak of a physician, an engineer, or a teacher only if he added
something definite to our knowledge, or if he wrote treatises which were suffi-
ciently original and valuable, or if he did his task in such a masterly way as
to introduce new professional standards.

SELECTION OF DATA AND EVALUATION OF SCIENTISTS

Objective material and scientific facts (equations, laws, rules, discoveries,
inventions etc.) are relatively easy to choose, formulate and explain. Human
facts are not as clear-cut and are often highly capricious and evanescent. It is
thus a difficult mission to choose a few of the achievements amongst a great
many.

My account of each personality has been as brief is possible but it is
sometimes much easier to indicate a great achievement than a much smaller
one, and thus some of the notes devoted to second-rate personalities are much
longer than one would expect. This does not matter in itself, but the reader
is warned not to try to measure the importance of a person by the length of
the note devoted to him or her; there is no relation between the two.

I may have made accidental errors in my choice, by omission or commis-
sion, but I do not believe that I have made systematic errors. Nevertheless, a
certain bias may have been introduced by my linguistic preferences (English,
French, German, Hebrew), my scientific specialization (physics, mathematics,
chemistry, geophysics, history, philosophy), education (Israel, Sweden, USA)
and origins (Eastern Europe, Germany and Israel).

I have tried to be as concrete as possible, that is to say, to indicate the spe-
cific achievements or contribution in the clearest and briefest manner. That
was never easy, often difficult, sometimes impossible. Even as in our own day,
there were a number of people in the Middle Ages who attained considerable
prestige and rendered undeniable services, yet of whom it can not be said
positively who did this or that. In such cases, where the influence was of an
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indefinite nature, I have been obliged to be vague. In a few other cases I have
been reduced to a similar vagueness by my ignorance.

NAMES OF PERSONS

In the transliteration of names not originally written in the Latin alphabet
(e.g. Japanese, Persian, Greek, Chinese) I have followed Sarton whose motto
was: ‘consistency and simplicity’, and who wrote foreign names in such a form
that the original written form might be easily reconstructed and found in the
dictionary.

Permanent Surnames are of relatively modern origin; they did not exist at
all in the Middle Ages. There are many ways of naming a person, and much
ambiguity is thus caused. I quoted all the names that each person was known
under and selected one of these as the best. When mentioning that person I
have always used that name.

The Muslim names are especially difficult. I have given, whenever I could,
a large part of their names, not necessarily the whole of them, because this
involve a genealogy of indefinite length. In general I have tried to select a
name which would be convenient and as characteristic as possible. The case
of Chinese and Japanese names poses another difficulty, because, according to
their customs, names are not only changed during life, but even after death.
and many men are best known under a posthumous name. Hebrew names
and words were used in accordance with the ‘Jewish Encyclopedia’.

Following George Sarton, I have translated the Greek termination os and
ov by os and on. This has the distinct advantage of distinguishing Greek
from Latin writers: Epicuros, Epictetos — Lucretius. Likewise, we write: Mile-
tos, Herodotos, Nicomachos, Eudoxos, Menaichmos, Appolonios, Heironymos,
Pappos, Herophilos, Aristarchos, Euhemeros, Aratos, Hipparchos, Ctesibios,
Erasistratos, Zenodoros, Diodoros, etc.

ACTIVITY INTERVALS OF SCIENTISTS

The period of activity is centered in the age of peak creative activity,
usually between 30-50 years of age. There are however many exceptions to
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this rule, especially when the age of greatest prestige is different from that of
greatest activity, or because the person’s life was cut short. Indeed, it takes
a considerable time before the activity of a truly original mind is properly
appreciated.

Apart from the class of outstanding persons, whose biographies are known
in sufficient detail, the exact period of ‘scientific fertility’ of most scientists
is not accurately known prior to the 17" century. Thus, in the absence
of contradictory information, I have considered as a man’s prime the year
when he became 40 years of age, the nearest to the intellectual climax of
most men. It is probable that the greatest scientific discoveries were made,
and the most pregnant resolutions taken by men younger than forty, but the
accomplishment of their work took considerable time and the maturing of
their thought extended over many years.

CLASSIFICATION OF CHRONOLOGY

Every classification has the disadvantage of introducing artificial disconti-
nuities in the flow of life. It must necessarily happen that contemporaries are
dealt with in two successive chapters, because one was active at the end of
one century and the other at the beginning of the following century; they were
flourishing almost at the same time, but at different sides of the cut. This
drawback is unavoidable, but is not really objectionable, unless the reader is
unaware of it.

The efforts of classification are most disadvantageous in the Middle Ages.
Not everyone seems to realize that these ages lasted about a 1000 years,
and that their development, far from being monotonous, was exceedingly
varied. Moreover, brutal political vicissitudes introduced discontinuities in
many countries. Under these conditions, any classification of Middle Ages is
quiet artificial and no natural classification would be applicable to all sciences
and all nations. For that reason the Middle Ages were left undivided and
unclassified between 529 CE-1583 CE.

It should be kept in mind that no epoch in history begins or ends sharply
at a given year and chronological dividing lines are made mostly for the sake
of convenience.
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BACKGROUND EVENTS
(WARS, REVOLUTIONS, SOCIAL UPHEAVAL AND NATURAL DISASTERS)

Although our center of interest is the evolution of scientific facts and ideas,
general history is always in the background. Not only do the different sciences
interact among themselves, but there is also a constant interaction between
science and all other intellectual developments, as well as social, natural and
economic phenomena. These events often interfere with the accomplishment
of science but sometimes stimulate or are even stimulated by it.

Wars and revolutions are not essentially different from natural catastro-
phes such as earthquakes, volcanic eruptions, floods or epidemics; they are
almost as impersonal and uncontrollable. For most men these catastrophes
are by far the most important events, and this is natural enough, since their
welfare is often radically affected by them. Galileo’s or Newton’s discoveries
did not lower the price of food or shelter, at least not with sufficient sud-
denness to be perceptible. For us, on the contrary, these discoveries which
must sooner or later transform man’s outlook and, so to say, magnify both
the universe and himself, are the cardinal events of the world’s history. All
the catastrophes and upheavals, caused either by the untamed forces of na-
ture or by the irrepressible folly of men, are nothing but accidents. They
interrupt, upset and sometimes enhance man’s essential activity but, however
formidable, they do not and cannot dominate it.

To give our history its full heuristic value, it was not sufficient to retrace
the progress of the human mind. It was also necessary to record the regres-
sions, the sudden halts, the mishaps of all kinds that have interrupted its
course. The history of errors is extremely useful: for one thing, because it
helps us to better appreciate the evolution of truth; also because it enables
us to avoid similar mistakes in the future; and lastly, because the errors of
science are, to some extent, of a relative nature. Some of the accepted and
well-established truths of today will perhaps be considered tomorrow as very
incomplete truths; and there are even precedents for the perceived errors of
yesterday eventually becoming approximate or partial truths of today. Similar
rehabilitations frequently occur en route to be the “fixed points” mentioned
above, and the results of historical research often oblige us to admire and
honor people who have been misunderstood and despised in their own time.
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Thus, although we undertook to explain the progress of scientific thought,
it is clear that we cannot properly explain that progress without giving at least
a brief account of the intellectual delusions which often delayed our advance
or threatened to sidetrack it.

Moreover, to correctly appreciate the scientific ideas of any people, we
must consider them not only from our point of view, but also from their
own, however wrong the latter may seem. Thus it is necessary to outline
the development of some pseudo-sciences, such as astrology, alchemy, and
physiognomy.

It should be noted that it is not always easy to distinguish a pseudo-science
from one which is sound but imperfect; in some cases it is almost impossible;
we can do it now with reference to the past, but it is not certain that we can
always do it with regard to the present.

For these reasons I have included in my book a condensed history of as-
trology, alchemy and other delusions. In addition I have included some 20
articles called ‘Science Progress Reports’ in which follies of scientific regres-
ston are expounded.

I have made no attempt to tell that history with any completeness, for
the history of error is, of its very nature, infinite. Besides, as I am bent
upon explaining the progressive — not the regressive — tendencies of human
civilization, I have kept these fallacies in the background where they belong.
Indeed, since they never represented the main current of human endeavor,
but were rather like undertows, it would be equally wrong to ignore them
altogether or to attach too much importance to them.

As the scope of my field of study is immense, both in time and size, errors
are unavoidable; in spite of severe precautions taken by myself and the editors,
some errors will regretfully still be present. I hope that in time, we shall be
able to weed them out.

Ari Ben-Menahem Rehovot, Nov 04, 2008
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In the beginning God created the heaven and the earth.
And the earth was without form, and void;

and the darkness was upon the face of the deep.

And the spirit of God moved upon the face of the waters.
And God said, “Let there be light!” and there was light.

Genesis 1, 1-3

PR IR ol TR obbR RS meinna
Y o 28 P v s dnn ek i
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R T R

In principio creavit Deus caelum et terram.
Terra autem erat inanis et vacua;

et tenebrae super faciem abyssi;

Et spiritus Dei ferebatur super aquas.

Dixitque Deus, “fiat lux!”, e facta est lux.

(Vulgata)
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ca 14,000 Mya

“Give me matter and motion and I will make the world”

(René Descartes, 1637)

Big Bang A model for the history of the universe stating that it began in
an infinitely dense and hot state and has been expanding ever since a creation
“event”, which took place sometime between 13 and 14 billion years ago. The
theory is now widely accepted since it explains three of the most significant
observations in cosmology: the expanding universe, the cosmic microwave
background radiation and the origin and abundancies of the light elements.

A class of models of the early universe that include a thermodynamic phase
transition (and subsequent re-heating and a brief exponential expansion) at
fraction of second after the Big bang, are known as inflationary universe
models.

This event, if it happened, released enormous energy, stored until then
in the vacuum of space-time. The causal horizon of the universe expanded,
temporarily, much faster than the speed of light. This scenario may be able
to account satisfactorily for the present spatial flatness of the universe and its
uniformity, and some other features.

ca 12,800 Mya Formation of the first stars in the universe.

ca 4700 Mya Our sun is thought to have formed from a small cloud of gas
and dust (produced by earlier stars) which, after lingering for billions of years
in one of the Milky Way’s spiral arms, succumbed to its own gravitational pull
and collapsed. Most of the material in this cloud was drawn into a central
body. Thus, our sun has a composition nearly identical to that of the original
cloud. It contains 99 percent hydrogen and helium, with about 1 percent
comprising the remaining elements.

A small amount of the matter in the cloud ended up in a nebular disk
around the newly formed sun. This material gravitationally aggregated into
planets, moons, asteroids, and comets. The compositions of these objects are
very different from that of the sun. This difference is the result of extensive
chemical and physical differentiation: those elements contained in dust grains
were largely retained through incorporation into the objects making up the
planetary system; those elements in gaseous form were largely driven off by
the particles and radiation streaming forth from the sun thus, most of the
lighter elements (especially hydrogen and helium) not incorporated into the
sun, became part of the larger outer planets.
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In those parts of the disk close to the hot sun (which formed earth and
the terrestrial planets) only the least volatile of the chemical compounds were
in solid form. What little primordial hydrogen survived was locked inside
chemical compounds (most notably water and organics). In the more distant
reaches of the disk, the abundance of elements heavier than helium was low.

Because of this, the comets and planets of the outer solar system have a
chemical composition quite different from that of the asteroids and planets of
the inner solar system.

ca 4600 Mya Earth! was formed by the accretion of rocky masses. As
this mass increased, the temperature rose dramatically and the rocky solid
material melted and separated. Eventually the dense material, mostly iron
and nickel, sank to form the central core while the lighter, mostly silicate
material rose to the surface to form the planet’s crust.

As earth cooled, it was bombarded by objects from space.? Perhaps the

1 The third planet from the sun is one of the most geologically active planets in the
solar system, with large volcanoes and great mountain chains. Water is abundant,
as vapor in the atmosphere and as liquid and ice on the surface (and subterranean
liquid as well). Earth is the only planet in the solar system with an average
temperature between the freezing and boiling points of water. Its most unique
characteristic is that it supports an amazing diversity of life.

Oceans cover 70 percent of earth’s surface. It they were spread out evenly, earth
would be under 4 km of water. More than 80 percent of all photosynthesis (the
process by which plants convert sunlight into chemical energy) takes place in the
oceans, making them the principal habitat of life on earth. Ocean water contains
many minerals leached or dissolved out from rocks and soil and carried to the
oceans by rivers. Sodium chloride, or common table salt, composes 3.5 percent
of ocean water.

Fresh water, containing almost no salt, is essential for most living things not found
in the oceans. The sources of fresh water is rain, which comes from pure water
vapor evaporated from the oceans. The proportion of fresh water to ocean water
is small. Only a little over 2 percent of the total amount of water on or near
earth’s surface is fresh water. Of this fresh water, about 80 percent is frozen in
glaciers at the poles.

2 On July 4, 2005, NASA’s spacecraft Deep Impact (launched Jan 12, 2005) plunged
a self-guided copper slug (having a mass of 370 kilograms) into Comet Tem-
ple 1, thus delivering to its nucleus’ surface the equivalent of 4.5 tons of TNT.
Just minutes after the impact the flyby probe passed the nucleus at a close dis-
tance of 500 km, taking pictures of the crater position, the ejecta plume, and
the entire cometary nucleus. The entire event was photographed by earth-based
telescopes and orbital observatories, such as the Hubble, Chandra, Spitzer and
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largest of these objects was the size of Mars, blasting a cloud of debris into or-
bit that would eventually become the moon. Before the bombardment ceased,
about 3.8 billion years ago, 35 impact basins larger than 300 km across were
formed on the moon. The larger and more massive earth probably expe-
rienced hundreds of comparable impacts. Some would have formed gigantic
impact basins with diameters equal to half the width of the continental United
States.

Earth is the only inner planet that has liquid water on its surface, although
Mars and Venus may have surface ice particles now. As earth cooled, a prim-
itive atmosphere was formed through a volcanic process known as outgassing.
This is the release of gases from the interior, including water vapor, hydro-
gen, nitrogen, and carbon dioxide. As the water vapor in the atmosphere
increased, it condensed and fell as rain. Eventually, enough water collected
to form our oceans.

ca 3960 Mya Oldest rocks (discovered 1989 CE).

ca 3900 Mya Advent of life; oldest fossils of primitive cells (simple algae
and other single-celled organisms) have been found in rocks in Greenland,
South Africa and Australia.

ca 3500 Mya Organic carbon compounds; primitive virusoid cells.

ca 3300 Mya Sedimentary rocks already teaming with life.

ca 3000 Mya Organisms capable of photosynthesis.

ca 2600 Mya Evidence for the existence of the geomagnetic field, at that
epoch.

ca 2500 Mya Tectonic plates clash in India (studied by 1989 CE).

XMM-Newton. In addition, the impact was observed by cameras and spectro-
scopes on board Europe’s Rosetta spacecraft, which was about 80 million km
from the comet at the time of impact. Rosetta could then determine the compo-
sition of the gas and dust cloud kicked up by the impact.

Analysis of data from this mission disclosed that comets (formed about 4.5 billion
years ago) probably carried to earth water and organic compounds (the two nec-
essary ingredients of life) early in the planet’s history, when strikes by asteroids,
meteors and comets were common.
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Table 0.1: GEOLOGICAL TIME
Millions of years ago
PRECAMBRIAN TIME
ARCHEAN ERA 4600-2500
PROTEROSOIC ERA 2500-570
PHANEROZOIC TIME
PALEOZOIC ERA
Cambrian Period 570-505
Ordovician Period 505—438
Silurian Period 438-408
Devonian Period 408-360
Carboniferous Period 360286
Permian Period 286—245
MEesozoic ErRA
Triassic Period 245-208
Jurassic Period 208-144
Cretaceous Period 144-66.4
CENOzOIC ERA
Tertiary Period
Paleocene Epoch 66.4-57.8
Eocene Epoch 57.8-38.6
Oligocene Epoch 38.6-23.7
Miocene Epoch 23.7-5.3
Pliocene Epoch 5.3-1.6
Quarternary Period
Pleistocene Epoch 1.6-0.01
Holocene Epoch 0.01-0
ca 2000 Mya Free oxygen?, a by-product of photosynthesis by algae?, began

3 Much of earth’s initial atmosphere, and its water were probably outgassed early

in the planet’s history. Carbon dioxide, nitrogen, hydrogen, water vapor, and

other volatile gases (i.e. that evaporate at relatively low temperatures) comprised

earth’s early atmosphere. These elements may have come both from the rocky

material on earth and from the volatiles-rich material from the outer solar sys-

tem.

For the first billion years, oxygen was only a small component of earth’s at-

mosphere. Oxygen accumulated in the atmosphere only after photosynthesis be-

gan producing it faster than it was lost by chemical combination with other gases

and metals. Most of the carbon dioxide in earth’s early atmosphere was removed

not by plant life but by chemical combinations with calcium, hydrogen, and oxy-

gen, forming limestone (calcium carbonate) in the oceans and other compounds.
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to accumulate in the atmosphere.
ca 1600 Mya Primitive plant life.

ca 1300 Mya FEukaryotes cells with nuclei, e.g. amoeba; tremendous pro-
lification and diversification of life.

ca 1000 Mya First multicellular animal phylum: e.g sponges (no nervous
system nor muscle fiber).

ca 750 Mya First ‘Snow-ball earth’ episode. One of four climatic reversals
that ended in ca 580 Mya. (The theory was first suggested in 1964 and
accepted in 1997).

ca 700 Mya Advent of the cycle of disruption and unification of the earth’s
crust known as continental drift; Remains of the earliest known large-bodied
animals in rocks, most belonging to corals and jelly-fish phylum.

The interaction among the plates of the lithosphere is called plate tecton-
ics. Much of earth’s landscape has been shaped by plate tectonics. As oceanic
plates have been created and subducted and the continents have collided and
broken apart, mountains have been built, rift valleys formed, ocean ridges and
trenches created, and volcanoes constructed.

Most activity occurred along the edges of the plates as they move in rela-
tion to one another. Plate tectonics began with plate recycling and was driven
by convective cooling of earth’s interior. The continental lithosphere was made
largely of rocks such as granite that are less dense than the mantle. So, while
oceanic plates were forced back into the mantle, the continents stayed afloat
and remained at the surface, although they have drifted together and broken
apart many times. By 80 million years ago, most of the continents we know
today were isolated and had begun moving toward their current positions.

In recent times humans have been generating carbon dioxide faster than plants
or the oceans can take it up. At the same time, we are cutting down forests
that use carbon dioxide and burning the wood, releasing more carbon dioxide.
Earth’s atmosphere is now about (by volume) 78 percent nitrogen, 20 percent
oxygen, 1 percent argon, and 1 percent water vapor, with CO2 making up only
385 ppm (seasonally averaged). The average atmospheric surface pressure is about
15 pounds per square inch (1 kg/sq cm).

The web of life: In the single-celled algae Emaliana huzleri, the shield-like struc-
tures on its surface are composed of calcium carbonate, which goes to form chalk
when the cell dies. Blooms of Emaliana cover large areas of the ocean. They per-
form a vital role by removing carbon dioxide from the air and producing dimethyl
sulphide, which acts to nucleate clouds.
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The term “continental collision” conjures up visions of high-speed crashes,
but the continents move only up to 10 cm per year, and it takes millions
of years to build a mountain range. Around 250 million years ago, when
North America collided with Africa, the ensuing large-scale crustal shortening
generated the Appalachian Mountains. Erosion has worn them down, but
they were once comparable to the present-day Himalayas. The Himalayas,
however, were formed only about 35 million years ago when India plowed into
Southern Asia. The large-scale horizontal shortening that resulted built up
the highest mountains on today’s earth.

ca 660 Mya Hard-shelled animals in the sea: organisms large enough
to leave clear fossil evidence started to evolve at this time. Oldest known
multicellular animal fossils.

Collision Events and Geological History

After the earth formed, its bombardment by ‘cosmic bullets’ such as
comets and asteroids (protoplanets) did not cease. Accretion, the process
of planetary building, continued, and to a tiny extent it continues to this day.

The accretion by the early earth of comets through collisions played a key
role in the history of life on earth. The comets brought the water of the oceans
and the carbon-enriched materials that would someday form the biomass of
the planet. Indeed, trillions of comets in the Qort cloud, billions of objects in
the Kuiper belt, and millions in the asteroid belt are reservoirs for potential
earth-crossing objects.

Of all the terrain on earth that underwent the period of heavy bombard-
ment, none has survived the effects of erosion, plate recycling, and plate tec-
tonics. Yet, evidence remained that the earth has been hit by asteroids and
comets: In the last 100 million years, earth has been hit by well near a 1000
objects capable of producing craters with diameters in the range 10-150 km.
About a 100 known impact structures on earth range in diameter from 2 to
over 150 km. Only a few of the largest impact structures are older than 500
million years.
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The earth’s history is divided into periods of time based on the types of
fossils present in sedimentary rocks formed during those times. The time
before 570 million years ago, the Pre-Cambrian era, lacked life-forms with
hard parts that formed fossils easily. All large organisms were soft-bodied
and lived in the ocean. Fossils of primitive cells have been found inside rocks
in South Africa and Australia that are 3500 million years old.

However, organisms large enough to leave clear fossil evidence did not
evolve until about 600 million years ago. During the Paleozoic era, from 570 to
245 million years ago, hard-bodied plants and animals exploded in abundance,
and colonized the land. The first amphibians arose, and ferns and conifers
dominated the forests. The Mesozoic era, from 245 to 65 million years ago,
was the time when dinosaurs were abundant land animals. Mammals also
existed, but were of lesser importance. Later in this era, the first flowering
plants occurred.

The Mesozoic era of the dinosaurs is in turn divided into three periods
based on the dominance of different species: the Triassic (245-180 million
years ago), the Jurassic (180-144 million years ago), and the Cretaceous (144—
66 million years ago). The earth’s continents began to assume a recognizable
configuration only during the Cretaceous period. The continuing processes
of erosion, plate-tectonics, volcanism and cratering created changes in the
surface of the earth.

The fossil record testifies to global mass extinction of species in the oceans
and on land. Such events occurred about 11 million, 35 million, 66 million,
91 million and 250 million years ago, correlating with sedimentary layers that
contain the element iridium, which is 10,000 more abundant in most mete-
orites than in the earth’s crust. The iridium could have come either from
volcanic eruption from deep in the mantle or from an impact of an asteroid.

Other evidence suggests that large impacts threw enormous amounts of
dust into the atmosphere, thus blocking out much of the sunlight for a few
months or even years, and possibly igniting great forest fires.

In the mass extinction about 65 million years ago, 75 percent of the ex-
isting plant and animal species disappeared in less than a few million years,
ending the age of the dinosaurs and ushering in the age of the mammals. The
Cenozoic era, since the extinction of the dinosaurs 65 million years ago, is
the age dominated by mammals. The first grasses developed, and the land-
scape took on its present appearance. In comparison, human civilizations
have developed only during the last six thousand years.
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Some believe that this extinction was triggered by the impact that formed
the Chiczulub Crater”, releasing energy of the order of 102 megatons of TNT
[1 MT = 4.2 x 10%%erg]. Others point to the outgassing that accompanied the
formation of the Deccan Plateau about 66 million years ago as the cause of
that mass extinction.

ca 543 Mya The Cambrian evolutionary explosion:

Sudden appearance of complex life%, most of the animal groups now on
earth appeared in the fossil record (and can also be genomically traced today)
a relatively short time; possible causes:

e Level of atmospheric oxygen rose to a critical point so that oxygen dis-
solved in sea-water, finally achieved sufficient levels to support large
arrays of active animal life.

5 It is hidden under the sediments on the coast of the Yucatan Peninsula. The
crater was detected when instruments measuring variations in the earth’s gravi-
tational and magnetic fields showed a circular structure about 180 km wide and
possibly a larger concentric structure 300 km wide. The asteroid that made the
crater is estimated to have been about 10 km across, having an estimated mass
of 10'® g and hitting the earth with geocentric velocity of 40 Is‘e—“; Its radius of
total destruction was about 5000 km.

6 Until recently, scientists had thought that the so-called “Cambrian explosion”

lasted for 20-30 million years. A new study (1994), however, revealed that the
period probably lasted only about 5 million years, telling us that evolution can
operate extraordinarily rapidly when conditions are right.
The researchers determined the new time scale for the Cambrian explosion by
analyzing volcanic rock from the early Cambrian period; by dating zircon crystals
within these rocks, they were able to determine that the Cambrian period began
about 543 million years ago and the Cambrian explosion began about 530 million
years ago, and terminated about 525 million years ago. The body plans that
evolved in the Cambrian served as blueprints for those seen today. Few new ma-
jor body plans have appeared since that time. All the evolutionary changes since
the Cambrian period have been mere variations on those basic themes. Are these
blueprints truly the optimal solutions to the problems of survival and reproduc-
tion (reached through an early fast bout of natural selection before development
congealed)? Or are they just random combinations of characters assembled by
accidents of history? And just how random is biological evolution? — Science, at
this point, has no answer to these questions.
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e Sunlight radiation on earth reached a critical level, increasing the trans-
parency in oceans and atmosphere.

e It is during this period that the eye evolved: the primitive Cambrian
life-forms were able to process visual imagery for the first time.

ca 420 Mya Earliest life on the land. Life probably originated in the
seas, to which the majority of invertebrate groups are still restricted. Life on
land involved major adaptations for these creatures that originated and lived
in the oceans. The modifications included changes necessary for protection
against dessication, new methods of support in air as opposed to the more
buoyant water, breathing oxygen as opposed to extracting it from the water,
new sources of food and water, and new reproductive mechanisms to ensure
fertilization in the absence of water. Colonization of rivers and lakes was only
slightly less formidable, for it involved development of mechanisms to prevent
dilution of body fluids that, in all animals, contain dissolved salts precisely
adjusted to the osmotic balance of sea water.

Land dwelling, in spite of its problems, offered all the advantages of an
empty environment. Because of the delicate interdependence of all living
things, it is not surprising that both plants and animals seem to have col-
onized the land at about the same time during the Silurian and Devonian.
The invasion of the land almost certainly involved the earlier invasion of fresh
waters. Many living groups, which are essentially marine, contain a few fresh-
water colonists (clams and crustaceans, for example), but only the plants
and three major groups of animals (snails, arthropods, and vertebrates) have
become fully established on the land.

ca 250 Mya A volcanic’ eruption in Hawaii that lasted for a million years.
Some evidence for encounter with a large bolide, which caused mass extinction
of life on earth.

ca 230 Mya Mammal fossils.

ca 200 Mya Breakup of Pangea; opening of the Atlantic.

ca 180 Mya Separation of African and South American continents.

" Volcanism occurs when magma, or melted rock, beneath the surface of a planet or
satellite breaks through the surface. On earth, an example of a volcanic land-form
is a stratovolcano, a cone-shaped mountain built up by alternating layers of lava
and volcanic ash.
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ca 65 Mya A large object from outer space rammed into the earth. Ex-
tinction of dinosaurs may alternatively be linked to megavolcanic eruptions.

ca 40 Mya Primitive apes.

ca 22 Mya  Hominoid primates split from Old-World monkeys to a line
eventually leading to humans.

ca 6—4.5 Mya Our ancestral ape diverged from chimps and gorillas (we
share 98.4 % of our DNA with chimps and 97.7 % with gorillas). Thus, a
full 6 million years of evolution separate the minds of modern humans and
chimpanzees. We know nothing about the environment in which the ancestral
ape lived, as it appears to have left no stone tools.

4.8-4.5 Mlya Appearance of the upright bi-pedal hominids, known as Aus-
tralopithecus (A.) ramidus (4.5 Mya), A. anamensis (4.2 Mya), A. afarensis
(3.5 Mya), A. africanus (2.5 Mya), A. robustus (2.2 Mya) and Homo habilis®
(2 Mya).

ca 2 Mya Volcanic eruption (VEI = 8, Energy ~ 2 x 10 MT) shaped the
Yellowstone landscape. The lava covered more than 2600 km?.

ca 1.8-0.4 Mya Homo erectus — The first large-brained proto-humans
(900-1200 ml); spread out of Africa to explore the Near East and Asia (‘ Peking
man’, ‘Java man’); begins to develop local characteristics. By 500,000 ya
the descendants of homo erectus reach Europe and fire is tamed. Ice age
(Pleistocene) began around 1.75 Mya with formation of ice sheets in high
latitudes. Glaciation began about 1.2 Mya.

ca 700,000 ya Latest Geomagnetic field reversal.

8 Modern anthropology has confirmed their existence in Africa through the discov-
eries of the Leaky family. In 1959 Louis Leaky (1903-1972, USA) discovered the
skull of Australopithecus Robustus in Tanzania and the remains of Homo Habilis
(1964). His wife Mary Leaky (1913-1996, USA) found (1976) fossil footprints
of one of our upright ancestors. Homo habilis was confined to East Africa. His
larger brain (700 ml), fueled by eating more meat, may have made room for the
feature known as “Broca’s area” — a region connected with speech perception;
speech enables complex information, history and legends, to be passed and lies
to be told. It encouraged invention of words - an important social tool; enabled
group decisions to be made, intentions to be communicated, memories shared and
passed on.

For further reading, see: Mithen, S.: The Prehistory of the Mind. Phoenix,
Thames and Hudson, 1996. 357 pp.
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ca 400,000-40,000 ya Homo Sapiens: Wooden tools, artifacts and
weapons give evidence of a hunting-gathering life style. This is the earliest
form of our own species.

By 150,000 years ago a new actor had appeared in Europe and the Near
East, Homo neanderthalensis, popularly known as Neanderthal man. He had
the propensity to use tools, and could hunt large game. Like the other char-
acters of this act, the Neanderthals had to cope with frequent and dramatic
changes of scenery: their’s was a period of the ice ages witnessing ice sheets
repeatedly advanced and then retreated across Europe, and with them vege-
tation changed from tundra to forest and back. Yet even with such changes,
the action seems rather monotonous. His tools seem to be very finely crafted,
they are all made of either stone or wood. Although unmodified pieces of
bone and antler were used, no carving of these materials took place.

At first glance, Neanderthal remains appear primitive and crude, rather
like Homo erectus and quite different from modem humans. Their arm and leg
bones were, in fact, approximately twice as thick as ours, suggesting their im-
mense strength and the rugged conditions of their existence. Otherwise, their
bodies were strikingly modern. They had prominent noses, long faces with
sloping foreheads and big skulls. Their average brain capacity (1400-1500 cc)
actually exceeded that of modem humans — although the configuration of
parts of the brain was different. The speech areas of the Neanderthal brain
were not as developed as ours and the forebrain was smaller.

The Neanderthals were the first humans to live in Ice Age conditions,
surviving by hunting the largest and most formidable Pleistocene mammals —
the mammoth, woolly rhinoceros, and wild cattle. They competed with large
wolves and lions in an extremely harsh Ice Age environment.

Neanderthals lived in caves, forming large family groups, and used stone
axes, bone tools, bows and arrows; pregnancy lasted one year; they took care
of their sick and aged.
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Climatic Changes’ in the Earth’s History

The earth has gone through alternate periods of cold and warm climates.

Some changes extended over millions of years, others through a couple of
centuries. The causes of these changes were diverse, the leading phenomena
being:

e Changes in volcanic activity (with diminution of activity leading to rise

of global temperature) modulating the amounts of infrared-trapping of
COy and albedo-decreasing volcanic dust in the atmosphere.

Variation of solar output and activity

Contrast between the zones of low and high pressure is apparently con-
trolled to some extent by variations of solar activity. When sunspots be-
come more numerous, pressure increases in the areas where it is already
high, and decreases in those where it is already low. In the temperate
storm belts, a high sunspot number tends to be associated with low
pressure, great storminess, and heavy rainfall.

Since in the interior of the continents and in tropical regions a good
deal of rain is associated with thunderstorms, this suggests that rainfall
maxima should coincide with mazxima of sunspots, and there is other
evidence that on the whole the total rainfall over the land area is great-
est when sunspots are most numerous'’. Additionally, the sun overall
light output has varied over its history. Thus it is thought that dur-
ing the Cambrian bio-evolutionary explosion, the sun was significantly
dimmer than it is today, and ‘greenhouse gases’ such as COs, played an
important role in maitaining life-friendly temperatures on our planet.

9 Further readings:

e Brooks, C.E.P., Climate Through the Ages, Dover Publications: New York,

1970, 395 pp.

e Graedel, T.E. and P.J. Crutzen Atmosphere, Climate and Change, Scientific

American Library: New York, 1995, 196 pp.

e Lamb, H.H., Climate: Present, Past and Future, Methuen: London, 1977.

10" The short record of the low-level stage of the Nile can only be relied upon between

640 and 1400 CE, but during this period it presents considerable similarity to
the sunspot curve (which can be read off ancient tree-rings). Thus we have

Sunspot mazxima 620 840 1077 1200 1370 CE
Nile low-level stage 645 880 1100 1225 1375 CE

The maxima of water levels in the low-water stage of the Nile apparently follow
sunspot maxima by intervals of from five to forty years.
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e Bolide impacts (collisions with objects on earth-crossing orbits).

e Astronomical causes (changes in eccentricity of the earth’s orbit, oblig-
uity of the ecliptic, precession of the equinoxes etc.). These may have
caused the succession of glacial and interglacial periods.

Seasonal weather changes on earth are largely a matter of geometry.
Earth follows a nearly circular orbit. The tiny difference of three percent
between its greatest and smallest distance from the sun does not account
for the range of temperatures between the seasons. The explanation lies
in earth’s axis, which is tipped 23.5 degrees off the perpendicular to the
plane of its orbit. When the northern hemisphere tips toward the sun,
the north pole is continuously lighted and days are longer everywhere
north of the equator. There is also more radiative heat generated by
insolation in the hemisphere. The sun’s rays reach the northern hemi-
sphere at less of an angle, with less filtering by the atmosphere, so on
average the surface absorbs more heat each hour. For part of the year
more heat is gained each day than is lost at night through re-radiation.

Seasons change each time earth moves a quarter of the way around its
orbit. The longest day, on about June 21, is called the summer solstice
in the northern hemisphere. Three months later, on about September
23, day and night are of the same length. This is the autumnal equinozx.

The obliquity of the ecliptic appears to have reached a mazimum et about
8150 BCE and to have decreased steadily since that date. Also, about
8500 BCE the earth was farthest from the sun (aphelion) in the northern
winter, whereas it is now farthest from the sun in the northern summer.
Both these factors would cause an appreciably greater seasonal range of
insolation in the ninth millennium BCE than at present.

Variations in earth’s orbital eccentricity (the degree to which an orbit
deviates from a circle) and in the obliquity of its axis (tilt of the axis
with respect to the plane of orbit) vary on time scales of 10,000 and
40,000 years, respectively. Changes in the orientation of earth’s axis,
called precession, occur over a 25,800-year period.

One of the most dramatic effects of these changes is ice ages. Quasi-
periodic ice ages, during which the polar ice caps advanced halfway
to the equator, occurred over the past million years and dramatically
reshaped landscapes.

Climate changes caused by earth’s orbital and axial characteristics have
also influenced the formation of deserts. Climate models that adjust for
the precession and nutation of the axis suggest that about 10,000 years
ago the Sahara Desert of Africa had ample rainfall, rich vegetation, and
monsoons. But there may be other influences. While earth’s climate
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has been stable since the last ice age 10,000 years ago, analysis of ice
core samples from Greenland shows that some earlier abrupt changes in
climate lasted only decades or centuries: At one time, the average tem-
perature plunged 14°C in a decade, and the cold snap lasted for 70 years.

Short-range variations [especially variations in rainfall] are due to
changes in the general circulation in the atmosphere which may have
no external cause. They result from the interaction of winds, ocean
currents, and floating ice fields.

The atmosphere, oceans, continents, and glaciers are the principal mo-
tors of the climatic system. They have a stabilizing effect on the tem-
peratures at the surface of the earth: a slightly different distribution of
heat can modify these effects.

Because of the nonlinear nature of these interactions, under favorable
conditions comparably small causes may have disproportionately large
effects.

Climatic changes tend to be synchronized globally, but not generally
in the same sense or magnitude in all places. So there can be damp
weather in Western Europe, but drought in North America.

When warm interglacial climate changes into cold glacial climate, the
precipitation of large areas change from rain to snow. The latter does
not return back to the water of the oceans but stays on the land locked
up in ice sheets. This results in lowered sea levels. In general, any change
in climate that alters the amount of ice on the land will effect the level
of the oceans correspondingly (so called eustatic changes in sea-level).

During the peak of the last glaciation, much water was stored in the form
of ice on Greenland, northern Canada, Antarctica, and high mountain
ranges. As a result, sea levels were far below what they were today.

A rise of sea level may be due to one and more of three causes:

— A decrease in depth of part of the sea floor, compensated by the
decrease in the elevation of part of the land area.

— An increase in the volume of sea water without change of mass,
owning to a decrease in density.

— The actual addition of water to the oceans.

The mean depth of the oceans is approximately 4000 meters. Taking
the coefficient of thermal expansion of water as 0.00015 for one degree
centigrade, we find that an increase of temperature by 1° would raise
the mean level of the ocean’s surface by 0.55 meters. Thus, a rise of the
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mean temperature of the whole mass of the oceans by 3° would raise
the general level about 1.7 meters.

The main way in which water can be added to the oceans is through the
melting of the ice sheets in Greenland and the Antarctic. Their area is
about (1.55 x 107) km? and the average thickness of the ice is nearly
1500 meters. If all this ice were melted it would raise the general level of
the ocean by between 43 and 58 meters. The area occupied by the ocean
is about (3.62 x 10® km?), or 23 times the area occupied by ice, so that
in order to raise the sea level by 3 meters, it would be necessary to melt
off some 70 meters of ice. Because of the difference of density between
glacier-ice and water, we may put the actual figure at 76 meters.

Now, we know that even in the much less intense warm period of the
high Middle Ages, the boundaries of the Greenland ice sheet retreated
appreciably, which implies a corresponding diminution of thickness, so
that in the prolonged warm period of the Climatic Optimum a lowering
of the average level of the ice sheets by 76 m is quite possible. These two
factors, increase of ocean temperature and increase in the mass of water,
appear to be quite competent between them to raise the general level of
the oceans by 3 m, the greater part of this being due to the melting of ice.

We have evidence that sea levels rose at a rate of 1 meter per century
and reached its maximum during the Climatic Optimum between 5500
and 3000 BCE, after which the rate gradually diminished and by 500
BCE it had reached nearly its present level.

At present, the level of the world oceans is rising by 1 millimeter/year
(= one meter per millennium). Scientists have calculated that a com-
plete melting of ice caps would cause sea level to rise 60 meters.

Even if only the ice in the Antarctic will melt (20 x 10¢ km?) it will cause
a sea-level rise of 6 meters. Under these conditions, all large coastal cities
will disappear into the ocean, one third of France would be covered by
water, and so would much of England. All these catastrophes could
become a reality if the content of CO, in the air were to double!.

1 Tndeed, a UN panel of climatologists has recently (2006) warned the world sci-
entific community and world governments that a global warming by more than
3 deg is expected within the next century, and they adduced evidence that green-
house gas emission — including human-caused CO2 — were strongly implicated.
The consequent melting of Antarctic ice sheets may then raise the ocean level
by 5-10 m, causing a global flooding catastrophe of unpredictable proportions.
However, these conclusions remain quite controvertial and politicized.
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The Gaia'? Hypothesis'?

It often seems obvious that life on earth is at the mercy of powerful non-
biological forces like volcanic eruptions, storms, climatic changes and earth-
quakes. On the other hand, much of the earth’s surface is covered by a layer of
life, and everywhere on earth the influence of living organisms had an effect.

Recently there has emerged a theory, known as the Gaia Hypothesis. It is
based on the idea that, over the long run of geological time, life may control
the powerful physical forces on which it depends for its own good.

The essential idea of the Gaia Hypothesis is analogous to the concept
governing the thermostat in one’s home, or the thermostat in one’s brain.
One’s thermostat at home may be set to 18.5° C in order to keep a comfortable
living environment. When the temperature falls below this, the furnace is
switched on. When the temperature in the house reaches the target, the
furnace is switched off. Something more complicated, but with similar effect,
goes on in our bodies. If our body temperature deviates very far from a
narrow range, we die. The human body has a number of self-regulatory,
or homeostatic, mechanisms, which monitor and stabilize such quantities as:
temperature, acidity, and concentrations of hormones.

The conditions for life as we know it to exist also require a relatively
narrow range of circumstances in our terrestrial environment. How does life
modify the physical and chemical conditions of the earth? Some examples of
regulations of the environment, according to Gaia are:

e Where does the oxygen come from? Small amounts emanate from vol-
canic activity, but usually it is combined with other elements, e.g., the
compounds as COs and HyO. The earth’s original atmosphere contained
almost no oxygen, it was the advent of photosynthesis some 2.5 billion
years ago that was responsible for the presence of abundant oxygen in
the atmosphere (presently 20%, by volume). Initially it was the liber-
ated oxygen combined with oxidizable minerals such as iron, leaving a
sedimentary record of red bands that tells us that a new atmospheric
chemistry was being brought about by life. Other geological evidence
suggests that oxygen levels on earth have been, within a factor of roughly

12" Gaia = Greek Goddess of the earth.

13" Originated in the 1970’s by James Lovelock and Lynn Margulis. For further read-
ing, see: Lovelock, J.E., Gaia: A New Look at Life on Earth, Oxford University
Press: Oxford, 1987, 157 pp.
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two, at near-present values for the past billion years, during which com-
plex multi-cellular life arose.

If oxygen were to reach a level of 35% of atmospheric gas composition,
fires would occur whenever a lightening bolt hit humid vegetation. The
planet would be in serious danger of burning up. What has kept oxygen
from building up to dangerous levels? Why has it gone from nearly
zero to 20%, and then stopped? One possible answer is the biological
production of methane by bacteria. A short-lived molecule, methane
can combine with oxygen to produce COy and water, thus stabilizing
oxygen concentrations.

e We know that climate has changed a great deal in the past, produc-
ing episodes of glaciation as well as short-term warming and cooling
episodes. However, climate change might have been much more ex-
treme. At least for the past billion years it is unlikely that the earth’s
mean temperature was more than 15 degrees warmer or 5 degrees colder
than it is today. Earlier temperatures are very uncertain.

Astrophysicists calculations suggest that the sun emitted perhaps 25%
less radiant energy some 4 billion years ago, than it does today. Cal-
culations also suggest that under this faint early sun, the earth should
have been a frozen ball. However, life arose under these conditions, and
there is geological evidence of flowing water from this time. It has been
suggested that a kind of greenhouse warming was in effect at that time,
involving such gases as methane, ammonia, and carbon dioxide, and
that this is evidence of a kind of Gaian planetary temperature control
mechanism.

And why hasn’t the planet overheated, since the sun has increased in
Iuminosity over the past 4 billion years? Lovelock and Margulis argue
that life solved this problem too. A warming earth stimulated greater
plankton production, removing COy from the atmosphere. When the
plankton died they sank to the ocean floor, forming sediments, and thus
removed COy from the system.

Moreover, a warmer planet has more rain, which means more erosion
and more nutrient runoff to the oceans. This also stimulates phyto-
plankton growth, again removing CQO, from the atmosphere. Thus,
Gaia maintains a fairly constant climate as the sun heats up.

Life exerts other influences over the chemistry of the planet: methane
and ammonia exist in their present abundances because bacteria con-
tinually regenerate them by decomposing organic matter. Perhaps life
regulates the physical and chemical environment of the planet so as to
maintain suitable planetary conditions for the good of life itself. If so,
then the planet can be thought of as a single, integrated, living entity
with self-regulating abilities.
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The adherents of Gaia have offered the following alternative formulations
to their hypothesis:

“The Gaia hypothesis says that the temperature, oxidation state, acidity, and
certain aspects of the rocks and waters are kept constant, and that this home-
ostasis is maintained by active feedback processes operated automatically and
unconsciously by the biota.”

(James Lovelock 1979)

“The Gaia hypothesis states that the lower atmosphere of the earth is an
integral, regulated and necessary part of life itself. For hundreds of millions
of years, life has controlled the temperature, the chemical composition, the
oxidizing ability, and the acidity of the earth’s atmosphere.”

(L. Margulis and J. Lovelock 1976)

“The biota have effected profound changes on the environment of the surface
of the earth. At the same time, that environment has imposed constraints on
the biota, so that life and the environment may be considered as two parts of
a coupled system.”

(Watson and Lovelock 1983)

“The Gaia hypothesis states that the temperature and composition of the
earth’s atmosphere are actively regulated by the sum of life on the planet.”

(Sagan and Margulis 1983)

But perhaps the most succinct observation was made by James Lovelock:
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“People have the attitude that ‘Gaia will look after us’. But that is wrong.
Gaia will look after herself. And the best way for her to do so might be to
get rid of us.”

ca 300,000 ya First appearance of the Neanderthal man.

ca 130,000-11,000 ya Homo Sapiens Sapiens; First seen in South Africa
and the Near East'* and joined a cast that continued to include the Nean-
derthals and archaic Homo Sapiens. He grinded pieces of bones to make
harpoons and made tools from materials other than wood or stone. Around
60,000 ya, Homo Sapiens Sapiens built boats and then made the very first
crossing to Australia. He entered Europe at about 40,000 ya, bringing with
him a host of new tools made of new materials, including bone end ivory.
During the interval 40,000-30,000 ya the Neanderthals of Europe were trying
to mimic the new type of blade tools that Homo Sapiens Sapiens was making,
but the Neanderthals soon faded away, leaving Homo Sapiens Sapiens alone on
the world stage. Modern man (known as Cro-Magnon) immigrated to Siberia
and North America (ca 11,000 BCE) and domesticated the dog (descendant
of the Asian Wolf) at about 9000 BCE.

ca 100,000 ya Homo Sapiens Sapiens developed symbolic thinking mani-
fested in linguistic speech capacity.

ca 75,000 ya Tuba volcano eruption (Indonesia); VEI = 8 (Energy ~
6 x 105MT).

ca 50,000 ya An iron-nickel asteroid about 50 m in diameter hit flat-lying
sedimentary rocks and blasted out a crater about 1200 m wide and about 450
m deep in Arizona USA; known as the Barringer Crater. (Energy ca 20 MT.)

e QOil lamps, made from carved stone and using animal fat as fuel, found
in Mesopotamia and Europe.

e Cave painting made with manganese oxide paints found in Europe, Mid-
dle East and Africa.

14 His traces were discovered in Israel (1988).
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ca 40,000-10,000 BCE Preagricultural Cro-Magnon man lived by hunt-
ing and gathering. He was an excellent artist and craftsman in stone, bone,
wood, and antler. His application of new and innovative technology allowed
him to spread throughout the world.

His achievements were: First blade tools (34,000 BCE); early engravings
(32,000 BCE); Asian hunters cross the Bering Strait land bridge to popu-
late the Americas (30,000 BCE); first tent-like structure constructed with
mammoth bones and tusks; first man-made sculpture (26,000 BCE); first
known spear thrown (20,000 BCE); first sewing needle (20,000 BCE); cave
paintings in France and Spain (18,000 BCE); Dogs (descendants of the Asian
Wolf) domesticated in the Middle East. People inhabiting caves in what
are now Israel and Jordan used notches in bones to record sequences of
numbers.

ca 35,000-20,000 ya FEmergence of Proto-Mathematics in Africa. Math-
ematics initially arose from a need to count and record numbers. Proto-
Mathematics existed when no written record was available. It is believed that
there has never been a society without some form of counting or tallying (i.e.
matching a collection of objects with some easily-handled set of marking like
stones, knots or notches on wood or bone).

The earliest evidence of a numerical recording device was found in a cave
in the Lebembo Mountains, on the border of Swaziland in South Africa (ca
35,000 ya). It was a baboon bone with 29 clearly visible tally-mark notches,
used to record the passage of time. Then, archaeological excavations (1962)
on the Shores of Lake Edward (one of the farthest sources of the Nile, on the
borders of Uganda and Zaire) unearthed a bone, ca 20,000 years old known as
the Ishango Bone. The markings on it consist of a series of notches arranged
in three distinct columns. Certain underlying numerical patterns may be
observed in each column. It seems to have been devised by people who had a
number system based on 10, as well as a knowledge of multiplication and of
prime numbers.

It is conjectured that the bone markings represent of a system of sequen-
tial notation — a record of different phases of the moon. This they apparently
needed to maintain their regular lake-shore lifestyle as a hunter-gatherer ne-
olithic society: migration between dry and rainy seasons, festivities, religious
rituals and other activities dictated by their special economic and religious
needs.
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It is now believed that the creation of a complicated system of sequential
notation was well within the inherent capacity of early man to reason and
conceptualize. Moreover, the close link between mathematics and astronomy
was enhanced by the need felt by early man to record the passage of time,
out of curiosity as well as for practical needs. This, in turn, was translated
by him into observations of the changing aspects of the moon.

From the existing evidence of the transmission of Ishango tools (notably
harpoon heads) northward up to the frontiers of Egypt, the Ishango numera-
tion system may have traveled as far as Egypt and influenced the development
of its own number system — the earliest decimal-based system in the world.

Table 0.2: CLASSIFICATION AND NOMENCLATURE OF PERIODS IN
THE EVOLUTIONARY TRACK OF EARTH AND MAN; CATEGORIES:
Geological (G); Climatical (C); Historical (H);
Archaeological-Anthropological (A)

Pleistocene (G): the last 2 million years (up to 10,000 ya)
Holocene (G): the past 10,000 years
Paleolithic (A): 1,000,000 ya — 8000 BCE

Mesolithic and Neolithic (A): 8000 — 4500 BCE

Chalcholithic (A): 4500 — 3200 BCE

Bronze Age (A): ca 3100 — 1200 BCE (in Middle East)
Iron Age (A): ca 1200 — 500 BCE (in Middle East)
Israelite period (H): ca 1200 — 587 BCE (in Middle East)
Climatic Optimum (C): ca 5500 — 3000 BCE (in Europe)

Ice Ages (C): 1,750,000 ya — 10,000 ya
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Post-glacial world — the dawn of civilization

ca 10,000 BCE End of most recent Ice Age (Pleistocene) and beginning of
the Holocene age: glaciers melted and retreated and climate was stabilizing.
Vegetation began to dry up and water became scarce in the high grasslands,
taking with it the herds on whose survival the hunting nomads depended.
People were moving to the river valleys, planting crops and domesticating
animals. Consequently they created towns and cities. In North Africa, for
example, people were moving to the Nile Valley where African peoples mixed
with people from the East. Thus, these post-glacial climatic changes impacted

the decline and rise of civilizations throughout the Holocene®®.

With the rapid development of the postglacial warming, rivers were swollen
enormously, particularly in spring and summer, by the melting ice; gravel and
sand were deposited in great quantities along the river courses, lakes formed
and sometimes quickly burst or rapidly silted up. The landscape was changing
rapidly. But the greatest change for the human population and the animals
they hunted was the disappearance of the open plains, as the forest advanced
north in Europe. Man seems to have adapted himself more successfully than
the animals. The ranges of both moved northward in Europe, Asia and North
America, but some species among the animals were lost, probably due to their
reduction by Man.

Other significant changes in the landscape were brought about by the rise
of sea levels, proceeding over some thousands of years at the rate of about 1 m
a century.

ca 9000 BCE Earliest beginnings of agriculture; domestication of the dog.
Beginning of rapid rise in sea levels. Floods.

ca 9000-8000 BCE Urban culture in the Anatolian highlands founded by
refugees from the flooded lowlands.

ca 8000-7700 BCE Final break up of the Scandinavian Ice Sheet. Highly
organized Neolithic civilizations gradually begin to develop in a number of
river valleys and alluvial plains in latitudes 20° to 40° N, where irrigation
could be most easily arranged and provided seemingly reliable intensive crops.

15 F. Hoyle and N.C. Wickramasinge speculated that sometime between 9000
and 8000 BCE, a cometary mass of ca 10'° tons impacted the Tasman and China
Seas, causing a sudden global warming of 10 °C. This, they said, abruptly ended
the Ice Age and created the necessary conditions for an advanced human culture.
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Thus Neolithic man changed from food-hunter and food-gatherer into food-
producer, domesticating animals and plants. This agrarian revolution cen-
tered mainly in the Middle East and the lower hills and adjacent plains of the
Zagros Mountains.

e Agriculture in Mesopotamia (Northern Iraq) with farming of wheat and
barley

e Potatoes and beans cultivated in Peru; rice in Indochina.

e Polynesians in the East Indies and Australia begin to spread out over
islands of the South Pacific.

e First city-states appear in Mesopotamia and the Near East, including
Jericho in Israel (population ca 2000, area ~ 40,000 m?).

o (lay tokensin Mesopotamia used to tally shipments of grain and animals
— the basis of a forthcoming first system of numerals and writing.

e The Maya make astronomical inscriptions and constructions in Central
America.

e Sheep domesticated in Persia (Iran).

e Domestication of the bee.

ca 7000-6000 BCE Rise of temperatures continued and moisture in-
creased. By 6000 BCE all of Western Europe was occupied by a rich forest of
oak, cedar and elm. With the stabilization of the seas and coastlines, mankind
dared to venture forth and seek the fertile valleys. First settlers in Greece (ca
7000 BCE).

The pig and water buffalo domesticated in China and East Asia; the
chicken domesticated in South Asia; Sugarcane cultivated in New Guinea;
Flaz was grown in Southwest Asia; Maize, squash and beans were grown in
Mexico; Mortar was used with sun-dried bricks in Jericho; invention of the
potter’s wheel in Asia Minor (ca 6500 BCE) heralded the production of clay
pottery; use of Wowven cloth was invented in Anatolia; Cattle was domesti-
cated in Asia Minor (from a wild ox called auroch, now extinct). This ended
the age of the hoe (began 8000-7000 BCE) in agriculture [Genesis, 3, 19].
The earliest direct evidence for water craft (ca 6500 BCE) is a wooden paddle
found at Star Carr, England.

ca 6300 BCE The llama and alpaca domesticated in Peru. Advent of
picture-writing; Copper knives used in the Middle East. An alcoholic drink
was made from grain.
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ca 6000-3000 BCE Age of revolutionary inventions: With the availabil-
ity of cheap tools the way was clear for a rapid expansion of agriculture and
technology. The plow was devised; the wheeled cart was in use on land and
the sailboat on water; the inclined plane and lever were common implements.

Copper ores were smelted; bronze was alloyed; bricks and pottery were fired.
Canals and ditches were dug; grains were fermented; orchards were planted.

At the same time a systematic urban life became clearly outlined. There
was an accurate solar calendar; eclipses were predicted. There were adequate
methods of accounting and measuring. There was a definite recording of
information and transmission of knowledge from one individual to another
and from one generation to the next. Discoveries of that period are unrivaled
in their impact on human progress. Even today’s science cannot match them
in fundamental importance to the basic well-being of man.

ca 5600 BCE The great Mesopotamia flood (Deluge); an uncertain date
for the earliest documented natural catastrophe in the annals of mankind. It
first echoed in the Sumerian story about Ziusudra, who by building an ark
saved himself from the great flood sent by the gods. The narrative (which
derived from folk memories of a giant cataclysm, actually experienced in re-
cent geological times) evolved down the millennia and passed from nation to
nation. Ziusudra became Ut-Napishtim of the Assyrian Gilgamesh Epic'S,
Noah of the Hebrew Bible, and eventually the Deukalion of the Greeks.
The most remarkable parallels between the Bible and the entire corpus of
cuneiform inscriptions from Mesopotamia are found in the deluge accounts of
the Babylonians and Assyrians on one hand, and the Hebrews on the other.
It seems that these two versions are independent and refer to an actual event
of some kind. According to the Gilgamesh Epic and the Sumerian source,
the flood was accompanied by a storm of extraordinary magnitude probably
issuing from the Persian Gulf, that ravaged for a week or so. The Biblical

version'”, on the other hand, tells about simultaneous torrential downpour

16 Fragments from the Gilgamesh Epic were discovered in the Nineveh library of
King Ashurbanipal and date from ca 700 BCE. However, other examples of
tablets of this epic date from about 1700 BCE. The story was probably composed
at about 2000 BCE. Yet many of the episodes included in the epic have prototypes

in the Sumerian language which are much older than 2000 BCE.

17 The total number of flood legends has been estimated at ca 100. They are found

in India, southern Asia, the East Indies, Mesopotamia, Polynesia, New Guinea,
Australia, China, Europe and North and South America. These widespread
legends of a great flood reflect dim folk-memory of the inundation of former
coastal plains with the rise of world sea-level in the post-glacial period as the ice
age glaciers melted.
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from heaven and a flow of subterranean waters, the whole occurrence lasting
for about a year.

The specific cause of the great flood is uncertain; two competing scenarios

were recently'® suggested:

e Large fragments of a comet crashed into seas around the world. The
resulting impact triggered violent earthquakes and severe flooding of
surrounding coastlines.

e The melting of the Eurasian Ice Sheet (began at ca. 12,500 BCE) raised
the level of the ocean some 115 m above the shoreline of the Black Sea,
eventually causing the sea water to burst through the narrow Bosporus
valley into the lake, racing over beaches and up rivers, destroying or
chasing all life before it!?.

The flood rapidly created a human diaspora®’that spread as far as West-
ern Europe, Central Asia, China, Egypt and the Persian Gulf. These
Black-Sea people could well have been the proto Sumerians, who devel-
oped civilization in Mesopotamia. These people could be responsible
for the spread of farming into Europe, and the advances in agriculture
and irrigation in Anatolia and Mesopotamia.

Associated with the Mesopotamian flood is the biblical account of an
Ark, constructed of gofer wood, or cypress, smeared without and within
with pitch, or bitumen, to render it water-tight. Today’s biblical schol-
ars and shipbuilders agree that the Ark was a very suitable device for
shipping heavy cargoes and floating upon the waves without rolling or
pitching.?! It was thus admirably suited for riding out the tremendous
storms in the year of the flood.

18

19

20

21

The astronomer Edmond Halley suggested (1688) that the biblical flood might
have been due to a shock of a comet. Newton’s successor, William Whiston
(1696) supposed that flood was due to the close earth approach of a comet that
broke the earth’s crust via tidal forces and released subterranean waters. With
the help of water released from the comet’s tail and the atmosphere, an enormous
tide was created.

W. Ryan and W. Pitman: “Noah’s Flood’, Simon and Schuster N.Y., 1998,
319 pp.

Genesis 11, 8: “So the Lord scattered them abroad from thence upon the face
of all the earth: and they left off to built the city” — the advent of civilization!

Assuming the cubit to be 45.7 cm long, the Ark would have been 137.2 m long,
22.8 m wide and 13.7 m high. Noah’s Ark was said to have been the largest sea-
going vessel ever built until the late 19" century, when giant metal ships were
first constructed. Its length to width ratio of 6 : 1 provided ezcellent stability on
the high seas.
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ca 5000 BCE Animal domestication and land cultivation in South-East
China. It spread from there to all of South-East Asia, but stopped short of
Australia where the aborigines continued to be gatherers and hunters. Rice
had a major impact on the mode of living of the peoples of Asia and was a
direct cause of their fast rate of reproduction.

ca 5000 BCE Irrigation invented in Mesopotamia and China; nuggets of
metals (gold, silver, copper) were used as ornaments or for trade; first alphabet
began to develop; Sumerians enter Mesopotamia after the flood.

ca 4895 BCE Crater Lake formed in North America by a volcanic eruption
(VEI =71, E ~5x10* MT).

ca 4800 BCE Sailing boats in Eridu, Sumer.

ca 4400-4200 BCE Neoglaciations and severe climatic depressions on
a global scale. Several episodes of climatic deterioration were manifested
through glacial advance, increased rainfall, decline of average temperatures,
rise of sea level and major flooding.
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Personae

Gilgamesh 82 - Ahmes 104 - Hammurabi 105 - Moshe 107 - Bezalel
ben Uri 108 + Chou Kung 117 - Amos of Tekoa 120 - Archilochos
of Pharos 143 - Zoroaster 143 - Jeremiah 143 - Thales of Miletos
145 - Lao Tsu 150 - Buddha (Siddhartha Gautama) 151 - Anax-
imander of Miletos 151 -+ Confucius (Kung Chiu) 152 - Pythago-
ras of Samos 159 - Theodoros of Samos 176 - Xenophanes of
Colophon 176 - Eupalinos of Megara 177 - Mandrocles of Samos
177 - Hecataeos of Miletos 178 - Nabu-rimannu 178 - Heraclitos
of Ephesos 178 -+ Alcmaeon of Crotona 179 - Panini 181 - Par-
menides of Elea 181 - Leucippos of Miletos 182 - Anaxagoras of
Clazomenae 182 - Zeno of Elea 183 - Ezra 185 - Empedocles of
Acragas 186 - Herodotos 187 - Bryson of Heraclea 188 - Philolaos of
Tarentum 188 - Hanno the Carthaginian 189 - Hippocrates of Chios
190 - Melissos of Samos 190 - Protagoras of Abdera 193 - Antiphon
the Sophist 194 - Socrates 195 - Meton of Athens 200 - Thucy-
dides of Athens 201 - Hippias of Elis 201 - Hippocrates of Cos
202 - Theodoros of Cyrene 204 - Democritos of Abdera 204 - Theaite-
tos of Athens 206 - Archytas of Tarentum 207 - Plato 207 - Eu-
doxos of Cnidos 213 - Thymaridas 221 - Kiddinu 221 - Aristotle
222 - Menaichmos 230 -+ Heracleides of Pontos 232 - Xenocrates
of Chalcedon 232 - Alexander the Great 234 - Praxagoras of Cos
267 - Callippos 268 - Deinocrates of Rhodes 268 - Antimenes
268 - Eudemos of Rhodes 268 - Aristaios the Elder 268 - Pytheas
of Massilia 268 - Zeno of Citium 270 - Epicuros of Samos 272 - Hi-
eronymos of Cardia 272 - Autolycos of Pitane 273 - Ptolemy I
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(Soter) 274 - Herophilos of Chalcedon 279 - Euclid 280 - Eu-
hemeros of Messina 295 -+ Aristarchos of Samos 295 - Aratos of
Soli 297 - Erasistratos of Ceos 298 - Ctesibios 299 - Archimedes
of Syracuse 299 - Conon of Samos 308 - Eratosthenes of Cyrene
308 - Apollonios of Perga 309 - Dionysodorus 310 - Archagathos
310 - Diocles of Carystos 311 - Zenodoros 312 - Shimon Ben-Sirah
313 - Hipparchos of Nicaea 313 - Carneades of Cyrene 323 - Se-
leucus of Babylon 323 - Hypsicles of Alexandria 324 - Andronicos of
Cyrrhestes 325 - Philo of Byzantium 325 - Zenon of Sidon 325 - Po-
seidonios of Apamea 325 - Asclepiades 326 - Marcus Cicero 327 - Ti-
tus Lucretius Carus 334 - Siculus Diodoros 334 - Marcus Agrippa
338 - Hillel the Elder 339 - Lucius Annaeus Seneca 341 - Marcus
Vitruvius Pollio 346 - Strabo 347 - Philo of Alexandria 350 - Jesus
350 - Saul of Tarsos 352 - Pomponius Mela 357 - Aulus Celsus
357 - Pedanios Dioscorides of Anazarba 357 - Josephus Flavius
358 - Rabban Gamliel II 358 - Plutarch 359 - Cornelius Tac-
itus 360 - Pliny the Elder 361 - Joshua ben Hannania ha-Levi
362 - Epictetos of Hierapolis 362 - Hero 363 - Akiva ben Yosef
364 - Sextus Frontinus 366 - Menelaos of Alexandria 368 - Nico-
machos of Gerasa 368 - Mary 368 - Marinos of Tyre 369 - Soranos
of Ephesos 369 - Claudios Ptolemy 369 - Zhang Heng 372 - Rabbi
Nehemiah 372 - Marcion of Sinope 380 -+ Galenus 382 - Marcus
Aurelius Antoninus 383 - Clement of Alexandria 385 - Shmuel the
Astronomer 389 - Diophantos of Alexandria 389 - Plotinos 390 - Por-
phyrios (Malchos) 391 - Iambilichus 392 - Tiahuanaco 394 - Pappos
of Alexandria 395 - Oribasius of Pergamum 408 - Hillel ITT 408 - Eu-
sebius 425 - Aurelius Augustinus 425 - Pelagius 431 - Martianus
Felix Capella 441 - Proclos of Byzantion 441 - Tsu Ch’ung-Chi
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447 - Aryabhata the Elder 447 - Anthemios of Tralles 454 - An-
icus Boethius 454 - Severus of Antioch 455 - Eutocius of Ascalon

455 - Bodhidharma 455
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Environmental Events

that Impacted Civilization

ca 5600 BCE

2500-2000 BCE

ca 2180-2130 BCE

ca 1800 BCE

ca 1628 BCE
ca 1200-850 BCE

ca 400 BCE
79 CE
ca 250-550 CE

The Great Mesopotamian Flood

Major climatic changes in Afro-Eurasia linked to
encounter of Taurid meteor stream with earth;
Megalithic constructions around the world

Prolonged drought over the Eastern Mediterranean
and adjacent lands

Ecological collapse of the irrigation system in
Mesopotamia

Paroxysmal eruption of Tera Volcano near Crete

Major climatic changes in Eurasia; Drought dis-
rupted agriculture in lands of the Eastern Mediter-
ranean. The resulting Indo-European migration
caused the collapse of the Hittite kingdom

Malaria epidemic in Greece
Eruption of Mount Vesuvius

Prolonged drought and epidemics (malaria) hastened
the decline and fall of the Roman Empire. Simulta-
neous drought on the steppes of Central Asia drove
barbarians to seek new lands
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Political and Religious Events that Impacted
Science, Philosophy and World Order

ca 1800 BCE

1286 BCE

1230 BCE

1200-200 BCE
853 BCE
583-331 BCE
508 BCE
490-479 BCE

431-404 BCE
390-220 BCE

339 BCE

331 BCE
213 BCE

202 BCE
146 BCE
52 BCE
48 BCE

Hebrews conceive the idea of Monoteism

Hittite-Egyptian Battle of Kadesh on the Orontes
River

Emergence of the Hebrew Mosaic laws — mankind first
‘bill of rights’

Creation of the Hebrew Bible

Battle of Karkar on the Orontes River
Rise and fall of the Persian Empire
Democracy born in Athens

The Persian Wars — a decisive and permanent influ-
ence upon development of Western culture and civi-
lization

Peloponnesian Wars
Celtic-Roman Wars

Battle of Amphissa: Greek becomes a Macedonian pro-
tectorate

The Greco-Persian battle of Arbela

‘Burning of the books’ in China; construction of the
Great Wall of China (214 BCE)

The Scipio-Hannibal Battle of Zama
Greece made a Roman province
Battle of Alesia, birth of Gallicio-Roman civilization

The Roman burn the Alexandrian Library
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63 CE
391 CE

325 CE

ca 400-500 CE
451 CE
476 CE
529 CE
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Israel comes under Roman rule

Christian Emperor Theodosas I ordered the burning of
the remnants of the Alexandrian Library

Council of Nicaea marks the rise to power of the Chris-
tian Church in the Mediterranean World

End of compilation and canonization of the Talmud
The Hun Invasion
‘Official’ end of the Roman Empire

Emperor Justinian closed the Athenian Academy
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“Chymystry, or Chemistry is the art of separating metals, see Alchemy” .
(From a glossary, 1670)

“Alchemy was never at any time anything different from chemistry”.

(Justus von Liebig, 1865)

“Do you believe that the sciences would ever have arisen and become
great if there had not beforehand been magicians, alchemists, astrologers and
wizards, who thirsted and hungered after recondite and forbidden powers?”

(Friedrich Nietzsche, 1886)

“Chemistry emerged from alchemy as astronomy from astrology and
physics from philosophy”.

(George Sarton, 1950)
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The Beginning of Science!

“Our forefathers had no other books but the score and the tally”.
William Shakespeare, ‘Henry 6’, pt. 2, iv, 7 (1591)

We shall perhaps never have any adequate information on the most critical
period of man’s history, when he was slowly emerging out of the darkness.

Science began thousands of years before man learned to write. There cer-
tainly was science before there were scientists but no one knows who first
kindled a fire, who invented the earliest stone implements, who invented the
wheel, developed the bow and the arrow, or tried to explain the rising and
setting of the sun. Without articulate language man would have remained
an animal. Without writing, the transmission and preservation of knowledge
were impossible. It is probable that the above-mentioned breakthroughs in-
volved collaboration; thousand of men, each big step forward being finally
secured by exceptional genius. The evolutions leading to each of these funda-
mental discoveries were exceedingly slow — so slow that the people who took
part in them were utterly unaware of them. Genius was then required only
from time to time to clinch the results obtained by the unconscious accumu-
lation of infinitesimal efforts, to secure what was gained and prepare another
slow movement in the same general direction.

These major advances were among man’s first attempts to understand and
control the things he saw around him.

Through careful observations of recurring relationships in their environ-
ment they began to know nature, and because of nature’s dependability, they
found they could make predictions that would give them some control over
their surroundings.

I Derived from the Latin verb scire = to know, to discern, to distinguish. The word
scientist was coined by William Whewell of Cambridge in 1840. For further
reading, see:

e Sarton, G., Ancient Science and Modern Civilization, University of Nebraska
Press, 1954, 111 pp.

e Clark, G., Space, Time and Man, A Prehistoric Review, Cambridge Univer-
sity Press, Canto edition, 1994, 165 pp.
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When our own particular subspecies, Homo sapiens sapiens, emerged some
40,000 year ago he was already a rather advanced user of tools: spears for
hunting, axes for killing animals and for fashioning wood, knives and scrapers
for working with materials — these were some of man’s earliest tools. He
soon devised tools to help him make tools, something no animal before him
had done.

These first tools, man’s earlies technology, had a great impact on his way
of life; weapons enabled him to change his diet from a mostly vegetable one
to a reasonably steady diet of animal flesh supplemented with fruits and veg-
etables. His tools enabled him to fashion cloths and dwellings, so that he was
able to live in cold climates. Dwelling gave him another alternative to living
in caves or in the open.

Man’s bodily evolution reached its present form about twenty-five thou-
sand years ago. Since then there has been a continuous unfolding of his mental
capacities. Even at that time the Cro-Magnons in France were already paying
attention to life far beyond the bare necessities of food. Spirited inscriptions
of women and animals were being made on the walls of their caves. Expressive
creativity was an early human trait.

For all but the most recent 10,000 years of his existence, man was a hunter-
gatherer; he did not raise plants or animals for his own use, but went out and
got them from the wild, when he needed them. Then — about 10,000 years
ago — came man’s most significant technological discovery: the cultivation of
plants®. In terms of its impact on society, agriculture is undoubtedly the most
far-reaching of all man’s technological innovations. A number of other tech-
nological innovations accompanied agriculture, the domestication and raising
of animals, the making of pottery, and the weaving of cloth.

The elaborate civilizations of Mesopotamia and Egypt depended for their
birth and development on a settled agriculture practiced by Neolithic people in
these regions since 8000 BCE. Without it, they could not have sustained either
the increased population or the specialization of urban life. Once secured,
these societies spawned a remarkable series of technological advances. The
4" millennium BCE saw the invention of the plow, the wheel, the sailing
boat, and methods of writing. Stone tools gave way to those of copper and
bronze, that came into use ca 2500 BCE.

Although yet devoid of the scientific method as we know it, the technical
knowledge of these early societies was rather sophisticated; the pyramids re-
main one of the finest engineering feats of all time and the mathematics used

2 The biblical narrative about man’s ezpulsion from Paradise (Gen 3, 23) may hint
to his transition from food-gathering to food-producing at the beginning of the
Holocene.
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by priests provided for the development of other sciences. Trade and warfare
were the main stimuli of technological advance in the second millennium BCE.
The greatest technological event was the mastery of iron by Hittite smiths.

After centuries of experience, the annual nature of the river flood created
the need to match human agricultural activity to the natural cycle — irrigation
and ploughing came to pass. This most fundamental innovation in the history
of man brought civilization into being because if was the instrument of surplus.
Communities were capable of supporting those who are not food producers.

In order for early man to change from the primitive hunting and gathering
way of life to a settled agricultural existence he needed to learn the concept of
time: settled farmers needed to understand the movement of the moon and the
sun in order to regulate their agricultural production. Settled farming means
trade, trade means communities (villages or towns) which in turn mean the
specialization of trades, craftsmanship and art, language, laws and a primitive
writing are not far away:.

Science, therefore, began with the conquest of time and distance. That is
to say, with the quest of the knowledge needed to keep track of the seasons
and to find man’s whereabouts in the world he inhabited.

We now know that the social achievements of mankind before the begin-
ning of the written record include far more important things than the per-
fection of axes and arrowheads. Several discoveries into which he blundered
many millennia before the dawn of civilization in Egypt and Sumer, are es-
pecially significant: he learned to herd instead of to hunt, he learned to store
grain to consume when there were no fruits to gather and he collected bits
of meteoric iron. The sheep is an animal with seasonal fertility and cereal
crops are largely annual. The recognition of the passage of time now became
a primary necessity of social life.

In learning to record the passage of time, man learned to measure things.
He learned to keep account of past events. He made structures on a much
vaster scale than any of which he employed for purely domestic use.

The arts of writing®, architecture, numbering, and in particular geometry,
which was the offspring of star lore and shadow reckoning, were all by-products
of man’s first organized achievement — the construction of the calendar.

Science began when man started to plan ahead for the seasons, because
this demanded an organized body of continuous observations and a permanent
record of their recurrence.

3 In fact, a symbolic system of notation (primitive writing) seems to have been in
use by prehistoric cave-painters! FErgo, necessary elements of civilized cultures
were in place by 35,000 BCE.
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In the age of satellite communication, atomic clocks, and cheap almanacs,
we take time for granted. Before there were any clocks or even simpler devices
like the hour-glass or the clepsydra for recording the passage of time, mankind
had to depend on the direction of the heavenly bodies (sun by day and stars
by night). He learned to associate changes in vegetation, the mating habits of
animals, and the recurrence of drought or floods, with the rising and setting of
bright stars and star clusters immediately before sunrise or in evening twilight.

When the agrarian revolution reached its climax in the dawn of city-life (ca
8000 BCE), a technique of timekeeping emerged as its pivotal achievement.
What chiefly remain to record the beginnings of an orderly routine of settled
life in cities are the vast structures which bear eloquent witness to the primary
social function of the priesthood as custodians of the calendar: The temple
with its corridor and portal placed to greet the transit of its guardian star
or to trap thin shaft of light from the rising of setting sun; the obelisk or
shadow clock; the Pyramids facing equinoctial sunrise or sunset, the pole
and the southings of the bright stars in the zodiac; the great stone circle of
Stonehenge with its sight-line pointing to the rising sun of the summer soltice
— all these are first and foremost almanacs in architecture.

Nascent science and ceremonial religion had a common focus of social
necessity in the observatory-temple of the astronomer — priest. That we still
divide the circle into 360 degrees, that we reckon fractions of a degree in
minutes and seconds, remind us that men learned to measure angles before
they had settled standards of length or area. Angular measurement was the
necessary foundation of time keeping. The social necessity of recording the
passage of time forced mankind to map out the heavens. How to map the
earth came later as unforeseen result.

Science rests on the painstaking recognition of uniformities in nature. In
no branch of science is this more evidence than in astronomy, the oldest of the
sciences, and the parent of the mathematical arts. Between the beginning of
city life and the time when human beings first began to sow corn or to herd
sheep, ten of twenty thousand years — perhaps more — may have been occupied
in scanning the night skies and watching the sun’s shadow throughout the
seasons. Mankind was learning the uniformities which signalize the passage
of the seasons, becoming aware of an external order, grasping slowly that it
could only be commanded by being obeyed, and not as yet realizing that it
could not be bribed. There is no hard and sharp line between the beginnings
of science and what we now call magic. Magic is the discarded science of
yesterday. The first priests were also the first scientists and the first civil
servants.
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The Sumerian Heritage (ca 4000-1800 BCE)

The first civilizations® grew up when nomadic hunters and seed-gatherers
began to farm the land, and so were able to form settled communities. Where
the soil was rich, they could grow enough food to support non-producers like
craftsmen and administrators. Probably the earliest civilization grew up in
the fertile region between the rivers Tigris and Euphrates — in the lower part

of an area known as Mesopotamia’.

The first settlers came here about 4000 BCE, soon after the soil deposited
by the rivers had dried enough for farming. The Sumerians were among the
earliest invaders who probably came from the highlands at present day Turkey
and Iran (scholars, however, do not know the exact origin of their racial or
language group). They learned to drain the swamps, and to make bricks
from mud. They farmed, dug canals, and raised livestock. On an agriculture
economy they developed a true city life, so they must have understood the
technique of specialization or division of labor.

Their small settlements grew into cities and city-states. The more powerful
city-states conquered their neighbors and created small kingdoms, including
Kish, Lagash, Nippur, Umma, Uruk and Ur. Each of these had fine buildings,
streets, temples, palaces, fortifications, public water supplies and drainage
over an average area of one square kilometer. They built a great network
of irrigation canals, domesticated animals and their society included priests,
soldiers, tradesmen and engineers. To this end they developed a government
that handled both secular and religious matters, a trained army with armor,
weapons of war, and carts for transportation.

The Sumerian cities were united in a loose league. They shared a common
culture, they spoke similar languages, and they worshiped the same gods. A
typical Sumerian city-state consisted of the city proper and as much of the
surrounding population as the city walls could accommodate in times of crisis.
The focal point of each city was a great platform raised above the surrounding
residential areas. On it were erected the many-storied temples (ziggurates)
which became a hallmark of Babylonian monumental architecture®.

4 From the Latin: civitas for “city-state”.

5 From the Greek: “between the rivers”.

6 Many Sumerian traditions lie behind Bible legends: the Tower of Babel was almost
certainly one of the ziggurates (its height could reach 100 m). The Flood is
described in the Sumerian Epic of Gilgamesh. Archaeologists have shown that a
great flood overwhelmed the area thousands of years ago. For further reading,
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Writing, in the strict sense of the term, was first invented and employed
in Mesopotamia about 3100 BCE. If it was not actually originated by the
Sumerians, it was at any rate very soon taken over by them to represent their
language, and it became one of the most important ancient writing systems.

The Sumerian wrote by pressing a split bamboo reed (stylus) on wet clay
which was then baked until it was hard. The end used was triangular in shape.
The writer did not scratch the lines of his picture, but in making a single line
he impressed one corner of the tip of the stylus into the soft clay, and then
raised it again to impress another line in the same way. Owing to the oblique
tilt of the stylus, as well as its shape, each line thus made was wider at one end
than at the other, and hence appeared triangular or wedge-shaped. Finally,
every picture or sign written with such a stylus came to be made up of a
group of wedge-shaped lines. We therefore call the system cuneiform” (from
the Latin cuneus = wedge) writing. Pictures made up of these wedge lines
became more and more difficult to recognize, especially as speed of writing
increased. All resemblance to earlier pictures finally disappeared.

Most of the earliest examples of Sumerian writing that we have found
are business records. But school texts appeared almost at once as means
of educating specialists in the new technique. Literary texts and historical
records followed in due course.

The transition from the picture stage to the phonetic stage was early made.
Sumerian writing finally possessed over 560 signs, but each of these signs
represented a syllable or a word, that is a group of sounds; the Sumerian
system never developed an alphabet of letters which made up the syllables.
That is, there were signs for syllables, but no signs for the letters which made
up such syllables.

The Sumerian clay tablets reveal the sophistication of the Sumerian civi-
lization as well as their degree of knowledge of mathematics, astronomy and
medicine. The clay records show us that in measuring time the Sumerian
scribe began a new month with every new moon, and he made his year of 12
of these moon-months. Since 12 such months fall short of making up a year,
the scribe slipped an extra month whenever he found that he had reached the
end of his calendar-year a month or so ahead of the seasons. As in Egypt,

see: Kramer, S.N., History Begins at Summer, Doubleday Anchor Books: New
York, 1959, 247 pp.

" The decipherment of the cuneiform was pioneered in 1802 by Georg Friedrich
Grotefend (1775-1853, Germany). His work was continued by Henry
Creswicke Rawlinson (1810-1895, England), and by the mid-1800’s the
cuneiform code was broken. Since 1802, several hundred thousands cuneiform
tablets have been recovered and placed in museums.
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the years themselves were not numbered, but each year was named after some
important event occurring in the course of the year.

The Sumerian system of numerals was not based on tens, but had the
unit 60 as a basis. The leading unit of weight which they used was the mina,
divided into 60 shekels (the mina had the weight of a pound).

The Sumerian writing spread to Elam (Iran) and Egypt by 3000 BCE,
to Crete (2200 BCE), India (2000 BCE) and to the Hittites (1500 BCE).
[China invented writing independently by 1300 BCE and the Mayans by 700
CE].

The Sumerian age of small, independent city-states which began at about
3000 BCE, lasted until 2500 BCE. Such cities as Ur, Uruk, and Lagash waged
local wars. FEach city ruled its neighboring areas at various times. But the
advantages of civilization could not be contained within the confines of the
Sumerian city-states. By about 2500 BCE, cities on the Sumerian model had
appeared throughout the area from the Tigris-Euphrates Valley to the east-
ern coast of the Mediterranean. The people of these newer cities were not
Sumerian but Semitic. The Semites, a number of different people speaking
similar languages, seem to have originated from the Arabian peninsula where
they had been nomads who lived by breeding animals. As Arabia turned
desert, Semites moved in several waves into the eastern Mediterranean and
the parts of Mesopotamia north of the Sumerians. By 2300 BCE, the old
Sumerian cities were merely the core of a much larger civilization that em-
braced the entire Fertile Crescent and whose population was primarily Se-
mitic. The region first occupied by the Semites north of Sumer was finally
called Akkad and the leading Semitic settlers there bore the name of Akkadi-
ans. Akkad occupied a very strong commercial portion on the main road from
the T'wo Rivers to the eastern mountains and its trade brought it prosperity.

The Semitic King Sargon I (ca 2300 BCE) was first to unite the city-
states of Mesopotamia into a single empire, and the Sumerian civilization was
gradually absorbed by the Semitic people. By 1800 BCE the Sumerians lost
all political power, but the union of Sumerians and Semites furnished the base
on which the Babylonian civilization developed®.

8 Recent archaeological evidence disclosed that by 1800 BCE the accumulated salin-
ization of the soil due to irrigation reached a level where food production was
insufficient for the growing population. This man-made ecological disaster was
probably one of the major factors in the demise of the Sumerian civilization.
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Climate and Clivilization

Climate has been subject to change since the earliest times known to ge-
ologists. Because geology is a relatively young science, however, this fact has
been recognized for only about a century; and at first only the larger fluctu-
ations, the extremes of Ice Ages and Interglacial, were recognized. But soon
geologists found evidence that ice sheets, both in their expansion and reces-
sion, were subject to interruption — that is, neither advances nor retreats
proceeded smoothly and linearly, but each of them from time to time inter-
rupted by a reversal of the primary trend. Thus, paleo-ecological, geological
and archaeological evidence has been accumulated in favor of climatic fluctu-
ations in Europe, in the form of damped oscillations, of gradually diminishing
amplitude and duration, over the past 10 to 15 thousand years.

In the Mediterranean Basin, the Near East and northern and central Africa
the evidence is more subtle and difficult to detect. However, the relation in
time between the subtropical and Furopean climate changes were clarified due
to intensive research in the past four decades. A synchronism was estab-
lished between the period of advance and growth of glaciers in Europe to
glacier advance in central-east African mountains and the pluvial period in
the Mediterranean Basin. It was also found that fluctuations that were too
small to leave clear geological evidence, could still be large enough to produce
highly significant ecological effects, which may be reflected in archaeological
evidence.

The 8000 years between the end of the last ice-age (breakdown of the
Scandinavian ice-sheet) and the time of Christ saw a sequence of substantial
changes, including some thousands of years that were warmer, and in low
latitudes, moister than now. Such shifts in climate may have been manifested
through long summer drought, repeated rains and river floods, damaging gales
and long severe frost. Glaciers may have melted or expanded, blocking moun-
tain passages previously used for traffic. World sea-level rose and fell with the
gain or loss of water from the world’s glaciers. In primitive economies such
effects could be disastrous and may have affected the course of history.

A particularly sharp change seems to have occurred in the interval 1200—
500 BCE. This history overlaps the rise and fall of various civilizations and
migrations of the so-called ‘barbarian’ cultures of Northern and Central Eu-
rope and Asia. The driving forces behind many historical upheavals could
well have been famine, epidemics and wars caused by droughts and floods
and the arrest of naval commerce lines caused by stormy seas.
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At the present time we have more or less a complete record of human
history in South-Western Asia since about 5200 BCE for which we have the
following data sources:

e Instrumental records and old weather journals going back at most for 300
years.

e  Literary records: accounts of floods, droughts, severe winters, and great
storms.

e  Traditions (such as that of the Deluge which can sometimes be correlated
with other data.

e  Fluctuations of lakes and rivers, glaciers and other natural indices of
climate, which can often be connected with historical events or dated by
laminated clays.

e  Arguments from migration of people, for which climatic reasons may be
assigned with some determined probability. To this we may add the
waxing and waning of civilizations.

e  The rate of growth of trees, as shown by annual rings of tree-growth,
which can be correlated with the annual rainfall.

e  Geological evidence — great advances or retreats of glaciers, growth of
peat-bogs, succession of floras, etc., which can sometimes be approxi-
mately dated.

The evidence afforded by racial migrations depends on the principle that
during a period of increased rainfall there is a movement of peoples from
regions which are naturally moist to regions which are naturally dry, while
during the drier periods the direction of movement is reversed.

It has been shown, for example, that emigration from Europe to the United
States depended on the rainfall. In order that this principle may be used to
determine the course of climatic variations, certain conditions are necessary.
First, there must be large areas which are on the borderline between aridity
and complete desert; these areas must be mostly too dry for extensive agri-
culture, but with sufficient resources to support under average conditions a
large nomadic population, while a succession of dry years renders them almost
uninhabitable.

In close proximity to this arid region there must be a fertile well-watered
plain, with a long and accurately dated history. During dry periods the no-
mads are driven from their homes by lack of water, but they find little diffi-
culty in moving from point to point, and the sedentary agriculturists of the
neighboring plain generally find them irresistible. It is only in Asia that these
conditions are fulfilled in perfection, the rich plains of the Tigris and FEu-
phrates, the site of a long succession of civilized states, having on the one
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side the semi-deserts of Arabia and Syria, on the other side a great dry region
extending eastwards and north-eastwards as far as China. We should expect
a period of decreased rainfall to initiate a series of great migrations spreading
out from the dry regions and recorded in the history of the Mesopotamian
states as the invasions of barbarians.

The history of Egypt does not provide such a complete a record, because
the desert on either side of the Nile valley is too dry, even under favorable
conditions, to support a nomadic population sufficiently large to have made
any impression on the might of ancient Egypt. The Hyksos conquest of about
1800 BCE is the main exception, but the Hyksos themselves probably came
out of Asia. The invasions of China from the west provide some evidence of
climatic fluctuations in the east of Asia.

Man’s awareness of the fickleness of climate can be traced back to the dawn
of history and may have existed long before that in tales carefully transmitted
from generation to generation, which even now survive enshrined in myth and
legend. In contrast, the view, regarded as scientific, which was widely taught
in the earlier part of this century, that climate was essentially constant apart
from random fluctuations from year to year, was at variance with the attitudes
and experience of most earlier generations. It has also had to be abandoned
in face of the significant changes that occurred in many parts of the world.

Among the earliest written reports of climatic fluctuations are the inscrip-
tions recording the yearly levels of the Nile flood, some of them from around
3000 BCE. Other inscribed tablets, or steles, show a reasoned awareness of
the liability of the Nile to fluctuations lasting some years.

In numerous ancient writings and legends we may distinguish knowledge
of certain climatic catastrophes, which changed the face of the world and
from which recovery was either long delayed or never fully established. The
commonest of these accounts, usually of the distant past, are those that relate
to a great flood, of which NOAH’s flood is perhaps the best known example.

Climatic oscillations lasting up to 100 years or so, may be due in part
to changes in the general circulation of the atmosphere and in part due to
interaction of ocean currents and floating ice-fields.

Because of the nonlinear nature of these interactions, under favorable con-
ditions, comparatively small causes may have disproportionally large effects.

One must also remember that while major climatic changes tend to be
nearly synchronous globally, they are not generally in the same sense or mag-
nitude in all places: so there can be damp weather in Western FEurope, and
simultaneous drought in North America.
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One of the consequences of a short term climatic change which affected and
afflicted mankind during its entire history is the drought condition resulting
from a significant shortage in water storage due to lack of precipitation.

4226 BCE Time-reckoning may have began in Egypt with the institution-
ing of the first calendar with a 365-day year, broken into 12 thirty-day months
plus 5 days for festivals.

4000-3200 BCE  Chalcolithic Age: The copper-stone age, just before the
dawn of history, during which man first learned to create metal tools and
ceremonial objects. Emergence of houses, towns and geometric designs on
pottery. This transition from the Prehistoric to the Historic Age was every-
where a slow and gradual one. Civilization slowly appeared in the Near Fast
while the men of the Late Stone Age in Furope continued to live without
metal, government, writing, large ships and many other creations of civiliza-
tion. Beginning at about 2000 BCE, civilization gradually and slowly diffused
toward Europe via the Aegean world as it received all the above benefits from
the nations of the Near East.

ca 4000 BCE Advent of horseback riding in the uplands between the
Dnieper River and the Carpathian Mountains, first sail-propelled boats; bricks
are fired in kilns in Mesopotamia; first recording of star-constellations. Inven-
tion of the plough. Sea-level rise began to slow down, but the slow rise will
continue to ca 2000 BCE.

4000-3000 BCE First urban civilization in the world appeared in the
region between the Mediterranean and India during the so-called post-glacial
optimum?.

ca 4000 BCE Early metallurgists in the foothills and semiarid plains
of Anatolia'® and Iran discovered sources of copper other than the native
metal. None of these ores superficially resembles copper itself and cover a

9 Caused by cessation of volcanic activity and slight increase in solar radiation in
the middle and high latitudes.

10" Neolithic man was acquainted with various minerals: In the cave painting in
France and Spain, he employed ocher (hydrated Fe2Os) and pyrolusite (MnO2)
as pigments. Women used rouge (Fe2O3) and eye shadow (PbS) before the 6"
millennium BCE. Beads of malachite [Cuz(OH)2COz3] and other minerals and
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wide range of colors: green malachite, blue azurite [Cus(OH )2(COs3)2], red
cuprite (Cu20), gray chalcocite (CuaS) yellow chalcopyrite (CuFeSs), and
purple bornite (CugFeSs). The first reduction of malachite to metal must
have been an accidental discovery, probably in a pottery oven. The propa-
gation of copper from sulfide ores was a still more extraordinary discovery,
because a much more sophisticated technique is required.

3784, Oct 20 BCE First record of a solar eclipse was made in India
(according to the Rig Veda). The next four records of solar eclipses in human
history were: 2136, Oct 10 BCE (China); 1375, May 13 BCE (Ugarit); 1178,
April 16, BCE (Homer’s Odyssey, Greece).

ca 3580 BCE Great eruption of mount Vesuvius (VEI=6).

ca 3500 BCE The introduction of the wheel'! in Mesopotamia during the
period of establishment of the city-states. It took two forms: a stone potter’s
wheel and a cartwheel made from a solid piece of wood!'2% A simple picture of
a solid-wheeled vehicle was found at Uruk. The royal standard of Ur, dating
from 2750 BCE, shows carts with solid wooden wheels.

ca 3500 BCE Indo-European proto language, spread by nomadic horseback
herders from the Eurasian steppes, reached the Near-East. Their language
will give rise to the Indo-European languages, including the branches called
Germanic (English, German), Italic (Latin, French), Slavic (Russian), Indo-
Iranian (Sanskrit), Baltic (Lithuanian), Celtic (Gaelic), and Greek, Albanian,
Armenian, and Anatolian (Hittite). Linguists and anthropologists tend to

pieces of copper and gold were among their items of personal adornment. In the
region from the Anatolian plain to the edge of the Iranian desert, neolithic man
could find nuggets of gold and copper in stream beds, where the native metal was
concentrated by the flowing water. In northern Iraq, copper beads have been
found that date from 8500 BCE. By 6000 BCE, neolithic people in the region
of the Fertile Crescent had abandoned their nomadic life as hunters to become
grain growers and stock raisers. They had also mastered some of the secrets of
fire and clay, for pottery makes its first appearance at this time and the skills of

potter were indispensable to the first metallurgists.

Il Was the invention of the wheel a result of man’s keen observation of the ease

with which the dung-beetle (scarab) was maneuvering the dung ball? We know

that this beetle was once held sacred by the ancient Egyptians.

12 First literary mention in the biblical story of Joseph ( Genesis 45, 21, 27), relating

to ca 1650 BCE.
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believe that this mother tongue'® spread into Europe by farmers. Even if
a farmer’s offsprings had moved only 15 km from the family farm to set
up farms of their own, the resulting move of agriculture could have diffused
throughout Europe from Anatolia in about 1500 years, carrying the Indo-
European language with it.

Moreover, cultural anthropologists'* are now able to trace the migration
of people throughout the world in the last 10,000 years as having started with
the growth of population in a location between the Black Sea and the Caspian
Sea.

ca 3500 BCE Earliest known use of Bronze'® in Sumer. The period in
history between the Stone Age and the Iron Age (ca 1100 BCE) became known
as the Bronze Age'®. The origin of bronze had been different in different places,
but it is reasonable to suppose that it was first discovered by the accidental
smelting of mixed ores of copper and tin, such as known to occur.

Bronze Age flourished in the Aegean world during 2900-2000 and contin-
ued during 2000-1100 in the Cretan, Minoan and Mycenaean civilizations.

ca 3500-3000 BCE Mesopotamia springs into history with the city-states
of Sumer and Akkad; advent of pictographic writing; emergence of societies
in the Great Valleys with social and material benefits (Egypt, China, India,

13 The Bible (Genesis 11) associates the story of the Tower of Babel with the
confusion of languages and the dispersion of the races throughout the world.
Clay tablets written in Sumerian indicate that Sumerians believed that there
was a time when all mankind spoke one and the same language, and that it was

Enki, the Sumerian god of wisdom, who confounded their speech.

14 Luigi Luca Cavalli-Sforza and Francesco Cavalli-Sforza, The Great Human

Diasporas, Addison-Wesley, 1995.

15 Bronze: an alloy of copper and tin. The oldest alloy known to man. It replaced
stone and soft copper and was used as the primary material for weapons and
cutting tools. It was commonly used to cast containers such as cups, urns, and
vases. Men also shaped bronze into battle-axes, helmets, knives, shields, swords,
and ornaments. In contradistinction, Brass is an alloy of copper and zinc and
was probably discovered later by melting copper ore that also contained a small

amount of zinc.

16 The bronze age is not a particular period of time; some areas had their bronze

age early, others had it late, and some skipped it altogether. The Bronze Age
in any region usually overlapped on earlier Stone Age and a later Iron Age,
because people did not stop using one material all at once. The Biblical reference
to Tuval-cain as a master forger of bronze tools (Genesis 4, 22) is probably
associated with the early Bronze Age III in the Near East (ca 2400 BCE).
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Mesopotamia); introduction of the wheel in Mesopotamia and its use in haul-
ing carts and making pottery (ca 3300 BCE).

Glacier advances around 3000-2800 BCE severely disturbed Neolithic agri-
cultural economy in central Europe and Asia, causing the spread of people to
Western Europe. Climate deteriorated on a global scale and glacier’s move-
ment caused major flooding in Mesopotamia and Egypt.

ca 3400 BCE Development of hieroglyphic writing. Egyptians developed
their number system'” to the point where they could record numbers as large
as 100,000,000. Thus, written numbers preceded any known form of written

17 The invention of hieroglyphics took many years, maybe even centuries. Hiero-
glyphs were carved or “printed.” The hieratic was the first cursive form of
hieroglyphics, developed much later. It was a quicker and more convenient way
of recording an agreement, conveying a message, or making a calculation with
numbers than by drawing hieroglyphs.

As the need for keeping track of large numbers arose, the Egyptians developed
a grouping system in order to perform more complex operations. In this system
some number 7 is selected for the base and symbols are adopted for 1,n,n? n®,
and so on. Then any number was expressed by adding these numbers.

Their grouping system had a base of ten. Their symbols were powers of ten:

e 1: The symbol for a staff or rod.
e 10: A heel bone or arc.

e 100: A rope coil or scroll symbol.
e 1,000: The lotus flower.

e 10,000: A pointing finger.

e 100,000: A burbot (fish).

e 1,000,000: An astonished man.

e 10,000,000: A sun on the horizon.

They had no mathematical notation, except the symbol for total. There were
no plus, minus, multiplication, or division signs. No square root signs, zeros, or
decimal points were used. If they wanted to indicate a sign, they had to write it
out in hieroglyphics. Although they didn’t have mathematical notation, there-
twice-times table and two-thirds-table enabled them to do a significant amount
of mathematical problems for their time.
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words. Numerals probably preceded words in the Orient and in the Americas
as well.

ca 3200 BCE Metal-molding were practiced at Sumer to make copper and
bronze axes. Egyptians used papyrus to write on. Sailing ships were used in
Egypt. A ziggurat in Ur (Mesopotamia), 12 m high, shows that the Sumerians
were familiar with columns, domes, arches and vaults.

3200 BCE Earliest evidence of political structuring in Egypt: administra-
tors are appointed to ensure a regular water supply to the fields. Egypt is
developing into a sophisticated centralized civilization. Astronomy, picture-
writing and mathematics evolve and develop as necessities from the demands
of canal-building, regular harvesting, granary building, taxation system and
security (metal weapons).

3300 BCE Evidence for copper industry in the Alps found in 1991 with
the discovery of the Austrian Alps ‘Iceman’ buried in snow. This pushes back
the copper age by some 1000 years.

ca 3200 BCE Egyptians made the earliest recorded sea voyage during
the reign of Pharaoh Sneferu. It was commemorated in a hieroglyphic
inscription which recorded the “bringing of 40 ships of one hundred cubits
with cedar wood from Byblos”. It was the need for timber, for their temples,
palaces and ships, that occasioned the voyage to Byblos, the port for timber
hewn in the great cedar groves of the Lebanon mountains.

ca 3000 BCE The first glass was made by man in the form of a glaze on
ceramic vessels.

ca 3000 BCE Breakup of a large comet produced a zodiacal light'® so
prominent that it was confused with the Milky Way. It is mentioned repeat-
edly in ancient literature.

ca 3000 BCE First large-scale irrigation system in Egypt and Mesopotamia.
It began with the discovery of farmers that they could exploit the natural ir-
rigation afforded by rains and floods in order to raise crops during most of

18 Zodiacal light: sunlight reflected off dust that lies in the ecliptic plane (zodiac).
This dust is believed to be fine debris from long-lost comets and is studied by
astronomers using space-borne telescopes sensitive to infrared (heat) radiation.
Sometimes, when an active comet sheds a great deal of material, the zodiacal
light becomes very bright. Such was the case e.g. on the night of 07 June 1843
in South Africa, when it resulted from debris of comet Encke. It is currently so
faint that it barely even merits mention in textbooks.
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the year. By this means the same patches of land were cultivated repeatedly.
Farmers were then led to invent the plow that oxen could pull. This in turn
helped farmers produce much more food than they needed for their families.
The food surpluses enabled more and more people to give up farming and
more to the cities. Classes of builders, craftsman, merchants priests, clerks,
miners, smelters, transporters and officials began to appear — and systems of
writing were invented.

ca 3000 BCE Earliest written reports of climatic fluctuations in Egyptian
inscriptions, on tablets or steles, recording the yearly levels of the Nile flood.

ca 3000 BCE The Chinese used the binary system in their arithmetic
calculations. Hieroglyphic numerals in Egypt.

ca 2900 BCE Earliest archaeological evidence for the existence of the
city of Yafo'?, on the Mediterranean coast of Israel. It was the scene of the
ancient legend of Andromache and Perseus. The part of Yafo is mentioned
in Old Testament (Josh 19, 46; Jonah 1, 3; Ezra 3, 7; Chron. II. 16). The
name is also mentioned in the tribute lists of the Egyptian king Tethmosis I1I
in the 15" century BCE.

Yafo was probably under the control of the Phoenicians until the Persian
period. It was brought under Israeli control by the Maccabees (164 BCE).
Pompey made it a free city (63 BCE), but Caesar restored it to the Israelis
(47 BCE).

As the only harbor in the Israeli coast between Egypt and Carmel, Yafo
was of great commercial importance throughout history. The modern Tel
Awiv-Yafo with a population of ca 360,000 is the largest city in Israel.

ca 2800 BCE The earliest known book of medicine, the Great Herbal of
Emperor Shen Lung. There is a Babylonian physicians seal of about the
same date.

19 Other names are Joppa (Greek) and Jaffa (Arabic). The Hebrew name could
have originated from the Hebrew word Yafé (= beautiful) or Japeth (= son of
Noah).
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Origins of the Egyptian Civilization

Egyptian civilization did not emerge spontaneously as a full-grown disci-
pline. It had its note in former African civilizations: Carbon dating of the
remains of barley and einkorn wheat found at Kubbaniya, near Aswan in
Upper Egypt, shows the beginning of agriculture that existed around 16,000
BCE, and this evidence is supported by the large concentrations of agricul-
tural implements from around 13,000 BCE.

Moreover, the discovery of recent archaeological artifacts of neolithic com-
munities in Egypt, indicate that they may have belonged to groups from the
once fertile Sahara region who were forced to migrate eastward as the desert
spread. So, the culture and people of Egypt initially originated in the heart-
lands of Africa. This is borne out by the historian Diodorus, who wrote (ca
50 BCE) that the Egyptians “are colonists sent out by the Ethiopians... And
the large part of the customs of the Egyptians are Ethiopian”.



3100-1250 BCE 75

Egyptian mathematics®*® (3100-1250 BCE)

Due to the more advanced economic development of Babylonia, the mathe-
matics of ancient Egypt never reached the level attained by Babylonian math-
ematics: Babylonia was located on a number of great caravan routes, while
Egypt stood in semi-isolation. Nor did the relatively peaceful Nile demand
such extensive engineering and administrational efforts as did the more erratic
Tigris and Euphrates. But the veneration that the Egyptians had for their
dead and the unusually dry climate of the region, led to the preservation of
many papyri and objects that would otherwise have perished.

The origins of the urban revolution that transformed Egypt into one of the
great ancient civilizations are the gradual development of effective methods
of flood control, irrigation and marsh drainage which contributed to a signifi-
cant increase in agricultural yield. Clearly, a prerequisite for such innovations
required organization that sprang out of cooperation among preexisting scat-
tered settlements. Thus, prior to the emergence of the highly centralized
government of Pharaonic Egypt, a form of communal village nucleations may

20 For further reading, see:

e Van der Waerden, B.L., Science Awakening, P. Noordhoff: Groningen, Hol-
land, 1974, 306 pp.

e De Camp, L.S., The Ancient Engineers, Ballantine Books: New York, 1963,
450 pp.

e Gillispie, C.C. and M. Dewachter (Editors), Monuments of Egypt, The Com-
plete Archaeological Plates from the Description De L’Egypt. Princeton Ar-
chitectural Press, 1994.

e David, R.A., The Egyptian Kingdoms, Elsevier: Phaidon, 1975, 152 pp.

e Neugebauer, Otto, The Exact Sciences in Antiquity, Dover, New-York, 1969,
240 pp.

e Joseph, G.G., The Crest of the Peacock, Princeton University Press, 2000,
455 pp.

e Wilson, A.M., The Infinite in the Finite, Oxford University Press, 1995, 524
Pp-

e Hogben, L., Mathematics for the Million, W.W. Norton and Company, Lon-
don, 1993, 649 pp.
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have come into existence as an institutional back-up for these agricultural
innovations.

Between 3500 and 3000 BCE, the separate agricultural communities along
the banks of the Nile were gradually united, first to form two kingdoms —
Upper and Lower Egypt — which were brought together (ca 3100 BCE), as
a single unit by Menes, who came from Nubia (part of present-day Sudan).
Menes forced a long line of Pharaohs, 32 dynasties in all, who ruled over a
stable society for the next 3000 years.

Up to 1350 BCE, the territory of Egypt covered not only the Nile valley
but also parts of Israel and Syria. Control over such a wide expanse of land
required an efficient and extensive administrative system. Censuses had to
be taken, taxes collected, and large armies maintained. Agricultural require-
ments included not only drainage, irrigation and flood control, but also the
parceling out of scarce arable land among the peasantry and the construction
of silos for storing grain and other produce.

As Egyptian civilization matured, there evolved other pursuits requiring
practical arithmetics and mensuration: financial and commercial practices
demanded numerical facility. This evolving numerate culture, serviced by a
growing class of scribes and clerks led, in turn, to the construction of calendars
and the creation of a standard system of weights and measures. Finally,
this practical mathematical culture culminated in the construction of ancient
Egypt’s longest lasting legacy — the Pyramids.

It is possible to distinguish three different notational schemes of numer-
ation used in ancient Egypt: hieroglyphic (pictorial), hieratic (symbolic) and
demotic (popular). The hieratic notation was employed in both the Moscow
and Rhind papyri . The demotic variant was a popular adaptation of the hi-
eratic notation and became important during the Greek and Roman periods
of Egyptian history.

The hieroglyphic system of writing was a pictorial script where each char-
acter represented an object. Special symbols were used to represent each
power of 10 from 1 to 107. With these symbols, numbers were expressed in
the decimal system e.g. 17509 = 1(10%) + 7(103) + 5(10%) + 0(10) + 9(10°).
No difficulties arose from not having a symbol for zero or place-holder in this
number system. Addition and subtraction posed few problems: In adding
two numbers, one made a collection of each set of symbols that appeared in
both numbers, replacing them with the next higher symbol as necessary. Sub-
traction is merely the reversal of the process of addition, with decomposition
achieved by replacing a larger hieroglyph with ten of the next lower symbol.

The hieratic representation was similar in that it was additive and based
on powers of ten, but it was far more economical (fewer symbols). While this



3100-1250 BCE 77

notation was more taxing on memory, its economy, speed and greater suit-
ability for writing with pen and ink (for writing on paper in contradistinction
to hieroglyphs carved on stone or metal) caused the gradual replacement of
hieroglyphs.

These papyri reveal the state of mathematics in Egypt from about 3100
BCE to about 1100 BCE.

One consequence of their numerical system is the additive character of the
dependent arithmetics. Multiplication and division were usually performed by
a succession of doubling operations depending on the fact that any number
can be represented as a sum of powers of 2.

This Egyptian process of multiplication and division eliminated the neces-
sity of learning a multiplication table. It is also so convenient on the abacus
that it persisted as long as that instrument was in use.

Thus, this method required prior knowledge of only addition and “two-
time” table.

In a modern variation of this method, still popular among rural community
in Russia, Ethiopia and the Near East, there are no multiplication tables and
the ability to double and halve numbers (and to distinguish odd from even)
is all that is required.

Whether the Egyptians knew it or not, their method is based on the unique
binary representation of every number.

In modern notation, if N is a positive integer, it can be written as
N=0a2"+a_12"" 4+ +a;2' + ao,

where ar, = 0 or 1. Suppose that N and M, whole numbers, are to be
multiplied; then NM = Y 2'M, where the sum includes only these terms

(2

for which a; = 1. Then to calculate 2'M, just double M, then double the
result and continue to double until 2*M is reached. Therefore, if we can
add and double numbers, we can also multiply them. The Egyptians (lacking
computers) still faced one little problem: how to find, quickly, the non-zero
coefficients in the binary representation of N. Their ingenious trick was to
half the multiplicand N (to the nearest integer [%]) and keep halving the
result until unity is obtained. Then, consider only the odd number in this
sequence!

This ancient method of multiplication provides the foundation of Egyptian
arithmetic. It was widely used, with some modifications, by the Greeks and
continued well into the Middle Ages in Europe.
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In the inverse process of division, fractions had to be introduced whenever
the quotient was not an integer. But since their method of writing numerals
did not allow any unambiguous way of expressing fractions, they tackled the
problem in a quite ingenious way.

Modern historians and mathematicians have tried to discover the rules
that the Egyptians actually followed in performing calculations with fractions.
From all cases available in the table of the Papyrus Rhind (ca 2000-1800 BCE),
Neugebauer recorded that the Egyptians actually used simple algebraic rules
such as (in modern notation)

2 11 31 2 11 5
n 2n  2n n n
to obtain results such as
2_1+1 2 1 +1
3 6 2 5 15 3

In general, they were concerned with the representation of a rational numbers
as the sum of unit fractions, i.e.

This has suggested numerous problems, many of which are still unsolved, and
continue to suggest new problems, so that interest in Egyptian fractions is
as great as it has ever been. One such problem suggested by Paul Erdés
concerns the Diophantine-like equation

4 1 1 1
— ==+ -4 -, n>1,
n x Yy z

where x, y, z and n are positive integers [e.g. n =4, t =2, y =3, z = 6].
Examples of other fractions are

2—1+1+1+ 1
7 5 13 115 10465’

1_1+1+1_|_1+1+1+1+1+1+1+1
3 5 7 9 15 21 27 35 63 105 135

A well-known riddle associated with Egyptian fractions is the following:
A dying rich man, who owned 11 cars, willed 1/2 of them to his oldest daugh-
ter, 1/4 to his middle daughter, and 1/6 to his youngest daughter. But the
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problem arose how to divide his 11 cars in strict accordance with the will. A
car-dealer offered his help by lending the heirs a brand-new identical vehicle
so that each daughter could now receive a whole car: the oldest 6, the middle
3 and the youngest 2. After the heirs had driven off, one car remained for the
dealer to reclaim!

The problem really solved here was to express —2— as a sum of three

n+1
Egyptian fractions:
n 1 1 1

n—l—l:a b ¢

In the above storyn = 11, a = 2, b = 4, ¢ = 6. Interestingly, forn = 11, there
is another solution (and story) with a = 2, b =3, ¢ = 12 because two subsets
of the divisors of 12 (1, 2, 3, 4, 6, 12) add to 11 (2+3+6=1+44+6=11). The
inheritance problem is related to pseudo perfect numbers, defined as numbers
equal to a sum of a subset of their divisors.

Thus, the main Egyptian mathematical accomplishment was the invention
of a system of notation that made it possible to express the result of an
arbitrary division of integers. However, this process was cumbersome and did
not result in a unique expression for a fraction, which in turn made it difficult
to compare the size of numbers. They used 17/12 for \/2 and symbols for
plus, minus, equality and unknowns appeared in their arithmetic.

With this limitation of their calculational capabilities, the Egyptians could
not have solved quadratic equations. Clearly, advances in algebra are depen-
dent on an efficient notation for numbers and on systematic methods for
computing with them.

As opposed to continued fractions, unit fractions are of relatively little use.
In fact, they probably set back the development of Egyptian mathematics.
However, they do provide fertile ground for numerous unsolved problem in
Diophantine analysis.

Operating with unit fractions is a singular feature of Egyptian mathemat-
ics, and is absent from almost every other mathematical tradition.

Egyptian algebra is referred to as ‘rhetorical algebra’: the rules devised by
mathematicians for solving problem about numbers were expressed verbally
and consisted of detailed instructions about what was to be done to obtain
the solution to a problem.

In time, the prose form of rhetorical algebra gave way to the use of syn-
copated algebra where abbreviations for recurring quantities and operations
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were introduced. Traces of such algebra are to be found in the works of Dio-
phantos(ca 250 CE), but it achieved its fullest development in the work of
Hindu and Arab mathematicians during the first millennium CE.

During the past five centuries there has developed ‘symbolic algebra’ where,
with the aid of letters and signs of operation and relation (+, —, x, =, =),
problems are stated in such a form that the rules of solution may be applied
consistently. This evolution had to await the development of a positional num-
ber system which allowed numbers to be expressed concisely and with which
operations could be carried out efficiently.

An ancient mathematical document dated ca 1850 BCE and known as
the “Moscow Papyrus” reveals the state of knowledge of ancient Egyptian
mathematicians.

The papyrus was discovered in 1890 in the Necropolis of Dra Abul Negga
in Egypt and it was acquired in 1912 by the Moscow Museum of Fine Arts.
It consists of 25 mathematical problems and their solutions. The solutions
of the geometrical problems are basically arithmetical, offering no trace of a
proof in the Euclidean sense.

A second document from the same time is the “Rhind Papyrus”, now in
the British Museum. It reveals a highly original procedure for operating with
fractions. The Egyptians used a decimal system of notation, but had no pro-
cedure which was in the nature of a general proof. The geometrical problems
were mensurational. The document was found at Thebes and purchased in
1858 by the English archaceologist Alexander Henry Rhind.

The above sources reveal that Egyptian algebra did not go far beyond linear
equations in one unknown and pure quadratic equations in one unknown.
Their algebra had some symbolism such a symbols for plus, minus and equals.

In geometry they advanced only as far as was required for computing
simple land areas and granary volumes. Thus, the area of a circle was taken
equal to that of a square of side 8/9 of the diameter (leading to the value
7 ~ 3.16). The volume of a right cylinder was obtained as a product of the
base area by the length of the altitude. They also knew that the area of any
triangle is given by half the product of the base and altitude.

An army of some 100,000 laborers working for a period of 30 years built
for them the great pyramid of Gizeh at about 2700 BCE. It undoubtedly
involved some mathematical and engineering problems. Indeed, problem 14
of the Moscow Papyrus reveals that they knew the general formula

1
V= gh(a2 + ab + b?),
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giving the volume of a frustum of a square pyramid of the height h and the
sides a and b of the bases.

The geometry of the Egyptians was merely an applied arithmetic in the
sense that areas and volumes were determined according to certain approxi-
mate calculational rules®*'. However, nowhere does a systematic derivation of
these rules occur. Looking at Egyptian mathematics as a whole, one sees only
rules for calculation without any motivation, but calculation is not the same
as mathematics.

Astrology was, in Egypt, the prelude to astronomy. The stars were ob-
served that they might be duly worshiped. The importance of their first visible
appearances at dawn (for the purposes of both practical life and ritual obser-
vance) caused them to be systematically noted. The length of the year was
accurately fixed in connection with the annually recurring Nile flood, while
the curiously precise orientation of the Pyramids afforded a lasting demon-
stration of the high degree of technical skill in watching the heavens attained
in the 3"¢ millennium BCE. The constellational system, in vogue among the
Egyptians, appeared to have been of native origin, but they contributed little
or nothing to the genuine progress of astronomy.

The ancient Egyptians bequeathed to us the idea which is at the heart of
our calendar. Unlike the Babylonians, Greeks and early Romans, they based
their calendar upon the sun alone. As the earliest great farming civilization,
Egypt was dependent upon the annual flood of the Nile which brought water
and rich silt to the river’s flood plain. Life in Egypt was controlled by the
seasons, and hence by the sun. The moon played no part in the calendar.

The Egyptian year had 12 months, each of 30 days, plus an extra 5 days
at the end of the year. These 5 days were associated with the birthday of
the greatest gods of the Egyptian Pantheon and were given over to celebra-
tions. Thus the year was 365 days long. The Egyptians made no attempt to
force their calendar to keep step with the actual seasons (as we do by adding
leap-days, or a leap-month). Instead, they accepted that the seasons would
gradually become later and later w.r.t. the calendar, in a cycle that would
take 1460 years to complete. The Egyptian checked the relation of their cal-
endar to the natural year not by observing the equinoxes and solstices but

21 The two major achievements of Egyptian geometry were the approximation to
the area of the circle, and the derivation of the rule for calculating the volume
of a truncated pyramid. Some historian claimed that they also found the correct
formula for the surface area of a hemisphere.
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by the heliacal rising of Sirius, the Dog-star. This was the first sighting each
year of Sirius in the morning sky just before sunrise.

ca 2770 BCE Egyptian introduced the calendar based on a year of 365
days. The Egyptians recognized that the point on their horizon where the
sun rises or sets moves from day to day; in the spring the sunrise and sunset
points move north along the horizon until they reach a northern limit at the
time when daylight last longest. Then they move south until they arrive
at a southern limit when the period of daylight is shortest. By counting
the number of sunrises or sunsets from either one of these points until that
point is next reached they found the number to be about 365. They noted
independently that the Dog star, Sirius, reappeared in the eastern sky just
before sunrise after several months of invisibility.

They also discovered that the annual flood of the Nile river came soon after
Sirius reappeared; again they counted 365 days between two such consecutive
events. So at some point?? they began using this event to fix their calendar
and came to recognize a year of 365 days made up of 12 months, each 30 days
long and an extra 5 days added at the end for festivals. But the year length
is actually 365 days, 5 hours, 48 minutes and 46 seconds (about a quarter of
a day) and so, their calendar slowly drifted into error.

Important observations of the sky were also made by people in other parts
of the ancient world, especially in India, China and Mesopotamia. These early
observers realized that it was easier to describe the location of a particular
object in the night sky if the stars were divided into recognizable groups,
called constellations.

2750 BCE Gilgamesh, legendary king of Uruk, Sumer.

2700-2500 BCE Building of the early big Pyramids®? during the 37¢ and
4t Old Kingdom Dynasties in Egypt.

22 The Egyptian calendar is known to have accurately matched the seasons with
dates in 139 CE. Their calendar gradually went into and out of alignment with
the seasons with a period of about 1455 years. Knowing this, astronomers have
speculated that the year of 365 days was institutioned at ca 4226 BCE.

23 The word Pyramid appears for the first time in the Ahmes Papyrus (ca 1630
BCE) and is believed to have originated either from the Egyptian piromi or
pyros = grain, as in “granary”. The Greeks obtained it from the Egyptians.
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At the beginning of the 3" Dynasty, Imhotep?* (ca 2700 BCE) designed
for King Djoser the first great stone structure built by man — the Step-Pyramid
at Saqqarah [h. 60 m; base: 121 x 109 m?]. This was an experiment, using a
new architectural form and new building materials and construction technique
with dressed stone.

The first smooth-sided Pyramid was built at Meidum at about 2600 BCE
[h. 92 m; base: 144 x 144 m?; inclination: 51°51'].

The Pyramid of Cheops, the largest and most massive of the Pyramids,
stands at Gizah (west bank of the Nile river, outside Cairo). Built by Prince
Hemon, a son of King Sneferu and cousin to Cheops (Khufu), sometimes
during 2600-2500 BCE [originally 146.5 m tall and base of 230.4 m with in-
clination 51°51’. Some 2.5 million stones were used for its construction.]?”.
According to Herodotos, some 100,000 workers?® were engaged in the con-
struction at any given time over a period of 30 years.

The great Pyramids were constructed on a common geometrical plan: the
perimeter of the four sides, which face exactly to the north, south, east and

Because of the pyramidal form of a flame, the word was thought by medieval
and Renaissance writers to come from the Greek word pyr for fire (as in “py-
rotechnic”). However, the word prism is from the Greek prizein = to saw, hence

something sawed off.

24 According to Manetho (ca 280 BCE). Imhotep, architect, engineer, writer,

statesman and physician, is honored in medicine as the first physician known by
name. He served as vizier (prime minister), and after his death was elevated to
the status of a god. He was worshiped for his healing powers, the only scientist
ever to have become a god. The Greeks identified him with their own god of
healing, Asclepius: temples were built to Imhotep, and bronze statuettes of him
have been preserved. A statue of him stands today in the Hall of Immortals in
the International College of Surgeons in Chicago.

Imhotep is the first figure of a universal man to stand out clearly from the mists
of antiquity; probably of the caliber of Archimedes and Leonardo da Vinci,
to be produced by nature only once in some 2000 years.

Apart from Manetho’s book there is no real history of Imhotep and his royal
master Djoser. However, a papyrus of Ptolemaic times relate how the kingdom
was afflicted by famine for several years because the Nile failed to rise. Djoser
accordingly took counsel with Imehotep, who explained that Khnum, the god of
the Cataracts, was wrath. So the king deeded lands for temples to the god, and
all was well. This story provides the kernel of the biblical story of Joseph and
the seven lean years.

25 Relative error in the right angle at corners not exceeding 1 /27,000.

26 Replaced every 3 months.
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west, has the same ratio to the height as the ratio of the circumference to the
radius of a circle, i.e. 2 x 3% or 2m. This was no coincidence: The symbol of
the sun-god Ra was a circle. So, when Ra rose every morning over the land
of Egypt, he was greeted by a shining golden image of himself. The square-
ness and level of the base have an average error that is less than 10~% of a side.

The rays of Sirius (whose rising announced the Egyptian New Year and the
flooding of the Nile river), were perpendicular to the south face at transit, and
shone down the ventilating shaft into the royal chamber while building was
in progress. The Pyramids, built when a-Draconis was the pole-star?”, had
interior passages aligned in the direction of that star as it passed the meridian
of the Pyramid. Thus, the ancients, believing that the motion of the heavenly
bodies held the secret of man’s fate, spared no effort to unlock this secret by
a systematic study of the heavens.

ca 2679 BCE Chinese astronomers record an observation of a Nova.

ca 2600 BCE Egyptians build the first stone-paved highway — a 60 km
long road which carried the materials for the pyramids. At about the same
time they invented the wooden saw to cut granite.

First recorded seagoing voyage. Egyptian sailors travel to Byblos in
Phoenicia (today’s Lebanon) in search of cedarwood.

27 During 4480-2330 BCE the sun rose on the spring equinox in the constellation

Taurus and during 10,970-8810 BCE in the constellation Leo. This led some
scholars to speculate that the Sphinz (Lion-faced!) was built during the age of
Leo. Geological studies of the Sphinz (1991) by a team of American geologists
from Boston University, headed by Robert Schoch, concluded that the Sphinx
would seem to date from around 7000 to 5000 BCE, during the Neolithic rainy
period. This is a direct challenge to Egyptologists who maintain that the Sphinx
was excavated out of solid rock around 2500 BCE at the time of Pharaoh Khafre.
It means that social organization and technology needed to create this Sphinx
had to exist prior to the 1°* Dynasty kingdoms — a revolutionary idea unaccepted
by most Egyptologists today.
It is believed that the Gizah-complex pyramids (Khufu, Khafre, Menkaura) were
oriented according to the stars, i.e. the three pyramids were apparently delib-
erately related to each other in a unified geometric design, forming an integral
part of the ritual basis behind the Egyptian understanding of death and the af-
terlife. For example, if a line is drawn linking the center points of the two larger
pyramids then the third and smaller pyramid is off set. The three then seem to
create a pattern on the ground corresponding to the three stars of Orion’s Belt
in the sky.
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ca 2500 BCE Early Minoan civilization in Crete. Indus Valley civilization
founded in India.

Egyptian priests began to develop and codify medical practice, including
primitive surgical procedures. They gain their understanding of the human
body by preparing mummies. Papyri from that time tell how to set bones, the
pumping function of the heart, the pulse and the prescription of medications
and diets. Mummies were in part produced by saponifying the flesh of the
corpse with natron (a mixture of NayCO3, NaHCO3, NaCl and NaySOy).
Chinese probably developed practice of acupuncture by this time.

2500 BCE Egyptians and Mesopotamians had developed a sophisticated
society operating with essential tools: civil engineering, astronomical mea-
surement, water lifting machineries, writing and mathematics, primitive met-
allurgy, and the wheel.

ca 2500 BCE The knowledge of agriculture, of the potter’s art, and of the
use of copper reached northern China, by way of Central Asia, either from
Russian Turkestan or from Persia. Thus the initial (Neolithic) civilization of
China came indirectly from the ancient centers in Western Asia — from either
the lower Indus lands or from lower Mesopotamia.

From these areas cultural currents equally passed into Europe. Subse-
quently to this remote phase, however, Chinese civilization seems to have
developed in almost complete independence of influence from the West. Eu-
rope and China developed along independent lines because of geographical
conditions (distance, mountain and desert barriers). Both Europe and China
stood at the terminals of a steep-desert belt where rainfall was sufficient for
cultivation; hence they were geographically equipped to support relatively
dense populations.

ca 2500-2000 BCE Hugh climatic changes in the Aegean, Anatolia, Near
and Middle-East, Egypt, North Africa and large parts of Asia. May be linked
to the encounter of the Taurid meteor stream (including asteroids and active
comets) with earth. This is the age of megalithic constructions around the
world such as the Pyramids of Egypt and the Stonehenge?® in England.

28 For further reading, see:

e Hoyle, Fred, On Stonehenge. W.H. Freeman, 1977, 157 pp.

e Niel, F., The Mysteries of Stonehenge. Avon, 1975, 208 pp.
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ca 2500 BCE The Egyptian sea-expedition to Punt?®® (in the reign of the
Pharaoh Sahure) in quest of incenses and cosmetics ingredients.

As the power and luxury of Egypt increased, so did its need for rare,
costly and exotic materials. From the mines on the Sinai peninsula Egyptian
ships brought turquoise, malachite and copper. From equatorial Africa they
brought the incenses frankincense and myrrh, and antimony — an ingredient
of rouge, one of the most highly prized cosmetics of the day.

These products became so prodigiously expensive as they traveled slowly
up the continent, passing through the hands of one entrepreneur after another,
that the Egyptians were eventually impelled to send their own fleets through
the Red Sea to the sources of these goods, in order to trade directly with the
inhabitants.

ca 2500 BCE The final disappearance of the elephant, giraffe and
rhinoceros from Egyptian territory. Elephants continued to exist in Syria
and Mesopotamia up to ca 1000 BCE.

ca 2500 BCE Coastal Indians at Chicama (Peru) engaged in agriculture.

ca 2400 BCE Sumerians develop positional notation for numbers with
base 60.

ca 2400 BCE Bitumen, a form of oil that seeps from the ground, was used
in Mesopotamia to make boats watertight. This is reflected in the Biblical
story of Noah and the Deluge [Gen 6, 14].

ca 2316 BCE Chinese record an observation of a comet.

ca 2300 BCE The earliest surviving map is one inscribed on a baked clay
tablet from Mesopotamia. It is a map of the city-state Lagash.

ca 2300 BCE The observational work of the Chinese resulted in an accu-
rate calendar in which the year was 365% days long.

29 The Land of Punt, “The Sacred”. Various locations have been suggested: Per-
haps on the borders of Somalia and Ethiopia; could be identical with the Biblical
Ophir (I Kings 9, 28; 10, 11; 22, 49; II Chron 8, 18; 9, 10). Equatorial Africa
was the source of ebony and other rare woods, ivory, gold and silver. Prized above
all were the incenses, frankincense and myrrh. The latter, a gum resin burned in
vast quantities in the temples, and also widely used as an unguent, perfume and
embalming agent. The tree which exudes the myrrh resin, Commiphora myrrha,
grows extensively inland from the port of Zeila.
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ca 2200 BCE The custom of horseback riding finally diffused to the
Middle-East from its origin in the forested uplands between the Dnieper River

and the Carpathian Mountains®’.

2180-2130 BCE A Dark Age in the history of ancient Egypt. Earliest
known great famine in Upper Egypt, due to drought caused by a severe failure

of the annual floods of the Nile. A second famine, less severe, occurred between
2002 and 1991 BCE.

This prolonged drought occurred more or less simultaneously over the
entire Eastern Mediterranean and adjacent lands. The dire famine was caused
by failure of the rains over the central and eastern African sources of the
Nile3!. The crisis shattered a weakened central government utterly unable to

30 Horseback riding began at ca 4000 BCE in the Cucuteni-Tripolye culture, which
flourished from about 4500 to 3500 BCE in the forested uplands between the
Dnieper River and the Carpathian Mountains.

Horseback riding, by bringing distant cultures into contact, seems to have stim-
ulated both trade and war, and provided a possible mechanism for the dispersal
of early Indo-European dialects.

An eastward dispersion by the first riders would have encountered only small and
scattered human resistance. Dispersal to the west would have been much more
complex because it would have encountered the well-established agricultural so-
cieties of Copper Age Europe.

Archaeological data and theoretical models of migration tend to support the
theory that such movements took place, first to the east, and then to the west,
between 3500 and 3000 BCE. In all these developments the horse played a critical
role.

It took a very long time for the custom of riding to diffuse southward into the
Middle East. When horses finally did appear there around 2200 to 2000 BCE,
they were used first as draft animals attached to battle carts, and eventually, to
drive the war chariots. It was as a chariot animal that the horse trotted onto

the pages of history, two millennia after it had first been broken to the bridle.

31 The volume of water in the Nile depend on the rainfall over Central Africa ( White

Nile) and the summer monsoon rains over East-African Highlands (Blue Nile).
Thus the most important source of information as to the variations of rainfall in
Africa is provided by the levels of the River Nile.

As is well known, the Nile commences in Lake Victoria, in Central Africa, and
flows to Lake Albert as the Victoria Nile. From there it continues as the Bahr-el-
Jebel, becoming known as the White Nile after the junction of the Sobat River.
At Khartoum it receives the Blue Nile, and near Berber the Atbara River, both
of which originate in the mountains of Abyssinia. From the junction of the Blue
Nile to the Mediterranean, a distance of 2900 km, it receives no appreciable
accession of water. The level of the Nile passes through an extremely regular
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cope with the problem, decimated the Egyptian people and brought about a
general decline in material culture32

Outside Egypt, the drought affected civilization throughout the Eastern
Mediterranean Basin: it contributed to the destruction of the Akkadian Em-
pire. The second drought (2002-1991 BCE) contributed to the downfall of
the Third Dynasty of Ur.

2159 BCE According to accounts of the time, the court astronomers in
China, Hi and Ho were beheaded when they failed to predict on eclipse.

2100 BCE Egyptians record star configurations and base upon it a 24-hour
day.

annual variation; the water is at its lowest in April or May, it rises slowly and
irregularly in June and the first half of July, but rapidly and steadily in the latter
half of July and the first half of August, remaining high during September and
commencing to fall rapidly in October.

[Herodotos tells us: “When the Nile overflows, the country is converted into a
sea, and nothing appears but the cities, which look like islands in the Aegean”.]
The regular annual flood is the source of fertility of Egypt, without it the whole
land would be a barren desert, and hence the levels of the flood have been
recorded annually, probably for some thousands of years.

The significance of both high and low levels of the Nile is as follows: The White
Nile drains a large area of equatorial Africa which has a considerable annual
rainfall distributed fairly evenly throughout the year; moreover, it passes through
two large lakes, Victoria and Albert, which further regulate the flow. Hence
the White Nile, above its junction with the Sobat River, discharges an almost
constant volume of water throughout the year.

The Blue Nile, the Atbara, and the Sobat River, on the other hand, originate in
Abyssinia, which receives the greater part of its monsoonal rainfall in the summer
months. It is these rivers which supply most of the waters of the annual flood.
For this reason the level of the Nile during the stage of low water reflects the
general rainfall of equatorial Africa, while the flood levels represent the monsoon
rainfall of the eastern highlands. Since the rainfall in the equatorial belt is
associated with low pressure (which is very closely connected with the intensity
of the general circulation of the atmosphere) it shows a closer relation to the
rainfall of Europe than the monsoon rainfall in the eastern highland (governing

the floods).
32 When a similar situation arose in the middle of the 2" millennium BCE, it was

met by a stronger and more experienced government which succeeded to manage
the economy through a sequence of 7 years of abundance and 7 lean years that
followed (Gen 41, 29-57).
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2000 BCE Babylonian arithmetic evolved into rhetorical algebra:
quadratic equations are solved and cubic and biquadratic equations were dis-
cussed.

ca 2000 BCE Ziggurates in Mesopotamia serve as platforms for astronom-
ical observations. The shaduf, a device for astronomical observations raising
water from one level to another with a bucket, appears in Mesopotamia.

The palace of Minos in Crete has light and air shafts and interior bath-
rooms with their own water supply.

Mesopotamian traders journey as far east as India. Egyptians trade with
Nubia, Ethiopia, and Crete.
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Mathematics and Astronomy in Mesopotamia®®
(ca 3200-300 BCE)

“In Babylon, in Babylon
They baked their tablets of the clay;
And year by year, inscribed thereon
The dark eclipses of their day;

They saw the moving finger write
Its ‘Mene, Mene’, on their sun

A mightier shadow cloaks their light,
And clay is clay in Babylon”.

Alfred Noyes (1922)

The Babylonians®* played a large part in laying the foundations of our sci-
ence. From the beginning of the 2"* millennium BCE they catalogued and
classified with meticulous care everything that came under their observation,
and this body of information was passed on to be recognized or revised by
the generations following.

Archaeological excavations of the ruins of the ancient cities of Babylonia
during 1840-1940, revealed a complex civilization which flourished more than
4000 years ago in the fertile land watered by the Tigris and Euphrates rivers.
It was a civilization characterized by prospering agricultural settlements, criss-
crossed by a network of canals, whose purpose was to reclaim swamps and
feed parched areas. Numerous individuals were occupied with law, religion,
science, art, architecture, trading, teaching and engineering. Large palaces,
sculptures, metal bass-reliefs, copper and bronze figures, painted pottery and
other artifacts of great antiquity were recovered.

33 The data used in this article was assembled form the groundbreaking
works of the Assyriologist Otto Neugebauer (1899-1990) [The Ezact Sci-
ences in Antiquity, Dover 1969] and B.L. Van der Waerden (1903-
1996) [Science Awakening, Kluwer 1988]. We have also consulted the
works of the mathematicians Morris Kline (1908-1992) [Mathematical
Thought from Ancient to Modern Times, Oxford Univ. Press 1990] and
H.L. Resnikof and R.O. Wells [Mathematics in Civilization, Dover 1984].

“Babylonian” refers to all cultures of the cuneiform users in Mesopotamia, after
the city that was the center of many of the empires that occupied the region

34

between the Tigris and the Euphrates rivers.
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Most significant of all the finds, however, were the thousands upon thou-
sands of clay tablets unearthed at Nineveh, Assur, Nippur and other cities,
bearing the written records of the economic, juridical, educational and scien-
tific phases of daily life, previously known to us only through Biblical allusions.

Lacking papyrus and having little access to suitable stone, they resorted to
clay as a writing medium. The inscription was pressed into a wet clay tablet
by stylus. The finished tablet was then baked in an oven or sun-dried to a
time-resisting hardness that resulted in a permanent record. The cuneiform
writings incised on the tablets include among a whole gamut of subjects, as-
tronomical observations that were used principally for the timing of religious
festivals.

Underlying the commercial, monetary and astronomical systems employed
by the Babylonians, were their achievements in mathematics, made known to
us through the continuing study and decipherment of the cuneiform inscrip-
tions on the ancient tablets.

Their numerical system was a mixed one: numbers below 60 were written
in the decimal system, but number above 60 were written according to the
sexagesimal system. Thus

1-60%+0-60+1-60° =101 (sexagesimal),
=3-10°+6-10*+0-10" +1-10° = 3601 (decimal).
Likewise
524,549(decimal) = 2 - 60 + 25 - 60 + 42 - 60 + 29 = (2 - 25 - 42 - 29).

Fractions could also be represented in this system, e.g.
1
5= (30)60~* = 0; 30

1
5= ()60~ + (30)60~2 = 0; 7,30

532% = (8)60 + (52)60° + (45)607" = 8,52; 45

1
6 (56)60~2 + (15)60~2 = 0; 0,56, 15

1029 = (17)60" + (9)60° = 17,9.
To divide, say, 1029 by 64 the Babylonians evaluated the product 1029 x 6i4.
The answer 16;4,41,15 can be converted to the decimal base

16 + 4(60) ! + (41)602 + (15)60° = 16.078125.
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As used by the early Babylonians, the sexagesimal number system lacked
two basic features of our modern decimal system: there was no zero and there
was no “sexagesimal point”. The resulting ambiguity (on existing clay tablets)
due to the lack of the zero can often be resolved only by a careful study of
the context. After 300 BCE a special symbol was introduced to denote the
unfilled position. However, the lack of the sexagesimal point did not impede
their computational ability, and this is why their astronomy and algebra were
far superior to that of their Egyptian contemporaries.

Most of the mathematical tablets have been classified either as ‘table texts’
or as ‘problem texts’. The latter appear in many cases to have been school
texts illustrating rules for the solution of problems. The table texts were
ever-present aids both for instructional problems and for practical use. They
include tables of reciprocals, squares, square roots, cubes, cube roots and multi-
plication tables. With these tables at their disposal for the numerical calcula-
tions involved, the Babylonians developed many ingenious rules and methods
for the solution of a wide variety of mathematical problems. These tablets
are cogent evidence of a high degree of skill and originality on the part of the
Babylonian mathematicians.

Their tablets reveal that they knew the Pythagorean theorem more than a
thousand years before the Greeks. Indeed, the Pythagorean triplet

(3456)% + (3367)2 = (4825)>

was incised on Plimpton 322 (1500-1600 BCE). This example leads us to

believe that they were familiar with the general solution of a® + b*> = ¢? in

integers:
a=2pg, b=p*—¢*, c=p*+¢

for which the above triplet is obtained with p = 64, q = 27. They also
prepared numerical tables for ¢ with

n=1,2..10, c=9,16,10,225.
The Babylonians could solve linear and nonlinear equations with one unknown
leg. ar =b, 2> =a, 22+tax=0b, 23 =a, 2?°(x+1)=al, and systems of
equations with 2 unknowns such as

rtry=a, xy=1o;

r+y=a, z>+y>=0.

Furthermore, the following formulae were known to them by 300 BCE:
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(a+b)? = a® + 2ab + b2,
(a+0b)(a—b) =a®— b
14244442t =9on_1,

1
12—|—22—|—32—|—---—|—n2:§(1—|—2n)(1—|—2—|—3—|—---—|—n).

The Babylonians were able to solve different types of quadratic equations,
e.g. (in today’s notation)

) b\ b
z*4+br=c b>0, ¢c>0 . z= 3 +c—§,

) b\ b
- —br=c¢, b>0,¢>0 . x= 3 +c +§.

To handle the more general case ax?>—bx = ¢, they multiplied throughout
by a to get (ax)? — b(ax) = ac and then substituted y = ax, e = ac to obtain
their standard form y?> —by = e, e > 0. They also solved higher order
equations such as ax* —bx? =c¢ and ax® — bax* = ¢ by treating them as
if they were ‘hidden’ quadratics in x? and z*, respectively.

Babylonian handled cubic equation of the form x® = ¢ with the help of
cube root tables, and equations of the form x*(x + 1) = ¢ with help of
(n® +n?) tables. There are even a few examples in Babylonian algebra of the
solution of a set of equations in three unknowns

22492 +22=1400, z—y=10, y—2=10  (z,y,2) = (30,20,10).

Babylonian geometry is intimately related to practical mensuration,
though their geometry was chiefly of algebraic character.

They were familiar with proportionalities arising from parallel lines, the
Theorem of Pythagoras, the area of a triangle and of a trapezoid, volumes
of a prism and of a cylinder. They used the poor approximations 3r2, 6r for
the respective area and perimeter of a circle of radius r, and wrong formulae
for volumes of cone and pyramid frustums.

Of special interest is the value that the Babylonians have assigned to /2
in their sexagesimal system, that is equivalent to 1.414 213 562, to 10 decimal
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figures. This again, could not have been achieved without the availability of
some algorithm, probably the same one known to the Greeks.

The Babylonians could also calculate areas of triangles and quadrilaterals
and volumes of prismatically-shaped canals. Finally, the Babylonians knew
the laws of similarity of triangles and the ensuing rules of proportion, ergo —
they knew the fundamentals of trigonometry.

In ancient times, astronomy was the sole means of regulating the calendar
and thereby determining the proper time for annual agricultural activities
such as crop planting and land irrigation. In addition, stars and other ce-
lestial bodies were worshiped as gods, and the study of their motion formed

35 Babylonians gave approximations to square roots of nonsquare numbers such as

% for v/2 and % for % Apparently they were aware of the approximation

formula

a+ h <\/a2+h<a+£, 0O<h<a
2a + 1 2a

(used later by Archimedes for his calculation of 7). Historians of mathematics
now believe that the Babylonians had an algorithm through which they could
extract square roots accurate to 10 decimal digits. Take 27, for instance. Since
52 = 25 < 27 and 62 = 36 > 27, it is expected that /27 will lie somewhere
between 5 and 6. They then noticed that since 5 < /27, %7 must be greater

then v/27. They then guessed that a better approximation to v/27 than either 5

or % would be the average

V2T ~ % <5 + %) =52,

which yields 5.2 x 5.2 = 27.04. This process can now be repeated, with the next
step giving

VoI {5.2 + ﬂ] = 5.19615

2 5.2 ’

where now (5.19615)% = 26.99997. Thus, two application of their method yields
a result of better than six-figure accuracy.
With a method as powerful as this, the Babylonians had no fear of square
roots. Nowadays, digital computers use this iterative process (Hero’s algorithm)
Ynt1 = %(yn + yin) for a successive approximation of the solution y = +/x of
y?> —x = 0. The Babylonians could have arrived at the same result through
the following reasoning: Let the positive number a; be a guess that is too small,
a1 < /z. It then follows that a1,/z <z and consequently a1 <z < ;=. The
mean of these estimates, namely a2 = %(al + f—l) can be shown to be closer to
V@ than either a; or ;=. Therefore, as can be taken as a new estimate of /.
With a1 = 1, the process has to be repeated just 4 times in the sexagesimal
system to obtain the value for v/2 found in the Babylonian texts!
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part of the religious duties owed them. In this sense astronomy was initially a
technical branch of religion that served as one of several channels of commu-
nication between the priestly hierarchy and the god they served. Therefore,
the astronomical study of these deified objects was virtually identical with
the study and prediction of their paths of motion through the heavens. As-
tronomy was therefore exclusively mathematical, and mathematics thereby
became the servant of religion which in return fostered its development and
ensured its prestige for thousands of years.

The practical component of religion which applied the achievements of
mathematical astronomy to the welfare of mankind was astrology, the ancient
art of divining the fate of human beings from the configurations and motions
of the planets and stars.

Already in 3200 BCE Sumerian priests made astronomical observations
on watch towers and prepared maps and time tables of star-motions.

In 3000 BCE, astrology was already well developed in Babylonia. It was
founded on the Babylonian’s identification of personal deities with the plan-
ets®® Mercury (Nebo), Venus (Ishtar), Mars (Nergal), Jupiter (Marduk),
Saturn (Ninib), as well as moon (Sin) and the sun (Shamash). The move-
ments of these heavenly bodies, were regarded as representing the activity of
the corresponding gods. If one could correctly ‘read’ the heavenly motion of
these divinities, one would know what they were aiming to bring about on
earth.

Their astrology was based on the fundamental assumption that all events
on earth are influenced by the stars. In particular we can trace back to them,
by way of the Hebrews, the origin of our present seven-day week associated
with the Sun, Moon and the five planets®” Mars, Mercury, Jupiter, Venus,

36 Before the regular movement of planets about the sun was known, they seemed
to the ancients as stars wandering the heavens. Hence the name (Greek) planan,
to wander. Latin used planetae to mean wandering stars.

We know today that to be called a planet, an object must have a mass less than
1

about 16 of its sun.

37 If at that time there had been any knowledge of the planets Uranus, Neptune
and Pluto, discovered in 1781, 1846 and 1930 respectively, our week might today
consist of 10 days instead of seven!

The planetary week presents a strange combination of ideas from different cul-
tures. From Babylon came the doctrine of the influence of the stars on man’s
destiny, from the Alexandrian Greeks came the mathematical astronomy that
placed the planets in a certain order of distance from the earth, and then on
these foundations the late Hellenistic astrologers, who were familiar with the an-

cient cult of the magical number seven, constructed a purely Pagan week. By the
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and Saturn that they discovered. Indeed, the separation of these planets
from the so-called ‘fized stars’, was one of their greatest achievements. Many
believe that the week had its origin in the above seven “stars” visible to the
naked eye which traverse the celestial zodiac. (Of these seven, only the sun,
of course, is actually a star in the modern scientific meaning of the word.)

The motion of the bodies in the solar system is viewed against the back-
ground of the fixed stars. From the earliest times the various star formations
were identified with familiar creatures and objects whose forms appeared to
be similar to the patterns traced by the stars. Of principal importance were
those constellations that lie, when viewed from earth, behind the path of mo-
tion of the planets, moon and sun. Since all these bodies move in nearly the
same plane — the plane of the ecliptic®® — their motion against the background
of the stars appears to take place in a relatively narrow band. This imagi-
nary zone of the heavens, bounded by two circles equidistant from the ecliptic
plane and separated by about 18°, is the zodiac?®. The zodiac is partitioned
into 12 equal signs*® each comprising 30° in the ecliptic plane. FEach sign

end of the third century CE, the Christians, who had previously adhered to the
Jewish seven-day week in which the days simply had numbers and not names,
began to be influenced by the astrological beliefs of converts from Paganism and
changed over to the planetary week. The stars were no longer regarded as deities
but as demons capable of affecting the fate of man. At the same time, the orien-
tal worship of the Sun-god Mithra was extremely influential in the Roman world.
This led to the substitution by pagans of the dies Solis (the Sun-day) for the dies
Saturnis (the Saturn-day) as the first day of the week. This change appealed to
the Christians, who had long observed Sunday as the first day of the week. All
the names of the days can be traced back to the Roman (or equivalent Norse)
planetary gods: Monday (Moon = Luna); Tuesday (Tiw = Mars, god of war);
Wednesday (Odin = Mercury); Thursday (Thor = Jupiter, god of thunder); Fri-
day (Frigga = Venus); Saturday (Saturn); Sunday (Sun).

In 1901, the following inscription was found scratched on the wall of a
dining-room in Pompei (79 CE): SATVRNI, SOLIS, LVNAE, MARTIS, IOVIS,
VENERIS. This gives the days of the week in the order still adopted at the
present time, with the omission of Wednesday, which is no doubt an accidental

error.

38 Ecliptic — the sun’s apparent path in the heavens, so-called because eclipses can

occur only when the moon crosses it.

39 From the Greek zoon = a living thing.

40 The duodecimal system, based on 12, allows thirds, quarters and sixths to be

expressed very simply, in contradistinction to the decimal system where a third
cannot be represented exactly, but only as a repeating decimal fraction. It is no
coincidence that we have 12 hours of day, 12 hours of night, 12 months in the
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is associated with a constellation that lies in the zodiacal band from which
the sign draws its name. These signs are: Capricorn (Goat), Saggitarius
(Archer), Scorpio (Scorpion), Libra (Balance), Virgo (Virgin), Leo (Lion),
Cancer (Crab), Gemini (Twins), Taurus (Bull), Aries (Ram), Pisces (Fish),
Aquarius (Water bearer).

No one could deny that the Babylonians were the fathers of astronomy.
The little rainfall in Mesopotamia and its clear unpolluted sky enabled almost
continual watch of the motion of the planets by the naked eye over many
centuries on end*'. Their astronomers noted every single phenomenon with
such great care that they were able to notice even the changes caused by
the precession of the equinoxes*®. Eclipses of the sun, moon, and stars were
so carefully described that part of the ancient chronology has now been
unambiguously determined by just such occurrences.

In fact, the basis for predicting eclipses, which rests on a period of 6585 days
(known as the Saros*3), was discovered by the Babylonians.

Through their continuing astronomical observations, the Babylonians
knew that the apparent slow rotation of the heavens (due to the precession
of the earth’s axis), gave rise to an equally slow change in the position at
which the sun appears to rise each year on the vernal equinox relative to the

year and 12 tribes of Israel. Also, the 12 signs of the zodiac divide into 4 groups
of signs associated with fire, air, earth and water respectively. It is as easy to
test a number for divisibility by 2, 3, 4, 6, 8, 12, 16, 24 in base 12 as it is to test
for divisibility in base 10 by 2, 5, 10, 20 etc. These were important advantages
when calculation itself was a subtle art and difficult to learn.

The sexagesimal system, based on 60, has been used for scientific calculations.
Because 60 = 5x12 = 6x10 it has the advantages of bases 10 and 12 combined.
In 1944, the Duodecimal Society was established in New York State as a voluntary
non-profit organization. Its aims were “to conduct research and education of the
public in mathematical science, with particular relation to the use of base twelve
in numeration, mathematics, weights and measures, and other branches of pure
and applied science”. This society proposed to add the letter X to represent 10

and F to represent 11.

41 Tt is an extraordinary fact that modern astronomers have not yet been able to

accumulate a series of astronomical observations as long as the Babylonians’.
The longest known series of modern observations — those at Greenwich — was
begun in 1750.

42 Although it has not been established that the Babylonian astronomers were
aware of precession as a regular phenomenon.

43 After the lapse of this period, eclipses of the sun and the moon recur under almost

identical circumstances except that they are displaced about 120° westward on
the earth.
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zodiacal constellations. This phenomenon, the precession of the equinozes**,

was viewed as responsible for the catastrophic fall and subsequent rise of suc-
cessive “ages” of the world. When the vernal equinoctial sun passed from one
zodiacal constellation to the next, an Age ended and a new one began. At
this time, (so they believed) violent and cataclysmic events are to be expected
as the transcendental power guiding our world passes from one constellation
to the next.

In the period before 4000 BCE the sun rose in Gemini, during 4000—1800
BCE it remained in Taurus, then in Aries (1800 BCE-400 CE). It will remain

in Pisces until 2740 and then move into Aquarius™®.

44 The proximate reason for it and the estimate of nearly 26,000 years for this great
rotation of the heavens was first given by the Greek astronomer Hipparchos
of Nicaea (180-135 BCE). The physical mechanism that actually causes this
precession is due to tidal torques applied upon the earth’s equatorial bulge by
the solar and lunar gravitational fields. This insight, along with a theoretical
explanation of the 26,000 year period, had to await modern science and the age

of Newton.

45 The image of the Bull (Taurus) is repeated in ancient myths and religions, from

the Bull worship of Apis-Osiris in Egypt and Zeus the Bull carrying off Europe, to
Hercules’ defeat of the Cretan bull and Jason’s triumphal capture of the Golden
(ram’s) Fleece. The Hebrew calendar starts at 3760 BCE, the year of the world’s
creation according to the Hebrew tradition. This date was moved by James
Ussher (1650) to the transition zone between the ages of Taurus and Gemini.
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The Scribes

The difficulty of writing on clay necessitated a long period of schooling.
The regular schools were attached to the temples and were therefore at some
distance from one another. However, scribes who could be depended upon
to teach were scattered everywhere, even in the small towns. Just as in the
Middle Ages an expert craftsman would take under his protection some young
boy as an apprentice to whom he taught his trade, so most of the scribes
had some youths who were ambitious to enter the profession. The scribe
“adopted” his apprentice as his own son, and the relationship lasted until the
young man was able to enter the profession as a regular member. Such private
tutoring would be quite sufficient to prepare scribes for a business life. But
only schools that were located in the vicinity of great temples had facilities for
the study of the sciences and literature, and prepare one to become a priest
or a ‘scientist’ (kings usually kept scribes at court to copy manuscripts and
write official letters).

Besides taking dictation, all students in the temple schools had a certain
amount of arithmetic (the four operations). It was follows by instruction in
the higher branches qualifying for the different professions.

In addition to temple libraries, used mainly for instruction, kings kept
their own royal libraries. We see them sending their own scribes throughout
the land for the purpose of collecting all the important works gathered in the
temples. Thus, Assyrian kings collected clay tablets in huge libraries.

The library of Ashurbanipal (reigned 668-627 BCE), discovered at Nineveh
in 1864, contained tablets dealing with religion, literature, medicine, history
and other subjects. Indeed, these kings did more than merely collect, index
and recopy the material found in ancient libraries. After their scribes had
copied texts written in the Sumerian language, they retranslated this whole
mass of material into the vernacular and adopted it to the needs of the time.
It must have required an immense amount of time and a great number of
learned scholars to bring this work to completion.

The royal courts at this time must have been centers of culture as notable
as those of the patrons of science during the Renaissance. Notwithstanding
their great array of learning, the translators must have had trouble of inter-
preting the old texts, for the language had been dead more than a thousand
years. It is an achievement of modern science that we can now correct some
of the translations made in those days. Moreover, scholars put in posses-
sion of such a large number of bilingual texts could immediately tackle the
decipherment of Sumerian.
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2nd Millennium BCE Renewed predominance of warm summers in tem-
perature latitudes. Drier climate; fair sailing weather around the coasts of
Europe even in latitudes 50° — 65 ° N, making possible the trading exploits of
the Bronze Age people and later the Phoenicians.

Ships underwent improvement and sea battles took place toward the end
of the millennium.

Glass bottles appeared in Egypt. Chinese bronze urns and vases appeared
under the Shang dynasty. The earliest form of steel appeared in Asia Minor
under the rule of the Hittites.

Water-clocks were invented in Egypt in about 1400 BCE. Around 1200
BCE, the know-how of Hittite iron-smiths (scattered with the destruction of
the Hittite empire, and kept secret by them for hundreds of years) began to
diffuse into Eastern Europe. By 1100 BCE this lore was absorbed by the
Assyrian iron-smiths who developed a technology for mass production of iron
tools, especially iron blades. The subsequent production of effective swords,
axes and iron plowshares led to greater crop yields and boosted the Assyrian
military potential.

Early food technology, including the preservation of fish by drying was
developed by the Phoenicians and the Greeks around 1100 BCE.

2000-1650 BCE The Cretan Age. The peak of the Aegean civilization
centered on the island of Crete.
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The Hittites* (ca 1900-700 BCE)

There have been many vast movements of populations across and within
Asia Minor. Numerous invasions from East, West and North, made its ter-
ritory the scene of incessant conflicts, and the blending place of diverse cul-
tures, races, and religions. Arian, Mongolian and Semitic masses were either
attracted to Asia Minor by its wealth or driven there by the pressure of
stronger hordes behind.

During 12 centuries the history of Asia Minor was practically the history
of the rise and decline of the powerful Hittites. They left their impressive
monuments from Smyrna to the Euphrates and from Boghaz-Keui to Aleppo.
For centuries they contended on equality with the powers of the Nile and the
Euphrates, and for a thousand years Asia Minor under their leadership held
the balance of power in antiquity. They saved Asia Minor from being com-
pletely Asiaticized so that as a result its history has throughout been bound
up with that of Europe as much as with Asia. They carried oriental (espe-
cially Mesopotamian) culture, technology and art Westward. They overthrew
the Amorite empire of Babylon; they annihilated the Egyptian power in Asia;
they held the dreaded Assyrians in check far centuries; they exercised an im-
portant economic influence by their control of the rich mineral resources of
Asia Minor.

In the 15" century BCE they engaged the attention of the Pharaohs in
several military expeditions. In the 14" century BCE they attained the zenith
of their power in an empire of federated states under their leadership. For
two centuries they were the dominant power in West Asia.

However, these exhaustive wars led to the eclipse of the Hittite Empire: by
the 9" century, a renewed pressure of the Phrygians and the renewal of the
struggle with Assyria rendered the decline of the Hittites irrevocable: they
vanished, scattered by wakes of migrations from Europe.

46 The Hittites mentioned in the Old Testament were probably an offshoot or
remnant of the Anatolian Hittites who became separated from the main body
and had remained in ancient Israel. Abimelech (Sam I, 26, 6) and Uriah
(Sam II, 11) belonged to these Israeli Hittites, and Ezekiel 16; 3, 45 is
to be explained in the same way. The origin of the Hittites is obscure,
but their kingdom was mentioned already in 1900 BCE by a colony of mer-
chants in Capadocia (on the Anatolian plateau) who meticulously recorded
their business transactions in cuneiform writings on clay tablets. The Hit-
tites language, found on clay tablets, was deciphered only in the 1960’s.
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The Hittites were possibly the first people to make iron of superior qual-
ity. Other kingdoms came to the Hittites as supplicants of their proficiency
in iron making (ca 1300 BCE). Nevertheless, the use of iron in the old world
was on a very small and restricted scale until after the downfall of the Hit-
tite Empire, as their metal craftsmen dispersed throughout the Middle East.
Consequently, metal-smiths began to make technical discoveries that led to
the transformation of iron, from a metal inferior to bronze, to one which was
destined to become a universal replacement for it.

ca 1800 BCE Ecological collapse of the irrigation system in southern
Mesopotamia due to salinization of cultivated soils: food supply to the grow-
ing population of the city-states was hampered gradually, leading eventually
to malnutrition, epidemics and mass-migration. This man-made ecological
disaster was probably one of the major factors in the demise of the Sumerian
civilization.

ca 1800 BCE The Hebrews conceive the idea of monotheism: evolutionary
universe of one origin, one and only one supreme cause.

ca 1765 BCE Severe prolonged drought in China.

ca 1750 BCE Invention the war-chariot in China; Due to its shaft and
balance-point, the new chariot gained speed and mobility, thus increasing its
military power. This new weapon revolutionized the art of war with an ef-
fect similar to the appearance of the tank and war-plane in Europe in the
first half of the 20t century. From China, the war-chariot arrived in the
‘Fertile Crescent’ to become a decisive weapon in the armies of Egypt and
Mesopotamia.

ca 1750-1650 BCE Age of the Biblical Patriarchs and Matriarchs: Abra-
ham and Sarah, Isaac and Rebecca, Jacob, Leah and Rachel.

ca 1700 BCE A form of printing with movable type was invented by an
unnamed printer of ancient Crete in the Minoan age: a single baked-clay
disk 15 cm in diameter was found buried deep in the ruins of a palace at
Phaistos on Crete; the disk is covered on both sides with spiraling arrays of
241 symbols constituting 45 different syllabic signs. A decipherment identified
the signs’ language as an ancient form of Greek that predates even Homer.
The symbols were printed by a set of punches, one for each of the 45 signs (and
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not scratched into the clay by hand, as was true of most ancient writing on
clay). The Minoan printing, however, died out because it was syllabary rather
than alphabetic and therefore clumsy and ambiguous; it could be read by few
people and used for only very particular kind of texts, perhaps only tax lists
and royal propaganda. To make if efficient would have required technological
advances that did not occur until later, like the creation of paper, an alphabet,
improved ink, metals and presses.

ca 1700 BCE The neolithic astronomical analog computer that is Stone-
henge, was completed?”. It was built from stones weighing as much as 35 tons
each, to keep track of the progress of lunar eclipses. The position of a stone
marked the day of the summer solstice when the sun rises farthest north along
the eastern boundary of the horizon. In contradistinction to the sidereal or
Pyramid year, the Stonehenge year was solar, and corresponds to what is
now called the tropical year. Because of the Precession of the Equinoxes, the
average solar year is not exactly the same as the sidereal year.

By the time Stonehenge was erected, stoneage people had observed the
sky for more than 10,000 years. No doubt they recognized the constellations
and the paths of the sun and the moon. If the religion of these people was
concerned with the worship of the sun and the moon as divinities, eclipses
would be events of great importance. Successful predictions ahead of time
would confer power and prestige to those who understood how the predictions
might be made. Perhaps this is why paleolithic people dragged 35 ton stones
over 300 km to erect this mysterious monument.

The people who built Stonehenge are known today as the Beaker People;
their remains have been found all over Europe and the British Isles. The earli-
est remains from north-west France date from 5500 BCE. They left thousands
of stones in shapes of lines, circles, spirals and ovals covering the Atlantic coast
of Brittany and most of Britain and Ireland. Most of the stones are large,
some gigantic ranging up to 300 tons or more (megaliths). Stonehenge differs
from the stone alignments and circles because it has stones placed on top of
two supports to form 3-stone arches called trilithons. 1 was discovered in 1974
that the axis of the trilithons points to the first rays of the midsummer sun
in 2045 BCE!

ca 1630 BCE The first phase of the decline and eventual demise of the
Minoan civilization due to the paroxysmal eruption of the Thera volcano

47 Construction began at ca 2500 BCE.
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(Santorini)*8 which lies some 100 km north of Crete. It may have been the
site of Plato’s Atlantis as told in the ‘Critias’. This, in turn, is based on
documents passed on to Solon by priests in Egypt on his visit there ca 500

BCE.

This natural disaster changed the whole course of civilization in the East-
ern Mediterranean. The Minoan language and culture and the power of Crete,
which was dominant until then, thereafter gave way to Mycanean civilization
of the Greek mainland.

ca 1630 BCE Ahmes (ca 1680-1620 BCE, Egypt). A scribe who wrote
the Rhind*® Papyrus. Ahmes claims not to be the author of the work, but
only a scribe. He says that the material comes from an earlier work of about

48 The Greek archaeologist Spyridon Nikolaou Marinatos (1900-1974) exca-
vated (1967) an ancient port city on the Island of Thera. Under the pumice
he brought to light a settlement which had close links the Minoan culture. His
findings place Thera alongside with Mycenae and Knossos for our understanding
of the prehistoric people of the Aegean.

The severe drought in Egypt, managed by Joseph (Gen 41, 29-57) may be linked
to the aftereffects of the Thera event. Some historians and Biblical scholars link
the Thera event to the ‘plagues of Egypt’ and the Ezodus of the Hebrews (led
by Moses), which they place at ca 1500 BCE during the reign of Ahmose I (18"
dynasty). Biblical allusions can be found in Ezodus 10, 21-22; 13, 21; Psalm
46, 1-8; Jeremiah 47, 2—4.

According to archaeological dating, the Thera explosion (36.25° N 25.25°F) oc-
curred sometime between 1450-1500 BCE, whereas dendrochronology and radio-
carbon dating support the earlier time window 1600-1650 BCE for the eruption.
On account of its great intensity (VEI=6), the effects of Thera could have af-
fected the Nile delta at a distance of almost 1000 km. Plume height could have
reached 36 km and the displacement volume is estimated at 30 km?®, forming a
caldera of 480 m deep and with an overall area of 83 km?.

After the Thera explosion came a great displacement of the surviving population
in search of arable land. Their exodus took them to Greece, Italy, Sicily, North
Africa, Egypt and the Levant. A remnant of this ‘diaspora’ settled on the south-
ern coastal strip of the Mediterranean and were known as the Philistines. The
Hebrew prophet Amos (fl. 765-750 BCE) refers to this remote migration (Amos
9, 5-7) and links the event with a description of volcanism and inundations
(tsunami).

49 Alexander Henry Rhind (1833-1863, Scotland). Egyptologist, went to
Thebes for health reasons. He then became interested in excavating and pur-
chased the papyrus in Egypt (1858), donating it later to the British Museum
(1863). He died of tuberculosis in the same year.

The papyrus was published in 1927. It is about 6 m long and about 30 cm wide.
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2000 BCE. The papyrus is one of our chief sources of information on Egyptian
mathematics; it contains 87 problems of the four operations, solution of equa-
tions, progressions, volume of granaries and more. Nothing is known of Ahmes
except for his own comments in the papyrus.

Some of the problems that appear in the Rhind did not apply to the real
life in Egypt. This shows a genuine interest in mathematic for mathematics
sake, characteristic of a society made of mathematics oriented minds.

ca 1600 BCE Hammurabi promulgated his famous code in Babylonia.
It includes regulations on medical fees and penalties for malpractice.

ca 1600 BCE A primitive form of the Greek language was inscribed on
fire-baked clay tablets found at Pylos, on mainland Greece, and at Knossos,
on Crete. No other European language comes close to claiming such longevity.

1600-1550 BCE  Unknown Egyptian physicians completed the oldest
known medical document: Smith Papyrus contains 48 clinical descriptions
of surgical cases, including injuries to head, spine, and chest.

Egyptian physicians wrote Ebers Papyrus: encyclopedic work that lists
remedies for many diseases, including deformative arthritis, and conjunctivi-
tis.

1600-1100 BCE The Mycenaean Age: As the fleets of Egypt and Crete
pushed their commerce with the mainland of Greece, they naturally entered
the southern bays, and especially the Gulf of Argos. Here, in the plain of
Argos, behind the sheltered harbor, the Cretan nobles, migrating to the main-
land, established their settlements.

1500 BCE The Egyptians invented the well-sweep with counterpoise
(shadoof)?? for irrigating the fields. Introduced later into Assyria.

ca 1500 BCE The first vessels entirely of glass were made in Egypt and
Mesopotamia. Oldest sundial.

50" Usually made by erecting two pillars, some 2 m high, joined near the top by a
short beam. Over this, a long pole is balanced, which has at one end a vessel to
hold water and at the other end a counterpoise. A man standing at the water
edge fills the receptable by dipping, raises it, and empties it into an irrigation
channel. With this device, a man can raise about 2400 liter to a height of 2 m
in a day.
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ca 1500 BCE Appearance of gold ingots in Egypt. Their weight was
certified by the government of the kingdom and represented the maximum
exchange values®,

1500-1100 BCE Origins of the oldest phonetic alphabet in the Sinai penin-
sula®®>. The Semites who lived in the Land of Israel developed from it an
alphabet writing. They used signs to show the consonants of syllables, just
as the Egyptian did, and invented their own set of characters to stand for
consonants in their language. No direct links with the Egyptian writing were
found.

Egyptian voyagers, at behest of Queen Hatshepsut (d. 1481 BCE), jour-
neyed down Red Sea to Punt (probably present-day Somaliland) in search of
myrrh-trees.

1479 BCE  Battle of Megiddo, the first major battle in history. Thutmo-
sis III conquers the Land of Israel, Phoenicia and Syria.

1375 BCE, May 03 Literary evidence from Ras Shamra Ugaritic Tablets
of a total eclipse of the sun observed in Ugarit city-state. This may be the
earliest record of a solar eclipse that we posses.

ca 1350 BCE Emergence of a system of mathematical notation in China
(Shang dynasty) which used nine numerals and the place-value principle. This
was about a 1000 years before the Hindu number system, and was the earliest
instance of the use of the place-value principle, after Babylon.

1350 BCE Multiplication tables appeared in Mesopotamia. (Its develop-
ment lasted some 400 years.) Decimal numerals were used in China.

ca 1350 BCE Great emigration from Arabia due to extended drought.

51 Material symbols of goods exchanged in transactions between individuals or from
an individual to a group, have existed since very early in prehistory. They are
attested by the bronze and iron arrowheads which the inhabitants of Gaul used
for this purpose 5000 years BCE. It was called obeliskos. Other forms of non-
metallic money were found in Africa, Oceania and South America (e.g. feathers
and beaks of birds, shells, etc.).

52 According to Hebrew tradition [as revealed in the book of Ex.: 16, 14; 24, 4; 32,
15-16; 34, 28, and the book of Deut.: 10, 4; 27, 3; 31, 9, 22, 34], the protosinaic
version of the Hebrew alphabet was invented by Moses in Sinai. The phonetic
alphabet was based on symbols for sounds, not things or syllables and is the
ancestor of all modern Western alphabets.
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ca 1300 BCE Great eruption of Bronze age people from the Hungarian
plain due to floods.

1286 BCE The Hittite under Muwatallish defeated Egypt under Rame-
ses II in the decisive battle of Kadesh on the Orontes. The following peace
treaty (1271 BCE) determined the final borders of the Land of Israel (Num.
34, 1-12).

ca 1240 BCE Egyptians under Rameses II (1301-1235) dug a proto-Suez
canal from Lake Timsah (the Nile) to the Red Sea.

The first canal at Suez to link the Mediterranean and the Red Sea may
be a case in which climate played a part; it was done approximately when
the world sea-level® reached its highest post-glacial stand, and the project
may therefore have suggested itself just because it then, for the first time,
looked feasible. It is believed to be during the reign of Sestoris I (ca 1980
BCE) that a fresh water canal was dug from the Nile delta to the Red Sea
near where Suez now stands. The fact that Rameses II was able to build
his canal (or perhaps put the earlier canal in order again), fits the concept of
sea-level being specially high in the latter end of the very long warm epoch.

The canal fell into decay and was restored for the first time by Pharaoh
Necho II (ca 600 BCE), and completed a century later by the Persian con-
queror Darius. It was reopened around 100 BCE by the Roman emperor
Trajan, and again for the last time in 7" century CE. A century later it was
finally abandoned after being blocked for military reasons.

ca 1230 BCE FEzxodus of the Hebrews from Egypt under the leadership
of Moses (Hebrew: Moshe). According to biblical tradition Moses gave the
Israeli nation a written code of law®* that spelled out the new relationship of
man to man, man to state, and man to God.

The laws of the Torah (the five books of Moses) regarding man’s relation
to man constitute mankind’s first “bill of rights”. These laws boldly assert
that man’s freedom is his supreme right. He has the right to personal liberty,

53 The rise of the sea-level, proceeded over some thousands of years at a rate of 1
meter per century. It continued until about 2000 BCE.
The account of the exodus of the Israelites from ancient Egypt (ca 1230 BCE;
FEzrodus 18, 17-14, 31) indicates that the isthmus of Suez was narrowed at that
time by an area penetrated by a tongue of the Red Sea, in which the sand of
the desert was awash, sometimes as tidal shallows but sometimes rather more
deeply.

5 The Greeks had no written laws until the time of Lycurgos (ca 700 BCE). A
written judicial code was totally unknown to the Egyptians until 300 BCE.
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free speech, and private property. Charges against him must be made in open
court where he has a right to defend himself. The Torah recognizes no class
distinction before the law. Slaves in ancient Israel were treated more humanely
than slaves in the United States in 1800 CE. Slave-trading, as practiced by
Christians until the 19" century CE was unthinkable to the Jews a millennium
before Jesus.

Although the Mosaic laws pertaining to man’s relations to man and man’s
relations to the state provided the Hebrews with a workable framework to
govern themselves, it was the ideas in the Torah pertaining to man’s relations
to God which assisted the Hebrews most in carrying out their mission; by
making God spiritual instead of material, they were free to speculate of the
nature of God himself. This permitted them to attain a higher concept of
deity than was possible for the Pagan Greeks.

In the history of all other people, first comes the state, and then comes the
law; this held true for the Babylonians, the Greeks and the Romans. With the
Jews — first came the Torah, the law to shape the future state, and 200 years
later came the state. This Mosaic Magna Carta saved the Jews from straying
into detours and oblivion, and prepared them for their special destiny in the
history of mankind.

ca 1220 BCE Bezalel ben Uri. Master craftsman and chief artificer of
the Sanctuary tent and its furnishings. Constructed and built the tabernacle,
ark, altars, and the ephod [Exz 31-39, 1 Chron 2, 20, II Chron 1, 5]. His brasen
altar survived onto the days of King Solomon®® (ca 950 BCE).

1201-1198 BCE Joshua in Jericho and Gibeon; singular astronomical
and geophysical events over the ancient Near-East®® during the Israeli conquest
of Canaan:

55 There is little in the biblical data itself to suggest that ancient Israel has a class
of professional architects. The construction of buildings and monuments appears
to have been the responsibility of craftsmen or master masons. Even these seem
to be of non-Israelian origin, such as Hiram, the Phoenician master craftsman
from Tyre who was in charge of Solomon’s Temple in Jerusalem (I Kings 7, 13;
2 Chron 2, 13-14).

Hasegawa, I. (1980) Catalogue of ancient and naked-eye comets, Vistas in As-
tronomy 24, 59-102.

Sekanina, Z. and D.K. Yeomans (1984), Close encounters and collisions of comets
with earth, Astr. J. 89, 154-161.

Ben-Menahem, A. (1992), Cross-dating of Biblical history via singular astronom-

56

ical and geophysical events over the ancient Near-East, Q. J. Roy. Astr. Soc. 33,
175-190.
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(1) Comet Halley apparition 1198 BCE, May 11, or the apparition of another
comet brighter than the 6" magnitude in 1201 BCE (Josh 5, 13). It may
have been seen by Joshua bin-Nun prior to the assault of the Israelites
on Jericho (Josh 5, 13). Described as bearing the shape of a flaming
sword.

(2) Long day with extra light hours due to “bright nights” phenomenon fol-
lowing a close encounter of Apollo-type asteroid with the earth. This
could explain: “And the sun stood still, and the moon stayed...” (Josh
10, 13).

ca 1200 BCE The Hittite kingdom (began ca 1750 BCE) came to an end
as a result of the great Aegean migration, of which the Homeric War against
Troy was an incident.

ca 1200 BCE Indo-European Invasion was disturbing the entire Eastern
Mediterranean world®”. The whole of Asia Minor had been overrun by another
wave of new Indo-European, who came behind the Greeks and crossed the
Hellespont from Europe. The most important of these were the Phrygiens
and the Armenians.

The Hittite Empire, lying directly in their path, was completely crushed
and disappeared. Many of its communities peregrinated beyond the Mediter-
ranean.

The Egyptian monuments of this time reveal these sea-wanderers very
vividly. Besides the Philistines, who were fleeing from Crete, the monuments
show us the sea-roving Achaeans who combined with the other displaced peo-
ple to invade Egypt in the last declining days of the Egyptian Empire. This
was apparently a second group of Achaeans, who had remained in Asia Minor
after the invasion of Greece by their earlier kindred. Forced out by the Indo-
European invasion, this second group of Achaeans joined with other fleeing

57 Modern scholars link this mass-migration to sharp climatic changes during 1200—
850 BCE. A northward displacement of the arid zone in Europe and Asia caused
the rise and fall of civilizations and southward migration of people in Northern
and Central Europe and Asia, even as late as 500 BCE. The ensuing extended
drought was sufficiently severe to disrupt agriculture in Crete, Greece and the
whole Eastern Mediterranean. The Greek countryside was apparently depopu-
lated for a time before the Dorians moved in from the north. Refugees wandered
from the drought-stricken land to Egypt and southwest coasts of Asia Minor.
The atmospheric circulation patterns which caused this drought may have con-
tinued rather prominent until about 850 BCE, e.g., a drought lasting 3% years
occurred in the days of Ahab (King) (reigned 874-853 BCE; I Kings, 17-18).
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Asia Minor peoples to seek a new home in Egypt. Among these were the Sar-
dinians and the FEtruscans. The Cretan Philistines and the Sardinians had
in their possession, for the first time in the ancient world, a long two-edged
bronze-made dagger, to be known henceforth as the sword®®. The main body
of the “sea-people”, as the Egyptian monuments call them, kept together for
the purpose of invading and conquering Egypt.

All the great powers of the Ancient Near East were threatened by this vast
Indo-European movement®?, which stretched from the Balkan Peninsula east-
ward to the upper Euphrates. Its front had set in motion before it a wave of
fleeing Aegeans and Asia Minor people, who were mostly pre-Indo-Europeans.
It was this wave of refugees that crossed the sea and began to break upon the
shores of the eastern and southeastern Mediterranean, from the Nile Delta to
the harbors of Phoenicia. The onset of these sword bearing northerners shook
the Egyptian Empire to its foundations. Eventually, however, this wave was
driven back by Rameses III.

Consequently, the Cretan Philistines settled on the coast of Israel, some
of the Achaenas migrated to Greece, while the Ftruscans sailed far westward
around the heel of Italy. The Sardinians settled in Sicily. Thus the Indo-
European invasion of the Eastern Mediterranean ushered a new age in the
Western Mediterranean.

The Iron Age

Metal forms a large part of the earth on which we live. The earth’s crust
is made up of about 8 per cent aluminum, 5 per cent iron, and 4 per cent
calcium. Potassium sodium and magnesium also occur in large amounts.

58 This elongation of the Egyptian bronze dagger into a heavier weapon took place

in the north after the discovery of tin in Bohemia.

59 The Table of Nations (Genesis 10) provides a schematic arrangement of the

major cultural divisions of mankind, specifying ancient nations and their great
cities. It derives from Mesopotamian sources reflecting the Near-East population
toward ca 1100 BCE. The figure behind the hero Nimrod is the Assyrian Em-
peror Tukulti-Ninurta I (reigned 1234-1200 BCE), known for his conquest of
Babylon and his building projects. The genealogical lists actually reflect political
and economical filiation, as well as cultural affinities.
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Ancient man knew and used many native metals. Some metals, such as
gold, silver, copper and tin%°, occur naturally and are easy to work. They
have been used to make object for ornaments, plates, and utensils as early
as 3500 BCE. Thus, gold objects showing a high degree of culture have been
excavated at the ruins of the ancient city of Ur in Mesopotamia. The attached
evolutional timetable reflects the order by which metals were discovered since
the end of the stone age.

As early as the beginning of the Bronze Age (ca 3000 BCE), some people
in the Middle East began to make tools by beating and hammering iron
from meteors. They decorated many of these skillfully made implements.
The oldest pieces of such iron in existence are Egyptian sickle blades and
crosscut saw, thousands of years old. During the Bronze Age, however, most
craftsmen continued to use primitive tools of the late stone age, because metal
was expensive. Only kings and warriors could afford if. Indeed, a dagger,
resurrected (1926) from the tomb of Tutankhamun (ca 2000 BCE) has an
iron blade almost untarnished.

How could Egyptian craftsman, 3000 ears ago, achieve such a startling
feat? Iron was a metal which at that time was hardly used. It was considered
inferior to other metals: it was soft and would not harden. It was also easily
oxidable by the atmosphere. There were few iron objects that survived these
3000 years and those left show severe deformation.

Around 1400 BCE wrought iron was first produced by the Hittites in
Northern Anatolia: they burned iron ore with wood and removed most impu-
rities by repeated hammering. Hittite dominated Asia Minor from ca 1900—
1200 BCE, establishing a great empire.

60 Human history reflects the activity of metals; the fact that metals were discov-
ered in the order: gold, silver, copper, tin, iron is strongly tied to the chemical
properties of metals. One such property is their tendency to loose electrons; This
tendency is greatest for the metals on the lower left side of the periodic table.
Very active metals, such as sodium, lose their electrons easily; they are unlikely
to be found free in nature. In contrast, noble metals, such as gold, are often
found free in nature. The larger pieces of free gold near the surface of the earth
may have been found during “gold rushes”. When heated, compounds of inac-
tive metals yield the free metal. We may imagine, therefore, prehistoric people
discovering free metals when building fires in areas rich in metal ores. Since it
is easier to extract less active elements from ores (oxides of metals) than it is to
extract more active elements, we can see why less active metals were discovered
first. Iron is more active than copper, lead and tin. We have been able to make
stainless steel (80% iron, 12% chromium, 8% nickel) since 1790 CE, when the
even more active metal chromium was discovered. In the early 1800’s very active
metals such as potassium and lithium, were discovered.
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Events were however to confer about iron a new and almost everlasting life:
At the eastern end of the Mediterranean, in the 2"* millennium BCE, trade
in metals thrived between ports like Tyre and Sidon and the ancient Aradus
(Arwad) port on the coast of Syria. Copper and other metals were being
mined in quantities in Cyprus and Anatolia and supplied to metal workers in
the cities of Egypt, Crete and Mesopotamia. But this established order was
suddenly disrupted.

Historically, the Eastern Mediterranean has always been a linking passage
from Europe to India, Central Asia and Afghanistan, through which the cir-
culation of metals had come to have increasing importance. In ca 1200 BCE,
it was invaded by the Sea People-waves of migrating masses from the north —
who disrupted the established trade routes which followed the supplies of tin
from their distant sources.

And without tin there is no bronze! An age which lasted for 2000 years
was strangled and it never revived.

The whole material balance tipped: bronze became scarce and iron, which
had been used until then mainly for ornaments, begun to appear with increas-
ing regularity in the archaeological record.

Out of the ashes of the bronze age cultures there slowly emerged the
cultures of the iron age.

Nevertheless, the use of iron in the old world was on a very small and
restricted scale until after the downfall of the Hittite Empire under the heavy
blows inflicted upon it by the Sea-People. Its iron craftsmen dispersed through
the entire Middle-FEast and interacted with metal-smiths of other nations.
New technical discoveries were made which led to the transformation of iron,
from a metal inferior to bronze, to one which was destined to become a uni-
versal replacement for it.

The basic technology, successful for a thousand of years in smelting copper,
failed when applied to iron; the melting point of iron is much higher, more
than 1500°C'. Such temperatures were unobtainable. At the temperatures
which were possible, iron was reduced from its ore without ever becoming
liquid, or separated from the slag. The result was a spongy mess of slag,
embedded with grains of iron called the bloom. By hammering the bloom
and driving out the slag, a blacksmith could actually obtain a bar of almost
pure wrought iron. To keep the iron meltable enough to work, the smith kept
reheating it in his forge. This produced a subtle but important change — the
repeated contact with white hot charcoal caused small amounts of carbon to
combine with a surface layer of iron. This blend of carbon iron was much
harder then pure wrought iron — it is steel.
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Having discovered the method of steeling (carburizing) iron, the early
smiths made a further advance — they found that if steeled iron was cooled
suddenly like quenching, it became even harder, or quite brittle. Finally
they found that if this hardened steel was reheated, it lost its brittleness but
retained its hardness — this process came to be called tampering.

These three vital discoveries transformed the properties and potential of
iron. About 1100 BCE true iron working began in the Middle East and from
there spread over much of Asia, Africa and Europe. Iron ores were much more
plentiful than copper and with the diffusion of the techniques of steeling iron
in the first millennium BCE  the Iron Age gained momentum. Craftsmen
abandoned the crude tools of the Bronze Age and made wider use of iron,
including plows and weapons. This age continues to the present day.

In Europe the Iron Age began at about 600 BCE at Noricum in the East
Alps: In the village of Halstad in the Austrian Alps, excavations (1864) un-
veiled a cemetery. Buried with the dead was a whole culture of metal, includ-
ing weapons and ornaments made of iron. This iron metallurgy had spread to
Noricum from the Hittite empire. After about 400 years the center moved to
the Celtic lands, and especially to Spain, where the Celtic smiths developed
the Catalan iron furnace®'. Soon all of Western Europe was put under the
anvil. In the energetic hands of these creative people, the iron technology laid
the political and economical foundation of European civilization.

Iron is a symbol of the confident positive commitment by man everywhere
to a new metal and to a new age. It is a milepost of that time by which
the making of iron has become a central preoccupation, a determinant of

success or failure of national survival’?, and became something not just to

61 The new metal was first used for weapons; then for the hoe and the axe and
pick of the farm and mine; lastly, for improved tools; the iron of early classical
Greece was not suitable for ploughshares, and was evidently a very inferior metal
compared with the properly hardened and tempered material that served the
Roman legions about the beginning of the Christian era.

The best steel known to the Romans was the so-called ‘Seric iron’. It was a
high-carbon crucible steel, made in round cakes, about 10 cm in diameter, which
reached Rome via Abyssinia from Southern India.

The defensive armor and shield of the Greek hoplite were made of bronze, but
his main weapons were a 3 m spear tipped with iron and a short, straight iron

sword.

62 E.g. the word iron is mentioned in the Old Testament 76 times, and duly rep-

resents the impact of this metal in the world of the Hebrews during 1200-500
BCE. Israel became acquainted with it through the Philistines, who had long
known to work the metal. The raw material was brought in by Tyrians, mainly
from Spain, though it was found also in the Lebanon range (Jer 11, 4; Deut 4,
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make but to emulate. It entered all languages as a synonym for strength and
resolution: before the iron age, man was as strong as an oak, now they seek to
become iron-willed! That change in metaphor signalized a further step away
from agriculture and towards industry, and iron changed the quality if not
the form of a vast number of things in both.

It means better tools and better weapons, sharper axes, cut down more
trees to make more fuel. It cleared more forest for more cultivation to support
larger populations and when it came to blood and iron — superior sword won
decisive wars.

Without it there would be no bridges, no engines, no skyscrapers: iron is
the top root of our material civilization.

20; 8, 9; I Kings 8, 51). Out of iron, the blacksmiths made axes, hatches, sickles
knives, swords, spears, bars, chairs, fetters, nails, hoes, pens, plows and sledges.
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Iron metallurgy — signposts of Progress
(4000 BCE-1600 CE)

ca 4000 BCE First reduction of copper in Anatolia and Iran, Egyptians
mine copper ores and smelt them. End of Stone Age and begin of the Copper
Age.

ca 4000-3500 BCE Egyptian and Sumerians smelt silver and gold; Egyp-
tians mine and process iron, used mainly for utensils. Metal mirrors in Egypt.
Egyptians and Babylonians make extensive use of bronze.

ca 3500 BCE Discovery of lead.
ca 3000 BCE End of the Copper Age. Begin of Bronze Age.

ca 2500 BCE Chaldeans in Ur (Mesopotamia) join sheets of gold by sol-
dering.

ca 2000 BCE Copper bar from Nippur (weight 41.5 kg, length 110.35 cm)
is the earliest standard measure.

ca 1500 BCE Gold nuggets in Egypt serve as weight standards.

ca 1400 BCE Hittites of Anatolia first produced wrought iron: they burned
iron ore with wood and removed most impurities by repeated hammering.

ca 1100-800 BCE Begin of Iron Age.

ca 1000 BCE Steel was being made in the Middle-East and India: bars of
iron were steeled by hand labor with hammer and anvil or by roasting with
charcoal. In this way the iron was mixed with small amounts of carbon that
made it harder and stronger.

ca 600 BCE Iron-Age began in Europe at Noricum.

ca 315 BCE The earliest existing treatise on minerals written by the Greek
philosopher Theophrastos.
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ca 300 BCE Chinese first produced cast-iron. Better furnaces produced
higher temperatures which could melt the iron completely. The product was
stronger than wrought iron. Their technique was, however, unknown in Eu-
rope until 1380 CE.

ca 200 BCE Chinese develop form of cast iron.

ca 77 CE Pliny the Elder (Rome) writes about ores in his Historia
Naturalis.

ca 450 CE Chinese learn to make steel by forging together cast and wrought
ron.

ca 800 CE Blast furnaces for making cast iron are built in Scandinavia.
ca 1000 CE C(eltic iron technology in Spain; the Catalan iron furnaces.

ca 1262 CE Albertus Magnus (Germany) wrote about minerals in his
treatise De Mineralibus.

1380-1389 CE  Cast iron becomes generally available in Europe: Tall
furnaces were built and water-power was harnessed to produce stronger blast
of air than that achieved by hand-operated bellows. Furnaces could now be
operated at temperatures high enough to produce molten iron.

ca 1540 CE Vannocio Biringuccio of Siena (Italy) issued his treatise
Pirotechnica, describing production techniques of brass and bronze in Europe.

1556 CE Georgius Agricola (Germany) published De re metalica, a
systematic treatise on mines and metallurgy.

ca 1200 BCE The quest of Jason and the Argonauts for for the Golden
fleece describes an expedition out beyond the Golden Horn over the Euxine
Sea to present-day Armenia to seize the source of gold. It was extracted by
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the laborious process of washing the river sands through the fleece of sheep,
with gold nuggets left clinging to the oily fibers.

ca 1200 BCE The Phoenicians®3, who lived along the coast of the Mediter-
ranean Sea, developed a system of 22 signs to form an alphabet that was struc-
turally related to Semitic and Egyptian. It has signs for consonant sounds, but
not vowel sounds. Early Phoenician writing consists partly of pictographic
forms and partly of geometric or diagrammatic signs. Possibly, the Phoeni-
cians based their alphabet on the earlier Semitic alphabet. The Phoenician
alphabet spread throughout Western Asia along the caravan routes. It passed
down the Euphrates to Persia, and, penetrating to the frontiers of India, even
furnished the East Indian people with their Sanskrit alphabet.

ca 1200-400 BCE Chavin de Huantar. Pre-Inca culture in the central
Andes. Pottery, weavings and impressive stone buildings.

1122 BCE Severe drought in China.

ca 1100 BCE Chou Kung. Chinese statesman and mathematician. He
is accepted as the author of the first dialogue contained in the Chou-Pi, one
of the oldest of the ancient Chinese scientific treatises. It deals principally
with calendrical problems and thus with astronomy and mathematics. We
have evidence here of knowledge of mensurational geometry, the Pythagorean
theorem, elements of trigonometry and some instruments for astronomical
measurements.

Chinese astronomers determined the obliquity of the ecliptic (the angle
between the earth’s orbit and its equatorial plane) to a few minutes of arc.

ca 1000 BCE The Chinese developed the counting board, the forerunner
of the abacus.

ca 1000 BCE |Legendary Thule civilization in the Gobi region destroyed
by a natural catastrophe of unknown origin. Survivors migrate to Agarthi and
Shamballah.

ca 1000-700 BCE Beginning of the Iron Age* Iron was already known to
man in prehistoric days, but it remained a rarity until the Hittites discovered

63 The origin of this alphabet is attributed to the Phoenician Cadmus (son of
Agenor, king of Tyre), who is said to have brought 18 letters to Boetia (ca 1313
BCE).

64 The three ages of metals:

The Copper Age: from the 4" millennium to about 2000 BCE;
The Bronze Age: from about 2000 to 1000 BCE;
The Iron Age: from about 1000 BCE to the modern Age of Steel.
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it in northeastern Asia Minor. From the 13! century onward, the Hittite
kings distributed iron throughout the Near East. It was therefore in the first
centuries of the Age of Iron that the Assyrians were preparing for Western
conquests, and their success was largely due to the use of this metal in warfare.
Thus, the Assyrian forces were the first large armies completely equipped with
weapons of iron. The bulk of the Assyrian army was composed of archers,
supported by heavy-armed spearmen and shield bearers.

Assyria had without doubt learned much from the skillful horsemen of
Mitani. The famous horsemen and chariotry of Nineveh became the scourge
of the East. For the first time, too, the Assyrians employed the battering-
ram and formidable siege machinery. The sun-dried brick walls of the Asiatic
cities could thus be battered down or pierced, and no fortified place could
long repulse the assaults of the fierce Assyrian infantry.

Under the influence from the Hittite art, the sculptors of Assyria learned
to tell the story of the king’s valiant exploits in elaborate stone pictures cut
in flat relief on great slabs of alabaster.

The Assyrian armies had marched westward and had crossed the Eu-
phrates by 1300 BCE. They had looked upon the Mediterranean by 1100
BCE, but for more than 350 years after this the kings of Assyria were un-
able to conquer and hold this western region against the strong alliance of
Arameans, Hebrew and Phoenician kingdoms.

986 BCE, Dec. Perihelion passage apparition of comet Halley. May have
been witnessed by King David in Jerusalem. [Chron I 21, 16; Psa 18, 13—
15].

950 BCE The valued m =3 was used by the Israelites in constructions as-
sociated with King’s Solomon Temple in Jerusalem. [I Kings 7, 23; Chronicles
114, 2.

Chinese chariots had wheels with spokes. Iron mines in Italy.

ca 950 BCE The Queen of Sheba arrives in Jerusalem to visit King
Solomon (ca 984-928 BCE) and establish commercial relations with the He-
brew Kingdom.

ca 900 BCE The Etruscans settled on the western coast of Italy, north
of the Tiber. The earliest of them had arrived in consequence of the break-
down of the Hittite Empire®® and brought with them an oriental civilization.
They introduced the chariot, the arch in building and an alphabet, and were

65 The eastern origin of the Etruscans has been proved (1926) by the discovery of
an Etruscan cemetery on the Greek island of Lemnos.
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therefore not illiterate like their predecessors in Italy. The Etruscans brought
also from the East much skill as craftsmen. In Italy they found copper, and
in the course of time they developed the finest bronze industry in the ancient
world of that period. Their goldsmiths too were unrivaled by any in the older
countries.

The Etruscans invented gladiatorial games, drained the marshes, plied
the seas with commerce, traversed the heartland of Europe with goods, and
founded a religion built on fornication, death and hellfire. The senior trinity
of their gods consisted of a holy father, a virgin mother, and an immaculately
begotten daughter. In Etruscan theology, the dead went first to purgatory, for
judgment, where, if found guilty, their souls were damned to various degrees
of torment, the ultimate punishment being eternal hellfire. [In the 13" cen-
tury CE, these concepts seeped into Christianity via the Divina Commedia of
Dante, who was steeped in Etruscan mythology.]

When the Greeks arrived in Italy to plunder, trade, and colonize, those
Etruscans who survived the encounter acquired Greek culture. The Roman
Kingdom founded by Romulus in the 8" century BCE, was conquered by the
Etruscans in the 6. Though their rule was brief, the Etruscans did neverthe-
less influence Roman culture more profoundly than the Sumerians influenced
the Babylonian; two and a half centuries of Etruscan rule (ca 750-500 BCE)
left their mark on Rome, always afterwards discernible in architecture, reli-
gion, organization, city planning and roads. Many Etruscans continued to
live in Rome and Latium, and in the days of Roman splendor, some of the
greatest families of Rome were of Etruscan descent and were proud of it.

After their expulsion from Rome, the Etruscan continued as a powerful
and highly civilized federation, although surrounded by dangerous enemies.
They finally lost their territories to Gauls, Samnites and the Romans.

876 BCE A symbol for zero was used in India. The first known reference
to this symbol.

853 BCE The Battle of Karkar; one of the biggest iron-battles of the an-
cient world through which a grand alliance of Aramean, Hebrew and Phoeni-
cian kingdoms stemmed the advance of the Assyrians along the Eastern
Mediterranean coast to Egypt. The historic military encounter at Karkar
(ca 100 km NNW of Hamah, on the Orontes River; today’s Qarqur) involved
some 200,000 men and 6000 chariots on either side.

After the fall of Mitani, Egypt and the Hittite empires, there still remained
the powerful mercantile civilizations of the Western Semites — the line of
harbor towns on the Phoenician coast, the Aramean city of Damascus under



120 1. Origins — Splendor of the Simple

Ben Hadad II, and the Israeli kingdom of Ahab% which blocked their way to
Egypt. When Assyria, under Shalmaneser ITI were ready to strike, Ahab
and Ben Hadad II were ready and the might of Assyria clashed with the
massed strength of twelve buffer states. When all was over, the Assyrians
were dealt a stunning defeat that set their timetable for conquest back a
hundred years. This battle “bought” Israel an extra century until the kingdom
was finally dissolved and the Ten Tribes dispersed and lost by the Assyrian
deportations of 740-700 BCE.

842-771 BCE Great drought in China.

831 BCE, Aug. 15 A total eclipse of the sun in Southern Judea at midday.
The Hebrew prophet Amos of Tekoa (fl. 765-750 BCE) rendered a vivid
account of this event®” (Amos 8, 9; 5, 8).

ca 800 BCE Egyptians used techniques of tanning hides to make leather
and hardening of leather with alum. They were using sundials with six time
divisions to tell time. The sundial was introduced in Greece by the 6" century
BCE.

ca 800 BCE Phoenicians established trade routes to Gadir, on the Atlantic
coast of Spain. By this time, Phoenician refused to allow ships other than
their own to sail through the strait of Gibraltar to Atlantic coasts of Europe
or Africa.

ca 800 BCE The Greeks borrowed Phoenician symbols and modified them
to form the Greek alphabet. They came into contact with Phoenician traders
and learned from them the idea of writing individual sounds of the lan-
guage. Since the Phoenician alphabet included more consonants than the
Greek needed for their language, they used the extra consonants for vowel
sounds: thus the Phoenician aleph (meaning Oz) became alpha, the Phoeni-
cian beth (meaning house) became beta, etc. The Greeks later modified the

66 During the reign of King Ahab (874-853), there occurred a drought in Israel
which lasted for 3% years (I Kings 17—18).
The zone of totality fell within the southern boundaries of Judea. The moment

of greatest darkness was almost exactly at midday. Such phenomena are very
rare at any given locality. The partial eclipse of June 15, 763 BCE was not

67

as impressive in Judea, since it was not total within the borders of Israel and
greatest darkness occurred in the early morning hours.

Amos may have witnessed the 831 BCE event in his early youth or could have
been told of it. [Solar and Lunar Eclipses of Ancient Near FEast From 3000 BCE
to 0 with Maps Kudlek, M. and E.H. Mickler (eds.), Verlag, Butzon and Bercker
Kevelaer, 1971].
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shapes of these letters, adding and dropping some letters to form the 24-letter
Greek alphabet of today.

8th century BCE Chinese astronomy reaches its peak with outstanding
quality and quantity of observations®®. The earliest reliable observation report
a total solar eclipse on July 8, 709 BCE.

776 BCE The first Olympiad celebrated in Olympia, Greece. The Olympic
games took place 292 times, the last occasion being in 393 CE. Their impor-
tance was such that Olympiads were the basis of Greek chronology and their
organization and development were subject to an established and unchanging
ritual and continued for almost 1200 years.

767 BCE First recorded worldwide plague (Amos 4, 10).

ca 720 BCE The Latin alphabet was borrowed by the Romans from that
of the Greeks, probably through the Etruscans (who moved to central Italy
from somewhere in the Eastern Mediterranean sometimes after 1000 BCE,
carrying the Greek alphabet with them). The Romans learned the alphabet
from the Etruscans, and gave it much the same form we use today. The early
Roman alphabet had about 20 letters, and gradually gained 3 more. The
letters J, U and W of the English alphabet were not added until the Middle
Ages.

Capital letters were the only forms used for hundred of years, and were
finally perfected by 114 CE when sculptors carved the inscriptions on a memo-
rial column built in honor of the emperor Trajan. Lower-case letters gradually
developed from capitals by scribes who copied books, using rounded letters
(uncials) that were easier to form than some capitals.

711 BCE, Mar. 14 A partial eclipse of the sun, visible in Jerusalem. The
prophet Isaiah I (fl. 740-685 BCE) and the Judean king Hezekiah (reigned
715687 BCE) are linked to this event in the unique biblical story that is
threaded in three books | Kings II 20, 8-11; II Chron 32, 31; Isa 13, 10; 38].

Hezekiah, king of Judea, was a patron of learning and caused great public
works to be undertaken; he fortified Jerusalem and improved its water-supply.

68 About 800 BCE (Homer’s time), the Greeks believed that the mass of the earth,
surrounded by the river Okeanos, filled up the lower half of the sphere of the
universe, while the upper half was out above it, and that Helios (the sun) extin-
guished its flames each evening by bathing in the deep waters of the ocean and
lit them again in the morning.
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To this effect, the Shiloa tunnel®® was chiseled in ca 700 BCE [Chron II 32,
3-4, 30; Kings II 20, 20; Isa 22, 9-11].

700 BCE The Assyrians introduce the aqueduct. Carved bone or ivory
dentures with gold braces worn by Etruscans of Northern Italy.

668 BCE Ashurbanipal, king of Assyria, established a library at his
capital Nineveh (destroyed ca 612 BCE).

ca 650 BCE The Lydians of Asia Minor introduced the first standard
coinage of the Western world.

It has been the custom for centuries in the Egyptian and Babylonian em-
pires to stamp ingots with some mark giving authority of the value of the
metal. This however did not ensure a standard quality to the precious metal,
and therefore did not make the ingots more freely exchangeable. However,
some time in the 8" century BCE someone discovered the touchstone, a flinty
river stone (schist), used to assay the quality of the gold ingot.

Herodotos tells us that the Lydians cut the top surface of the stone flat,
leading it matt. If gold were rubbed on this matt surface it would make
scratch marks. Pure gold would leave yellow marks, gold mixed with silver,
white ones, and gold mixed with copper, red marks. It gave the rulers of
Lydia, starting with King Gyges (685 BCE), the ability to ensure a standard
quality to their money by easily detecting forgery. The mark of the King’s
mint was now evidence of purity, weight and acceptability.

In the 6! century BCE a smaller unit of exchange, the Lydian stater
was produced. It was made of a gold-silver alloy called electrum and punch-
marked by the issuing mint. Within a century a set of coins, each one a

69 An underground S-shaped aqueduct, 513 meters long. The rock was pierced
simultaneously at both ends and the workmen met in the middle — a triumph of
precision engineering.

Herodotos tells us of a similar water project undertaken in Samos by the Greek
engineer Eupalinos of Megara (fl. 520 BCE). He built water conduits during
the rule of Polycrates (ca 530-522 BCE). The remains of the tunnel were found
in 1882; it is about 1000 m long and 1.75 m high and wide, at the bottom of
the tunnel there is a trench, about 60 cm wide and reaching at the south end a
depth of 8.3 m, wherein the clay pipes were embedded.

The Hezekiah and the Eupalinos tunnels were started at both ends. How did
the engineers solve the mathematical problems involved? We may guess that
they had instruments to measure azimuths and difference of levels. The problem
involved was solved theoretically for the first time by Hero in his treatise on
dioptra (ca 50 BCE).
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fraction of the stater, had been issued. When Croesus of Lydia introduced
the first standard imperial coinage (550 BCE), Lydian money was already
known for its high and unchanging standard. When Cyrus conquered Lydia
(546 BCE) he issued the first Persian coins.

The economic revolution following the development of coinage was enor-
mous. Before this, the only money was the bullion weighted out at the time
of a transaction. Small farmers and artisans were forced to barter. The intro-
duction of coins that petty producers could use brought the mass of the pop-
ulation the benefits of money, since the craftsman was no longer condemned
to “eat his wages”. He could buy products with his earnings, opening up new
markets for fellow artisans. The small farmer was free to follow the aristocrats
into specialized farming for an export market.

Money is perhaps man’s most useful discovery, next to fire and the wheel.
As the use of coinage spread, it had two fundamental effects. The first was
political: money issued by a central mint had a unifying effect on the users.
The mark of the government on the coin was present in every transaction.
Its presence defined the boundaries of governmental authority, and its value
mirrored the health of the economy and political stability of the country. The
second was cultural: with the growth of international trade grew the exchange
of technological innovations and scientific ideas.

But money was a mixed blessing, and in its wake followed usury, mort-
gages, and debt slavery. Money was power. Anything could be reduced to
abstract numbers: the value of a pot, a jar of oil, a plot of land, a slave, could
all be expressed by exact number of coins, as could the wealth and worth
of any citizen. Numbers seemed to have magical powers. Money invested at
interest could even multiply itself without any effort on the part of the lender.

As the money economy developed, so did chattel slavery. Such an insti-
tution, based on the sale of slaves, is impossible without the free exchange
of money. Slavery threatened either to enchain the small producers them-
selves or to undercut their livelihood, and so devalued productive activity.
To Greek slaveholders, work was something done by slaves, thus in itself de-
grading. Only detached thought is worthy. As slavery separated thought
from action, so did a new trend in Greek philosophy glorify abstract reason
while denigrating physical observation. Slavery also undercut the develop-
ment of technology that required and fed observation: slave-owners did not
need labor-saving devices.

The Greek philosophers in the 6! century witnessed the effects of money
on the Greek states, and some of them extrapolated from the power of numbers
in society to the idea that numbers rule the universe as well.



124 1. Origins — Splendor of the Simple

650 BCE  Assyrians compile Mesopotamian medical knowledge in collec-
tion of clay tablets at the Royal Library in Nineveh. Over 300 medications and
such diseases as paralytic stroke and rheumatism are described. The diseases
of tuberculosis, gonorrhea and leprosy first described with accuracy.
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The Greeks™

“The isles of Greece, the isles of Greece!
Where burning Sappho loved and sung,
Where grew the arts of war and peace,
Where Delos rose, and Phoebus sprung!

Eternal summer gilds them yet,
But all, except their sun, is set”.

George Gordon Byron (1788-1824)

Originally a shepherd people, the Greeks had migrated to the Greek peninsula
in about 1900 BCE out of central Europe, possibly from the Danube. They
were one of several peoples speaking Indo-European languages who migrated
southward at this time. These include, among others, the Germanic, Celtic,
Latin and Iranian peoples, and the Aryans who in the same millennium in-
vaded and conquered Northern India. The Greeks found their new home too
arid to satisfy their needs and soon turned to the sea for their livelihood,
learning the secrets of navigation, and their metal working skills, from the
Minoans.

By about 1600 BCE, the Greeks were established throughout the Aegean
area in independent city-states and the Mycenaean civilization had begun to
take shape.

70 For further reading, see:

e Bowra, C.M., Classical Greece, Time-Life International: The Netherlands,
1970, 192 pp.

e Wittle, T., The World of Classical Greece, William Heinemann Medical
Books: London, 1971.

e Heath, T., A History of Greek Mathematics, Oxford at the Clarendon Press,
vols I-11, 1921, 446+586 pp.

e Cohen, M.R. and I.E. Drabkin, A Source Book in Greek Science, McGraw-Hill
Book Company: New York, 1948.

e Schrodinger, Erwin, Nature and the Greeks, Cambridge University Press,
1996, 172 pp.
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Imaginative, curious, with an innate appreciation of the beautiful and
a genuine love of adventure they became fishermen, pirates and merchants,
trading with the nearby island of Crete, where the Minoan civilization was
just reaching its peak.

With the decline of the Minoans, following the Thera natural catastrophe,
the westward migration of the Phoenicians and the comeback of the New
Kingdom in Egypt, Mycenaean traders sought new markets in the Black Sea.
During 1150-900 BCE, the Dorians moved into the Greek Peninsula in a series
of destructive waves and wiped out the Mycenaean ruling classes together
with their entire civilization. The centuries preceding and following 1000
BCE witnessed in that part of the world a tremendous upheaval caused by
the introduction of iron, complicated migrations, and widespread turbulence.
This was the Dark Age that preceded the dawn of Greek culture. (In this
respect that Dark Age resembles the Christian Middle Ages; both were periods
of unconscious assimilation and preparation.)

By 800 BCE a new urban society was formed, and during 800—600 BCE,
more than 100 colonies were founded, from the Black Sea, virtually a Greek
lake, to Marseille (Massillia). They controlled the coast of Thrace and the
entire littoral of Asia Minor, where they took over the trade previously en-
joyed by the Phoenicians.

They made Miletos, on the Aegean shore, the richest of their cities, and a
port of departure for expeditions to the Black Sea. They colonized the east-
ern sea-board of the Adriatic, southern Italy, Sicily and Cyrene on the coast
of Libya™.

By the middle of the T'" century, they have established themselves in
Egypt, founding the port of Naucratis at one of the now extinct mouths of
the Nile. To this port, which later became the city of Alexandria, they
brought merchandise which was paid for by Egyptians with gold from Sudan.

During this period of trade and colonization, the small Greek villages of
the Aegean evolved into strong self-sufficient city-states which transformed
from monarchies to aristocracies. It is in these Greek cities of Asia Minor,
particularly Miletos, that western philosophy was born.

Indeed, between 600400 BCE, there occurred a unique phenomenon in
the annals of mankind: People with Greek names, living in the Greek colonies
on islands and inlets of the Eastern Aegean Sea (Ionia) suddenly decoupled
themselves from the bondage of myths and became aware that the universe

"' In ca 650 BCE, Colaeos, Greek merchant, discovered the Straits of Gibraltar
for Greece. Massillia was founded by Greeks from the Ionian city of Phocaea.
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around them is knowable and exhibits an internal order (“cosmos”). They
began to look for regularities, laws, rules, predictions — science was born.

And they found that everything is made of ‘atoms’, that the earth is only
a ‘planet’ going around the sun, that stars are far away, that light travels with
finite speed, that the earth was a sphere, and more.

Why did this happen in Samos, Miletos, Ephesos, Elea, Abdera and Cnidos
and not in India, Egypt, or in the Maya and Aztec societies?

They lived in an open, free, decentralized, mercantile, pluralistic island
society, situated on the cross roads of Africa, Asia and Europe, under the
influence of the great cultures of Egypt and Mesopotamia. Not far to the
east, roamed the voices of the Hebrew prophets, poets and sages in praise of
unity, law and order in the universe.

Moreover, widespread literacy and writing and the free communication
of thoughts through debates made inquiry and accumulation of knowledge
feasible.

And finally, the umbilical cord to mainland Greece, where art, architecture
and literature have been flourishing since 800 BCE. It is this Greek connec-
tion that finally brought the decline of the Ionian awakening. The complex
amalgam of city-states was inherently unstable: rivalry between individual
states and alliances made each of them vulnerable. With the emergence of
the powerful Macedonian kingdom, the majority of independent city-states
disappeared. Greek culture was carried away to Italy (Tarentum, Syracuse),
Africa (Cyrene) and as far east as the Oxus and Indus rivers, and a new
imperial age, the Hellenistic period, begun.

The Romans (300 BCE-476 CE) did not develop a civilization of seaboard
city-states like the Greek. Rome was a warrior-agricultural community, like
Sparta (the least intellectual of the Greek states). Commerce was forbidden
to the senators of Rome, whilst the merchants submitted to the values of their
society, aspiring to become the owners of farming land.

The Romans therefore lacked the quantitative and spatial thinking of the
merchant-traveler, rendering them weakest in the mathematical sciences. The
spirit of pragmatism and utilitarianism which pervaded the Roman world
was alien to the air of disinterested and free creativity so essential to all
developments of science and art. Thus they did not add a great deal to science.
Their contribution lay in the fields of organization: public medical service,
buildings, roads and aqueducts, Julian calendar, Roman Law, etc. They
had no mathematicians and astronomers of note, and consequently science
declined during their sojourn in history.

Notwithstanding the surpassing brilliance of the Greeks, there occurred
earlier (ca 1800 BCE) a historical event which had a direct bearing on the
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development of science, albeit 3000 years later. It was the intellectual revolu-
tion born with the introduction of the concept of monotheism by the ancient
Hebrews.

It freed men from a fearful subordination to the forces of nature by positing
a supernatural cosmic power; the idea of one God emancipated men from their
terror of many evil demons, apparitions and fiendish hobgoblins.

Apart from fusing religion and morality, monotheism ultimately became a
stimulus to science, because it suggested a unitary, consistent pattern within
which everything in nature functioned. It promoted the idea of order, con-
sistency, and meaning in the universe — all waiting for man to explore and
understand.

The idea of One God contained within itself the concept of a central cause,
a prime reason for things, and the search for that reason in the analyses of
sacred writings, or experimental ventures, or the detached observation of phys-
ical phenomena. For once cosmic unity is accepted, universal consistencies,
regularities, and interrelations follow.

Another major contribution of the ancient Hebrews concerns their appre-
hension of time as a linear cosmic trend; history is presented as a unified
process confirming a master plan of divine significance, which began with the
creation. Prior to the rise of Christianity, with the exception of Philo and
Seneca, only the Hebrews and the Zoroastrian Iranians have thought of his-
tory, man’s fate included, as progressive rather than cyclic. This is made clear
in every Book of the Old Testament (with the exception of Ecclesiastes) and
is rather strongly emphasized in the Book of Daniel.

In contradistinction, all other ancient civilizations, and especially the
Greek scholars Plato, Aristotle, Pythagoras, the Stoics and certain Neopla-
tonic philosophers, believed in the doctrine of eternal recurrence and cyclic
time, in which the world was destined to be destroyed and created anew in a
cyclic pattern. The linear concept of time had a profound effects on western
thought. Without it, it would be difficult to conceive of the ideas of progress
or evolution.

Curiously enough, both Judaism and Christianity, each in its own way, and
for different reasons, did not encourage their believers to develop science for
its own sake, and the world had to wait for the late Renaissance and Spinoza
to continue the intellectual revolution of the Hebrews.

The same source that kindled the spirit of the great natural philosophers
during 600400 BCE, has earlier endowed humanity with equally great poetry.
As happened thousands of years later, during the European Renaissance, art
preceded science by some 200 years: In Ionia, perhaps on the island of Khios,
Homer sang his great epics, the lliad and the Odyssey, at ca 750 BCE. [Not
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far away, in Judea, the contemporary Hebrew prophet, Isaiah, was reciting
his Biblical visions™.]

These two great epics bring FEuropean literature into existence with a
bang; its echoes are still reverberating. However, there must have been a
long history behind the Homeric poems, since works of such massive scale
and great sophistication do not come out of nothing. The common origins of
Greek science, philosophy and literature are to be sought in the heritage of
the Indo-European family of peoples which later created the corresponding
separate cultures.

Moreover, in the Homeric epics themselves, we can already discern the
buds of later philosophical apprehension of nature and of man: the Greek
people stand before us alive with all their skills, cunning and above all, their
inquisitiveness and ingenuity which later developed into a keen sense for de-
tailed physical observation. The Greek culture, through all of its transforma-
tions, is the manifestation of one and the same spirit.

In Greece, humanity approached for the first time the riddles of nature
and man as problems that can be rationally solved.

We can feel the harmonious equilibrium of these two elements in the fol-
lowing lines from the conclusion of book VIII of the Illiad [in the translation
of Alexander Pope (1688-1741, England), during 1715-1720].

72 Greek literature reflects the vital impact of the stars on the life of an agricultural
and seafaring people. Homer noted the Bears, Bootes, the Pleiads and Hyades,
and the star Sirius, all by the names we use today. [These are also mentioned in
the Bible: Sirius = Hadre Theman; Orion = Kesil; Venus = Mazzaroth; Hyades
= Ayish; Pleiads = Kimah.] The Greeks in Homer’s time used Ursa Major to
navigate by.
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“The troops exulting sat in order round,
And beaming fires illumined all the ground.

As when the moon, refulgent lamp of night,
O’er heaven’s pure azure spreads her sacred light,
When not a breath disturbs the deep serene,
And not a cloud o’ercasts the solemn scene,
Around her throne the vivid planets roll,

And stars unnumber’d gild the glowing pole,
O’er the dark trees a yellower verdure shed,
And tip with silver every mountain’s head:
Then shine the vales, the rocks in prospect rise,
A flood of glory bursts from all the skies:

The conscious swains, rejoicing in the sight,

Eye the blue vault, and bless the useful light.
So many flames before proud Ilion blaze,

And lighten glimmering Xanthus with their rays.
The long reflections of the distant fires

Gleam on the walls, and tremble on the spires.
A thousand piles the dusky horrors gild,

And shoot a shady lustre o’er the field.

Full fifty guards each flaming pile attend,
Whose umber’d arms, by fits, thick flashes send,
Loud neigh the coursers o’er their heaps of corn,
And ardent warriors wait the rising morn”.

The Greeks themselves declared that they found in Egypt and in Babylonia
the material for their geometry and astronomy™. Thales and Pythagoras,
Democritos and Eudoxos: all of them are reported to have traveled to
Egypt and to Babylonia, in search of elements of value in alien cultures.

From the Egyptians, the Greeks learned their multiplication and their
computations with fractions, which they then developed further. The Greeks
may also have taken from the Egyptians the rules for the determination of
areas and volumes [for the Greeks such rules did not constitute mathematics,
it merely led them to ask: how does one prove this?]

It is, however, on Babylonian science and mathematics that the Greeks
based their own. The two cultures met around 604 BCE, at the beginning

73 In his posthumous dialogue Epinomis, Plato says of the relation of the Greeks
to the old cultures of the Orient: “Whatever Greeks acquired from foreigners is
finally turned by them into something nobler” .
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of the reign of the Chaldean Nebuchadnezzar, when cultural and commercial
communications were opened in both directions. In addition to the mathe-
matical heritage, the Greeks received the sun-dial and the 12 hours of the
day.

The political equilibrium was disturbed in 540 BCE, when Cyrus II, the
Great, subjected the entire Orient to Persian domination. The Ionian cities,
which had come to the aid of his opponent Croesus, had to pay heavy tributes.
Many Ionians left the country: the Phocaens, for example, established the
town of Elea, in Italy, which was destined to play an important part in the
history of philosophy. It was also at this time that Pythagoras migrated from
Samos to Croton. The center of gravity of the world of mathematics and
philosophy moved from Ionia to Italy.

But it was not long before the Persian empire reestablished economic and
cultural links with the Greeks. lonian artisans and artists took part in the
construction of the palace of Darius. The sculptor Telephanes of Phocia
worked for Darius and for Xerxes. The Greek physician Democedes of
Croton lived at the court of Darius.

The great Persian kings Cyrus and Darius were very tolerant. They did
not interfere with the cultures and the religions of subject peoples (a ref-
erence to the Bible is in order here). Babylonian stellar rituals continued
to exist. The observation of the moon and the planets by the Babylonian
priest-astronomers, were continued systematically during the Persian regime.
Without these carefully dated observations, the later flowering of Babylonian
theoretical astronomy during the era of the Seleucids, the successors of Alexan-
der the Great, would have been impossible. The Greeks also showed interest
in these observations.

Callisthenes, who accompanied Alexander the Great to Babylon, sent
his uncle Aristotle, upon his request, Babylonian observations. Hypsicles,
a Greek astronomer of the 3" century, calculated the times of rising and
setting of the Zodiacs in the Babylonian manner, because Greek geometry of
the sphere was not yet able to solve this problem. Hipparchos (150 BCE)
made use of Babylonian observations and periods of the moon, which Ptolemy
could use 300 years later — practically without corrections.

From all this it is apparent that even during the period of flowering of
their own astronomy, the Greek were glad to learn from the Babylonians in any
respect in which the latter had advanced beyond them. This certainly applied
as well to the initial period of Greek mathematics, when the Babylonians were
already in possession of a highly developed algebra and geometry, which the
Greek had not yet acquired.
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The natural point at which fruitful contacts between East and West could
take place at the beginning of the 6" century BCE, was the flourishing com-
mercial town of Miletos on the coast of Asia Minor, the most important center
of Ionian culture.

The Greeks invented democracy more than 2000 years before any modern
Western nation took the first steps toward it; they invented philosophy and
the theater and organized competitive athletics; they invented political theory,
biology, zoology, and atomic theory™.

The Greeks created philosophy; without philosophy we would have no
science, and the attempt to arrive at truth of any sort would remain largely
a matter of fantasy and whim.

Chinese civilization invented the movable type, gunpowder, the rocket, the
magnetic compass, the seismoscope, and made systematic observations and
chronicles of the heavens. Hindu mathematicians invented the zero — the key
to comfortable arithmetic and therefore to quantitative science. Aztec civi-
lization developed a far better calendar than that of the European civilization;
they were better able, and for longer periods into the future, to predict where
the planets would be.

But non of these civilizations had developed the skeptical and inquiring
method of science. All that came from ancient Greek. The development of
objective thinking by the Greek appears to have required a number of specific
cultural factors. First was the assembly, where men first learned to persuade
one another by means of rational debate. Second was a maritime economy
that prevented isolations and parochialism. Third was the existence of a
wide spread Greek-speaking world around which travelers and scholars could
wander. Fourth was the existence of an independent merchant class that could
hire its own teachers. Fifth was a literary religion not dominated by priests,
and sixth was the persistence of these factors for a thousand years.

Greek mathematics was a brilliant step forward. Greek science, on the
other hand was riddled with error:

& Yet, in spite of their great achievements in science, art and literature, their
technology stood still through the entire millennium of their creative existence
(the inventions of Archimedes were never applied to the needs of daily life)!
Why?

The answer is quite simple: almost all their manual work was done by slaves.
The Greeks despised work of any kind and therefore lacked the motivation for
the invention and applications of labor-saving tools.
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e Believed that vision depends on a kind of radar that emanates from the
eye, bounces off what we are seeing, and returns to the eye (Ignoring
the fact that we cannot see in pitch darkness!).

e Believed that heredity was carried by semen alone, the woman being a
more passive receptacle (Ignoring the fact children resemble their moth-
ers!).

e Believed that the horizontal motion of a thrown rock somehow lifts it
up, so that it takes longer to reach the ground than a rock dropped from
the same height at the same moment.

e Believed that planetary orbits are exactly circular.

e Did not believe in interrogating nature by doing experiments, (Excep-
tions: Eratosthene’s measurement of the earth’s diameter or Empe-
docles’ experiment demonstrating the material nature of air). In a
society is which manual labor was thought fit only for slaves, the exper-
imental method did not thrive.

What Ionia and ancient Greece provided is not so much inventions or
technology or engineering, but the idea of systematic inquiry, the notion that
nature, rather than capricious gods, govern the world. Water, air, earth, and
fire — all had their turn as candidate “explanations” of the nature and origin
of the world. FEach such explanation was deeply flawed in its details. But the
mode of explanation, an alternative to divine intervention, was productive

and new’®.

Indeed, in contrast to the static civilizations of the great Eastern river
valleys — Tigris, Euphrates and Nile — the Greeks created in the restless tur-
bulence of their tiny city-states that impatient rhythm of competition and
innovation that has been the distinguishing characteristic of Western civiliza-
tion ever since.

75 This approach of the pre-Socratics was (beginning in about 4" century BCE)
quenched by Plato, Aristotle, and then Christian theologians. If the brilliant
guesses of the atomists about the nature of matter, the plurality of worlds,
the vastness of space and time — had been treasured and built upon, if the
innovation technology of Archimedes had been taught and emulated, if the notion
of invariable laws of nature that humans must seek out and understand had been
widely propagated — we would perhaps be living by now in a different world.
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The Hebrews and their Bible™

Whereas the Greeks were interested chiefly in positive knowledge, the He-
brew’s main concern were morality and apocalypses, though they were also
keen observers of nature. The Hebrews had freed man’s mind from magic by
tying him with ethics to a moral God; the Greeks had freed man’s mind from
magic by tethering him with reason to a relative truth’".

The Hebrews introduced the notion of monotheism, which may be con-
sidered as a scientific hypothesis. The earliest known Hebrew prophet after
Moses, to expound monotheism to the people of Israel in their own land, was
Amos (fl. 765 BCE). The ethical theory of the world and the conception of
a God, unique, conscientious, and just are published under his name in the
Book of Amos. The ethical side of Hebrew monotheism was reinforced by the
prophets Hoshea (fl. 740 BCE), Isaiah (fl. 720 BCE), Micha (. 720 BCE),
Zephaniah (fl. ca 630 BCE), Jeremiah (fl. 626-586 BCE ), Nahum (fl. 620
BCE), Habakkuk (fl. 615 BCE), Ezekiel (fl. 610-580 BCE), Haggai (fl.
520 BCE), Zachariah (fl. 520 BCE) and Joel (fl. 370-340 BCE).

The Bible is also the main source-book on Hebrew law and history. The
only part of the Pentateuch which can be dated with any precision is the 5"
and last book called Deuteronomy. The kernel of this book was discovered
in Solomon’s Temple in Jerusalem in 621 BCE. It inspired King Joshia’s rev-
olutionary decision to centralize all formal worship in one place, Jerusalem.
The book of Samuel was probably composed around 600 BCE. It deals with

76 For further reading, see:

e Jacobus, M.W. Ed, A New Standard Bible Dictionary, Funk and Wagnalls
Company: New York and London, 1926, 965 pp.

e Thompson, J.A., Handbook of Life in Bible Times, Inter-Varsity Press, Leices-
ter, England, 1996, 384 pp.

e Harper’s Encyclopedia of Bible Life, Castle Books, 1996, 423 pp.

e Bowker, John, The Complete Bible Handbook, Barnes and Noble, New York,
2005, 544 pp.

e Rogerson, John, Atlas of the Bible, Phaidon, Oxford, 1985, 237 pp.

7T Jewish law became tied to religious thought, and Greek law became tied to

philosophical precepts. The Romans went a step beyond the Jews and the Greeks
by totally separating their civil law from both religion and philosophy.
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the history of the early kings Saul and David (fl. 980 BCE). The Books of
Judges and Kings are the product of the 6! century, but were based upon
early manuscripts.

The Jews had two unique characteristics as ancient writers; They were the
first to create consequential, substantial and interpretive history: They were
fascinated by their past from very early times. They believed that they were
a special people who had not simply evolved from an unrecorded past but had
been brought into existence, for certain definite purposes, by a specific series
of divine acts. They saw it as their collective business to determine, record,
comment and reflect upon these acts.

No other people has ever shown so strong a compulsion to explore their ori-
gins. This passion for aetiology, the quest for explanations, broadened into a
more general habit of seeing the present and future in terms of the past. The
Jews wanted to know about themselves and their destiny. They wanted to
know about God and his intention and wishes. Since God, in their theology,
was the sole cause of all events, and thus the author of history, and since they
were the chosen actors in his vest dramas — the record and study of historical
events was the key to the understanding of both God and man.

The Jews developed the power to write terse and dramatic historical nar-
rative 500 years before the Greeks, and because they constantly added to their
historical records they developed a deep sense of historical perspective which
the Greeks never attained. In the portrayal of character, too, the Biblical his-
torians achieved a degree of perception and portraiture which even the best
Greek and Roman historians could never reach. The Jews were not interested
and did not believe in impersonal forces. They were less curious about the
physics of creation than any other literate race of antiquity. They turned their
back on nature and discounted its manifestations except in so far as they re-
flected the divine-human drama. The notion of vast geographic or economic
forces determining history was quite alien to them. There is much natural
description in the Bible, some of astonishing beauty, but it is stage-scenery
for the historical play.

The second unique characteristic of ancient Jewish literature is the verbal
presentation of human personality and its full range of complexity. The Jews
were the first race to find words to express the deepest human emotions,
especially the feeling produced by bodily or mental suffering, anxiety, spiritual
despair and desolation, and the remedies for these evils produced by human
ingenuity — hope, resolution, confidence in divine assistance the consciousness
of innocence or righteousness, pertinence sorrow and humility [e.g. Psalms:
22,23, 39, 51, 90, 91, 103, 104, 130, 137, 139]. Wisdom texts produced by the
Jews are more observant of human nature and more ethically consistent than
their precursors and models in the entire ancient Near East. Thus Ecclesiastes,



136 1. Origins — Splendor of the Simple

is quite without equal in the ancient world, with which the Greeks alone could
complete.

This book is counted among the four great skeptical dramas of history
along with Prometheus vinctus (Aeschylos); Hamlet (Shakespeare), and Faust
(Goethe). Yet not even the Greeks produced a document so mysterious and
harrowing as the book of Job, written in Israel in 5" century BCE. This
great essay in theodicy and the problem of evil has fascinated and baffled
both scholars and ordinary people for more than two millennia’®, and of all
the books of the Bible it has most influenced other writers.

Job is a formidable work of Hebrew literature, written in a sustained level
of powerful eloquence. Its burden is to show that suffering is not necessarily
retributive and that the justice of God is impenetrable. It is crammed with
natural history in poetic form, presenting a fascinating catalogue of organic,
cosmic and meteorological phenomena. In chapter 28, for instance there is an
extraordinary description of mining in the ancient world. Through this image,
a view is presented of the almost unlimited scientific and technological poten-
tials of the human race, and this is then contrasted with man’s incorrigibly
weak moral capacities’.

The Bible opens to us a window in time that extends from ca 2000 BCE to
ca 300 BCE®C. It abounds with detailed descriptions as well as terse allusions
to eclipses, comet apparitions, bolide impacts, paroxysmal volcano eruptions,
major earthquakes, tsunamis, floods, and a host of meteorological®', botanical,

"8 Thomas Carlyle called it “one of the grandest things ever written with pen”.

™ The author of Job delivers the following message: There are two orders in cre-
ation — the physical and the moral order. To understand and master the physical
order of the world is not enough: man must come to accept and abide by the
moral order, and to do so must acquire the secret of Wisdom, and this knowl-
edge is something of an altogether different kind from, say, mining technology.
Wisdom came to man, as Job dimly perceived, not by trying to penetrate God’s
reasoning and motives in inflicting pain, but only through obedience, the true
foundation of moral order: “And he said to man: “Behold, the fear of the Lord,

that is wisdom: and to depart from evil is understanding” [Job 28, 28].

80 The Old Testament was canonized gradually, book by book, over a period of ca

1000 years. However, the final stages of canonization of the Pentateuch and most
of the books of the Prophets began at the time of the scribe Ezra (fl. 458 BCE)
and ended ca 200 BCE. The time of canonization of the Writings is uncertain,
but believed to end by the first century BCE. A standard text of the Hebrew
Bible appeared by about 150 CE.

Earth’s weather patterns and the hydrological cycle were known to the Hebrews
[Job 26, 8; 28, 23-26; FEccl 1, 6; Psalms 146, 16-17]. Job [38, 19-20] wonders

81
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Table 1.1: PROPHETS, PHILOSOPHERS, POETS AND SCIENTISTS IN THE
GOLDEN AGE OF EURASIAN CULTURES (800-200 BCE)

BCE, ca HEBREWS GREEKS EASTERN
800-750 Isaiah; Amos Homer -
620 Jeremiah — Zoroaster
597-570 Ezekiel Thales Lao Tsu
535-520 Zachariah Pythagoras Buddha
500 Malachi Heraclitos Confucius
440-400 Fzra; Nehemiah Socrates; —
Democritos
390 - Plato *
340 Jonah; Joel Aristotle —
300 Ecclesiastes Euclid *
230 — Archimedes *
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zoological, medica

182 geological, geographical, astronomical and other data

82

on the nature of light and states that it is an element in a state of motion(!). The
earth is floating in space, surrounded by a thin form-fitted layer — our atmosphere
[Job, 26, T].

Ancient peoples regarded disease as something aside from the regular working of
nature. To them disease was the expression of disfavor or hostility on the part
of the god, and in the nature of punishment. As a consequence, the treatment of
disease in the early days lay in the hand of the priests (Lev 13), whose concern
was to appease the angry Jehovah; diagnosis could be disregarded and medica-
tion naturally played a minor part. Diseases might be averted by repentance,
e.g. Jeroboam’s paralysis cured [I Kings 13, 4-6], Hezekiah’s illness cured [I]
Kings 20, 5], Miriam’s leprosy healed [Nu 12, 14], plague checked by Aaron’s
use of incense [Nu 16, 47].

Anatomy known to Biblical writers was a thing of shreds and patches — only
very few parts of the body are mentioned in the Bible, and these references are
vague and general. Something, however, was learned of comparative anatomy
by the examination of animals slaughtered in sacrifice [Deut 18, 3; Lev 3, 10; 8,
17; Ezek 21, 21]. More accurate knowledge of the anatomy of the human body
to be obtained by dissection was totally forbidden [Nu 18 16].

Physicians were recognized as a distinct class [II Chron 16, 12; Job 13, 4], but
their intervention met with the disapproval of the priests. There are several al-
lusions to medical matters in Proverbs [17, 22; 20, 30].

Preventive medicine: The Mosaic laws enforcing public and personal cleanliness
were of great hygienic value [e.g. circumcision, ban upon sexual perversions (Lev
15), sexual inversion (Lev, 18), sanitation of camp life (Deut 23, 13) etc.] These
rules invested the figure of a good and virtuous woman with that peculiar halo
of respect which has been preserved by all highly civilized nations down to the
present time. The institution of the Sabbath day of rest was perhaps the most
distinctive and beneficial of all the Mosaic provisions for the physical and moral
well-being of the Hebrew people.

Medicines were largely used [Prov 17, 22; Jer 30, 13; 46, 11; Ezek 47, 12].
Moses was learned in all the wisdom of the Egyptians, and among the other
branches of this lore, medicine was largely cultivated. Assyria and Babylon were
learned in the medical science of that day. Thus, King Asa had medical treat-
ment for his feet [II Chron 16, 12], King Joram went back to be healed of his
wounds [T Kings 8, 29]. Of details of treatment and materia medica we have:
e Balm used for the treatment of wounds [Jer 8, 22].

o Caperberry and Mandrake [Ec 12, 5; Gen 30, 14] used as aphrodisiac.

e Ointments: Oil was used in dressing wounds, and in anointing the sick [Isa-
iah 1, 6]. Wine was used as a stimulant for gastric disturbances [Pro 31, 6]. A
poultice of figs [II Kings 20, 7].

e Antidotes: An indication to the knowledge of the use of antidotes for poison
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concerning the natural history of the ancient Near Fast.

No archaeological discovery has ever been made that contradicts or con-
troverts historical statements in the scriptures, and most of the narratives
relating to geophysical and astronomical events, are found today to bear a

is given in II Kings 4, 38-41. Here the bitter fruit of the poisonous colocynth
has been mixed in the pot with the stew. Elisha neutralized its effects by meal
thrown into the pot. In modern times chemists have been able to show the
neutralizing effect of the protein of the meal, when cooked, upon the poisonous
alkaloid of colocynth.

There is no mention in the Bible of any anesthetics or analgesic drug treatment.
Diseases and epidemics are repeatedly mentioned. The great epidemic of the
East are cholera, bubonic plague, small pox, typhoid, typhus, measles, and vene-
real diseases [Exz 9, 9; Deut 28, 27; Nu 11, 33; 14, 37; 16, 47; 21, 27; 25, 1-9].
The plague that followed the capture of the Ark by the Philistines [I Sam 5, 6-6,
21] killed 50,070 of the Hebrews; it would seem that contagion from the Ark was
still possible and it was not without reason that the Ark was quarantined for 20
years.

Of the Assyrian army against Ethiopia 185,000 died in one night [I] Kings 19,
35]. Such sudden mortality suggests either cholera or plague. A pestilence of
70,000 mortality is recorded in I Chron 21, 14 and Ps 91, 5-10. Leprosy is
abundantly mentioned [Lev 13, 1-17; Fz 4, 7; Num 12, 10; II Kings 5, 27; 7,
3; 15, 5].

Individual cases of disease cited: Infantile paralysis [II Sam 4, 4]; Dysentery [II
Chron 21, 18]; Homicidal melancholia [I Sam 16, 14; 18, 10-11; 19, 9-24; 20,
33; 22, 17]; Inscaity [Dan 4, 33]; Dwarfism [Lev 21, 29]; Gigantism [Deut 4, 11;
I Sam 17, 1; IT Sam 21, 16-20]; Alcoholism [Gen 9, 20; 19, 33; II Sam 11, 13;
I Kings 20, 16 etc.]. Heart disease [Deut 28, 65]; Sunstroke or meningitis or
pernicious malaria [II Kings 4, 18; Ps 121, 6]; Pneumonia [II Sam 12, 15-18].
Circumcision is the only surgical procedure mentioned in the Bible. There is a
reference to the roller bandage in the treatment of fractures [Ezek 30, 22].
Diseases of the eye were common and numerous in the East. This is largely due
to the presence of trachoma and of gonorrheal ophthalmia [Gen 27, 1; I Sam
4; I Kings 14, 4]. Thus, Leah was tender-eyed, probably the result of trachoma
[Gen 29, 17].

Woman’s diseases are mentioned [Lev 15, 19-24; 15, 25-30]. Sterility was re-
garded as a great calamity [Gen 18, 11; 20, 17; 25, 21; I Sam 1, 5; II Sam 6,
23; II Kings 4, 4].

Obstetrics: The suffering of child-birth is the penalty for the sin of Eve [Gen 3,
16]. Midwives in the Near East from the earliest times have conducted deliveries
upon the obstetric chair [Ez 1, 16]. The obstetric chair is mentioned by ancient
Greek authors. Rachel offers the use of her knees in lieu of an obstetric chair, as
a symbol that the child borne by her maid is her own [Gen 30, 3].
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rather exact account of real natural phenomena. Several examples are:

e  Volcanism [Ex. 19, 16; 20, 18; Deut 4, 11; Jud 5, 5; Micha 1, 3-4; Psa
97, 3-5]. It is the oldest known description of a volcanic eruption based
on a very careful observation. In addition to the pillars of cloud and fire,
the account contains no fewer than seven features, each characteristic
of a volcanic explosive eruption: noise, flames, smoke, quaking, summit
cloud, electrical discharges and darkness.

e  [Eclipses. The events: Sept. 30, 1131 BCE [Jud 5, 20], Aug. 15,
831 BCE [Amos 8, 9], June 15, 763 BCE [Amos 5, 8; Isa 24, 19-23],
May 09, 594 BCE [Ezck 8, 14-16], Sept. 21, 582 BCE [Ezck 30,
18; 32, 7-8], Mar. 28, 517 BCE[Zach 14, 6], Mar. 01, 357 BCE
[Joel 3, 3-4], July 04, 336 BCE [Joel 3, 3-4], are among he earliest
documented descriptions.

e  Comet apparitions. 1230 BCE [Ezod 13, 21/, May 11, 1198 BCE
[Josh 5, 13], Dec. 02, 986 BCE [I Chron 21, 16], July 28, 616 BCE
[Ezek 1, 4; Hab 3, 4-12].

e  Farthquakes. 2100 BCE, the destruction of Sodom and Gomorrah [Gen
19/, ca 1210 BCE, the fall of the walls of Jericho [Psa 114, 3-8], 759
BCE [Amos 1, 1; Zach 14, 4-5; II Chron 26, 16-23].

e  Severe climatic changes causing floods, drought (famine), epidemics and
mass-migration [Gen 6-9; I Kings 17-18; Gen 41, 29-57; Jer®3 18, 14;
Proverbs 25, 13].

The creation of the universe ex nihilo (from nothing) is described in the
first chapter of Genesis. Genesis tells how God created the universe by or-
ganizing a preexisting chaos, “the waters”: Genesis is silent about where the
initial chaos came from since the priests who wrote the account had no interest
in the question. Their concern was how God created order in the universe.

Next to cosmogony, treated in the first chapter of Genesis, (Table 1.2) the
following two chapters relate to anthropology — the origin of human civiliza-

83 A careful reading of the Bible reveal around 600 BCE more frequent snow than
now and that it lay longer into the summer on the heights of the Lebanon,
possibly throughout the year.
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tion. The story of man’s expulsion from paradise alludes to the transition
from food-gathering to food-producing society®* (ca 10,000-8000 BCE).

The outburst of intellectual energy that characterizes the extraordinary
phenomenon of Hebrew prophecy during 750-350 BCE, had its counterpart in
an akin occurrence in the East: the foundation of new philosophies of religions
by Confucius, Buddha, Lao Tsu and Zoroaster, all of whom flourished
during the 6" century BCE. These spiritual leaders had the capacity to
persuade their fellow-men to adopt new conception of the universe and of
themselves; they thus radically transformed the intellectual atmosphere of
their time.

84 When the glaciers still covered parts of Northern Europe, the whole area extend-
ing from the Atlantic Ocean to Iran was virtually a gigantic garden, providing
ample food for animals and man (‘Paradise’). As climate became drier, abun-
dance of edible plants diminished and man was forced to produce a great part
of his food: domesticate animals and use the plough to cultivate the land in the
valleys of the great rivers.
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Table 1.2: DATING OF KEY EVENTS IN THE BOOK OF Genesis, CONSISTENT
WITH DISCOVERIES OF MODERN SCIENCE UP TO 2000 CE

EVENT

THOUSANDS
OF YEARS
AGO

REFERENCE

Origin of the universe

ca 14,000,000

“In the beginning...” (1, 1)

Undecoupled mat-
ter and radiation;
light was continually
emitted and screened

“...darkness was on the face of
the deep” (1, 2)

Light — transparent
universe; Decoupling
of matter from radia-
tion; recombination of
plasma to neutral hy-
drogen atoms

ca 13,999,700

“Let there be light.”(1, 3)
“...divided light from dark-
ness.” (1, 4)

Formation of primitive
stars

ca 13,100,000

“Let there be light in the firma-
ment of the heaven” (1, 14)

Primitive plant-life on | ca 1,600,000 “Let the earth bring fourth

earth grass.” (1, 11)

Primitive life at sea ca 1,000,000 “Let the waters bring forth
abundantly the moving crea-
ture that hath life.” (1, 20)

Evolutionary explosion ca 540,000 “Let the earth bring forth the

of life an earth living creature...” (1, 24)

Appearance of ho- ca 4,500 “Let us make man...” (1, 26)

minides

Branching off of Homo ca 200 “And Adam knew Eve his wife;

Sapiens from the Nean- and she conceived...” (4, 1)

derthals; The biblical

FEve

Man’s expulsion from ca 11 “..sent him forth from the

“Paradise” past garden of Eden, to till the

glacial warming; ground...” (3, 23)

advent of agriculture

The Mesopotamia ca 7.6 “...the water of the flood were

Flood upon the earth” (7, 10)

Advent of civilization ca 6.2 “...scattered them abroad upon

the face of all the earth” (11, 8)
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648 BCE, Apr. 06 Archilochos of Pharos. A Greek poet. Described
a solar eclipse on that date, which he may have watched in Pharos on Thasos
(Cycledes Islands).

644 BCE Windmills in Neh, Persia.

630 BCE Zoroaster (Zarathustra, ca 660-583 BCE, Persia). Philosopher
and prophet. Preached ethical monotheism, insisting on moral values, espe-
cially truth, justice and agricultural labor. Founded the Zoroastrian religion.
Cyrus the Great and Darius the Great, spread his religion throughout their
empire. After Alexander the Great conquered Persia, Zoroastrianism began
to die out.

Zoroaster was born in the vicinity of Lake Urmiyah in Azerbaijan, in
northern Persia. At the age of 30 he came out of the wilderness to preach his
new religion.

626-574 BCE Jeremiah (Yirmiahu, 644-574 BCE). The last pre-exilic
Hebrew prophet. Historian and biblical author and editor. Lived at the time
of the decline and fall of the Hebrew monarchy®’. He came of a priestly family
descendant from Moses (the Shiloh line).

After the discovery of the Deutronomic Code in the days of King Josiah
(622 BCE), Jeremiah (perhaps with the assistance of his scribe Baruch ben
Neriyah) set forth to compile the final version of Deutronomy on the basis of
ancient texts. It is believed®S that he compiled the books of Joshua, Judges,
Samuel and Kings, and the Book of Lamentations. Jeremiah died in Egypt.

ca 600 BCE Phoenicians sent by the Egyptian King Necho IT (d. 593
BCE) sailed around Africa. These voyages took about two years each, going

85 He witnessed six major political events in the Near East; which deeply impacted
his ideology:
e 625 BCE; Scythians overrun Western Asia; Judah escaped serious damage;
e 612 BCE; Nineveh fell to the Babylonians; end of Assyrian Empire;
e 609 BCE; King Josiah killed at Megiddo while attempting to oppose the
northward march of Egypt;
e 605 BCE; Egypt defeated by Babylon in the battle of Carcemish; Judah comes
under Babylonian rule;
e 597 BCE; Babylonian captured Jerusalem and deported King Yehoiachin to
Babylon;
e 587 BCE; Babylonian destroyed Solomon’s Temple, sacked Jerusalem and
deported many Judeans to Babylon; end of Hebrew monarchy in Israel.

86 Freedman, R.E., Who Wrote the Bible, 1987.
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through the Red Sea, around Africa, and back to Mediterranean by way of
Strait of Gibraltar.

600—-500 BCE Cooler weather, increase of rainfall and flooding in Europe
and Middle-East. Confirmed by Herodotos’ description of the climate of the
Northern Black Sea. Evidence in the Old Testament.

ca 600 BCE Completion of the Etemenanki Ziggurate Tower®” in the an-
cient city of Babylon®® in honor of Marduk, the Babylonian Jupiter. After
several destructions and rebuilding, it reached its final form under Nebuchad-
nezzar II. Then it towered skyward for nearly 100 meters with seven stages,
pinnacling with a brilliant blue-glazed temple for Marduk. It was covered
with Enameled bricks in colorful patterns, as if it was clothed in the scaly
skin of some monstrous reptile. Some anthropologists believe that the tower
was meant as a landing platform to facilitate the gods’ descent to earth from
the heaven to which they have vanished. Thus the Tower of Babel was built
for communication with the gods.

ca 600 BCE According to Herodotos, Phoenician seamen circumnavigated
Africa from east to west. Their enterprise, however, bore no results; the
opening-up of the oceanic route from Europe to India, the East Indies and
China, awaited the discoveries of Portuguese navigators about 2100 years
later.

600-300 BCE (Thales to Euclid) Development of postulational think-
ing and the foundation of systematic logical structures in mathematics.

Mathematics, as we understand it today encompasses any activity that
arises out of, or directly generates, concepts relating to numbers or spatial
configurations together with some logic.

In trying to understand things of the physical universe, the ancients re-
peatedly encountered certain basic patterns; these were patterns of form (such
as the shapes and paths of the astronomical bodies), patterns of arrangements
(such as the symmetrical arrangements of the limbs of living creatures), or
patterns of relation. To this last group belong the orderings in man’s minds of
sound, which we call music, the ordering in man’s minds of forms and color,

87 Some Biblical scholars connect it to the Tower of Babel (Genesis 11) and the
Confusion of Tongues which may have echoed the labor troubles during the
building of Etemenanki. We know that when Alexander the Great set out to
rebuild the tower, he put 20,000 men to work. It stands to reason that the
original tower must have required many more laborers than that.

88 80 km south of today’s Baghdad.
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which we call art, the ordering in man’s minds of words, which we call poetry,
or the ordering in man’s minds of thought, which we call philosophy. To the
study of these and all other such pattern the Greek called Ta mathémata,
which means: ‘what is learnable’ (manthanein means to learn) and also from
the word mathésis, which means ‘the teaching’. Thus ‘mathematics’ essen-
tially stands for those things that can be learned and at the same time also
taught. The idea that the Greeks wished to convey by the choice of this word
is that only he who can truly learn can truly teach, i.e. the genuine teacher
differs from the pupil only in that he can learn better and that he more gen-
uinely wants to learn. In the last analysis, in all teaching, the teacher learns
the most.

6" century BCE an important epoch in the history of humanity. It was
an age when Buddha was searching for a path to enlightenment in India,
Confucius was teaching new rules for society in China, lonian philosophers
were initiating a tradition of scientific thinking in Greece, and when the exiled
Hebrews in Babylon were collecting the messages of their prophets in a holy
scripture. On the other flank of Mesopotamia another religious movement
was initiated by an Iranian prophet, Zoroaster, who preached his message
of cosmic strife between the God of Light and the principle of evil.

ca 585 BCE Thales of Miletos (624-548 BCE). The first known Greek
philosopher, scientist and mathematician. Was the first to attempt an expla-
nation of the world in terms of its observable nature rather than by mythol-
ogy. This meant that his conclusions could be subjected to rational arguments
about whether they were right or wrong.

None of his writing survived, so it is difficult to determine his views and to
be certain about his mathematical discoveries. With him began the study of
geometry and scientific geography and astronomy in Greece. The invention of
geometry as an abstract mathematical theory supported by rigorous deductive
proofs was one of the turning points of scientific thinking. It led to the creation
of mathematical models for physical phenomena.

Thales taught the sphericity of the earth, the obliquity of the ecliptic and
the causes of eclipses. His visit to Egypt and his exposure there to the heritage
of Babylonian astronomy may have aroused his interest in these subjects.

Thales was an Ionian, but possibly had some Phoenician blood in his veins.
During middle life Thales engaged in commercial pursuits, which took him to
Egypt. He resided there and studied the physical sciences with the Egyptian
priests, and upon his return founded the Tonian School of Astronomy and
Philosophy. Thales is credited with the prediction of the year of the solar
eclipse of May 28, 585 BCE. Estimated the height of an Egyptian pyramid by
measuring its shadow when his own shadow was equal to his height.
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Thales noticed that matter comes in three forms — liquid, solid and gas. He
investigated the phenomenon that amber, when rubbed, gained the property
of attracting light objects. He also knew about the power of lodestone to

attract iron®.

His great contribution to mathematics is in fitting the Babylonian and
Egyptian empirical geometrical rules in a logically connected abstract system
through which one advances by means of demonstration from theorem to the-
orem. Specifically, he is credited with five theorems of elementary geometry:

1) A circle is divided into two equal parts by its diameter;

2) The base angles of an isosceles triangle are equal.

4 199,

5

(

(2)

(3) The angles between two intersecting straight lines are equal.

(4) Two triangles are congruent if they have two angles and one side equa
(5)

An inscribed angle in a semicircle is a right angle.

Some idea of the advancement in astronomy made by the Greeks can be
gleaned from the fact that Thales taught the sphericity of the earth, the
obliquity of the ecliptic, and the causes of eclipses. According to Diogenes
Laertius”! (fl. 222-235 CE) he was first to determine the length of the year.
It is fair to assume that he borrowed much of his information from Egypt,
though the basis for predicting eclipses rests on a period of 6585 days, known
as the saros, discovered by the Chaldeans. Thales thought that all things are
derived from the single element water and that the solid earth was afloat on
the world-encircling flat ocean.

89 This appears to have been familiar to the Greeks as early as 800 BCE, and is
mentioned by Homer. However, the property of orientation, in virtue of which
a freely suspended magnet points approximately to the geographical north and
south, is not referred to by any. European writers before the 12"
thought it is said to have been known to the Chinese at a much earlier period.
The oxide FesO4 occurred plentifully in the district of Magnesia near the Aegean

century,

Coast; hence the name magnes or the Magnesian stone given to if by Greeks.

9 He applied this theorem to determine the distance between two ships at sea

through measurements made on board one of them: In general, to find the
distance from A to the inaccessible point B, one erects in the plane a normal AC
to AB, of arbitrary length, and determines the midpoint D. In C one constructs
a line C'E perpendicular to C'A, in a direction opposite to that of AB, and one
extends it to a point E, collinear with D and B. Then CE has the same length
as AB.

91 Biographer of the Greek philosophers, from the town of Laerte in Cilicia (or the

Roman family of Laertii). Flourished during the reign of Alexander Severus and
his successors. He was an Epicurean.
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His conclusion that water is the original substance may seem fantastic on
the surface, but it becomes far more plausible if one examines it more closely.
Water is the only substance that is known to man without difficulty in the
three states, solid, liquid and gaseous; it is not difficult to connect clouds,
fogs, dew, rain, hail with the ice and snow found in the mountains and the
water of the sea and rivers. Water seems to occur everywhere in one state
or another; would it be overbold to imagine that it may occur also in hidden
forms? Moreover, without water no life is possible, but as soon as water
appears, there may be life.

While the Jews were postulating the moral unity of the cosmos, Ionian
philosophers, of whom Thales was the first, were postulating its material
unity.

While giving the honor of being effectively the first scientist to Thales,
one recognizes that Thales was heir to an intellectual tradition whose origins
are obscure. Strangely enough, his fame rests mainly on an achievement that
we are now obliged to discredit, though its genuineness was accepted as a
cast-iron belief until our own day.

Nevertheless, Thales is the father of a new breed of thinkers who have
taken upon themselves the task of trying to understand the nature of the
physical universe. This endeavor and the various activities arising from it are
collectively labeled as science.

After Thales, philosophy rapidly began to flourish. More philosophers ap-
peared, with a succession of different explanations of the world. The philoso-
phers who belong to this period (ca 550-450 BCE) are generally known as
pre-socratists.

ca 580-320 BCE At Laureion (modern Lévrion) in Southern Attica,
galena rich in silver was mined by the Athenian. The lumps of rock from the
mine were picked over by hand and worthless pieces discarded. The ore was
then crushed in mortars to facilitate further parting of galena from gangue,
and it was washed on sloping trays to effect some separation of placer action.
Only after these preliminary concentration steps was the galena reduced to
metal by heating it with charcoal.

The lead so produced contained 850 g silver per ton and was parted by
cupellation — air blown over the molten metal converted the lead to litharge
(PbO), which was absorbed by a bone ash hearth, leaving a residue of pure
silver.

In the 5" century BCE, the annual yield of silver from Laureion was
about 2.5 tons. Following the battle of Marathon, Themistocles persuaded the
Athenians to use this revenue to build ships for defense against Xerxes. The
mines later provided the silver for the Golden Age of Pericles. Against these
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splendid achievements the balance sheet of history must set the abominable
mistreatment of slaves who worked the mine and smelter.

Origins of Philosophy and Metaphysics

The word ‘philosophy’®? comes from the Greek, philos = love, sophia = sci-

ence or wisdom. One may loosely define philosophy as a rational method of
examining a body of knowledge that provides us with a reasoned framework
within which to think. “An unusually stubborn attempt to think clearly”
(William James). Plato defined philosophers as those who “are able to grasp
the ethernal and immutable, setting their affections on that which in each
case really exist.”

The fundamental problem of philosophy is that of the relation between
existence and thought. All philosophical tendencies divide up into materialists
and idealists.

Philosophy started as a criticism of religious beliefs, by seeking reasons
for natural phenomena. Two opposed camps sprang up which still persist to
his day: religion on one hand and science on the other. Eventually religion
had to invent some kind of ‘science’ for itself (theology) to justify its exis-
tence. Philosophical ideas are of two kinds: Materialism considers that there
is noting beyond natural things and seeks to explain them on the basis of
science (including even religion). Early form of materialism sought to explain
all natural phenomena by mechanical laws.

IDEALISM starts by assuming the existence of supernatural and divine
forces. Idealists imagine things and presuppose the existence of ‘spirits’.

RELIGION is a combination of beliefs and cult-practices which subordi-
nates human life to a divine super-order. Alternatively it can be defined as a
body of knowledge (dogma or revelation) imposed from without (e.g. Bible,

92 The sages of Greece used to be called sophoi (“wise men”), but Pythagoras
thought the word too arrogant and adopted the compound philosophoi (“lovers
of wisdom”), whence “philosopher”, one who courts or loves wisdom.
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Koran, Gita etc.). The believer is expected to accept this revelation without

question.”?

The pseudo-science which seeks to give foundation to religion by borrowing
from philosophical argumentation is known as Theology.

SYNCRETISM — The interworking of two or more cultural perspectives into
one system.

EcLECcTISM — Choosing according to taste, without internal framework of
a genuine understanding of function.

RATIONALISM is a philosophical theory which tends to recognize reason
as the unique source of true knowledge; contrary to empiricism which makes
perception this source of knowledge.

Other related concepts are:

METAPHYSICS A branch of philosophy that seeks to understand reality
beyond what we know from our sense perception, i.e. to seek answers to the
question of why there are patterns in nature any why they are describable in
mathematical schemes. It lies outside the scope of physics.

Fundamental questions of metaphysics:

o What is real?

How is knowledge possible?
e How are the mind and body related?
e How can we find truth?

What is the nature of the universe?

e How can we reconcile personal freedom and scientific determinism?

93 There are exoteric religions (Judaism, Christianity, Islam, Baha’ism, etc.), eso-

teric religions (Sufism, Lurianic Kabbalah, Gnosticism, etc.) and even secular
religions (Marxism). Western religions are more concerned with the “Manifest”
(creation, nature, ultimate purpose of the cosmos and of men). FEastern reli-
gions are more concerned with the “Unmanifest” (transcendental) and how to
attain it.
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TELEOLOGY: The study of the evidence of design or purpose in nature
based on the belief that such characteristics exist and are indeed apparent.

EPISTEMOLOGY: The theory of knowledge. A philosophical discipline that
investigates origin, nature, methods, and limits of human knowledge.

The two great founders of modern physics, Albert Einstein and Max
Planck produced by their contributions to epistemology a revolution in the
theories of knowledge that is almost as profound in its impact on philosophy.

SYSTEM: a set of interrelated structures that may consist of an hierarchic
arrangement of subsets or subsystems.

ESSENTIALISM: a “realistic” philosophical position that dates back to the
idealism of Plato and Aristotle, was then placed into religious scholastic argu-
ment by Thomas Aquinas, and finally put into modern methodological form
by Karl Popper (1957). Essentialism is concerned with understanding the
potential, or universal, meaning of the descriptors of a class or set; it takes an
opposite view of that of nominalism, which believes that such descriptors are
only labels of characteristics. The concept of essentialism, as first proposed,
argued that those properties which are common to the many individuals of a
set, a class, a group, have a reality exceeding that of their mere occurrence as
parts of the individual members of such sets, classes, and so on.

This position, then, allows one to search within natural groupings for
common plans, designs, and patterns, with the expectancy that such patterns
will be understandable by analogy. In recent years, essentialism has been
considered somewhat sterile, at least in the natural sciences, because it focused
on universals of meaningless generality. Plato, on the other hand, used this
position to search within nature for order, regularity, and perfection.

Historicism: the approach to science — particularly to science that is his-
torical, as is geology in large part — which assumes that historical prediction
(or retrodiction) is a principal aim, attainable by discovering the patterns,
laws, and trends that underlie the evolution of history.

570 BCE Lao Tsu (604-510 BCE, China). Philosopher. The reputed
founder of the religion called Taoism. In his Book of Tao he preaches non-
assertion, the being without desire, and submission to the universal Tao (the
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way). The Tao represents the characteristic or behavior that makes each thing
in the universe what it is. The word is also used to mean reality as a whole,
which consists of all the individual “ways”. The ideas of Tao were partly a
reaction against Confucianism. According to Confucianism, people can live a
good life only in a well-disciplined society that stresses attention to ceremony,
duty, and public service. The Tao ideal, on the other hand, is a person who
avoids conventional social obligations and leads a simple, spontaneous, and
meditative life close to nature. The Taoist search for knowledge of nature
has led many believers to pursue various sciences, such as astronomy and
medicine.

Lao Tsu was born in Honan and flourished at Lo-Yang, capital of the Chou
dynasty. He died at an unknown place.

ca 563-483 BCE Buddha (Siddhartha Gautama). Founder of Bud-
dhism. Born in southern Nepal to a rich and powerful royal family. At age 29
he became overwhelmed with the conviction that life was filled with suffering
and unhappiness and he abandoned his wife and infant son to seek religious
enlightenment as a wandering monk.

After traveling throughout northeastern India for about six years, Gau-
tama experienced enlightenment. He believed he had discovered a way for
man to escape his unhappy existence. His disciples called him Buddha, which
means Enlightened One.

To break the eternal cycle of death and rebirth, Buddha preached to follow
a code of ethics composed of the Middle Way and the ‘FEightfold Way’, the
latter consisting of 8 ‘commandments’.

ca 560 BCE Anaximander of Miletos (611-547 BCE). Ionian as-
tronomer”?, geographer and philosopher. One of the first to give a naturalistic
rather than a mythological explanation of natural phenomena. He anticipated
the theory of evolution by stating that animals came originally from a moist
environment, and man evolved from aquatic animals. Anaximander taught
(and may have discovered) the obliquity of the ecliptic, and is believed to have
produced the first map of the known world (although he claimed the earth to
be cylindrical in shape).

Anaximander introduced into Greece the gnomon (for determining the
soltices) and the sundial.

He was a citizen of Miletos and a companion or pupil of Thales, both
of them being pioneers of the exact sciences among the Greeks. His pupil,
Anaximenes of Miletos (585-525 BCE) was first to suggest that the moon

9 From the Greek aoTpov = star; wveuper = to classify or arrange.
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receives its light from the sun, and correctly understood (ca 550 BCE) eclipses
of the moon as being caused by the shadow of the earth, cast by the sun. From
this he inferred that the earth is roughly circular in section (a disc). He went
further than his teacher in completely ignoring the mythical elements in the
natural laws. He taught that, with age, the earth broke down by its own
weight, thus causing the motion of earthquakes.

ca 551-479 BCE Confucius (Kung Chiu). The most influential phi-
losopher in Chinese history. The name Confucius is a Latin form of his title
Kung-fu-tzu, which means Great Master Kung. At his death he was largely
unknown throughout China. His disciples spread his teachings. In a work
referred to as the Annals of Lu, his native state, Confucius has sketched a
history of 242 years from 722 to 481 BCE. Therein he recorded 36 eclipses of
the sun. His description of the 720 BCE eclipse is one of the earliest astro-
nomical publications on record.

Ancient Eastern Philosophy (ca 1500 BCE-500 CE)

Philosophy is the search for knowledge and for the means to express it,
and Fastern philosophy has many forms of both.

Eastern philosophy is a vast collection of philosophical and religious ideas
that derive from the ancient cultures of India, China, Persia, Japan, Korea,
Tibet, etc, and from many different traditions and forms of thought that
shaped the development of the East from earliest recorded times; it is a multi-
faceted set of ideas that reflect the complex societies they grew out of.

Unlike Western philosophy, the Eastern tradition does not attempt to dis-
tinguish clearly between philosophy and religion. While Western philosophy
has always been more concerned with truth, logic, reason and independence,
the search for knowledge in Eastern philosophy has always been more holistic,
and less scientific; where Western science has sought absolute truth in ratio-
nality, Eastern philosophy has sought-complete enlightenment via reflection.

Western philosophy has always tended to over-emphasize the individual and
individual things. In contradistinction, Fastern thought resolutely believes in
the interconnectedness of all things and of the need to escape from the limits
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of individualism, which is connected to materialism and bodily pleasures. In
contrast to the Western idealization of power, money and science, Eastern
traditions have honored the thinker, the sage, the poet and the mystic. They
declare the reality of the unseen world and venerate the call of spiritual life.

In India, history, myth, religion and philosophy interacted within a very
long tradition, dating back to ca 3000 BCE. There are two main schools, Hin-
duism and Buddhism. Hinduism derived from ancient Vedic religions brought
to India by people who called themselves Aryans. They arrived in India in
waves between 2000 and 1000 BCE.

Since there was no written language in India before the 11" century BCE,
the Vedas were transmitted by word of mouth in the form of cryptic poetry.
The Rig-Veda, the oldest of them all, was created during 1500-900 BCE. The
invading Aryans created the cast system.

The main thing about Hinduism and Hindu philosophy is that they do not
claim one master, one truth and one revealed wisdom, but many. This diver-
sity is due to the very mixed ethnic groups and invasions of India throughout
its history, and to its varied climate, geography and customs.

India has been at the crossroads of trade, culture and religion for thousands
of years, continually absorbing, adapting and redefining its own beliefs. As
in other regions of the world, the great spiritual upheaval in India during the
Golden Age 800-200 BCE (see Table 1.1), derived from the fusion of national
cultures with foreign influences.

Developing over many centuries through hymns and texts, the Vedas
(meaning ‘“knowledge”) became a living, unified and complex religion and
philosophy. The fullest philosophical expression of the most dominant strand
within Hinduism are the Upanishads (800-300 BCE). This philosophy was not
a philosophy of the mind but a philosophy of life in which the individual had
to live the problem of trying to find deliverance. It is concerned with seeking
self-enlightenment through the search for identity and salvation through a
higher ultimate reality which lies behind wordly appearances.

Buddhism is opposed to the philosophy of the Vedas. It is less strictly
philosophical, being more concerned with practical liberation from suffering.
Buddhism avoided the ritual and elitism of the Vedic approaches, teaching in
the common languages of the day and supporting an egalitarian approach to
Enlightenment. It is not interested in questions about the ultimate nature of
reality, but simply in the down-to-earth business of achieving nirvana, or the
escape from suffering.
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Unlike Hinduism, Buddhism asserts that there is no unique individual
self%: the ‘self’ is an illusion created by the combination of mental and phys-
ical activities: meditation is a way of approaching the mind as pure mind to
get past the illusion of self. Consciousness is the combination of the many
forms and states of being which are like a stream of impressions, ideas and
sensations. Mind links these states that are thought of as the ‘person’, but
only mind exist through rebirth.

Buddhism did not fare well in India itself, but became a very important
force in many parts of Asia and the Fast, particularly China and Japan.
However, Chinese culture, although FEastern, is markedly different from Hindu.
What fundamentally distinguishes Chinese culture is its sense of harmony,
interconnectedness, language and continuity. China has a cult of the Old
in which tradition is everything. Also, the Chinese language is much more
allusive and dependent on context than Romance languages and is not easily
amenable to logical philosophy.

Chinese culture is one of the most ancient and self-contained we know of,
and its longevity is one of the key features that mark it out as unique. Its phi-
losophy, rather like Hindu philosophies, shows a complexity and unity which
incorporates many diverse veins and philosophical strategies that stretch over
thousands of years. In philosophical terms, there is a period known as the
time of the hundred Schools (400-200 BCE) in which many different philo-
sophical positions were advanced, but they almost all relied on tradition and
past ideas for authority.

Chinese culture does not depend on the idea of God to whom everyone
is answerable, nor do its original myths talk about a supernatural creation.
Chinese culture is secular and philosophical in the broadest sense.

From the earliest days of Chinese civilization, traditional ways of thinking
were passed from generation to generation. Traditional ideas were treated
with the kind of respect that is often accorded to religion. Also, the language
of ancient China remained unchanged throughout the centuries, so that Con-
fucius can be understood today in much the same way as 2500 years ago.

To sum up, the characteristics of Chinese civilization are these:

95 Western postmodern philosophy often seems to claim that the self is fiction [e.g.
Jacques Lacan, 1901-1981].
96 Buddhism was brought to China by various Hindu missionaries traveling along

the silk route and the channels of trade. The influence of Buddhism began during
the reign of Emperor Ming (58-75 CE).
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e The oldest continuous culture in the world (ca 5000 years old), and
fundamentally a product of an agricultural society.

e Secular and multi-religious civilization.

e [ts language is an important unifying factor, and expresses a particular
way of thinking.

e Confucian philosophy, or ethics, underpins most of later Chinese civi-
lization and culture.

e Religion and philosophy are closely interwoven and therefore difficult to
separate out.

e Much Chinese philosophy extolled the virtues of wise rulers and a well-
governed people.

e The family, and familial relations, are the basis of Chinese society, with
women at the bottom of the pile.

The three over-arching philosophies are: Confucianism, Taoism and Bud-
dhism, but they all interact with one other. Chinese philosophy is not about
accumulating facts, but about elevating human nature. It was basically hu-
manistic — it thought of man as being the center of the universe. It is not
divorced from daily ordinary activities, yet it is very concerned with leaving
this world behind in achieving nirvana (Buddhism).

Confucians seem to believe in a predetermined fate. Next to the Confucian
Analects, the Tao Te Ching (the ‘way of the Power’, supposedly by Lao Tsu),
is the most famous work of Chinese philosophy.

Tao (the ‘way’) means the Universal Path. It is the force that governs
the universe, the ultimate reality which cannot be described, but which is
the origin of all things. The Taoists did not think much of Confucius trying
to make the world a better place. Because of their position on the forces of
nature and the ultimately unchanging reality that lay behind all change, the
Taoists generally did not believe in progress and science. Holding that the
conquest of the world, comes invariably from doing nothing, they wanted to
escape from the world, rather than challenging it. Thus Taoists aimed at a
life of simplicity and harmony with Tao, not being ruled by intellect, but by
a natural power, the Te. However, the Confucians held that the paradoxical
sayings of the Taoists did not add up to anything other than the avoidance
of complex realities.

Although Buddhism ideas of no-self, withdrawal from the world and self-
liberation seem to be the very opposite of Confucian social thinking, it man-
aged to implant itself in China, in a culture that was practical, secular and
not very fond of foreign things.
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Perhaps the condition of the Chinese peasantry was seriously grim and
something that promised definite release would seem attractive. Whatever
the reasons, the introduction of Buddhism to China was a cultural revolution
with a long-term impact.

Bodhidharma (ca 460-534 CE) brought Chdn (Zen)°” which later be-
came important in Japan. Chan emphasized meditation and study. The
introduction of Buddhism to Japan in the 6" century CE, was the crucial
step in the development of Japanese philosophy. This led eventually to the
formation of the Japanese form of Zen Buddhism, which epitomizes the special
character of the Japanese Way.

Japanese Ways of thinking about the world are concerned with the clarity
and precision of images, rather than with formal logic. Japanese philosophy
can be seen in its art, its calligraphy, its ritual, in the order and interconnect-
edness of its culture. The key ideas of Zen are:

e Genuine Enlightenment is instantaneous. Preparation may be necessary,
but true realization is a total experience.

e Zen involves action through non-action, working towards a result in
which no-self in exercised.

e Enlightenment and ordinary experience are related, but scriptures, texts
and theory do not provide the path to nirvana. One does not have to
retreat to the mountain to find Enlightenment.

e Zen enters into everything, calling for a mastery between mind and body,
a sense of being through doing which transcends the act.

o Meditation leads to the intuitive experience which transcends ordinary
reality. It can be described as finding one’s true nature. One aims for
the losing of ‘body-mind’ to achieve a non-conceptual awareness.

e The enlightened nature of the whole world is that ‘nothingness’ that we
must recognize as the essential emptiness of all things. Things do not
have a meaning in themselves, but only in relation to other things.

97 Zen, the Sanskrit for meditation.
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ca 550 BCE The Temple of Artemis at Ephesos was one of the largest and
most complicated temples built in ancient times. Designed by the architect
Cherisphron and his son, Metagenes in the Greek city of Ephesos (on the
Aegean coast of Asia Minor), and dedicated to the Greek goddess Artemis. It
was entirely marble, except for its tile-covered wooden roof, and its foundation
measured 115x 55 m?. It had 106 columns, about 12 meters high, in a double
row around an inner space. Cherisphron invented a new method to transport
the huge columns. His son improved the method of transportation of columns
and of putting them into place.

The temple was burned down in 356 BCE, and another one like it was built
on the same foundation by Deinocrates of Rhodes, the Greek architect of
the age of Alexander the Great. Goths burned down the second temple in 262
CE. Only the foundation and parts of the second temple remain.

The earliest clues, indicating to the existence of Ephesos are found in the
14" century BCE Hittite documents. There, they were mentioning the city
of Apasas around the Miletos region, where some artifacts belonging to the
Mycenaean era were found. The city was colonized by the Ionians in the 11"
century BCE. Its ruins lay today about 80 km south of Izmir. During the 6"
centuries BCE, the city came under control of Croisos, king of Lydia and
later under the rule of the Persian king Cyros.

Artemis, the most sacred goddess in Anatolia, had a long history of evo-
lution going back thousands of years. The earliest forms of Artemis statue
were found in Catalhoyuk and Hacilar, Central Anatolia, where its earlier
name was Kybele. Then, the same goddess earned a wide respect and accep-
tance from Rome to Mesopotamia and even Arabia. Arabs named her Lat,
Egyptians — Iris, Romans — Diana and Ionians — Artemis.

Artemis descended from the primitive Sumerian goddess of nature. She
always remained the virgin-mother of all life and an embodiment of fertility
and production power of the earth. The cult of Artemis survived till the edict
of Theodosius I (394 CE) closed the pagan temples. Consequently, the ma-
terial of the Temple of Artemis was quarried extensively for the construction
of the nearby Cathedral of St. John Theologos. The Ecumenical Council of
Ephesus (431 CE), headed by Emperor Theodosius II, officially replaced
the cult of Artemis by the cult of the Virgin Mary. It was thus elevated from
the rank of mother of the Mesiah to that of god’s mother; thus closing the
cycle of the ancient Sumerian virgin cult one full circle.

During 1866-1874, Ephesos was first excavated for the British Museum by
the British Architect John Turtle Wood in an effort to locate the Temple
of Artemis. After many explorations, Wood struck the actual pavement of
the temple on Dec 31, 1869.
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In 1904-1906 another British mission, directed by David George Hoga-
rth (1862-1927) renewed the excavation. He established the chronology of its
famous shrine from remnants, and on reaching deep levels, found some signif-
icant treasure dating from 650-550 BCE. The ivory and gold objects showed
that Ionian Helenism, from its beginning, had borrowed freely from oriental
traditions.

Of the Temple of Artemis even ruins were not found: there is absolutely
nothing remaining above the ground. When the Byzantic emperors prohibited
Pagan cults, the goddess was dethroned and the temple itself was taken to
pieces. Vestiges from it can be found in the city buildings erected during the
Christian epoch or in St. Sophia in Constantinople, to where many columns
were taken.

The apostle Paul stayed in Ephesos but was driven away by the supporters
of the cult of Arthemis. The apostle John stayed and died there. Alexander
the Great was received by the Ephesonians in 334 BCE and established a
democratic government in the city. During the summer of 33 BCE, Mark
Antony was at Ephesos with Cleopatra, assembling the forces used against
Octavians.

538-331 BCE Rise and fall of the Persian Empire. Cyrus the Great”®
(ca 580-530 BCE), a Zoroastrian, conquered Babylonia (539) and founded the
ancient Persian Empire, which extended from the Indus to the Mediterranean,
and from the Caucasus to the Indian Ocean. Good roads, with stations for
royal messengers, made possible regular communications within the empire.
A canal was dug from the Nile to the Red Sea by Darius I, the Great
(reigned 521-486 BCE). A revolt of the Ionion Greeks in Asia ended in the fall
of Miletos (494), but the war against the European Greeks was unsuccessful
(battle of Marathon, 490 BCE). The son of Darius I, Xerxes I (ca 519-465
BCE) ascended to the throne in 485 BCE. In 483 BCE he collected the largest
army that was even known before him, over 180,000 men drawn from all parts
of the empire, with an immense fleet that the Phoenicians had assembled for
him. He used a double line of ships to form two bridges across the Hellenspont,
and cut a canal through the isthmus of Mount Athos Peninsula.

In 480 BCE Xerxes sent his warriors across the Hellenspont and invaded
Greece. He won a victory at Thermopylae, entered Athens and burned all
houses and temples. But his fleet was crushed at the sea battle of Salamis

98 He permitted the Jews to return to Jerusalem (538 BCE) from their captivity
in Babylonia (586 BCE), and rebuild the Solomon Temple. The first wave of ca
50,000 people returned in 537 BCE and the next in 458 BCE (Ezra), and 445
BCE (Nehemiah). The Second Temple in Jerusalem was built during 519-516
BCE.
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(480). A Greek offensive began in 465 BCE, and after the peace treaty of 446
BCE, Persia was on the decline.

In 401 BCE, Cyrus the Younger employed 10,000 Greek mercenaries in
a civil war against his brother. But Cyrus and the Greek commanders were
killed, and the ‘ten thousand’ were stranded in a strange country without a
leader. They chose Xenophon (430-355 BCE) who lead them during a five
month’s retreat (401-400 BCE) from Cunaxa on the Euphrates through Kur-
distan and the highlands of Armenia and Georgia to Trapezus (Trebizond)
on the Black Sea, a trek of 2410 kilometers. Xenophon described this march
in his Anabasis. Although a soldier and a man of action, Xenophon is best
known as an historian and a disciple of Socrates.

ca 535 BCE Pythagoras of Samos (ca 580-500 BCE). A Greek phi-
losopher and mathematician who clothed his wisdom in a mysterious orac-
ular form, and made momentous and lasting contributions to mathematical
knowledge. In particular, he introduced the notions of aziom and proof into
geometry: the very terms mathematics, theory’ and philosophy, as they are
known today, were originated by the Pythagoreans.

Pythagoras, the second person (after Thales) to be mentioned by name in
the history of mathematics, was the founder of the semimystical Pythagorean
brotherhood. First to furnish a logical demonstration to the theorem that was
named after him, although he did not in fact discover it himself. Pythagoras
discerned the role played by numbers in music i.e. that harmony depends
upon numerical ratios.

To Pythagoras the pure relations of numbers in arithmetic and geometry
were the changeless reality behind the shifting appearances of the sensible
world. In contrast to the Ionians, he taught that reality can be known not

99 From the Greek theoria = a viewing, from theoros, from thearos (spectator), from

theasthai (to behold) — whence also thea-tron = place for beholding things (the
theater). It then diffused into Latin as theoria, French: théorie (1496), Spanish:
teoria (1580), English: theory (1597), German: theorie (1700), and Russian:
teoriya (1720).
Pythagoras proclaimed that the pursuit of disinterested knowledge is the greatest
purification, and that the highest kind of life is the theoretical or contemplative.
It is noted that in Greek, theorein is used for the contemplation of a spectacle
such as the olympic games or the contemplation of truth; theorema may mean
a spectacle but also speculations; theoria is a viewing or a theory. However,
our words: theorem, theory, theoretical, have lost the early concrete senses and
preserved only the abstract ones.
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through sensory observation, but only through pure reason, which can inves-
tigate the abstract mathematical forms that rule the world.

Pythagoras was born on the Aegean Island of Samos, not far from Miletos.
According to an old tradition recorded by Aristotle and his pupil Aristoxenes,
Pythagoras had made extensive journeys to practically all Oriental countries,
probably going as far as India. He remained in Babylon for a few years, during
which time he learned from the Magi the theory of numbers, the theory of
music and astronomy, and was initiated by the priests into oriental mysticism.
This lore and wisdom served later as the basis for the teaching and learning
of the Pythagorean school.

Returning home after years of wandering, he found Samos under the
tyranny of Polycrates and much of Ionia under Persian dominion, and accord-
ingly migrated to the Greek port of Crotona, located in the boot of southern
Italy. There he founded a brotherhood of believers among the aristocrats of
that city. In addition to being an academy for the study of philosophy, math-
ematics and natural science, it developed into a closely knit brotherhood with
secret rites and observances!?’. This order later spread from Croton to a num-
ber of Greek cities in Italy and seemed to have played an important role in
the political life of these cities.

In time, the political power and aristocratic tendencies of the brotherhood
became so great that the democratic forces of southern Italy destroyed the
buildings of the school and caused the society to disperse. Pythagoras fled to
Metapontum, Lucania, where he died, maybe through murder by his pursuers.
The brotherhood, although scattered, continued to exist for at least two more
centuries.

What distinguished the Pythagoreans from other mystery rites is that
mathematics formed a part of their religion. Their doctrine proclaimed that
number was the essence of all things and that God has ordered the universe
by means of numbers. God is unity, the world is plurality and it consists of
contrasting elements. It is harmony which restores unity to the contrasting
parts and which moulds them into a cosmos. Harmony is divine, it consists
of numerical ratios. Whosoever acquires full understanding of this number-
harmony, becomes himself divine and immortal.

100 He preached the immortality and the transmigration of the soul (it is still the
belief of many sects in India). After a testing period and after rigorous selection,
the initiates of this order were allowed to hear the voice of the Master behind a
curtain, but only after some years, when their souls had been further purified
by music and by living in purity in accordance with their regulations, were they
allowed to see him.
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Music, harmony and numbers — these three are indissolubly united, accord-
ing to the doctrine of the Pythagoreans. All three are among the essential
elements of the Pythagorean system of education and of its path for the ele-
vation of the soul. It was from this mystical doctrine that the exact science
of the later Pythagoreans developed.

Not much is known about the true achievements of Pythagoras in theory
of numbers, geometry and astronomy. Our sources are mainly secondary: the
Neo-Pythagoreans Nicomachos of Gerasa (ca 100 CE), Iambilichus (300
CE) and the 3 arithmetical books of Euclid. It is also impossible to separate
the contributions of Pythagoras himself from those of his followers.

The Pythagoreans introduced the perfect numbers [equal to the sum of
their true divisors, e.g. 6, 28, 496, 8128]'%L amicable numbers [each of which
equals the sum of the proper divisors of the other, e.g. 284 and 220], fig-
urative numbers [sequences of numbers, each of which is a partial sum of
a certain arithmetical progression'®?]. Pythagoreans have been given credit
for a rule for determining numerical solutions of the indeterminate equation
2% 4+ y? = 2. Apparently Pythagoras adapted from the Babylonians various
remarkable ideas about numbers and about their mystical significance. His
disciples continued the investigations in a more systematic manner and built

them into a logically consistent form!%3,

101 The general rule of their formation was proved by Euclid: when the sum
142422 +... 427! = pis a prime number, then 2"~ *p is a perfect number.
Thus, 2" '(2" — 1) is an even perfect number if 2"' is a prime (Mersenne
Prime). Euler proved that this formula gives all even perfects.

Euclid’s formula leads to all kind of weired and beautiful properties of perfect
numbers [e.g. the sum of the reciprocal of all divisors of any perfect number
always equals 2]. It is not known if there is an odd perfect number nor if
their number is infinite. The 30" perfect number was discovered in 1985, with
n = 216,091, having 130,099 digits.

As for amicable numbers, the Pythagorean brotherhood regarded 220 and 284
as symbols of friendship. Indeed, we find in Gen (32, 14) that Jacob gave Esau
a gift of 220 goats as a token of friendship! More than 1000 amicable pairs are
now known, the largest of which has 152 digits in each pair.

102" Tyiangular numbers 1,3,6,10,15,..., an =14+2+3+---+n = %n(n +1);
Square numbers 1,4,9,16,25,..., an =1+3+5+---+ (2n — 1) =n?;
Rectangular numbers 2,6,12,20,..., an =24+4+6+---+2n=n(n+ 1);
Pentagonal numbers 1,5,12,22,..., a, = 14+447+---+(3n—2) = %n(i’m— 1).
The names of these sequences stem from the fact that they can be arranged in
arrays with the corresponding geometrical shapes.

103 1t is believed that Pythagoras knew the identity n? + (#)2 = (”22"’1)2.

From the writings of later Greek mathematicians we gather that Plato (ca 380
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In geometry, the Pythagoreans were acquainted with the cube, the tetra-
hedron and the dodecahedron. The faces of a dodecahedron are regular pen-
tagons. The diagonals of such a pentagon form a star-pentagon, the penta-
gramma, which served as a distinctive mark among the Pythagoreans. The
construction of the star-pentagon led to the quadratic equation 22 = a(a—x),
associated with the ‘golden section’, which the Pythagoreans knew how to
solve (as did the Babylonians).

However, the greatest contribution of the Pythagoreans to mathematics
was the ‘Pythagoras theorem’'%% the first truly great theorem in mathemat-
ics. It occupies a central position in Euclidean geometry, since it governs the
metric of the Euclidean space. This theorem led Pythagoras to the estab-
lishment of the concept of the irrational numbers /2,v/3,... etc. and their
incommensurability with the integers!'%®.

BCE) was familiar with (2n)? 4+ (n® — 1) = (n®> +1)> and Proclos (ca 460
CE) with

2

(2n+1)2—1r: [(271-1—1)2—1 1

2
2n+1)" + { 5 )
104 The origins of this theorem are obscure. It is, however, established that the

Egyptians and the Babylonians were familiar with the Pythagorean theorem
as early as 2000 BCE, and were also acquainted with the general parametric
representation for primitive Pythagorean triplets (Plimpton 322). They used
3% for w [Egyptians used m = 4(%)2]. The Pythagorean triplet (3,4,5) was
known to the Egyptians and the Chinese. Moreover, it has recently been claimed
that the Chinese had a geometrical proof of the theorem as far back as 1100 BCE!
Did Pythagoras prove the Theorem? (For further reading, see: Swetz, F.J. and
T.I. Kao, Was Pythagoras Chinese? The Pennsylvania State University Press:
Pennsylvania, 1977, 75 pp.) Although it was attributed to him by various
writers [Proclos (ca 460 CE), Plutarch (1"" century CE), Cicero (ca 50
BCE), Diogenes Laertius (2"? century CE), and Athenaeus (ca 300 CE),
no one of them lived within, say, 5 centuries of Pythagoras. Not only are we
not positive that the proof is due to Pythagoras at all, but we are still more in

doubt as to the line of demonstration that he may have followed.

105 The Pythagoreans had an analytic proof by contradiction that v/2 is irrational.

This proof appears in Aristotle’s Prior Analytics. It goes as follows: Suppose
V/2 is rational; then it can be expressed as a fraction in lowest terms, say
= V2, where n and m are integers which have no common factor except 1.
Then n = my/2, or if we square both sides of this equation n? = 2m?. Thus n
is an integer whose square is even and by the identity (2k+41)% = 4k(k+1)+1,
n is also even. Setting n = 2r and substituting in the above equation we find

(2r)? = 2m?, or 2r®> =m?. But this shows that m is an integer whose square
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The appearance of the Pythagorean Theorem marks the first known intel-
lectual leap from the confines of empirical speculation to the limitless bounds
of deductive reasoning. This is a milestone of mathematical accomplishment
in the early history of the human race. In fact, it is actually the most profound
such accomplishment, judged by its level of intellectual achievement and its
eventual consequences for mankind.

From the earliest times, man has perceived his environment in terms of
vertical and horizontal — a tree grows vertically to the horizontal plane of
the earth, a person stands vertical to the surface that supports him. These
vertical-horizontal relations were manifestations of the action of gravity on
terrestrial objects. No doubt, man rapidly learned to use this relationship to
his advantage; thus for maximum efficiency and security, the supporting pole
for a shelter should be placed vertically to the ground. While nature supplied
the prime example of perpendicularity, man must have soon realized that ele-
ments of the vertical realm always met with elements of the horizontal realm
in the same visual pattern, forming what we know as a right angle. Once
this concept was grasped, the potential of this union could be utilized in a
wider variety of human endeavors, such as a stringing of an arrow to a bow
or erecting permanent structures of wood and stone.

Perpendicularity could now be translated from the fixed vertical-horizontal
constraints of nature and used to human benefit. Some of the first ‘scientific
instruments’ incorporated in their functioning the use of right angles. With
an understanding of perpendicularity, a pole fixed in the ground could become
a gnomon. The Pyramids of Egypt stand in mute testimony to the surveying
applications of the right angle. Both the construction of the Egyptian plumb
bed level and the rope loop square were based on an understanding of the
right angle and the right triangle.

Eventually, an empirically based formulation of the relationship of perpendic-
ularity emerged in the form of a rule that related the three sides of a right
triangle — the Pythagorean theorem.

Numbers were thought of as made up of units, which was a suitable mea-
sure as long as they were integers. But numbers like v/2 could not be ac-
counted for in this way and were called irrational, which in Greek meant
measureless rather than bereft of reason. In order to overcome this diffi-
culty, the Pythagoreans invented a method of finding these elusive numbers
through a sequence of approximations where the irrational number aimed at

is even; hence m is even, which contradicts the statement that n and m have

no common factor except one.
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is the limit of the process. This is the construction of continued fractions!'%

through which we can reach rational approximation as close as we like to the
limit. This feature is indeed the same as that involved in the modern con-
ception of limit. Pythagoras was probably the first to represent number by
length and produce geometric processes to prove identities and solve quadratic
equations. Despite their theoretical disdain for the senses, the Pythagoreans
did in practice make accurate observations of nature. Thus, in astronomy,
Pythagoras himself taught that the earth is spherical, rotates on its axis and
revolves around a central fire. He also believed that the motion of celestial
bodies obey certain quantitative laws. His fantastic theories of the heavens
were based on his very real discoveries of the laws of musical harmonies and
of the regular polyhedra.

Myth and Number — Our Pythagorean Heritage

Greek philosophers, and in particular Pythagoras, endowed natural num-
bers with an almost magical character. They actually believed that the for-
mal statement of facts expressed in terms of natural numbers are natural
laws. Pythagoras singled out the triangular array of 10 points which he called
tetraktys. This pattern is encoded in the 4" in a series of triangular numbers
(Fig. 1.1) apt1 =an+n+1 (ap=0)

106 1 . 1 11, 1 12
1+1=2 1+1+1_1§, 1+1+ — = 15;
1 1_'_%
1 — 13
1+1+1+11 =15
1+
1+1+ 1 1+2\/5:\/1+\/1+,/1+W_
1
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(a) e o o

Fig. 1.1: Triangular numbers

Thus, a, = 1,3,6,10, ..., %n(n + 1) are pictured as

(b) ® A

In mythical lore, the natural numbers 1 was called monad, the origin of all
numbers. The dyad 2 was the first feminine number and represented the first
stage of creation. The number 3, the first masculine number, represented
the second stage of creation. The sum of the first feminine and the first
masculine number, 5, represented man, microcosm, harmony, love, and health.
Inanimate life was represented by the number 6. The tetraktys 10, represented
the cosmos and macrocosmos. Two interlocking tetraktys created the “Star of
David” in which 12 evenly spaced dots, representing the signs of the zodiac,
surround a 13" representing the “source of all being”,

N - N/
() A?A

In retrospect, we can deduce that the prescientific mind found, in the
mystical mode of expression, a concise way to convey the kernel of meaning in
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a mass of observations about the natural world. For example, the number 6
does seem to arise most frequently in inanimate forms such as snowflakes and
other crystals. One the other hand, the number 5 characterizes living forms
such as the starfish and certain forms of radiolaria.

Number and geometry also lies at the basis of many sacred structures such
as Stonehenge and the Pyramids. In the latter case the “Egyptian triangle”
3, 4, 5 had sacred significance used in some of the key proportions of the
Pyramid of Cheops. The significance of this triangle arose from the fact
that the celestial sphere can be represented as a circle divided into 12 equal
segments. The line can then be folded up to a 3, 4, 5 right triangle with a
perimeter of 12 units.

In ancient tradition, the square, by its axial geometry symbolizing the
directions of the compass, represented the earth and the dimensions of space
while the circle, symbolizing the celestial sphere, represented the realm of the
heavens and the dimension of time. Thus, ancient mathematics, architecture,
astronomy and music may have been entwined to form a holistic view of the
€OSmMos.

It can be said that an attempt was made to bring heaven down to earth
and replicate it at all scales and to synchronize space and time. The extant
mathematics of the ancient world and the surviving artifacts and structures
that comprise the archaeological record, serve as evidence for the number
myth of those ancient cultures.

The Pythagorean philosophy, however, went beyond the link of number
and geometry. They studied four subjects which they believed to be different
aspects of one unifying entity: arithmetica (the theory of numbers), geom-
etry, music, and spherics (mathematical astronomy). The unifying theme
was Number, namely positive integers. The relationship between number and
musical intervals was one of their first discoveries.

If a stretched string of length, say, 12, sounds a certain note, the tonic,
then it sounds the octave if the length is reduced to 6. If sounds the fifth (do
to sol) if the length is reduced to 8, and the fourth (do to fa) if reduced to 9.
So Harmony is Number.

There follows a study of means. The fourth is the arithmetic mean of
the tonic and octave, 9 = %(12 + 6), while the fifth is their harmonic mean,

% = %(% + %), since its pitch is half-way between theirs.

There also follows a study of proportion. The fifth is to the tonic as the
octave is to the fourth, and the criterion of such proportionality is found in
8-9=12-6. Since we may write this as 9 -8 = 12 - 6, we also have that the
fourth is to the tonic as the octave is to the fifth, etc. The study of means
and proportion was an important ingredient of Pythagoreanism.
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The Pythagorean relationship between music and spherics is less convinc-
ing. The intervals between the seven “planets” — the Moon, the Sun, Venus,
Mercury, Mars, Jupiter and Saturn — correspond to the seven intervals in the
musical scale. This explains the Celestial Harmony, and shows that the Heav-
ens too are essentially Number. However, this mystic nonsense played a most
important role in the history of science, as we shall soon see.

The direct relation between number and spherics, without music as a mid-
dleman, was also known to Pythagoras from his travels in Egypt. The simple
gnomon instrument, which he saw there, exemplifies the Pythagorean synthe-
sis of spherics, geometry and arithmetica.

Fig. 1.2: The gnomon sundial

The gnomon (Fig. 1.2) is an L-shaped movable sundial used for scientific
studies. It rests on one leg; the other is vertical. The length and direction of
the shadow is measured at different times of the day and year. If the shadow
falls directly on the horizontal leg at noon (when the shadow is shortest),
that leg points north. The noon shadow changes length with the seasons —
minimum at summer solstice and maximum at winter solstice. The sunrise
shadow is perpendicular to the horizontal leg during the vernal or autumnal
equinox. Thus the gnomon is a calendar, a compass and a clock.

Pythagoras knew the world was a sphere — the gnomon measures latitude,
it measures the obliquity of the ecliptic, etc. Here we have Solar Astronomy
with Number (measurements) as the basis.

In all such shadow measurements the geometry of similar triangles and of
right triangles is essential. A generation before Pythagoras, Thales of Miletos
(a commercial center near Samos) also went to Egypt, studied mathematics
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and started a school of philosophy. It is sometimes said that Pythagoras was
one of his students. Plutarch tells the story that Thales determined the height
of the Great Pyramid by comparing the length of the shadows cast by the
Pyramid and by a vertical stick of known length.

The Pythagoreans used the word gnomon also in another connection: while
the triangular numbers were important as the sums of consecutive numbers,
the Pythagoreans also loved the squares 1, 4, 9, 16,... being the sum of
successive odd numbers:

Fig. 1.3: Gnomons

16=1+3+5+7 etc. The odd numbers the Pythagoreans called gnomons. It
follows at once that if m is odd, and if m? is thought of as a gnomon of side
$(m? +1), then

m? + B(m2 - 1)]2 = B(m2 + 1)]2

which links number and the gnomon geometry through the Pythagorean The-
orem.

It is irrelevant whether or not Pythagoras “discovered” the Pythagorean
Theorem. He may have actually learnt it from Egyptian “rope stretchers” who
used it in their construction of the Great Pyramid (2700 BCE). It is believed,
however, that he was first to prove it, using the fact that the altitude from the
right-angle vertex divides the hypotenuse into two triangles that are similar
to the original triangle.

Thus, to the Pythagoreans, the right-handed triangle, the squares built
upon its sides, the square numbers and the ‘astronomical shadow’ were all
aspects of the same thing.
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But not all was wine and roses in the kingdom of the Pythagoreans: when
they discovered that 2a? = ¢ has no solution in positive integers'’?, or equiv-
alently that the hypotenuse and side of a 45° right-triangle are incommen-
surable, it undermined their entire philosophy. For if number (i.e. positive
integers) cannot even explain a 45° triangle, what becomes of much more far

reaching claims.

At a late date a new embarrassment arose: the Pythagoreans knew of 4
regular polyhedra, and they associated these with 4 “elements”. The tetrahe-
dron was fire, the cube was earth, the octahedron was air, and the icosahedron,
was water. But Hippasos'’® (ca 500 BCE), a member of the society, discov-
ered the 5" regular polyhedron, the dodecahedron.

The “/2-crisis” of Greek mathematics lead to paradoxes and contradic-
tions, but it also served as a strong motivation for the transition from naive
mathematics to rigorous mathematics'’®. The task was left to Eudoxos (ca
370 BCE) and Euclid (ca 300 BCE), who expelled Number from geometry''®
placing integers were they belong — in the theory of numbers.

The Pythagorean said that number is everything, but, aside from the
analysis of music, they did not make a good case for this assertion.

If we ask whether modern physical scientists believe that the world can
be best understood numerically, the answer is in the affirmative. But here
“numbers” are no longer confined to integers; they also include real numbers,
vectors, complex numbers, and other generalizations.

The founders of modern physical science at the dawn of the 17" century,
Galileo and Kepler did not have a rigorous theory of real numbers, but
they had the practical equivalent, namely, decimal fractions which the Greek
did not have. The formulation of the laws of nature in terms of ordinary
differential equations [Newton], and in terms of partial differential equations
[Euler; D’Alambert; Fourier; Cauchy; Poisson; Navier; Maxwell], ap-
peared to further weaken the role of integers in nature and to strengthen
that of real numbers. But even here we may note that while the variables
in an equation are continuous, the order of the equation, and the number of
variables in it are integers! Furthermore, the case for Old Pythagoreanism,

107 From a modern point of view, v/2 is a Dedekind Cut — a class of ordered pairs of
rational numbers. It is totally “man-made” according to L.Kronecker (1861).

108 Supposed to have been drowned for divulging this “secret” of the Pythagorean
brotherhood.

109 A gimilar situation arose in the 19" century, where the paradoxes of the Fourier
Series motivated a rigorous functional analysis.

110" Restored back to geometry by Fermat (1629) and Descartes (1637).
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namely — the fundamentality of integers (not only mathematically) in nature
is even stronger as the following examples will show:

e Galileo (1590) found that during successive seconds from the time of
which it starts falling, a body falls through distances proportional to
the odd integers and that the total distance fallen is proportional to the
square of time. Here we have square numbers arising as sums of the odd
Pythagorean gnomons.

e Kepler (an avid Pythagorean who really believed in the Harmony of the
Spheres) sought for years to find accurate numerical laws for astronomy.
He finally discovered (1618 CE) his important Third Law, stating that
the squares of the periods of the planets are proportional to the cubes
of their mean distances from the sum.

e Even before Newton’s Principia (1687) it was known to Robert Hooke,
Christopher Wren, and others that the kinematic laws of Galileo and
Kepler imply that each planet has an acceleration toward the sun which
is inversely proportional to the square of distance from the sun. Hence
the power of (-2) in the universal Law of Gravitation.

e Inspired by Newton’s Law of Gravitation, Coulomb'!! (1785) deter-
mined, with a torsion balance, that electrostatic forces were also inverse
square. Many years later it was shown by Maxwell that mathemati-
cally, the only law of force which would behave in this way is one whose
divergence in zero — that is, one that falls radially in such a way as to
just compensate for the increase in the area of a spherical shell with its
radius; this area increases with the square of the radius because we live
in a space of three dimensions.

e From a similar inverse-square law due to Ampere (1822), and from
other experimental results, Maxwell (1865) was led to the electromag-
netic wave equations. While the dependent and independent variables
here are both continuous, the number of independent variables (4), and
the number of dependent variables (6) is fundamental, as became clear
from the Einstein-Minkowski space-time structure (1905-1908).

11 Henry Cavendish (1773) had already observed the same law by another
method. The experiment was repeated by Maxwell a hundred years later.
They showed that the field inside a charged hollow conductor is zero. The
Cavendish-Maxwell experiment not only suggested that the exponent(-2) is ex-
act, but that the reason for this is that the dimensionality of space is an integer.
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e Proust’s Law of Definite Proportions (1799) and Dalton’s Law of Mul-
tiple Proportions (1808) in chemistry directly imply an Atomic Theory
of matter. The integral rations in the second law exclude any other in-
terpretation. Further, it appears that chemical affinity involves integers
directly.

e In exact analogy, the Romé de I’Isle (1772) Law of Constant Angles
and Haiiy’s Law of Rational Indices (1784) for crystals, directly imply
that a crystal consists of an integral number of layers of atoms. Again,
the integral ratios in the second law exclude any other interpretation.
FEurther, there is a direct relationship between number and form, e.g.,
the six-sided symmetry of frozen HyO.

e The ratio of the two specific heats of air is 7/5 and of Helium is 5/3.
While phenomenological theory (thermodynamics) cannot explain these
integral ratios at all, the atomic theory explains them easily (Boltz-
mann). By a similar argument Boltzmann explained the Dulong-Petit
Law for the specific heat of solids.

e Faraday’s Law of Electrolysis (1834) states that the weight of the chem-
ical deposited during electrolysis is proportional to the current and time.
If chemical weight is atomic, then this law implies that electricity is also
atomic. Such electric particles were called electrons by Stoney (1891).

e In 1814 Joseph von Fraunhofer invented the diffraction grating. A
glass plate is scratched with a large number of parallel, uniformly spaced
fine lines. This produces an optical spectrum: since parallel beams of
a given wavelength, shining through the successive apertures on the
glass, will be diffracted only into those directions where the successive
beams have path lengths that differ by an integral number of wave-
lengths.

e The simplest spectrum is that of hydrogen. The wavelengths of its
lines have been accurately determined. In 1885 Balmer found that
these wavelengths are expressible by a simple formula involving inte-
gers.

e Pieter Zeeman (1896) discovered that the lines of a spectrum
are altered by a magnetic field, and H. A. Lorentz at once de-
vised an appropriate theory. The radiating atoms contain electrons
whose oscillations produce the spectrum by electromagnetic radia-
tion. The frequency of the oscillations (and therefore also their wave-
length) is changed by the action of the magnetic field upon the elec-
trons.
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e From Maxwell’s Equations and thermodynamics, Ludwig Boltz-

mann (1884) derived Stefan’s Law of Radiation (1879). This states
that a blackbody radiates energy at a rate proportional to the
fourth power of its absolute temperature. Although electromag-
netism and thermodynamics are both theories of continua, the real
point of the law is the exponent. Here again the exponent 4 is
said to be exact and, in fact, even a casual examination of Boltz-
mann’s derivation shows that this exponent equals the number of
independent variables in the wave equation — the three of space
and one of time. Just as 2 = 3 — 1 so does 4 = 3 + 1
here.

Max Planck (1900) found it necessary to assume that energy is ra-
diated discretely in quanta and Albert Einstein (1905) used them to
explain photoelectricity. Thus discrete matter (atom) implies both dis-
crete electricity (electron) and discrete energy (quantum).

Emergence of the 4-dimensional space-time continuum of Albert Ein-
stein and Minkowski (1905-1908). In this theory, particular impor-
tance is attached to vectors with four components. One such vector is
a space-time displacement. Another is the momentum-energy vector,
three components of momentum and one of energy. A skew-symmetric
tensor in this four-dimensional world has six components — four things
taken two at a time. The most important example is the electromagnetic
field — three components of electric field, and three of the magnetic field.

Note that the Pythagoreans also considered 4 to be especially important
because it was related both to properties of the tetrahedron and fire.
Tetrahedron has two special properties: it is the smallest polyhedron,
and it has the same number of vertices and faces (i.e. it is self-dual).
Both of the properties follow from the fact than its number of vertices
is one more than the dimensionality of space. If Pythagoras could be
alive today and deeply versed in modern physics, he could argue “I told
you so” on two counts:

(1) The number 4 is as important to me for the same simple reason
that it is important to Albert Einstein, Minkowski, Stefan and
Boltzmann: 4 =3+ 1.

(2) Fire is radiation heat and light, and that is electromagnetic: your
6 components of this fields are obtained by taking the 4 dimensions
of space-time, 2 at a time. So likewise, my 6 edges of the tetrahe-
dron join the 4 vertices 2 at a time, and also are the intersections
of the 4 faces, 2 at a time.
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e Mendeleev’s Periodic Table of the chemical elements (1869). If the el-
ements are listed in order of their atomic weights, then chemical, spec-
troscopic, and some other physical properties recur periodically. But
there were many imperfections and many questions arose. Tellurium
weighs more than iodine. But if placed in the table in that order these
elements clearly fall into the wrong groups. Again, the position of the
rare earths and the numerous radioactive decay products were not clear.
The rare gases were entirely unanticipated.

Further, the table is not strictly periodic but has periods of length 2, 8,
18, and 32. Why these periods should all be of the form 2n? was not
clear. Indeed, how could it be — for what can mere weight have to do
with these other properties?

But the experiments of C.G. Barkla (1877-1944, England) by X-ray
scattering (1911) and the experiments of E. Rutherford, in the same
year, by alpha particles, lead to an atomic model — a miniature “solar”
system with the light, negatively charged electrons bound to a heavy,
positively charged nucleus by inverse-square Coulomb forces.

In 1913 Niels Bohr assumed that the hydrogen atom had this (sim-
plest) Rutherford structure — one proton as a nucleus and one electron
as a satellite. With the use of Planck’s E = hv, he deduced the Balmer
formula with great precision. However, he had to assume that the elec-
tron could have a stable orbit only if its angular momentum were an
integral multiple of h/2m. That is,

mur = nh/21

with m the electron’s mass, r the orbit’s radius, v the electron’s velocity,
and h Planck’s constant. The integer n, the principal quantum number,
made no sense in the theories then in vogue, but its acceptance was
forced by the remarkable accuracy of the theory’s predictions.

Thus, 1913 was a good year for Old Pythagoreanism. Soddy and Fa-
Jjans found that after radioactive emission of an alpha particle (charge
+2) the resulting element is two places to the left in the periodic ta-
ble, whereas emission of a beta particle (charge -1) results in a daughter
element one place to the right. Together with the earlier results this Dis-
placement Law makes it clear that atomic number, not atomic weight,
is the important factor. This integer is the positive charge on a nucleus,
the equal number of electrons in that atom, and the true place in the
table of elements.

In 1912 von Laue made the suggestion that a crystal would act like a
diffraction grating for radiation of a very short wavelength.
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Henry Moseley (1913) used von Laue’s suggestion to measure the
(very short) wavelengths of X-rays. Optical spectra, like chemical be-
havior, are due to the outer electrons in an atom, and thus have a pe-
riodic character. But X-ray spectra are due to the inner electrons, and
these electrons are influenced almost solely by the charge on the nucleus.
Moseley’s photographs show a most striking monotonic variation of the
X-ray wavelengths with atomic number.

Atomic number at once cleared up most of the difficulties. But what
about 2n2?

In 1923, L. de Broglie combined relativistic invariance of four-vectors
with Planck’s E = hv. The energy E and the time associated with
the frequency v are merely single components of two four-vectors. The
remaining three components of momentum and of space, respectively,
must be similarly related. Thus a particle of momentum muv should have
a wavelength A given by

A= —.
muv

When this is applied to Bohr’s

mur = nh/2w

one obtains

n\ = 27r.

Thus the matter wave has exactly n periods around the circumference of
the orbit and the interpretation of the stability of the electron’s discrete
orbitals (quantum orbits) is that it constitutes an azimuthal standing
wave.

This conception was refined in the Schroedinger’s Wave Equation
(1926). Here there are three quantum numbers n, [, and m corresponding
to the dimensionality of space. In polar coordinates the wave functions
corresponding to given | and m are spherical harmonics (not quite “Har-
mony of the Spheres” — but very close to it). It further develops that the
integer | can equal 0,1,2,...,n—1 while m can equal —I, —l+1,....1—1,1.

For n = 4, for example, we have 16 possible ‘Gnomon-like’ states
(Fig. 1.4):
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values of m

3.2 1 0
2 1 0 |-
10 [-1|-=2
0[-1]-2]-3
AA A A

I=0 1 2 3

Fig. 1.4: Quantum ‘Gnomon-like’ states

But a fourth quantum number was already waiting in the wings. In 1925
Uhlenbeck and Goudsmit discovered the spin of the electron. This
gives rise to a fourth quantum number my which can take on two possible
values. When this fourth “integer coordinate” is added, we obtain the
2n? states which correlate with the periods in the periodic table of the
elements. But we must distinguish two different types of “harmonies”
here. In one atom an electron can transition from state to state; thus
giving rise to the spectrum. This is the first “harmony.” On the other
hand, as we go through the periodic table, adding one new electron each
time, the new electrons will also fill successively available distinct quan-
tum states according to the Pauli Ezclusion Principle (1925) combined
with Coulomb energetics criteria resulting from inter-electron repulsion.
This gives rise to the periodic table — the higher-level “harmony.”

Pythagoras, if living today, would be delighted with nuclear “magic”
numbers (Mayer), “strangeness” (Gell-Mann) of quarks, charmed
quarks, the “eightfold way,” all the numerology associated with the ele-
mentary particle Zoo and the strong links of string theory with number
theory.
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The Earth as a Sphere (550-530 BCE)

One may wonder: how did Thales and Pythagoras reach the bold conclu-
sion that the earth is a sphere? They may have observed that the surface of
the sea is not flat but curved, for as a distant ship approaches one first sees
the top of its mast and sail and the rest appears gradually. The circular edge
of the shadow cast in an eclipse of the moon would also suggest a spherical
(or disk) shape of the earth, yet this observation implies an understanding of
eclipses that had not yet been attained in the 6" century BCE.

It is more probable that as soon as the Babylonian hypothesis of a flat
earth (common in the Old Testament) had been rejected, the sphericity of the
earth was postulated, on insufficient experimental grounds. This fundamental
Pythagorean idea was an act of faith rather than a scientific calculation, but
it made the theory of eclipses possible. In turn, the development of that
theory and the observations that suggested it, repeatedly confirmed the initial
assumption. Does not every scientific hypothesis start that way?

The dogma of spherical perfection and its cosmological consequences may
be considered the kernel of early Pythagorean science. It was postulated that
the celestial bodies are of spherical shape and that they move along circular
path in uniform motion.

532 BCE Theodoros of Samos. Greek architect and engineer, to whom
many inventions are ascribed: level, square rule, key. He is said to have
introduced bronze casting from Egypt into Greece. When the foundations of
the Temple of Ephesos were laid down, he used various means to solidify the
marshy ground.

ca 530 BCE Xenophanes of Colophon (ca 580-485 BCE). Greek poet
and philosopher. The first thinker of Greek culture to advance the idea of
one, true, eternal, supreme God (in opposition to the ideas of the gods of the
poets and the popular cults), to whom he attributed the shape of a sphere.
A contemporary of Pythagoras, he relied principally on the Miletian school
and his main concern was in studying the phenomena of nature.

Xenophanes was the first of the early philosophers to focus upon the geo-
logical time scale, recognizing the significance of fossils as remnants of former
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life and correctly inferring that sedimentary rocks originated as sediments
deposited on the sea bottom. Moreover, he concluded that such rocks and
fossils must be of great age, considering them as witnesses of periodical sub-
mergences of the dry land. Xenophanes was not particularly loved by some of
the erudite establishment of Greek philosophers, most of whom had deduced
that there was no beginning and no end to the earth.

Born in Ionia (Asia Minor), his religious rigor caused him to leave his
native country and lead a migratory life: he resided for a time in Sicily, at
Zancle and Catana and afterwards established himself in southern Italy, at
Elea, where he founded the Elean school of philosophy.

The idea of God’s sphericity was later echoed in the words of Aristotle
(354 BCE): “...there can only be God, the same from all sides. .. Otherwise
the various parts would be superior and inferior to each other, and this is
impossible. Hence such a universal homogeneity of God implies that he has
the shape of a sphere...”.

530-520 BCE Eupalinos of Megara (c. 570-510, Greece). Architect
and engineer. Built an aqueduct and a water-supply system for Megara.
Constructed a tunnel of 1100 m under 300 m high Mount Castro on the island
of Samos to supply water. The tunneling was started from the opposite sides
and driven into the center!!2

512 BCE Mandrocles of Samos. Greek civil engineer. The first known
bridgemaker.

When Darius I (king of Persia, 550-486 BCE) made his expedition against
the Scythians (ca 514 BCE), he ordered Mandrocles to build a bridge across
the Bosporos to enable his immense army to pass into Europe. Mandrocles
was able to satisfy him by building a floating bridge of boats. The Greek
borrowed ideas from the Egyptians, the Babylonians, and the Phoenicians,
much as these people in their time had borrowed ideas from each other.

510-507 BCE Darius I conquered northwestern India. He then sent the
Greek Scylax of Caryanda on exploratory voyage down the Indus. Scylax
sailed to its mount and then followed the coast to the Red Sea.

12 Ag in the case of the Hezekiah Siloam Tunnel in Jerusalem, dug ca 710 BCE by
Hebrew engineers. The tunnel was about 533 m long. An inscription commem-
orating its completion was discovered in 1880 CE, and provides the information
that it was dug from both ends simultaneously [see II Kings 20, 20; 2 Chron
32, 3-4; Neh 3, 16].
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ca 510 BCE Hecataeos of Miletos (ca 550-475 BCE). Greek traveler,
map-maker and historian. Drew the first recognizable map of the Mediter-
ranean world. Wrote Periegesis (tour round the world), widely used by
Herodotos and other writers.

Opposed Ionian revolt (500 BCE) against Persia and, after the Ionians
were defeated (494), was appointed Ionean ambassador to negotiate terms of
peace with Artaphenes.

508 BCE Democracy in the form of isonomia (equality before the law)
was born in Athens. To break the power of the noble clans, which were con-
nected with the old hereditary tribes, Cleisthenes reformed the constitution
of Athens; a new system of government was created, called demokratia (the
people in power). With the economic boom that followed the Persian wars
(490-479 BCE), the nature of the Athenian system of government changed
from conservative democracy based on agriculture into full popular sovereignty
based on commerce.

ca 500 BCE A toy regular dodecahedron of Etruscan origin found in 1885
near Padua.

ca 500 BCE Nabu-rimannu (Naburimanus). Leading Babylonian as-
tronomer. Employed a special sign for a true zero in his astronomical tables
for the calculation of a new moon and eclipses. Known to the Greeks and
mentioned by Pliny and Strabo.

ca 500 BCE Quill pens were introduced in Europe and the Middle East.

ca 500 BCE Heraclitos of Ephesos (ca 540-475 BCE). Ionian philo-
sopher, first to discover the concept of Natural law. To sum his philosophical
system in one sentence is to say that universal law and order, manifests it-
self through a state of perpetual change. His philosophy has three main
themes:

(1) Nothing is permanent except change. All phenomena are in a state of con-
tinuous transition from non-existence to existence and vice versa. Where
there is no strife, there is decay. Things lack identity and possess only
the attributes of becoming but not being. In his own words and letters:
“mavta pet kal o0der pevel” (all things flow, nothing abides). One can
discern here a crude form of the principle of Relativity.

(2) The process of change takes place in accordance with a deep Universal
Reason (Aojos = Logos), i.e. a rational principle that dominates nature.
This law is the only constant thing amidst the cosmic motion. This law
was and will be forever: cosmic motion is the eternal reality.
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(3) Cosmic history runs in repeating cycles, each beginning and ending in fire:
from chaos to cosmos and vice versa. Contemporary Buddhist philosophy
taught that the universe is periodically created and destroyed.

ca 500 BCE Alcmaeon of Crotona. Greek Pythagorean philosopher
and writer on medical subjects. A pupil of Pythagoras. He was concerned
with the internal causes of diseases. He divided these causes into disorders
of environment, of nutrition and of lifestyle. His book is lost and only a few
fragments of his writings have remained. He is the first person known to
have dissected human cadavers for scientific purposes. Discovered the optical
nerve, the Eustachian tube''® [two millennia before Bartolomeo Eustachi
(1564)], the origin of sperm, and gave explanations of sleep. He performed
physiological experiments and knew that the brain is the central controlling
organ of the body and the seat of the intellect.

Alcmaeon held that health and disease are respectively an equilibrium and
a rupture of equilibrium of the organism, and that everything in nature is a
conflict between opposites.

490-479 BCE  The Persian Wars: A series of military conflicts which had
a decisive and permanent influence upon the development of Western culture
and civilization.

e 490 BCE, Sept. 12. Battle of Marathon: Army of Militiades (11,000 Athe-
nians and Palataeans) defeated much larger Persian force under Darius I
(549-486 BCE), turning back Persia’s second invasion of Greece.

e 480 BCE. Battle of Thermopylae: Small force of 300 Spartans and 700
Thespians led by King Leonides bravely held strategic pass against in-
vading Persian army, 180,000 men strong, under King Xerxes I (519-465
BCE). The Persians burned Athens to the ground, but its citizens fled to
Salamis and the Peloponnese.

—  Battle of Salamis: The greatest naval encounter of the ancient world.
Celebrated Greek naval victory in which Themistocle’s (525-460 BCE)
fleet sinked about 200-300 Persian ships in the narrow straits of the Island
of Salamis.

13 Auditory passage (3.8 cm long) made of bone and cartilage, and lined with
mucous membrane. The tube connects the middle-ear to the throat: it allows
air to pass through it. Swallowing helps open the tube and thus equalize the
air pressure on the inner side of the eardrum to the air pressure on the outside.
The tube also allows mucous formed in the middle ear cavity to escape into the
throat.
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e 479 BCE. Battle of Plataea: The Spartan general Pausanios won a
decisive victory over Persian forces led by Mardonias.

—  Battle of Cape Mycale: Greeks won a naval victory against Persian fleet.
This ended any further threat of invasion by Persia.

These events, some of the most momentous in the history of the world,
marked the victory of Europe over Asia and enabled Greece to become that
which it had to be.

As soon as the Persian retreated, the Athenian rebuilt their city on an even
grander scale. They used their large navy to bring former Milesian trading
positions (on the Black Sea, in Syria and in Egypt) under their own control
and gradually established a prosperous economic empire. Athenians of the
5" century, not only dominated the Aegean but produced one of the richest
eras in the history of Western civilization. This era is known as the Golden
Age of Greece.

In addition to its most sublime resources of the human intellect, the Greek
civilization also drew its strength from more mundane endorsements. Silver
financed the city-state of Athens, its trade and its commerce. From the mines
at Laureion, at the southern tip of Attica, a stream of silver flew through the
Athenian treasury. The raising up of a commercial power in Greece, able to
throw back the advancing tide of barbarism that threatened to extinguish its
arts, literature and science, was due in some indispensable measure to the
silver mines at Laureion.

ca 480 BCE “Optical telegraph” ' operating in Greece; Using two torches
(one in each hand), letters of the alphabet were simulated by various positions
to code plain-language messages transmitted from one hilltop to another in
succession.

14 During the French Revolution (1794 CE), Claude Chappe(1763-1805 CE)
converted this old idea into a reality by establishing a nation-wide semaphore
(a word devised by Chappe from the Greek for “bearing a sign”) visual tele-
graph. With the National Assembly’s backing he built a series of 22 towers
over the distance of 240 km between Lille and Paris. Each tower was equipped
with a pair of telescopes, one pointing in each direction, and with a two-arm
semaphore. Each arm could assume 7 clearly visible angular positions, making
49 combinations that were assigned to the alphabet, numerals and other sym-
bols. It only took 2 to 6 minutes to transfer a message over 240 km whereas
riding couriers would have needed 6 hours. Depressed by illness and by mount-
ing claims of Plagiarism, Chappe committed suicide by throwing himself down
the well in his hotel.
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Greeks also used sound signals (trumpets, drums, shouting), smoke signals,
mirror reflections and beacon fires. At about the same time Persia had a form
of Pony express.

ca 480 BCE Panini (ca 520-460 BCE, India). A Sanskrit grammarian
who gave a comprehensive and scientific theory of phonetics, phonology, and
morphology. In his treatise called Astadhyayi, Panini distinguished between
the language of sacred texts and the usual language of communication. Panini
gave formal production rules and definitions to describe Sanskrit grammar.
The construction of sentences, compound nouns etc. is explained as ordered
rules operating on underlying structures in a manner similar to modern theory.

Panini should be thought as the forerunner of modern formal language
theory used to specify computer languages.

ca 470 BCE Parmenides of Elea (ca 504-456 BCE, southern Italy).
Greek philosopher. Founder of the Elean school and one of the great pre-
Socratic thinkers. Down to recent times, philosophy has accepted fundamental
concepts from Parmenides, notwithstanding considerable modifications and
combinations with other ideas.

He was the originator of the doctrine of being, which he developed in op-
position to the doctrine of becoming of Heraclitos. He also initiated the
distinction between the sensible world (the world known by the senses) and
the intelligible world (the world known by the mind). It was he who first as-
sumed an indestructible substance and used it as a basis for his speculations
(although he did not formulate its concept). He was among the first to distin-
guish between scientific truth and popular opinion. In this way Parmenides
influenced Empedocles, Leucippos and Democritos, the Sophists and
Plato. Hegel was not the last philosopher who followed Parmenides by
founding metaphysics upon logic.

Parmenides shaped a principal characteristic of the Greek mind, which
is significant in Greek philosophy, science and art — his preference for unity,
composure, and the comprehension of limits and contours. His longing for
unity made him suspicious of the senses; his emphasis on composure made
him deny change, and the need of limits made him conceive of the unchanging
world as a spherical form and repudiate the idea of infinite, or empty space.
Specifically he asserted that void was unnecessary for the description of the
world.

Parmenides was born in FElea, a Greek colony in southern Italy; probably
a disciple of Xenophanes and Ameinias, a Pythagorean. He resided for
some years in Athens (ca 450 BCE) where Socrates met him and learned
much from the aged philosopher. He was one of the first Greek philosophers
to express his thoughts in poetry.
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ca 460 BCE Leucippos of Miletos (ca 490-430 BCE). Greek philosopher
and founder of the Abderan school. One of the early mathematicians to
investigate the squaring of the circle. He was founder of the doctrine of
atomism, and all modern physicists may be regarded as the followers of his
way of thinking that led to immense results in science and practical life. His
theory that the Universe is composed of an infinite number of small indivisible
particles (which he called atoms) remained a philosophical idea until 1808 CE.
It has undergone many and important modifications, but has maintained its
validity even after the “indivisible” atoms could be split.

Leucippos maintained that atoms are separated and distinguished from
one another by Non-beings (empty space). He stated that atoms are imper-
ceptible, individual particles that differ only in shape and position. Things
come into existence by virtue of motion of these atoms in space and their
accidental coming together.

All Leucippos’ works, among which the books Megas Diacosmos (the Great
Order of the Universe) and Peri Nou (On Mind), were most famous, are lost.
He was a contemporary of Zeno, Empedocles and Anaxagoras. His fame
was so completely overshadowed by that of Democritos (who subsequently
developed the theory into a system) that his very existence was denied by
Epicuros, but Aristotle expressly credits him with the invention of atomism.

Nothing is known of his life, and even his birthplace is uncertain.

ca 460 BCE Anaxagoras of Clazomenae (500-428 BCE). The last phi-
losopher of the Ionian school. Maintained that nature is a work of design and
order, driven by reason. He assumed that things are made up of an immense
number of tiny “seeds” of different kind of matter. These seeds (today’s
atoms) never change, but they exist mixed together in different combinations;
apparent changes in matter are simply recombinations of the changeless seeds.
For these recombinations to occur, motion is needed. He thus paved the way
for atomic theory. In astronomical history, Anaxagoras is remembered for
correctly explaining eclipses and for his cosmology.

Anaxagoras was first in attempting to give scientific account of celestial
objects and events such as eclipses, meteors, rainbows and the sun which he
described as a mass of blazing metal. The heavenly bodies, according to him,
were masses of stone, formed from the earth and ignited by rapid rotation.
He is known to have made the first attempts to square the circle!!®.

5 14 is thought that Anaxagoras worked on solving it while he was in prison for
having claimed that the sun is a giant red-hot metal rather than a deity, and
that the moon shines by its reflected light.
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Anaxagoras was born at Clazomenae (30 km west of today’s Izmir). He
came to Athens from Ionia in 480 BCE and brought with him the spirit of
scientific inquiry. But the ignorant polytheism of the time could not tolerate
such explanations, and he was imprisoned (450 BCE) on the charge of con-
travening the established dogmas of religion. It required all the eloquence of
Pericles to secure his acquittal. Even so he was forced to leave Athens in
434 BCE. He died in Lampsacos.

Anaxagoras was a contemporary of Euripides and Socrates. The con-
cept of reason in nature was taken up again by Aristotle, on whose scientific
work he exerted much influence.

ca 460 BCE Zeno of Elea (ca 490-430, southern Italy). Philosopher.
Pupil of Parmenides. Expressed eight paradoxes contrasting continuity in
space and time with discreteness. These paradoxes had a profound influence
on the later development of the notion of infinitesimals, and assert that motion
is impossible. The Greeks could not break away from their intuitive notion
that the sum of an infinite number of positive quantities is infinitely large,
even if the quantities become infinitely small, and that the sum of an infinite
numbers of quantities of zero measure is zero. Thus infinitesimals were ex-
cluded from Greek mathematics, and science had to wait another 2000 years
to resolve these paradoxes.

The first paradox is that of the runner of the race track. He can never reach
the end of his course, Zeno tells us, since he must first cover half the remaining
distance, and then after he has done so, half of the remaining distance, and
then half of that, and so on. Each new distance to be covered is half of the
distance just covered, and is therefore a finite distance, and yet there are an
infinite number of these (finite) half-distances. Hence, Zeno concludes, an
infinite time would be required to reach the goal.

The second paradox is the one about Achilles and the tortoise. Achilles is
trying to catch up with the slowly moving tortoise, which he trails by a short
distance. But he can never reach the tortoise, because whenever he comes
to the point where the tortoise was, he will find that the tortoise has moved
ahead some small distance. It will always take Achilles some time to cover the
distance between himself and the tortoise, and the tortoise will always move
some distance ahead during that time, Zeno argued''.

16 Fssential fallacies in Zeno’s arguments were exposed by Aristotle in his Physics.
In modern times, an acceptable treatment of the paradoxes has been given along
lines similar to Aristotle’s, but with the benefits of the precision of the mathe-
matical theory of continuity and infinite sums.

It is clear to us today, thanks to well-established mathematical principles, that
the first two paradoxes are based on the misconception by Zeno regarding
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In the third paradoz, Zeno claims to prove the impossibility of any motion
whatsoever. He states that if what is moving is always in the now — is always
in the instantaneous present — then motion is impossible. As an example, Zeno
uses an arrow in flight. At a given instant the arrow is in a fixed position and
occupies just the space which corresponds to its physical volume. It occupied
a different region of space in its past, and will occupy a different space in
the future. Hence, at any given instant the arrow is motionless and therefore
indistinguishable from a motionless arrow in the same position. How then
do we know that it is moving? Since any period of time is a sum (albeit
infinite) of its component instants, the arrow is motionless throughout the
period. Zeno concludes from the paradox that all motion is impossible!!”.

the value of an infinite sum of terms. It can be readily shown that the sum

neo q";
gral values from zero to infinity, is equal to 1%[1. In the first paradox, Zeno
asserted that the runner must first go % the remaining distance, then % of
that distance, which is i, then % of that, which is %, and so on, giving a
total distance of 1+ 1+ £+ & 1+ <o =3Y""7(3)". This sum is e(}ual to 1

by the above formula, since ¢ is 5 in this case, and the first term, 5 to the

zeroth power, which is equal to one, is not included in the series. Hence, in this

where ¢ is a positive number less than one and n takes the inte-

case the sum of an infinite number of terms is finite, and not infinite as Zeno
supposed.

The solution of the problem of Achilles and the tortoise is similar to that of
the runner. Suppose that Achilles’ and the tortoise’s running speeds are such
that while Achilles runs a given distance the tortoise runs only ¢ times that dis-
tance, and that Achilles is X meters behind the tortoise when we first consider
the two. While Achilles advances X meters, the tortoise advances ¢X meters.
Then while Achilles covers this distance between them of ¢X meters, the tor-
toise moves ¢(¢X), or X¢? meters, and so on. In order to catch up with the
tortoise, Achilles will have to run through an infinite number of intervals; i.e.,
he will have to run X + Xq+ X¢* + X¢® + X¢* + -+ meters, which is equal
to X Y "— q" = 1%(; meters. Thus, if X is 25, and ¢ is 75, Achilles will
have to run 25(1_1;) = 25(%2) meters in catching up with the tortoise. Of

course, if g is 1, Achilles is running only as fast as the tortoise, and will never

catch up with him. This is indicated by the fact that ﬁ — 00 as q — 1.

Incidentally, when ¢ = 1—10 it is easy to see why the sum of an infinite number
of terms, Zzzgo(%)n, may be finite in value. Each new term that we add
gives a digit 1, one more decimal place further to the right than its predecessor,
giving us a sum of the form 1.11111... . No matter how many terms are added,

we never increase the digit from 1 to 2 in any decimal position.

17 The concept of the continuity of a line, which was introduced into mathematics

by Dedekind in 1872, gives us a solution of the third paradox. According to this
concept a straight line, or generally any continuous region, contains as many
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The argument of the arrow paradox can be further amplified in the fol-

lowing manner. The moving arrow occupies different sets of spatial points at
different instants. Yet, since it must be stationary at any instant, how can it
ever move to the set of points which it occupies at some other instant?

458-428 BCE Ezra ben Seraya ha-Kohen the scribe!'® Founder of
the postexilic viable Judaism. Edited and canonized the Five Books of Moses

118

points in any finite interval as we wish to denumerate. By giving a line this
property of consisting of as many points as desired, it is found that the line will
consistently have the properties of being continuous. In contrast, a discrete line
is one which has a finite number of points between any two given points. Thus,
we ask, if the arrow is at rest now at one point (instant) on the time-axis line,
how does it ever get to the next instant?. The answer is that such a question
is ill-defined, since there is no “next” point. For between the point in question,
and any point that is designated as the “next point”, there can be any desired
number of intervening points. To quote Bertrand Russell’s discussion of the
problem (1929): “The solution lies in the theory of continuous series: we find
it hard to avoid supposing that, when the arrow is in flight, there is a next
position occupied at the next moment; but in fact there is no next position and
no next moment, and when once this is imaginatively realized, the difficulty is
seen to disappear”.

At the beginning of the Persian period (538 BCE) the Jewish exiles in Babylon
were free to return to their own land and there was the first exodus of Babylonian
exiles in the days of Cyrus (538-529 BCE). These people built the second Temple
in Jerusalem (ca 515 BCE). The Persian rule lasted until 332 BCE, when it
was overthrown by Alexander the Great. During the two centuries of Persian
domination, the Jewish community in Israel, with its center at Jerusalem, in
spite of varied hindrances, gained new life; the Law was codified, the Temple-
worship fully organized, and the work of collecting and arranging the sacred
books of the Old Testament well begun.

Under the long reign of Artaxerxes I (465-424 BCE), the ‘second return’ of the
Jews (458 BCE) under the aegis of Ezra and Nehemiah during their two visits
to Jerusalem (445 and 432 BCE) took place.

If not for the actions of Ezra and Nehemiah, Judah would have disintegrated,
Jerusalem faded out of Jewish consciousness, and there would be no motivation
for exilic Jews to exist as Jews. Dying memories and tempting assimilation
would hurl them out of Jewish history.

Ezra and Nehemiah created a new age for the Jews; now that the era of prophecy
was over, the time has come to transubstantiate prophetic ideology into practical
policies. Where the function of the prophets has been to universalize the Hebrew
concept of God and give mankind a universal ethic, the function of Ezra and
Nehamiah was to formulate ideas that would preserve the Jews as Jews.
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(Pentateuch), thus fusing the most important of the then-extant Mosaic doc-
uments into what is now known as the Torah. This act of canonization cleared
the way for the compilation of the Old Testament. His exegesis on the Torah
and the major reforms he instituted in Judaic practice may be seen as the
beginning of classical Judaism.

Ezra was a scribe in the court of the Persian King Artaxerxes in his summer
capital city of Susa. It is there that he heard of the plight of the Jews and
the sad state of Judaism in Jerusalem. He successfully petitioned the king
to let him organize a second Zionade, which proved successful beyond all
expectations.

FEzra and Nehemiah introduced three innovations to strengthen the Jewish
identity of the returnees from Babylon: a ban on intermarriage with any
Gentile, a stress on nationalism, and a canonization of scripture. These were
destined to shape the character of the Jews and chart their course through
the next two millennia.

450 BCE Empedocles of Acragas (ca 490-435 BCE). Greek philo-
sopher, statesman, and physician. A scientific thinker, precursor of the phys-
ical scientists. First to try to identify principles of motion. He believed that
light moves in space with a finite velocity.

Empedocles was born in Acragas (Agrigentum) on the south coast of Sicily
of a distinguished family, then at the height of its glory. His grandfather was
victorious in the Olympian chariot race in 496 BCE. Like his teacher Par-
menides, he was steeped in Pythagorean tradition. He tried to combine this
with the more naturalistic philosophy and science of the Milesians. Fragments
of two treatises, one entitled On Nature and the other Purification, are extant.

The doctrine of the four elements: water, fire, air and earth, which domi-
nated the popular thinking about nature for more than 2000 years, was prob-
ably originated by Empedocles. He is credited with founding the first great
medical school. His legendary death is supposed to have taken place by falling
into the crater of Mount Etna (this has been a source of inspiration for many
poets, among them: Mattew Arnold and Friedrich Holderlin). He has been
celebrated by followers of Mazzini as the democrat of antiquity par excellence.

Empedocles tried to reconcile the doctrine of the permanence of being
(Eleatics) with the doctrine of change and motion (Heraclitos). His four el-
ements are eternally brought into union and eternally part from each other.
The different proportions in which these four indestructible and unchange-
able matters are combined with each other determine the different organic
structures produced. It is in the aggregation and segregation of elements thus
arising that Empedocles, like the atomists, finds the real process which cor-
responds to what is popularly termed growth or decay. Nothing new comes
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or can come into being; the only change that can occur is a change in juxta-
position of element with element.

Empedocles believed that light travels very fast, but not infinitely fast.
Demonstrated that nature does not allow the creation of a macroscopic vac-
uum (“horror vacui”).

450 BCE Herodotos (ca 484-425 BCE). Greek historian'!?, called the
Father of History. He undertook to write the history of the world up to his own
time, yet he limited his 9 books to the rise of the Persian Empire, the Persian
invasions of Greece in 490 and 480 BCE, the heroic fight of the Greeks against
the invaders, and the final Greek victory. He wholly omitted the histories of
Phoenicia, Carthage and Etruria, three of the most important states existing
in his day. Even the Trojan war is not mentioned in his writings.

Herodotos included many stories which he did not believe'2, because they
made his account more interesting. Historians even now cannot disentangle
fact from legend in his work. Yet some of his keen observations are remarkable:
while traveling through the lower Nile River valley, his observations led him
to reason that the Nile delta must have been made from a series of floods. It
then quickly followed, by his reasoning, that if a single flood were to lay down
only a thin layer of sediment, it must have taken many thousands of years to
build up the Nile delta.

He was born at Halicarnassos, today Bodrum, in Asia Minor. During his
youth he traveled widely in Greece, the Middle East and North Africa. The
things he learned in his travels formed the materials of his histories. In about
447 BCE he visited Athens, and three years later settled in the colony of
Thurii which Pericles was then founding in southern Italy. Nothing is known
of the rest of Herodotos’ life.

His visits to the cultural centers of Persia, Babylon, Egypt and Greece,
and his attempts to describe the whole evolution of the non-Greek peoples of
the Persian Empire (including the Egyptian and the Babylonians) make his
books a valuable source of information on the state of science and technology
in the ancient world.

In Herodotos’ writings, the existence of China is recorded for the first time
in the European literature: According to him, a Greek named Aristeas (ca

19 Hig history was written about 450 BCE; first printed in Latin translation in
1474; the Greek text first printed in 1502; first translated into English in 1709.

120 1y Egypt, for example, he was shown a temple in which the priests put out food
for the god every night. The food was always gone in the morning, a fact which
they presented to Herodotos as proof of the god’s existence. “I saw no god”, he
commented, “but I saw many rats around the base of the statute”.
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6! or T century BCE) claimed to have journeyed across Central Asia as
far as the Djungarian Basin and the Altai mountains. There he heard of the
Chinese as a settled and prosperous people who dwelt by a never-frozen sea!??.

ca 450 BCE Bryson of Heraclea'?? Mathematician. Discovered that
the area of a circle is a limit to the increasing areas of inscribed polygons and
to the decreasing areas of the circumscribed polygons, and as the number of
sides of those two series of polygons is increased, their areas approach closer
to the area of the circle on both sides of it. The method was actually applied
by Archimedes, who measured the areas of two inscribed and circumscribed
polygons of 96 sides each and reached the conclusion that

10 1
3141 ~ 3= < 7 < 3= ~ 3.142.
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ca 450 BCE Philolaos of Tarentum (or Croton). Greek mathematician
and philosopher of the Pythagorean school. The first to propound the doctrine
of the motion of the earth. He arrived at this conclusion on the basis of the

121 When Alexander the Great overthrew the Persian Empire (329 BCE) he did not
venture beyond Bukhara and Southern Turkestan and did not attempt further
conquests in Central Asia. The first efforts of China itself to establish relations
with the West were made by the Emperior Wu Ti (of the Han dynasty) in
128 BCE. He sent an embassy to the Yuer-Chi (nomadic people) whose court
lay near Bukhara; it provided China with the geographic knowledge on which it
based the imperialistic policy in Central Asia. It let also to the introduction into
China of the vine which the Greek brought into Bukhara and Samarkand. The
Chinese exchanged this for gold and silk, then unknown in the Greco-Roman
world during the first century BCE. In the second century CE, some Roman
sailors actually reached China directly by sea, by rounding Cape Comorin in
Southern India and passing through the Strait of Malacca.

122 15 his book “Ancient Science Through the Golden Age of Greece” (1952),
George Sarton made the observation that the mathematical genius of Greece
manifested itself through the ideas of men who were not mathematicians in the
restricted sense of today; they were philosophers and sophists who realized the
fundamental importance of mathematics and tried to understand it as well as
possible. They came from many parts of the Greek world, widely distributed
across Hellas as was the artistic or literary genius: Zenon hailed from Magna
Grecia, Hippocrates from Ionia, Democritos from Thrace, Hippias from
Peloponnesos, Theodoros from Cyrenaica, Bryson from the Black Sea, An-
tiphon from Athens (the only one from that city) and Archytas from Sicily.
This burst of mathematical creativity was not restricted to any locality — it was
the genius of Greece.



ca 450 BCE 189

following observations: the Sun, Moon, Venus, Mercury, Mars, Jupiter, Saturn
— all travel slowly across the stars from West to East. On the other hand, the
star pattern carries the whole lot daily from East to West.

This reversal, which spoils simplicity, could be removed if the view of the
earth as the static center of the universe is abandoned. The new scheme of
Philolaos was based on two elements:

(1) The earth is revolving around a central fire, making a small circle once
every 24 hours. This accounted for the daily motion of the stars, sun,
moon and planets without the need to assume that the earth was spinning
about its axis (to explain why the fire was not seen from earth, it was
necessary to assume further that its inhabited part was always facing
outward, away from the fire).

(2) Seven spheres, carrying the sun, moon and 5 planets respectively, rotate
slowly in the same direction as the earth around the central fire; the
outermost crystal sphere of the stars is fixed.

This fantastic scheme was revolutionary in the sense that it treated the earth
as a planet.

Philolaos was perhaps the first to suggest the earth’s spherical shape. He
inferred this from the circular shape of the earth’s shadow cast on the moon
during lunar eclipse. Philolaos and the Pythagoreans described the motion
of the heavenly bodies by a rough but simple scheme that could be called a
theory, in contrast with the more accurate working rules that were developed
in Babylon. As a machine for making predictions, this first Greek system of
uniform revolutions was hopelessly inaccurate; but as a frame of knowledge
it was indeed superior: it gave a feeling that the heavenly scheme of things
makes sense.

ca 450 BCE Development of the 12 constellations of the zodiac in
Mesopotamia, recognizing the importance of the plane of the ecliptic.

ca 450 BCE Hanno the Carthaginian. Phoenician navigator and ex-
plorer. Made exploring and colonizing voyage down African west coast, reach-
ing Gambia, Sierra Leone and perhaps Cameroon, or even Gabon. Hanno had
no real successors until the Portuguese in the Middle Ages. They were to take
over 40 years to accomplish what Hanno had achieved in a single voyage of
only a few months.

Hanno described, among other things, the gorilla. Phoenician navigators
are believed to have reached the Atlantic Ocean, sailing as far as Cornwall,
England to the north where they established tin mines. They also circumnav-
igated Africa, to the south.
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About the same time, another Carthagenian, Himilco, sailed out out
Massalia (Marseille). In his voyage, which lasted four months, Himilco sailed
northward round Spain. He reached the coasts of Brittany and Cornwall
and thus firmly established a Phoenician monopoly of the flourishing trade in
Cornish tin between Brittany and the Mediterranean'??,

450 BCE Hippocrates of Chios (ca 470-410 BCE). Greek mathemati-
cian and excellent geometer. Among the inventors of the method of ‘reduc-
tio ad absurdum’. Was first to use letters in geometrical figures. Devised a
method for the quadrature of certain lunes. He was the author of the first sys-
tematic treatise in geometry, and proved numerous geometrical theorems!?%
Though his work is now lost, it must have contained much of what Euclid
later included in Books 1 and 2 of the Elements. Hippocrates’ book also
included geometrical solutions to quadratic equations and early methods of

integration.

ca 445 BCE Melissos of Samos (ca 480-415 BCE). Philosopher and
statesman. Disciple of Parmenides and a contemporary of Zeno. Commanded

the fleet of Samos in victory over Athens, but after defeating Pericles was
himself defeated (442-440 BCE).

The last member of the Eleatic school of philosophy, differing from Par-
menides in maintaining the spatial infinity of the universe.

The extant fragments of his work defend Eleaticism against Empedocles’
doctrine of the four elements, against the Atomists’ belief in a void, against
Anaximenes’ derivation of the world from its original matter by rarefaction

123 The Phoenicians emerged as a significant maritime power after the collapse of
the Mycenaens in the 12" century BCE, although by this date they had long
been involved in trade between Mesopotamia and Egypt. In the civilized East
Mediterranean they established extensive commercial contacts, but no colonies,
with the possible exception of Kition (Larnaka) in Cyprus.

Indeed, it was only in the central and West Mediterranean outside the areas
directly controlled by the Greeks, that the Phoenicians founded a network of
colonies. The most powerful western colony was Carthage, founded in 814
BCE. The Phoenicians were the most adventurous merchants and explorers of
the ancient world (Ezechiel 27); in the early 6'" century BCE a Phoenician fleet

reputedly circumnavigated Africa.

124" Contributed to the old problem of the duplication of the cube, by reducing it

to the finding of two mean proportionals between one straight line and another
twice as long. In modern language we would say that Hippocrates has reduced
the solution of a cubic equation to that of two quadratic equations.
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and condensation, and against Anaxagoras’ assumption of the reality of heat
and cold.

The Sophists

“Man is the measure of all things, of those which are — that they are, of
those which are not — that they are not”.

“As to the gods, I cannot say whether they exist or not. Many things
prevent us from knowing, in the first place the obscurity of matter, then the
brevity of human life”.

(Protagoras of Abdera)

The political and economical unrest in the interim period between the Per-
sian wars (490-478 BCE) and the Peloponnesian wars (431-404 BCE) cre-
ated a social climate of skepticism, disillusionment, uncertainty and despair.
Intellectuals were perplexed by the conflicting doctrines of Heraclitos, Par-
menides, Anaxagoras and Empedocles. Where could the truth be found?
Is there any truth? And if there is any, can mortal man attain it?

The most perplexing question of all was this one — to whom should one
entrust the education of ones growing sons? The need for teachers was felt
acutely, and it was now satisfied by a new class of them who were called
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Sophists'?®: professional teachers of grammar, rhetoric, dialectics, and elo-

quence who taught young men to behave themselves, to be wise and happy;
the first to require students to pay for instructions.

For nearly a century the sophists held almost a monopoly of liberal edu-
cation and contributed much to advancement of learning and popularization
of science. They practiced their mission in introducing the common man to
a higher standard of culture — imparting to him the values and skills of so-
phisticated philosophical inquiry and communication and tasks enabling him
to live more useful and better life.

The sophists build their philosophy on the doctrine of the relativity of
truth. At first they where influenced mainly by Heraclitos and his followers
who rejected the idea of absolute truth and interpreted reality as a process of
constant change. The leading sophist philosopher, Protagoras applied the
idea of change to epistemology (the study of what knowledge is and how it
is obtained). He concluded that knowledge and truth are both dependent on
judgment by the individual.

The Pythagorean concept of unchanging, mathematical relationships as
the essence of reality and the FEleatic principle that nature obeys laws of
permanent Being, that the laws of physics are fixed and permanent'?% were

propositions analyzed critically by the Sophists. They inquired whether such

125 From Greek coproTn’s = man of wisdom; the name given by the Greeks about

the middle of the 5" century BCE to certain teachers of a superior grade who,
distinguishing themselves from philosophers on one hand and from artists and
craftsmen on the other, claimed to prepare their pupils, not for any particular
study or profession, but for civil life. Most of the Sophists were good men, yet
other more conspicuous were moneymakers and hypocrites. As time went by,
the number of bad teachers increased in numbers and the name Sophist acquired
gradually a negative connotation.
For about 2300 years the Sophists have been despised and unjustly discredited as
unscrupulous distorters of facts. It was Friedrich Nietzsche (1883-1887 CE)
who rehabilitated them, and since then their contribution to philosophy can
no longer be disregarded. Their foremost critic and adversary, Socrates, con-
demned their practice of accepting financial remuneration for teaching philos-
ophy, stating that the search for scientific knowledge should never be debased
in this way. Plato and Aristotle followed suite and induced posterity to con-
demn them as dishonest thinkers whose practices degenerated into hair-splitting
of words, frivolous argumentativeness, and heuristic discussions designed to con-
fuse the issue. Consequently the name Sophist which had earlier been applied
to all philosophers (including even Socrates and Plato) became an opprobrious
term.

126 The Greek word for physics means unchanging nature.
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unchanging laws of nature could be accepted as the basis for laws governing
man. In other words: are there genuine moral laws, norms for evaluating
human behavior, comparable to the laws which govern physical nature?

On the basis of their premise that knowledge was at best relative, they
concluded that truth was unattainable. Because of his belief in the unavail-
ability of absolute truth, the sophists turned his concern to the art of debate,
to technique of convincing or converting ones opponent. Instead of trying to
make truth prevail, the Sophist was interested only in winning an argument.
Thus the Sophist’s deep interest in grammar was motivated by the desire to
manipulate it to serve his personal ends.

ca 450-410 BCE Protagoras of Abdera'?” (ca 485-410 BCE) Greek
philosopher. Known as the first of the Sophists. One of the creators of Greek
rhetoric and the science of language. He is credited with being first gram-
marian, distinguishing parts of speech, tenses and modes. He wrote numerous
books, of which only four small fragments survived. Protagoras based his en-
tire philosophy on the concept of relativity of truth. His doctrine can be
summarized as follows: “Man is measure of all things...” 128

e Sensation is the only source of knowledge. Man is capable of knowing
what his sense tell him about what he perceives, not the thing itself
perceived. Thus, sense knowledge is incomplete and not to be trusted,
and man is wiser to be skeptic about everything.

e The subjectivity of sensation implies not only the relativity of truth
(what is true for you is true only for you and what is true for me is true
only for me) but also the relativity of morals (what is right for me may
be wrong for you). From this follows, a most remarkable corollary, the

127" Abdera, at the northern end of the Aegean Sea, was an ancient flourishing city.
It gave birth to Democritos, Anaxarchos and Protagoras; it was the cradle of

atomic theory.

128 Some philosophers have interpreted this dictum as referring to man as an indi-

vidual, while others have interpreted it as referring to a man in the generic sense,
hence that ethical conduct and justice depend upon the moral codes of groups
instead of the moral practices of individuals. In any case, either point of view
had an enduring impact on the history of philosophy down to contemporary
times.
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doctrine of equal rights for all mankind, including women and slaves: the
doctrine that each individual must decide for himself as to the validity
of any proposition, leads to a principle of social reform, for it places all
persons on an equal footing as judges of the truth. Protagoras therefore
demanded that sweeping social and political reforms be instituted by
democratic means.

e Human character can be improved by education, especially during child-
hood years. This capability is implied by the doctrine of the relativity
of truth.

o God existed for those who wanted to believe in God.

Protagoras was born in Abdera, and when he reached the age of thirty he
set out on his travels all over Greece as well as Sicily, lecturing and teaching.
He lived and taught in Athens and became a friend of Pericles (495-429
BCE). In 411 BCE Protagoras was forced to flee Athens under sentence of
death after having been accused of impiety. His books were publicly burned!??
(411 BCE). The ship that was carrying him to freedom was wrecked and he

perished.

Another leader of the sophist school was Gorgias (ca 483-375). Born in
Sicily, he settled in Athens (427 BCE) and supported himself by the practice
of oratory and teaching rhetoric. He died at Larissa in Thessaly. He was the
author of a lost work On Nature or the Non-FExistent. Gorgias is the central
figure in the platonic dialogue Gorgias.

440-410 BCE Antiphon the Sophist (480-411 BCE). An Athenian
orator, who flourished at the same time as Socrates. He was a sophist, inter-
ested in many sciences. He made an early attempt to square the circle and
invented a new method for the solution of that old problem — the method of
erhaustion: Antiphon suggested that a simple regular polygon, say a square,
be inscribed in a given circle: Then an isosceles triangle could be built on each
side, its vertex being on the circumference. A regular octagon would thus be
constructed, and continuing in the same manner one would easily construct
regular polygon of 16,32,64,... sides. Now it is obvious that the areas of
each of those regular polygons approaches in the limit the area of the circle,

129 This is the first recorded example of book burning. It suggests that there was
already an established book trade in Athens at that time. The last event of this
kind is the one ordered by Hitler on May 10, 1933 in the Third German Reich.
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thus erhausting the area of the circle!®®. Since the area of each polygon can
be exactly expressed in terms of repeated square roots of integers (i.e., the
polygon can be “squared”), and since these areas increase in such a way that
they are bounded by the said limit, the Sophists claimed that the limit itself
is also squareable.

Antiphon was involved in an anti-democratic revolution which failed and,
despite his profession as a writer of defense speeches, his brilliant speech failed
to save his life when he was tried for treason, and he was executed.

440-399 BCE Socrates (469-399 BCE, Greece). Philosopher; One of the
great Greeks who fashioned the traditional Western thinking system. Teacher
of Plato. He embodied the revolt of Greek common sense against the intellec-
tual extravagances of the early philosophers. Although he distrusted science,
few men have contributed more to its development. His method of investi-
gation prepared the elaboration of the method of inductive science. It was
characterized by: insistence upon clear definition, use of induction, incessant
war against vagueness of thought, deep sense of duty, reasoned skepticism (the
very skepticism of the scientist who refuses to believe a thing until it has been
proved to him).

Socrates held that scientific knowledge about the external world is not
enough since it provides us only with universals, principles which hold true
for us all in common. What is needed is self-knowledge, gained through self-
examination; the principal value of scientific knowledge is simply to gain better
understanding of oneself to enable one to live a better life. His question “who
am I?” led him to the secret of self-control “Know thyself” (gnothi-seauton).

He was concerned with putting ethics on a firm basis so that the persua-
sive skills of the Sophists could no longer sway society. Plato, with his strong
totalitarian tendencies, developed the notion of ‘ideal forms’ which was im-
posed on the world of his thinking. Later, Aristotle tightened up the system
and showed its application to science. Plato took over Socrates’ ideas and
methods, reshaped them, added some of his own, and then gave them back to
Socrates in the dialogues: what we call the ‘Socratic method’ is as expressed
in Plato’s writing, when the method is put into the mouth of Socrates by
Plato.

130 T modern notation we would write for a unit circle: Son = 27 sin(an),
n=23,4,..., with lim,_. Sen = w. This method was criticized by Aris-
totle on the grounds that no matter how many times the number of sides of
each polygon is doubled, the area of the circle can never be completely used
up. The method of exhaustion was later perfected by Archimedes and led to an

early determination of an approximation for .
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It consists of the ‘endless search for truth through asking questions’. To
this we attribute the immense progress of science. This obsession with ‘search’
means that the quest may be more important than the destination itself,
which is why Socrates was not at all bothered when his discourses reached
no conclusion. The ‘endless search’ has a great merit because it means the
sort of divine dissatisfaction which is the essence of progress. The apparent
advance of Western Civilization compared to some others have been due to
this ‘search’ component of intellectual effort.

Socrates wrote nothing of his own. Most of our information about his life
and teachings comes from the writings of Xenophon, Plato and Aristotle.

Socrates was born in a village on the slopes of Mount Lycabettus (20
minutes walk from Athens) and lived in Athens. Upon the outbreak of the
Peloponnesian War (431), Socrates, then 38 years of age, was called to service
as a haplite (private, with shield and sword), and distinguished himself in
battle. He had an enthusiastic following among the young men of Athens, but
the general public mistrusted him because of his unorthodox views on religion
and his disregard of public opinion. Inevitably, Socrates made enemies among
influential Athenians. He was brought to trial, charged with corrupting the
young and showing disrespect for religious traditions.!! Sentenced to death,
he refused several opportunities to escape from prison, and carried out the
sentence by drinking a cup of hemlock poison.

During his youth Socrates said to have met the aging Parmenides and
learned much from him. According to Parmenides, the world as we know
it is merely an illusion; the ever changing multiplicity we observe is merely
the appearance of a static, all-embracing Being. Why them bother with the
working of the world (i.e. science) when they are nothing but an illusion?

Socrates accepted this antiscientific attitude: Reality was an illusion. This
had negative effects on him and his successor Plato. During their lifetime a
few significant advances were made in mathematics, but, only because this
was considered timeless and abstract, and thus thought to be in some way
connected with the ultimate reality of Being. Fortunately their successor
Aristotle drew philosophy back toward reality.

131 The modern political philosopher Leo Strauss (1899-1973) in his book Socrates
and Aristophanes (1966) shockingly admits (contrary to generations of liberal
professors who have taught him as a martyr to the First Amendment) that the
prosecution of Socrates was not entirely without point. Strauss argues that
philosophy cannot really construct a rational basis for ethics and therefore has
a tendency to promote nihilism in mediocre minds and they must be prevented
from being exposed to it. Thus, philosophy (contrary to mythology) — matters.
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It is most ironic that, although Socrates and his followers disdained science
as pointless and considered it a waste of time, the most beneficial effects of his
legacy have in fact been in the field of science. But Socrates, himself, sought
to make ethics, politics and other social matters the subject of his scientific
inquiry. He hoped to discover universal laws and truths (as in mathematics)
which would put these subjects on an absolute basis and so rescue them from
the manipulations of people like the Sophists.

The antiscientific attitude that developed with Socrates was to cast a
blight on philosophy for centuries to come. Largely as a result of Socrates’
antiscientific attitude, the few great scientific mind of the ancient Greek
world worked outside philosophy. Archimedes (in physics), Hippocrates
(in medicine), and to a certain extent Euclid (in geometry) were isolated
from philosophy and thus from any developing tradition of knowledge and
argument.

Ancient Greek scientists knew the earth went round the sun, knew it
was round, and even calculated its circumference. They observed electricity
and were aware that the earth had a magnetic field. Outside the “universal
wisdom” of philosophy, such factual bits of knowledge were isolated oddities.
The fact that philosophy came of age under the aegis of an antiscientist must
count as one of the great misfortunes of human learning. The mental energy
expended in the Middle Ages calculating the number of angels who could stand
an the head of a pin might instead have been directed toward the solution of
real-world problems.
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Worldview I: Socrates

“The unexamined life is not worth living”.

“Only those who have lived an evil life hope that death is the end of everything
for them”.

“Knowing nothing, what could I write down?”

“Do as you please, since whatever you do you will regret it”.

(When someone asked him whether he should be married or not)

“The body is forever wasting our time with its demands”.

“I know that I don’t know”.

“We go our separate ways I to die and you to live. Which one is better God
alone knows”.
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“This discovery of yours will create forgetfulness in the learner’s souls, be-
cause they will not use their memories; they will trust to the external written
characters and not remember of themselves. The specific which you have dis-
covered is an aid not to memory, but to reminiscence, and you give disciples
not truth, but only the resemblance of truth; they will be hearers of many
things and will have learned nothing...; they will have the show of wisdom
without the reality”.

(Lamenting the effects of writing

on the memory and the soul of the learner)
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437 BCE Hospital, possibly earliest, was build in Sri Lanka (Ceylon).

ca 435 BCE The sculpture Pheidias'®? (ca 500-430 BCE, Greece) com-
pleted the statue of Zeus at Olympia, Greece, the most famous statue in the
ancient world and one of the seven wonders of the world. The statue, 12 me-
ters high, showed Zeus on his throne. Zeus’ robe and ornaments were made
of gold, and his flesh of iwory; he had a wreath around his head and held a
figure of victory in his right and a scepter with an eagle in his left. Thousands
who came to Olympia for the Olympian Games admired this gold and ivory
figure.

The statue was toppled during the great earthquake of July 21, 365 CE,
some 800 years after its erection. It was later removed to Constantinople
(ca 429 CE) where it still could be seen for another century until its final
demolition by the Christian authorities.

432 BCE Meton of Athens. Greek astronomer. Discovered 19-year
Metonic cycle of solar years and synodic months.

In 432 BCE, Meton and Euctemon in Athens, made the first accurate
solstitial observations. These observations enabled them to determine the
length of the seasons with greater precision. They introduced in that same
year a new cycle, called the Metonic cycle'3, a period of 19 solar years,
equivalent to 235 lunar months; this implied a year of ca 36515—9 days, that
is 36596"18™56°. (It is just 30™10° longer than the Mean tropical year of
36595"48™46°.) In the next 300 years the margin of error was steadily re-
duced, until Hipparchos (130 BCE) arrived at the figure 365¢5"55™12%. Thus
the accuracy of Meton was of the order of approximately 1:17,000, and that

of Hipparchos 1:100,000.

431-404 BCE  Peloponnesian War. A series of three wars fought between
the city-states of Athens and Sparta.

132" pheidias son of Charmides, universally regarded as the greatest of Greek sculp-
tures. Born in Athens and studied under Agelades of Argos. According to
Plutarch he was made an object of attack by the political enemies of Pericles,
and died in prison at Athens. Pheidias was commissioned by Pericles to execute
the greatest of the city’s monuments. Among his notable works were sculptures
on the Parthenon and the Propylaea, statue of Athene Parthenos, and statue

of an Amazon at Ephesos.

133 Our knowledge of this observation is obtained from a papyrus (now in the

Louvre) called the papyrus of Eudozos. It is probably a notebook of a student
who flourished in Alexandria in ca 193-190 BCE.
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The Peloponnesian league, consisting of Sparta and its allies, attacked
the Athenian empire because it feared the growing power of Athens. The
war ended in victory for Sparta which gained the support of Persia, helped
subjects of Athens to revolt and forced the city to surrender.

Sparta was a military nation with good army but no fleet; Athens was
a maritime power with a strong navy and a week army. Since her land de-
fenses were almost invulnerable and ample supplies could be imported by sea,
Athens could neither be brought to battle by land nor starved into submis-
sion. Fighting a defensive battle on land and offensive war at sea, she should
have been able to defeat Sparta without great difficulty. During the first year
of war Athens was successful both on land and sea, but her defensive policy
necessarily led to the Athenians being crowded and besieged within their city
walls.

Disaster struck in 430 BCE: A plague epidemic, starting in Ethiopia and
traveling to Egypt, was carried across Mediterranean by ships to the Piraeus
and Athens. It ravaged the city, killing as much as % of the population and
breaking the morale. The plague then broke out in the ships, decimating the
naval expedition force and killing Pericles (429 BCE).

The plague of Athens undoubtedly contributed to the downfall of the
Athenian empire. By killing so large a number, by demoralizing the capi-
tal and, above all, by destroying the fighting power of the navy, the plague
prevented Athens from striking a decisive blow at Sparta. It thus provides a
striking example of the effect of disease upon history.

431-400 BCE Thucydides of Athens (460-395 BCE, Greece). One of
the greatest historians of all times. The father of scientific historiology. His
history of the Peloponnesian War (of which he had been a witness, 431-404
BCE), is a literary and scientific classic. His description of the annular solar
eclipse of Athens on August 3, 431 BCE, is the first detailed description of an
eclipse (solar crescent, visibility of certain stars). In his history he described
also the plague which lay waste to Athens in 430-425 BCE.

Thucydides was born in Athens. During the Peloponnesian War he com-
manded part of the Athenian fleet. He failed to relieve the siege of Amphipolis,
and was exiled for 20 years. During his exile, he visited all parts of the Greek
world.

430-420 BCE Hippias of Elis (460—ca 400 BCE). Greek sophist.
Younger contemporary of Socrates. Introduced the first curve beyond the
circle and the straight line later termed quadratriz of Deinostratos. It can be
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used to trisect an angle'* and to square the circle (although Hippias proba-

bly did not know it). The quadratrix is the first curve known that cannot be
constructed with straightedge and compass.

Hippias lectured in Athens on mathematics, music, astronomy, history,
poetry and politics. He traveled all over Greece, giving public lectures and
teaching, being a kind of a wandering sophist whose activities were domi-
nated by love of fame and money. He was ready to discuss any subject but
was especially interested in mathematics and science. His aim was not to
give knowledge, but to provide his pupils with the weapons of argument in
discussions on all subjects alike.

430-380 BCE Hippocrates of Cos (460-377 BCE, Greece). The father
of medicine; one of the greatest clinical physicians of all times. His writings
later provided scientific and ethical basis for modern Western medicine. He
emancipated medicine from superstition, systematized the empirical knowl-
edge which had accumulated in Egypt and in the schools of Cnidos and Cos,
and founded inductive and positive medicine.

Hippocrates introduced the elements of the scientific method: he argued
careful and meticulous observation: “Leave nothing to chance. Overlook noth-
ing. Combine contradictory observations. Allow yourself enough time”.

His principles of medical science formed the basis for the medical theory
developed in the 19t" century. The Hippocratic oath, named for him, gave the
medical profession a sense of duty to mankind which it never lost. Hipparchos
maintained that the laws of nature could be discovered by studying facts and
applying reason to them. He showed that disease had only natural causes,

134 The function is r = 2?“ Sif¢,
lar coordinates {r, ¢}. Consider a Cartesian z—y system, with a circle of radius
a about its origin, and let ¢ be measured from the positive x-axis counterclock-
wise. From a general point {r, ¢} in the first quadrant draw a line normal to
the z-axis; divide the line in the ratio 2:1, with the larger section toward the

curve. Draw a parallel to the z-axis through the point of division of the line.

where r(¢) is the polar equation for a curve with po-

Connect the origin with the point of intersection of that parallel with the curve.
The angle between this new radius-vector and the z-axis is % Deinostratos
was the brother of Menaichmos.

The impossibility of trisecting a general angle with straightedge and compass
tended to direct attention away from problems involving the trisectors of angles.
This helps account for the late appearance of the following delightful theorem:
“The adjacent pairs of the trisectors of the angles of a triangle meet at the
vertices of an equilateral triangle”.

This was discovered only in 1904 by the Anglo-American geometer Frank Mor-

ley (1860-1937) and the theorem now bears his name.
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and took treatment of disease out of the hands of religion. He treated his
patients with proper diet, fresh air, change in climate, and attention to habits
and living conditions.

Before the invention of the thermometer, he charted the temperature
courses of many diseases. He recommended that physicians be able to tell,
from present symptoms alone, the probable past and future course of each
illness. He stressed honestly the limitations of the physician’s knowledge,
(confiding to posterity that more than half of his partners were killed by the
diseases he was treating). His options of course were limited; the drugs avail-
able to him were chiefly laxatives, emetics, and narcotics. He objected to the
use of strong drugs without careful tests of their curative values.

Hippocrates also used surgery, but only as a last resort. His period was
one of great intellectual development, and he certainly brought to bear upon
medicine the same influences which were at work in other sciences by such
contemporaries as Socrates, Herodotos, Democritos, and Plato'’.

He was born on the island of Cos of a family of priest-physicians. Dem-
ocritos of Abdera was one of his masters. Hippocrates began his medical
studies at Cos and Cnidos'3%. He traveled extensively, and taught and prac-

135 Considerable further advances were made in classical times through the fall of
Rome. While the medicine in the Islamic world flourished, what followed in
Europe was truly a dark age. Much knowledge of anatomy and surgery was
lost. Reliance on prayer and miraculous healing abounded. Secular physicians
became extinct. Chants, potions, horoscopes, and amulets were widely used.
Dissection of cadavers was restricted or outlawed, so those who practiced medi-
cine were prevented from acquiring firsthand knowledge of the human body.

Medical research came to a standstill.

136 The great doctors recognized the spiritual side of healing; when all else failed,

they were quite happy for their patients to attend one of the many asclepieia —
temples to the patron god of physicians, Asclepios ( Aesculapis to the Romans
and realy the Egyptian Imhotep in a Greek dress), and his daughters Hygeia
(health) and Panacea (healing). [Asclepios would often be accompanied by a
snake, the dracon — hence the medical symbol of a snake rounding a staff.]
Pilgrims to the temples relaxed among beautiful surroundings and read inscrip-
tions on marble pillars that told of the miraculous cures performed by god. Then
they would bed down for the night in the sacred hall, where Asclepios would
supposedly appear as they slept, to give them a ‘dream drug’ or even perform
‘dream surgery’. These rites were derived from Egyptian models. Thanks to
them, a large number of clinical observations were concentrated in the temples,
especially in Cos and Cnidos.

Without those abundant clinical cases such as were afforded by the Asclepieia,



204 1. Origins — Splendor of the Simple

ticed his profession at Athens, Thrace, Thessaly, Delos and his native island.
He died at Larissa in Thessaly.

ca 425 BCE Theodoros of Cyrene. (ca 465-399 BCE) Mathematician
and philosopher. Showed that the noninteger roots v/3 up to v/17 were irra-
tional. The proof of the irrationality of v/2 is quoted by Aristotle (384322
BCE), but its originator is unknown. It is possible that 1(v/5 —1), which
is the ratio of a side to a diagonal of a regular pentagon, was the first known

irrational.

Theodoros was born in Cyrene, which was then a flourishing Greek colony
just south of Greece on the North African coast. He was the teacher of both
Plato and Theaitetos, starting his life as a philosopher and then switching
to mathematics.

Plato stated in Theaitetos that Theodoros discussed the irrationality of

\/5, V3 ... and stopped at V17,

ca 420 BCE Democritos of Abdera (ca 460-370 BCE). A Greek physi-
cal philosopher and mathematician. The father of Materialism . Synthesized
the ideas of Parmenides and Heraclitos and is the intellectual forerunner of
the modern philosophers Locke and Descartes. Archimedes claimed that Dem-
ocritos (ca 410 BCE) stated that the volume of pyramid on any polygonal base
is 1/3 that of a prism with the same base and altitude!3".

the progress of medicine would have been considerably slower. Thus, the As-
clepieia were the cradles of Greek medicine, and they help to account for the
extraordinary richness of the Hippocratic collection, which themselves inherited
and continued Egyptian tradition.

The Greek believed in the existence of 4 fluids, or humors, within the body, the
balance of which was vital for health. The humors correspond to the 4 elements,
and had the same qualities. They were also associated with particular parts of
the body: Air < blood; Water < brain; Fire < liver; Earth < spleen; the
corresponding humors were: blood, phlegm, yellow bile; black bile.

137 Although Democritos could have hardly render a rigorous demonstration of this

theorem, he still have guessed the result following two logical steps:

1. A prism can be dissected into a sum of prisms all having triangular bases, and,
in turn, a prism of this latter sort can be dissected into 3 triangular pyramids
having, in pairs, equivalent bases and equal altitudes. It follows that the crux
of Democritos’ problem is to show that two pyramids of the same height and
equivalent bases have equal volumes (this was later demonstrated by Eudoxos
of Cnidos, using the method of exhaustion).

2. If two pyramids with equal heights and equivalent bases (same area but not
necessarily same form) are cut by planes parallel to the bases and dividing the
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A pupil of Anaxagoras and Leucippos, a friend of Philolaos, and an ad-
mirer of the Pythagoreans. Studied in Egypt the mathematical and physical
systems of the ancient schools. Diodoros Siculus tells us that he lived to be
ninety years old.

Taught that mechanical relationships (arrangements of atoms) account
for various characteristics of nature i.e. mechanistic causes account for all
phenomena. FEven morality, the soul, and all mental life are reducible to
mechanistic terms with physical imperceptible atoms as their basic structure.

Spiritual reality does not exist: mechanistic Materialism is complete, self-
sufficient and self-contained.

Atoms, owing to their non-sensory nature and small size, can only be
thought, not directly observed. Nevertheless, these imperceptible atoms ac-
count for all observable phenomena of nature which are manifest to the senses.
But sense experiment produces multiplicity of options because people receive
and interpret sensory phenomena from different perspectives. Knowledge de-
rived from the senses is therefore relative to the person from whose experience
it originates. Therefore one can never use the senses to attain truth (knowl-
edge of metaphysical reality!3®).

In his own words: “Opinions say hot and cold, but the reality is atoms and
empty space”. He believed that at every moment stars are colliding and new
worlds are rising out of ‘Chaos’ by the selective aggregation of atoms, that
there is no design and that the universe is a machine. He vaguely anticipated
the notions of conservation of matter and energy and was first to discover the
correct formulae for the volumes of a pyramid and a cone.

Democritos thus stated that all material is built out of indivisible atoms
moving about in the microvacuum. He also believed that space is infinite,
having always existed, and that the number of atoms is infinite. Records
state that Democritos ranked intellectually equal if not superior to Plato and
that his works, now vanished, were as comprehensive as those of Aristotle.

After Democritos, his school rapidly passed into near oblivion and its
followers diverted in into Sophism.

height in the same ratio, then the corresponding sections formed are equiva-
lent. Therefore the pyramids contain the same infinite number of equivalent
plane sections, and hence must be equal in volume.

138 Thus, 2300 years before Planck, Albert Einstein, Bohr, Born and Feynman,
Democritos already foreshadowed the ontological difficulties that quantum

physics posed to 20" century physics.
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ca 400 BCE Magnetic needles were used on Chinese ships. The mariner’s
compass is said to have been known to the Chinese as early as 1100 BCE,
though it was not introduced into Europe until ca 1000 CE. Prior to 1600 CE
nobody knew the true reason for the orientation of the needle.

ca 400 BCE The diseases of malaria and gout first identified or described
with accuracy.

400 BCE Diminished rainfall caused endemic malaria in ancient Greece,
undermining people’s vitality.

400 BCE Oil was drilled on one of the Greek islands.

390 BCE Theaitetos of Athens (ca 415-369 BCE). A mathematician of
great stature of the time of Plato. Studied with Theodoros of Cyrene and at
the Academy. First to study the octahedron and the icosahedron. He fell on
the battlefield (369 BCE) in a war between the Athens-Sparta alliance against
the Theban army. One of Plato’s dialogues is dedicated to his memory.

Theaitetos introduced the exact concept of commensurability in length and
proposed that line segments, which produce a square whose area is an integer,
but not a square number, are incommensurable with the unit of length. He
was the first to write on the 5 regular polyhedra and the first to construct them,
and finally, he formulated the theory of proportions. Since Euclid’s Book X
contains a detailed mathematical development of matters briefly indicated in
Plato’s dialogue, it is believed that a number of Euclid’s propositions on the
subjects of commensurability and proportion were originated by Theaitetos.

390-220 BCE The Celtic-Roman Wars. By about 400 BCE, Etruscan
power had already started to wane, largely as a result of the occupation of
most of Northern Europe by the Celts (ancestors of the Bretons, Welsh, Scots,
Irish and the French). One group of Celts, the Gauls'?" crossed the Alps
into Italy and pushed the Etruscans out of the Po Valley. From here they
attacked Etruscan cities further south. The presence of the Celts in Northern
Italy blocked the north-south trade routes and slowly choked the Etruscan
economy. In 391 BCE, the Etruscan asked Rome for help and a military
encounter between the two archenemies of the Etruscans became inevitable.

On July 18, 390 BCE, 70,000 Celts under Brennus defeated the Roman
army at Allia and captured Rome. They sacked and burned the city and held
all of it except the capitol. The Celts could have, there and then, destroyed
the city-state, changing at one fell swoop the course of worlds history, but

139 The origin of the district names of Galicia in Spain, Turkey and Poland derived
from Gaul.
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they sold their victory for ransom gold and withdrew after seven months. This
they would dearly regret 65 years later. Indeed, during that time-interval, the
Romans improved their weapons, military skill, discipline and administration.

In 225 BCE, a grand army of 70,000 Celts was crushed by an equal-sized
Roman army under Marcellus at Telamon. The Battle of Clastidium (220
BCE) finally removed the Celtic treat on Rome and eventually caused the
Celts to leave Italy.

387-360 BCE Archytas of Tarentum (ca 428-347 BCE). Greek phi-
losopher, scientist, mathematician and distinguished in the administration of
civic affairs. Occupies a high place among the versatile savants of the ancient
Greek world. An intimate friend of Plato who quoted him as an example of the
perfect ruler, the philosopher-king who combines practical sagacity with high
character and philosophic insight. It was through him that Plato received his
initiation in the exact sciences and Pythagorean philosophy. Aristotle wrote
a special treatise ‘On the Philosophy of Archytas’.

He is described as the 8" leader of the Pythagorean school, and was a
pupil of Philolaos.

He was elected seven times to command the army. Under his leadership,
Tarentum fought with unvarying success against the Messapii, Lucania, and
even Syracuse. After a life of high intellectual achievement and uninterrupted
public service, he drowned while on a voyage across the Adriatic.

In mathematics, he was the first to draw up a methodical treatment of
mechanics with the aid of geometry and for that reason he is sometimes
called the founder of mechanics. He first distinguished harmonic progression
from arithmetical and geometrical progressions. He contributed many original
theorems to geometry and new ideas to the study of music and acoustics. For,
besides computing the numerical ratios for the new musical scales by means
of systematic applications of the arithmetic and the harmonic means, he also
laid the number-theoretical foundations for the theory of music which is found
in Euclid’s “Sectio Canonics”.

Archytas is said to have been the inventor of a kind of flying machine,
a wooden pigeon, balanced by a weight suspended from a pulley, and set in
motion by compressed air escaping from a valve.

387-347 BCE Plato (427-347 BCE). One of the most influential thinkers
in Western culture. Regarded as a father of traditional Western philosophy,
who gave civilization a powerful thinking method. Philosopher and mathe-
matician. Rejected the experimental method with ardor and contempt. In
his view, no precise study of the ever changing phenomena in the natural uni-
verse was possible, and it was only in the philosophic theory of forms and in
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the science of pure mathematics that absolute knowledge could be attained.
These contemplative disciplines of the intellect dealt with objects timeless
and invariant, known independently of experience and existing logically prior
to the material world, which could at most be merely an approximation to
eternal forms or ideas.

Plato posed the three most basic questions of philosophy:

e How can man discover the truth?
e What is the origin of the Universe?

e What is the purpose of human life?

The answers Plato gave to these questions laid the foundation to a system
of philosophy called ‘Objective Idealism’, according to which all things are
the mere shadows of ideas'“’. Ideas are eternal, while things are transitory:
true knowledge comes neither through perception nor reason but only via
‘inspiration’ arriving from beyond. We must look on this world as only the
image, the shadow of an invisible system; the universe we see is based on ideal
forms, which are imperfectly embodied in various objects. Since these ideal
forms are ideas, they cannot be perceived by the senses, but only uncovered
by the use of reason, guided by critical use of logic.

In his dialogue Timaeus Plato gave an account of his ideas about the
creation of the universe; he maintained that every theory was of necessity
based on ideas originated by the scorching intellect, Science is never able to
reach any conclusion with absolute certainty. All the phenomena that we can
perceive with our senses, the objects of physical science, provide only a picture
of transcendental world of ideas , which represented for Plato the real world.
Whereas the physical world is subject to continuous changes and consists of
passing phenomena, the actual reality of the world of ideas is permanent.
Plato thus refused to accept the absolute character of science.

Plato admitted in Timaeus that science may have a certain amount of
precision. But in that case it must use mathematics, which was for him the
natural language of science. Deeply influenced by the Pythagorean school,
Plato realized the powerful creative force of mathematical formalism. Mathe-
matics is somehow in the middle between the world of ideas and the observable

140 Ope of Plato’s strong opponents was Antisthenes of Athens (c. 444-365
BCE), founder of the Cynic school of Greek philosophy. He was a faithful
student of Socrates and was present at the latter’s death. Ridiculing Plato’s
doctrine of Ideas he said: “I am able to see the horse, but I cannot see his
horse-ness”.
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world. His emphasis on the paramount importance of mathematics for science
is widely considered one of the most important and far-reaching contributions
to the development of human thought.!4!

In the Timaeus Plato formulates a cosmology and creation story consis-
tent with this concept of human knowledge. At the beginning of time, a
beneficent creator used the eternal ideas or forms to mold preexisting, chaotic
matter'*? (like Pythagoras, Plato believed that the ultimate basis of these
forms was mathematical'*® and geometrical). The creator molded matter into
approximations of these ideal shapes, creating a universe ruled by eternal
mathematical laws, laws which humans can deduce through reason. These
eternal mathematical laws are the true reality, while the changeable universe
we see is mere appearance — the observation of nature is thus unreliable. Ergo
men cannot know truth by means of science.

Plato emphasizes the ethical implication of this distinction: the ideal forms
are the source of all good, while base, earthy matter is the source of the
world’s evil. The mundane, changeable world of everyday life cannot be used
to understand the eternal, perfect, and unchangeable heavens. The most
perfect motion, circular motion, occurs only in heaven, not on earth. Plato
thus developed a new mode of thinking about the universe and creation.
Against the traditional appeal to authority, Plato counterposes the power
of human reason. But he attacks observation as a route to knowledge and
strictly separates the worlds of thinking and doing, the spirit and the flesh,
the heavens and earth. He thereby created a mathematical myth, a formidable
barrier to the development of science.

141 The views of Democritos on the atom were generally accepted as a dogma by
19" century scientists. But Planck’s observations on thermal radiation (1900
CE) where difficult to reconcile with the prevailing notion of the atomic struc-
ture of matter, thereby reviving Plato’s notion in science, with strong emphasis

on the belief that mathematical laws underline the structure of matter.

142 1 this sense, Plato’s creation story holds important similarities with the story

of Genesis 1.

143 Tn Book 5 of his Laws, Plato gives 7! = 5040 as the population of an ideal

city: it has 58 proper divisors (without 1 and 5040), which makes for efficient
division of the population for purposes of taxes, land distribution, war and so
on. (Plato was not aware that 7560 and 9240 have 62 proper divisors each —
the maximum possible number of 4 and fewer digits). In Book 12, Plato cites 3
and 18 as the most difficult sums to roll with three dice: they are the only sums
that can be made in only one way, 1-1-1 and 6-6-6. Since there are 6° = 216
equally probable ways of rolling three dice, the probability of making 3 or 18 is
1

16"
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Plato conceived his view of the universe as consistent with, and reinforce-
ment for, his concept of the ideal society. In that society, outlined in the
dialogue of The Republic'**, all thought is to be done by philosopher-kings,
aided by a small elite of guardians. No one else has political or social rights. As
ideas and matter, heaven and earth, are separated at creation, so guardians
and philosopher-kings must be separated from those who work: slaves are
to work without thinking, and philosopher-kings are to think without work-
ing. As the creator gave eternal mathematical laws to the universe, so the

philosopher-king give laws to society!4.

His real name was Aristocles and Plato was a nickname (broad-
shouldered). After the death of Socrates (399 BCE) he left Athens and

144 From the vantage-point of the turn of the 21" century Plato can be regarded
as centralist, totalitarian and authoritarian. His rigid rules, harsh judgments,
high degree of righteousness and category boxes remind us of the symptoms of
certain totalitarian regimes in our own times.

In his Republic, Plato suggested that society is to be ruled by a special class
called Guardians. These are originally to be soldiers who take over government.
They, in turn, are divided into Rulers, who make policy decisions and the Auz-
iliaries (police etc.) who carry out the policies. Ordinary people are to have
no say in government whatsoever. The Guardians are a sort of hereditary caste
who are to be bred on strictly scientific lines. Families and private wealth are
distractions and are to be abolished. The State is to come first. There is to be
censorship in the arts and in the materials allowed into education. Nothing that
might threaten the State is to be permitted. The whole purpose of education
is to produce a small ‘elite of Guardians’. Breeding is to be arranged through
special marriage festivals. It is thus not surprising that there are strong echoes
of Plato in the Marxists approach to state and government and that the Nazi
party in Germany had as one of its official aims the production of ‘Guardians of
the highest Platonic ideals’. But this is where the similarity ends. Plato was a
good philosopher who meant well and did not seek power for himself. Moreover,
he was not advocating bully-boy fascism and was against the rule of wealth.

What he wanted was competence.

145 Plato’s Republic, a rejection of Athenian democracy, was modeled on Sparta,

where a small body of landlords ruled over a mass of rightless serfs, or helots.
Sparta had defeated Athens in the 30-year long Peloponnesian War, begun in the
year of Plato’s birth, 428 BCE. Deprived of its colonies in the wake of defeat,
Athens erupted in social conflict as rich landholders battled freeholders and
artisans. To protect themselves from the growing demands for abolition of debts
and land distribution, the landholders sought to combat political democracy
and to erect a hierarchical society. Plato became the theoretician of this new
society, rationalized in The Republic and justified by the cosmology expounded
in Timaeus.
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traveled widely for several years through the ancient world. In 387 BCE he re-
turned to Athens and founded there a school of philosophy and science known
as the Academy (after the Greek hero Academus) which lasted under various
forms until 529 CE. It can be considered as the first university. Subjects such
as astronomy, biological sciences, mathematics and political science were in-
vestigated at the Academy. While the influence of Socrates!*® (ca 469-399)
in the development of mathematics was negligible (if not actually negative)
that of Plato was substantial, since the Academy became the mathematical
center of the world. His ‘Theory of Forms’ 7 is a remarkable precursor of
modern physical theories on two counts: (1) the notion that everything can
be reduced to geometry, a view held by Descartes and in a different way by
Einstein; (2) the notion that the elements (atoms of Democritos) are made
of still smaller basic entities (‘triangles’ in his language, which are evidently
what in modern physics are called nuclear or elementary particles or even
quarks). Plato believed that the planets move in circular orbits around a
stationary earth.

In addition, Plato accepted the Pythagorean doctrine that the world is
ultimately intelligible in terms of numbers. Altogether therefore, his method
is that of mathematical modeling of the physical world, which is the aim
of mathematical physics today. In mathematics proper, Plato introduced
rigorous definitions (straight line; plane surface) and began the study of the
golden section. He gave a new rule to find square numbers which are the sum
of two squares [(2n)? 4 (n? —1)? = (n” +1)?] and the five regular solids are
named after him.

It must be remembered, however, that the Pythagorean school and Plato
fostered the idea that rational order and harmony lie at the base of all things
— quite independently of the human mind. This and similar thoughts were
organized in a systematic philosophical edifice.

Plato’s concept of eternal mathematical laws is two-sided. The belief in
such laws and the search for them has been immensely important to science.

146 This great philosopher championed clear thinking with careful definitions, and
condemned the astronomers for their wild conjectures. Thus he probably helped
astronomy towards becoming an inductive science that extracts its data from
observations.

147 Before Plato, Philosophers like Parmenides and Heraclitos had been
wrestling with the problem of change. Heraclitos believed that all was change:
you can never stem into the same river twice. Parmenides believed that there
was an unchanging inner core. Plato put both of these views together with his
theory of ‘inner forms’ or ‘essence’. Those were absolute and fixed while the
surficial matter could change.
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But scientists have had two contrasting views about what these laws are: One
view follows Plato and believes that the laws truly rule the universe, that
the universe is the embodiment of abstract mathematics. The other, quite
different view, is that mathematical laws are descriptions of physical processes
and patterns of nature — the reality is a process described by mathematics,
the language of exact science.

It took mankind another 1600 years to liberate itself from Plato’s total
reliance on the regularity and perfection of the material universe and advocate
systematic observations, experimentation and the reliance on mathematical
rigor.

Plato Versus Democritos

The concept of the atom was first proposed by Democritos and Leucippos
(ca 460-420) BCE. They considered their hypothetical atom the smallest in-
divisible unit of matter, eternal and indestructible. The atoms of Democritos
were all of the same substance, but had different sizes and different shapes.

Plato finally rejected the idea of the atom proposed by Democritos and
Leucippos. For him the smallest parts were geometrical forms: Those of the
earth he compared with cubes, of fire with tetrahedra, of air with octahedra,
and of water with icosahedra. Moreover, he did not consider these smallest
part indivisible. The elements can be transformed'*® into each other, they

148 Anaximander (ca 560 BCE) was the first to envisage the possibility of the trans-
formation of one primary substance into another. Heraclitos (ca 500 BCE)
assumed that fire is the basic element, which is both matter and moving force.
Werner Heisenberg (1954) pointed out that if the word fire is replaced by
energy, modern atomic physics is in some way extremely close to the doctrine of
Heraclitos: Energy — or more precisely, quantum fields — is in fact the substance
from which all things, and even the vacuum itself, are considered to be made in
modern physics; energy is what moves (the famous 7’avTa  xwper), and even
in classical (pre-quantum) physics energy is transmutable into motion, heat,
light and tension. Einstein’s Special Relativity, of course, taught us that energy
and mass (the latter quantifying inertia — the tendency opposing motion) are,
in a deep sense, inter-convertible.
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can be taken apart and new regular solids can be formed by them; for Plato,
the form was more fundamental than the substance of which it was the form.

The ideas of Democritos prevailed in physics and chemistry until the turn
of the 20" century, soon to be modified through the advent of quantum
physics: Planck, Heisenberg, Pauli and other leading atomic physicists
were greatly influenced and inspired in their philosophy of science by Plato
and Neoplatonism. They considered themselves to be much nearer to Plato
and the Pythagoreans then to the materialistic view of Democritos. The
elementary particles (such as protons, neutrons, electrons, mesons, quarks and
the like) are not eternal and indestructible units of matter, but rather, inter-
convertible (in certain allowed combinations) via absorption and release of
motion-energy. Furthermore, one of these particles is the photon — a particle
of light (“pure energy”).

As modern physics has indeed shown, these particles can be transformed
into each other (in the laboratory or in natural radioactive processes) through
collisions or instability. Such events support the idea that all particles are
made from the same substance, namely dynamical quantum fields, of which a
particle is but one manifestation. These modern views resemble in a remark-
able way those of Plato as expressed in Timaeus. In the last analysis, the
basic building blocks of matter a-la-Plato are not substance but mathematical
forms.

In modern atomic physics elementary particles are also considered as
forms, albeit of a much more complicated nature. In Greek philosophy these
forms were considered as static; modern physics stresses their dynamic nature.
There are in few fields so many strikingly similar ideas, despite basic differ-
ences, as are encountered when comparing Greek philosophy with modern
theories of the atom.

384-100 BCE The concept of ‘parallelogram of velocities’ was known
to Aristotle (384-322 BCE), Archimedes (287-212 BCE) and Hero of
Alexandria (ca 100 CE, author of ‘Automata’, first book on robots).

373 BCE A major earthquake followed by a devastating sea wave emanated
from the Corinthian Gulf (38.3°N, 22.1°E).

ca 370-355 BCE Eudoxos of Cnidos (ca 408-355 BCE, Asia Minor).
A distinguished Greek mathematician, astronomer, orator, legislator, philo-
sopher, geographer, and medical man. The method of Exhaustion, credited
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to him, is a mathematical scheme similar to the integral calculus, although
formally quite different. It is the Platonic school’s answer to the paradoxes of
Zeno. The method assumes the infinite divisibility of magnitudes and has, as
a basis, the proposition: “If from any magnitude there be subtracted a part
not less than its half, from the remainder another part not less than its half,
and so on, there will at length remain a magnitude less than any preassigned
magnitude of the same kind”.

The method is rigorous but sterile, because it does not enable one to
calculate the result. Archimedes however, discovered a procedure which he
established by the method of exhaustion. His idea was to cut up his area,
or volume, into a very large number of parallel plane strips, or thin parallel
layers and (mentally) hang these pieces at one end of a given lever in such
a way as to be in equilibrium with a figure whose content and centroid are
known. With our modern method of limits this method can be made perfectly
rigorous, and is identical with present day integration.

Eudoxos was the founder of scientific astronomy. He constructed a math-
ematical model of motions of heavenly bodies, with 33 concentric spheres
rotating around a stationary earth. The combination of these motions suc-
ceeded in imitating the actual motions of the sun, moon and even planets
across the fixed stars. His work was the first astronomy which broke away
from philosophical speculations and sought to build a mathematical model to
fit observations.

Fudoxos studied mathematics with Archytas in Tarentum, and medicine
with Philistrium on the island of Sicily. When he was 23 years old, he went to
Athens to learn philosophy and rhetoric. He was so poor that he had to live in
the harbor-town Piraeus, a walk of two hours each way from Plato’s Academy.
Some years later his friends enabled him to undertake a journey to Egypt.
From Agesilaos, King of Sparta, he received a letter of recommendation to
the Pharaoh Nectanebus. In Egypt he learned astronomy from the priests
of Heliopolis and he made observations himself in an observatory, situated
between Heliopolis and Cyzicus on the sea of Marmara, which attracted a
large number of pupils.

Around 365 BCE Eudoxos came once more to Athens with his pupils. He
held discussions on philosophical questions with Plato who did not agree with
some of his views and ideas. He died in his native town of Cnidos on the
Black Sea, highly renowned and honored.
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The story of Greek Infinitasphobia

The Pythagoreans could not accept \/2 as a number, but no one could deny
that it was the diagonal of the unit square. Consequently, they believed that
geometrical quantities must be treated separately from numbers or, rather,
without mentioning any numbers except rationals.  Greek geometers thus
developed ingenious techniques for precise handling of arbitrary lengths in
terms of rationals, known as the theory of proportions and the method of
ezhaustion.**® The rejection of irrational number by the Greeks was just part
of a general rejection of infinite processes.

Aristotle said that infinity exists only potentially, not in actuality. In fact,
until the late 19" century'®® most mathematicians were reluctant to accept
infinity as more than ‘potential’. The infinitude of a process was understood
as the possibility of its indefinite continuation without its eventual completion.
(e.g. the paradoxes of Zeno; ca 450 BCE)

Thus, the Greek accepted that the sequence of natural numbers 1,2,3,... is
a potential infinity. They also understood, that one can generate a sequence
of rational numbers according to a definite rule that approaches v/2 in the
limit'®, yet they were afraid to draw the final logical conclusion even in the
face of the geometrical evidence that such limits do indeed exist.

Nevertheless, the fear of infinity forced the Greek mathematicians to seek
the infinite in the finite, that is, devise a calculus devoid of infinitesimals,
through which they could successfully compute areas, volumes and lengths of
arcs. This was perhaps the Platonic school’s answer to the paradoxes of Zeno.
The names of the persons who achieved this feat were Antiphon (480411

149 When theses techniques where reconsidered in the 19*" century by Dedekind,
he realized that they provided an arithmetical interpretation of irrational quan-
tities after all. It was then possible to reconcile the apparent conflict between

arithmetic and geometry.

150 With the exception of the 18" century, the great age of the infinitesimals; then,

no barrier between mathematics and physics was recognized, since the leading

physicists and the leading mathematicians were the same people.

151 The first mathematical process we would recognize as infinite was devised by

the Pythagoreans via the recurrence relations £n4+1 = Tn +2yn; Ynt1 = Tn + Yn,
for generating integer solutions of the equations 2% — 2y* = 41. Tt is likely that
those relations arose from an attempt to understand v/2 and it is easy to see
that nlLH;o(%) — 2.



216 1. Origins — Splendor of the Simple

BCE), Eudoxos (ca 408-355 BCE) and Archimedes (287-212 BCE) The
method was advanced in two stages:

e Theory of proportions: enables length to be treated as precisely as num-
bers while only admitting rational numbers. The objectives of Eudoxos
was to be able to compare two ratios to determine whether they are
equal, and if they are not, which is larger in a way that is equally valid
for ratios of commensurable and incommensurable magnitudes. This re-
sulted in the statement: “The ratio § exists when whole numbers m and
n can be found such that ma > bandnb > a”. [i.e. = < % < nJ. Euclid
included this statement among his ‘definitions’ in book V. Archimedes,
who used it extensively, regarded it as an axiom. He attributed it to
Eudoxos, and it is now known as the Eudoxos-Archimedes axiom. Its
virtue is that it excludes not only zero but any idea of infinity — either
the infinitely large or the infinitely small.

Eudoxos went on to state a criterion for two ratios to be equal (in modern
terminology): “If a, b, ¢, d” are four given magnitudes, then § = § iff,
given any two positive integer, then:

(1) ma > nb implies mc > nd
(2) ma = nb implies mc = nd
(3) ma < nb implies me < nd

If the magnitudes are commensurate, (2) is sufficient, both ratios being
equal to the rational number -. The subtlety of the theory lies in (1)
and (3), because (2) never holds for incommensurable magnitudes. Out
of two inequalities the condition for equality somehow emerges. Eudoxos
goes on to deal with unequal ratios by asserting that if two numbers m

and n exist such that ma > nb and mc < nd then % > g.

The above three Eudoxian assertions (or axioms) provided a firm foun-
dation from which to extend the Pythagorean treatment of the ratios of
whole numbers to deal with incommensurable magnitudes, while avoid-
ing the notion of irrational numbers on the one hand and providing the
basis for a generalization into the method of exhaustion, on the other.

The theory of proportions was so successful that it delayed the devel-
opment of the theory of real numbers for 2000 years! This was ironic,
because the theory of proportions can be used to define irrational num-
bers just as well as can lengths'?

152 Any arithmetic approach to v/2, whether by sequences, decimals, or contin-
ued fractions, is infinite and therefore less intuitive. Until the 19" century
this seemed a good reason for considering geometry to be a better foundation
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For the measurement of the circle, Archimedes needed to calculate the
value of \/3. He did it by a clever uses of the method of proportions in
the following way (modern notation):

22 =3x12+1 . <
72 =3x%x42+1

262 =3 x 152+ 1

3622 = 3 x 209% + 1

97\ ?
972 =3 x 562+ 1 <—> =3+
13512 = 3 x 780% + 1 <
Therefore

2 7 2 97 362 1351
s LS 20 S 90 1 .7320510...
1”175 7 5% 200 > 80 7320510... > /3

Likewise, the numerical identities

2
52=3x32-2 <§> :3—3

for mathematics than arithmetic. Then the problems of geometry came to a
head, and mathematicians began to fear geometric intuition as much as they
previously feared infinity. There was a purge of geometric reasoning from the
textbooks and an industrious reconstruction of mathematics on the basis of
numbers and sets of numbers.

Indeed, Dedekind(1872) introduced a partition of the positive ratios into sets
L, U such that a member of L is less than any member of U. This definition of
a positive real number, now known as Dedekind cut [e.g. L(v/2) = {r|r? < 2};
U(v?2) = {r|r? > 2} with r rational], gives a complete and uniform construc-
tion of all real numbers as points on a line, using just the rationals. This is
an explanation of the continuous in terms of the discrete, finally resolving the
fundamental conflict in Greek mathematics.
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19 2
19?2 = 112 -2 . ) —3_ 2
9 3 X CL (11> 112
71\ 2 2
1?=3x41>-2 - (=) =3--"5
7 3 x . <41> 112
265\ 2 2
2652 =3 x 1532 — 2 ol =) =3-—
% <153> 1532
989 2 2
9892 =3 x 5712 — 2 ) = =
x <571> BT12
3691 2 2
1?=3x2131> -2 - () =3--—=
369 3 x 213 - <2131> 3 TSP

lead to the inequalities

5 19 71 265 989 3691
3<ﬁ<H<ﬁ<ﬁ<ﬂ—l.7320506...<\/§

To 6 significant figures, we therefore find by Archimedes’ method
V3 = 1.732050...

To calculate the ratio of the circumference of a circle to its diameter,
Archimedes began by trapping the circle between an exterior hexagon
and an interior hexagon. His result, in terms of \/3, is

i f
ST < 2v/3 = 3.461...
diameter
Successively halving the angle subtended by the polygon side at its cen-
ter, there appear regular figures having 12, 24, 48, 96 ... sides'®®. Using
no more than proportions and the Pythagorean theorem, Archimedes
obtained with a 96-gon his best value'®* for
10 circumference

1
3.1408=3— < ————— < 3= = 3.1428.
71 < diameter < 7

153 Today we would have written:

0 0 s
k : k
2"nsin <2_k:) <mT <2 ntan(z—k>, 625

when n is the original number of sides, doubled k times. (Archimedes took
n==6,k=4).

154 This may have been known to the ancient Egyptians who built the Great Pyra-
mid of Gizah: the ratio of the perimeter of this pyramid to its height was
2 x 3.142 which falls right in between Archimedes’ two limits.
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It correctly compares to w &~ 3.14159 to 5 figures. The value of 3%
was used by most European mathematicians until 1573, when Valenti-
nus Otho used m = i’—‘rl’g = 3.141592... That Archimedes arrived at his
result without trigonometry, and without decimal (or other positional)

notation is an illustration of his tenacity.

e The method of erhaustion is a generalization of the theory of propor-
tions. Just as an irrational length is determined by the rational lengths
on either side of it, more general unknown quantities (such as arcs, for
example) become determined by arbitrary close approximation using
known elements. Examples (as expounded in book XII of Euclid’s ele-
ments) are an approximation of the circle by inner and outer polygons
and an approximation of the pyramid by stacks of prisms.

In both cases the approximating figures are known quantities, on the
basis of the theory of proportions and the theorem that the area of a
triangle = % base x height.

“Exhaustion” does not mean using an infinite sequence of steps to show
(in the case of the circle) that area is proportional to the square of the
radius. Rather, one shows that any disproportionality can be refuted
in a finite number of steps. This is typical of the way in which exhaus-
tion arguments avoid mention of limits and infinity.'5° In the case of the
pyramid, one uses elementary geometry to show that stacks of prisms
approximate the pyramid arbitrarily closely. Then exhaustion shows
that the volume of a pyramid, like that of a prism, is proportional to
base x height. Finally there is an argument to show that the constant
of proportionality is %

Archimedes used the method of exhaustion to calculate the area of a
circle. He was able to show that S = \r? (S = area; r = radius), with

A =32 2—\/2+\/2+\/2+\/§:3.140...

In Euclid, both the infinite and the infinitesimal are deliberately excluded*®®.

155 Euclid (330-260 BCE) avoided even the method of exhaustion itself in his
derivation of the area of a polygon, using clever dissection arguments.

156 Had the Greeks accepted the concept of infinity, they would have had to accept
the notion that the whole is no greater than some of it’s parts, since infinity,
plus whatever number you please, or plus or times or minus infinity, can still
be infinity. This Aristotle was not ready to accept.
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Archimedes, working in the tradition of Aristotle and Euclid , asserted
that an infinitesimal, if it existed, would be a number greater than zero, which
nevertheless remained less then 1, say, no matter how (finitely) many times it
was added to itself. But such a number could not exist since even a very small
non-zero number becomes arbitrary large if it is added to itself enough times.
So, on the one hand Archimedes rejected infinitesimals, but on the other hand,
being also an engineer and physicist, he used infinitesimals to solve problems
in the geometry of parabolas. Then, since infinitesimals “do not exist”, he
gave “rigorous” proofs of his results using the method of exhaustion, relying
on indirect arguments and purely finite constructions.

The method of exhaustion, is a rigorous but sterile method: once a formula
is known, the method may furnish an elegant tool for establishing it. How
then, did Archimedes discoverer the formulas which he so neatly established
by the method of exhaustion?

The above question was finally answered in 1906, with the discovery
by Heiberg, in Constantinople, of a copy of Archimedes’ long lost treatise
‘Method, addressed to Eratosthenes’. In it, Archimedes reveals that his deepest
results were found using dubious infinitary arguments, and only later proved
rigorously. Because, as he says, “It is of course easier to supply the proof
when we have previously acquired some knowledge of the questions by the
method, than it is to find it without any previous knowledge”.

Archimedes, nevertheless, made the most elegant application of the
method of exhaustion, coming nearest to actual integration, in his quadra-
ture of a parabola. In a letter to his fried Dositheos, he mentioned that he
had shown that ‘any segment bounded by a straight line and a section of a
right-handed cone is % of a triangle, which has the same base with the section

and equal height.” We now call the section of right-angled cone a parabola®”.

The concepts that Archimedes needed for proofs in geometry — the theory
of proportions and the method of exhaustion — had already been supplied by
Eudoxos. It was, however, Archimedes’ phenomenal insight and technique
that lifted him head and shoulders above his contemporaries. Indeed, even

157 A canonical parabola y = Az? is cut by the line y = b; the area of the triangle

isb ;; the area of the parabolic sector is

v 4 b 4
2 = — _ = — i
2 / (b—Xz%)dzx = 3b 3= 3 % (area of triangle),
0

as calculated by Archimedes.
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with the limitations imposed on him through Aristotle’s fear of the infinites-
imals, he was not to be surpassed for the next 1900 years.

370-350 BCE Thymaridas (ca 400-350 BCE). Phytagorean mathemati-
cian known for his solution of the special system of linear equations

T+ T+ Tot ...+ Tpo1 =85

T+ =a;
T+ To = as
x+ T3 = as
T+ Tp—1 = Gp-1
The solution z = (a1+a2+;'j2a"*1)_s, is known by the name “flower of

Thymaridas”. In this line of development, the Phytagoreans carried forward
the development of Babylonian algebra and transformed it into geometrical
algebra. Thymaridas also wrote on prime numbers. Little is known about
his life except for the fact that he was apparently a rich man, who for some
unknown reason, fell into poverty.

367 BCE Kiddinu (Cidenas). A Babylonian astronomer from the city of
Sippar, known for its school of astronomy. His name is mentioned by Greek
and Roman historians and appeared also on clay tablets. He may have been
the originator of lunar theory, some 200 years before Hipparchos!'%®.

158 (Cidenas is mentioned by Strabo and Pliny. He was rescued from a long
obscurity, to take his place as one of the greatest ancient astronomers: The
Jesuits Epping and Kugler deciphered in 1881 a Babylonian tablet of about
100 BCE, entitled ‘The Lunar Computation-Table of Kiddinu’. They found in
it just the same length of the lunar (synodic) month from New Moon to New
Moon, that Ptolemy afterwards attributed to Hipparchos.

In 1920 it was discovered that Kiddinu had recognized the tropical and the
stdereal years. Thus he was acquainted with, and was probably the discoverer
of, the precession of the equinoxes, on which Hipparchos’ fame had mainly
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357-336 BCE Astronomical evidence for the date of the prophecy of Joel.

Joel is one of the few biblical writers who clearly alludes to total lunar and
solar eclipses. His statement in 2, 31, “The sun shall be turned into darkness
and the moon into blood” — is unique in the Old Testament.

Total eclipses of the sun, because of their extreme rarity in any one region,
are very useful for chronological dating. The sudden and intense darkness
which occurs when the whole sun is obscured by the moon is an awe-inspiring
sight, not easily forgotten. Joel’s reference to the moon is more direct; the
association of a total eclipse of the moon with blood is often mentioned in
early literature; the moon often glows a deep red color during totality of a
lunar eclipse on account of sunlight scattered in the earth’s atmosphere.

The originality of Joel’s prophecy suggests that Joel himself witnessed
total eclipses of moon and sun.

As lunar obscurations of this type are frequent (on the average about
one every three years at any given place), it is not improbable that Joel saw
several of these in his lifetime. Consequently, he would not need to draw on
the experience of others.

Astronomical calculations show that from 1130 BCE until almost 310 BCE
only two obscurations of the sun could have been complete anywhere in Israel.

The dates of these events in terms of the Julian Calendar are 357 BCE,
March 01 and 336 BCE, July 04. Both eclipses would be very striking in
Judah; the 357 eclipse would be total at about 1:15 p.m. with the sun at
altitude of about 45 degrees. The later eclipse (336) would be even more
impressive: it would reach totality within a few minutes of noon and the sun
would be at an altitude of 80 degrees (almost at zenith), duration of totality
of each event being about three minutes. Total lunar eclipses visible through
Israel occurred within two years of each event. It would therefore appear
that the astronomical evidence favors a time window 357-356 BCE for the
prophecy of Joel.

354-322 BCE Aristotle (384-322 BCE). A Greek philosopher, educa-
tor, encyclopedic scientist and a mastermind in all fields of human inquiry:
he wrote on physics, metaphysics, ethics, logic, politics, art, biology, zoology

rested!

The astronomical data which Kiddinu determined (or at least employed) are
incredibly accurate: for the sun’s motion relative to the moon he erred by a
single second; for a certain other motion of the sun from the node, his value is
0.5 second too great, and is actually better than that on which our principal
modern tables of eclipses are based. Kiddinu had at his disposal the records of
every eclipse of the moon visible in Babylon for at least 300 years.
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and astronomy. He formalized the gathering of scientific knowledge. While it
is difficult to point to one particular theory, the total result of his compilation
of knowledge was to provide the fundamental basis of science for a thousand
years. Tightened up the Socratic method and showed its application to sci-
ence. Made important contributions by systematizing deductive logic.

His conception of nature stood in marked contrast to those of Pythagoras
and Plato in that it grossly underestimated the importance of mathematics.
Logic, on the other hand, was overrated.

Aristotle found Plato ‘ideas’ ridiculous and considered the senses as the
only sources of truth. His teachings about ethics was that the goal of life was
happiness. He was a student and disciple of Plato in the Academy (and later
an educator and protege of Alexander the Great).

Established in 334 BCE the Lyceum of Athens!'®®. He was perhaps the
world’s first great biologist, but his views on physics and astronomy were
rather confused'®®. In his book Physics (stemming from the Greek word
‘nature’) he defined philosophy of nature as a study of things that change.
But although Aristotelian physics was wrong, it was an essential precursor of
modern physics.

Aristotle was primarily a philosopher and biologist, but he was thoroughly
au courant with activities of the mathematicians. He made no lasting impact
on the field, although like his teacher, he contributed indirectly to the devel-
opment of mathematics.

Aristotle was among the first to rightly describe the heart as the center
of a system of blood vessels. However, he thought that the heart was both
the seat of intellect (the brain was not identified as a seat of intellect until
over a century later) and a furnace that heated the blood. He considered
this warmth to be the vital force of life because the body cools quickly at
death. Aristotle also erroneously theorized that the “furnace” was ventilated

159 A member of Aristotle’s school or a follower of Aristotle (Aristotelian) is known
as peripatetic; it is an adjective pertaining to the philosophy or method of
teaching of Aristotle, who conducted discussions while walking about in the
Lyceum (from the Greek peri = around and patein = walk). The Lyceum was
a school of philosophy and rhetoric near the temple dedicated to the god of
shepherds, Apollo Lyceus.

In a letter to his friend Solovine, Albert Einstein said (1948): “Certain things
from the philosophical writings of Aristotle were actually deceptive. If they

160

had not been so obscure and so confusing, this kind of philosophy would not
have held its own very long. But most men revere words that they cannot
understand and consider a writer whom they can understand to be superficial”.



224 1. Origins — Splendor of the Simple

by breathing. Moreover, he did not think that there was a direct connections
between arteries and veins.

Aristotle supported the view that vacuum could not exist (“horror Vacui”
— nature abhors vacuum). He believed that object would travel with infinite
speed in vacuum, but did not believe that actual infinity could exist. He did
believe, however, that all of space is filled with the four elements (fire, earth,
water, air) and with “ether”. The terms ‘ether’ and ‘vacuum’ would be largely
viewed as synonymous for the next 2200 years.

Aristotle set out to construct an actual physical model of the universe. All
motion, according to Aristotle, is either rectilinear, circular, or a combination
of the two, because these are the only “simple movements”. Upward motion is
motion toward the center, downward motion leads away from it, while circular
motion is movement around the center. Celestial bodies revolve in circles. He
devised a scheme that allowed the concentric spheres of Eudoxos to rotate
in practice as well as in theory. His cosmology required a large number of
spheres for its elaborate machinery to operate.

Aristotle had a strong sense of religion and placed much of his belief in
the existence of God on the glorious sight of the starry heavens. He delighted
in astronomy and gave much thought to it. In supporting the scheme of
concentric spinning spheres, he gave a dogmatic reason: the sphere is the
perfect solid shape; and this prejudiced astronomical thinking about orbits
for centuries. The heavens then, are the region of perfection, of unchangeable
order and circular motions.

For ages Aristotle’s writings were the only attempt to systematize the
whole of nature'®!. They were translated from language to language, carried
from Greece to Rome to Arabia, and back to Europe centuries later, to be
copied and printed and studied and quoted as the authority. Long after the
crystal spheres were discredited and replaced by eccentrics, those circles were
spoken of as spheres; and the medieval schoolmen returned to crystal spheres
in their short-sighted arguments, and believed them real.

The distinction between the perfect heavens and the corruptible earth
remained so strong that Galileo, 2000 years later, caused great annoyance by
showing mountains on the moon and claiming the moon was earthly; and even
he, with his understanding of motion, found it hard to extend the mechanics
of downward fall to the circular motion of the heavenly bodies.

Aristotle did much to set science on its feet. His whole teaching was a
remarkable life’s work of vast scope and enormous influence. At one extreme

161 Ag Renan observed, “It is largely by the titles of his books that Aristotle has
dominated the human mind; the labels of his books remained for two thousand
years the divisions of knowledge itself”.
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he catalogued scientific information and listed stimulating questions; at the
other extreme he emphasized the basic problems of scientific philosophy, dis-
tinguishing between the true physical causes and imaginary schemes to save
the phenomena.

He was first to realize that the economic set-up gives rise to social inequal-
ities and hence to social conflicts. Slavery, however, seemed justified to him
because it was ‘necessary’ to society.

Aristotle was born at Stagira in Chalcidice and grew up at the Macedonian
court, where his father was the king’s physician. In 367 BCE, at the age of
18, he went to the academy at Athens to study with Plato and remained
there until the latter’s death 20 years later. In 343 BCE Aristotle returned
to Macedonia as tutor of Alexander the Great, then a lad of 13. When
Alexander died at the age of 33, his conquests had spread Greek culture and
learning throughout most of the known world. Thus Aristotle’s association
with the young prince, which lasted four years, was to have far-reaching effects
on history in general and his own life in particular.

Aristotle was identified with the Macedonian rulers of Athens and their
supporters, and upon Alexander’s death in 323 BCE, he fled the city to
Chalcis, on the Aegean Island of Euboea, to escape the outbreak of anti-
Macedonian sentiment. He died a few months later, leaving a body of writ-
ings whose importance in the history of Western thought cannot be overesti-
mated 62

The works of Aristotle fall under three headings:

(1) dialogues and other works of popular character;

(2) Collection of facts and material from scientific research;
(3) systematic works.

The works on the second group include 200 titles, most in fragments col-
lected by Aristotle’s school and used as research. Some may have been done
at the time of Aristotle’s successor Theophrastos. The systematic treatises

162 1t is reported that Aristotle writings were held by his student Theophrastos,
who succeeded Aristotle in leadership of the Peripatetic School. Theophrastos’
library passed to his pupil Neleos. To protect the books from theft, Neleos’
heirs concealed them in a vault, where they were damaged somewhat by damp-
ness, moths and worms. In this hiding place they were discovered about 100
BCE by Apellicon, a rich book lover, and brought to Athens. They were later
taken to Rome after the capture of Athens by Sulla in 86 BCE. In Rome they
soon attracted the attention of scholars, and the new edition of them gave fresh
impetus to the study of Aristotle and of philosophy in general. This collection
is the basis of the works of Aristotle that we have today.
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of the third part were not, in most cases, edited and published after his death
from unfinished manuscript. Aristotle’s systematic treatises may be grouped
as follows:

e Logic

The heart of his logic is the syllogism (e.g.: All men are mortal; Socrates
is a man; therefore Socrates is mortal). The syllogistic form of logical
argumentation dominated logic for 2000 years.

o Physical works

1. Physics (explains change, motion, void, time)

2. On the Heavens (structure of heaven, earth, elements)

3. On Generation (through combining material constituents)

4. Meteorology (origin of comets, weather, disasters)
Empty space is an impossibility. Elements are not composed of geomet-
rical figures (as taught by Plato and Pythagoras). Time depends for

its existence upon motion and on man’s counting mind if there were no
mind to count, there could be no time.

e Psychological works

1. On the Soul (explains faculties, sciences, mind, imagination)

2. On Memory, Reminiscence, Dreams, and Prophesying.
e Works on natural history (mostly on animals)
e Philosophical works

Metaphysics (substance, cause, form, potentiality)
Nicomachean Ethics (soul, happiness, virtue, friendship)
Eudemain Ethics

Magna Moralia

Politics (best states, utopias, constitutions, revolutions)

Rhetoric (elements of forensic and political debate)

NS g N e

Poetics (tragedy, epic poetry)
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The prodigious activity of Aristotle marks the climax of the golden age
of Greece. The very existence of his works not only reflects his encyclope-
dic genius, but is also testimony that a large amount of scientific research
had already been accomplished by his time. He had a deep mathematical
knowledge, but that knowledge was happily balanced by a very extensive ac-
quaintance with every branch of natural history. Thus, his philosophy was
naturally more experimental, more inductive, than that of Plato'®?

Aristotle is one of the founders of the inductive method. He was first to
conceive the idea of organized research, and himself contributed considerably
to the organization of science by his systematic survey and classification of
knowledge of his time'%% He classified the sciences into two broad categories:
theoretical (knowledge and speculation) and practical (action) sciences. The
first group was in turn divided into three subgroups: philosophy, physics and
mathematics. He took pains to elucidate the fundamental principles of each
science in particular and of science in general.

Aristotle’s theories were physical, not metaphysical, in nature. Supersti-
tion and astrological predictions were noticeably absent. Although his cos-
mology of concentric spheres and circular, geocentric, heavenly motions was
quickly superseded by Ptolemy’s epicyclic motions, Aristotle’s views on nat-
ural phenomena were mostly unchallenged for the next 2000 years and his
influence lasted until the beginning of the 18" century.

163 11 a detail of Raphael’s fresco The School of Athens, Plato and Aristotle are
depicted in a way which symbolizes their approach to knowledge. Aristotle
gestures toward the earth; Plato points his finger to the heavens. Aristotle

looked to nature for answers; Plato searched for the ideal.

164 The Aristotelian method of problem-solving hinges on the Socrates doctrine of

‘endless search for the truth’. The notion that there is an ultimate truth and
that we can seek to get nearer and nearer to that truth, is what has driven
science along. We look at a complex phenomenon in the belief that at the end
there will be the simplest of ‘ultimate truths’. In practice, the problem is first
subjected to analysis; the cause is identified. When the cause is removed, the
problem is solved. The method presupposes that the cause (or causes) can be
identified, and then, when eventually found — can be removed.
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Worldview II: Aristotle

“To live alone one must be either a beast or a god”.

“Wisdom is not a wisdom at all, if it comes too late.”

“Plato and truth are both clear to us; but it is a sacred duty to prefer truth.”

“The mathematical sciences particularly exhibit order, symmetry, and limi-
tation; and these are the greatest forms of the beautiful.”

“Inferiors revolt in order that they may be equal, and equals that they may
be superior.”

“Injustice arises when equals are treated unequally and when unequals are
treated equally.”

“Wicked men obey from fear; good men from love.”
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“Philosophy is the science which considers truth.”

“The whole is more than the sum of its parts.”

“It was through the feeling of wonder that men now and at first began to
philosophize.”

“Art not only imitates nature, but also completes its deficiencies.”

“Dignity does not consists in possessing honors, but in deserving them.”
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353 BCE The Mausoleum at Halicarnassos: A great marble tomb erected
by Queen Artemisia in memory of her husband King Mausolos. The Greek ar-
chitects Satyros and Pythios designed the tomb and the sculptors Bryaxis,
Leochares, Scopas, and Timotheos carved the decorated band on the
building. The tomb was about 41 meters high. It has a rectangular basement
beneath a colonnade formed by 36 columns. A stepped pyramid rested on the
colonnade, and a statue of Mausolos in a chariot stood on top of the pyramid.
Only pieces of the building and its decorations remain.

350 BCE Menaichmos (ca 380-320 BCE). Mathematician. Pupil of Eu-
doxos. Geometry teacher of Alexander the Great. Is reputed to have dis-
covered the conic sections, later to be known as the ellipse, parabola and
hyperbola. He derived some of their properties. The names were supplied by
Apollonios of Perga (262-200 BCE). Menaichmos lived mostly in Alexan-
dria, and made a fundamental study of the conic sections.

Menaichmos was especially interested in the old problem of the duplication
of the cube!%®. He found two ways of solving the reduced quadratic equations

165 Three classic problems emerged in the 5" century BCE:
e the squaring of the circle;
e the trisection of an angle;
e the duplication of a cube (the Delian problem).
Hippocrates of Chios and Menaichmos were especially interested in the third
of these problems; Hippias of Elis found an ingenious solution of the second by
means of the curve invented by him, the quadratriz. Deinostratos applied it to
the solution of the first problem.

The origin of the third problem is associated with a story: In 430 BCE a great
plague struck Athens, killing Pericles (429 BCE). The Athenians appealed to
the oracle at Delos to provide a remedy. The oracle said that Apollo was angry
because his cubical altar was too small. If it were doubled, the plague would
end. The Athenians had a new altar built that was twice the original in length,
breadth, and height. The plague became worse because the god wanted the
volume of the cube doubled, and the Athenians has octupled it. The plague
went on until 423 BCE. The Delian problem went on until the 19'" century.
Around 320 CE, Pappos declared that it was impossible to solve any of the clas-
sic problems under the Platonic restrictions (straightedge and compass only),
although he did not offer a proof of this assertion. In the 19" century, each
problem was shown incapable of any solution that met the Platonic require-
ment:

e Pierre Wentzel (1837) supplied a rigorous proof that an angle cannot be
trisected with an unmarked straightedge and collapsing compass.

e Ferdinand Lindemann (1882) showed that 7 is a transcendental number,
implying that the circle cannot be squared.



ca 350 BCE 231

of Hippocrates of Chios by determining the intersection of two conics — two
parabolas in the first case, a parabola and a rectangular hyperbola in the
second.

ca 350 BCE Mayan arithmetic and numerical notation. In order to es-
cape rapidly mounting calendric chaos, the Mayan priests devised a simple
numerical system, including the concept of zero, which even today stands as
one of the brilliant achievements of the human mind. Numbers were denoted
by bar-and-dot glyphs; the dot - has a numerical value of 1 and the bar — a
numerical value of 5, and by varying combinations of these two symbols, the
numbers from 1 to 19 were written. The glyph for zero was a symbol that
looks roughly like a half-closed eye,
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Mayan bar-and-dot notation was simpler than Roman notation: to write the
numbers from 1 to 19 in Roman notation, it is necessary to employ the symbols
I,V and X, and the processes of addition and subtraction (VI is V plus I,
but IV is V minus I). In the Mayan system there is only one arithmetic
process, that of addition.

The Maya employed a second notation comparable to our Arabic notation
in which different types of human heads represented the numbers from 1 to
13, and zero.

In writing bar-and-dot numbers above 19 the Maya used a positional sys-
tem of numeration. In our decimal system, the positions to the left of the
decimal point increase by tens. In the Mayan vigesimal system the values of
the positions increase by twenties from bottom up. (An exception is made in
counting time, when, the third position is 18 instead of 20 times the second.)

e It was shown that the Delian problem required the construction of a line
whose length is the cube root of 2. (With a straightedge and a compass, it is
only possible to construct square roots.).
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Thus, for example, the numbers 10,951 = 11-20°4+7-20' +7-20%2+1-203
(right) and 806 = 6 - 20° + 0 - 20! + 2 - 202 (left), where written as:

1 x 203

2 x 202 = 7 x 202

(figure of an ‘eye’) 0 x 20! = 7 x 201
- 6 x 20° = 11x20°

The largest number found in the codices is 12,489,781.

ca 350 BCE Heracleides of Pontos (ca 388-315 BCE). Greek philo-
sopher and versatile and prolific writer on mathematics, music and physics.
Made a step toward the heliocentric idea: “The stars of Mercury and Venus,
make their retrograde motions and retardations about the rays of the sun,
forming by their courses a wreath or crown about the sun itself as center”.
He clearly recognized that the earth rotates on its axis.

Heracleides was born at Heraclea in Pontos. Studied philosophy at Athens
under Speusippos, Plato and Aristotle (Plato, on his departure for Sicily, left
his pupils in charge of Heracleides). The latter part of his life was spent at
Heraclea.

339-314 BCE Xenocrates of Chalcedon (ca 385-314 BCE). Mathe-
matician and philosopher. Disciple of Plato. Head of the Athenian Academy
for 25 years. Continued Plato’s policy of excluding from the Academy the
applicants who lacked geometric knowledge. Saying to one of them: “Go thy
way for thou haste not the means of getting a grip of philosophy”.

Xenocrates wrote a great many treatises, all of which are lost. It is known
that he tried to solve the earliest problem of combinatorial analysis: calcu-
lating the number of syllables that could be formed with the letters of the
alphabet (According to Plutarch that number was 1,002,000,000,000).

At the time of Plato’s death, his sister’s son Speusippos, succeeded him
as the head of the school (347-338). Aristotle and his friend Xenocrates
decided to leave, accepting the invitation of a fellow student, Hermeias, ruler
of Atarneus (opposite Lesbos). Aristotle then married Pythias, who was Her-
meias niece and adopted daughter. Hermeias also recommended Aristotle to
Philip as a tutor to his son, Alexander (the Great).

Xenocrates advanced the idea of indivisible atoms of time. The idea of
temporal atomicity does not necessarily imply that there must be gaps be-
tween successive instants. The essential criterion for atomicity is that there
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is a limit to the division of any duration into constituent parts. In other
words, time would be like a line which can be divided into a finite number of
adjacent segments with no intervals between them. It would mean that, from
the temporal aspect, there are minimal-time processes in nature, no process

occurring in less than some shortest unit of time, or chronon!'¢®.

339 BCE  The Fourth Sacred War: Philip 1T of Macedonia defeated an
alliance of Greece with Thebes near Amphissa. Philip conquered Greece and
turned the Greek peninsula into a Macedonian protectorate.

The Macedonian army used the phalanz offensive battle formation. It was
made up of heavily armed infantry troops formed in tight ranks for the attack.
The troops carried long spears and protected themselves with overlapping
shields. The depth of each formation ranked from 8 to 12 ranks. The phalanx
had great striking power, but no flexibility. It needed support from lighter
troops and cavalry.

338 BCE, August The decisive battle of Chaeronea where Philip of Mace-
donia crushed the allied Greek citizen armies. Athens finally lost its indepen-

dence, as foreseen by Demosthenes (384-322 BCE). End of the classical

period of Greece'®”.

166 Nfodern speculations concerning the chronon have often been related to the
idea of a smallest natural length. One suggestion was that this is given by
the effective diameter of the proton and electron, that is to say about 10~'°
meters. If this were a shortest natural length and we divided it by the fastest
possible speed, that of light in vacuo (3 x 10® meters per second), the resulting
interval of time would be about 1072 — 107%* seconds. A time of this order
characterizes the normal decay processes of nucleons, i.e. processes involving
the so-called ‘strong interactions’ between protons and neutrons, and also the
lifetime of the most transient elementary particles. It is therefore possible that
if the chronon exists it is of this order of magnitude. A purely theoretical unit
of length much shorter than 10~*® meters can, however, be constructed from
the three fundamental constants, G, h and ¢ (constant of gravitation, Planck’s
constant, and velocity of light). It is \/(Gh/c?’), and is of the order of 1073*
meters. If this is divided by the velocity of light, it gives a time of the order of
10™*3 seconds. It is possible that this time, sometimes called the ‘Planck time’,

might be the chronon.

167 Athens made peace, but Demosthenes kept up his opposition. Later he defended

his policy in his speech On the Crown, considered as the most nearly perfect
speech in history. He poisoned himself (322 BCE), when the last Greek effort
to win freedom was a failure.



234 1. Origins — Splendor of the Simple

334 BCE Alexander the Great (356-323 BCE). One of the greatest
conquerors in the annals of history. Hellenized Western Asia and orientalized
Eastern Europe. Pupil of Aristotle. Attacked the Persian empire with an
army of Macedonians and Greeks. Within 12 years he conquered an area
almost the size of the United States, founding Greek cities and establishing
Greek garrisons everywhere he went.

By spreading Greek civilization, ideas and language into the very heart of
Asia, Alexander profoundly affected the history of the world, and Greek cul-
ture rapidly became world culture. Moreover, the cultural intercourse among
ancient peoples was so stimulated by his conquests, that the various cultures
of the ancient world began to congeal into a universal culture to which all
contributed but in which the Greek element predominated. This was the first
large scale contact between East and West.

Alexander’s scientific curiosity was apparently great, and his and Aristo-
tle’s initiative are probably responsible for the first scientific expeditions and
the first attempts to organize science on a large scale. In 332 BCE Alexander
founded in Egypt the city of Alexandria, which was to become one of the
greatest centers of learning and of cultural diffusion between the FEast and the
West.

334—ca 146 BCE The Hellenistic Fra. Marks the culmination of Greek
science and its influence on the civilized ancient world, mainly from its center
in Alexandria.

The word ‘Hellenism’ signifies that culture which drew its vitality from
the classical Hellenic culture. It spread over the entire empire of Alexander
the Great and coated with a thin layer the original ancient cultures of the
conquered nations. The Hellenic influence penetrated by means of the Greek
language, religion, art, literature, philosophy, science, architecture, and po-
litical ideas. Hellenism spread to Rome in the beginning of the 2"¢ century
BCE and challenged Judaism as of the 3"¢ century BCE.

But Jewish culture in Israel was firmer and more consolidated than other
cultures and was thus capable of arresting the advance of Hellenism. In fact,
the rigorous encounter of the two rivals at the time of the Maccabees (164
BCE) marks the first sign of the Hellenistic retreat in the east.

Hellenism, though, was more successful in the Jewish diaspora in the east
and in the Aegean world, where the Bible was translated into Greek (septu-
aginta) and where Greek became the spoken language even in the synagogue.
Eventually, the Hellenization of diaspora Jewry expedited the spread of Chris-
tianity among the Jewish masses in Asia Minor and elsewhere. The Sassanic
Kingdom that rose in Persia in the 3"¢ century CE, finally put an end to
Hellenism in the entire Orient.
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The roots and fruits of Hellenistic philosophy

1. HISTORICAL BACKGROUND

Throughout history, philosophy and religion both influenced and were in-
fluenced by economical, political and social conditions. This is true in par-
ticular for the transition era between the downfall of the Hellenic city-state
regime and the rise of Christianity. We list below the main political events in
this time-window:

339 BCE Greece becomes a Macedonian protectorate.
323 BCE Death of Alexander the Great; Beginning of Hellenistic age.

275 BCE Alexander’s Empire finally divided under the rule of three dynas-
ties: Antigonides (Macedonia), Ptolemies (Egypt) and the Seleucides (East).

188 BCE Peace of Apamea: Greek cities lose their independence.
148 BCE Macedonia becomes a Roman province.

133-27 BCE Decline of the Roman Republic. A century of incessant
violence and confusion. Fall of the Hellenistic states.

27 BCE Beginning of the Roman Empire under Augustus. End of the
Hellenistic age; order and stability are restored.

180 CE Death of Marcus Aurelius; Beginning of the decline of the Ro-
man Empire.

325 CE The Council of Nicaea: rigidification of the Christian Church.
415 CE End of the Alexandrian School.

451 CE The Hun Invasion of Europe.

476 CE End of the Western Roman Empire.

529 CE Justinian closes the Athenian schools of Philosophy.
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During 322-148 BCE, Greece was subject, not only to political decline and
the confusion of the wars, but also to very serious social stress. Consequently,
the condition of the majority grew steadily worse. In all parts of Greece, and in
the Aegean islands, many people were living at the very edge of a subsistence
level, and the impression of personal insecurity was very general. Sparta, in
particular, underwent three successive violent social revolution during 250—
200 BCE.

Thus, in spite of their wealth and almost unlimited opportunities, the
Hellenistic states eventually wasted their resources in a series of inconclusive
wars among themselves. As a result, between 200 BCE and 31 BCE all the
Hellenistic world except Macedonia and Persia was annexed piecemeal by
Rome, a new militaristic power that had risen, at first almost unnoticed, in
the Western Mediterranean.

But the Greek culture that had been forged in the classical era and that
had spread in Hellenistic times to most of the rest of the civilized world
was not suppressed by the Romans. It survived and spread to the West.
Although Latin was spoken in Rome itself and in the western provinces, Greek
remained the language of the educated classes of the FEast. Throughout the
life of the Roman Empire, Rome itself was never more than the political
capital. Alexandria remained the most active commercial city of the empire
and Athens the center for scholars, yet most of the scientific work was done
in Alexandria. After the western half of the Roman Empire, including Rome
itself, fell to barbarian invaders in the fifth century CE, the Hellenistic world
survived for more than 1,000 years as the Byzantine Empire, with its new
capital in the Greek city of Constantinople.

How did philosophy fare in this era of great political changes?

The earlier Milesian Greek philosophers, had called attention to cosmic
order and the beauty of nature. Later, the monist Parmenides of Elea
stressed the power of reason and thought, whereas Heraclitos of Ephesos,
precursor of the philosophy of becoming, had alluded to the constancy of
change and the omnipresence of divine fire, which illuminates all things.

A deeper understanding of man himself came with Socrates (469-399
BCE), symbol of the philosophical man, who personified Sophia and Sapientia
(Greek and Latin: “wisdom”). From Socrates emanated the philosophical
system of the Cynics and the Skeptics'®®. Thus, although Socrates did not
found any philosophical school, and in fact had no intention of doing so, his

168 gocrates said that the only thing he knew was that he did not know anything.
However, he did at least believe that knowledge was possible, and, he was
bent on acquiring some. He took a positive attitude towards inquiry and the
possibility of learning.
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teaching were indirectly responsible for the systems of thought sponsored by
groups of his disciples. His heritage lasted for many centuries and left its
mark upon the medieval and modern philosophies of the Western World.

In spite of its political downfall and its poverty, Athens was still the focus
of philosophical teaching. The four main schools were: the Academy (Plato),
the Lyceum (Aristotle), the Garden (Epicuros), and the Porch (Stoa). To
these must be added the unorganized efforts of the Cynics and the Skeptics.

The successors of Plato (427-347 BCE) as heads of the Academy were:
Speusippos (347-339 BCE), Xenocrates (339-315 BCE), Polemon (315-
270 BCE), Crates of Athens (270-264 BCE), Arcesilaos (264-240 BCE),
Lacydes of Cyrene (241-224 BCE), Teleclos (224-216 BCE), Erandros
the Phocian and Hegesinos of Pergamum.

The love of philosophy was so diffuse in the Greek population that the
Athenian schools were not enough to satisfy it. Provincial schools were needed
in Megara, Eretria, Cyrene, and probably other places.

Aristotle’s leadership of the Lyceum lasted only thirteen years (335-323
BCE). It was then headed in succession by Theophrastos of Eresos (328
286 BCE), Straton of Lampsacos (286-268 BCE), Lycon of Troas (268-
225 BCE), Ariston of Iulis. The golden age of the Lyceum lasted less that
70 years (335-268 BCE).

The death of Alexander the Great (323 BCE) and Aristotle (322 BCE)
marked the beginning of a period of extreme social and political disturbances,
the character of which Aristotle failed to foresee, and which radically affected
the course of philosophical thought. From this time onwards, the political
importance of the Greek city-states rapidly declined.

With Athens no longer the center of worldly attraction, its claim to cul-
tural prominence passed on to other cities — to Rome, to Alexandria, and
to Pergamum. The Greek polis gave way to larger political units; local rule
was replaced by that of distant governors. The earlier distinction between
Greek and Barbarian was destroyed; provincial and tribal loyalties were bro-
ken apart, first by Alexander and then by Roman legions.

The loss of freedom by subject peoples further encouraged a deterioration
of the concept of the freeman and resulted in the rendering of obligation and
service to a ruler whose moral force held little meaning. The early intimacy of
order, cosmic and civic, was now replaced by social and political disorder and
traditional mores gave way to transient values. Amid so much uncertainly
and confusion, many felt the need to preserve some firm foundation. At that
time no religion had power or prestige enough to satisfy such a demand, and
the result was an enormous popular interest in philosophy.
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Hellenistic philosophy and religion reflected the great problem of the age:
What part could an individual play in a society in which individual effort
seemed useless? In a small city-state during the Golden Age the individual
played an important role in his community; he could find meaning and pur-
pose in his life and his work. But in the busy and cosmopolitan Hellenistic
world a man was lost in a community as large as civilization itself. Often he
lived in a massive city with a population of hundreds of thousands where the
highest endeavors of an individual might pass unnoticed, or still worse, serve
no purpose. In such a society the values of an earlier time — such as duty to
the state, honesty, justice, piety, and personal honor — often seemed to have
little meaning.

It was inevitable that, under these conditions, there should occur an al-
most immediate movement away from the recent tradition of Plato and Aris-
totle. Those philosophers were certainly too difficult, and in a sense too
conventional, to satisfy the new popular demands. Their work was too full
of intricate logical argument, it demanded too high a devotion to abstract
thought, to provide a possible basis for any popular creed.

Aristotle in particular, in his writing on ethics and politics, had tended
to take for granted as the background of his argument just those political con-
ditions and conventions of conduct which, so soon after his death, had ceased
to exist.

He addressed himself to the ordinary well-educated citizen of the (now)
old-fashioned Greek city-state; he had not, and probably would not have
wished to claim that he had, any moral message for mankind at large in a
period of chaos. He and Plato were philosophers for intellectuals; and for
this reason, though their prestige and their fame remained unassailable, the
philosophy of the new period was provided by others, and was quite different
from theirs.

Perhaps the clearest indication of the changed atmosphere of philosophy
can be found in the changing conception of “happiness,” the goal of life, and
consequently of the means proposed for achieving it. For one thing, this ques-
tion came to be the dominant concern of philosophy, at the expense of those
epistemological and metaphysical inquiries which, for Plato and Aristotle at
least, had been no less important and absorbing. But also the topic itself was
very differently treated.

Aristotle, in his Nicomachean Ethics, had taken the conventional — one
would almost like to say, the sensible — view that the well-being of the indi-
vidual was determined in large part by the circumstances in which he lived,
by the activities in which he engaged, by the achievements which could be
counted to his credit. He would certainly have recommended an active, in-
deed a masterful, part in the public affairs of one’s community. But it is clear
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that, if so, the well-being of the individual is dependent in part upon external
affairs; and in the precarious post-Aristotelian world, it seems to have been
felt that individual happiness, thus conceived, was itself intolerably precari-
ous. Accordingly, almost every later school agreed in the attempt to maintain
that happiness, rightly conceived, must lie in the sole power of the individual
himself. The attempt to maintain this, however understandable, led at times
to an extremity of paradox.

Even so, it seems to have been tacitly agreed that some conception of
happiness must be worked out which would ensure that, at least in theory, it
could be attained quite independently of shifting, perilous and uncontrollable
circumstances. The resulting tendency was, strongly and persistently, towards
some sort of philosophy of “non-attachment” — towards a kind of strategic
withdrawal, as it were, from a world which no one now could believe, as
Aristotle did, to be manageable by careful and enlightened individual effort.

Out of this new reality there arose four systems of philosophy: Epicure-
anism, Stoicism, Cynism and Skepticism. The first three were primarily moral
doctrines, philosophies of life, far more earnestly occupied with the actual
predicament of man than with any merely theoretical questions and they were
concerned in particular to teach, in a world that was too often dangerous and
deceptive, the secret of individual well-being. And even the Skeptics were apt
to recommend their skepticism as offering a relief from anziety — as a kind
of restful acquiescence in the single conviction that no exclusive faith or doc-
trine whatever would ever be proved, so that all intellectual struggles must be
ultimately vain.

The pursuit of knowledge passed from Aristotle to the distinguished sci-
entists of the Hellenistic age. The philosophers took up instead the pursuit of
virtue, of happiness, or — in this at least they were all agreed — of security.

Table 1.3 lists most of the important persons that were active in the various
philosophical schools in the Greco-Roman world in the millennium prior to
the close of the Athenian schools by Justinian.
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Table 1.3: GREEK SCHOOLS OF PHILOSOPHY AND THEIR POST -
ARISTOTELIAN CULTS AND CREEDS (470 BCE-530 CE)

PHILOSOPHER LIFE-SPAN | FLOURISHED | SCHOOL
BCE BCE

Xenocrates of Chalcedon — 339-314 Platonic
Theophrastos of Ephesos 373-286 Peripatetic
Eudemos of Rhodes 325 "
Antisthenes of Athens 444-365 Cynic
Diogenes of Sinope 412-323 "
Crates of Thebes 365-285 "
Demetrius 40-75 CE "
Theodoros of Cyrene 465-399 Hedonist
Aristippos of Cyrene 435-355 "
Bion of Borysthenes 325-255 "
Euhemeros of Messene 311-298 "
Hegesias of Cyrene 283 "
Anniceris of Cyrene 350-283 "
Menipass of Gadera 250 "
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PHILOSOPHER LIFE-SPAN | FLOURISHED | SCHOOL
BCE BCE

Epicuros of Samos 341-270 Epicurean
Metrodoros of Lampsacos 330-278 "
Hermarchos of Mytilene 270 "
(Lesbos)
Zeno of Sidon 150 "
Phaedrus of Rome 140-70 "
Titus Lucretius Carus 98-55 "
Polystratos 250 "
Diogenes Laertius 222-235 CE "
Pyrrhon of Elis 365-275 Skeptic
Anaxarchos of Abdera 217 ca 320 "
Timon of Phlias 320-230 "
Arcesilaos of Pitane 315-240 "
Carneades of Cyrene 214-129 "
Lucian of Samosata 120-185 CE "
Clitomachos 187-109 "
Aenesidemos of Cnossos 1%t BCE "
(Alexandria)
Sextus Empiricus 200 CE "
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Table 1.3: (Cont.)

PHILOSOPHER LIFE-SPAN FLOURISHED | SCHOOL
BCE BCE

Zeno of Citium 336-265 Stoic
Cleanthes of Assos 331-233 "
Chrysippos of Soli 280-207 "
Zeno of Tarsos 204 "
Diogenes of Babylon 240-152 "
Antipater of Tarsos 185-119 150 "
Panaetios of Rhodes 185-110 "
Posidonios of Apamea 135-51 "
Boethos of Sidon 119-55 "
Arios Didymos of Alexan- | 63 BCE-10 CE "
dria
Gaius Musonius Rufus of 25-101 CE "
Volsinii
Epictetos of Hierapolis 55-135 CE "
Marcus Aurelius 121-180 CE "
Antoninus
Ouintus Tertullian 155-225 CE "
Antiochus of Ascalon 130-120 Eclectic
Marcus Tullius Cicero 10643 "
Quintus Sextius 70 BCE-10 CE "
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PHILOSOPHER LIFE-SPAN | FLOURISHED SCHOOL

Sotion of Alexandria ca 40 BCE- Electic
30 CE

Lucius Annaeus 4 BCE-65 CE "
Seneca
Plutarch 46-127 CE "
Favorinus 80-150 CE "
Numenius of Apamea | 150-200 CE Neo-Pythagorean
Atticus 150-200 Neo-Platonist
Plotonius 204-270 Neo-Platonist
Ammonius Saccas 206-268 Neo-Pythagorean
Porphyrius 234-305 Neo-Platonist
Tambilichus 260-330 "
Aurelius Augustinus 354-430 Platonist
Proclos of Byzantium 410485 Neo-Platonist
Boethius 480-524 Stoic
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2. THE CYNICS (ca 400 BCE-200 CE)

“l am a citizen of the world”.
“There is no need to rebel because everyone is already free”.

(Diogenes, ca 350 BCE)

“Truly, if I were not Alexander I would wish to be Diogenes”.

(Alexander the Great, ca 330 BCE)

The Cynics rejected all social conventions and believed in individual self-
sufficiency, independence and self-control, virtue as the only good and with-
drawal from the corrupt world.

It is especially desirable to understand the essentials of cynicism because
that school of thought developed into Stoicism, the major philosophy of the
Stoics which lasted for centuries and left its mark upon the medieval and
modern philosophies of the Western world.

The Cynic school of Greek Philosophy can be traced back to Socrates and
Antisthenes(c. 444-365 BCE), who was one of Socrates’ immediate pupils
and is generally considered the founder of the sect. The word cynic means
‘doglike’ in Greek, because Antisthenes accentuated Socrates’ tendency to live
in the simplest fashion and to disregard many of the social conventions and
amenities.

Antisthenes’ most famous disciple was Diogenes of Sinope (c. 412-323
BCE), on the Black Sea, whose excesses of austerity have become proverbial.

Diogenes, an anarchist who lived in great poverty, proclaimed the neces-
sity of self-sufficiency, austerity, and shamelessness and made an aggressive
display of his contempt of conventions; But he did not add anything new to
Antisthenes’ teachings, just dramatized and advertised them. From a popular
conception of the intellectual characteristics of the school comes the modern
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sense of “cynic”, implying a sneering disposition to disbelieve in the goodness
of human motives and a contemptuous feeling of superiority.

What are then the general principles of this school in its internal and ex-
ternal relations as forming a definite philosophical unit? The importance of
these principles lies not only in their intrinsic value as an ethical system, but
also in the fact that they form the link between Socrates and the Stoics, be-
tween the essentially Greek philosophy of the 4" century BCE, and a system
of thought which has exercised a profound and a far-reaching influence an
medieval and modern ethics.

Antisthenes imbibed from Socrates the fundamental ethical precept that
virtue, not pleasure, is the end of existence. He was, therefore, in the forefront
of that intellectual revolution in the course of which speculation ceased to
move in the realm of the physical and focused itself upon human reason in its
application to the practical conduct of life.

“Virtue,” says Socrates, “is knowledge”; in the ultimate harmony of moral-
ity with reason is to be found the only true existence of man. Antisthenes
adopted this principle in its most literal sense, and proceeded to explain
“knowledge” in the narrowest terms of practical action and decision, excluding
from the conception everything except the problem of individual will realizing
itself in the sphere of ordinary existence.

Just as in logic the inevitable result was the purest nominalism, so in
ethics he was driven to individualism, to the denial of social and national
relations, to the exclusion of scientific study and of almost all that the Greeks
understood by education; This individualism he and his followers carried to
its logical conclusion. The ordinary pleasures of life were for them not merely
negligible but positively harmful inasmuch as they interrupted the operation
of the will. Wealth, popularity and power tend to dethrone the authority of
reason and to pervert the soul from the natural to the artificial. Man exists
for and in himself alone; his highest end is self-knowledge and self-realization
in conformity with the dictates of his reason, apart altogether from the state
and society. For this end, disrepute and poverty are advantageous, in so far as
they drive the man back upon himself, increasing his self-control and purifying
his intellect from the dross of the external. The good man (i.e. the wise man)
wants nothing: like the gods, he is self-sufficing; “let men gain wisdom — or
buy a rope”; he is a citizen of the world, not of a particular country.

With all its defective psychology, its barren logic, its immature technique,
cynicism emphasized two great and necessary truths: firstly, the absolute
responsibility of the individual as the moral unit, and, secondly, the autocracy
of the will. These two principles are sufficient ground for our gratitude to these
“athletes of righteousness” (as Epictetos calls them). Furthermore they are
profoundly important as the precursors of Stoicism.
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Finally it is necessary to point out two flaws in the Cynic philosophy. In the
first place,the content of the word “knowledge” is never properly developed.
“Virtue is knowledge”; knowledge of what? and how is that knowledge related
to the will? These questions were never properly answered by them.

Secondly they fell into the natural error of emphasizing the purely animal
side of the “nature,” which was their ethical criterion. Avoiding the artificial
restraints of civilization, they were prone to fall back into animalism pure and
simple. Many of them upheld the principle of community of wives; some of
them are said to have outraged the dictates of public decency.

It was left to the Stoics to separate the wheat from the chaff, and to as-
sign to the words “knowledge” and “nature” a saner and more comprehensive
meaning.

3. THE SKEPTICS (330 BCE-200 CE)

“Every man of science is somewhat of a Cynic, because he does not accept
words and conventions at their fare value, and of a skeptic, because he refuses
to believe anything without adequate proof”.

(George Sarton, 1955)

“Skepticism produces happiness, because by having no dogmatic beliefs
you become free from worry”.

“By Skepticism we arrive first at suspension of judgment, and second at
freedom from disturbance”.

(Sextus Empiricus, c. 200 CE)
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Skepticism was a philosophical movement in ancient Greece that elevated
doubt into an overall thought-principle claiming that it is impossible ever to
arrive at the knowledge of truth, either through the senses or by the mind.

The skeptics tried to weaken man’s confidence in observation and reason as
trustworthy guides to understanding the world. They believed that man can
be certain of the nature of his observations, but he cannot be sure that these
observations reflect the real world. Therefore, man must withhold judgment if
he wants happiness and mental peace.

According to them, the best thing to do was to believe in nothing, to give
nothing away, and to feel as little emotion as possible; the only way to live
a virtuous life was to dispense with philosophy altogether and avoid asking
such questions, since there were no any answers to them. All knowledge is
untrustworthy and nothing can ultimately ever be proven. No two views are
alike because no two men are alike. Hence — there can be no single truth
understood by man.

The philosophical school of Skepticism was a direct result of the compe-
tition between the conflicting views of the diverse schools of thought. The
Skeptics believed that by suspending judgment, they could avoid a feeling of
insecurity arising from possible error. Their most potent rivals were the Stoics
who claimed that Skepticism was self-contradictory, since, if nothing can be
known, how could this alleged fact itself be known?

The origins of Skepticism can be traced to the earliest days of Greek philos-
ophy when the inclination towards bold assertion was accompanied by a con-
trary tendency towards questioning, doubt, and sometimes despair. Among
the pre-Socratics Xenophanes of Colophon (560-478 BCE) and Empe-
docles (490-430 BCE) expressed occasionally the gloomy feeling that, in the
welter of conflicting doctrines, it was really impossible to find any assertion
deserving of full belief.

A basis for skepticism may be found in Socratic irony, a technique devised
by Socrates (he started from the assumption that he knew nothing about the
truth); a similar approach is evident during the Socratic period in Plato’s
dialogues, which arrive at no definite conclusions, in accordance with the
Socratic method.

Eventually however, skepticism itself became a doctrine in the hands of
Pyrrhon of Elis, who died at nearly ninety years of age in about 275 BCE.
Pyrrhon had served as a soldier with Alexander the Great, and had cam-
paigned with him as far as India.

Another philosopher present on that occasion was Anaxarchos of Ab-
dera (fl ca 320 BCE), a follower of Democritos (460-370 BCE). Democritos’
view of the insufficiency of mere sense perception had been given a definitely
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skeptical emphasis by his followers, and it may thus be that Pyrrhon derived
from Anaxarchos the first impulse towards general questioning and doubt.

Distinguished among later leaders of the Academy, and also a skeptic, was
Carneades (214-128 BCE) who made a great stir on a visit to Rome (156
BCE) by giving a series of public lectures, in the first of which he forcefully
expounded the views of Plato and Aristotle on Justice, while in the second
lecture refuted everything he had said in the first.

The skeptics apparently differed over the proper guide to personal conduct.
Some believed that a man can best decide how to act by calculating the most
practical course of action. Others believed he should follow local laws and
customs. Under Arcesilaos and Carneades the skeptics philosophy spread
through the Athenian Academy. No writings of Skeptics survived. Summaries
of Skeptic doctrines were presented in the writings of Cicero and Sextus
Empiricus, a Roman physician of the 200’s CE.

4. THE EPICUREANS (300 BCE-500 CE)

“Live unknown”.

“Death is nothing to us: for that which is dissolved is without sensation,
and that which lacks sensation is nothing to us”.

“It is not possible to live pleasantly without living prudently and honor-
ably and justly, nor again to live a life of prudence, honor, and justice without
living pleasantly”.
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“Self-sufficiency is the greatest of all riches”.

“The ultimate purpose of philosophy is to lead man to the good life of
true happiness”.

“If God listened to the prayers of men, all men would quickly have per-
ished”.

(Epicuros, ca 306 BCE)

“Epicuros questions are yet unanswered: Is God willing to prevent evil,
but not able? Then he is impotent. Is he able but not willing? Then he is
malevolent. Is he both able and willing? Whence then is evil?”

(David Hume, 1765)

Epicureans believed that man could attain the ‘good life’ by seeking mod-
erate pleasures and avoiding pain. Pleasure can best be gained by living in
accordance with prudence, moderation, courage, and justice, and by culti-
vating friendship. Death should not be feared because good and evil lie in
sensation, and death deprives man of sensation.

Epicureanism can be traced back to discussions of the Epicurean Society
at Athens in 306 BCE. There had been a few temporary meetings of these
philosophers in Mitylene and Lampsacos. Thereafter the society met in the
gardens of Epicuros, and were therefore known as “Philosophers of the Gar-
den.”169

169 The Garden was like the Porch in many respects; their resemblance was perhaps
due to common Oriental origins and even more so to the similarity of their
functions. As far as can be judged from the fragments relative to it and to
its founder, the Garden was more informal and simpler than the other schools;
life was generally frugal but animated and quickened with regular feast days
which brought the fellows more closely together; women were admitted to the
fellowship.
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Epicuros, who regarded philosophy as medicine for the soul, wrote three
hundred books to set forth his views. The basic principles of his philosophy
were derived chiefly from two sources: Cyrenaic Hedonism, and the physics,
metaphysics, and psychology of Democritos. From the Cyrenaics he accepted
the theory that pleasure is the sole good. He agreed with Aristippos that
pleasure consists of a gentle motion (the modern equivalent of pleasant emo-
tion), and with Theodoros that the goal of life is an optimistic disposition.
From Anniceris came the concept of the great value of friendship, and from
Hegesias the conclusion that life’s principal objective is to avoid or escape
from suffering.

Among post-medieval thinkers, the following were influenced, in one way
or another, by the ethics, physics or the metaphysical philosophy of Epicuros’
during the past four centuries: Michel de Montaigne (1533-1592); Pierre
Gassendi (1592-1655); Isaac Newton (1642-1727); La Mettrie (1709
1751); Helvetius (1715-1771); Immanuel Kant (1724-1804); Jeremy
Bentham (1748-1832); James Mill (1773-1836); John Stuart Mill (1806
1873); Herbert Spencer (1820-1903); Ernest Renan (1823-1892); Karl
Marx (1818-1883); Niels Bohr (1885-1963); Werner Heisenberg (1901
1976).

5. CYRENAIC HEDONISM

Hedonism is the belief that pleasure is the highest good in life. The name
hedonism comes from a Greek word meaning pleasure. In contradistinction,
the Epicureans believed that men should seek pleasures of the mind rather
than pleasures of the body, in direct antithesis to everything that the Cynic
stood for.

Both philosophical systems developed out of the teachings of Socrates;
while the Cynics emphasized the Socratic concept of virtue, the Cyrenaics
stressed the Socratic principle that happiness results from the practice of
virtue. Whereas the former argued that virtue itself is happiness, the latter
taught that the virtuous man is he who knows how to achieve happiness or
has the talent necessary for achieving it. Although both philosophies agreed
that happiness is a state of mind, for the Cynic the term meant the serenity
and mental security which a self-sufficient man experiences, whereas for the
Cyrenaic it referred to that satisfaction which follows upon the fulfillment of
physical appetite.
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Both schools derived their basic concepts from Socratic philosophy and
their leaders have been included among the Lesser Socratics. Moreover, both
schools developed into more sophisticated thought — the Cynics into Stoicism,
and Cyrenaic Hedonism into Epicurean Hedonism.

Just as basic concepts of Stoicism have been perpetuated in Christian
doctrine, and in the philosophies of Kant, Spinoza, and other leading philoso-
phers, so the fundamental views of Hedonism have been incorporated in the
philosophies of the Utilitarians, Freudians, and some Darwinians.

The founder of Cyrenaic Hedonism, Aristippos of Cyrene (435-355
BCE) was influenced by the teaching the Sophist Protagoras and subse-
quently became a disciple of Socrates. His philosophy reflects both sources,
particularly the Protagorean doctrine of relativism and the Socratic belief
that virtue is a sine qua non of happiness. Since the Cyrenaics equated plea-
sure with happiness, they concluded that pleasure is man’s highest attainable
good.

Moreover, according to the Cyrenaic Hedonists, since pleasures are of a
single kind, namely, physical satisfactions, there should be no attempt to des-
ignate any of them as inferior or superior to the others, the only discernible
difference among them being their intensity or duration. The Cyrenaics’ the-
ory that pleasures lack qualitative distinction, that they differ only quanti-
tatively from one another, is known as ‘quantitative Hedonism’. A corollary
of this doctrine is the conclusion that pleasure itself is never evil, that only
the laws and customs of the community designate some as good, others as
morally bad — the central thesis of ethical relativism.

How did the Cyrenaic Hedonists define this experience of pleasure, which
they accepted as man’s highest good? Aristippos described it as a sensation
of gentle motion in contrast to the violent motion of painful experience — but
it must be understood that the Cyrenaics did not use the term motion in the
sense of merely physical movement. Their interpretation came much closer to
the modern conception of emotion.

They held that there are two basic emotions, the emotions of pleasure and
of pain. The emotion of pleasure, or the sensation of gentle motion, resembles
the pleasant feeling of the hungry person immediately after he has satisfied
his appetite. The Cyrenaics ascribed no significance to the state of apathy,
the absence of emotion, which the Cynics regarded as a worthy goal.

Since the Cyrenaic Hedonists believed pleasure to be the only good, they
ignored all scientific, mathematical, and cultural pursuits except those with
useful applications. In this sense they could be classified as Utilitarians, for
they devoted themselves to the study of logic because of its practical utility.



252 1. Origins — Splendor of the Simple

The Utilitarian view of epistemology (the study of how man obtains knowl-
edge) colored their entire philosophy. Accepting the doctrine of Protagoras,
they agreed that human knowledge is limited to sensations and does not ex-
tend to the real objects to which the sensations correspond — a basic thesis of
Protagorean relativism.

Consequently, man is aware of nothing but his own subjective states of
feeling; for Aristippos, therefore, feeling is the only valid criterion of truth.
The feelings which we experience are the essence of our existence. During
our span of life, we should experience as much pleasure as possible; therefore,
Aristippos insisted that we must pursue the pleasures of the moment, for
tomorrow we shall die. We must enjoy immediate experience inasmuch as the
future does not lie in our hand.

Virtue, then, is the means whereby we can achieve pleasure and increase
our capacity for enjoyment. But the indiscriminate gratification of pleasure
is to be eschewed; at this point in the philosophy of Aristippos, the influence
of Socrates is discernible. The sage, or wise man, while enjoying pleasure,
remains in control of it. Aristippos claimed that the Cynics erred in seek-
ing independence by abstaining altogether from pleasure, for “not he who
abstains, but he who enjoys without being carried away, is master of his plea-
sures.”

Diogenes Laertius, discussing the Cyrenaic philosophers, emphasized
their view that man’s proper goal is to control pleasure and never to be
controlled by pleasure. In order to achieve the highest ends of life, man must
retain mastery over his experience by means of adaptation to circumstances,
self-control, wisdom, the curbing of momentary desires, and an optimistic
outlook and temperament.

Other leading Cyrenaic Hedonists included Aristippos’ son, Aristippos
the Younger, and daughter, Arete; Theodoros, the atheist; Anniceris;
Euhemeros; and Hegesias.

Theodoros contended that the specific momentary gratification of pleasure
is an inconsequential matter and that, consequently, the primary objective
should be to develop an optimistic cheerful attitude toward life. In other
words, the wise man knows that true happiness can be found only within the
mind of the individual — as a result of an appropriate inner mental disposition.

Anniceris raised Cyrenaic Hedonism to a higher level by designating friend-
ship, gratitude, piety, and aid to others as the true sources of pleasure. Euhe-
meros contributed the theory that men who had achieved distinction in their
lifetime became divine beings in the hereafter. Finally, Hegesias, “the death-
counselor,” introduced the doctrine of eudaemonistic pessimism, the theory
justifying suicide as a way out of the pain and suffering which dominate the
lives of the vast majority of human beings.
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According to Hegesias, since the frustration of human desires is a universal
experience, man should prefer death as a happy, pain-free alternative. Thus,
ironically, the philosophy which set out to promote the pursuit of pleasure
became a self-defeating philosophy as a consequence of critical deficiencies in
its rationale.

6. THE SToICS (ca 300 BCE-200 CE)

“Of all existing things — some are in our power, and other are not. In our
power are: thought, desire, will to chose and will to avoid, and, in a word,
everything which is our own doing. Things not in our power include the body,
property, reputation, office, and, in a word, everything which is not our own
doing. Things in our power are by nature free, unhindered, untrammeled;
things not in our power are weak, servile, subject to hindrance, dependent on
others”.

“It is not death or hardship that is fearful, but the fear of hardship and
death”.

“Death, the most dreaded of evils, is therefore of no concern to us; for
while we exist, death is not present, and when death is present, we no longer
exist”.

(Epictetos, ca 100 CE)

“Death, as birth, is a mystery of nature: a composition out of the same ele-
ments, and a decomposition into the same. You shall disappear in that which
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produces you, be received back into its seminal principle by transmutation”.

“Think of the universal substance, of which you have a very small portion;
and of the universal time, of which a short interval has been assigned to you”.

“Constantly regard the universe as one living being, having one substance
and one soul; and observe how all things have reference to one perception,
the perception of this one living being, and how all things are the cooperating
causes of all things which exist”.

“What then is that which is able to conduct a man? One thing and only
one, philosophy”.

“My city and my country, so far as I am Antoninus, is Rome, but so far
as I am a man, it is the world”.

“It is one of the acts of life, this act by which we die”.

(Marcus Aurelius Antoninus, ca 170 CE)

Stoicism is composed of three parts: FEthical, social and metaphysical,
with ethics being by far the most important part of the doctrine. The core
of Stoic Philosophy lies in the view that there can be no authority higher
than reason. Its overriding objective was the attainment of peace, through an
attitude of self-control of one’s passions, self-sufficiency and utter indifference
both to pleasure and pain. Virtue (which the stoics equated with wisdom and
obedience to reason) is the only necessary prerequisite to happiness.

The stoic view was that all that occurs should be accepted without any
stirring whatever of emotion or appetite. The only good is virtue, the only
evil is vice (which the stoics equated with failure to control one’s passions).
Virtue and vice were held to consist, respectively, primarily in right and wrong
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disposition of the will. But the will (it was assumed) was wholly and unalter-
able under the control of the individual. Everything that did not fall within
the sphere of his absolute control, was to be regarded with indifference — pain
and pleasure along with the rest.

According to Stoic philosophy, since passions are a disease of the soul, the
individual must expel them completely from his personality; he must never
allow his feelings to deteriorate into passions, which are both unnatural and
irrational. Man conquers the world only by overcoming his own impulses.
External things cannot control him unless he, by an act of his own will,
permits them to do so. A person must maintain an unconquerable will, which
surrenders to no man. Man should act in accordance with nature because
nature is reason — the same reason which every man recognized as the highest
part of himself. Everything that occurs has its place in nature’s grand design.
Their essential worldview can succinctly be described as follows'":

“The world as our reason presents it to us, that is to say the world of

”  And nature

nature, is all the reality there is. There is nothing “higher.
itself is governed by rationally intelligible principles. We ourselves are part
of nature. The spirit of rationality that imbues us and it (and that is to say,
everything) is what is meant by God. As thus conceived, God is not outside
the world and separate from it, he is all-pervadingly in the world — he is, as

it were, the mind of the world, the self-awareness of the world.

Because we are at one with nature, and because there is no higher realm,
there can be no question of our going anywhere “else” when we die — there
is nowhere else to go. We dissolve back into nature. It is through the ethics
evolved from this belief that Stoicism achieved its greatest fame and influence.

Because nature is governed by rational principles there are reasons why
everything is as it is. We cannot change it, nor should we desire to. Therefore
our attitude in the face of our own mortality, or what may seem to us personal
tragedy, should be one of unruffled acceptance. In so far as our emotions rebel
against this, our emotions are in the wrong. The Stoics believed that emo-
tions are judgments, and therefore cognitive: they are forms of “knowledge”,
whether true or false. Greed, for instance, is the judgment that money is a
pre-eminent good and to be acquired by every available means — a false judg-
ment. If all our emotions are made subject to our reason they will embody
none but true judgments, and we shall then be at one with things as they
actually are.”

170 Brayan Magee, “The Story of Philosophy”, DK Publishing Book, 1998, New
York.
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The social component of Stoicism is based on the recognition that friend-
ship is natural, hence good. Although Stoics were indifferent to nationalistic
loyalties, they had faith in the social value of friendship between individuals.
Common brotherhood and common legal prescriptions were prized as natural
laws, two of which — justice and brotherly love — are innate in human nature.
Marriage is an accepted institution insofar as it is infused with moral spirit.
The Stoics viewed man as a citizen of the world. Their cosmopolitan spirit
was reflected also in their defense of the natural rights of slaves. The Stoic
social philosophy harmonized with Christian ideals and its point of view was
buttressed by the rise of Christianity.

Stoic metaphysics and philosophy of religion was closely allied with ethi-
cal naturalism; piety was identified with knowledge, and religious obedience
with universal laws of nature. Stoic religious naturalism acquired pantheistic
characteristics, emphasizing the belief that God and nature are one, although
it differentiated the essential nature of God from the world of nature. Their
metaphysics, which was decidedly Heraclitean, posited fire as the fundamen-
tal principle in things. It was their view that man’s fate is determined by
the mechanistic laws governing all natural phenomena. They linked religion
closely with philosophy. Although they permitted recourse to polytheistic
spirits as media for the worship of God, they held steadfast to a monotheistic
doctrine and made their belief in one supreme, universal Deity (as creator
and sustainer of the universe) the foundation of their moral philosophy.

Three types of Stoics were common, each emanating from its respective
source: (1) philosophers, (2) statesmen, and (3) poets. Consequently, the
Stoics remained sympathetic to the central themes of their religion. Their
point of view was optimistic about nature, but pessimistic about man’s moral
insight. Stoic pessimism was vividly reflected in their acceptance of suicide
(taedium vitae) as a permissible solution to extreme exigencies of life. This
practice seemed to them a symbol of moral strength, evidence that they could
choose to be indifferent to life itself.

Accordingly, they felt justified in ending life whenever the natural course
of events made such a course appear to be an appropriate way of dealing
with insufferable problems. Zeno committed suicide, as did Cleanthes, who
deliberately starved himself to death. It may be noted that the Stoics were
not always consistent in their ideology. Thus they adhered to the doctrine of
self-preservation as the most fundamental law of nature, yet this doctrine was
precisely contrary to their belief in suicide as a rational solution.

The Greek name for Stoicism, Stoa Poikile (Painted Porch), referred to
the portico in Athens where the early adherents held thei