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From the dawn of history to the rise
of the scientific method in the 16th
and 17th centuries, invention and
technology advanced with painful
slowness. The reason was not that
men were stupid during thousands
of years—it was the fact that most
people were simply too busy trying
to keep alive. The imagination and
daring that every innovator must
have were limited to a tiny group. It
is about these brave men—whose
genius enabled the Egyptians to
build their pyramids, the Phoeni-
cians to cross the stormy seas, the
Romans to erect magnificent public
buildings—that this carefully re-
scarched and fascinatingly written
account of the advance of early tech-
nology has been written.

Mr. de Camp describes the
methods used by early irrigators,
architects, and military engineers to
build and maintain structures to
serve their ruler’s wants. He tells, for
oxample, how the Pharaohs erected
obelisks and pyramids, how
Nebuchadrezzar fortified Babylon,
how Dionysios’ ordnance depart-
ment invented the catapult, how the
C:hinese built the Great Wall, and
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how the Romans fashioned their
roads, baths, sewers, and aqueducts.
He recounts many intriguing anec-
dotes: an Assyrian king putting up
no-parking signs in Nineveh; Plato
inventing a water clock with an
alarm to signal the start of his class-
es; Heron of Alexandria designing a
coin-operated holy water fountain; a
Chinese emperor composing a poem
to be inscribed on a clock invented
by one of his civil servants.

THE ANCIENT ENGINEERS will
delight those who like technology
and invention for its accurate por-
trayal of the foundations of modern
engineering, as well as lovers of his-
tory for its penetrating look at the
material background of civilization
and its unusual explanation of the
world’s social evolution.
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PREFACE

The system of indicating dates in this book is based upon those
used by the late George Sarton in his History of Science and by Joseph
Needham in his Science and Civilisation in China. Centuries are indi-
cated by Roman numerals preceded by + or — according to whether
they are centuries of the Christian era or B.c.; hence —VIII means
eighth century B.c. Years are treated likewise, with Arabic instead of
Roman numerals; for instance, +412 = A.D. 412. The plus sign is, how-
ever, omitted from years after +1000, because the meaning of the nu-
meral is obvious in such cases.

In the text, most Greek names are spelled in the Greek manner, in-
stead of the Latin (hence Keraunos instead of Ceraunus) because I like
it better and think it will in time prevail. But in the notes and bibliog-
raphy, most names of Greek writers are given in Latinized or Anglicized
form to make it easier to find standard editions and translations.

For help in one way or another with this work—procuring books for
me, answering questions, checking my translations, and criticizing parts
of the text—I am grateful to Allen T. Bonnell, Lionel Casson, Jack Cog-
gins, Bern Dibner, Caroline Gordon Dosker, A. G. Drachmann, I. E. S.
Edwards, R. J. Forbes, Umberto Forti, Samuel Freiha, Samuel N.
Kramer, Willy Ley, William McDermott, Robert P. Multhauf, Derek J.
de Solla Price, Pellegrino Claudio Sestieri, Guido Ucelli, Donald N.
Wilbur, Howard H. Williams, and Conway Zirkle; and to the Burndy
Library (Norwalk, Conn.), the Swarthmore College Library, the Union
Library Catalogue, and the University of Pennsylvania Library. Finally,
my wife’s work of editing the manuscript has gone far beyond the call
of duty.

L. Sprague de Camp
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THE COMING
OF THE
ENGINEERS

ONE

Civilization, as we know it today, owes its existence to the en-
gineers. These are the men who, down the long centuries, have learned
to exploit the properties of matter and the sources of power for the
benefit of mankind. By an organized, rational effort to use the material
world around them, engineers devised the myriad comforts and con-
veniences that mark the difference between our lives and those of our
forefathers thousands of years ago.

The story of civilization is, in a sense, the story of engineering—that
long and arduous struggle to make the forces of nature work for man’s
good. The story of engineering, pieced together from dusty manuscripts
and crumbling relics, explains as well the state of the world today as
all the accounts of kings and philosophers, generals and politicians.

To appreciate the accomplishments of the engineers, we must under-
stand the changes that have taken place in human life during the last
million years. A million years ago, at the beginning of the Pleistocene
Period, our ancestors were small, apelike primates, much like the man-
apes whose fossil remains have been found in Africa.

Two things distinguished our ancestors from modern apes, such as the
gorilla and chimpanzee. First, they lived mostly on the ground and regu-
larly walked upright, so that their limbs were proportioned much like
ours. They did not have the long hooklike arms, the short bowed legs,
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and handlike feet of modern apes. Their brains were essentially the
same as those of modern apes.

Probably as early as 100,000 years ago, before the last advance of
the Pleistocene glaciers, and certainly by 10,000 years ago, the forces of
evolution had caused these man-apes to evolve into men, every bit as
human in form and as intelligent as we are. Differences in climate in
different parts of the world had split the human stock into three major
and several minor races.

These men, like all the men who had gone before them, lived by food-
gathering. They sought a precarious livelihood by hunting, fishing, pick-
ing berries, and digging up edible roots and tubers. They greedily gobbled
lizards, insects, and carrion. Today only small bands of African Bush-
men and Pygmies, a few Australian aborigines, and a handful of Eskimos
—a tiny fraction of 1 per cent of humanity—subsist in this manner.

Because of the difficulty of getting food, in Pleistocene times only a
few hundred thousand people existed on the entire face of the globe. But
there is no reason to think that we today are one bit cleverer than the
men of —8000, at the time of the great Neolithic agricultural revolution
that turned hunters into peasants. For one thing, 10,000 years is too
short a time for evolution to have had a measurable effect. For another,
many geneticists believe that civilization causes the human stock slowly
to degenerate, by enabling persons with unfavorable mutations to live
and breed, when in a wild state they would quickly perish.

However that may be, man has spent about 99 per cent of his history,
since he first learned to make tools, as a hunting and food-gathering
tribesman. Civilization has arisen only during the remaining 1 per cent
of this time, since 9,000 to 10,000 years ago, when men discovered how
to raise crops and tame animals. These discoveries enabled a square
mile of fertile land to support 20 to 200 times as many people as before
and freed some of these people for other, specialized occupations.

This revolution seems to have first taken place in the hills that curve
around to the north of Iraq and Syria. From Iraq and Syria the Ag-
ricultural Revolution quickly spread to the valleys of the Nile and the
Indus, which in their turn became centers of cultural radiation.

The Agricultural Revolution brought about changes fully as drastic
in people’s lives as those caused by the Industrial Revolution of the last
two centuries. Permanent villages took the place of temporary camp-
sites. One theory holds that men were first persuaded to give up their
wandering life by the discovery that mashed grass-seeds could be used
to make beer, since they had to stay put long enough for the mash
to ferment.
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In another three or four thousand years, some of the farming villages
of the Near and Middle East grew into cities. Then with a rush came
metals, writing, large-scale government, science, and all the other fea-
tures of civilization.

As farmers learned to raise more food than they themselves needed,
other men were able to spend all their time in making useful things,
which they exchanged for surplus foods. Thus specialization arose.

Human society had long known a couple of specialists: the tribal
priest or wizard and the tribal chief or war leader. As specialization in-
creased, merchants, physicians, poets, smiths, and craftsmen of many
kinds came into being. Instead of making their own houses, carts, wells,
and boats, men began to buy them from workmen skilled in these arts.
Soon the arts advanced to the point where even a wise and experienced
workman could not know all that had to be known about his craft.

As the chiefs evolved into kings and the wizards into high priests,
they waxed rich and powerful. They acquired helpers, messengers, body-
guards, and other servants, who outranked the simple peasants. Slavery—
at first a humane invention, which made it no longer necessary to
slaughter one’s prisoners of war—introduced still another class. Thus so-
ciety became seamed and fissured into a multitude of specialized oc-
cupations.

Wealth and experience piled up. Men undertook projects too large
for a single craftsman, even with the help of his sons and apprentices.
These projects called for the work of hundreds or even thousands of
men, organized and directed towards a common goal. Hence arose a
new class of men: the technicians or engineers, who could negotiate
with a king or a priesthood for building a public work, plan the details,
and direct the workmen. These men combined practical experience with
knowledge of general, theoretical principles. Sometimes they were inven-
tors as well as contractors, designers, and foremen, but all were men
who could imagine something new and transform a mental picture into
physical reality.

Invention has been going on ever since our apish ancestors learned
to feed a fire and flake a flint. But the conditions under which inven-
tion takes place, and the pace of invention, have changed greatly since
the beginning of historic times.

Some primitive inventions, like the manioc squeezer of the South
American Indians, the Australian boomerang, and the Eskimo toggle-
joint harpoon, are extremely ingenious. They point to inventive talents
as keen as anything the civilized world can show.
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Nevertheless, during nearly all of the last million years, invention pro-
gressed with glacial slowness. Men chopped with ax heads held in the
fist for hundreds of thousands of years before they learned to fasten
handles to their axes. During the earlier part of the Pleistocene Period,
it is possible that men were too stupid to be very inventive. By 100,000
years ago, however, men had probably become quite as intelligent as we
are—but still technology advanced at a crawl.

The reasons for the sloth of invention in primitive societies are not
hard to understand. For one thing, primitive peoples live a hand-to-
mouth existence. Most of their foods cannot be stored, so that they have
no economic surplus. Therefore they can less well afford to risk experi-
ment than more advanced peoples. If an experiment fails, they die.

As a result, primitive societies are very conservative. Tribal customs
prescribe exactly how everything shall be done, on pain of the gods’ dis-
pleasure. An inventor is likely to be liquidated as a dangerous de-
viationist. .

Peasant farmers are almost equally conservative. Man’s inventive
faculties are stimulated by the breakdown of established custom that
takes place in the urban environment; hence most inventions have been
made by city dwellers.

Another cause of the slowness of primitive invention is the scarcity of
inventors. A hunting and food-gathering technology can support only a
very small population for a given area. Thus the few hundred thousand
members of the human species living at any time before the Agricultural
Revolution were divided into many isolated little hunting bands.

Such a band seldom exceeds fifty or a hundred people, counting the
many but short-lived children. Because the radius of action of the hunters
is limited to the distance they can walk to kill their game and carry it
back to camp, an increase in numbers does not enlarge the area that
can be hunted at one time. It merely causes the same area to be hunted
more intensively. So, if the band grows too large, game in the neighbor-
hood becomes scarce; and the band must migrate or starve. Eventually
it will have to split up. Perhaps human factiousness—our tendency to
divide up into factions on almost any pretext (racial, religious, cultural,
political, economic, or sporting) and fight it out—is a survival mecha-
nism evolved during man’s hunting phase, to insure that hunting bands
split up before they grew too large to feed themselves.

Now, in any society, only a few human beings ever have original
ideas or make inventions. Of these inventors, only a fraction have the
courage, stubbornness, and energy to keep on bettering their inventions
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until they really work and to keep on promoting them until they per-
suade others to take them up.

A rough idea of the percentage of inventors among modern Ameri-
cans can be obtained from the statistics of the United States Patent
Office. The Patent Office issues about 40,000 patents every year. So we
can estimate that the mid-twentieth-century American population of
180,000,000 people produces about one patentable invention each year
for every 4,500 citizens.

Suppose, now, that all Americans were wiped out except one band
of forty-five people. If this group continued to produce inventions at the
same rate, it would turn out only one invention every century! This is
of course a gross oversimplification. But it does indicate why a small
tribal society, no matter how clever the tribesmen, cannot be expected
to produce inventions rapidly.

In actual fact, the rate of inventions among Stone Age hunters was
enormously slower than among our imaginary band of forty-five Ameri-
cans. For modern Americans are encouraged to invent in ways that
primitive folk are not. We are used to the thought that men can improve
their lot by inventing things, and that invention is a worthy act. On the
contrary, primitive people, who have all they can do to keep alive and
who cannot afford to support a fellow tribesman in idleness while he
dreams up new ideas, regard inventors with glowering suspicion.

Suppose now that there are two bands of forty-five Americans. If they
are isolated from each other, each band will produce one invention a
century, so that each progresses at the same rate as before. Their cultures
will diverge somewhat, as they will hit upon the same inventions only
rarely, by chance. But each group will plod along at the same old rate
of one invention a century.

However, if they meet and join forces, then all ninety persons will take
advantage of the inventions produced by any one of them. The com-
bined group will produce inventions twice a century instead of once. In
other words, they will progress technologically twice as fast.

To sum up: Progress in civilization depends upon invention, and a
rapid rate of invention in turn depends upon the sizable populations that
are only possible under civilization. The crucial inventions that made
such progress possible—knowledge of raising domesticated, edible ani-
mals and plants—took place in Syria and Iraq about —8000.

Once the Agricultural Revolution had taken place, much denser and
more numerous populations than had ever before existed could and did
live in the valleys of the Nile, the Euphrates, and the Indus. As the
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Reverend Thomas Malthus pointed out a hundred and sixty years ago,
people quickly breed up to the greatest density the land will support at
the current technological level. At that point the population levels off,
because excess people are destroyed by starvation, pestilence, or war.

The mere fact of having large interconnected populations, then, meant
that inventions took place at a faster rate than before, and these inven-
tions in turn made denser and more widely interconnected populations
possible. Hence civilized men tended to draw farther and farther ahead
of their primitive fellows.

Moreover, the inventions on which civilization was founded tended
to spread. These inventions did not spread out evenly in all directions.
They spread along trade routes, and they spread to lands where these
ideas could be proﬁtably applied. They were stopped by strong natural
barriers, such as deserts and oceans; and they died out where condi-
tions made them useless.

Thus the idea of raising cotton or dates could not spread to Europe,
because the cotton tree and the date palm will not grow there. The
wheel failed to spread from Iraq to neighboring Arabia, because there
was no place in the wastes of the Arabian desert where wheeled vehicles
would have been very useful.

As a result of this speed-up and spread of technology, a high level
of civilization had been achieved a thousand years before Christ in a
broad belt stretching from the lands around the Mediterranean through
the Middle East, India, and Southeast Asia to China. Any new inven-
tion, originating at one end of this Main Civilized Belt, traveled in a
few centuries to the other. China, partly isolated at one end of the Belt
by the Mongolian deserts, the Tibetan mountains, and the jungles of
Southeast Asia, was a thousand years late in getting started but soon
became as civilized as the rest.

Some of these advances in technics spread to Central Asia and Cen-
tral Europe as well. Civilization had little effect on northern Europe
and northern Asia, however, because the population of these lands was
very thinly scattered and conditions of life were so different from those
of the Belt that most inventions made in warmer lands were of little use
there.

Civilization also failed to penetrate Negro Africa, being stopped by
the barrier of the Sahara Desert, the swamps of the White Nile, and
the mountains of Abyssinia. This barrier isolated sub-Saharan Africa
as effectively as if it had been an island. Furthermore, Old World civi-
lization failed to leap the watery barriers to reach the Pacific Islands,
Australia, or the Americas. In another millennium, however, the peoples
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of Central and South America began independently to develop their
own civilizations.

It would seem, then, that the main factor in determining whether any
particular people took part in the technological adventure that followed
the Agricultural Revolution was neither race, nor climate, nor local re-
sources. The main factor was simply a matter of geography—where the
people lived with respect to the river valleys in which this revolution
took place. Those lucky enough to dwell along the cultural highways
from China to Spain received the benefits of the speed-up; those who
lived elsewhere did not, or did so only tardily.

I have spoken of the spread of inventions through the Main Civilized
Belt and into lands outside this area. A few decades ago, a tremendous
dispute on the spread of inventions arose among anthropologists. This
dispute is called the Diffusionist Controversy.

The basis of the argument is this: If you find the same culture trait
—such as a blowgun or a flood legend—in two widely separated groups of
people, and the intermediate peoples lack this trait altogether, did the
two groups invent it independently, or did they somehow get it from
the same source?

Certain Britons—the psychologist Rivers, the anatomist Elliot Smith,
and the anthropologist W. J. Perry—developed the extreme diffusionist
or dispersionist theory. According to this hypothesis, all civilization
came from one (or at most a few) Old World centers. The diffusionists
deemed invention so rare that the same invention could never have been
made independently by different peoples. Wherever close similarity was
found, even on opposite sides of the globe, they averred that the trait
had been spread by trade or migration.

Hence the diffusionists inferred, for instance, that the Mayas and
Aztecs must have learned to build pyramids from the ancient Egyptians
—despite the fact that, when the Mayas and Aztecs began to erect these
structures, Egypt was already thousands of years old and had long since
stopped building pyramids. They argued that all human civilization must
have originated in one spot on the earth. Elliot Smith named Egypt, but
others found their source of illumination in Brazil, the Ohio Valley,
India, the Arctic, or Plato’s fictional Atlantis.

Diffusionism became a cult. This cult attracted people of the sort who
seek arcane wisdom in the measurements of King Khufu’s pyramid or
hunt for the Lost Ten Tribes of Israel among the Irish, the Iroquois,
the Japanese, or the Zulus. By insisting that the same invention could
never have been made twice over, the cult appealed to people who,
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never having had an original idea themselves, find it impossible to im-
agine anybody’s else having one.

In later years this nonsense declined as sane anthropologists pointed
out, over and over, that every invention contains some borrowing and
every borrowing some invention. Where you draw the line between
diffusion and original invention, then, is a matter of convenience.

Furthermore, there are many well-known cases of independent in-
vention. As we shall see, the crossbow was independently invented in
the Far East and in the Mediterranean. In civilized countries, simultane-
ous invention occurs all the time. That is why the United States Patent
Office has a special procedure called an “interference” to find out who
in such a case is legally entitled to the patent.

On the other hand, there are many cases of worldwide diffusion of
an invention. Thus the bow reached the Americas from Asia, and later
the tobacco pipe traveled around the world during the Age of Explora-
tion. It is often hard to decide whether an invention traveled from one
land to another or was independently created. Each case must be judged
on its merits.

A specimen or a working diagram of an invention need not make
the journey. A man may hear a rumor of an invention practiced in some
foreign land, and the mere idea is enough to set him to thinking and
tinkering in order to develop a similar invention on his own. Several
systems of writing, devised by West African natives in +XIX, furnish
examples of this “stimulus diffusion” as the anthropologists call it.

The first engineers were irrigators, architects, and military engineers.
The same man was usually expected to be an expert at all three kinds
of work. This was still the case thousands of years later, in the Renais-
sance, when Leonardo, Michelangelo, and Diirer were not only all-
round engineers but outstanding artists as well. Specialization within
the engineering profession has developed only in the last two or three
centuries.

Irrigators laid out the canal systems on which the early river-valley
civilizations depended. The Babylonian gugallu or irrigation inspector
was such an expert. Irrigation enabled farmers to raise so much more
food that an increasing number of specialists, relieved of peasant’s
chores, were able to gather in cities to practice their specialities. Today’s
city is still essentially a place where specialists live and work, even
though the farming class, once almost the whole population, has dwin-
dled in industrial lands to a small minority.

Soon the kings who ruled these early cities desired houses larger and
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more comfortable than the huts of stone, clay, and reeds wherein they
had been living. So they called upon architects to build them palaces.

Next, priests insisted that the gods would be offended if they were
not housed at least as splendidly as the kings. So the architects put up
temples, containing statues of the gods and other works of art.

To protect the wealth of the gods and the kings, military engineers
built walls and dug moats around cities. In the lower Euphrates Valley,
where there is practically no stone, walls were made of brick. Elsewhere
they were made of stone—preferably the largest stones that could be
moved.

Even before mortar was invented, men could build a good solid wall
of small stones, which would stand up to the weather for years. How-
ever, all an enemy had to do to such a wall was to pry out a few stones
with his spear, and the wall collapsed.

Therefore, many early fortifiers made their walls of very large stones,
trimmed to fit roughly together. The sheer weight of these stones pre-
vented the foe from pulling them out, especially if defenders atop the
wall were raining missiles upon him. Such walls are called “cyclopean”
because the ancient Greeks, seeing the ruins of walls of that kind built
several centuries earlier, thought they must have been made by the
mythical one-eyed giants called Cyclopes.

The hoards of metals, jewels, fine raiment, and foodstuffs in the tem-
ples and palaces also required men and means to keep track of them.
Thus came about the invention of arithmetic and writing. Writing was
done on the surfaces of some local material: in Egypt, on paper made
of strips of papyrus reed; in Mesopotamia, on slabs of clay; in India,
on paper made from palm fronds; in China, on strips of bamboo. Stone,
wood and leather were also used as writing materials. In Mesopotamia,
writing originated in the little clay tokens—spheres, disks, cones, and
pyramids—used to keep accounts of property. Then it was found easier
to draw pictures of the spheres and so forth on wet clay than to
model them.

Many ancient writings on stone and clay have survived; but those
on perishable materials have disappeared, save where people were
interested enough to copy and recopy them.

As a result, the high school student of ancient history gets the curious
impression that during the Golden Age of Greece, the Greeks were
the only people in the world who were really alive. It seems as though
the folk of all the other lands were standing around like waxen dum-
mies in a state of suspended animation.

Of course that is not true. During the Golden Age of Greece, all
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along the Main Civilized Belt from Spain to China, teeming multitudes
toiled. Everywhere princes preened; politicians plotted; priests prayed;
merchants haggled; warriors clashed; thinkers pondered; lovers sighed;
drunkards reeled; poets declaimed; prophets ranted; sorcerers conjured;
charlatans beguiled; slaves shirked; thieves filched; and people joked,
quarreled, sang, wept, lusted, blundered, yearned, schemed, and carried
on the business of living in quite as lively a fashion as the Greeks were
doing.

But, because the Greeks put their experiences down in writing, and
because good luck has saved a small part of these writings for us, we
know a lot about them. We know much, for instance, of the little up-
country brawls of tiny Greek city-states. On the other hand, we know
almost nothing about the score of thunderous battles by which Darius
the Great and his generals defeated the many rival claimants to the
Persian throne, although these battlefields may have seen quite as bril-
liant feats of generalship and as gallant deeds of dought as the fields of
Koronea and Leuktra.

For the same reason, we know quite a lot about Greek and Roman
engineering, but very little about ancient Iranian, Indian, and Chinese
engineering. In Iran, India, and China either the subject was not written
about, or the writings have perished; or, where records have come down,
many have never been published in European languages.

Even today, numbers of ancient manuscripts lie in the great libraries
of Asia and North Africa, unread, uncatalogued, and untranslated.
Many might shed additional light on medieval oriental science and
engineering. Some may even be translations of supposedly lost Greek
works on these subjects. One of the most urgent tasks of scholarship is
the publication and translation of these works before the originals are
vaporized in another war. A few scholars work at this task as time and
chance permit, but the number of workers is small for the size of the
job.

As nearly as we can reconstruct the evidence, the earliest civilizations
were patchworks of little independent city-states, ever fighting one an-
other. Government varied as power shuffled back and forth among the
dominant groups: the king and his cronies, the priesthood, the senate
(a gathering of the heads of the richest families), and the assembly (a
meeting of the fighting men of the group). Women, poor men, and
slaves, having neither wealth, arms, nor magical powers, did not count.

The government—whether a theocracy, a monarchy, or a republic—
controlled not only the dwellers in the city but also as many of the peas-
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ants of the neighboring countryside as could be persuaded or coerced
into accepting the city’s “protection.” In return for military service and
taxes, the peasants, willy-nilly, got centralized control of their irrigation
systems, defense against foreign invaders, and some rough-and-ready
law and justice.

In time, the march of technology made the city-state obsolete. Where
a river system forms a single large watershed, an irrigation system works
better when it is ruled by one central administration. Thus, in the valleys
of the Nile, the Tigris and Euphrates, the Indus, and the Hwang-ho,
conditions favored the extension of one state’s rule over all the others
in the watershed. Historians argue whether empire came first and made
possible large-scale irrigation, or whether large-scale irrigation came first
and encouraged the growth of empire. Probably the former is more
nearly right, but there was also a mutual effect. Each institution fostered
and strengthened the other as it grew.

In the large watersheds of wet countries, such as the valleys of the
Ganges and the Mekong, irrigation was less important. But here the
need to protect the valley dwellers from floods promoted the centraliza-
tion of government.

Because of the benefits of large-scale government in such a river val-
ley, a city-state or a king who had conquered half of a watershed cculd
easily gobble up the remaining half. The conqueror’s subjects accepted
him, however grudgingly, because of these economic advantages. And,
once established, he was hard to get rid of.

Under the conditions of early river-valley civilization, even a bad em-
peror might be better than none at all. While men feared cruel and
rapacious rulers, even more they feared a time of anarchy. The Indians
called it “the way of the fishes,” when the strong devoured the weak
without hindrance. Their poets chanted:

A river without water,
A forest without grass,

A herd of cattle without a herdsman,
Is the land without a king.!

So important was the distribution of water in such a polity that the
German-American scholar Wittfogel refers to a watershed empire of
the type we have discussed as a “hydraulic state.” While the government
of city-states took various forms, such as limited monarchy, aristocratic
republic, and popular dictatorship, ancient empires tended to be abso-
lute monarchies of the most despotic kind. The king was deemed a god,
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or the son of a god, or at least the special agent of a god. His word was
law. Government was a centralized, authoritarian despotism of—it would
seem to us—the most tyrannical and oppressive sort.

Moreover, nobody seems to have seriously considered a large-scale
government of any other kind. In ancient republics the voters, who
were only a fraction of the total population, had to gather together to
vote in person. Although such a scheme shares power to some extent
and works fairly well in a small city-state, it is impractical in a large
nation.

There were plenty of revolts, revolutions, and civil wars in the ancient
empires. It was a rare king whose death did not result in a war among
his would-be successors, and provinces that had once been separate na-
tions repeatedly sought to regain their independence. But, while many
kings were overthrown or murdered, the sole result was to replace one
despot by another who, his supporters hoped, would prove a better king.

Sometimes a watershed empire broke up into parts as a result of
domestic disorder or foreign conquest. But, after a few decades of the
joys and sorrows of anarchy and incessant strife, the people of the water-
shed were once more prepared to submit to the rule of an all-powerful
emperor.

From the rise of the first watershed empires down to the achieve-
ment of temporary world mastery by Europe after 1600, man’s history
largely consists of the story of the mighty empires that rose in the Main
Civilized Belt, spread far beyond the confines of a single watershed,
flourished for a time, and withered away. Sometimes they lasted for
centuries, sometimes for a few years only.

Thus the Assyrian Empire gave way to the Median, and that to the
Persian, and that to the Macedonian, and that to the Roman, and that
to the Arab, and that to the Turkish. A long succession of other empires,
in Iran, India, China, and Central Asia, flourished beside these westerly
realms. And many of the rulers of these domains—however good or
bad in other respects—were among the world’s greatest builders of public
works and, therefore, the greatest patrons of the engineering profession.

For, whatever their sins and oppressions, some early despots did
much for those they ruled. A king with any brains tries to make his
people prosper, if only so that he can tax them. Rulers of ancient em-
pires built roads, which fostered commerce and communication. But
the principal purpose of these roads, as of the governmental postal sys-
tems that operated over them, was to keep a swift stream of commands
and inquiries flowing out from the capital to all parts of the realm, and
an equally lively stream of information and tribute flowing back, for
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the benefit of the ruler. However they might disagree on other matters,
a king and his subjects had a common interest in keeping up roads and
canals, suppressing brigandage and piracy, and maintaining order.

Nowadays we draw fine distinctions among the meanings of such
words as craftsman, engineer, technician, and inventor. The United
States Patent Office has elaborate rules for deciding whether an invention
is original, or whether it is merely “an improvement obvious to one
skilled in the art,” such as a change in size, strength, speed, proportions,
or materials.

In speaking of ancient technical men, however, there is no point in
observing such delicate differences. Every time an ancient craftsman
made something that was not a close copy of a previous article, he in-
vented, even though his invention might not be patentable according to
modern laws.

We think of an engineer as a man who designs some structure or
machine, or who directs the building of it, or who operates and main-
tains it. In practice most ancient engineers were inventors; while most
ancient inventors, at least after the rise of civilization, could also be
classed as engineers. So let us lump all these ancient innovators and
designers together as “engineers.”

Despite the enormous importance of engineers and inventors in mak-
ing our daily life what it is, history does not tell much about them. The
earliest historical records were made by priests praising their gods and
poets flattering their kings. Neither cared much about such mundane
matters as technology.

As a result, ancient legend and history are one-sided. We hear much
about mighty kings and heroic warriors, somewhat less about priests,
philosophers, and artists, and very little about the engineers who built
the stages on which these players performed their parts. The warriors
Achilles and Hector were celebrated in song and story—but the for-
gotten genius who, about the time of the siege of Troy, invented the
safety pin, lies wholly forgotten. Everybody has heard of Julius Caesar
—but who knows about his contemporary Sergius Orata, the Roman
building contractor who invented central indirect house heating? Yet
Orata has affected our daily lives far more than Caesar ever did.

Nevertheless, of all the phases of civilized life, the advance of tech-
nology gives the best ground for belief in progress. If there is any con-
sistent nattern of evolution in politics and government, it is not easy to
discern. Great soldiers and statesmen have built up empires—but a few
generations later these empires faded away as though they had never
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been. In the field of government, many people thought half a century
ago that there was a natural evolutionary trend towards the democratic
republic—but then many parts of the world turned in the other direc-
tion, towards authoritarian despotism. It is mere soothsaying to predict
what form of government, if any, will finally prevail.

Likewise, great world religions like Buddhism, Judaism, Christianity,
Islam, and Hinduism, with their tightly organized priesthoods and their
closely reasoned theologies, have in the last two thousand years won
most of the world away from the unorganized pagan and tribal cults.
But the world religions differ basically among themselves and are no
nearer to scientific proof of their discordant claims about the nature of
man and the gods than when they were founded. Today, in many
lands, they are losing ground to the pseudo-scientific philosophy of
Marxism.

Pure science has advanced enormously in the last three centuries.
But, looked at over the whole stretch of recorded history, the advance
of science has been erratic. It has leaped ahead in sudden spurts, shot
off on pseudo-scientific tangents like astrology and alchemy, become
embroiled in religious and political conflicts, and sometimes been re-
pudiated by whole nations.

In the arts, people’s tastes have changed from age to age, but in a
capricious and faddish manner. People have often abandoned some
canon of beauty in painting, sculpture, architecture, music, or poetry
and embraced another simply because they were bored with the old and
eager to try something new.

But through all the ages of history, one human institution—technology
—has plodded ahead. While empires rose and fell, forms of government
went through their erratic cycles, science flared up and guttered out,
men burned each other over differences of creed, and the masses pursued
bizarre fads and fashions, the engineers went ahead with raising their
city walls, erecting their temples and palaces, paving their roads, digging
their canals, tinkering with their machines, and soberly and rationally
building upon the discoveries of those who had gone before.

So, if there is any one progressive, consistent movement in human
history, it is neither political, nor religious, nor aesthetic. Until recent
centuries it was not even scientific. It is the growth of technology, under
the guidance of the engineers.

Technology has progressed continuously from the time of the Agri-
cultural Revolution 10,000 years ago, slowly and hesitantly at first,
then with increasing sureness and speed. The sixteenth century marked
the beginning of modern engineering because, from that time on, profes-
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sional societies were formed, treatises on engineering subjects were
printed in quantity, engineering schools sprang up, specialization within
the profession began, and engineers began to take advantage of the bril-
liant scientific discoveries of the time. The Industrial Revolution, which
started two centuries ago and is still going on, was a surge in the growth
of technology. Barring nuclear war, the end of this fruition of engineer-
ing is nowhere in sight.

Today, in technologically advanced lands, men live very similar lives
in spite of geographical, religious, and political differences. The daily
lives of a Christian bank clerk in Chicago, a Buddhist bank clerk in
Tokyo, and a Communist bank clerk in Moscow are far more alike
than the life of any one of them is like that of any single man who lived
a thousand years ago. These resemblances are the result of a common
technology, and this technology is what many generations of engineers
have built up, with the greatest skill and diligence of which human be-
ings are capable, and handed down to us.

Many readers already know of the doings of the engineers and in-
ventors of recent times. They have heard of James Watt and his steam
engine, of John Augustus Roebling and his Brooklyn Bridge, or of
George W. Goethals and the Panama Canal. But few know about the
remote predecessors of these modern engineers—about the men who
laid the foundations on which their modern colleagues have built. There-
fore, this book will be devoted to all these neglected early engineers
who, much more than the soldiers, politicians, prophets, and priests,
have built civilization.



THE EGYPTIAN
ENGINEERS

TWO

Serious archeological work began in Egypt and Mesopotamia
only about a hundred years ago, but since then much has been learned
about the early civilizations of these lands. Although no definite date
can be given to the beginning of either civilization, most scholars now
believe that the civilization of the Euphrates Valley is several centuries
older than that of the Nile.

The monuments of early Egypt, however, are far better preserved
and much more impressive than those of its sister civilization of Iraq.
The Egyptians had abundant supplies of good limestone and granite in
the bluffs that paralleled their river for hundreds of miles. And, as most
of the country gets hardly any rain, some of the monuments that the
Egyptians built of these stones have lasted with but little weathering
for thousands of years.

On the other hand, the Euphratean plain has no stone, and its date
palms do not furnish good timber. Any timber the Mesopotamians used
had to be brought down the Tigris from the Assyrian hills. Moreover,
kiln-dried or burnt brick, which stands up to wet weather, was costly
because of the scarcity of fuel for the kilns. Therefore it was used only
to face the most important buildings. The interiors of the walls of these
buildings, and the whole of ordinary dwellings, were made of sun-dried
or mud brick.

Now, although mud brick can be made fairly strong by drying it in
the sun for two to five years before use, it still softens and crumbles
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when wet. When a crack developed in the burnt-brick facing of a Meso-
potamian temple or palace and was not at once repaired, the sharp
winter rains dissolved the mud brick within, and the building crumbled
into ruin. Hence the upper parts of the walls of public buildings in
ancient Mesopotamia have almost entirely disappeared. All we know of
these buildings is what we can discover by digging around the founda-
tions, which have been protected from complete dissolution by the
piled-up débris of the upper stories.

Therefore, to Egypt we must go to find great engineering works of
earliest historic times still in recognizable condition and, as it happens,
to learn about the most ancient engineer whom we know by name. This
is the man who invented the pyramids, the most famous monuments
of the ancient world. Of all the Seven Wonders of the World, only the
pyramids survive to this day.

What were the Seven Wonders? Several Greek writers, beginning with
Antipatros of Sidon (about —100) drew up lists of the seven most won-
derful engineering feats they knew about. The usual list of Wonders
comprised: 1. The Pyramids of Egypt. 2. The Hanging Gardens of
Babylon. 3. The statue of Zeus by Pheidias at Olympia. 4. The temple
of Artemis at Ephesos. 5. The tomb of King Mausolos of Karia at
Halikarnassos. 6. The Colossus of Rhodes. 7. The Pharos or lighthouse
of Alexandria.

Subsequent writers drew up their own lists of Wonders, sometimes
substituting other structures, such as the walls of Babylon or the Temple
of Jupiter in Rome, for some of those on the original list. Of course,
classical writers could only list things they had heard of. They did not
know about the Great Wall of China, or the huge dam at Ma’rib in
Arabia, or the enormous Buddhist stupas of Ceylon. If they had, their
lists might have been different.

The first recorded engineering work of early Egypt was the wall of
the city of Memphis. This capital of the Old Kingdom stood at the point
of the Delta, on the western bank of the Nile twelve miles above modern
Cairo. Here the Nile, winding like a vast blue serpent athwart the North
African desert belt, fissions into a dozen branches, which writhe across
the flat, fertile, fan-shaped Delta to the sea.

A visitor of classical times—let’s say the Greek historian Herodotos
(—V)—in crossing the Nile beheld a lofty wall of pearly limestone. Over
this wall appeared the upper parts of a forest of huge stone statues, 30
to 75 feet tall. These colossi were the eidolons of the conquering kings
of the New Empire, the Rameseses and Senuserts.



30 The Ancient Engineers

In the midst of the city rose the citadel, the White Castle. This was
an artificial hill surrounded by 40-foot limestone walls and bearing
palaces and barracks on its top. Beyond the city, for many miles along
the western bank of the Nile, clumps of pyramids pierced the skyline
with blunt triangular teeth of buff-colored limestone. In these gigantic
tombs lay the Pharaohs of the Old Kingdom, already a fading memory
in the minds of the teeming, swarthy folk of the land of Khem.

This was a city of many names. In Herodotos’ time it was called
Men-nofer, the Memphis of the Greeks. It was also known as the City
of the White Castle and the Abode of the Soul of Ptah. Memphis was
as ancient to Herodotos as Herodotos is to us. The business of catering
to tourists who had come from afar to view its antique wonders was
already well in hand.

Now let us go yet farther back in time, to the very beginning of the
Old Kingdom, as far as we can dimly discern the events of that distant
day through the mist of centuries. About —3000 Mena, king of the
South, conquered all of Egypt. At the boundary between the former
separate kingdoms of Upper and Lower Egypt he built his new capital,
Memphis, and surrounded it with a great white wall. This wall was
probably made at first of brick with a coating of gypsum plaster In
later times a wall of stone took its place.

Three centuries after Mena, in the reign of King Joser,! lived the
first engineer and architect known to us by name. This was Imhotep,
who built the first pyramid for his sovran. Imhotep is mentioned, though
not by name, in a history of Egypt written in Greek thousands of years
later by an Egyptian priest, Manetho. In his book Manetho wrote:
“Tosorthos, [that is to say Joser, who reigned] for twenty-nine years;
who, because of his medical skill has the reputation of Asklepios among
the Egyptians, and who was the inventor of the art of building in hewn
stone. He also devoted his attention to writing.”?

Later Greek and Egyptian allusions, however, show that Manetho
was mistaken or that copyists dropped some words out of the text. For
the man who was “styled Asklepios” and who built in stone and wrote
was not Joser himself, but his minister Imhotep.?

If we can trust our scanty sources, Imhotep was born in Memphis,
the son of the royal architect Kanofer. He held various posts and titles,
including Royal Chancellor, Administrator of the Great Mansion, He-
reditary Noble, and Heliopolitan High Priest.

Imhotep left a son, Rahotep, from whom descended a long line of
architects. At least, so says the inscription of Khnumabra, Minister of
Public Works under the Persian king Darius I about —490. Khnumabra
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claimed descent from Imhotep and listed a line of twenty-five architects,
beginning with Kanofer and ending with himself. Simple arithmetic
shows that this number is much too small for the 2,000 years from
Kanofer to Khnumabra; a complete pedigree covering that length of
time would contain about three times as many generations. So Khnuma-
bra either left out many ancestors or, like some modern folk who yearn
for eminent ancestry, was faking his genealogy.

Otherwise there is no real history of Imhotep and his royal master.
A papyrus of Ptolemaic times relates how the kingdom was afflicted by
famine for several years because the Nile failed to rise. Joser accord-
ingly took counsel with Imhotep, who explained that Khnum, the god
of the Cataracts, was wroth. So the king deeded lands for temples to
the god, and all was well. While there is no reason to think that this
story has any historical basis, it provides the kernel of the biblical leg-
end of Joseph and the seven lean years.

Although no trustworthy details of the lives of Joser and Imhotep
have come down, we can be sure that they were able men who worked
long and effectively together. Probably Imhotep was a universal genius
like Archimedes and Leonardo da Vinci. Such was his repute as a
physician, architect, writer, wizard, statcsman, and all-round sage that
in later times collections of wise sayings circulated under his name.

From the monuments that he and Joser built, we can tell something
of how Imhotep came to invent the pyramid.

Most peoples believe in life after death. This belief may have origi-
nally been based upon the dreams of primitive men about persons whom
they knew to be dead. Most ancient peoples did not make much of this
belief, thinking the afterlife a dim and shadowy affair.

The Egyptians, however, developed elaborate beliefs about life after
death. One of these beliefs was that such afterlife could be enjoyed only
so long as the body was kept intact. Hence arose the practices of mum-
mifying corpses and of building massive tombs, designed to foil tomb
robbers forever.

Tomb robbers were drawn by the jewels and precious metals buried
with kings and nobles, who thought that in the afterworld the spirit of a
dead man needed the spirits of the things he used in life to keep him
happy. In the early days of Egypt, Mesopotamia, and China, in ad-
dition to stores of food, clothing, weapons, and ornaments, scores of
attendants and guardsmen were killed and buried with the king to serve
him in the afterworld.

Before King Joser, Egyptian kings and nobles were buried in a tomb
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called a mastaba.* This was a rectangular structure of brick, with in-
ward-sloping walls, set over an underground chamber. The reason for
the inward-sloping walls is that most Egyptian building of this time was
in mud brick.

Although mud brick is one of the feeblest of structural materials,
the Egyptians learned that, if they made their walls taper upward, these
walls would not crumble away so quickly. When they began building
walls of stone, they continued to taper their walls from bottom to top,
although this batter was no longer needed. The Egyptians, after the first
few dynasties, became the world’s most conservative people—so con-
servative, in fact, that more than two thousand years later, in Ptolemaic
times, they were still tapering stone walls upward!

After the burial of a"king or noble in his mastaba, heavy slabs of stone
were dropped down vertical shafts to block off the passage to the burial
chamber. Kings of the Third Dynasty built larger mastabas and began
to use stone instead of brick.

Then, when Joser cameé to the throne, he and Imhotep experimented.
First, west of Memphis at modern Saqqara, they built a stone mastaba
of unusual size and shape. It was square instead of oblong like its prede-
cessors, and it was over 200 feet on a side and 26 feet high.

Not yet satisfied, Joser and Imhotep enlarged this mastaba twice by
adding stone to the sides. Before the second of these enlargements was
completed, the king changed his mind again. He decided not only to
enlarge the structure still further, but also to make it into a step pyra-
mid, resembling four square mastabas of decreasing size piled one atop
the other.

Then Joser changed his mind once more. The tomb ended as a step
pyramid of six stages, 200 feet high on a base 358 by 411 feet. The
main body of the pyramid was made of blocks of limestone quarried
from local outcrops. To the outside, Imhotep added a facing of high-
grade limestone—almost marble—from quarries across the Nile at
Troyu.5

Under the pyramid lay a burial chamber, whence many corridors
branched out, probably to hold the wealth that Joser hoped to take with
him. Around the pyramid was built a walled inclosure, about 885 by
1,470 feet. This contained Joser’s mortuary temple, where the priests of
a permanent staff were supposed to perform rituals forever to promote
the welfare of the king in the afterlife. The temple compound included
living quarters for these priests, tombs for royal relatives, and other
structures, all made of gleaming golden-buff limestone.

Imhotep’s reputation expanded after his death until he was said to
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have been a son of Ptah, the god of property, the god of the arts and
crafts, and the tutelary deity of Memphis. Imhotep was worshiped as
the god of medicine, with his own temple in Memphis. He appeared
in dreams to people who slept in the courtyard of this temple to give
them medical advice. When the Greeks settled in Egypt they identified
him with their own Asklepios,® mentioned as a wise physician in
Homer’s lliad and later, like Imhotep, promoted to godhood.

Joser’s successors began step pyramids like his. But these pyramids
were abandoned at an early stage or else have been so plundered for
stone that little is left of them. A few decades after Joser, however,
three large pyramids arose: two at Dahshiir, a few miles south of Sag-
géra, and one at Maydiim, about twenty-five miles farther south.

The pyramid at Maydiim was begun as a step pyramid of the Saq-
qéra type with seven steps. Then it was enlarged to a step pyramid of
eight steps. At last, the steps were filled in and the structure converted
to a true, smooth-sided pyramid. Nowadays, perhaps as a result of a
heavy rain, or an earthquake, or both, the last addition has fallen away
from the upper part of the pyramid, leaving the top of the second
stepped stage protruding from a pile of débris.

The southernmost of the two pyramids at Dahshiir was begun as a
true pyramid. But, about halfway to the top, the angle of inclination of
the sides decreases sharply, so that the sides appear folded in. Hence
this pyramid is called the Bent or Blunted Pyramid. The likeliest reason
for this odd change of shape is that the king for whom the pyramid was
built expired before its completion, and his successor hurried and cheap-
ened the work by finishing it off with a top lower than had been planned.

The other pyramid at Dahshiir, usually credited to King Seneferu,
was the first large true pyramid to reach completion. It still stands—
huge, silent, and solitary—in the desert near the new road from Cairo to
the Fayylim, as impressive in its isolation as the Great Pyramid on the
crowded hill west of Giza. Although the names of the kings who reigned
when the Dahshir and Maydiim pyramids were built are known, it is
not certain which king built which tomb.

The second king of the Fourth Dynasty, Khufu (the Cheops of He-
rodotos) built the largest pyramid of all on a hill five miles west of
Giza, a town on the west bank of the Nile just above Cairo. Khufu
called his masterpiece Khuit-Khufu, “Khufu’s Horizon.” Although some
cultists have denied Khufu’s authorship of this monument, there is no
doubt about it. Besides the testimony of Manetho and Herodotos,
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Khufu’s name was found in red paint on some of the stones of the
interior.

This enormous pyramid measures 756 feet square. It originally rose
to a height of about 480 feet, although the uppermost thirty feet are
now missing because of the quantities of stone that have been stolen
from the outside. The cathedrals of Florence, Milan, St. Peter’s at
Rome, St. Paul’s'in London, and Westminster Abbey could all be placed
at once on an area the size of its base.

The Great Pyramid is made of about 2,300,000 blocks of stone,
weighing an average of two and a half tons apiece.” Except for the
Great Wall .of China, it was the largest single human construction of
antiquity. -

Khufu’s Great Pyramid is not only the largest of the pyramids; it
is also in many ways the best built, despite Kipling’s derisive verse:

Who -shall doubt the secret hid

Under Cheops’ pyramid

Was that the contractor did
Cheops out of several millions?8

The sides of the base come to within 7 inches of forming a perfect
square. They are also oriented to within less than 6 minutes of arc—
one-tenth of a degree—of the true north-south and east-west directions,
and the south side is within 2 minutes of the true east-west direction.
Such accuracy is amazing. None of the other pyramids is oriented so
closely, albeit some approach the Great Pyramid in this respect.

Like his predecessors, Khufu used limestone from local outcrops for
the bulk of his pyramid, while for casing he used fine limestone from
Troyu and the Moqattam Hills east of Cairo. The capstone was proba-
bly gilded. But nearly all the fine stone was peeled off by the medieval
Muslim rulers of Egypt to build bridges and houses in Cairo.

Khufu changed his mind twice during the construction. Perhaps the
real secret of the Great Pyramid is that King Khufu was a claustrophobe
and, after the building had begun, called in his architect and told him
that the thought of all those tons of stone lying on top of his final resting
place gave him the creeps.

In any case, Khufu made up his mind not to be buried in the usual
underground chamber of rock. This chamber was therefore abandoned
and a large room, misleadingly called the “Queen’s Chamber,” was
built into the structure. This Queen’s Chamber had been roofed but
not completely floored when Khufu decided to go higher yet. Hence
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work was stopped on the Queen’s Chamber and the architects changed
their plans to allow for a third and higher room, the so-called “King’s
Chamber.”

As the construction had already risen above the level of the Queen’s
Chamber, the passage to the new chamber was partly bored through
the existing masonry. Moreover, lest an earthquake cause the King’s
Chamber to collapse, several small rooms, one above the other, were
built into the structure above this chamber to reduce the weight on its
roof.

The passage from the outside of the pyramid first slopes downwards
towards the underground chamber. Then this passage forks, one branch
continuing down to the underground chamber and the other, the As-
cending Corridor, sloping up on its way to the Queen’s Chamber. This
corridor forks in its turn. One branch runs horizontally to the Queen’s
Chamber. The other, still rising, opens out into the Grand Gallery. This
is a high, narrow, sloping tunnel in the form of a corbelled vault, leading
to the vestibule of the King’s Chamber.

The corbelled arch and vault were used in Mesopotamia and in Egypt
before the invention of the true arch and vault. Corbelling is laying
courses or layers of stone or brick so that each course overhangs the
one below. When walls are corbelled out from two sides until they meet,
a corbelled arch or vault results, Although a structure of this kind is
neither so strong nor so roomy as a true arch or vault, it is easy to make
and does not require centering—that is, a wooden scaffolding, shaped
to match the inner surface of the arch or vault, which holds up the
stones or bricks during construction.

The corbel is one of the four devices that builders have developed
for holding up the roofs or upper stories of houses. The other three
are the post-and-lintel, the arch-and-vault, and the truss. Each device
is best carried out by certain building materials. Brick and stone are
suitable for the corbel and the arch-and-vault. Stone and wood are both
suitable for the post-and-lintel. But, for the truss, wood alone, of the
materials the ancients had, was satisfactory.

Hence different parts of the world developed building styles best
suited to the local material. In ancient times, these materials were mainly
clay, stone, and wood. Nowadays, of course, with steel and reinforced
concrete, we can build structures that the men of old never dreamed of.

Mesopotamia, having plenty of clay but no stone or wood to speak of,
early favored the corbel and the arch-and-vault. Egypt, having stone and
clay, and Greece and China, having stone, clay, and wood to choose
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from, long adhered to post-and-lintel construction. It remained for
wood-rich Europe to develop the truss.

Around the base of the Great Pyramid was built the usual inclosure,
with mortuary temples and a great stone causeway leading down to the
Nile. Herodotos, who saw these structures in good condition, deemed
them as impressive as the Great Pyramid itself. Now, however, they
have almost entirely disappeared.

Herodotos also reported various stories told him by his guides. They
said, for instance, that Khufu had prostituted his own daughter to help
to pay for the Great Pyramid; that it took a hundred thousand laborers,
working in three-month shifts, twenty years to build this pyramid; that
Khufu’s sarcophagus lay on an island in an underground lake beneath
the pyramid; and that"the hieroglyphics carved on the outer casing of
the pyramid recorded the food consumed by the workers. All of these
stories were untrue. But the guides, like some of their descendants today,
told whatever tale they thought would send the tourist away happy.

When Khufu died, his attendants placed his mummy in a wooden
coffin. They carried this coffin up the Ascending Corridor and the Grand
Gallery to the King’s Chamber. Here they put the coffin into a plain
granite sarcophagus, which must have been installed during the building
of the pyramid because it is a little too wide to go through the narrow
passage to the King’s Chamber. The sarcophagus had a heavy stone lid,
so made that when it was slid into place, stone bolts dropped into re-
cesses in the trough and secured the lid—it was hoped—for all time.

On their way out, the workmen knocked loose some props in the
vestibule of the King’s Chamber, allowing three huge portcullis blocks
to fall to the floor of the vestibule, blocking it. Removal of more props
in the Grand Gallery allowed three great granite plugs to slide from the
Grand Gallery down into the Ascending Corridor, blocking it also.

Khufu’s son and successor Dedefra began a pyramid at Abu Roash,
five miles north of Khufu’s pyramid. Nothing but its base remains. Per-
haps Dedefra died before the tomb was built; or perhaps it was de-
molished in the course of a feud among Khufu’s sons over the succession.

Dedefra was succeeded by Khafra,® probably another son of Khufu,
though the relationships of these early kings are uncertain. At Giza,
Khafra constructed the Sphinx, a colossal lion with Khafra’s own head
on its shoulders, partly carved from an eutcrop and partly built up of
limestone blocks. The rest of the outcrop was quarried away for pyra-
mid stones, so that the Sphinx lies in a depression formed by this quarry.
A Muslim fanatic battered off the nose of the Sphinx about 1400.
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Besides the Sphinx, Khafra built a pyramid slightly smaller than
Khufu’s. But it looks even taller than the Great Pyramid because it
stands upon higher ground. This pyramid has none of the complicated
interior corridors and chambers of the Great Pyramid, only a single un-
derground burial chamber with passages leading to it.

Khafra’s successor Menkaura!® built a much smaller pyramid on
Pyramid Hill, and other kings continued the custom down to the Twelfth
Dynasty. Amenemhat III,)* whose pyramid, much the worse for wear,
stands near Hawwira, built such an elaborate mortuary temple that,
centuries later, Greek visitors called it the Labyrinth, after the under-
ground maze supposedly made for the legendary King Minos of Crete
by the engineer Daidalos.

The last Egyptian pyramids were built about —1600; some think the
very last one was made by Ahmose 1.1 By this time, about seventy
pyramids dotted the land of Khem. Most of the later ones, however,
were filled with rubble instead of good cut stone. Hence they eroded
away to mere mounds after subsequent builders stole their limestone
facings.

In —VIII, when the rule of Egypt was divided amongst a multitude
of quarreling local lords, the kings of Kush conquered the land of Khem.
Kush was thé Ethiopia of the Greeks, corresponding to the modern
Sudan. Less than a century later, the Assyrians drove out the Kushites.
When troubles at home recalled the Assyrian armies, Egypt recovered
its unity and independence.

The Kushite kings, who copied Egyptian culture and customs, had
already imitated the custom of burying kings under pyramids. Back
in the Sudan, they continued to build small pyramids for themselves
and their queens clear down to +350, when the Abyssinians overthrew
the Kushite kingdom. Remains of sixty-odd Kushite pyramids still exist
near the ancient Kushite capitals of Napata and Meroé.

Robbers broke into all the Egyptian pyramids, despite the granite
plugs, false passages, and other elaborate precautions of their builders.
The Great Pyramid held out until the Caliph al-Ma’'min (+IX) got
past the granite plugs by boring through the softer limestone around
them. Caring nought for relics of the Days of Ignorance, as Muslims call
the ages before Muhammad, he smashed the lid of the sarcophagus
and tore Khufu’s mummy to bits for the gold that decked it. However,
some archeologists think this pyramid had been robbed long before,
about —XXIII, and that the mummy that fell victim to al-Ma’miin’s
greed was not Khufu’s but that of a later intruder.
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The pyramids have long been a fertile source of pseudo-scientific
speculation. Many people have made wild guesses about the purpose of
these structures: that they were ostentatious displays of royal power,
vaults wherein the sages of old stored their archives, Joseph’s granaries
against the seven lean years, models of Noah’s ark, astronomical ob-
servatories, phallic symbols, Masonic halls, and standards of meas-
urement.

These notions can all be easily disposed of. For instance, the pas-
sages inside the pyramids were blocked up as soon as the kings were
laid to rest within, so they could not have been used for granaries, star-
gazing, or Masonic meetings. Modern archeology agrees with Herodotos
that these buildings wete tombs pure and simple.

The modern pseudo-scientific cult of Pyramidology began when Colo-
nel Howard Vyse blasted his way into Khufu’s and Menkaura’s pyra-
mids with gunpowder in the 1830s. From Vyse’s measurements, the
London publisher John Taylor and the Scottish astronomer Charles
Piazzi Smyth evolved the theory that the Great Pyramid had been built
by Noah, Melchizedek, or some other Old Testament patriarch under
divine guidance; and that it incorporated in its structure such-cosmic
wisdom as the true value of 7 (the ratio of the circumference of a circle
to its diameter), the mass and circumference of the earth, and the dis-
tance of the sun. The sarcophagus was supposed to be a standard of
measurement, as if anyone but a lunatic would take as a volumetric
standard a vessel holding the awkward amount of a ton and a quarter
of water and then shut it up in a man-made mountain so that it could
not be used.

The measurements in the Grand Gallery were taken to prophesy the
history of mankind. Smyth, a religious fanatic whose strongest passion
was to discredit Egyptian “idolatry,” inferred from these measurements
that a miracle, comparable to the Second Coming of Christ or the Mil-
lennium, would occur in 1881. When no miracle took place in 1881,
other Pyramidologists reshuffled the numbers to make other predictions,
which likewise failed to come true. The last one was that the world
would end in 1953. This nonsense can go on forever, because new
cultist minds are always being born. As engineering achievements, the
pyramids are quite remarkable enough without bedecking them with
occult whimseys.

Some people think that the ancient Egyptians must have used powered
machinery like ours to build the pyramids, or even that they called upon
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occult powers whose secret has been lost. As the modern Egyptian poet
Hafiz Ibrahim put it:

For they had crafts beyond our ken
And sciences that lesser men
Lack wit to grasp; with dexterous hand
To rich invention wed, they planned
Fair idols men might be forgiven
For worshiping in hope of heaven . . .18

Herodotos is responsible for this picture of pyramids being built by
modern construction machinery. He wrote:

The pyramid was built in steps, battlement-wise, as it is called, or, according
to others, altar-wise. After laying the stones for the base, they raised the
remaining stones to their places by means of machines formed of short
wooden planks. The first machine raised them from the ground to the top of
the first step. On this there was another machine, which received the stone
upon its arrival, and conveyed it to the second step, whence a third machine
advanced it still higher.1#

As nobody has found any trace in Egyptian art, architecture, or litera-
ture of anything like these wooden hoisting machines, it is likely that
they were merely the fantasy of some guide or priest, recounted to the
eminent Greek tourist in the hope of extracting an extra obolos from
him. When Herodotos wrote, pyramids had not been built in Egypt for
more than a thousand years, and it is unlikely that his guides would
have any clear idea of the engineering methods of their long-dead prede-
€essors.

But from various sources—tool marks on stone, quarries with blocks
half detached, ancient tools found in modern times, and tomb paintings
that show Egyptians working—we know much of how the Egyptians
built large constructions of stone. From these sources we learn that the
Egyptians of Khufu’s time used very simple methods indeed. They lacked
tongs and pulleys. They had no tools of any metal but copper. They
made but little use of the wheel.

It is not even certain whether they moved heavy stones on rollers.
Later engineers used rollers—for instance, Domenico Fontana moved
his obelisk to St. Peter’s by this means in 1586. But an Egyptian picture
from the end of the pyramid-building age (—XX) shows 172 men pull-
ing the 60-ton statue of a nobleman'® on a sled without rollers. To
make the sled move more easily, a man poured a liquid—probably milk,
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the fat content of which makes it a better lubricant than water—on the
ground before it.

The true secrets of the ancients’ engineering triumphs were three:
tirst, the intensive and careful use of such simple instruments and de-
vices as they had; second, unlimited manpower and the ability to or-
ganize and command it; and lastly, no need for haste. The most impor-
tant of these was the last—the infinite patience they applied to their
projects. The ancients were perfectly capable of duplicating many of our
large modern public works, provided they did not require structural
steel; but it would take them many more man-hours to do so.

The early Egyptian structures that have survived are nearly all tombs
and temples. Although the Egyptian kings built handsome palaces, prac-
tically nothing is left of these, because the palaces were made of mud
brick while the temples and tombs were of stone. From the Egyptians’
point of view, this was logical. Since they took the afterlife seriously,
they built palaces of brick, meant to last through their own lifetimes
only; but tombs and temples were for eternity.

King Joser was not the first to build in stone; his predecessor
Khasekhemui had used stone for the inner part of his mastaba. Joser
made his step pyramid and mortuary temple compound of comparatively
small stones, because the workers did not yet know how to handle larger
ones.

By Khufu’s time, techniques had so improved that the crews could
handle not only the 2.5-ton blocks of which most of the pyramid was
composed, but also a number of granite slabs, weighing over 50 tons
each, for roofing the chambers. By the time of Menkaura, they were
building the king’s mortuary temple of stones weighing as much as 220
tons; by the time of Rameses II they were moving 1,000-ton statues.

The pyramids and other Egyptian monuments were not, as is often
thought, built by hordes of slaves. Although Egypt was a land of vast
class differences, slavery in the strict sense never played much part in
its history.

For that matter, while slavery was found everywhere in the ancient
world, the actual number of slaves at any one time and place was small,
save in certain exceptional cases. During the growth of an empire by
rapid conquest, as in the case of the Roman Empire in the last centuries
of the Republic, many thousands of persons were enslaved by the con-
quering armies. With this exception, such slaves as existed were mostly
the house servants of rich men and officials.

On the other hand, forced labor was common. It was the standard



The Egyptian Engineers 41

method of ‘building roads, canals, temples, and other public works, be-
cause tax-gathering machinery was not yet effective enough to make the
hiring of voluntary workers practical. Moreover, the inefficiency of
forced labor had not yet been realized. About +150, King Rudradaman
of Ujjain, in India, proudly boasted in an inscription that he had rebuilt
and enlarged an important irrigation dam without resorting either to
forced labor or to special taxation.

Simple calculations show that Herodotos’ tale of the building of the
Great Pyramid by 100,000 men working for twenty years—two million
man-years of labor—is much exaggerated. Even with the simple methods
of the times, the pyramid could have been built with a fraction of that
labor.

Probably there was a small permanent staff of skilled workmen. A
set of barracks of rough stone and dried mud, whose ruins were found
near Khafra’s pyramid, may have housed this permanent staff. The bar-
racks are thought to have held about 4,000 men.

In addition, the king conscripted tens of thousands of peasants to
help with the heavy work during the season of the annual flood of the
Nile, when these farmers would otherwise have been idle. It was forced
labor, but the laborers were conscripts, not slaves. They were probably
paid in food, because money did not yet exist. They were organized in
gangs with such heartening names as “Vigorous Gang” and “Enduring
Gang.” The kings also freely pressed their soldiers into service for work
on such monuments.

While it is not likely that the workers were constantly lashed with
whips, as the slaves of legend are supposed to have been, we need not
think that building such a monument was all sweetness and light, either.
Egyptian tomb paintings show the foremen of gangs as carrying yard-
long limber rods, and these were probably not mere symbols of office.
An occasional whack with a stick has been a customary part of bossing
a gang of Egyptian workers, slave or free, from ancient times almost to
the present day. The architect Nekhebu, in boasting on his tomb of his
many virtues and kindnesses, mentions the fact that he never struck a
workman hard epough to knock him down.

With forced labor, such methods are to be expected, because the con-
scripted worker, like the slave, has nothing much to gain by working
hard. He therefore does as little as he possibly can. It is no use to
threaten him with dismissal, because he would like nothing better.

It has been suggested that the pyramid workers labored willingly,
deeming it their pious duty to preserve the body of their god-king and
perhaps believing that such preservation helped the masses in some magi-
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cal way. Considering the amount of voluntary work done on cathedrals
in medieval Europe as a pious duty, such an attitude is not impossible,
at least among some of the workers. But there is no way to settle the
question by interviewing Khufu’s subjects to see what they thought.

Most of the stone for the pyramids, cut from local outcrops, could
be dragged directly to the site on sleds. Fine limestone from Troyu had
to be rafted across the Nile. Granite for the linings of chambers came
from Swenet (modern Aswin) and were floated on barges down the
Nile. For pyramids built on low ground, the kings had canals dug from
the Nile partway to the pyramid, so that the stones could be brought
near the site before being dragged overland.

The Egyptians had various methods of quarrying. One was to cut
notches in the rock along the line of fracture, drive wooden wedges into
these notches, and wet the wedges. When the wood swelled, the block
split off. Another method was to drive copper wedges between thin cop-
per feathers on the sides of the notches.

Still another way was to have a crew pound at the rock with balls of
hard stone (diorite) held in both hands until they had bashed out a
trench all around the stone to be detached. A modern experiment has
shown that pounding granite with a similar ball, on an area a little over
a square foot, lowers the level of the stone at a rate of one-fifth of an
inch an hour. This laborious method seems to have been used for long
pieces of granite, such as obelisks, perhaps because it created less risk
of cracking the stone than the wedging methods.

The stones were moved by the lavish use of levers and ramps, first to
get the stones on their sleds, then to bring the sleds to the sites where
the stones were to be set. The Egyptians made enormous ropes of palm
fiber or reed. If, as a tomb painting indicates, 172 men could move a
60-ton statue, 8 men should have been able to move an ordinary
2.5-ton pyramid block, at least on the level. Sometimes oxen were used
instead of men.

While some men were quarrying the stones for a pyramid, others were
clearing and leveling the site of the tomb. The sides of the base were
measured off with cords to form a square. There were several possible
ways to check the trueness of the square, such as measuring the diag-
onals. For leveling, a long narrow trough of clay, into which water was
poured, served just as well as a modern spirit level.

It is not known for sure how the Egyptians found the true north so ac-
curately. The star nearest the north celestial pole in Khufu’s time was
Alpha Draconis, and that may not have been close enough to be very
helpful.1¢ While it is possible to mark the directions of the sun’s rising
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and setting and bisect the angle between these directions, the sun is too
large an object to sight on accurately.

A likelier method is to build an artificial horizon—that is, a circular
wall, high enough so that a person seated in the center cannot see any
earthly objects over the top of the wall. The seated observer, with his
head at the center of the circle, watches a star rise and directs another
surveyor to mark the place on the wall where the star appeared. When
the star sets, he causes another mark to be made.

By lowering a plumb bob from the marks on the wall, the places at
the foot of the wall, inside, and directly below the marks are found.
Lines are drawn to the center of the circle. By bisecting the angle be-
tween these lines with cords and markings, the true north is found. The
surveyors probably made a number of tries to be sure of getting the
correct direction.

In building a pyramid, the stones were sledded to the site, levered off
their sleds, and shoved into place with much prying and grunting. Prob-
ably the masons spread a layer of thin mortar or mud on the rock over
which the stone was to be slid, to make the job easier.

As the pyramid rose, the builders raised an earthen mound on all
sides of it, with one or more long ramps for hauling up the stones. Re-
mains of such ramps have been found near some of the pyramids and
other monuments. As each course was laid, the mound and the ramp
were raised to another level. When the job was done and the gilded
capstone had been set in place, all this vast mass of earth had to be
hauled away.

The core stones of common limestone were only roughly fitted to-
gether, but the fine limestone blocks of the casing were fitted so care-
fully that a knife blade could hardly be thrust between them. The joints
between adjacent blocks are all more or less askew, which implies that
each row of casing stones was lined up on the ground and trimmed to
fit one another before being hauled up the ramp and pushed into place.
And Ptah help the foreman who tried to insert Block Number 6 where
Number 5 was supposed to go!

Lastly, during the removal of the mound and the ramp, masons
standing on the mound trimmed away any irregularities left in the facing
of each side.

Ancient and modern critics alike have berated the kings of Egypt for
spending the kingdom’s wealth and their subjects’ labor on such useless
monuments. Of course, the kings who built the pyramids did not regard
them as useless, but as a sure means of gaining a pleasant and everlast-
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ing afterlife. As things turned out, the pyramids were not all wasted
effort. In building them, Egyptian engineers learned much about quar-
rying, shaping, and moving heavy stones. This knowledge became a part
of the world’s general fund of technological wisdom.

Egypt was a land of vast social distances between noble and com-
moner, between king and subject. It was a land of rigid class lines not
easily crossed. Still, engineers succeeded in crossing them, because en-
gineering ability is not a common gift. The architect Nekhebu (—XXVI)
told on his tomb the story of his rise from humble beginnings:

His Majesty found me a common builder; and His Majesty conferred upon
me the offices of Inspegtor of Builders, then Overseer of Builders, and Super-
intendent of a Guild. And His Majesty conferred upon me the offices of
King’s Architect and Builder, then Royal Architect and Builder under the
King’s Supervision. And His Majesty conferred upon me the offices of Sole
Companion, King’s Architect and Builder in the Two Houses.?

Nekhebu goes on to boast of how he built mortuary chapels for King
Pepi I, dug two canals, and executed other royal commissions. For these
labors, the king conferred additional titles upon him and rewarded him
with gold, bread, and beer.

When Third Dynasty kings first began to build structures in stone,
they proceeded with a kind of nervous caution. To be on the safe side,
they adhered to architectural forms as much as possible like the earlier
forms of brick, wood, and other materials.

Joser’s pyramid and the other buildings of its temple compound are
full of such imitations. Stone walls are carved to look like reed matting;
a stone roof is carved on the underside to resemble a roof of rounded
logs. .

Columns imitate supporting members gathered from the plant world.
They mimic the palm trunks, the bundles of reeds and saplings, the
papyrus stems—singly and in bunches—with which Egyptians had been
holding up their flimsy dwellings. The ribbing of columns indicates
bunches of slender stems lashed together. Foliage of the appropriate kind
is carved in stone at the tops of the columns.

After all, such slavish imitation of plant forms might not make any
difference in the strength of the column. But then again it might, and
why take chances? Stress analysis was undreamed of, and no architect
wanted his temple to collapse because he had dared to break away from
known shapes.
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By the time of King Khafra, architects no longer thought that a stone
supporting member had to look like a tree trunk. Khafra had his so-
called “valley temple” near the Sphinx built with plain square columns,
as starkly functional as anything in modern architecture.

Not long after Khafra’s time, the architects also began to make the
tops of their columns in the forms of lotus blossoms—that is, water
lilies. This is certainly no imitation of any real wooden column, because
the stem of a water lily has no more structural strength than a piece of
spaghetti. Therefore, these lotus capitals must have been used for reli-
gious or artistic reasons.

Withal, the habit of carving imitation tree trunks in stone to hold up
the roofs of public buildings persisted. The familiar three orders of clas-
sical Greek temple columns—Doric, Ionic, and Corinthian—probably
evolved from Egyptian temple columns with their lotus, papyrus, and
date-palm capitals. In other parts of the world, the capitals of columns
were derived from other plant and animal forms. Just remember, next
time you pass a bank with conventional Greek columns before it, that
you are beholding an imitation in concrete of an imitation in stone of a
simple wooden log.

After Ahmose I, the kings of Egypt ceased to make artificial moun-
tains for sepulchers. Perhaps costs of construction rose, as they seem
to have been doing from that day to this. Perhaps the liberalization of
Egyptian religious doctrines, which at last allowed common men to hope
for immortality without benefit of pyramids, had an effect.

In any case, the subsequent kings drove tunnels into real mountains,
mostly on the west bank of the Nile opposite the city of Opet (the
Egyptian Thebes of the Greeks, and the modern Luxor), which was the
capital of the New Empire. Although these Pharaohs tried to hide their
tombs, grave robbers gained access to all but one: that of the boy-king
Tutankhamon (—XIV). The entrance to this tomb was covered by
débris thrown out in digging the tomb of the later Rameses VI (—XII);
and thus it was buried, forgotten, and saved for posterity.

Relieved of the staggering costs of pyramids, the kings put more of
their wealth into temples and monuments, like the obelisks. Obelisks
were monuments to the sun god Amon-Ra, in the form of a tall tapering
shaft of Aswéan granite, surmounted by a pyramidion (little pyramid)
originally plated with metal—copper, gold, or electrum—to reflect the rays
of the divine sun. On these shafts the kings usually included, besides the
dedicatory inscription, boasts of their own virtues and feats. A 90-footer
still lies in the quarry at Aswin where it was abandoned after flaws
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appeared in the rock. To raft the obelisks down the Nile, Egyptian rulers
built 200-foot barges, the largest ships that the world had yet seen.

At one time several score of these monuments dotted the land of
Khem, but only five remain. Some were felled and broken by earthquakes
or settling. Many were carried off by Roman emperors to decorate Rome
and Constantinople.

Others were given away to foreigners by the nineteenth-century rulers
of Egypt, especially Mehmet Ali, the crafty and energetic Albanian
tyrant. Mehmet Ali cared nothing for monuments and everything for
money and power. Having demolished several ancient temples to make
factories of the stones, he proposed to take the Great Pyramid apart for
its stone and was only dissuaded when told that it would be more effi-
cient to use a quarry nearer Cairo. As a result of the Albanian’s open-
handedness with the relics of the Days of Ignorance, Paris, London,
and New York have one obelisk apiece.

The largest obelisk of ancient Egypt was the 105-footer made by
Thothmes III (—XV) now at the Church of San Giovanni in Laterano
in Rome. The largest still standing in Egypt is one of four erected for
the famous Queen Hatshepsut, the aunt of Thothmes III, by her archi-
tect and favorite Senmut.

It is likely that Senmut was named Royal Architect because he was
Hatshepsut’s favorite, not that he became her favorite because he was
such a good architect. In lowering Hatshepsut’s surviving obelisk into
place, Senmut’s crew missed the groove along the upper edge of one
side of the pedestal. Such a groove was cut in all obelisk plinths to in-
sure that the monument should settle into place squarely centered on
the pedestal. As a result of Senmut’s blunder, this obelisk is several
inches off-center and slightly askew. Poor Senmut was probably liqui-
dated, along with Hatshepsut’s other supporters, when Thothmes III
took the throne and tried to obliterate the memory of his hated aunt
by chiseling her name off all her monuments.

For moving these shafts, the Egyptians used methods like those em-
ployed in moving pyramid blocks. To erect an obelisk, they probably
hauled it up an earthen ramp and dug the earth away under the butt
until the obelisk had tipped up to an angle of about 45°. When the low-
est edge was seated in the groove along the upper edge of the pedestal,
they hauled the obelisk upright with ropes and shear legs.'® We can
imagine their taking many precautions with guy ropes, braces, and
cushions of brushwood to make sure that the stone did not get away
from them.
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In 1961 the archeologist Millet watched an Egyptian crew erect an
obelisk of Rameses II in a park in the Gezira (“Island”) of Cairo by
much the same methods, except that two modern steel winches took the
place of “the huge gangs of men who had erected the monolith in its
original setting in the great temple at Tanis.” Millet adds: “I went off
home in the snug glow that affects every self-respecting archaeologist
when he sees a survival of the past holding its own in the present. It
proves what he has always secretly believed—that they did things better
in those ancient days.”!?

Similar methods were probably used by the primitive Britons at about
the time of Thothmes III in setting up the circle of upright twenty-six-
ton stones for their outdoor temple at Stonehenge. In prehistoric times,
thousands of similar stones were also set up in long parallel rows near
Carnac, in Brittany.

Of the later Egyptian temples, the most impressive is that of Amon of
Opet, usually called after the modern village of Karnak. Parts of it go
back as far as —2000. Some of the early buildings were demolished to
make room for grander structures, whereas others were allowed to stand
while later buildings rose around them. In the course of the centuries,
the temple acquired the form of a long rectangle, about 400 by 1,200
feet.

However, the symmetry of this rectangle was spoiled by kings who
haphazardly added more buildings and monuments, until the vast
temenos became a chaos of walls, columns, pylons, courts, temples,
statues, obelisks, and shrines. Small detached temples stood here and
there outside the main mass or inside the courts of the larger temples.
The walls were covered with painted reliefs, showing the kings dispatch-
ing their foes and adoring their gods.

The most impressive part of the Temple of Amon is the Hypostyle
Hall built by Rameses II (—XIII). Rameses was one of the ablest, most
aggressive, and most self-conceited of all the kings—nearly 300 of them
—who ruled the land of Khem before the Persians came. He had a mania
for statues of himself, the bigger the better. After his time, Egypt was
dotted with colossi displaying idealized versions of Rameses’ lanky form
and large hooked nose.

One colossus, dug up near Saqqéra, now stands in front of the railroad
station in Cairo. Remains of another, fallen and broken into three pieces
at Rameses’ mortuary temple in the City of the Dead, across the Nile
from Opet, inspired Shelley’s Ozymandias:
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I met a traveller from an antique land

Who said: Two vast and trunkless legs of stone
Stand in the desert . . . Near them, on the sand,
Half sunk, a shattered visage lies, whose frown
And wrinkled lip, and sneer of cold command,
Tell that its sculptor well those passions read
Which yet survive, stamped on these lifeless things,
The hand that mocked them, and the heart that fed:
And on the pedestal these words appear:

‘My name is Ozymandias, king of kings:

Look on my works, ye Mighty, and despair!’
Nothing beside remains. Round the decay

Of that colossal wreck, boundless and bare

The lone and level sands stretch far away.20

The fact that the real Ramesseum and its fallen colossus do not an-
swer at all well to Shelley’s description does not detract from the beauty
of the poem, which across the gulfs of time and space has awakened in
the minds of millions a sense of the mighty stream of human history.

The most astonishing feature of the Hypostyle Hall is the forest of 134
immense columns. Of these, the columns of the two central rows, twelve
in all, are 69 feet tall and almost 12 feet in diameter. They are topped
by 11-foot foliage capitals. The remaining 122 columns are smaller. All
are carved with reliefs and inscriptions. Whereas most ancient columns
were built up of drums—cylindrical stones fitting one above the other—
the columns of the Hypostyle Hall are made of half-drums, as whole
drums would have been so large as to be awkward to handle.

Although the Hypostyle Hall is one of the world’s most celebrated
buildings, a closer look shows it to be more an expression of Rameses’
megalomania than a worthy house for the gods. The construction is
gimcracky. The columns had no foundations other than pavements of
small stones. As a result, when the Nile rose to record heights in 1899,
eleven columns fell over. Since then the archeologists have reset them,
secured them, and erected a concrete roof over them. But the columns
are so massive that a worshiper within could see practically nothing of
what was going on at the far end of the temple.

Although to our skeptical age it might seem that the Egyptians de-
voted undue effort to tombs and temples, Egyptian engineers also worked
at more mundane projects. A bas-relief on an ornamental stone mace
shows an early king, known only as “Scorpion,” grasping a hoe as he
officiates at a canal-digging ceremony.
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From Scorpion’s time on, the construction of canals was a major
concern of the Pharaohs and their servants. Among the first duties of a
provincial governor were the digging and repair of canals. These canals
were used to flood large tracts of the country during the Nile’s high water,
which occurs in the autumn as a result of summer rains in the lands to
the south of Egypt.

The land to be flooded was cut up by dykes into a checkerboard
pattern of small basins. When the basins were full, the dykes were closed
up and the water was kept standing until, perhaps a month later, the
ground was thoroughly soaked. Then the surplus water was drained off
into the canals.

Although the Nile is the world’s most reliable river, an excessively
high or low rise of the Nile spelled disaster. If the river did not rise high
enough, it failed to flood the tracts laid out for that purpose, and no
crops grew. If it rose too high, it washed away the dykes and nearby
villages, drowning thousands.

Where fields were not low enough to be flooded directly, the peasants
drew water from the canals and from the Nile by means of the swape or
shadif. The swape consisted of a bucket on the end of a cord, which
hung from the long end of a pivoted boom, counterweighted at the short
end. Such swapes, mostly of very rough construction, are still used in
Egypt. The posts bearing the axle on which the boom is pivoted are
made of dried mud. The boom is a tree trunk with the branches lopped,
and the counterweight is another mass of mud. A farmer in such a rain-
less land may spend up to half his working time irrigating his little plot.

Canal building continued down the centuries. Senusert III (—XXI)
was such a vigorous canal builder that he became known as “the king
who built the canals,” and later storytellers ascribed to this one king the
deeds of many. At length he became the legendary “Sesostris” of the
Greek historians, whose mythical deeds included damming the Fayyim
depression west of the Nile and conquering the whole civilized world.

The Egyptians did in truth know how to build dams. At some time—
perhaps as far back as King Khufu’s reign—they built one in the Wadi
Garawi, twenty miles southeast of Cairo, to store water for the use of
workers in the nearby quarries. This dam is of rough masonry 33 feet
high, between 200 and 370 feet long, and between 150 and 270 feet
thick. Later—perhaps about —1300—Egyptian engineers threw a much
larger stone dam across the Orontes River in Syria. This dam, a mile and
a quarter long, created the Lake of Homs. Lake and dam are both still
there and still in use for local irrigation.

As a result of Egyptian canal building, Herodotos noted:
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. . whereas Egypt had formerly been a region suited for horses and car-
riages, henceforth it became entirely unfit for either. Though a flat country
throughout its whole extent, it is now unfit for either horse or carriage, being
cut up by the canals, which are extremely numerous and run in all directions.2!

This is an exaggeration; the many Egyptian pictures of chariots and
the remains of the chariots themselves show that there were always some
fairly good roads. Borrowing the idea of the chariot from Mesopotamia,
Egyptian wainwrights developed a light, openwork chariot of refined
design for sport and war.

The most far-sighted of all the canal projects, however, was begun
by Nikau II?2 about —600. This was a ship canal to connect the Red Sea
with the Mediterranean. But it did not run north and south through the
Serbonian Swamp, between Egypt and Sinai, as does the present Suez
Canal.

Instead, Nikau’s canal ran east and west, from the easternmost branch
of the Nile (near modern Zagazig) to Lake Timsah, the mid-point of
the present Suez Canal. Thence it turned south and followed more or
less the course of the Suez Canal, skirting the Bitter Lakes to the head
of the Red Sea.

Nikau gave up the project, we are told, when an oracle warned him
that he was laboring for the benefit of “the foreigner.” Three-quarters
of a century later the foreigner arrived, under the standards of the
conquering army of Cambyses?® the Persian. After the conquest of
Egypt, the great Darius I?* completed the canal.

From then on the canal was alternately open and closed, as careless
rulers let it fill up with sand and energetic ones dredged it out again.
Ptolemaios II (—III) not only restored it but added some sort of lock
or water gate. The Roman emperor Trajan restored it again; so did the
Arab general ‘Amr ibn-al-‘As, who conquered Egypt in the +640s.

In +VIII, however, the canal went out of use for good. At this time,
disorderly Arab rule allowed the whole Egyptian canal system to fall
into disrepair, with the result that the teeming population of Egypt was
halved by starvation. Communication between the Mediterranean and
the Red Sea was not reopened until the completion of the Suez Canal in
1869, with bands, fireworks, and Empress Eugénie. Verdi composed
Aida for the event but was two years late.

So ends the story of engineering in the days of independent ancient
Egypt. To learn more about the great public works of ancient times, we
must turn to that other great watershed culture, the civilization of Mes-
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opotamia. For, if the Egyptians surpassed all other pre-classical peoples
in the art of building in stone, the Mesopotamians excelled in many
other aspects of civilization. We derive much more of our science, reli-
gion, and commerce from ancient Iraq than from Egypt; and in engineer-
ing, too, the ancient Mesopotamians were second to none.



THE MESOPOTAMIAN
ENGINEERS

THREE

Save in the extreme north, Iraq is an enormous flat plain, fading
oft into the Arabian deserts. It is barren and desolate except where
irrigation brings in the waters of the Tigris and Euphrates rivers, which
wander placidly over its level surface. The Greeks called this land Mes-
opotamia—“the land between the rivers.”

So vital is irrigation to Mesopotamia that an ancient Babylonian
curse was: ‘“May your canal be filled with sand!”* Many of the ancient
laws dealt with canals and water rights, like this one from about —VI:

The gentleman who opened his wall for irrigation purposes, but did not make
his dyke strong and hence caused a flood and inundated a field adjoining his,
shall give grain to the owner of the field on the basis of those adjoining.2

The great Khammurabi, called the Law-giver, who lived about —1700,
was constantly writing his governors about the repair of canals:

Unto Governor Sid-iddinam say: Thus saith Khammurabi. Thou shalt call
out the men who hold lands along the banks of the Damanum-canal that they
may clear out the Damanum-canal. Within the present month shall they com-
plete the work . . .8

Khammurabi also let the thirty-third year of his reign be known as
the year in which he “redug the canal called ‘Khammurabi-spells-
abundance-for-the-people, the Beloved-of-Anu-and-Enlil,” thus he pro-
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vided Nippur, Eridu, Ur, Larsa, Uruk, and Isin with a permanent and
plentiful water supply . . .”* after these cities had been threatened with
destruction by the drying up of the Euphrates.

In southern Mesopotamia, at the beginning of recorded history, the
Sumerians—a people of unknown origin—built the city walls and temples
and dug the canals that comprised the world’s first engineering works.
Here, for over two thousand years, little city-states bickered and fought
over water rights.

The Sumerian element in the population was gradually swamped be-
neath a tide of Arabian nomads, who drifted in from the desert to take
up the lives of farmers and city dwellers. The Semitic Akkadian tongue
replaced Sumerian and spread all over the Near East as a trade language.
Lugalannemundu of Sumer, Sargon of Akkad, Ur-Engur of Ur, Kham-
murabi of Babylon, Gandash the Kassite, and Nebuchadrezzar I of
Babylon founded short-lived empires until the Assyrians overcame them
all (=XII).

Before the rise of cities, the Sumerians lived in round huts built by
the stud-and-mud or wattle-and-daub method. A number of slender rods
—canes, saplings, or withes—were stuck in the ground in a circle. These
were then plastered over with clay or mud to form a wall. Similar houses
were built in Egypt and are still made in Iraq today.

When cities arose and wealth accumulated, city-dwellers changed
from these circular huts to rectangular houses of brick. The Sumerian
brick mold, still in use there, may be called the world’s first mass-
production device. Asphalt from the natural oil well of Id® was used
for mortar. A house might be whitewashed or, if pretentious enough,
might be coated with plaster.

Instead of hinges like ours, the door had a pair of vertical pins at the
hinge corners. The bottom pin rested in a“stone door socket, usually the
only piece of stone in the house. The upper pin was held in place by a
strap, and the door frame was painted red to scare away demons. Win-
dows were often barred by a grille or shutter of brick.

Most of the roofs were made of palm logs laid in a row from wall
to wall. Over the logs was spread a layer of palm fronds and, over
that, a layer of earth, rolled flat with a stone roller. After every rain,
the Mesopotamians climbed up to their flat roofs to re-roll them, as
some still do today. Many householders even raised vegetable gardens
in the earth of their roofs.

Some houses had, over one or more rooms, roofs in the form of
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corbelled domes. These domes, like clusters of magnified beehives, are
still seen in Syrian villages.

As houses grew larger, they took on the shape that ever since has
been popular in southwestern Asia and the Mediterranean region. The
rooms formed a hollow square; the doors and windows faced the open
court or garden in the middle of the square. The larger homes often
had two stories, the upper one being of flimsy mud-and-reed construc-
tion for lightness. The outside of the house, except for the front door,
presented a blank brick wall to the outer world.

There were several reasons for this outside-in construction. One was
the intense summer heat of the region. A learned man who went east
with Alexander the Great wrote that at Susa,® “when the sun is hottest,
at noon, the lizards and snakes could not cross the streets in the city
quickly enough to prevent their being burnt to death in the middle of
the streets” and “barley spread out in the sun bounces like parched bar-
ley in ovens.”” The hollow square allowed the house owner to sit out-
doors in the shade at all times of day.

Moreover, such a house was less vulnerable to burglary than one with
windows opening to the outside.

Finally, a blank wall shielded the householder from the eager eyes of
tax gatherers and other royal agents. Some men living under a despotism
managed to get rich, even though they were not members of the govern-
mental apparatus. Such men—merchants for example—were careful to
hide their wealth from the despot’s agents, lest they be beggared by sud-
den tax claims or slain on some trumped-up charge to give the autocrat
an excuse for taking all. An Iranian proverb expressed it: “If you are
being fattened by someone, you may expect very quickly to be slaugh-
tered by him.”8

Because of the scarcity of fuel in Mesopotamia, kiln-dried bricks were
rarely used in private houses. As a result, the householder was kept
busy during the winter trying to patch up his house as fast as the rains
dissolved it away. When, once in a generation, the task became hopeless,
he brought out his movables, knocked down the walls, leveled and
smoothed off the débris to make a new floor, and built another house
on the ruins of the old.

As the early cities of the ancient watershed kingdoms had neither
sewers, garbage disposal, nor trash collection, rubbish accumulated and
constantly raised the level of the streets. Older houses could be distin-
guished by the fact that their entrances were below street level.

This was particularly true of temples. Most large temples stood in a
sacred precinct, the temenos, surrounded by a wall. Because the temple
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was more substantially built than private houses, it lasted longer. Also,
as the temenos was holy, it was kept free of rubbish, so that the level
of its grounds did not rise with that of the street outside. In time a
temple and its inclosure might be almost buried from sight as the street
levels rose around them.

Thus cities originally built on the plain slowly rose on hills of their
own débris. Today Iraq is dotted with these hills or tells,® scores of
which still await the picks, shovels, and whisk brooms of archeologists.

When men first began to build large numbers of houses close together,
two methods of arranging them grew up. If a city grew out of a village,
the dwellers were likely to continue to let everybody put his house where
he pleased. "

The result was a city laid out like the oldest parts of Paris or Boston
today. Narrow, winding alleys, hardly wide enough for two men to pass
and unusable by large beasts of burden or vehicles, ran every which
way. This was no great fault in a village, where too few people were
abroad at any one time to constitute a traffic problem.

But, as the population grew, traffic congestion grew faster. Hence the
ancient metropoleis were forced, like modern cities, to regulate traffic.
The winding-alley village layout also aggravated the problems of waste
disposal, fire protection, and law enforcement as the city waxed larger.

So when, as sometimes happened, a group of people came to a
likely place and said: “Let us build a city here,” their leaders often had
the wit to plan the city from the start. They laid it out with straight
streets, some of them wide avenues, in a regular pattern. They kept at
least one area clear of buildings for a marketplace, and reserved another
space for temples and palaces.

The usual pattern was a gridiron or checkerboard with streets cross-
ing at right angles. The cities of the Indus Valley showed this plan, as
did some Mesopotamian and Egyptian cities. Peoples much given to
sending out colonies, such as the Phoenicians, the Greeks, and the Ro-
mans, had many occasions for laying out cities in this manner.

A ceremony marked the founding of a city. The head man traced out
the line of the wall, often by plowing a furrow with gaps for the gates.
This line then became invested with magical properties.

The simple gridiron plan is not always the best possible, according to
modern city planners, who like to include a few diagonal streets to carry
heavy traffic and a winding layout for residential sections. But the gridi-
ron was the best that ancient city planners could envisage.

In locating a city, ancient town planners were often torn between two
choices: to put the city at the bottom of a valley for nearness to water,
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or to place it on a hilltop to make it easy to defend. The choice de-
pended upon the likelihood of attack.

The survival of the hilltop city or fortress depended on getting water
when besieged. Some cities solved the problem thus: When a spring
flowed from the hill below the walls, the builders drove an inclined tun-
nel from inside the walls down through the rock to the spring, which
they then walled in so that it could be approached only by this tunnel.
Sometimes another tunnel carried the water inwards, under the fortified
place, where it filled an underground cistern.

The kings of Mycenae in Greece, reigning at the time of the legendary
Trojan War (—XII), took this precaution. So did the Jebusites, who
lived in Jerusalem before the Israelites captured it. The Jebusites ran a
tunnel from the spring of Gihon, southeast of the city, to a natural cave
beneath the city. Then they excavated a 40-foot vertical shaft from this
cave up to the surface, so that women could lower their vessels from
the surface down to the reservoir thus created.

When David attacked Jerusalem (about —1000) the warrior Joab
led a party of Israelites up the shaft, captured the city, and thus made
himself David’s commander in chief. About 300 years later, King
Hezekiah of Judah blocked off the Jebusite tunnels and made a tunnel
of his own, leading to the Pool of Siloam at the southern end of the Val-
ley of Cheesemongers. An inscribed tablet marked the place where the
two tunneling gangs, starting from points a third of a mile apart and
boring from opposite directions, met.

The two great Mesopotamian rivers meander southeastward across
the Euphratean plain, approaching to within twenty miles of each other
near Baghdad. Then they diverge for another 300 miles. At last they
join and flow together for fifty miles into the Persian Gulf. According to
one theory (with which not all students agree) this gulf in ancient times
extended farther to the northwest than it now does, and the rivers en-
tered it separately. Silt from these rivers has since filled up the head of
the gulf.

Both rivers, like the Mississippi and other large flood-plain streams,
have changed their courses many times, often leaving prosperous cities
stranded, to decay and die in the midst of a desert. In the upper part
of its course, where the slope is steep and the current swift, a river picks
up silt from the bottom. Ther farther down, as the river nears the sea,
its slope becomes gentler and its current slower, so that it drops the silt
it carried. Therefore the bottom in this part builds up higher and higher.

In time, during the high-water season, the river overflows its banks.



58 The Ancient Engineers

Sometimes it makes a whole new channel in some other part of the flood
plain. Because men try to keep the river in one place by building up the
banks with levees, the river rises higher and higher above the surround-
ing country, and a flood is more destructive when it does come.

Flood problems were more acute in Mesopotamia than in Egypt. For
one thing, the Tigris and Euphrates carry about five times as much silt
for a given volume as the Nile. Hence the bottoms of these rivers rise
faster, and they change their courses more often.

For another, they are less regular than the Nile in the date and de-
gree of the rise of their waters. Their high level occurs in the spring at
an awkward time, too late to help with winter crops and too early for
summer crops. Therefore, much storage of water is needed to raise good
crops on this fertile flatland.

Although the Euphrates is much the longer of the two rivers, the
Tigris carries over twice as much water as its sister. It is also swifter and
more unpredictable. Moreover, being faster, it digs a deeper trench and
so is less easily used for irrigation.

Because the leading civilizations of antiquity arose in broad river val-
leys, and because floods are the deadliest natural catastrophes in such
valleys, these civilizations all developed flood legends as part of their
mythology. The Sumerians had a legend about the pious Ziusudra, who
by building an ark saved himself and his family from a great flood sent
by the gods. The legend evolved down the centuries and passed from
folk to folk, so that Ziusudra became the Utnapishtim of the Assyrians,
the Noah of the Hebrews, and the Deukalion of the Greeks.

Across the yawning gulf of 5,000 years, we see the sun-browned
Sumerians beginning the endless task of breaking the rivers and the
plain to the use of man. As century followed century, Mesopotamia
came to be damascened by an azure web of canals, which tamed the
mighty Euphrates, clothed the desert in rippling fields of golden grain,
and moistened the roots of date palms planted along their banks in end-
less rows.

In the third millennium B.c., for example, King Entemanna of Lagash
built an especially large canal, which ran from the Tigris south along
the 46th meridian to the Euphrates. This canal can still be traced by a
line of lakes, streams, and marshes. Later an even larger canal, the
Nahrwén, over 200 miles long and 400 feet wide, paralleled the Tigris
along its left bank from Baghdad (then a mere village) to a place near
modern Kut al-‘Améra.

Keeping up such a canal system in Mesopotamia presented special
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difficulties. Because of the lack of timber and stone, there was no easy
way to reinforce the canal banks. When these banks were simply made
of piled-up mud, they easily fell into disrepair.

An irrigation canal must be carefully planned and maintained. It must
be a little above the surface to be irrigated, and it must have a slight
but constant slope to keep the water flowing. If the slope is too steep,
the water flows too fast and eats away the banks. If it is too gentle,
weeds and silt block the channels. The domestic goat, that ancient
scourge of the Near East, breaks down the banks by scrambling up and
down them. Constant repairs are therefore needed. As soon as a section
begins to silt up, it must be dredged out lest it ruin the circulation of
the area.

Lacking stone and wood, the Mesopotamians used cane reeds, tied
in bundles or woven into mats, as reinforcing material. They used these
reeds not only in their canal work but also in house building. Therefore
Mesopotamian towns maintained a curious institution: the municipal
marsh, a patch of swamp deliberately kept as a wetland where the use-
ful reeds could grow.

Mesopotamian irrigation was of the basin type, like that in the Egyp-
tian Delta. As such basins do not have mechanical gates or sluices, they
are opened by digging a gap in the surrounding embankment and closed
by shoveling mud into this gap again. Hence Mesopotamian irrigation
farming was a very laborious business.

For ho