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CHAPTER 1

In The Beginning

¥ho ean tell when enginesring began? Many thousands of years
8go when the human race had to concern itself primarily with using
the earth and the »prodncta of the earth for survival, we may consider
that engineering lin its earliest form began., It is true that no one
race and no single era may properly lay claim to the parenthood of
engineering; but every race and every era and every phase of civilisa-
tion, and even every climate, nay be said to have made some signifi-
cant contributions to the science which is acknowledged to be an im-
portant profession of this modern dey, to ease the burdens and “bemfi't
mankind.”

We read that the ancient chinese mariner steered his junk with
the help of a seashell filled with oil, upon which floated a bit of
reed, enclosing a magnetic needle which pointed a.:mays to the Southern
Cross. (Certainly some primarily basic sequaintance with principles
of soience seems indicated here.

Water was a source of survival for the ancient. fe had to have

water to irrigate his land, to quench his thirst, to keep his flocks



.
and herds in good productive condition, and to have routes for his
travel and commerce. Thus we find evidence in varicus parts of Asia,
Rurope, and Africa of chains of canals, storage lakes, welly and con-
duits of ancient origin. The arid sections of the land had to be ir-
rigated by use of the sometimes complicated water systems, Ancient
Judes had a tunnel over 1700 yards long constructed for the purpose

of bringing water from the Virgins® Pool in the Kedron Valley to the
Pool of Siloam. The city of Jerusalem was thus provided with water
while the surrounding country was in possession of the eneny.

In Homerts® ILIAD, written snm thousand yesrs ago, the famous
author of the ancients described the forging of a shield in worde that
may be said to have their oounterpart in modern engineering specifica-
tions. Herodotus,> 2500 years ago, tells sbout what he learned from
the Egyptisns concerning the building of the pyramids. In a later
book this same suthor relates the story of the bridge buili by Yerxes

across the Dardanellss, and the construction of the canal through Athos.

2-HOMER - QOreek post. Flourished about the 9th Century, B. C. Prin-
cipal figure of ancient (reek literature, First Ruropean poet.

3-HERODOTUS - 4BL? - 4257 B. C. Greek historian. Called the "Father
of History,®
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rs'zu- ninsteenth century engineers found a parallel between that ancient
work and that of Genersl Grant in the campaign before Vicksburg.

Rome had her fsmous squeducts ocutside the city, They varied in
length from 10 miles to 50 miles, with most of the construction being
underground, Remains of these snd other famous Roman water supply sys-~
tome are still in existence., One must agree that at least an elementary
acquaintance with hydrsulics must have besn developed by early Roman
engineers,

The enginser of sncient times had to use any method at hand to
reach his objsctive. He had no physicsl lsws scientifically established.
He had no recourse to helpful forwulae, or any theorem of Bermucli;
but when one considers the ancients had inowledge of and used the lever,

the roller, the inclined plane-~imew water seeke its owm level, built

dykes and damse-one must admit they left to posterity some well-established

facte, discovered by methods that at best could be only empirical,

We resd sbout the ancients and the ways they developed methods

of overcoming obstacles of various kinds, They cut tumnels through
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mountains, directly through roekl Wwhat manpower must have been ex-
pended on these old works! Explosives were unknown then. The work
had to be done by whatever ingemuity the lesders possessed, The
Tombs of the Fharachs, the Pyramids of Egypt stand as a lasting token
of men performing the impossible, Small wonder we find evidence that
in Egypt nearly 6,000 years ago there was gludar who bore the hon-
ored title of ®Superintendent of works."

Ancient stone bridges, the durable roads and agueducts, the
water supply systems, the temples, the smphitheaters and palaces were
a feature of the Roman Bupire when she ruled the world, But there was
available no modern engimeering formmlae. The printed word, so neces-
sary to modern contracts and specifications, was unknown, Fverything
had to be done with tremendous output of labor. .Glimte and geograph-
ical location had a great influence &lso on the early development of
engineering. Countries that were arid had to sarvive by overcoming
the terrible problem of scarcity of water. On the other hand, nations

that did not have this water problem, such as ancient Greece, did not
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have to be concerned with water storsge too greatly. Their problem
was to overcome the difficulties arising in & sountry located on the
sea which had to be used for travel and commercs. Hence it is no sur-
prise for ue to find that the nstural surroundings of the Greeks turned
their thoughts to rosds and bridges and harbors. They had to overcome
a water hessard in reverse,

Just a thought sbout some snclent road building. The early
Romans mastered this art, ¥"4ill roads lead to Reme" wes no empty sen-
timent in those early days. It appears that military movements were
the highest ccnsideration in the cemstruction of those ancisnt high-
ways. The historian, Buchhols, reminded us that ®wherever the con-
quering arms of the Homans were carried, through Gaul, into Germany,
pnd over to Britain, through Greece into Asia itinor and Tndia, to the
very gates of Cathay, the engineer followed, and often led the way."

Yes, there are written snd material records still in existence
of the early engineering skill possessed by the ancient pecples of the

sarth., Nilitary expediency demended fortifications for defense, and
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devices to reduce fortifications. Cities had to be defended, and
walls and moats often proved the last bulwerk agsinst annihilation
by the enemy. small wonder that the engineer of those early deys
was very close to the rulerof the natim, and that military engineer-—
ing mey be considered the cldest branch of the profession.

The (Greeks made many cmtrimgions to the profession of engin-

earing. ctesibiuslinmw a twowoylinder force pump made of bronse.

Hero invented a leveling and alignment instrument for use in surveying,
and in sddition he developed a steam jet engine. And most people in
the modern day have ém i1des of how Archimedes became famous for his
projectile hurling mechanism, the screw control for raising and lower-
ing water levels, and for having developed the weight-water displace-
mant theory. Archimedes surely was the earliest protagonist of “push
button® engineering.

| Architectural engineering, in turn, owes much of its early devel-
opment to the Roman, yitruvius? who lived in the firet century i. D.

1 - CTRSIBIUS ~ 2nd Century B. ¢. Alexandrian greek mechanical genius.
gther inventions ascribed to him are a water ¢lock and hydraulic organ.

2 « YITRUVIUS ~ Roman architect - (Marcus Vitruvius pellio) lst Century A. D
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and wrote a thorough treatise on architecture. This work was the
building and designing autherity for many subsequent centuries. A
famouyg contemporary of Vitruvius was Sextus Julius Frant.i:ms,x soldier,
and water commissioner of Rome, He wrote not only books on military
strategy, but a very famous one describing in detaeil the Roman aque-
duots and water supply systeus.

Hoat of the ideas sel down thus far concerning the very ancient
peoplas encompass the centuries before the Christian era., With the
decline of the Roman Eupire it appears that interest and activity in
the artg and sciences also went intc & decline. For ten centuries it
appears that while the ancient roads and structurez and water saystens
contimed to serve humanity, no actual attempl, sccording to the his~
torians, *;as made to develop new ideas and benefits accruing from the
previous experiences and work of the engineer, The so-called Dark Agaa,a
the thousand years or more between the fall of the Roman Fmpire and the
1 - SEXTUS JULIUS FRONTINUS - Flourished 74 A. D. Roman administrstor

and writer. Probably water commissioner of Rome.

2 wIPOOXINATE TINE FEOZ THE Jfhi4 oF JTHE o gL 4«‘”///&;/
N 1.0, 70 TiE LivA!SSInce ptlos whrey Pebsd 1~
THE T Cruromy, A-D AlSo (own £S5 mopLs HEES.
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coming of the Renaissance, were indeed years of darikness as regards
human progress. Engineering was no exception. Just as did sll kinds
of leeming, literature, the arts, even the habits, customs, and well-
being of the people, suffer in those years, so did engineering euffer,
But the coming of the Renaissance changed the piature. Here engineer~
ing, together with the arts, literature, education, and living condi-
tions-~all those things which add to the happiness and progress of
both nations and individuals--enjayed the development and encouragement
g0 necessary to new and contimied progress,

It's a little herd tc distinguish the beginnings of engineering
and the beginnings of science but it is interesting to note that very
early in history there came into being the title of Pontifex uaximus
which possibly, and perhaps probably, meant "The E@ater Bridge Builder;®
and it is very interesting to note that many of the civil hesds of the

. Mo@@
Roman fmpire bore this title as did, and does to this dayyJthe Pope.

¥hile it is not necessarily proof, it is very interesting to speculate

that engineering in the form of bridge building was recogniged as an
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important adjunct of both lay and ecclesiastical life at such an
early date,

The title of Pontifex iMaximus goes back to the beginning of
recorded history and it is indieated that one of the early legendary
kings of Rome, Numa Pompilius, conferred upon one Claudius the title
of Pontifex Maximus. TIt's interesting to note that his function was
to arrange the funerals and it 1s oonceivable that the bridge alluded
to here was that structurs which spans the grest chasm betwesen earth
and heaven.

A little later in the yiddle Ages, as the story goes, there was
a greup known probably as "The Order of the Bridge Builders.® They
ware ecclesiastioal in origin and wore white tunics with a red keystone
as a sysbol. They were called into sction when any considerable arched
structure was to be built, Their work was notable in the building of

the great arch bridge over the Rhone at Avignon and they were in evi-
dence at all the considerable structures in Europe. wh;ther or not

the Pope was the titular head of this organiut;on ‘or whether they had
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any connection with the titls of Fontifex Maximus is not clear,
The only thing that is clear iz that even in that early day the
building of bridges and other similar structures was of so mueh im-
portance to the defense of cities it assused somewhat the character
of a profession and was not left in the hands of mere workmen. Per-
haps this Society of Bridge Builders was the firet of our great pro-
fessional socleties,

Genersl ¥William Barclay Parsons, in his book published in 1939,

Engineers and Engineering in the Renaissance, wrote what is probably

the finest work on the history of engineering of the Renaissance
peried. The major portion of the general's life was devoted to this
study. He combed the libraries of Rurope. He spent many wonths at
the British Museum, and the Bibliotheque National in Paris, and fin-
ally visited the vatican Library in Rome. Here the general found a
tremsndous amount of material concerning early engineering accomplish-
ments; but it was difficult of access because of an almost complete

lack of a cataloging system and modern library classification and
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arrangement. Parsons returned to this country and with the help of
Nicholas Murrsy Butler of Columbia University suoceeded in interest-
ing the Carnegle Endowment for International Poml in the matter of
providing funds for the modernimation of the Vatican Library. This
‘was carried out with the help of outstanding American librarians, and
with the approval and co-~operation of the Vatican; and Parsons was
thus able to complete his research and cbtain access tc a vast amount
of valuable material that forms a major portion of his work,

In describing some of the factors that motivated this study of
many years, Parsons pointed cut that the modern world had practically
no conception of the history of engineering. The world, he main-
tained, knew how cathedrals and churches and temples and bridges and
rosds were planned, but they had nc knowledge of how they were actu-
ally constructed. How was it possible, he asked, when mants knowledge
of the forces of nature was still so elementary, to control those
forces sufficiently to reach the amasing heights that early engineer-

1 - ENGINEER® & ENGINEERING IN THE RENAISSANCE - W. B. Parsons 1859-1932
1939 The Williams & Wilkins Company
Introduction - Nicholas imrray Butler
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ing did schieve? His research, his years of study, and finally the
finished product, became a2 book that belongs with the literature of
the ages,

The scope of the contribution of the Renaissance, especially
in the field atyengimering, was alded and stimulated by one of the
greatest intellects of all time, Leonardo da Vinci.l Probably best
know for his paintings of the priceless "jona Lisa" and the "Last
Supper,® da ﬁues. was a military engineer and architect of the highest
ability. He was outstanding not only as a painter, but as a sculptor
and musician., His own writings, of 5300 pages, deseribing his experi-
ences, his experiments, and his varied engineering works are valued
records of his wide range of endeavors, His notes and sketches, his
writings and drawings, form the permsnent history of an outstending
engineer and artist, They have been reproduced for succeeding gen-
erations for study and guidance and unbounded admiration. Yow nany
of us know snything about his early experiments with flying machines?

1 - LEONARDO DA VINCI ~ 1452-1519. Perhaps the greatest engineer of
all time. Supreme in meny fields, his contribution to human pro-
gress is incaloulable,
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His was a dream that remained unfulfilled-—-but he knew that years to
come would see man conquering the air. One of his old notebooks says:
n1f the heavy eagle on his wings stays up in rerefied air, if large
ships under sail move over the sea, why cannot man also, clearing the
air with wings, master the wind end rise up, a conqueror, on high?®®

The apparatus he strove to perfect for his flying experiments
resembled a bat, Destined never to fly, it remained a dream, but a
drean that came true centuries later to the Wright brothers sbove the
sends at Kitty Hawk, and had its ultimate reslisation in 1927 when
Lindbor@z‘ piloted his tiny monoplane, "The Spirit of St. Louis,® non-
stop from ¥ew York to Paris, while the world waited in silent prayer.
The word serodynamics has a modern connotation, but da Y¥inei, nearly
500 years ago, was the first man who knew much of f.hia science.

Tt is not appreciated by many how closely art and technology or
art and engineering were in the days, for instance, of the Renaissance.
The greatest artists were the greatast engineers and the two were

1~-LINDBERGH, CHARLES AUQUST, Master Airman. 1902~
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necessarily hand in hand, The great engineering works of Michelsngelo
were just as truly engineering as architecturalj and his design of the
great Dome of St, Peter's in Rome without guidance fron written prin-
ciples or formulas was certainly one of the most tremendous engineer-

ing achisvements the world has ever seen. It's true he had the great

Dome of the Pantheon as a model and 1t would be interesting to know
from what model the Pantheon was designed.

In the field of sculpture too, of course, the casting of the
bronse was just as important as the cartoons and the drawings of the
designer. Tt is said that it took Ghiberti only a few days to design
the bronse doors of the Baptistry in Florence but that it took him
twenty-one years to cast them, The artist not only drew and chiseled,
but cast his work as well, The story is told in Florence of #¥ichel-
angelo's twitting Leonardo as the man who could draw this picture of
a statue of the Collioni but could not cast it.

Those of us who are interested in the devslopment of engineering

find it of very great importance in the development of fine artis for
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after all the artist had to be somewhat of an artisan as well, There

had to be powsr behind Michelangelo's chisel; and in the negative
sense, if Leonardo had only been setisfled with the then-current
medis, his "Last Supper" might have been saved for us in ite original
glory in ilan,

¥o reference to enginsers of the pasi would be complete without
some mention of Benvenuto Genini,l born in 1500 A. D. He is acknowl-
edged %o be the greatest artist in gold, silver, and pmciwe gtones
that ever lived. A practical mschanical engineer, his foundry work—
the casting of hugle bronse pieces—has never been surpassed. His own
story, written by himself, of his bronse statues of the Wedusa and
mfaeus, and the many cbstacles and discouragements he had to over-
come in casting these statues, is an inspiration for all sculptors,
artists, and engineers of whatever era,

The list of individuals from the ancient and middle sges who
had some significant part in the development of engineering 1s long

1 - CELLINI, BENVENUTO * Ttalian artist, sculptor, metalworker,
suthor. 1500-157L A. D.
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and varied. Histories show the accomplishments of men who, by any ‘
measuring device, were outstanding in the field. But, one nay ask,
what is the importance of all this to a modern story which has for its
thems the contribution of the Newark College of Engineering to modern
scientific education? They did what we tried to do--to make the lot
of man easier and life richer.

Ve must consider another very important fact. When 1492 came
Christopher Columbus discoversd a new continent. Here sztarted the
race for colonisation and conquest., The civilised nations of Furope
contended for possession of the great new land, The many voyages to
take possession of the western empire soon coﬁvineod the leaders in
Parope that artisans, mechanics, and engineers wers a prime necessity
in the new world., Almost concurrently with the discovery of Americe
the Renaissance in Furope was enjoying its most flourishing period.

In $he hundred years before and after Columbust voyage of discovery
- history shows that Bottiocelli, da Vinci, Rubens, Raphael, }Gsllini, and

many other famous men were at the height of their accomplishments in

the arte and engineering.
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1
Vespucei, Pisarre, = Balboa’ Wagellan, Cortcs,s Dr-ke,é and

Rules.gh? followed in the footsteps of the Genoese on voyages of ex-
ploration and discovery to the new land to the west. 1In literature

1 - VESPUOCI, AMERIGC - 1454-1512. Ttalisn navigator. Nxplored
northeastern coast of South America (1499-1500). Explored coast
of Brasil (1501-1502). America was named for him.

2 - PIZARRO, FRANCISCO - 1476-15k1. Spanish Conggistador. Ex-
plored northwestern South America. Conquered Peru. (1523-15l1)

3 - BALBOA, VASCO NUNEZ DE - 1475-1519, Spanish Conquistador.
Crossed Isthmus of Panama snd discovered Pacific Ocean (1513).

I, - MAGELLAN, FERDINAND - 1180-1521. Portuguese navigator. Dis-
covered Strait of Wagellan (1520) during circumnavigstion of the
globe. Although hs did not complete the journey, he led the wsy
and proved that the world curved.

§ - CORTRZ, HERNAYDO - 1485-1547. Spanish Conquistador. Explored
and conquered Hexico (1519-1527).

6 - DRAKE, FRANCIS, SIR ~ 15L07-1596. English navigator and ad-
miral. First Englishman to circumnavigate the globe (1577-1580).
Explored west coast of ¥orth America, sailing as far north, pos-
sibly, as the present state of Washington. ,

7 - RALEIGH, WALTFR, SIR - 15527-1618. English statesman and men
of letters., Conceived and organized colonising expeditions to
America which ended tragically with the ®lest colony™ on Roanocke
Island, Virginia.
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1 3 and Ben Jonson,” were

Erasmus, eorvantu,z Bacon,” Shakespeare,
writing for the ages; and science itself had greast impetus during
the Columbian period when it provided men like Copermicus, gapie-r,
and Galileo.

The Renaisseance was thus flourishing in Furope. In the mean-
time the new world was bein: colonigzed. Slowly but surely mr;pean
nations were obtaining footholds on the ghores of America. Yet the
proeesi was a slow one for our histories show that the first perma-
nent settlement was that by the English at Jamestown, Virginia, in
1607, 115 years after the first voyage of Columbus. Coupled with
1 - EBASMUS, DESIDERIUS - 14697-1536. éutah humanist.

2 - CERVANTES, SAAVEDRA, YIGUEL DE - 1547-1616. Spanish novelist,
dram‘tiat, and pﬁ&t. '

3 « BACON, FRANCIS - 1561-1626. ¥nglish philosopher and statesman.
l, - SHAKRSPEARE, WILLIAY - 1564=1616. English post and dramatist.

5 = JONSOM, BEN - 1572-1637. ®nglish dramatist and poet,
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this, and the landing of the Pilgrims 13 years later in 1620 at
Plymouth Rock, the English appesred to have obtained a running
start in the race to take possession of the new world. The French,
Spaniards, and Dutch all followed and took poseession of variocus
sections of the country.

What significance may we draw from the fact that so many of
the Eurcpean nations combined to furnish the men snd materials for
the young continent? We know that among the nations of the old world
the French were probably foremost in pure science, the Jermans in
technology, and the Fnglish in marine engineering, as would befit an
island nation. Britain's sea commerce was her very lifeline, and her
deminance of the worldts oceans gave her loadarship'amang nations of
the earth., For centuries “Britannia Rules the Waves" was indsed no

exaggerated statement--it was a fact,





