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INTRODUCTION

Does the Great Pyramid of Cheops enshrine a lost science?
Was this last remaining of the Seven Wonders of the
Worltd. often described as the most sublime landmark in
history, deslgned by mysterious architects who had a deeper
knowledge of the secrets of this univarse than those who
foltowed them?

For centuries a debate has been waged between
supporters of such a theory and Ifs opponents. with em-
Inent sciantists and academicians lining up on either side.
Though 2l agree that the Great Pyramid is at !east four
thousand years old, none can say for certain just when it
was built, by whom, or why.

Till recently there was no proof that the inhabitants of
Egypt ol live thousand years ago were capable ot the
precise astronomicai calculations and h ical solu
tions rcquired to locate, orient and build the pyramid where
it stands.

It was attributed to chance that the foundations were
almost pertactly oriented to true north, that its structure
incorporated a vaiue for  (the constant by which the diam-
eler ol a circle may be multiplled to give its true circumfer-
ence) accurale to several decimals and in several distinct and
unmistakadle ways: that iis main chamber incorporated the
“sacred’ 3—4-5 and 2-/6-3 triangles (a* + b2 = c¢*) which
wero to make Pythagoras famous, and which Piato in his
Timaeus claimed as the building blocks ol the cosmos.
Chance was said to be responsible for the fact that the
Pyramid’'s angles and slopes display an advanced under-
standing of trigonomatric values, that its shapo quite
procisely incorporates the fundamental proportions of the
“Golden Section,” known today by the Greek letter ¢ (pro-
nounced Qh), revered equally by masters of the ¢in-
quecento and {uminaries of modern archilecture.

According to modern academicians the first rough use
of 7r in Egypt was not lill sbout 1700 B.C.—at least a
millennium after the Pyramid; Pythagoras’ theorem Is at-
tributed to the fifth century B G.: and the development ot
trigonometry to Hipparchus in the second century before
Christ. That is what the Egyptologists say, and that [s what
thoy put in thoir textbooks.

Now the whole subjecl has had to be teviewed.

Recent studies ot ancient Egyptian hiercgiyphs and the
cuneiflorm mathemalical tablets of the Babylonians and
Sumeniena have established that an advanced science did
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not rediscovered till the ceventeenth century. its architects
may well have known the mean length of the earth's orbit
round the sun, the specific density of the planet, the 26,000-
year cycle ol the equinoxes. the acceleration of gravity
and the speed ot light

But lo disentangle the authentic from the phony in what
has been attributed to the builders of the Great Pyramid has
required the technique ol a Sherlock Holmes. To climax
the stoty there Is a mystery of detection to match the
classic style of Sax Rohmer's Abu Hassan, complete with
radiography by cosmic rays.

flourish in the Middle East at leas! three thousand years
before Christ, and that Pythagoras, Eratosthenes, Hipparchus
and other Greeks repuled to have originated mathematics

on this planet merely picked up fragments of an ancien|
science evolved by remote and unknown predecessors.

The Great Pyramid, llke most ot 1the great temples of
antiquity, was designed on the basis ot a hermetic geometry
known only to a restricted group of initiates, mere traces of
which percolated to the Classical and Alexandiian Greeks.

These and other recent dlscoveries have made it pos-
sible to reanalyze the enlire history ot lhe Great Pyramid
with a whole new set of reterences: the results are explo-
sive. The common—and Indead authoritative—assumption
that the Pyramid was just another tomb built to momorlalize
some vainglorious Pharaoh Is proved to be false.

For a thousand years men from many occupations and
many stations have labored to eslablish the true purpose
of the Pyramid. Each in his own way has discovered some
facel, each in its own way valid. Like Stonchengo and other
megalithic calendars, the Pyramid has been shown to
be an almanac by means of which the lenglh ol the year
including its awkward 2422 fraclion of a day could be
measurad as accurately as with a modern telescope. it
has beon shown to be a theodollte, or instrument for the
surveyor, of great precision and simplicity, virtually In-
destructible. It Is stlll a compass so finely oriented ihat
modern compasses are adjusted 10 it. not vice versa

It has also been established that the Great Pyramid
is a carefully located geodotic marker, or fixad landmark,
on which the geography of the ancient world was brilliantly
canstiucted: that it served as a celeslial observatory ftom
which maps and tablas ot Ihe stellar hemisphere could
be accurately drawn; and lhat It incorparates in its sides
and angles the moans for creating a highly sophlsticated
map projection ol the northern hemisphere. It is, In fact,

a scale model of lhe hemisphere, correctly incorporating
the geographical degrees of latitude and longitude.

The Pyramid may well be the repositary o1 an ancient
and possibly universal system of weights and measures,
the modet for the most sensible system of lineer and
temporal measuremenis available on earth, based on the
polar axls of totation. a system first postutated in medern
times a century ago by the British aslronomer Sir John
Herschel, whose accuracy is now confirmed by the men-
surafion of orbiting satellites.

Whoever built lhe Great Pyramid. it is now quite clear,
knew the precise clrcumference of the planet, and the
length o! the year to several dectmals—data which were



The three large pyramids on
the Giza plateau seen from
across the Nile. The nearest
of the three largo pyramids is
that of Chewps Kephren's ap-
pears 10 be higher because it
stands on higher ground. The
third is that of Mykerinos. The
two smallest pyramids are at-
tributed to Cheops’ wife and
daughter.

l. ANCIENT
BACKGROUND

Ten mifes west of the modern city of Cairo at the end of an
acacla, tamarind and eucalyptus avenue stands a rocky
plateau. A mile square, it dominates the luxuriant paim
groves of the Nile Vaitey trom a height ot 130 feet. On
this man-leveled plateau, callod Giza® by the Arabs, stands
the Great Pyramld of Cheops. To the wes! stretch the vast
wastes of the Libyan desart.

The Pyramid's base covers 13 acres, or 7 midtown blacks
ot the cily ot New York. From this broad area, leveled
10 within a fraetion of an inch, more than two-and-a-halt
million blocke of limestone and granite—weighing from
2 to 70 tons apiece—rise in 201 slepped liers to the height
ol a modern forty-story building, etched agains! the
cloudless biue ot the Egyptian skies.

in terms of soiid masonry, the structure containa more
stone than all the cathedrals, churches and chapels built
in England since the ime of Chelst; as a feat in masonry
It was not 10 be matched tili the constiuction of Boulder
Dam, Modern engineers are astounded by both the enormity
of the prablems involved in the construction of the Pyramid
and the optician’s precision with which these probtems
were resolved, As origlnally designed, wilh its full mantle
of pollshed limestone, the Pyramid must have been a
dazzling sight Unlke marble, which tends to become
ercded with time end the weather, limestone becomes
harder and more potished.

Near the Pyramid of Cheops stand two more pytamids.
one, slightly smaller, attributed to Cheops’ successor,
Kephren, and anothar, smaller still, parlly sheathed in
red granite, attributed to Kephren's successor, Mykerinos,
Together with six diminutive pyramids. supposedly built
for Cheops’ wives and daughters, they form what {s known
as the Giza complex. About a hundred more pyramidal
structures of various sizes and in various stages of dilapi-
dation follow the western bank of the Nile southward
toward the Sudan, mastly within one degree of latitude, or
70 miies. but 1 is the Great Pyramid, unlque in slze and
praopariion, which is of paramount Interes! in this story

° Masl often spell Giza bui translilerated by various authors as
Diisen er Jeeseh. tne G }s pronduneed hard dy the Egypiians and
scft by othiesr Ai1abs—as In J ur D,



Reconstiwuction of a8 pyramid,
showing the original polished
Iimesione mantie which
cavered the entire struclure,

What tho Great Pyramid looked lika when it was
completed, or even for the first one or two millennia theres
after, is not recorded in history, No description of the
Pyramid has survived In the Egyptian texts. Legends have
it painted In various colors, marked with designs and
inscribed with symbols. The thirtoonth.century Arab his-
torian, Abd-al-Latit, says the Pyramid was once inscribed
with unintelligible characters in inscriptions so numerous
they would fill 1en thousand pages: his colleagues assumed
them to be the grafliti of myriads of ancient tourists.

The first oyewltness doscriptions from classical authors
are pitifully sparse. Thales, the father ot Creek geometry,
who visited lhe Pyramid sometime In the sixth cen-
tury 8.C.. Is reputea to have astounded fis Egyptlan guard-
ians with a correct computation ot its height by measuring
its shadow at the time of day when his own shadow was
oqual ‘o his height. Unfortunatcly he left no detailed
description ot his visit,

The works of other classical authors known to have
written about the Pyramid, such as Euhemerus, Duris of
Samoa, Aristagoras, Antisthenes, Demelrius of Phaleron,
Demotcles, Artemidorus of Ephesus, Dionysius of Halicar-
nassus, Alexander Polyhistor, Butoridas, and Apion are all
los:, and susvive only In fragmented quotation.

Herodotus, who saw the Ryramid about 440 8 C.—Dy
which time it was as ancient to him as his period is to
us—says that each of the structure's four porfoctly tri-
angular faces was still covered with a mantle ol highly
polished limestone, the joint so fine they could scaicety
be seen In his History, which contains the first compre-
hensive account of Egypt to have survived intact, Herodotus

2

Though no remaiss of a
swivat door havo boen found
at the Grea! Pyramlid, Strabo's
description lils the condltlons;
and a similar awivel door was
found at ke south pyramid ot
Dashur.

Ftom the oOrigmal entrance a
long passage descends into
1he heart of he Great Pyramid
a1 an engle of 26 1/2°, or 0
slopa ol aboul 1 fa 2. Tha
passaqe Is 3 feet 5inches wide
and 3 foat 11 1/2 inchos high,

For tha Hrst 130 fee) down.
the passage s buill into the
masonry with boautifully
hnisned sides ¢t white lime-
stone, perfecily atralght
and smooth Tharealter it is
cut equally smoothly througn
tha bedrock of limastone on
which the Pyramid & founded

At 345 feet fiom the en-
trance, the paseage tevois out
for 25 teat, then anters a
roughty cut pit.

deals with other aspects of the Pyramid, but not all his
informatlon can be taken at face velue.

Diodorus Siculus, the Greek historian who lived soon
after the time of Christ. described the Great Pyramid's
22 acres ot polished casing stones as being ‘‘compiete and
without the [east decay.” The Roman naturalist Pliny gives
areport of natlves gamboling up the polished sides to the
detight of Roman tourists.

A man who may have had a iot to say abou! the Pyra-
mids, in the forty-savan books of his History. was Strabo.
the Pontine geographer who took a trip up the Nile in
24 B.C., but his history 13 lost: in the geographical appandix
which survives he does little more than describe an entrance
an e north face of the Great Pyramid made of a hinged
stone which could be raised but which was indistinguishable
from the surrounding masonry when it lay flush.

Strabo reports that this small opening gave onlo a
narrow and low passage. less than 4 feet by 4, which
descended 374 feet into a damp, vermin-infested pit dug
trom the live bedrock 150 feet belcw the base of the
Pyramid. That this pit was visited In Roman times was
deduced Irom initials supposedly written with smoking
torches on the rough ceillngs by weaithy Greek and
Roman tourists.

Sometime during the early centurias ol the Christian
ora, the precise location of the movablo door was
lost. It was a period when information ol all
sorts began 1o grow scarce, when worldly leaming came
lo be despised ang denigrated Christianized Egyptians
ware forbidden access to the ancient temples, which were
eithar soized or razod by tho Catholics: thousands of statues
and inscriptions were disfigured; the hieroglyphs. whose
meaning was already lost to most, became dead lettars to
the world to remain so for the next fifteen hundred years.

The great library of Alexandria, accidentally damaged
by Julius Caesar end restored by Mark Anthony, was
intentionally destroyed by a Christian mob on orders ol
the Christian emperor Theodosius in A.D, 389. All that was
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ancient was pagan, and thareforo sinful. Those interesied
in mathematics and astronomy wcre pcrsccuted and put
to dealh for their Inquisitiveness. Even women weren't
spared, as with the lovely Hypatia, who was seized by an
angry mob (inclted by the manks under the cantral of
St Cyril, then Bishop of Alexandria), dragged into a church,
stripped neked, and scrapad to death with oyslor shells.
Her crime was to have been the daughler of the celebraled
Alexandrian maihemaliclan Theon. to have edited her
father's works, 1augh! mathematics, and become a leading
philosopher in her own right, renowned for her beauty,
modesty and loarning. *

As the Dark Ages continucd, litile or nothing more was
heard of the Great Pyramid of Cheops.

* Though her writings perished with Ihe burning of the libsary o!
Alexandrn. Hypotia is known from contemporary wrilings to hava

y on tho Antis ic Ol Di . ong on
Me Asfmnom:csl Canon ol Ptotermy, and ona on Lne Comics of
A ot Peiga. Sy i Bishop of F her

assistance in the consirucl:on of an astrotabe and a hydruscope.

"1

IEX]PLORATHOI\J

The first dewn of a renaissance came wilh the Arabs.
When the followers of Mohammed swept inlo power in the
Near East In the seventh century and captured Alexandria
In A.D. 640, they found no library of any importance, but

a city of tour thousand palaces, four thousand baths and
four hundred theaters. Impressed by the opulence cf the
ity and the size of the Christian fleet, they decided to
emulate bolh.

The Mohammedans' delight in navigation engendered
a need for geography, which requirod astronomy and
mathematics. The search for such data wes to lead them
to the secrets of the Pyramid. To broaden their knowledge,
the Arabs set about Iransiating Into Arabic all they could
lay hands on of ancient Greek and Sanskrit material,
ransacking monasteries for rarc copies of Euclid, Galen,
Plato, Aristotle, and the Hindu sages. In the midst of other-
wise Dark Ages, Mohammed's religious successors. the
caliphs ot Baghdad. were saon the most enlightened as
well as the most powerful potentates. Undor caliph Harun
Al-Rashid, whose feats were to be celebrated in the
Arabian Nights, translators were paid In gold by the weight
of each manuscripl.

Harun’s young sen Abdullah Al Mamun, who came to
lhe throne in A D. 813, foundod universities, patronized
lileralure and science, and turned Baghdad-—known as
Dar-al-Salam, or City of Peace—into a seat ol academic
learning, with ils own fibrary and astronomical observatory.

Described by Gibbon as "“a prince of rare learning who
could assist with pleasure and modesty at the assemblics
and disputations of lhe learned,” young Al Mamun was
responsible for the translallon into Arable of Ptolemy’'s
great astronomical treatise. the Aimagest. This work con-
tained astronomical and geographical data, including
the earliest star catalogue which has survived, all of
which knowlcdge had been lost to lhe West for centuries
but was of greal value to the Arabs in their growing empire.

Claiming that Aristotle had appeared to him in a dream,
At Mamun commissioned seventy schoiars to produco
an “image of the earth and lhe first “stellar map In the
world ot Islam.* (Though they have since disappeared,
Ihese maps were consulted by the Arab histarian Al Masudt
In Whe first halt ol the tenth century.)) To check Ptolemy's
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In lhe Arahian Nights the
Great Pyramld was ieputed to
havo magical qualities and to
oontain extraordinary trea-
sures, E. W. Lane's plcture
Hlusteates his ninateenth-
century transiatlon of 7he
Thousand and One Nigkta.

statement that the circumterence of the earth was 18,000
miles, Al Mamun ordered his astronomars to measure the
actual ovetland length of a degroe of latitude across tho
adjacent plain of Pelmyra, noith of the Euphrates. From

a central point the observers moved north and south lill
they noted by astronomical observation that lhe lalllude
had changed 1°; with wooden rods they measured across
tho sandy ptain and obtainod a degree of 56 2/3 Arabic
miles, the equivalent of 64,39 English statute miles. This
figure. which gave a circumference of 23,180 miles, was
more precise than Ptolemy's, but the Arabs had no way

of checking it: no one had yet circumnavigated lthe globe;
indead, mosl stilt argued that the world was flat!

Al tamun, who ran an up-to-date intelligence service
under the direction of his posimaster-general employing as
many as sevenieen hundied old women as intelligence
agents in Baghdad ajone, was intormed that the Great
Pyramid was reputed to contain a secret chamber with maps
and tables of the celestial and terrestrial spheres. Although
they were said 10 have been made in lhe remote past,
lhey wete supposed lo be of greal accutacy. The chamber
was 2150 reported to cantain vast wraasutes and such
strange articles as “arms which would not rust” and “glass
which might be bended and rot break."”

I3

Al Mamun forced his way
Info the Pyramid to the west
of the main oxis of tho nosthem
face. at the level ol the
seventh course of masonty,
He misjudged the level of the
orginal entrance by staning
ten courses 100 low, and
too far to the wozt,

Arab historians, inoluding one with the imposing name
of Abu Abd Allah Mohammed ban Abdurakin Alkaisi,
have recounted the tzle of Al Mamun's atiempts to enter
the Pyramid. In 820 the young caliph collecied a vast
conglomerallon of engineers, architects, builders and stone-
masons to attack the Pyramid; lor days they searched
tho steop polished surface of the northern slop2 for its
secret enirance, but could find no trace of it.

Mot to be thwarted. so the slory goes, Al Mamun decided
fo burrow straight into the solid rock of the structure in
the hope of running across some passage within tho
interior. Hemmer and chisel would not dent the huge blacks
of limestone, no matier how many blacksmiths stood ready
to sharpen thefn:; se a more primltive but effective system
was used: fires were buill ctose 1o the blocks of masonry,
and when these became red hot thay ware doused with
cold vinegar until they cracked. Battering rams knocked
out the fragmented stone.
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Passage.

The aubterranean @it cul
doop Into the bedrock ie al-
1ost 600 leet directly balcw
the apex of the Pyramid. il is
31 {eet in the east-west
gliection but only 27 feel
norlh-soulh.

Though itz ceiling ie reia-
tivaly smooth. tis floor s cut
in sevesal rough levels, the
lowest being 11 feet € nchos
trom tne oelling

In the south wall, opposite
the entrance, is a low
passage waich runs another
53 teel southward before
coming to a blind end.

In the center of (ke floor Is a
squarc holo, which was 12
taet degp in 1838, but was dug
deeper by the English ex-
plorer Howard-Vyse in the
vain hope ot linding an outiet
for a further hidden chambes.

For over 100 feet Al Mamun’s men tunneled into the
sotid core of the Pyramid, excavating a narrow passage
that beceme hotter, dustier and more constricted. lllumina-
tion by candle or flare consumed oxygen and poisoned
the air.

Al Mamun was on the point of giving up when 3 work-
man heard a muffled sound of somsthing heavy falling
somewnere within tho Pyramid, east of the lunnel. Renowing
their effarts and altering the direction of the baore, the
workers broke into a hollow way “‘exceeding dark, dreadful
o100k at, and difficuitto pass."” It was a passage 3 1/2 teet
wide by 3 feet 11 inches high, which sloped at a steep angle
of 26°. On the fioor lay a large prismatic sione which
had been distodged from the ceiling of the passage.

Struggling up the passage on all fours, the Arabs dlis-
covered the original secret enfrance about 90 feet 10 the
north. It had been placed 49 feet above Ihe base of the
Pyramid, ten courses higher than Al Mamun had guessed,
and 24 feet east of the main axis of Ihe north face of
the Pyramid.

Retracing their steps, Al Mamun and his men groped
down the low, slippery, Descending Passage, out deep into
the rock of the plateau. At the botiom they were disap-
pointed to find nothing but the unfinished, roughly hewn
chamber, or “pit,”” with an uneven fioor, containing nothing
but debris and dust. On the far sido of it, an even narrower
horizontal passage led SO feet to a blank wall; in the
lloor a weil shaft appeared lo have been carved to a depth
0130 feet. leading nowhere,

From the 1arch marks on the ceiling, the Arabs deduced
that the *pit"” had been visitod in classical times and that
anything of interest it may have contained had long since
been removed.

What now Intrigued the Arabs was the large prismatic
stone that had falien from the ceiling of the Descending
Passage. It had evidontly covered the end of a large rec-
tangular red-and-black granile plug which completely filled
what looked like another passage sfoping ug Inio the
body of the Pyramld. O such a passage there had been
no menfion in the writings of Strabo or other classical
authors; Al Mamun figured he might have stumbled onto
a secret which had been kept sinee the original construction
of the building.

The Arabs tried to chip or distodge the granite plug,
but it was tighlly wedged, of indeterminate length, and it
evidently weighed several tons. Spurred by the prospect
of a new passage leading to some hidden treasure chamber,
Al Mamun ordered his men 1o cut around the plug through

~
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The grantia plug in the ceil-
Ing, hafway down the
desconding possage, was of
very hard Quartz, mica ena
teldspar, which blunted
tho Arsbe’ chisels.

The Arebs dug a targe cavity
into lhe softer limestone
biocks of the body ol the
Great Pyramid 10 the west of
the Descending Passage. By
means Of this hole At Mamun
was able 1o chicumvent the
1hree impenatrable granito
manalitns which barred

his way to wha! appsared to
bo a patcago leading

upward inta the Pyramid.

tho softer limestone blocks ot the surrounding walls. Even
this turned out to be more of a job than expected. When
the Arabs had bored beyond the first granite plug for over
6 feet, they encountered another granlle plug, equally
hard and equally tightly wedged. Beyond it lay yet a third
By now the Arabs had tunneled more Ihan 16 feet. Beyond
the third granile plug they came upon a passage filled with a
limestone plug which cauld be cracked with chisels and
removed piece by plece.

1t is not recorded how many such plugs the Arabs en-
countared, but they may have had to clear a score or
more before they could force their way into a2 narrow
ascending passage, again less than 4 feef high and equally
narrow. On their hanas and knees, holding their toiches
low, Al Mamun and his men were obliged to scrambfe up
150 feet of dark, slippory passageway, at the same steep

10

The first-tevel passage, at
the top ol the first long
inctine, (s 127 taat lonQ.

3 feer 9 Inches high, and
3 fact S inches wide.

A sudden drop of 2 taet mys-
teriousiy appears in the
passage.

Quoon'c Chambor, with niche,
excsvated by Arabs.

slope of 26°, before they could raise Iheir heads and
stand on a level spot.

In front of them straiched another low horizontal pas-
sage, no higher than lhe one they had painfully ascended,

Inching their way to the end of 1his passage, they
tound themselves in a rectangular limestone room with a
rough floor and a gabled limostono roof. Becauso of tho
custom among the Arabs of placing their women intombs
with gabled ceilings {as opposed to flal ones for men),
this room came to be known as the “Queen’s Chamber."

The bare room, 18 feet long, and almost square, had
an empty niche in the east wall large enough to have
contained an overlifesize statue. Thinking the niche might
conceal the entrance t© a second chamber. the Arabs
hacked their way (nto ils solid masonry for another yard
before giving up.
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Tho namo *Quoen's Cham-
ber” s considered 8 misnomer
by Cgyptotegists, who cleim
that the Egyptians placed
no queens In the pyramids
of the Pharacha,

The wslle of the chambar
are unbiamished limestone
blocks, beoutiiully finished,
but early exploters found
thein mysteriousiy enciusted
with selt o8 much ag 1/2 Inch
thick.

Originally the niche was
3 foot § inches doap, but
treasure seekers have hacked
a passage through the back
for sevaral yards. Tho niche
is just ovar 16 feet hiph.

The sides have four corbeled
courses, and are 61 3/4 inches
(3 cubits) apan at the base
and 20 1/4 inches {1 cubit)
apart at the top

Tne chamber, placed ditectly
boneoth the opex of the
Ryiamid, i almost square:

18 feel 10 tnches {from east
to west and 17 feot 2 Inches
from notth to south. R has

a douwle-pitched celfing,

20 foo! § inches at i3 highest,
formed dy huge blocks of
polished limestone at a siope
of 30* 26°, which oxtend 10
feet beyond |he support-

Ing walls; there Is no pressure,
or arch thrust, ot tho apex,

Ihe center of gravily of each
block belng well behind the
wall faco.

The floor of the chamber is
of roughly dressed slones,
and appoars novor to
have been tinished. as it
another layer of polished
stonos were lo be laid,
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Retracing their steps to where they had leit the fow
Ascending Passage, the Arabs rajsed their torches Into an
ominous void above them. In the side walls joist holes
indicated that the lloor of the Ascending Passage had once
continued upwards, Ltocking and hiding the low passage
to the Queen’s Chamber.

Climbing on each others' shoulders and raiging their
torches, the Arabs now saw that they were at the bottom
of a nartow but grand galliery, about 28 feet high, which
appeared to stretch upward at the same steep siope as the
Ascending Passage into the black and mysterious heart
of the Pyramid.

The center of this new passage was very slippery, but
1o either side of Il werg two narfow ramgs slolted at reqular
intervals: they attorded a better foothold.

The overall length of the
Grand Gallery, shown here, is
157 feet. it is inclined 28°,
as is the Ascending Passage.

The walls are 28 feet high,
figing varlically in seven
courses o! polished limestone,
each corbeled 3 inchos
toward the center, making the
gallery narrow from 62 Inches
al the beao to 41 Inches
at lha top. The first corbeling
is 7 feet high.

On cithor side of the central
2100l passage Ace two rampe
18 Inshes wide and 2 fest
high; along the walls is o
series of notches.

The gallery is considered an
archito¢tural maatorplece.
Egyplologssts have dillered as
fo its funcilon, and that of its
ramps and notchod hotes.

Holding their torches high, the Arabs proceodod to
escalade these ramps. At the end of another 150-foot
climb, they came upon a huge solid stone, raised 3 feet
from Ihe lloor, which they had to clamber up in oider to
stand at the top of the galleryon a2 6 X 8 (oot platform

Bayond this platform the fioor continued level| but the
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i FEEe
At the top of the Grand Gal-
fory lies a huge stone stap. 6
feel wide, 3 feet high, which
blocks the Ascending Passage
and forms a platform 8 feet
deep, now badiy chipped and
wom.
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Beyond the Great Siep thete
stretches another low, lavel
passage 41 Inches (or 2
cubits) squaie, A third of the
way along this passago, it
rises and widens into a sort
ol anwechamber, the south,
oast and west walia of which

celling fell to a mere 41 inches, forming a son of portcullls
entrance to a small antechamber.

Past the portcullis, Al Mamun’s men were again obliged
to stoop along a shorl passage which led to yet another
chamber.

Their forches revealed a great and well-proportioned
room; the walls, floor and ceiling were all of beautifully
wrought and palished red-granite blocks. squared and
extremely finely joinled: “a right noble apartment, thirty-
four leet long, seventeen broad, and nineteen high.” Be-
cause ot its flat ceiling, the Arabs named it the “King's
Chamber.”

Al Mamun's men {rantically searched every cranny of
the chamber but could find nothing of Interest or value—
there was no slgn of any treasure, only a large ligless
**sarcophagus™ of highly polished, dark chocolate.colored
granite,

Some Arabian authors have reporied that Al Mamun
found in the sarcophagus a stone statue in the shape of
a man, They say that within the statue tay a body weating
a broastplate of gold set with precious stones, en invatuable
sword on his chest, and a carbuncle ruby on his head
the size of an egq, which shone as with the light of day.
According (o the storytelters the statue was inseribed with
a mysterious writing that no one could decipher; but
thera is no historical evidence to support the tale.

To Al Mamun it appeared that either the vast mausoleum
had been built about nothing but a single emply chest,
or the whole place had previously been looted; though
how and by whom it was hard to imagine, considering
the enormous number of stone plugs the Arabs had been
obliged to break up in order to make their entrance.
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Tite solg llsm within the
King’s Chambor ic a lidless
coifar cul from a solid dlock
of chocolale-colored granito,
whoco granules of feldspar
quartz and mica are even
harder than those of the chom
ber walls. Thoy werg fabled
to have come nol from the
Egyptian Quatries up the Nilo
gl Syene bdut from the mylhi-
cal Atfantis or even fiom
America.

Bacausa the cofier 13 6
teel 6 Inches long, 2 feel 3
inehes wido and 3 leol deep
and could comfortably ac-
coMmodale a human body, it
has been called a sar-
cophaqus and s believed by
Egyptologists lo have been the
tomb of the Pharach Cheops.

A ildge along the 10p edge
of tho coffer indicotes it may
have once had a shding lid.
though no trace of the Iid has
beon found.

As tha Arabs removed 22
actea of 100-inch-thick pure-
limestone cavering llom the
Greal Pyramid, vast mounds of
chips and rofuco bulil up as
high as 50 leel around the
base.

In a fury of disappointment, tho Arabs ripped up part
of the {foor and hacked at the bcautiful gronite walls, even
burrowing a short tunnel into a comer of the room, all
to no avail.

Legond has it that to pacify his disappointed men At
Mamun had a ttcasure of gold secreted in the Pyramid
at night, amounting to just the wages due his mon, and
palmed off the coinctdence on the wisdom and prescience
of Allah

For another four centuries the great pile lay undisturbed
on the desert's cdge, its ouler casing virtually intact, its
geomeiric shadows lengthening and shortening with
the revolutions of each year. An Arab historian who saw
the Pyramid (n the eariy thirteenth eentury compared it to
a groat fomalo breast rising from the bosom of Egypt.

He remarked that it was still perfect except for the entrance
carved in it by Al Mamun.

Subsequently a series ot earthquakes demolished large
pants of northem Egypt, and the descendents ot Al Mamun’s
workers wraaked their ge on tha tr less Pyramid
by stelpping it of its precious limestona easing to rebuild
thelr new capital city El Kaherah, “The Victorious.” in the
course of several genarations they managed to remove
tha entire 22 acres of 100-inch-thick covering of the Pyra-
mid, and even built two bridges espccially to drag the
heavler stones across the river on camel trains to Cairo
for tha construclion of a series of mosques and palaces.

17
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The Mosque of Sultun Hasan
in Cgiro, built in 1366 with
limestone blocks removed from
the covering o! the Greel
Pyramid.

One of the more renowned of the several hundred
minareled mosques in what came to be known as ‘Grand™
Cairo was built in 1356 by Sultan Hasan almost entirely
with stones removed from the Pyramid. Forly years later,
in the reign of his auccessor Barluk, when tho French
Baron d'Angluretraveled to Egypt. he was able to see and
report on the continued dismantting of casing stones by
Arab stonemasons. D'Anglure was naive enough to fali for
Ihe historical canard that the pyramids had been bullt
as granaries by the biblical Joseph to store Pharaoh's
grain in years ol plenty; but his old French glives a vivid
picture of the despollers tumbling the massive blocks
from the summit: “. . . certain ouvriers massons qul & force
desmuroient les grosses pierres taillés qui font la couvor-
ture de desdits greniers, et les leissoient devaller & val.”’
(*‘Certein masons demolished the course of greal casing
stones which covered these granarles. and tumbled them
into the valley.”)

The stripping of the limestone lefl the core masonry
exposed In a series of graduslly ascending and receding
steps to be weathered and worn by wind, sand and rain.
Some of the underlying core blocks proved to be ol pure
limestone, others of nummulitic limestone containing large
quantitles of fossil shells resembling coins.

Around the siripped Pyramid, fragments of limestone
and rubble were piled so high ihat they finally obliterated
fhe enlrance which Al Mamun had forced in the north face.

18

Bu! the removal of the outer casing brought to light
two huge transoms embedded in the masonry which formed
a prolective gable over the tiny gaping original entrance
to the Descending Passage.

Only now, no one cared to reenter the Pyramid.
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[ll. RENAISSANCE
AND REVIVAL
OF INTEREST

Superstition shrouded the ancient structure. It was said
to be haunted by ghosts and to be allve with venomous
vermin. Aceording 10 the Arabs the Great Pyramid was
haunted at noon and sunset by a naked woman with farge
teeth who seduced poople Into her powerand then drove
them insane.

When Rabbi Benjamin ben Jonah of Navarre. an
adventurous twelfth-century traveler, reached the Giza
plateau from Abyssinia he noted fhat *the Pyramids which
are seen here are constructed by witcheralt."

Abd-al-Latlf, who taugh! medicine as well &s history
in Baghdad, summoned the courage to enter the Great
Pyramid shortly atter Benjamin's visit but admitted that
within its stifiing interior he fainted from fear and came
out more dead lhan ative,

The Pyramid’'s bad repulation spread so far alfeld
that when the fabulous Engtish explorer Sir.John Mandeville
is supposed 10 have visited Egypt In the fourteenth century,
he s said to have complained he dared not enter the
Pyramid because it was filled with serpents: but the serpents
turned oul to be as fabulous as his Travels which were
produced by a notary in Liége who had never even lefl his
native country.

Not till the Renaissance had swept away some of the
cobwebs of medieval obscurantism, and revived man’s
interest in science, was there enough motive for Europeans
to enter the Pyramid and rationally examine ks interlor.

In 1638 John Greaves, a 36-year-old mathematician and
astronomer who had studied at Oxford and taught goomatry
in London, decided to set oif for Egypt. His was no idle
curiosity: like Al Mamun, he heped to find In the Great
Pysamid a datum that might help to establish the dimensions
of the planet, Although the preceding century had spawned
the great voyages of exploration, and Magellan's crow had
circumnavigated the earth, the sciences of geography
and astronomy were still so much in their infancy—to all
appearances—ihat no ane had improved on Ptolemy's or Al
Mamun's geographical degree and hence no one knew the
true circumterence of the earth.

-
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A clue 1o a passible solutlon had been poastualed by
Girolamo Cardano. an astonishing Mitanese physician and
mathematician of the early sixteenth cenlury and a close
friend of Leonardo da Vinci's, who maintained that a body of
exacl science must have preexisted the Greeks. Cardano
suspecied that a degee of meridlan (far more exact than that
ot Eratosthenes, Prolemy or Al Mamum) must have been tn
existence hundreds if not thousands of years before the
Alexandrians and thet to find it one must search in Egypt,
Pythagoras was sald 10 have claimed that the measures of
antiquity were derived from Egyptian standaids, themselves
copled from an invariadble protolype taken from nature. it
followed Ihat the pyramids might have been huilt 1o record
the dimensions of the earth and furnish an imperishable
standard of linear measure.

Greaves had already traveled to ltaly 1o measure its
ancient buildings and statues [nan attempt lo establish the
original standard of measure used by the Romans—which he
concluded o be a foot somawhat shortar than a British foot
by 28 thousandths.

The Glza pyramids and
Sphinx as depicted in 1610,
showing Furopean iravelers,
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John Greaves.

Status of young Roman
architect, Statilius Aper. in
Vatican gardens, from which
Greaves measured a Roman
foot which was related 10 the
circumforenco ¢f the corth.
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in the Vatican gardens Greaves found a statue
commemorating a young architect of the first century A.D.,
T. Statilius Vol Aper, who had died In his Iwenty-third year
Portrayed in reliet were Aper's architectural Instituments,
including a Roman loot. Greaves copied this foot and
compared it 10 an English foot made of brass which he had
divided in 2,000 parts. *'l spenl at least two hours,” wrote
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Greaves, explaining the diligence with which he performed
the operation, “so often comparing the several divisions and
digits of it respeciively one with another, that i think more
oircumspection could not have boen used.”

Greaves found that the Roman foot contained *'1,344 such
parts as the English (oot contalns 2.000." The interesting
result of this measurement was the tact that It confirmed a
Roman toot to be exactly 24/ 25ths of the Greek foot derlved
from the Parthonon—a foot of which thore are 100 in tho
width and 225 in the fength of the building.

Greaves's next problem was 10 establish the basic unit on
which the Pyramid had been bullt—whether foot, pace, cublt
(an arm’s length), or patm.

To holp defray his oxpenses, Groaves applied for the
patronage and essistance of the magistrates of the Gity of
London, but they tuned him down. Luckily the Aichbishop of
Canterbusy though! enough of Greaves, and was sufficiently
interested in rare Arabic and Parsian manuscripts which
might be discovorod in the East, to patronize him, Greaves
was ablo to equip himself with instruments for measuring the
inside and the outside of the Pyramid and for obtaining the
declination and right ascension of the stars above it, and
have enough money leit over 1o spend a few weeks in Cairo.

Though a bookish mathematician and an ingrained
antiquarian, Greaves was not without courage as an explorer.
At the Pyramid he climbed onto the mound of 1ubbish 38 feet
high which surrounded it and gingerly let himselt into the
Descending Passage, ‘‘creeping like a serpent,” horrified to
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Entrance to the Great Pyra-
mid 2s depicted by John

find himself in a storm of bats “so ugly and so laige,
exceading a toot in length,” such as he had never Imagined.

To scare off the bats and clear the air, Greaves resorted
1o firing his pistols; the explosions reverberated like cannon
shots in the restricted passage of the Pyramid.

Working his way downward, Grezves reached the poin!
where Al Mamun's original tunnel joined the Descending
Passage, but was unable to proceed in a downward direction
because of the debris left behind by Al Mamun's men when
they hed broken up the series of limestone plugs that had
filled the upper passage.

Following in the Arabs’ tootsteps, Greaves climbed
around the massive granite plugs and up into the low
Ascending Passage. Having scrambled to the top, Greaves
retraced Al Mamun's course along the short Horizontal
Passage to the Queen’s Chamber. whese he found the stench
ol vermin so offensive he could not linger.

Everything Greaves came actoss was a puzzlo to him.
The steepness of the Grand Gallety seemed to preclude its
having been designed as a chamber: the difficulty of scaling
its polished slope made It Impractical as a stalrway. Also, it
was accessible only through the preceding very low passage.

He admittod nevertholess that tho Pyramid was "'a vory
stately piece of work, and notinferior, either in respect of
the curiosity of art or richness of materials, (0 the most
sumptuous and magnificent bulldings ** He noted that it was
bullt of polished Iimestona "very evenly cut in spacious

25
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squares or tables”; and he found that the “coagmentation
or knitting" of the joints was so clese it was scarcely
discernible with the naked eye,

Making his way to the King's Chamber, Greaves was
puzzied that so incredibly Imposing a structure as the
Pyramid should be built around a single chamber with a
single empty coffer. He could see no apparent reason
for its portcullls entrance or for the complexity of its
antechamber where the walls changed mystariously from
limestone to granite. Bul being a scientist by nature, Greaves
set to collecting and noting data about the building.

IEEER

Entrance {o the “well."

In the weost wall of the Grand
Gallary. not far from the north
wall, a small part of the @amp
iz misging, allowing entry
into & shallow pit. At the
boitom of this pit a short
paseago leads westward to
an opening in the floor which
becomes & shaft.

This shaft doscends through
the nucleus masonry of the
Pyramid and peneirates a
rocky cero which was loft by
the builders as an anchor for
the Pyramid above the level of

In London Greavea had fumished himself with e special
10-foot measuring rod based on a standard English foot
deposited In Guild Hall, finely dlvided Into 10,000 aqual parts.
Wih great care he measured the length, breadth and width
of the King's Chamber, commenting that '‘the structute of it
hathbeen the labour of an exquisitc hand." He counted s
tiers of granite, measuyred their length and breadlh, and did
likewis@ to tie empty cofler. “even to the thousandth part of
atoot.” {inding it to be 6.488 English feet.

Picking his way back to the oot of the Grand Gallery,
Groaves made a newand stariling discovery, From the ramp
atone side, a stone block had beey: forcibly removed and a
passage appeared to have been dug straight down into the
bowels of the Pyramid

The aperture was a little ovor 3 feet wido: but as notehes
had been carved opposite one another on the sides of this
“well,"” Greaves lowered himself Into It and descended abqut
60 leet, 1o where the shaft had bean enlarged into a smaj)
chamber, or “‘grotto,* Beiow him the shaft continued into the
murky darkness, but the air was so foul, and the bats so
thigk, that Greaves decided to climb back up the way he had
entered, puzzled by this strange féature of the Pyramid.

That the we)i shafi was notbottomless he established by
dropping a lighted flare which continuod toflickor from its

dopths.
\\l Grana
Gallery

the foundation pa t

A grolto opens off the shaft
and the shaft passes through
saveral natural fissures in

the bedrock.

For many centuries the
shaft’s tearminus was a mystary,
as was ils purpose.

Shaft entrance 1o the grotto.
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Chambers snd passages In
the Great Pyramid.

Outside, Greaves climbed to the top of the Pyramid. From
this high point he could admire the minarets of Cairo, the
range of Moxaltam hills across the Niie, and the silhouetles
of the pyramids ol Abusir, Saqqara and Dashur 10 the soumh.

On his way down Greaves was the first to make a
reasonablc count of the Pyramid’s visibic tiers of chiseled
blocks. which he ligured to be 207, estimating the total
height of the structure to be 481 feet, or 499 with the missing
capstone. This was within 2 dozen ieet of being correcl.

As a length for the base, Groaves ostimated 693 foet,
which was short of the mark by some 70 feet: but the base
was sa litered with rubbish that he had no way of telling
where the lirst tler might rise from the hidden base.

Back in England Greaves was rewarded for his eftortsat
the Pyremid by being appointod Savilian Professor of

Pyramidographia:

DESCRIPTION
PYRAMIDS

A G T P T

By JOHN GREAVES, Profeffor of Afronomy
in tbe Univerfity of Oxford.

Roranseinn Fabrice & cntiguee cers (cum wrid id dittan fiz)
kil azculios: ad Pyrayidaw SPondercrs, & [aperéian.
Bellon. lib. Il. Obfesv. cap 42.

Astronomy at Oxford. All the facts and figures Greaves had
accumuiated he meticutously wrote up in a scholarly
booklet entitled Pyramidographia.

His conclusions led to a very lively discussion—with as
much con as pro—in which even Lhe Gelebraied Dr. Willlam
Harvey, discoverer of the clrculation of blgod, took parn.
Harvey was surprised that Greaves had not described, or
apparonlly oven discovored, any conduits by means of which
the coentral chambers in the Pyramid could be ventitated from
the exterior. Accerding to Harvey such conduits were bound
to have existed, or the air in the King’'s Chamber would have
become axtramely foul—"“Seeing we nevar breathe the same
air twice, but stifl new air is required 1o a new inspiration
{the succus alibitis of it being spent in every expiration).”
Hatvey's suimise turned out to be true, but was not
established for another two genearations.

.
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Greaves had indeed noled °Iwo inlets or spaces, in the
soulh and norih sides of the chamber, just opposite from one
another,” but attributed the blackness within them to their
being receptacles for burninglamps,

Before returning to England. Greaves had left his
instruments, including the special 10-fool rod, to a young
Venetlan whom he had met In Egypt and who had
accompanied him to the Pyramid, Tito Livio Burattini, who
who was as anxious as Greavos 1o find out not only the
exac! measurcmonts of the Pyramid, but the unlt—whether
cubit, fool or palm—on which il had originally been
designed.

Burattini’s trip to Egypt had been subsldized by the
Jesuit Father Athanasius Kircher of Cracow, Poland, vho
had moved to Rome and entered into correspondence with
Galileo Galllet on ihe subject of a universal standard of
measure.

At that time Galileo was living in seclusion near Florence,
having been tried and imprisoned by the Inquisition for
supporting the Copernican belief that the earth énd the
planeis revolved round the sun, and the equally heretlcal
concest that the earth and the sun spun on their own axes.

As a young man Gallleo had timod the osclilations of a
famp swinging in the Duomo of Pisa by means of his puise
beats and found the time for each swing o be the same, no
matter what the amplilude of the oscilialion. thus discovering
what is known as the isachronism of the pendulum.

Developing Galileo's idea, Burattini had tried to obtain a
universal standard of measure by using the length of a
pendulum thal would vibrate exaclly 3600 times In one hour,
or once avery second. but the gotd-ball penduium he devised
proved impractical because it was found that its swing
varied with temperature, location, and altitude above sea
level,

Burattinl lingered four years In EQypt taking careful
measurements with Greaves's instruments. and he sent
reports of the resulte 1¢ Father Kirchor by lctior, which was
lucky for the scientific world: on Burattinl's joumey through
tire Balkans back to his adopted Poland he was s€! upon by
bandits and deprived ol not only his cash but all hisnoteson
the Pyramid which he intended to have printed as a book in
Italy.

‘There remained Ihe data which he had sent to Father
Kircher: but It was from Greaves's dala thal Sir isaac
Newton deduced that the Great Pyramid had been bullt on
the basis of two different cubits, one of which he called
“profane’’ and the other which he called “sacred.”” From
Greaves's and Burattini's measurements of the King's

Str 15a3C Newton 1S
dexcribed by Glorglo do
Santillana, of MIT 35 “tha
Iast ot the magicians. ne last
ol the Babylonians snd Sumer-
iang, the 13st greal mind which
iooked on the visible world
with the samo oyes as theso
wha began 1o build our
inteliectual world rather less
than 10.000 ysares ago "

Chamber, Newton computed that a cublt of 20.63 Brltish
inches produced a room with an even langih of cubits:

20 x 10. This cubit Newton called the “protane,” or Memphis,
cubit; whereas e longer, more arcene cubit appcered to
measure about 25 British inches.

This longer, or “'sacred,” cublt Newton derived from 1he
Jewish historian Josephus's description of the circumference
of tho pillars ot tho Tample at Jerusalom. Newton estimated
this cubit to be between 24.80 and 25.02 English inches,
but believed the figure could be refined through further
measurement o) the Great Pyramlid and other anclent
buildings,

Altofthis Newton wrote up in asmall and now hard-to-find
paper called A Dissertation upon the Sacred Cubit of the
Jews and the Cubils of several Nations: in which, [rom the
Dimensions o) the Greates! Pyramid, as taken by Mr. John
Greaves, the ancient Cubit of Memphis is determined.

Newlon's preaccupation with establishing the cubit of the
ancient Egyptians was no idie curiosity, ncr just a desire to
lind a universal standard of measure: his general theery of
gravitation, which he had not yet announced, was dependent
on an accurete knowledge of the circumferonce of the oarth.
Ali he had to go on vrere the old figures ol Eralosthenes
and hls followers. and on thelr figurds his theory did not work
cut accurately.

By ostablishing the cubit of tho ancient Egyptians, Newton
hoped to find the exact length of their stadlum, reputed by
classlcal authors 1o bear a relatlon 10 a geographical degree,
and this he beileved to be somehow enshrined In Ihe
proportions of the Great Pyramid

Unfortunalely Greaves’s and Burattini’s moasurements of
the base of the Pyramid were incorrect because of the
accumulated debris, and 1hough Newton's ligure for the
cubit was very close to perfect. the false measurements of
the base failed to give him the answer he was searching.

To resolve Newton's problem, Burattini suggestod taking
the actual measure of two or thiee degrees ol latitude
across the fiat countryside of Polans; but the operation
proved too costly. Unfortunately, neither Nawton nor Burattinl
knew thal in 1635 Richard Norwood, author of Sea-Man's
Practice, had made an observation of the sun at noon at York
using a sexlant more than 5 feet in radius, and a similar
observatlon In London near the Tower; the distance between
the two points was 9149 chains, and he thus obtained a
figure of 69.5 English statute miles for 1° of latitude. This
figure would have solved Newton's problem, but because of
Ihe political unrest in Cromwellian England he did not hear
o1 it: so he pul away his theoty of gravitation for several
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moro years, or until the French astronomer Jean Picard
ropeated Norwood's feat with rather more fanfare.

In 1671 Picard measured a degree of latilude between
Amiens and Malvolsine. His method was to measure a base
line at Amiens very meticulously with wooden rads, then
measure tho angles formod by this baso lino with a point on
the horizon and deduce its distance by trigonometry.
Selecting a series ol points on hilitops easlly distinguished
with a telescope and measuring only the angies beiween
their sices, he was able to string out a series o! thirteen large
triangles across the countryside and obtain a vory accurate
degree of 69.1 English stalute miles.

On the basls of Ihis computation Newton was able la
announce his general theory o1 gravitation—that all bodies
in the universe attract each other in proportion to the
product of their mass and inversely as the square of their
distance apart—and S0 launch a new era of physics.

As the English poet Alired Noyes summed up the eveni:

. . . Newton withheld his hope
Untll that day when light was brought from France,
New light, new hope, inone small glistening fact . . .
Picard In France—all glory to her name—
Had measured earth's diameter once more
With exquisite precision . . .

Bul all thisAnglo-Gallic dalliance was shorl-lived because
an argument developed between Newlon and a French
family of astronomers, map makers, and surveyors called
Cassini. Newton figured that the centrifugal force of the
globe spinning on its north-south oxis would cause the carth
lo bulge at the eguaior and be slightly flattened at the poles.

In his Principia Newlon estimated that this would have
the effect ot making a degree of latitude longer nearer the
polos and shorter nearer the oquator.

The theory was heatedly opposed by the Cassinis, who
had extended Plcard’s triangulation survey north to
Ounkirk ana south to Perplgnan on the Spanish border. and
maintained that the earth was efongated like an egg, as
depicted in Ptolemaic Egypt: that the degree of latitude was
shorter north of Paris.

To selile the argument the Fiench Academy of Sciences
sent out two expeditions, one to Lapland to measure an
actual degree near the Arctic Circle and another to Peru to
mesasuro a dogree near the equator.

After 18 months of being frozen in winter and devourcd
by mosquitoes (n summer, the expedition to Lapland returned
wilh a figure that showed a degree of latilude was longer
near the flattened Pole. The Peruvian expedition suffered

The Graat Sphinx lies about
twelve hundrad fast southeast
of the Pyramid of Cheops
ngar the valley bullding of
Kephten. Carved from a
single sandstane knoll, the
colossus i 240 feet long, €6
feet high, and 13 feel 8 inches
al its widest.

The headdress and the cobra
on the torehead are said to
have been symbols of rovyally.
the features are thought lo
resemble those ol Kephien

Al one lime Ihe Sphinx may
have boon coated with plaster
and gpainted in various colars.

A rational exptanation of
the myslary of the Sphinx
was produced by ihe Brilish
astionomer Sir Norman
Lockyer, who caid that ite
oeing hail lion, haif virgin
symbolizes the junction of Ihe
constellations Leo and Virgo
which occurred at a summer
solslice in the fourth mil-
tennium 8 C.

oven worse condilions, measuring from mountaintop to
mountaintop In the Andean highlands, but after ten years of
misery. came back with a similar conclusion that the degree
was shorter at the equator, vindicating Newton: the
Peruvian dograo moasured 56.734 French toises, the Paris
dcgree was 226 toises longer, and the Lapland degree

362 toises longer stlll.”

Cassini, who very sensibly proposed the adoption of a
geodetic foot representing 1/6000th part of a terrestrial
minute of arc. would havo been estounded had he known
that just such a foot had been in existence lor several
millennia and that the Sphinx, which could be used as a
gecdetic marker to indlcate he equinox. aiso once had an
obelisk between its paws whose shadow could be used to
compute not only the correct circumieronce of the earth but
the variance in the degree of lalitude.

ButlIn all this geodetic enterprise the Pyramid's geodetic
vajues were forgotten; its secrets remained as enigmalic as
those of its neighbor the Sphinx, which by this time was
almost obli d in the accumulation of wind-blown sand
from the Libyan desert.

“ The toiss, or double atm's length, was tive Siandard of measure
used by the Fiench bekire the develcpment of ths raeler.
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IV. THE AGE OF
ENLIGHTENMENT

Travel to the Giza plateau became a dangerous undertaking
in the eighteenth contury. Though Egypt was stitt nominally
under the suzerainty ol the Ottoman Turks, the tréveler was
likely 1o be tobbed or killed by gangs of bandit Arabs unless
protected by a badyguard of triendly Janissaries such as had
accompanied Greaves,

Not untlf tho timo of the American Revolution was any
further discovery of impartance made at the Pyramid. In
1765. Nathaniel Davison, who was later British Consul
General in Algeria, was abte to spend a vacation in Egyp!
in the company of Edward Wortley Montagu, former British
ambassador to tho Sublimo Porte. and carefully explore
the Pyramid.

Moare Intrepid than Greaves, Davison lowered a lamp into
the “‘well.” tied a rope round his waist, and had himself
carefully lowared into ite ominous darkness, abouta hundred
foot farthar than Greaves, only to find the boitom blocked
with sand and rubbish. To Davison it appeared strange that
anyone should go to such an enormous amount of effort to
dig a shaft almost 200 fee! into the heart of the Pyramid and
simply come to a dead end. But there was nothing more he
could do. It wes oxtromoly close and lilthy at tho bottom of
the “well,’”" and his candle scon buint up what little air was
available. Also, an Immense number of huge bats made
it difticult for Davison to keep his candle alight; so he
laboriously made his way back to the surface.

Abandoning this quest, Davison set about finding any
other secret {eatures within the interior of the Pyramid, At
the top of the Giand Gallery he noted that his voice was
answered in a curious way by repgated echoes which
appeared to resonato from somewhore above him.
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Davison's hate at the top of
lhe Grand Gallery.

Placing a eandle at the end of two long canes. Davison
was able to spot a small rectangular hole about 2 feet wide
at the very top of the Grand Gallery, where its wall joined the
celling.

To reach this hole was 2 precarious ordeat: the walls of
1he gallery were polished and slippery; the pesch upon which
he hed to place his ladder was exircmely small and stood
high above a yawning drop of 150 feet, atl the way down the
Grand Gallery. Nevertheless Davison managed lo raise saven
short ladders till the topmost reached the smalt rectangular
hole.

Davison climbed this rickety echeloning with difficuity.

At the top he found lhat he was prevented from entering the
2-foot hole by some 16 inches ot bat dung, which had
accumulated through the centurles.

Masking his face with a kerchief, Davison managed to
wedge himself Into the stifling passage and crawl 25 leet to
a chamber nol high enough to sland In, but every bit as wide
and as long as lhe King’s Chamber below it.

Beneath the bat dung Davieon was able to make out a
floor consisting of the tops of nine rough-hewn monolithic
granite sfabs, each welghing up to 70 tons, or as much as a
modem railway engine. The under sides of these slabs
formed the ceiling of the King's Chamber. To Davison’s
amazemenl, the low flat ociling of the chamber was also
constructed of anolher simllar row of granite monoliths

Otherwise, Davison could find nothing of either historical
or architectural interest: no treasure, no inscription, no sign
of eny further passage. His sole reward was o carve hie

Thtee distinet types of
EQyplian bats as depictad In
the eighteenth century, The
bats found by Greaves in the
Great Pyramid were over a
foot tong, with an cven gieater
wingspread Of the more than
a tnousand knoan varieties
of these curious noctumal
mamma?ts the “liying foxes”
of Ausiralia have a wing-
spiead of up to 6 feat.

Davison's Chambor above
the King's Chambar.
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Davisoa's and other gratfRi
In the Great Pyramid, Irctud-
ng that of Mescator, the
Fiemish carlographer.

Revarse of the seal ot the
Unlted Stales of Ameiica.
According to Manly P. Hall,
en experl o2 Masonic lore
nat orty wete many of the
founders of the US. govem
ment Masons bul they re-
celved aid from a saciet and
augus! body existing in
Europe. which helped them o
estabiish the Unilad Slates for
“a peculiar and particular
purpose known only o the
inftiated few.” The Grez! Seal,
says Hall. was tho signature of
ths exalted body. and the
unfished pyranid on Its
rove:so sido “is a b

DAVISON s
DALTON
GIVANT AL L AcHO

graffito on the wall and to have the nawly discovered
chamber named Davison’s Chamber in his honor.

When the American Revolution was followed by the
French, and Napoleon set out to spread his political doctsines
ot Free Masonry, interest was rekindled in the Pyramid.

The American revotutionaries had aiready gone so far as
to adopt the ancient Masonic symbo! of the Pyramid for the
reverse of the Great Seal of Ihe United States.

in their own tevolutionary housecteaning. the French
outtawed the biblical seven-day week and reverted to the
decades of |he ancient Egyptians. The sans-culottes replaced
the old holidays with feast days celebrating Nature and the
Supreme Being. the Human Race. the Marlyrs of Liberty,
Truth, Justice, Palernal Tendemess, Conjugal Faith and even
Misfortune. To replace the archaic foise made up of six pied
ds r0i, the new academiclans remeasured the arc from
Dunkirk 1o Perpignan and adopted as a decimal unit the
meter. which they computed 10 oe exactly one ten-millionth
of the Paris merudian from pole to equator.

On the ast day of the month of Floreal in tho IXth year of
the revolution—our May 19, 1738—General Bonaparte, a
sallow litle man of 29, sel sail from Toulon wilh a force of
35.000 sotdiers crammed Into 378 vessals, to conquer Egypt
as a steppingsione 10 India and world domination. Bored by

setung fonh Symbalkcally the
1ask lo the accomplishment of
which tho U.S, Govemmont
was dedicated from the day of
its inception.” Tho eagie was
apparently intendod to rop-
mesent a phoenix. or symbol ol
the immonalily of the human
coul. Great currency has beon
given to the pyramid and
phoenix symbols by placing
tham upcon a one doliar bill

the pany of his fellow officers, Napoleon spent most of
his time with an extraordinary collection of erudile French
civllians ciassilied as “savants.” He had brought them along
because they were reputed to have acquirad a protound
knowledgo of Egyptian antiquitios despito tho fact that
no onc had yet deciphered Egyptian hieroglyphies, so that
very little was known of Egypt's remole antiquity.

These savants, a hundred and seventy-flve of whom were
scattered throughout the lleet, were treated with something
less Ihan respect by Napoleon's lower ranks, who were

Mameluke Beys and their
horsomon waro moctly con-
vertad Christian slaves like the
Janissarles and Pages of the
Sublime Porto, troinod to
police. 1ax, and control EQypt
undar the nominal suzerainty
of thn Ottoman Suftan,

In 1811 the Mamaiukes were
destroyed 'n one of the foulest
but most successful ambushes
in history, May 1 they were
invitod to a least by
Mohammea AlL the Greek-
born adventyrer who govesned
Egypt for the Turks. Dressed
In thelr finery, on ifctly
caparisoned horses, 420
Mameluke Beys arrived at the
citadel. Once lhey were
crowded into tho narrow
slteel, Mohammea All's At-
banian mercenaries opened
fira from rooftops and windows
with rifla and cannon. The
Mamelukos screamed, their

horses nelghed. the street ran,

with bloed. In hali an hour all
the Mamelukes wero cead
with the exceplion of Amir-bey
whose horse is reputed lo
have lespt from ihe battle-
ments and cartled him safely
to Syria

convinced that the ‘*graybeards' had been brought along
solely to holp {ocate and dig up hidden treasure. Once the
learned gentiemen had landed in Egypt, where their function
was to ‘‘civilize the natives,* they were issued no rations or
titlets. and whenever the Frenchi came under attack from the
Mameluke forces of Murad 8ey, Napoleon’s sotdiers would
form their famous squares and shout “savants and asses to
Ihe center."”

Not Ihet the savants 1an any real risk. When the French
reached Ihe Great Pyramid and were attacked oy 10.000
Mameluke horsemen armed with glittering yagatans under
{he command of Murad himself, in a brilliant green turban
astride a snow-white charger, the slaughter consistcd
entirely of the intrepid Mamelukes. Renowned for having
withstood Ibe hordes of Genghis Khan, they were no match
tar the French sharpshooters and cannoneers.

In two hours two thousand Mamelukes were killed for
two score Frenchmen.

2a
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Bonaparte's genersl stafl
arriving ot the Great Pyramid.

Napoieon Bonapaite bofore
tha Battle of the Pyramids.

Murad Bey, whose Mameluke
forces were defeated.




July 12. 1793. in he shadow
of the pyramids of Giza. some
25,000 Fi h d

upon them. The tAamaiukes
outdid themselves in bravery,

lized, hungry, and sieepy from
a ten-hour mareh, waro ordorcd
by Narolecn to face what he
cvarestimated to be 78,000
Egyplians, Including 12 000
mounted Mamefukes In mulli-
coiorod tusbans and gold-
embroldered cafians that
floated like gauze. The French
formed inlo squaraes, len
soluiers deep, their cannons
(and savants) in the center.
ith L the

hing through the barrefs
of the Frenchmen's rifles wih
theic scimitars, but In vain, In
two hours the squares were
surrounded by corpses, the
Battte of tho Pyramids was
avsr, and Napoleon was master
of Egynt. AS the flames from
the Egyplian fleat illumined
Caito’'s minarets, Napoleon's
men feaaled on hoards of cap-
tured sweetmeats and looted
lhe gold-taden bodes of the
ol ALY

French held their fite thl
Murad Bey's cavally were

-
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g thom

into the Niie 1o lloat seaward
the news of the Egyplion dcteat,
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Jomard, Coutotle and Lo
Plre exploring tha Grand
Gallary.

The discoverles of the savants within the Pyramid were
not sensational, mostly because ol the hindrance of bats,
which had greatly increased since the time of Davison.

Edmé-Frangols Jomard, one of the younger but more
astute of the savants, desciibed Ihe painful process of
moving through the passages bent double, seared by the
heat of the torches, stifled by lack of air, and sweating
profusoly from the effort.

Colonel Jean tarie Joseph Goutelle, a military member
of the expedilion, made another exploration of \he well, but
complained of being attacked by clouds of infuriated bats,
“who scratched with thoir claws and stifled with the acrid
stench of their bodies.”

Discharging their pistols at the top of the Grand Gallery,
the French were astonished at the repeated echo which
sounded like thunder moving away into the distance.

In Davison's Chamber the accumulation of bat dung had
risen to 28 centimeters. The savants retired without further
contribution to Ihe problem of the Pyramid’s interlor.

Outside, the savants were more successful. Jomard
dogtrotted round the Pyramid, appallcd by the amount of
sand and debris which had accumulated on its flanks.

With 1he help of 150 Ottoman Turks, the French were able
lo Glear the northeast and northwesti corners of the building
and make an important discovery.

They found the “esplanade" on which the Pyramid had
originally been established. as well as two shallow rectangular
“encastrements,”’ or sockets, 10 feet by 12, hollowad some
20 inches into the base rock, quite leve! with each other,
whera tho original cornerstones had once been laid.

These gave the savants two firm points from which to
measure the base of the Pyramid. Though the huge mounds
of debris all along the north face of the structure still
impeded their efforte, Jomard was able tc make a serics of
measuremenls up ond down and around. These gave a length
for the base of 230.902 meters, or 757.5 English feet. The
French now needed to know the height.

Jomard took 8lmost an hour to ctimb the Pyramid,
stopping on the vsay for breath. Once he reached the summit,
his imagination was exalted by the view of the green Della
to the notth, the blaek strip of fertile earth along the Nite, the
wavellke dunes to the west. Arab viliages looked like anthills
on the horizon; men at tho base of the Pyramid were barely
digtinguishable.

With a slingshot Jomard tried to hurl a stone far enougn
to clear the base, but in vain. Not even the Arabs had been
abJle to shoot an arrow from the summit that would clear the
footing.

The positions of the scckeis.
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To cbtain a height of the Pyramid, Jomard measuraed
down each step, for a total of 144 meters, or 481 icet. By
elemental trigonometry this gave him an angle for lhe slope
ol 51* 19° 14” and an apothem of 184.722 meters.

The apothem is the slant height of the Pyramid, or line
trom apex to center of each base, down which a raindrop
would run as tho shorteat diatance to the ground.

Because the outer casing was enlirely missing there was
no way 1o know just how thick [t had been: so the measure
for the apothem had to be an estimate; but the figure of
184.722 meters was to open up a whole new vista for Jomard,
who was a vory well-read young man.

Jomard remembered that according to Diodorus Siculus
and Strabo, the apothem of the Pyramld was supposed 10 be
one stadlum long. He also knew that an Olympic stadium of
600 Greek feet—{rom which our modern stadium is dorived
—was a basic unit of land measura in the ancient world, one
which was said to be related to the size of the earth.

Searching furthes through the irunks full ot classlcs
which Ihe savants had brought 10 Egypt, Jomard found that
the stadium of the Alexandrine Greoks (of Eratosthenes and
Hipparchus) had boon the equivalent of 185.5 meters—which
was within a meter of what he had found for the apothem.

To reinforce the point. Jomard discovered that the
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¢ NE
CHOTCGRAPHICAL FOINTINGS. S
IN LOWLE LEvPY,

Bonaparte's surveyors found
that the Pyramid was accu-
rately orlented to the four
cardinp! points of tho compasec
and therefore used ths me-
sidlan running througl Its apex
85 tho base lina for their
measurements

Having mapped Lower Egypt,
thoy woro surprisod 1o find
fhat this meridian neatly cut
the Delta segion into two
aqual portions, and wore ovan
more surprised when they
found that the diagonals
drawn through the Pyramid,
&l right gngies 10 each other,
compielely enclosed the en-
tire Dolta.

Evidently a Structure which
could serve as such a porfect
geodotic banchmark could not
have been locaed at reandom.
and without conaideradble
proficiancy in astroncmy. as
well as a developed under-
standing of the configuration
of the plenat.

distance betwaen the Egyptian localitios as measured by
Napoleon's susveyors also coincided with the classical
distances between these localitles computed In stadia. if the
stadium was taken to be 1S meters

Fipally, Jomard learnt from his perusal of the classics
that a stadium of 600 feet was considercd to bc 1/600 of a
geographical degree.

Jomard catculated that a geographicat degree at the
mean iatitude of Egypt was 110,827.68 meters. Dividing this
figure by 600 resulted in @ measure of 184,712 moters, This
was within 10 centimeters of his value for the apothem.*

Could the Egyptians, Jomard wondered, have been
capable of working out thair basic units of measure-—such
as the stadium, the cubit, and the {cot—{rom ihe size of the
carth and then bull! this knowledge into the Pyramid?

To reinforce lhis exciting hypothesis Jomard found that
several Greek authors reported that the perimeter of the base

* Al Seyno the degtee of longitude is 110.781.11. At Alexandria it Is
110.892.86. Tho moan for the whole planet is 171,111.8. Jomard
took tna mean for EQypt

of the Pyramid was intended to measure half a minute of
longitude. In other words. 480 times the base of the Pyramid
was equal to a geographicat degree

Jomard took tho 110,827-meter degree and divided it by
480. The result wes 230.8 meters, or again within 10
centimeters of his measured length of the base.

To find the length of the cublt that would fit these
measures, Jomard again consulted the classics. According
to Herodotus 400 cubits made a stadium o1 600 it Jomard
divided thc apothem of the Pyramid by 400 and obtained a
cubit of .4818 meter. To his surprise this turned out to be the
common cubit of the modem Egyptians.

According to other Greek sources the base of the
Pyramid was said to bo 560 cubits. Multiplying his .4618
metor cubit by 500. Jomard got 230.90 meters—which was
just what he had measured for the base.

Jomard's theory was impressive lo his colleagues: but
when Gratien Le Pére and Colonef Couteile ra-measured the
base of the Pyramid, they found it lo be 2 meters longer. They
also re-measured tho height with a specially designed
instrument, step by step, and the resulls showed Jomard's
angle of incline lo have been too low, and his apothem
consequently too short.

In vain Jomard arguod that ho had found an even more
surprising coincidence in that the four-hundredth part of his
base of the Pyramid gave a figure of 5773 meter, which was
exactly the length of a longer modem Egyptian cubit called
the pyk belady.

Jomard's colloaguos insisted thore was no ovidence in
any othcr ancicnt Egyptian building of the use of such odd
cubits and that the only adequate cubit they had found was
the one marked on the nllometer of Elephantine, which
was nearly the same as the "royal” cubit ot Memphts of 524
moter, or 20.63 inches, which Newton had derived from
the dimensions of the King’s Chamber.

Unpertusbed, Jomard continued his observations. it
seemed to him that from the bottom of the Descending
Passage, the ancients might have been able to see the transit
across the menidian of some circumpolas star, and thus have
previously established true north and correctly oriented the
bullding. Because of Ihe length and narrowness of the
passage. he said, they might even have been abie to see
sucha star by daylight His colleagues argued thatthe trap
door wouid have prevented any such observation.

Jomard suggested that the King’s Chamber, with its
empty sarcophagus. might not necessarily have been a tomb
but a metric monument, designed 10 embody. and perpetuate,
a system of measures.



Nilometer discovered by the
French at Elophantine, near
Syena, used by the Egyptlans
{or meesuring the rise of the
Nile at tipod lime, and marked
In cubils very close to the
toyal cubit of Memphis.

To the end, Jomard remalined convinced that the builders
of the Pyramid had the necessary astronomical know-how
to measure a geographical degrec and thus the true
circumference of the earth, and had developed an advanced
sclence of geography and geodesy which they had
immortaltized in the geometry of the Great Pyramid

Jomard poiniad out that Herodotus, Plato, Diodorus and
many others had all named Egypt as the birthplace of
geometry, that Solon as well as Plato had come te Egypt to
study geometry. and that Pythagoras had learnt irom the
Egyptians his theorems of gaometry, his art of calculation,
and his doctrine of metempsychosis.

Jomard's classically indocirinaled colleagues could not
stomach the Idea that their cherished Greeks might not be
the founders of geometry; so the pursuit was dropped.

One last boost to Jomard’s theory was given by one of

Napoleon’s lavorite generais, Louls Charles Antoine Desaix:

on his way up the Niie to conquer Upper Egypt, the 29-
year-old general found a gorgaous temple near Thebes hal!

Edmé-Frangols Jomard.

*

burfed In the sand. On Its celting was a circufar 2o0dlac.
Because 1he zodiac clearly depicted the skies over EQyp!
and sh d the recognizable tellations in quite dilferent
posifions, the savants deduced that it must have represented
the skies many centuries in the past and |hat the ancient
Egyptians must have been acquainted with the zodlacal
consteltati in remote antiquity.

Unfortunately, an inscription also found in the temple
appeered to dete it from Ptolemaic times, shortly before our
era; so another of Jomard's balloons was pricked.

Meanwhlle Napoleon, whose logislical mind enabled him
to figure that the Great Pyramid and its Giza neighbors
contained enough stone 1o build a wall 3 meters high and
one meter thick all around France, had become attracted by
the arcane qualitles of the King's Chamber.

On the twenty-fitth of Thermidor (the Revolutionaries’
August 12, 1798) the Genarat-in-Chief visited the Pyramid
with tho Imam Muhammed as his guide; et a certain point
Bonaparte asked to be left alone in the King's Chamber,
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Napolaon in tho Kng's as Alexander the Great was reported to have done before Napojeon's noles on his with lhe title, Description de I'Egypte ou Recueil dos
Chamoer him. ekoteh of tho Pyramid observalians el des recheiches qui ant éls failes en Egypte
Coming out, the general is said to have been very pendant I'expédition de I'armée trancaisa.
pale and impressed. When an aide asked him in a jocular The work ran to nine folio volumes ot text and tweive o1
tene it he had witnessed anything mysterlous, Bonaparte plates, and was described as “tho mostimmortal conception
replied abruptly that he had no comment, adding in agentier and glorious performance of a book cver realized by man."
voice that he never wanted the incident mentioned again. Jomard contiibuled to it briliiantly, but his perspicacious
Many years later, when he was emperor, Napoleon 1hesis received littte credii.
continued to refuse to speak of this strange occurrencein The savants were scooped by the wily Baron Vivant
the Pyramid, merely hinting that he had received some Denon, who brought out two volumes of the etchings he had
prasage of his destiny. At St. Holena, just beforo the end, he made during the campaign in Egypt. His Voyage dans la
seems to have been on the point of confiding to Las Cases, basse ef (a haute Egypte became an instant best seller,
but instead shook his head. saying, “No. What's the use. stunning Europe wllh IncredIble sights of an unknown world
You'd never believe ma,” o! Egypt both ancient and modern, and launching a great
When mifitary and polilical priorities obliged Napoleon lo vogue {or the style known as Empira.
pull out of Egypt, he abandoned his savants to be captured Denon’s publication and the Dascription de I'Egyple
by the British. Chivalrously treated as civilians, they were which followed it piecemeal were to turn what had been a
allowed to return to France with their noieés and drawings. French mililary aisaster Into a cultural rwiumph. They also
8y the time 1they got home Napoieon had gained sufficlent shattered once and ftor all the figment that betore the
power as First Consul to order them to produce a truly Homeric Greeks thoro had been nothing but primitive
monumental work on all they had discovered about the sites, barbarism.
buildings, inscriplions, life, language and manners of the Scientifically the most sensational discovery made by the
ancientand modern Egyptians. With the heip of an army of French in Egypl proved 1o be a 3-toot diorlte siabengraved
painters, typographers and fous hundred engravers, the withhieroglyphics found by a Captain Bouchard in abranch
study was completod and publishod over a period of 25 years of the De!ta ncar Rosetta. Hijacked by tho Britiah, the
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Fronticplooo tor the twanty-
one volume Description de
'Egypte, bearing Napoleon's
imperisl crown, and showing a
composite picture of the prin-
cipal monumonts doscribed
by the French.
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Dominique Vivant Denon
accompanled Napeloon on
his expedilion to Egypt and
1 a seiles of

saddie, in which he had been
for @2 many ac sixteon hours,
his eyelids ripped by the

%

and etchings of the lard of
Ite Fharaohs which ted

sand, and seeing
through 3 wll of blood, Denon
10 the

@ whola new worid to 2n
amazed Europo.

8cm an 3ristocial and re-
nowned mostly lor a series of
pomographio etchings, Denon
managed o hgratiaie himset!
with 1he evolutionaries and
cscape axecution Hyproticaity
atiractive to woman, Denon
was befrianded by such
notables as Madsmoe do
Pompadcur and Gatherine |
of Russia. He was Introduced
to Napoteon by hls wife
Josephine.

In Egypt Denon would rids
ahead ot the French columns.
somelimes. under fire, 10 catct
the vivid scenss of octlon.
Sketching directly trom the

F

mosl evocalive Scenes of
Egypt, anciont and modem,
fll of verve and an exquisita
sensa of camposition.

Brough! up to think t:at
Greek architecture of me best
poriod wes the standad ot
beauty, he was saized by the
axtraordinary beauty of the
Egyptian works *with no
exfran@ous orngments or
supeciiully of lines." His two-
volumo Mustrased description
ol Bonaparle’s campaign in
Egypt was an Wisiant bestseller
in Europe.

Denon was made a baion by
his empesor and became su-
porintonderit of the Louvro and
director of the Beaux Auns.




Nubians drawn by Denon in Donon making a sketch in
1799. Uppar Egypt.

Napoleon reviewing the
French troops at Rosetta.

J. F. Champollion.

The Rosetia Slons, found In
1799, was ordered by Napoloon
10 be ptaced in the French
Institule in Cairo. By an arlicie
of the teoaty of capitutation it
was surranderad to the British
in 1801, Major Qeneral Tumer
sailed with it lo Portsmouth
i 1802 and deposited it with
the Socloty of Antlquatana in
Londan vho lumed it ovar 10
the Biitish Museutn.

A plactor of paris cast of its
mscrption n hieroglyphs,
demotic Egyptian, and Greak,
engbled Champollion to do-
clpner 1he hleroglyphic ian-
guago of the ancient Egyptians
and formulate a system for
heir grammar: this made It
poasible for archeologiats and
Egyplologisis fo read the
millennial Insccipiions found
throughout Egypt

trophy ended up in the Egyptian Gallery of the British
Museum. [t lay there undeciphered for twenty years, until
another young Frenchman. Jean-Frangois Champollion, was
10 crack the myslery of its ancient hieroglyphs and throw
the first real light on several millennia of Egypt's mysterious

pask
As Napol had hat pompously remarked when

elected a member of the National Institute. “the anly true

conquests are iliase gained by knowledge over ignorance.”

55
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V. EXPLORING
WITH CHISEL
AND GUNPOWDER

After Wellington's victory at Waterioo, the ettons of the
Fronch savanis af the Pyramld were forgotten and the
sockets they had clcaned were covered once more with the
sands of the desert.

It remalned for an obscure Italian to make the nexl
impressive discovery within the Pyramid. While Napoieon
was languishing on St. Helena, an oxophthalmic Genoese
merchant, Captain G. B. Caviglla, arrived in Egypt os thc
master ola Mallese vessel llying the British flag. Selzed by
the mystery of the Great Pyramid, he gave up the sea and
sottled down to exploring the Pyramid and its neighbors on
the Giza plateay, financing himself by helping rich Europeans
scavenge the surrounding tombs (o assuage thelr taste for
ariginal EQyptian antiquities—a taste whieh ran to anything
from scarab rings to thousand-ton obsalisks.

Described by a contemporaryas an “enthusiastic devotes
at the shrine of antiquarian learning, who sacrificed country,
home. ltiends and fortune for the indulgence of the refined
though eccentric taste ot exploring the hidden mysteries of
the Pyramids and Tombs of Egypt,”" Caviglia cleared out
the bat excrement from Davison’s Chamber and sct up
housekeeping within it, tuming ‘‘the gloomy recess into a
residenllal apartment”—though how this was accomplished
under a 3-1oot ceiling is not explained.

Alexander Willlam Crawlord (later Lord Lindsay), who
encountered Caviglia In Cairo, found the Italian to be e
deeply rellglous man, well versed in the Bible. which he
constantly quoted, but also a man with some pretty strange
ideas about what he would find in the Pyramid. To Engtand
Crawford wrote: "‘Caviglia totd me that he had pushed his
studies in magic, animal magnetism, etc., 1o an extent
which nearly kllled him . . . to the vety verge, he said. of
what is forbidden man 10 know, and it was oaly the purity of
his intentions which saved him."”

Caviglia was convinced that if he dug into the Pyramid
he would eventually encounter a sectet room, To find it he
hired a gang o! Arab workmen to dig a tunnel leading off
from Davison’s Chamber. But no matter how far they dug,
they found nothing but solid masonry.

Caviglia oleared tho sand from
the baco af the Spninx and
revealed the footlng lor a
missing obolisk betwoon ils
paws.

At last Caviglia was obliged to glve up the job; to
console himself he sot about analyzing the mystory of the
“well.” Lowenng himself down the shaft, Caviglia got as far
as 125 feet below the grotto only to find, as Davison had
hefore htm, 1hat the boltom was completely stopped. and
that the air was so scarce his candle spluttered, making it
difficult for him to breathe.

However, as the bottom appeared to be mostly sand and
loose rocks, Caviglla was determined to unplug it and see
where it led For a while he managed to impress a gang ol
Arabs into raising baskettuls of the sand all thse way up to
the top of the well; but the ghaft was so tight, the air so letld
with bat dung, and the dust so suffocating, thatthe Arabs
began to falnt and refused to work furlher. Caviglla attempted
to clear the air at 1he bottom ot the well by buming chunks
of sultur, but it was still impossible to breathe that far down
for any length of timo, and tho Arabs would not resuma their
digging.

=7



Lowar end of tne well shaft.

Caviglia dacided to attack the problem from a diffaront
angle, He would attempt 1o clear the main Descending
Passage to the subterranean pil which had been fllled since
Al Mamun's time with the refuse of the plugs they had
broken out of the Ascending Passage. Caviglia had the refuse
carried up and out of the Pyramid, and was able to push his
way on hands and knees down the passage for 150 feet;
fhen 1he air became so impure and the heat so great that he
started to spitup blood, Still, he would not give up. Al the
end of anothor 80 feet he made a discovaery which seomed to
indicate he might be on the righ! track. On the west side of
the passage he found a low doorway leading into a hole, As
the Arabs began to dig upward into this hole, Caviglia noted
a strong smell of sulfur. t occurred to him that he might
have hit upon the solution o his previcus problem: the amell
of sulfur might be coming from the bottom of the well,
which must therefore be very close.

Digging harder, the Arab workmen disledged some loose
earth. A pile of dust and rubbish fell anto them, including a
baskeot and ropes which had beon left at the bottom of the
well. There was also a sudden gush of air up the tunnel, and
these In the passage were able to breathe with ease. Caviglia
had discovered the end of the well. But a greater mystery
remained. Why had it boen dug there, when, and by whom?

As Cavigila set about resclving this mystery, another

Where the well joins the
Descending Passago.

Colona) (atterward General}
Howard-Vyse In 1830,

Descending
Passage

strange figure foined in the Pyramid research, one quite the
opposite of the romantic, uncommunicativo Cavigiia, Richard
Howard-Vyse, a British Guards officer, at firat collaborated
heartily with Caviglia, but they soon grew angry at each
other and came to a heated parting.

Colonel Howard-Vyse, son of General Richard Vyse and
grandson of Ihe Eart of Stafford, was a nartinet with liffle
humor who had been equerty to the Duke of Cumberland
{tater fitst king of Hanover) and had stood unsuccessfully
for Parllament in the borough ot Windsor. He has been
described as thoroughgoing and as artless as Wellington,
under whom ho served.

A trinl to his family, who were pleased to have him
away from the couniy seat In Buekinghamshire. even if It
cost them some of the family patrimony, Howard-Vyss was
to spend over 10,000 pounds sterling on exploration of the
Pyramid site.

Howard-Vyse first saw the pyremids on a moonlit ride
from across ihe Nile at Tusah in November of 1836, during a
trlp 10 Egypt as "a fashionable amusement seeker ' in his
own words he was attracted by “the remote antiquity and
uncertainty of their osigin, and . . . the peculiarity of their
mysterious construction."" He was curious about “the purpose
for which the passages and chambers already discovered
were originally intended, but in much greater degree
respecting any other passage or apariments which might
reasonably be supposed 10 exist in the enormous structures.”

Impresscd by Caviglia's theories abcut the mysterious
and hermetic purposes for which lhe Greal Pytamid had
orlglnally been constructed, Howard-Vyse hired the services
of a protessional civi! engineer, John Shae Perring, who had
been an assisiant to Mohammed Ali, the khedive of Egypt.
Perring was to take measurements of all the pyramids and
tombs which had thus far been discovered on the Giza
plateau. as well as many of those farther south.

=8
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In his La Pyramide de Cheops
&i-vllc livié son secrot
Fomand lhek says that the
shape ot the Great Pyramid
wa3 such that it enabled
bodies (either animal or vege-
table) 10 become naturaily
mummified when placed
wilhin the King's Chamber.
Ho says the end result wasa
deslccation or dehydration of
the body with no sign of
putrefaciton. Experimants re-
voalad that an uncleancd
troul became mummitied In
thisteen days, a radish In fil-
tcen days, and tho hoert of a
sneep in forty days.

Anclent Egyplians removed
tho brain and ontrails of @
body 1o be mummified withoist
scarring it by pulling the brain
oul threugh thé nose and tho
viscera thraugh ihe anal
apeture

The body was then soaked
in biing {Gr @ maath; aromatic
piugs, often perfumed with
onion, ware placed in tho
nostrits and otber onfices.

According to Manly P. Hall,
there is gvery reason to sup-
pose that orlginally only those
who bad rcceived some grade
ot hermietic Initkation were
awsmmified; for “it is certain
that, in the eyes of the
Epyptians, mummitication
effectually prevenied reln-
carnation.”

Reincamalion was caon-
sideied necessary lo Imperfect
souts, or those who had failed
to pass tha tosts af initiation
‘The body of lhe inltlate,”
cays Hall, *wae prasecved
after death as a specles of
Talixman of maierlal basis for
tho manifectation of the soul
upon eatth,”” \When the body
of a‘'god-tike” Pharaoh was
mummified it could sorvo as o
medium Ihrough which sur-
vivors could connunicale and
plead their causo with “the
deyond.” At first onty Pha-
rachs appear to have been
mummifiod; later it was done
ta persons ol royal rank. and
to anyone who could afford it,
oventually even anlmals were
mummilied.

Howard-Vyse sel up his headquattets In an empty tomd
near the Great Pyramid and was soon employing a larger
number of workmen than anyone sinoé the time of A} Mamun,
often as many as seven hundred, using Capiain Gavlglia as
superintendent of works.

All wenl wetl till the colonel chose to take an extended
tour up the Nile to inspect a further series of pyramids.
Whon he returned he was outraged to find that Captain
Caviglia had aimesl entirely neglected the Greal Pyramid and
was using the men hired by Howard-Vyse to search for
mummies and liltle green idols In the neighboring burigal
plts.*

Caviglia became equally outraged &t the coicnel's
reprimands, and gesticulated abusively declaring lhat “he
alone had the head to conduct excavations and 10 understand
the value of ‘curios’ and “anticos,’ Ihe colonal having nothing
Eul monoy."

When the colonel asked for the retum of his money,
Cavlglia disdainfully appeared al breakfast In the colonel's
tent and threw On 1he tabte the money wrapped In an old
stocking.

It was the end of Caviglia’s exploring in Egyp!. He retired
to Paris, where he was sporadically supporled by another
great scavenger of anliqulties, the rormer British ambassador
to the Sublime Porte, lord Eigin.

Howard-Vyse took over Caviglia's duties. In the words of
a Victorian lady admirer, the colonel “sat down before the
Geeal Pyramid as a foriress 1o be besieged, and through
winter and spring and the buining summer af Egypt, long
afier all ravelers had left the country, hecame the sole
director of operations, clerk of the works and paymaster of
his hundreds of workmen, day alter day, monih aiter month,
until they had wrought oul his own Ideas of pyramidical
exploration 10 the full. For not only was he one of those men
who was navar known to turn back after having put his
hand to tho piow, but ho was a raligiously [sic] minded
man, a devout Christian, who felt that he was in this case
called o a certaln work for the Masler, and though In the
firs! instance he had distrusted himssif In 3 new feld of fabor

* Mummy flesh was in great demand :n Europe during the sixteenth
and turies as a mediclnat: it wes e drug to
bo found in all spothecariss. Mistaken for Parsian moma, or pitch,
which was used o heal cuts and bruises. mummy flesh was
batieved 10 make fractures unite in a few minutes and to be gocd
for all kinds of Intetnal allments. When mummies becames scaics
tradars used the bodiss of executed Christianz, or the bodies
removed from hospitais. many of which had dlod of loathsome
ciseases. The bodies were stulfed with bitumen, wrapped in
bandages and baked
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so lhal he had thought It better to use the purchased help
of the Italian professionat, yet when that failed he became

a most admirable example to ail kinds of men, rich and poor
alike, of giving himself to the work, putting his own
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\ .\\\‘;\}\\' N N RN shoulder to the wheel, and never quitting it until the end
AN '\\\\‘ ] 3\:\\ was gained, during all the lime, 100, preserving the utmost

urbanity, but dealing gut the strictest justice in a manner
that made a most honorable and lasting impression on the
tawny Arabs around him."”

In the Queen's Chamber Colonel Howard-Vyse had relays
of men work day and night digging up the floor in front of
the niche, but all they found was an old basket: so they
refilled the hole.

N . In Davison's Chamber they found a crack in the ceiling
RS R through which they could run a reed about 3 feel long.
S; N §‘ Believing this to be an indicallon of a simitar chamber above.
[ \ N & Howard-Vyse had the workmen chisel their way into the
IR N granite over their heads. Bul lhe stone was 190 hard, and
R 3 again the Arabs could not stand the heat in the restricted
;ﬁ. \ < space of Davison's low-ceillnged chamber,
Q\\\\\ \ = N Special quarrymen were imported from the Mokatiam
:\\\\ ;:'. '\\ hilis across the vailey When even they could not manage tho
;“\{“\ ~ = job, the colonel rosorted to gunpowder to blast his way
.‘\\\\\{\\ § Q‘ upward. To handle the charges he found a workman called
&:§\ éi’é‘-\\ 3 Daued wha lived mostiy on hashish and alcoho). Daued
AR SN j d
RN ?\i successfully set oft the blasis—a job that was particularly
SRR \b, dangerous as the splinterad granite flew about like shrapnel,
\\\\Q\\ AR When the dustsubsided Howard-Vyse found Lhat they had
4’\\‘\\\ i indeed broken lhrough to another chamber. whilch he
\‘§\ \}‘\». chauvinislically named atler Wellington. lts tloor was the
A

top of the niste monolithic blocks of granite which formed the
rough-hewn ceiling of Davison's Chamber, each block
weighing over 50 tons. About a yard above them lay another
{lat ceiling made of eight blocks of granite.

The new chamber had a strange effect on those who
entered; it turned them black. Instead of bat dung, the floor
was covered with a thin black powder which when analyzed
turned out to be exuviae, or the cast-off shells and skins of
insecls. Of living Insecls there were none to be found

Convinced that the monoliths of the ceiling were in lum
the fleor of a third chamber, Howard Vyse ordered the
blasting resumed. The colonel’s excavations above the
King's Chamber became more and more difficuit as they rose
verlically to a helghi of 40 reel ang took three and a half
months to accomplish.
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N of hnas Chamber, and One by one, three more chambers were found above
owant byges Chambers of consra ook i I
: A 2 < o oy i o the two already discovered, lhe uppermost being gabled

Single chaide knes, ehewr lume alrne | 1he King's Chamber. wlith huge blocks of sloping limestone. These chambers
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Asg some Of the quarry marks
found in Whe chambers are
hleicglyphs signifyind “Year
17," Egyptolagists deduced
that 1he buliding had raached
that stage in the seventeenth
year of the king's reign. Most
ot the matie were roughly
daubed In red paint and ap-
peared upside down, Indical-
ing they ware quarry marks
and not decosations.

Similar marks, mostly red,
but oceasionally black, were
also found on the (lrst fve
or six coutses of the Pyramid,
behind the casing biocks
Howard-Vyse sent capies of
the crayon marks to Samucl
Birch of the British Museum
who idanilfied one of the ovals
83 balonging to King Suphis,
or Shote. or Khufu.
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Sectional drawing of the
Klng's Chamber. looking west
showing alf four chambera
discovered by Howard.Vysa.

Lady Arbuthnol’s Chember,
discowared by Howsrd.Vyse.

Ceiling censiruction above
Campbell's Chamber

Howard-Vyse named in turn for Admiral Nelson, for Lady
Ann Arbuthnot, wife of Lt, General Sir Robert Arbuthnot,
who happened to visil the Pyramid shortly after the room
was discovered, and fot Colonel Campbeil, Her Brittanic
tajesty's Consu! in Cairo.

The most interesting discovery was not so much the
chambers themselves but some red-paint carlouches
daubed on the inner walls of the upper chambers. Thanks lo
the Rosetta Stone and Champollion's successors, one of
these cartouches was recognized by Egyptologisis as
balonging to Khufy, believed to be the second Pharaoh of
the Fourth Dynasty, cailed Cheops by the Greeks, whose
reign was thought to have eccurred fn the third millennium
before our era

There was, of course, no way to prove that this Khufu
was indeed the Cheops who had reigned in Egypt. But the
fact thal similas cartouches had been found in the quariles
ol the Wadi Magharah hills. from which much ot the stone
for the Pyramid was derived, added wreight to the assump-
tion,

One thing seemed clear. Whoever had daubed the
cartouches on the Inner walls of the upper chambers must
have done so before the chamber was seated and the
Pyramid completed; there appeared to be no entrance or
exit other than the one biasted by the colonel.

Doubt slill lingered thal Ihere might have been a far
earller king with a similar cartouche, quite unknown to
Egyptologists; but untit further evidence could be adduced,
it seemed hard to go against tho theory of the Pyramid
having been bullt in the reign of the historic Cheops, as
reported by Herodotus and other classic authors.

As for tha reason for the live superimposed chambers, It
was the conclusion of Howard-Vyse, and many who came
after him, that they had boen designed to ralievo the ffat
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Air vent in the north walt af
ihe King's Chamber,

Casing siones and pavement
as axposed by Howard-Vyse.
Both entrancas can be seen,
Al Mamun's on the siath
coursa, and tho original
anlrance lan eourses higher.

ceiling of the King's Chamber trom the pressure ol the 200
moro faot of solid masonry pilod above it.

Another remarkable discovery made by the colonel in
the walls of the King's Chamber was to vindicate the hy-
pothesis of Dr Harvey. Greaves had found the two 2-inch-
wide openings in the side walls of the King’s Chamber, but
it was not till Mr. Hill, ono of Howard-Vyse's assistants,
who rana hotel In Cairo, climbed high up on the outer sur-
face of the Pyramid and found two simitar outlets that it was
established they were connected for over 200 teet right
through the solid masonry to the holes in the King's Cham-
bor. The colonel's onginger, Porring, was nearly decapitated
when a stone dislodged by Hill came crashing all the way
down one of these conduits,

\When the condult was cleared, an Immediate rush ot cool
air entered the King's Chamber. Thus ventilated, the tem-
poraturo of this chamber in the center of the Pyramid was
to remain at an even and pteasant 68 degrees, irrespective
of the weather or season outside, a prehlistorlc system of
air conditioning. This added subdstance 10 Jomard's theory
that the chamber m:ght have boon tho reposilory for weights
and measures which require an even temperature and
constant barometric pressure. such as the Paris observatory
fer measurements of standards B85S feet betow ground.

Even more sensational for those who wete bent on
unraveling thasecrets of the Pyramid was the next discovory
of Howard-Vyse. Ever since the Middle Ages, when the
Arabs had despolied the outer casing, the whole perimeter
of the base of the Pyramid had been heaped high with
fragmenis of limestone, and sand and debris, often in piles as
high as S0 feet. The two northern cornere uncovered several
years earlier by the Fiench had already been buried again.
This 1ime Howard-Vyse decided 1o clear away a patch of
debris in the center of the north fagade to see if he could
get down !o the very base and bedrock of the Pyramid. In
doing 3o, he was to make a greet discovery: two of the
original polished-limestone casing stones on the lowest level
of the Pyramid were still inthe spol where they had been
originally placed

This ended the argument aboul the casing; il silenced
forever those who had continued to consider it a fiction
that the whole of the Pyramid had once been covered with
a fine manile ot limestone. The original limestone was
there, and so finely carved that it was now possible to
correctly measure the angle of the stope on which the
Pyramid had originally been constructed. The blocks, 5 fee
high, 12 feet lonQ. and 8 wide, showed an angle of about
51° 57°, a litile sharper than the one estimated by the French.

-



Relation of tho casing stones
10 the siope of the Pyramid.

The base circuit of the
Pyrsmid ests on e platform
of finely finished limestone
blocks which project beyond
the end of the cesing slonea
for an average of 2 leel on the
south. east and west sides.
and are slill In piace somo 33
faet frern the nerh edge.

This platform (s so flnely
leveled that the offlclal suvey
of the Egyptian governmeni
found It does not exceed 7/8
inch Irom dead level, and this
variotion may be due to
subsidence.

AL present it [s not possible
to say how far the platform
extends undaer the bullding:
but where the platlorm sioneos
have been removed, the bed-
rock is faund to have been cut
and leveled to recelve each
Individual stone, gometimes
as deep as 2 Inches.

Om the ncrth side the plat-
form stones have been de-
liperately lald at irregular
angles, each corner being
catefully cul out 10 receive
the next irregularly angled
slona.

Hewn to the correct angle and polished 10 a unitorm
surtace, they were quite perfect, in the words of Howatd-
Vyse. *In a sloping plane as correct and true almost as
modem work by optical Instrument makers. The foints
were scarcely perceptibie, not wider than the thickness of
silver papor.”

The colonel also managed to uncover part of the original
pavement on which the building rested, and which appeared
10 stretCh away to the north. "It was well lald and beautilully
finished,” noled Howsard-Vyse, “but beneath the edifice
it was worked with even greator exactness, and to the most
perfect level.”

Though the reason for this astounding accuracy on the
notthem side was not 16 become apparent for some years,
Howard-Vyse summed up hls discoveries thus: “1 consider
the workmanship displayed in the King's Chamber, in the
pavement and the casing stones, is periectly unsivaled,”

The colonel had the casing stones quickiy covered up
pending permission to take them to the British Museum,
but he wes not able to prevent the infuriated local Moslems
from uncovering them again and smashing the fine edges
with hammers, jealous that Christians might obtaln and
dispose of something of value in their country.

With the angle of 51* 51’ of the casing stones and the
base length ol 763.62 feet measured by the Frenchmen
Coutette and Le Pére, it was now possible 10 obtain by
trigonometry a new dimension of the Pyramid. Its perpendic-
ular height 1o where the missing capstone was presumed
to have come to a point was figured to be 485.5 fect, or
147.9 meters, above the center of the base.

Stone sarcophagus found by
Howard-Vyse In ths pyramid
of Myxerinos, whicn was lost
at sea en route to the Brilish
Mugeum.

In 1840 Colonel Howard-Vyse sailed for England with
his accumulated notes. Back home, at his own expense, or
his family's, he produced iwo eleganl volumes crammed
wlih detalled bul patronizingly Victorian descriptions of his
exploits in Egypt, called Operations Carsied on at the
Pyramids of Gizeh in 1837. The book had the merit of includ-
ing quotations from the works of 71 Europeans and 32
Aslatic authors who had written about the Pyramid {rom
the lilth century B.C. to the nineteenth century

The colonel’s assistant John Perring also produced
a handsome volume with some lovely copperplate etchings,
The Pyramids of Gizeh Irom Actual Survey and Measure-
ment on the Spot.

Unfortunately, Howard-Vyse was 10 lose his best teophy,
tho sarcophagus of Mykerinos, which he had found in the
subterranean chamber of the Third Pyramid; tho ship
carrying it foundered in a slorm off the coast of Spain and
Was sunk in deep water.

Bul the general measurements taken by Howard-Vyse
and Perring were 10 opon a whole new phase in tho study
of the Great Pyramid, now fo be ennobled by the appellative
'pysamidotlogy.”
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VI FIRST SCIENTIFIC
THEORIES

A poet and essayist who had never set eyes on the Pyramid
was to take the measurements of Howard-Vyse and those of
the French savants and draw from them a sot of conclusions,
the most far-reaching thus far about the origin end purpose
of the Pyramid,

John Taytor, the son ot 3 London booksetler, whose
regular job was editing the London Obsarver, already in his
fittieca when Howard-Vyse returned from Egypt, was to spend
the next thirty years collecting and comparing accounts
of traveters who had visited the Pyramid.

A gifted mathematiclan and amateur astronomer, Taylor
made models to scale of the Pyramid and began to analyze
the results from a mathematician's point of view. To ac-
count lor the discrepancies In the length of the base reported
by successive travelers—which increased progressively
from tho 693 foot of Groaves to the 763.62 foet of the Franch
—it occurred to Taylor Ihat as each measurer had arrived
on the scene, more sand and rubble had been cleared from
the base. Each had measured accurately, bul at a constantly
deaper fayer of masonry.

Taylor sct about drawing and redrawing cvery feature
of the Pyramid on the basis of Ihe measurements reported
by Howard-Vyse. so as t0 see what geometricat or mathe-
matical formulas might be derived from the structure.

Taylor was puzzled as to why the builders of the Pyramid
should have chosen the particular angle of $1* 51/ for the
Pyramid's faces instead of the tegular equilateral triangle
of 60°.

Anatyzing Herodotus' roport of what the Egyptian
priests had told him about the surface of cach face of the
Pyramid, Taylor concluded Ihey had been designed to be
equal In 3rea to the squaie of the Pyramid’s height. if so,
this meant the building was of a particular if not unique
geometric construction; no other pyramid has theso pro-
portions.

Taylor then discovered that If he divided the perimeter
of the Pyramid by twice its height, it gave him a quotient
of 3.144, remarkably close to the value of 77, which is com-
puted as 3.14159+. In other words, the height of the
Pyramid appeared o be In relation to the petimeter of its
base as the radlus of a clicte is 1o its ctreumierence.

Jonn Tayior.
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This seemed to Taylor far too extraordinary 10 aftribute
to chanco, and ho deduced that the Pyramid might have been
spccifically intended by its builders to incorporate the In-
commensuiable valve of 7. if so. this was a demonsiralion
of the advanced knowlegge of the bultders.” Still today
the oldest known document which indicates that the Eqyp-

* Not till tho aixth century was = corecctly workod out to the fousth
decimal point by the Hindu sage Acya-Bhaia. It lack another
thoussnd years betore the Dutch Pierre Melivs csl 7 10
six deciinals by means of the fraction 335/313. In 1593 Frangols
Viete carried the computation to cleven figures, sand a generation
later Rudotph Van Geulin, just belore he died, took i 1o 127 figures
by postulating a clrcle with 36,893.488.147.419.103,232 sides. in
1813 1ne English mathematician Willlam Shanks developed =

10 707 decimals. Modem COmputers nave earried the operation 10
10,000 polnis of decimal, but with no sotution 10 Lhis apparentty
incommensureble number.
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tians had a knowiedge of the value o1 = Is the Rhind
Papyrus, dated about 1700 B.C., and therefore much later
than the Pyramid. Found in the wrappings of a mummy in
1855 by a young Scollish archeologist, Henry Alexander
RnIng, the rare papyrus is now in the British Museum. it gives
a very rough value for - of 3.16,

Searching for a reason for such a 2 proportion in the
Pyramid, Taylor conciuded that the perimeter might have
been intended 1o represent the circumierence of the earth at
the equator white the helght tepresented the distance trom
the earth's center to the pole.

Pothops Jomard had bocn right: perhaps the anclent
designers had measured the length of a gecgraphical degree,
muitiplied 11 by 360° for the clrcumference ot the globe,
and by the = relatlon had deduced the polar radius of the
oarth, immortalizing their knowledge by making the circum-
ference to scale with the perimeter and the radius to scale
with the helght of the Pyramid.

Taylor underlined his thesis: *It was fo make & record
of the measure ol the Earth that it was built."! He then
elaborated: “They knew the Earth was a sphere; and by
obseiving the motlon of the heavenly bodles over the eaith's
surface, had ascertained its circumference, and were
desirous of loaving behind them a record of tho circumfer-
ence as correct and imperishable as It was possible for
Ihem to construct.”

Bu! it was evident to Taylor that the builders of the
Pyramidcould nothave used for their calculations such a
unit as the British foot, which fitted neither the height nor the
base exaetly; he therefore looked for a unit that would
retain the 7 proportion and fit the Pyramid In whole
numbers,

When he came to 366:116.5 he was struck by tho similarity
of 356 to the number of days in the year and wondered
il the Egyptians migh! have Intentionaily divided the parim-
eter of the Pyramid info units of the solar year.

He then noticed that if ho converted tho perimeter into
inches, It came to very nearly 100 times 366. Also he was
susprised 1o see that il he divided the base by 25 Inches. he
obtained the same 366 result. Could the anclent Egyptians
have used a unit so close {o the British Inch? And a cubit
of 25 such inches?

By coincidence, Sir John Herschel, one of Britain's most
eminen! astronomers al the beginning of the nineteenth
century, had just postulated a unit halt a human halrs
breadth longer than a Btitish inch as the only sonsiblo earth-
commensurable unit, or unit based on the actual size of
the earth,

Relation of a hemisphere
the Pyramid,

Sir John F. W. Horsehol.

Herschel criticized the French meter derived from a
curved meridian of the earth as being erratic and variable
from country to country because the earth is not a true
sphere, and each meridian of longitude would therefore be
different. (What's more the French had erred, and produced
a meter 1hat was 0002 too shon.)

According to Harschel the only really reliable basis for a
standard of measure was tho polar axie of the earth—
the straight line from pole to pole—which a recent British
Ordnance Survey had lixed at 7898.78 miles (by taking the
mean of all theavailable mericlans measured). This t¢anslated
into 500.500.000 British inches, or an even fiva hundred
million inches if the British inch were hal{ a human hair's
breadth longer.

Herschel suggested that the regular British Inch—
which was officially computed as the length ot three grains of
barley taken from the middlo oar and placed end 10 end—
be arbitrarily lengthened by a mere one-thousandth part in
order 1o obtain a truly scientific, earth-commensutable unit
exactly one fifty-mlitionth pan of the polar axis of ihe
eanh.
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Fifty such inches, said Herschel, would make a yard
that was exactly one ten-miflionth ot the potar axis, and haif
that messure, or 25 inches, would make a very useful cubit.

By coincidence these were the cubit and the inch
which Taylor had found to fit the Great Pyramid In
multiples of 366.°

Another unexpected piece of evidence astounded Taylor.
Ho discoverod that rocont maps producod by the British
Ordnance, the largest and mos! expensive yet undertaken,
had been done on a scale ol 1:2500. This scale turned out lo
bear no relation to the standard British mite of 5280 teet,
which had varied through the ages, but almost miraculously
fitted the "sacred’ cubit as postulated by Newton, as well
as {he British acre, one side of which was equal to 100 cubils
o1 25 Inches. It appeared that the British Inch must have
been an ancient unit of measure which had lost a thousandth
part as it was handed down from generation to generation.t

To Taylor the inference wes clear: the ancient Egyptians
must have had a system of measurements based on lhe true
spherical dimensions ol the planet, which used a unit which

was within a thousandth pert of being equal to a British inch.

Fired by what he considered a stunning discovery,
Taylor launched Into a monumental study of the cubits. feet.
spans, inches and stadia, not only of the ancient Egyptians,
but of the Babylonians, Hebrows, Greeks and Romans. He
found that all kinds of cubits had been used in the past,
some of which appeared to have mathematlical relations to
each other. He also analyzed the ancienl measures of cubic
capacity along with the modern gallons, firkins, kilderkins,

* That thls figurlng was not arbitraty was confirmed by the
Intemational Geophysical Year 1957-58 geodelic research with
orb|ting vehicles, which obtained a ligure ot 3949.89 miles for the
potas radius of the earth. Divided by 10.000.000 British Incites, this
glves 25.02614284, or the tength of Taylor's and Newlon's “sacred
cubit' correct to tive third point of decimal.

T Gorroborative evidence for Taylor's conclusion was recently
produced by Algemon E. Bersiman In his Mistorical Metrology,
published by E. P. Dutton in New York in 1953. “The English acre,"
writes Berrimon, who i8 an onginoor and an architect, “'is the most
intriguing Ol ancient measures bacausa it is virtually squal to a
hypotlietical geodatic acre delined as one myrad-multionth of tha
square on the tarresirial raaius.” Barnman noted that the geodetic
acre could also be defined as measurgx) one myriad square cublis
of a hypothstical cubil equal to one ten-millionth of the terestrial
radiua Bourimen gsvo & value to this cubil of 25.064 inches, saying
"its formar axistence is as prausible (or as incredible) as a cubit
denved from the saxagesimal division of tha Earih's circumfarence.'’
Bernman also noted 1hat the slightly iarger Scomtish and Irish
acres are relaled 10 each sther and 1o tha basic English acre as a
square 10 an inscsibed circle.

hogsneads, butts, darrais, gills, pecks, taggots, and chal-
drons—ail in the hope of finding an ancient unit of measure
that could be used as a standard, and from which others
could have been derived or corrupted.

Pursulng Jomard's theory that the King's Chamber and
ils sarcophagus might have been designed not so much as
a tomb as to monumentalize a system of woights and mea-
surg, Taylor was amazed to find thet the cubic cepecity
of the gran:te coffer was almost precisely four limes what
the British farmer stlll used as a standard measure for grain:
the puarter, or eight bushels,

From all his studies, Taylor concluded Ihat the propor-
tions of the Pyramid had dcfinitely been inlended to in-
corporate geomelric and astronomical laws simply and easily
expressed, and that its purpose had been to preserve and
pass on thls knowledge to future generations

Howevaer, as thoro waa nothing in Taylor's philosophy
to Indicate the existence in such remole antiquity of any
civilization which could have had a knowledge of the true
shape of the planet, ils actual size, and its motion in the
solar sysiem; and as tho conceit was not then current that
Ihis ptanet might havo been visited by superior beings from
some other pert of the universe. Taylos was hard put t0
explain the sousces of science he found incorporated in the
Pyramid- More than a scholar and a mathematician, Taylor
was also a profoundly rellglous man, thoroughly steeped
in the Old Tostament which he believed Io be literally true.
To Taylor the creation ot Adam had occurred in 4000 B.C.
and the Flood In 2400 B.C. It seemed to him hard 1o believe
that In a mera 300 years man could have redeveloped to
tha point of building so complex a structure as the Great
Pytamid. Taylor could come to but one conclusion: whoever
had built the Pyramid must have done so under the direct
influence of Divine Revelation as Noah had built the Ark.

In his own words: “It is probable that to some human beings
in the carliest ages of society, a degree of intellectual power
was given by the Cieator, which raised them far above the
feval of those succeeding inhabltants of the earth.”

Taylor even ventured the hypothesis that tho buildors
of the Pyramid were of “the ¢hosen race in the line of,
though preceding Abraham; so early indeed as fo be closer
to Noah than to Abraham.*

Because of the close similanty of the British inch to
the “Pyramid inch,” his idea was to give impetus to the
theory that the British were related lo the Lost Tribes of
Israel, “which during thelr captivily and wanderings pre-
served a knowledge of the wisdom of the Egyptians.”

As might have been expecied, Taytor, who had beon
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known as a bemign and dignified cld gentieman, had a
hard tsme convincing his quiet Victorian contemporaties of
such wild and ravoluti y theories, espavialty as they
were just then being rocked by Darwin's theory of tho
descent of man,

A paper on the Pyramid which he presented 1o the
prestigious Royal Sociely was rejected wilh the suggestion
that such a paper might be moro appropriato for tho So-
ciety of Antiquarians,

Growlng elder and more infirm, Taylor was afraid he
would die withou! developing any audience for his theorles
which by 1859 he had formulated into a volume antitled
The Great Pyramid: Why Was It Built & Who Buill 1t?

Nearing his death, he had the luck to find the support of
an eminent academician with the reputation of having an
excellent and sober mathematiecal mind: Protessor Charles
Piazzi Smyth, the Astronomes Royal of Scotland.

VIl HRST
CONHRMATION
OF SCIENTIFIC
THEORIES

Piazzi Smylh. who was born in Naples 10 Admirat William
Henry Smyth (and named for his godiather, the renowned
Sicthan astronomer, Father Giuseppe Piazzi, discoveror of
tho first known asteroid), was ¢aough of a meathemstician
not to mock al Taylor's reasoning. Carefufly studying Taylor's
lgures. Plazzl Smylh decided (o support them with a paper
which he presented to the Royal Scciety of Edinburgh, ot
which he had b ar bor b of hie important
contribution to the new s¢lance of spectroscopy.

It was Smyih’s conclusion that |he sacred cublt used
by the builders of the Great Pyramid was the sama length
(25.025 British inches) as the ong used by Moses 1o construct
tho tabosnacle and by Noah when he bullt his Ark, and
becauso the twenty-fifth part of this cubit was within a
thousandth part of being the same as a 8ritish inch, Smyth
also concluned that 1he British had inherited this “sacred”
inch down through the ages.”

Smyth's follow academicians treated him no better than
they had treated Taylor.

During Ihe lasl few weeks of Taylor's fife, there was an
animated correspondence between Smyth and Taylos. When
Taylor died in 1864 Pia2zi Smyth decided that the only way
dafinitely 1o confirm or refute Taylor's theories about the
7r relation, and the Pyramid cubit, would be o go 1o Egypt
and careiully measure the Pyramid

n “utmost straits for funds,” Smyth asked his fellows
of the Royal Saciety in London for help; though the Society

* Atlributing 10 Newtan the ariginal discovery ol the presence of the
sacred cublt In the Pytamid. Smyth wrote: “How thankiul should we
be tial it pleased God lo raise up the splrd of Newlun amongst us;
and ongble him to make one of tha most imposlent discoveries of
his riper ycara—though tha opposition of the Church o! England
has caused it to remain unread aimos! to the present day—that
while Ihere undoubledly was in ancient tmes 2 cubit of 20.7 inches
nearly , . . and which Newton cal(s “the prafane cubi!’” Inere was
anolhier whicti he equally unhesltalingly speaks of as Ihe sacred
cubit, decidodiy longes.
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C. Plazzi Smylh, Astronomer
Royal for Scotland.

was “in receipt of alargo annual grant from the government
for the assistance of prccisely such special efforts in
sclence, it not only gave nothing to my seml-pauperized
expedition, but actually sent back part of that year's grant
to lhe government on the plea that there was nothing going
on that noeded it."

That same December, Piazzi Smyth and his witfe—then
in thelr early fortles—set sall {for Egyp! wilh a vast number
o1 boxes containing scientific instruments more accurate
than any yet taken to the Pyramid, and with stores and
equipment enough for scveral months.

Despite a serles of mishaps, and the almost ruinous
expense of everything in Egypt—which was in the midst of 8
cotton boom engendered by the American Civii War—he
Smyths ovontually arrived in Cairo, where they were obliged
to hang around walting for permits and {ocal supplies. In
hisdiary Smyth morosely entered exotie descripilons of “lhe
abominations of the worst city in the worla," where the
{ood roeked of gariic, lard and African macaron), tho alr
was fetid from mounds of desiccated human excrement,
where he was Infested wilh {lles by day and mosqultoes by
night, and woken up by a predawn cacophany of howling
cats and dogs which roused the pigs which roused the
geese and turkeys “just before the disk of the sun comes
up like a ball of liquid fire."

Polgnantly he described lillle girls “dlving between lhe
hind teet of colossal camels ta pick up its hideous droppings,
pat them Into nicely shaped cakes . . . to make high-
scented ammonia-filled fuel for the cooks . . . of the
resplendent city."

Smyth was so well recelved by Ismall Pasha (who a
few years later was to commission Verdi's opera Aida which
opened in Cairo in 1871) that ho tried to buttanholo the
viceroy into providing men and funds to remove the great
mounds of debris around the base of the Pyramid, to have a
3-Inch hale carved through the center of Ihe granite plugs
in the Ascending Passage (so as to ascertaln its frue
meridian), to have tho vontilaling ducls to the King's Chamber
clearcd, and fo sink a shaft through the hole in the pit
down to lhe level ol the Nile.

The pasha shook his head, promising to provide twenty
men for two weeks to clean and wash the main chambers
of the Pyramid so that Piazzl Smyth might take some moa-
surements. The pasha aiso kindly agreed to provide the
Smyths with donkeys and a camel train to bear them and
their luggage to the Great Pyramid

Leaving, “the purse-proud moderm Muslim city with its
tulip-clothed individuals struggling for wealth," the PRiezzl

Traveiing tsom Csiro o the
Great Pyramid in the mid-
ningtoonth contury.

-q
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Sandstorm In the desert.

Smyths set off for the Pyramid. On thc waoy they stopped
to eat buns “from Mrs. Smyth's commissary" and refresh
themselves with Nile water “muddy and opaque as mitk
with suspended clay™ but celebrated, says Smyth, tor its
health-giving qualities, the best cure for “the windy molan-
choly arising from the shorter ribs.*

The pyramids, tinted by the golden rays of lhe setting
sun ‘‘embalmed in the intense azure of the western heaven,”
appoared to grow no larger as the caravan approached.
Only in the immediate vicinity did they suddenly tower so
completely as “lo take possession ol the mind."

Looking up at the vast stepped sldes teward the “dizzy
apex 480 feet above in perpendicuiar height, the mind slowly
and almost palnfully bogan to roalizo tho onormous size of
the mounteinous buildings."

Descending Passage blocked
by Arab guides below the
iovol of the granite plug.

As a place to live wilthin reach of the Pyramid, the Smyths
selected an abandoned tomb in the eastem cliff of the Giza
hiil which had previously been used as a storeroom by
Howard-Vysa. !t proved to be an agreeable residence: the
solid rock wes the best possible protection against the
midday heat, and Ihe orientation of the cave protected it
from the sandstorms and the ciouds of multicolored locusts
that otherwise made lite in the desert a misery.

To assist Smyth In his measurements, and to help with
the general chores, he found a whiskered Arab calied Ali
Gabri who had carried baskels for Colonel Howard-Vyse a
generatlon earller.

At twilight Professor and Mrs. Smyth sat on campstoois
and watched with amazement as flock after fiock of bats flew
out of the Pyramid, “for almost twenly minutes without any
cessation,” to be pounced on by hawks or owls,

Several days were wasted white Ali Gabri impressed a
gang of Arabs to clean the chambers of the Great Pyramid,
but at last, In lato January, tho day camo for Smyth to enter
what he called “the largest building in the world by the
smallest of all doorways."

As Smyth ptcked his way down the Daescending Passage,
partly on his seat and partly on hands and knoes, ho was
relieved to find that shaillow notches had been dug by
Howard-Vyse every 2 or 3 feel so as to keep [rom slipping on
the steep incline. However, each step raised a cloud of (ine
white dust that made it almost impassible to breaths. To his
distress, Smyth aiso found that the passage leeding down to
the “pit.” which had been cleared by Caviglia, was once
more blocked with sand and stones, and barred by a grill
just below Al Mamun’s hole to the Ascending Passage.

it was explained to Smyth that it cost the Arab guides loo
much tima and candle grease to accompany tourlsts all the
way down to the “pit" before making tha long climb back up
to the King's Chamber, so they had blocked the passage and
Intormed gullibte tourisss Ihere was nothing but sand beyond
the barrior,

Bent on finding prool that the Gieat Pyramid had been
bullt on units ot his “'sacred cublt,” Smyth had brought tfrom
England a 105-inch metal bar with buiit-in thormomaetars al
either end to indicate Ihe slightest variation In temperature
wrth which to measure Ihe avatlabla passages A mere
chango of .01 degroo Fahronhoit was onough to produco a
sensible change in Ihe tength of the standard bars.

To obtain 1he exact angte of the Descending Passage.
Smyth had a specially designed cli ter equipped with a
gunmetal circle 8 inches in diameter, divided into units of

a9
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The Grand Galiery as Plazzi
Smyth saw it in 1865,

Brass-tipped mahogany
measuring rod

Plazzi Smyth'a spoeial op-
paratus for measuring the
Grang Gatlery,
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10 seconds, and fitted with threo pairs of verniers. The siope
he calculated was the most precise to date: 28° 27”.

For measuring the indlvidual stones of the floors, walls
and cellings, Smyth had mahogany and teak rods tipped with
brass, carofully painted or waxed 10 prevent variation from
humidity or temperature. One special rulor, remarkable for
Ils straight, flne grain, had been obtained from an antique
musical organ oating from the reign of Queen Anne. To
fashion these measuring instruments, Smyth had cbtalned
the services of an oxpart optician.

Each red was checked daily for atmospheric shrinkage

vl

“Minlature” camera, 8
inches iong, uead by Plazzi
Smyth b photogreph Whe in-
terior and exterior of the Great
Pyramid. On the right is a tiny
confalner for the vuicante
nitrete bath which hetd the
exposad wet-collodion platos
which measured 8n inch
sguare. Some two hundred
microscopo negotives, packed
in a storape tox. are stll
missing, but 48 lantern slides,
24 trancparencies and 23
slereotypes are in the posses-
sion of the Roya! Sosiety of
Edinburgh, examples of which
are reproduced whh their
permission.

The camera is In the pos-
session of the present As-
tcanomer Royel for Scotiand,
Prof. H. A, Brick. and i3
here reproduced by kind
pormission.

of enlargement against 3 basic line-grained clinkstone which
could be ineasured with a magnlfylng glass 10 1/100 inch.*

Thus began the first really systematic analysis of the
Pyramid with modern measuring equipment. For waoks on
end Smyth measured and remeasured whatever he could
reach In the interlor of the Pyramid, counling the siones in
passages and chambers, computing angles and declinations.

Measuring the coffer in the King's Chamber. Smyth
concluded tha! Taylor had been correct in recognizing it as a
standard of linear and cublc measure, Unlike the European
standards, such as the yardstick kept at Whitehall, which
vary with temperature and barometric prassure, shrink,
decompose, tamish or oxidize with time, the coffer appoarod
to be designed to remain at a constant temperature and
barometric pressure, lls polished sides unaifected by
decomposition over a period of thousands ot years. subjec!
only to the vandallsm of man.}

* A clinkslone is @ compact grayish-biue felspalhic rock littio
subjoctto atmosphoric changes which makes a clink sound when
struck.

f Smyth echocd Horschel's complaint sbout ihe standard yard at
Whitehal!. Harschel had callod it “a purely individual object,
matipliad and perpetuated by careful copying. from which all
referance 10 a nNatural origin Is studiousiy exciuded, as much as i
It had dropped from the clouds.”

Today our yard is related to the meter, which is determined by a
finite numberot wavelengths per sscond in vacuum of an atem of
Krypton 88— moacured by maans of light waves. A second iz no
longer defined as the 3600Ih part of an hour bur 88 the duradon ot
cycles ol radiation in 8 cesium atom.

o
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Photograph of Mrs. Piazzi
Smyth faken by her husband
outside their lomb apartment
in the Giza Hill, which Plazzi
Smyih characterized as “a
quiel nook, looking oul aver
the green Egyptian plain."

For outside measurements Smyth used a 500-inch
cord, and for elevations he hod theodolites, sextanis and
telescopes. which were laboriousiy carted Irom spot to spol.
up and around the Pyramid, 1o measure ail that could be
measured, despite the mounds of debris.

With his long and varied experience in observational
astronomy, Smyth had brought the requisite apparatus for
obtalning astronomical observations with a high degree of
precislon.

To obtain the correct [atitude of the Great Pyramid
without having his plumb line diverted from the perpendicular

Photograph of Ali Gabri
(sometimes speit Atee Dobree)
seated outside tho tomb in
1ha east bank of Pyrémid Hil
where Piazzi Smyth, who is
handling tho camora, had his
quartess.

by Ihe attraction of the huge bulk of the Pyramid, Smyth
mado his observations from tho very summit; there the
Pyramid’s pull of gravity would be directly downward.

Smyth and his wife spent several nighls on the
clrcumscribed piatform. close to the stars, along with Ali
Gabri, who complained he could not sleep becauso of
indigestion. Smyth described the first night as cctie but
wonderful, with the ghostlike summit of Kephren's pyramid
1urking in the misty darkness. At daybreak he saw ‘‘a bread
pintoned eagle floating serenely along looking downwards on
other things, as we were looking down on him."



the Great Pyramid

From the vantago of tho summit Smyth figured tho latitude
ot the Pyramid to be 29° 58’ 51”, From this he concluded that
Ihe designers mighl have purposely not placed the Pyramid
direclly on the thirtleth paraliel because of the atmespheric
refraction, which would have caused an arror in thair
observations of about that much. Later he attributed tho
displacement 1© a gradual shifting of lalitude, registered at
Greenwich as 1.38” per century, *

As for the extraordinarily precise orientation of the
Pyramid—which Smyth found to be farsuperior to that of the
world-renownad obsorvatory of the sixteenth-century Danish
astronomer Tycho Brahe—the Scoltish astronomer concluded
ihal for such refinement a merldian mus! have been obtained
by observing a polar star along the Descending Passage.

When Caviglia had cloarod this passage of the rubble loft
by Al Mamun, he noticed one night that the North Star was
observable in the smatl patch of sky—abaut 1° square—of
the apening. Intriqued by this phenomenon, Howard-Vyse
had asked Sir John Herschel whether the direction of the
passage could have been determined by the polestar.
Herschel replied thai 40C0 years earller Ursa Minor could not
have been seen from the passage at any time throughout the
Iwenty-four hours. He addad, howaever, that alpha Draconis,
the leading star in the consteliation of Drago, wou!d have
been near the pole, and that though & comparatively
Insignllicant star of less than the third magnliude, it could
nevertheless have been clearly seen by an observer at
fhe bottom of the passage at tho moment of its inferior
culmination, when its circumpolar orbit was at its lowest.

Smyth proceeded to subtract the 26° 17” angle he had
feund tor the Descending Passage from the Pyramid's latlude
01307 (or height of a true North Star above the horizon as
soon from 30° of latitude) and obtained an angle of 3* 43",
Calculating that alpha Draconis would have been 3°43' from
the pole at its lawer culmination in 2123 B.C. and again in
3440 8.C, Smyth concluded thal either date might be taken
as the one when tho Great Pyramid had been Iaid out.

* Olher pyramtd experts have attributed the slight dispiacement 10
the fac! that Ihe Pyramid reeded he solld basis of 1ha Giza plateau
for 0 {oundatlon, and could nol have been buill any failher north,
in tho sof! sand of the Nite valioy, The astronomer Richard A.
Proclor sugg that the was the result of the mean
iatiluce obiained from observing sun shadows and star elevations,
which are affecled in ooposite directions by the almospharic
iefraclion. An interesting explgnation was produced by Dr. Everetl
W. Fieh of Chicago who suggesied al the lurn of the cenlury lhat
the daviotion of the Pyramid's latitude {rom 30° is neither an crior
in Instrumontation, nor in polar axls, or latitude, but compensates
for the spheroidal shape ol tne eastn as poslulated by Newlon.

This photograph was taken
by Piazzi Smylh and sold at
auctian alter his death. it
shows Mi1S. Smyth silung on
the edge of what Smyth colls
Shafra’s buriat chamber north
of the Greal Sphinx. 1t was
taken at high noon lo show
tnat the tomd was correctly
oriented along the meridian so
that with the sun at its zenith,
na light wouid fail on
eithor the east or the wes!
wall

To asceram tha cofrect
mement for noon Piazzi Smyth
spent the previous night ob-
serving the stars with his
tefeseopa.

Piazzi Smyth pholographed
the Great Pyramid with the
same scientific thoroughness
with which he measured it,
desplie the dificuliles ot
devetoping In the desert. He
brought ali his own chemieals,
and used a special 1-inch
piate *'as small @ an of-
dinary microscopic slide,”
whnich gave results that couid
be blown up with almosl the
dstait of the largar photo-
grephic plate. 7o light the
interiors of the Pyramid he
usod magnoeslum flaros, ox-
pefimenting with varying
amounts 30 as lo oblaln the
best expasure snd the clearest
detall, He had t0 wait hours
betwecn exposures in the
King's Chamber, which filled
up with smoke fiom each
magnesium flare.

Smyth akso achieved some
remarkable stereoscopic ef-
fects by shooling with two
camefas, and ls responsible
for 1he (nnovation of placing
his comeras much farther
apanl than the standard 2
Inchies.

For lack of funds Smyth was
unatble to publish some four-
score photographs thus ob-
lalned at ths Great Pyramid.
The positive prints which he
made were lent to scientitic
exhibitions or donated to
{riends Inlerested in pyra-
midology. and gqradually
baceme loat, with the excep-
fion of Ihiz cather poot
reproduction.

In support of the fater dato Smyth worked out that if the
foundation of the Pyramid had occurred at midnight of the
equinox in 2170 B.C., when alpha Draconis was al meridian
below the pole, another very Imporiant star would have been
crossing the meridian above the pole: n-Tauri, or Alcyone, of
tho Ploiados. in other words, when alpha Draconis was
visible down the Descending Passage, the chief star of the
Plelades, n-Tauri, would have been crossing the meridian in
the vertical plane of the Grand Gallery. at the momen! ot the
autumn equinox.
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Casing stones donated by
Smyth 10 the Edinburgh
Muceum, showing the angle
of the slapa of the Great
Pyramid.

Smyth considered this a very important date in history. as
many ancient peaples dated the beginning of their year at
Halloween, when the Pleiades and the equinoctial point were
on the meridian 10gether at midnight.
But Smyth's prime preoccupation was stlil with
TR PTTT establishing whether Taylor's » proportion was really

L3 incorporated in the structure.

[i* Atong the face of the Pyramid. Smyth checked the angle
cf the casing stones discovesed by Howard-Vyse. Unfor-
tunately tho sharp lines had already baen almost obliterated
by the Arabs and by the chipping away of souvenir hunters.
But searching through the debris piled high round the base.
Smyth was able to find fragments ot casing stones with the
angles still intact.

Invariably the angle checked out at about 52°, or its
complement of 1282, confirming Taylor’s theory that the
height ol the Pyramid was designed to be in relallon to the
perimeler of its base as the radius of a circle is 10 its
circumterence.

To see if he could refine this anglo, Smyth observed the
sithoueite of all the backing stones against the sky by means
of a very accurate altitude azimuth circle which had been

. ” donated to his tfriend and mentor Proiessor Lyon Playfair by
" i m fi d that th n 2
of';’;' rﬁg'lfsh 2 %"e"’;:a';fnns G':;z::,iam ,ﬁ,‘:{fl hxa:; the his students in 1806 and in tumn lent to Smyth,
abave the Great Pyramid, at been built 20 its Descanding By this method Smyth obtained an angle of 51° 49",

tho opoch when he belleved it Passage was aligned with the Meanwhile Sir John Hersche! had obtained a figure of
:’:fmfn:nlu::"‘l:‘gng’;lomafgf &?eg::{a:gg f:;olla":em:"“ 51° 52 15.5” from lhe dimenslons of the casing stones as
Smyth noted that aiphs zenith at midnight. reported by Howard-Vyse. Smyth chose to take the mean of
Deaconis was on the meridian these available measures as 51° 51 14.3"—a ditference of
:lzl:?awdol?tgfeho:::?vr(‘::ldisn less than a minute from either figure. He aiso chose to take

above the pole, coincldantaily the mean of the 763.62-fool base line meesurcd by the
with the vemat equinox.

aa



Magnasium-light photography
had been developed only 3
law monins before Plazzi
Smyth took this couble ex-
posura of the cofter in tha
King's Chamber. The ap-
parant teflcctiors afe those
of Ali Gabri and another Arabd.
Mis. Smyth's head appears
beyond the coller. Smyth’s
meothod of burning magnesium
pawder In a spird-lamp flame
was an innovatton in pho-
tography.
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French and the 764 {ect measured by Hov/ard-Vyse, and got
763.81—a'dilference of barely 2 inches on a length of 783
feat

This was an arbitrary act, but the result produced an
astounding value for i in the Great Pyramid proportions of
3.14159+.

Searching for a reason for the Incorporation in the
Pyramid of this relation of the radius of a circle to its
circumference, Smyth pursued Taylor's theory of the base
being divided into 366 units to coincide with the number of
days in the year.

To have been absolutely precise, the perimeter shouid
have measured 365.24.2 Pyramid inches. This would
require that each sidc be 9140.18 British inches. The
measure obtained by Howatd-Vyse and the French savanis.
though within 6 Inches of each other. were both about 2
feet too long.

The anly solution appearod to be o dig up the sockets
and remeasure the base line more accurately; but time and
money were running shorl. Fortunately two engineers from
Giasgow, Messrs. tnglis and Alton, happened 10 pass through
Egypt on their way from a tour of the Holy Land. Cajoled by
their follow Scot, they agreed to help him uncover the
sockeis originally found by the French (which had once mare
become covered with debris in the intervening half century)
and make a truly aceurate susvey

Following Smyth's complex computations, the angineors
were able to uncover not only the sockets but a perfectly
leveled stretch of pavement at the perimeter of the base.

an

Stereographic phow !aken
by Plazzi Smyth of r. Inglis
and Arab workers in the
northeast socket cleared in
Aoril of 1865, The Roval En-
gineer surveyor went 8ll over
the floor of the socket with a
splrit level and found it
absolutely level.

To measure the distance between the sockets, up and
around the debris, required a great deal of digging and
moving of rocks. But Smyth could not tarry. His own
insttuments were already packed and his passage had been
booxked by the British consul. When the enginears promised
fo take great care in their measurements and forward the
results to Scotland, Smyth disconsolately agreed to depart as
scheduled.

All that remained to be done was 1o dispense the
customary baksheesh to the neighboring Arabs who had
helped during four months' stay. The Smyths gave each man
a gold sovereign plus a present depending on the willingness
with which he had served his Scottish employers: Ihe best
got giohe lamps mounted in copper: the middling got frylng
pans; and the worst got mousetraps

Whon the anciont Arab who guarded their cave by night
appeared for his just reward, Piazzi Smyth puritanically
noted that the ofd man “‘seized on lhe money with such an
agony of clutch, and his eyes brightened with so sirange a
firg, that alas tor perverted human nature! we teared we had
done more harm to his soul than good to his body.”

As the camcl train was prepared for departure, the faithful
Ali Gabri stood silent for a lime, “then suddenly putting his
fingers to his eyes' rushed Into the desert 1o conceal his
crying.

8ack in Scotland, Piazzi Smyth received the results of tho
engincers' survey; these gave a much shorter length of 9110
inches for a side of the Pyramid. Smyth concluded that the
true length must be the mean between this figure and the
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longer one of 9168 inchas obtained by Howard-Vyss, or
8140 inches, which was just 1 inch less lhan was required for
Smyth's lheory, rosulting in a ycar ot 365.2 days instead of
the precise 365 24 required by theory.

A great deal now hung on the exaciness of lhese fiqures.
11Smyih’s theory could be proved correct, It couid mean that
the ancient Egyplians had produced a structure whose basic
unit, the Pyramid Inch, incorporated not only a system for
linear measurement—wilh the cubit and the inch-~bul also
for tempora! measurement, with a year of 365.24 days. bolh
based on the mosi sensibie foundatian: the polar axis of the
planel around which it rolatos onco In a day.

In Smyth's opinion “the linear measure of lhe base of this
colossal monumenl, viewed In the light of the philosophical
connexion between time and space. has yielded a standard
measure of length which is more admirably and learnediy
carth-commensurable than anything which has over yot
entered into the mind of marn lo conceive. . . ."

Smyth summed up his wotk: the Pyramid “revealet a
most surprisingly accurate knowledge of high astronomical
and geographical physics . . . nearly 1500 years carlier than
the exlremely infantine beginning of such things ameng the
ancient Greeks.”

From the Royal Society of Edinburgh, Smyth recelved
agold medal tor the careiul measurements he had taken
in Egypt; those ho published in monographs, and in a

three-volume opus running to 1600 pages entilled Lite and
Work at the Great Pyramid of Jeezeh during the Months of
January, February, March and Aprll, A.D, 1865,

The work was not well received. As much of a religious
zealot as had been his predecessor Taylor, Smyih was unable
to account for the mathematics disptayed by lhe ancient
Egyptians. Like Taylor he was obliged to attribute this
soionce 1o Divine Wisdom, somchow imparted ta an earthly
architect who had constructed the Pyramid under the direcl
influence of revelation. “The Biblg,” sald Smyih, “tells us that
In very parly historic days, wisdom, and metrical instructions
for buildings, were occasionally imparled perfect and
complete, for some spccial and unknown purpose, to chosen
men, by the Author of all wisdom,"”

The |dea was received by some with derision, by others
with acrimonious opposition. One reviewer remarked hat
Smylh's book coniainod ‘‘more extraordinary hallucinations
than had appeared in any other three volumes published during
the past or presenl centuty.” A frlendly reviewer summed up
reacllon to the book saying “it evoked numerous ltlustrations
of envy, hatred, malice, and much uncharitablencss from
vain, flippanl, and unquali‘ied writers, the aulhor being
scoffed at, traduced, worrled and all bul 2rgued with, by
opponents whe only succeeded In proving their egotistic
Inefticiency to apprehend the truth."

To make things worse another Sco, a religious enthusiast
called Robert Menzics, advanced the theory that the passage
system in lhe Great Pyramid was nothing less than a
chronological representation of prophecy, corroborating the
Bibfe, built on a scale of one pyramid inch to the sotar year,*

As Menzios’ theory was formulated before anything was
known of ancient Egyptian messianic prophecy, such as
The Book of the Dead, the lexts of which had not yet been
declphered, this new contribution merely added to Smyth's
problems. Smyth was turther derided and lampooned by his

* Menzies knowing that Smyih had made an approximate calcutation
Ot the date at which aipha Draconis shone exactly down the
Descending Passage, put forwvard tha theory that lhe dale of this
imporient astranomical phenomenon should be clearly merked some
way in the Descending Passogo iisall, et the placa reprasenling the
$3id date on the chronological seala. To Monzies' delight, Smylh
replied that he had discovared two scored tines on each sido of the
passage at the very spot indicated. Although the joinks in the walls
of the Descending Passage weie perperidicular to the tfoor, said
Smyth, there were two |oints on each wall, immediately to the npsth
of the scored lines, that were nel so: these ware pecutiarly vertical
Jainls, as if Intended to draw aitontion to something of imporiance:
n Smytn's and Menzles’ opnion, evidantly tha scored lines.

a1
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Scored /Ines in Descending
Passage.

fellow acadomicians. Sir James Y. Simpson, an eminent
member of the Royal Socicty of Edinburgh, publicly ridiculed
Smyth before his fellow members, saying, “lhe whole of
Protessor Smyth's theory about the Great Pyramid s a series
ot strange halluclnations, which only a few veak women
believe, and perhaps a fow womonly man, but no moro."
Simpson added that he hed “talked about it to a great many
engineers, mathemalicians. and others, and found them
scoffing at and despising it "

Smyth's mixing of religious and prophetic conciusions
with sound scientific discoveries caused his entire theory to
be discarded by skeptics. To this day, the lampooning
persisls. One modern writer on pyramldology still refers to
Smyth as the worid’s “‘pyramidiot,” and faments that “'such
a first-class mathematical brain should have wasted its
energies in so unprofiteble a fietd."

But Piazzi Smyth was far from being guashed. He
continued to produce even more fan!astic theories from the
results ot his measurements of the Pyramid. Recomputing the
hoight of tho Pyramid, Smyth found it to bo about § inches
langer than Taylor's figure of 5813 inches from base rock to
apex. The new measuremeni revealed tha! the Pyramid
rose from its base in a praportion of 10:9, that i3, tor
avery 10 units of height, the Pyramid extended 9 units in
width. To Smyth this was an indication thai the proportions
were intended to symbelize in yet another way the earih's
cireuit rqund the sun. Multiplying the height by 10?, he
obtained an astonishing result. Reduced to British mitas, the
answer was 91,840.000—or a vory good figure for tho mean
radius of the eerih’s orbit round the sun, The present figure
varies between 91 and 92 million miles. Was this mere
colncidenca? The argument between the supporiers of
Smyth's theories and the antrenched academicians who
opposed them became intensely heated.

Basic o Ihe whole argume ntwas the fact that no one had
a series of absolutely relfable measutements (or the exterior
of the building, especrally beneath its debris where the hase
line must actually be measured. Even a new survey by the
Ordnance surveyors made in 1869, which gave g length
of 8130 inches. was made on the basis of cumulative
measurements up and dewn and around the plies of debris
that still clogged part of the base of the Pyramid tetween the
exposed sockets. Results which varied by aven 3 or 4 inches
could not be considered accurate enough to prove or
disprove the theories of Taylor and Smyth. So fong as the
actual dimensions ot the Pyramid, both Interior and exterior,
waora not obtained, correct to a fraction of an inch, there
would be no real way of knowing if Smyth had a point or not,

Jl'.ll‘l,’]
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VIII. FIRST
REFUTATION
OF SCIENTIHC
THEORIES

To tesolve tho problem of tho dimensions of the Pyramid
once and for all, a mechanical engincer by thc name of
William Petrie. who had become fascinated by the theories of
bolh Taytor and Smyth, set aboul cesigning and construcling
even more specialized sextanls, theodolites, and verniers
with which 1o tackle tho tochnical probloms encountorod by
Smyth. It was no easy job. Smyth had gone e long way in
perfecting hils own equlpment, and Il was to take William
Petrie all ot twenty years 10 accomplish the task to his own
satisfaction. Petric strossod the importance of further
exploration of the Pyramid because of its “‘paleologic,
chronologlc, metrologic, geodetic, geologic and astronomic
Interest to mankind,” and above all “1or Its symbollc Interest
relating to the higher ideas intentionally embodied thezein
by its originator,” Yet Petrle kept tinkering with the new
instruments and postponing his depariure for Egypt.

His young son. Willlam Flinders Petrie, perhaps because of
a spirit of adventure inherited from his maternal grandfather,
tho groat oxplorer Matthew Flinders, became so impationt he
finally decided to prime the pump by leaving ahead of his
father, convinced that his father would quickly follow.

Fasclnated by the varied standards of measure used In
differant parts of the world, young Petrie had read all he
could on the subject: instead of going to school, he tramped
around England, becoming proficient as a surveyor by
measuring churches. bulldings and ancient megallthic ruins
such as Stonehenge, aboutl which he was to write the first
of his soveral scoro books.

At the age of thirteen, young Petrie had read Plozzi
Smyth's Our Inhertiance in the Great Fyramid. 1t had not only
revived in him the ideas ot Greaves and Burattinl, but
convinced him that a real history of measures might be
deduced froma careful measurement of surviving monuments
and objecls. He was also detetrmined to prove, one way or
another, whether or not Taylor and Smyth had been correct
in their theories regarding the Pyramid. To do so he would
have to resurvoy and measuro tho entiro building.

Willlam Flinders Pettie.

On astormy day in November of 1880, Flinders Petile,
now a bearded professional susveyor ol twenty-six, set off
from Liverpool with a vast quantlly of boxes containing the
raro instruments designed by his father to efliminate the
defects revealed by Smyth's experience, Ho also had with
him the necessary supplles with which to survive for a long
pertod in the inhospliable, bandit-Infested desert. The gate
blew so hard Petrie stept on the engine grating, 100 seaslck
to go bolow deck. Within a week of landing at Alexandtia,
Petric had transported his cquipment 1o Cairo, whare ho
managed to get hold of Ali Gabri to help transport his food
and instiruments to the Glza plateau.

Ali Gabrl was now a veteran ol 40 years' service with
Caviglia, Howard-Vyse and Piazzi Smyth. Reaching the
Pyramid in December, Petric followed the established
practice of settlng up house In an abandoned tomb.

Ali heiped Petrie furnish his quariers with shelves and a
hammock, helped him stock the larder with ship's biscuits.
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Petrle standing before his
living querlers in a fomb on
the Giza plateau.

canned soups, taploca and chocolate. To cogk his evening
meal Petiie had broughit along a kerosene stove. Like his
predecessors, Petrie found tha solid rock of the tomb an
extremely hospitable home, remarking that it seemed “'as
good as a fire in cold weather, and deliciously cool in the
heal."

Petrie's day starled with lhe lighling of his kerosene
stove and the ritual boiling of tea wator whilo he onjoyed a
makeshift bath.

Breakfast was the time he accorded to reception. Men
and women would fook in at the door of his tomb. and it a
special Arab friend paid a visit, Petrie would brew some
coffee in his honor on the tittle stove by the door.

Pelrie go! along well with the Arabss, noting that ‘‘the
smaliest entering Into thelr ways pleases them enotmously;
only sit squal, return the propar replies 1o salutations, catch
their tricks of manner, and imitate their voice, and they will
lsugh heartily and treat you as a friend."'

Petrie's fIrst preoccupation was 10 accomplish what had
been beyondthe means of Smyth: a very precise triangutation
all over the hill of Giza, inctuding points around all three
targe pyramids, as well as the surrounding temples and walls
which belonged to the complex. Though he couldn‘iremove
the ruhble. Petrie hoped to establish the dimensions of the
pyramids by triangulation to within a iraction of an inch.

PLAN OF THE TRIANGULATION
OF THE SURVEY OF 1381 AROUAD THE PYRANIDS OF GIZEN i
| SCALE 4% ;
| 70e SeeansPyamisd Tiond_Frembtimpl sad Sphor sox apprasy st

all e cemaims arrenicied hine 13biard by e rarmy,
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Petile accompllstied his trl-
angulation ot the Grea: Py-
ramld over a period of months,
by moang of a ton-inch
Freqch theodotile. ""a spiendia
theodolile by Gambay'' with a
%36 teloscope. Soma of the
angles ware iead as many as
14 timoa from as many as 50
fixed stafions. Pelile estimated
the probable erior In his base
maastremont of the Pyramid
10 be *.03 inch, or 1/260.000
of the whole. But because of
the debria ond tho fact that tho
comerstones were missing,
Pelrie could nof estabiish
wherte the original comers had
acluaily been placed.

Using a highly accurate \heodolitc by means of which
single seconds of angle could be read, Pelrie repeated his
abservations so many limes thal it would take him from dawn
till sunset to accomplish the work at a single station. A
second of arc is so fine that it is commonly referred to as
the anglo subtended by a dime at the distance of a mile.

All the while All Gabrl heid a huge parasel over the
theodollte to Xxeep the sun from shining on the matal clrcte
and expanding it uneventy. Once lhe sun had gone down
Petrio would have a solitary meal, washing his own dishes—
because he distrusted the Arab's idea of cleanliness—and
then sit down 1o meticulously wrile up his figures, jJaying the
groundwork for Ihat sclentific archeology of which he was 10
become the prime promoter His sole entertainment was the
“indescribable’” tunes ptayod on a rood flute by Ali Gabri’s
nephew, whose job was to guard him from a neighboring
tomb through the night.

Choosing good days, with cool alr but no wind, and
working for ten hours at a stretch without food, Petrie was
ablo to get a figure to within a quarter of an Inch, end usually
to within a tenth of an inch, lor the actual layout of the three
large pyramlds at Glza. He was amazed to find the layout of
the Great Pyramid *‘a triumph ot skill. Its errors, both in
length and in angles, coutd be covered by placing one's
thumb on them."
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Victarian \ourist and hor
8scor being helped up the
Pyramid courses by Arab
guidas.

The Great Pyramid was so precisely aligned with the
cardinal points of the compass that it surpassed in
accuracy any human gonstruction to date.

As the weeks wore on, Petrie realized he would not
complete the exteriors before springtime and the arrival of the
tourist season; so he had tho way prepared for his indoor
measurements by having a gang of Arab workmen clear the
Descending Passage down to the lower “pit'* which Smyth
had been unable 1o reach because ot the rubble. Armed
with baskets, a chain of workers were able to carry the debris
up and out of thc main cntrance.

When the tousists did begin to trickle foward the Pyramid,
Petrie devised a system to avoid being bothered by going
about outside the Pyramid in nothing but his pink underwear.
At the sight of him, the good Victorian ladies kopt a safe
distance.

That the tourists were a formidable menace t@ the pursuit

ot science had been made clear by Piazzi Smyth, who
described “many end multitudinous scones of lund-lighted
revelry, indulged in by many smoking. tobacco-stinking
gentlemen and a few ladies, from some vulgar steamer”’ who
performed “whirling dances over King Cheops’ tombstone
with ignorant cursing of his anciont name . . . and the
painful thunder of the coffer being banged, to close upon
breaking, with a big stone swung by their Arab helps.”

For lack ot salacious statues or pictorial attractions
at the Pyramid. the more boisterous tourisis wouid amuse
themselves by removing loose blocks from the summit which
they would send crashing down to the already vast heaps of
rubble accumulated round the base.

At the end of the day, once the tourists had left, Petrio
would work in the intonse accumulated heat of the Pyramid,
ofton till midnight and sometimes right through till morning,
like “the Japanese carpenter who had nothing on but a patr
of spectacles, except that | do not need the spectacles.” The
ventifating shatts in the King's Chamber, which had been
opened by Howard-Vyse, had once more been ¢logged by
vandals, making the air unwholesome. After 1he first few
hours the dust which was raised at every move caused Petrie
feverish headaches: but he persevered in his task.

With steel tapes and special chains 1200 inches long, as
well as self-compensating accessory appliances, Petrie set
about measuring with a far finer accuracy than Smyth could
obtain all that was worth noting. Most of Petrie’s instruments
allowed him ta measure to within 1/100 inch, and some, for
really careful work, cnabled him fo do soto within 1/1000
inch,

To measure upright surfaces he used plumb lines; for
horlzontal surfaces a laveling insirument. Thus he could find
the dimensions of a room at any ievel, and cstablish where
any faults mightiie.

To measute the siraightness of the sides ot the Descend-
ing Passage Petrie used fine observations of Polaris at
elongation-—when it was farthest ocast and west from the
pole. He was amazed to find that the average error in the
part built of masonry was an Infinitesimal 1/50 inch in t50
feet, and over the entire length of 350 feet the sides were
within 1/4 inch of being absolutely straight,

In the King's Chamber, Petric blished 1o his satisfaction
that the walls had been constructed on the basis of the same
mw proportion which ruled the exterlor of the buliding. fis
length was 10 the circuit of its side wall as 1 is to 7.

This vahie was not i diately evident, b the tioor
ot the chamber had been insorted between the walls so as to
cut off a fraction at the bottom. But the cut was cunning in
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President Utysses S. Grant
visited the Pyramig as pan of
a world tour.

in the archives of the Libraty
of Cungress lies a faded
dogueicootypo, with tho un-
mistekable teatures ot the
general,

Piazz] Smyth doscribos tho
arrival of @ party o! enthusi-
astic Yankee lourists alop
the Great Pyramid while
Smyth was making early-
moming obscrvations. "in the
zhort time they were there ™
writes Smyth, the Americans
“arianged themoelves inlo a
meeling on constitutional
princlgles o1 Angio-Saxorn
derivation, with a chairman,
sacrelary and audience;
whereln a resolution was
proposed, reccrded and
carried unanimousfy, to the
elfeci—that wheeeas this here
pils whipz evorything in the
way of bullding we've seen In
ait our grand tour through
the usedwp, wom-out world,
yet we calcutate King Cheops,
s bulider. must have been
such a horrid ofd lyrant and
cruel opprassor of 1ba people,
tnal it is hereby resoived by
us free and independent citi-
2ens 0! thae Unyted States that
we won't give him a cheer.’
Aftor offering thanke to thair
“'axceliont chairman for his
welkbelanced conduct and
impoartial attitude on his very
elevated sest '’ gays Piarzi
Smyth, “the gentlemen
liquo:ed up, tho ledies, as they
bashlully expressed il, can-
sented o take 8 swallow, and
the whole party disappearod
cown lha steep slope of the
pyrémid . . . every man ol
thom with little Confedareto
Nags picked out on the soles
of their boo!s, so thal they
might have pleasure in
trampling on e hated ensign
ol the South whesever they
waent."’

As an indication of how
tutlo i/ ntondo & paese, Cheops
is said (by Sir Gardner Wilkin-
son) to have engraved the
figures of the Gods ol Egyp!t
on the public roads "in ordet
thal 1héy mignt be Lrcddea
under foot by man and beast."

that it thus incorporated in the chamber both the 2- V5 -3
and the 3-4-5 Pylhagorean triangles.

Checking to see if the sz proportion could also apply to
the coffer, Petria found that its dimensions appeared to be
alt multiples of a square fifth of a cubit. The dilference
be'ween the requitements of the theory and the actual
squares belng a mere 1/1500.°

Al of this tended 1o corroborate Smyth's theory that the
builders ol the Pyramid had been possessed of an advancaed
science of mathematics. But Petrie also found in the Pyramid
an extraordinasy mixture ol briffiant workmanship and
astenishing clumsiness. He was amazed 10 find that the
granite in the antechamber had never been dressed: many ol
the stones had been left unfinished and somo were ovon
defective. From such indications Petrie concluded that
“the original architect, a \rue master of accuracy and fine
methods. must have Ceased {0 superintend the work when It
was but halt done”

From a carolul scrutiny of the coffer in the King's Chamber,
Pelrie blished that the i had used saws vith
9-foot blades. their teeth made of hard fewels, to cut the
sides ot the colfer out of a single solid block, To hollow it
out they had usod drills with fixed cutting points also made
of hard jcwels, probably diamond or corundum.

Petrie estimated thal in order to cut through the hard
granlie a pressure ot 2 tons would have had to be ptaced on
the drilt. How thig could be done was a mystery 1o Petrie,
who concluded: “Truth to tell, modern drill cores cannot hold
a candle lo the Egyptians . . . their fine work shows the
marks of such tools as we have only now reinvented.”

With such fools the ancient Egyptians were somehow
able to cut sharp hieroglyphs into incrodibly hard diorito,
and also !0 turn stonc bowls to paper-thin surfaces.

To measure the botlom of the coffer and to see if there
were any secret opening beneath It. Petrie had Its 3 tons
raised about 8 inches. but found no sign ot any opening.
When raised and struck, the coffor produced a deop bell-like
sound of extraordinary, ceri¢ beauty.

Outslde the building Petrie searched for mote casing
stanes slill In their orlginal position such as had been

* Polrie also noled that the squares of the dimensions ol the King's
Chambor, Quoon's Chamb tochamber and sublarranoan
chamber were all avan numbars of cubits, nearly all multiples of ten
From 1his it lolicwed that the sqQuares of tha diaganals were likewise
multiples of 10 square cubits, And the King's and Queen's Chambers
weie 30 ananged thal the cubic diagonals were in even hundreds

ol aquare cubits, or mulliples of 10 squarc cubils,
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- uncovered by Howard-Vyse at the base of the Pyramid. It
= B was a painstaking and dangerous job to dig dewn through

= = - ~ the accumulated debris. The rubble kept sliding back into the
e E : ) e holes dug by Ihe Arabs, and at one point Petrie nearly was

4 killed.
Lé 3 Vg ‘ Eventually he did manage to uncover more casing
g ety stones, a¢ well as the base of the Pyramid. Petrie found the
workmanship on the original casing stones. some of which
5 > o weighed over 15 fons, quite as remarkable as Howard-Vyse
i i had descrited it. The faces were so stialght and so truly
square that when the stones had been placed together the
R | tilm of mortar left betwaan them was on tha average no
thicker than a man's nail, or 1/50 inch over an area of 35
squaro feet.
Petrle found that the mean variation of the casings from
a straight line and a true square was but 1/100 inch on a
M length of 75 inches. This staggering accuracy was equivalent
v_ to the most modem optician's straight edges.
As Petrie remarked, *Merely {0 place such stones in
. exact contact woulld be careful work. but to do so with
- 1 The casing|aiones of iHe cement in the ;mr?r seems.s‘lmosx impossible: it is to be
o R Great Pyramld (looking east), compared to tho finest opticians' work on a scaie of acres,"
| ¥ showing the platform on which So fine was the texture of the cement that after millennia
| g they rast, the pavement in of exposure to the elements, the stones shattered before the

e i front, and 1he laveled natuial
y : : pohas Li0e letted natuy cement would yield,

Meanguring tho granito cofiar
betore it was vandalized

The cotter showing corner
chipped away by tourists.
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Shallow saekets dug into the
oGk at the comers of the
Pyramid wers designed to
hald the tour cornerstones for
the base, 2nd were apparently
cut thecugh the pavement at
thase pomts. This has en-
gendered an acgument among
pyramidologliets as to whethor
the base circuit should be
measured lrom ihe edge of
the pavement or the edgs or
bottom of the sockets.

It was al first assumed thal
tho botiom of the Pyramid
cornerstonges had been fitted
into these sockels so as lo
countarbalanco any owvontual
thrust produced by siiding
3way lrom the cenler of the
structure, but modorn archo-
atogists discount the assump-
tion because al the norntheast
comer, tho depth of tho socket
is viriuaily zero: and the outer
edge af the soulhwest sacket
e meraly an incised line In
the rock. more for measure-
ment than lor stiuciural
supporl.

But the principal result of Petric's survey was to prove a
little absiruse. He considered ihe Irue base length of the
Pyramid to te defined nat by the limlt ot the sockets as
measured by Smyth, but by the edge of the pavement 20
inches higher.

According to Petrie’s measuiements. the base of the
Pyramid at the pavement was shoner than the distance
between Ihe outer corners of the sockets, as eslimated by
Smyth, Instead of measuring the 9140 Brilish Inches claimed
by the Scotlish astronomer, Petrie obtained a length of only
9069 inches for the base line.

Discarding Piazzi Smyth's theory that the Pyramid had
been designed on an extre-long pyramidal cubil of 25.025
inches, Petrie showed by his own careful measurements that
the builders of the Pyramid had used the royal cubit of 20.63
inches in order to produce a base line of 440 cubits and a
height of 280 cubits. This confirmed Taylor’s thoory to the
extent that the Pyramid was intended to symbolize the globe
by glving a very eflective 7~ value ol 22/7, or 3.14285. but
apparentty nullitied Smyth's theories about 1the perimeter of
the Pyramid giving the exact number of days in the year. The
new product gaveonly 362.76 days.

Summing up the resulls of his measurements in a book
entlitled The Pyramids and Temples ol Gizeh (which he was
able to publish with a fortuitous grant of £100 from the
Royal Society in London), Petriec remarked that he had
never suspected, 15 years earlier, when he had first read
Smyth's fascinating theoty, that it would be he who "would
reach the ugly littla tact which kilied the beautifui theory.”*

With success and recognition, Petrie turned from the
romantic exploits of discovery to the prosaic minutiae of
scientific archeology.

In the wake of Petrie’s demoiition of Smyih’'s basic
contention about the length ol the year being Incorporated in
tho Pyramid's porimetor, soured academicians v.ere happy to
bury Smyth atang with his theories. Foremost among such
undeitakers was Prolessor F. A. P. Barnard. president of
Columbia College in New York, whose spadewark in the
1890s consisted in arguing that the value of = was a modern
discovory and therefore could not have becn known to the
ancienls. In long-winded pieces for small periodicals,
Barnard attacked Smylh for his *“folly,” and the builders ot
the Pyramid for lhe *'stupidly Idiotic task of heaping up a pile
o! massiva rock 2 million-and-a-half cubic yards in volume."

In Barnard's opinion the Pyramids “originated before
anything like intellectual cullure existed, have been
constructed withoul thought of scienlitic method, and have
owed their eariles! forms to accident and caprice.”

Other academicians mocked the theory that the ancient
Egyptians could have had an advanced knowledge of
geometty, geodesy or astronomy. As recenlly as 1963 an
eminent engineer In Baltimore, author of an expensive
privately printed booklet, Designing and Building the Great
Pyramid, was 1o write: “Because the sides ol the Greal
Pyramid feced lhe lour cardinal Points almest precisely It
iS usually assumed that the designers Intended they should,
but it Is unlikely that they had more than a vague idea, if
any, of the four cardinal points. Like all peoples, the ancient
Egyptians knew cast and west from seelng the heavenly
bodies rise in one and set In {he other, but north and south
were probably only known to them as general directions
There s no evidence in the Great Pyramid that they had any
conception of truo north or knew that a north-south lino was
perpendicular to an east-west line.”

For years Smylh’s painstaking measurements. carelully
collected and Mlusttated in severai large volumes (which
went through several editions in his lifetime), wero laboled by
the acadomicians so much “frash and tancy."

In the conflict of opinions between biblical scholars and
men of science, the true purpose of the Great Pyramid was
burled In a rubble of verbtage.

Petrie had bacome Sir Flinders, and was on his way to
becoming the dean of academic archcologis!s. Had it not
been for the careful work of some conscientlous scholars,
Smyth and Taylor would have sulfered the fate of Paracelsus
and Mesmer, being relegated in the history books 10 the role
of mountebanks.
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IX. SCIENTIFIC
THEORY
DEVELOPED

lronically, the next great investigator to throw light on the
question of tho Pyramid was a man whoso objoct was to
destroy and dispose of the thcories of Robert Menzies,
whose ideas about the prophetic revelations in the passage
system had addea ta the difticulties of Plazzl Smyth.

An agnostic and a sober structural engineer irom Leeds,
in the nonth of England, David Davidson was determined to
destroy Menzies’ prophetic theory, But the more he attacked
the data. the more he was obliged to assimiiate it. In the end
he was to produce an encyciopedic lilerature in support
of Menzies’ own idea, and to become convinced that the
Pyramid was '‘an expression of the Truth in structural form''
and that It "establishes the Bible as the inspired wosk of
God.”

From further analysis of tho Pyramid, Davidson boliovad
he could confirm Taylor's premise that the science of weights
and measures of lhe ancienls was feunded upon two
functions of the earth and Its orbit, the standard time unit
being the solar year, and the standard linear unit a decimal
traction of the polar axis about which the earth rotates.

On the question of the length of the Pyramid's base,
Davidson was lo vindicate Smyih. yet avold harming Petrie.
According to Davidsan, not anly was Petrie’s survey correct,
so was Smyth's theory that tha Pyramid's base incorporated
the length of the solar ycar.

Petrle, with his meticulously careful measurements, had
managed to abserve a definite haliowing of the core masonry
on each side of the Pyramid, The accuracy of this observation,
normally invisib!e to the human eye, was revealed in Pctric's
lifetime in a dramatic aerial photograph laken accidentally
at a specific ime and angle by Brigadier P. R. C. Groves.
the Biltish prophet of air power. A similar line along the
apothem, visible in an etching made by Napoleon's
savants, had been ignored for a century.

Davidson noled that Petrie had failed to extend this
hallowing feature of the core material to his measurement of
the outside casing, It this were done, a base length was
obtained which fitted Smyth’s thooretical length to account
for the solar year, to four points of decimal.
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Sir Fhinders Petrie noted a
distinct holiowing of the core
masonry in the cenlral portion
of each face of the Pyramid.
Though the noliowing amoimts
to as much 8s 37 Inches on
the north face. it is not directly
observabls untess speclal
lhes ot sight are taken.

Pelria found no avidenca of
hollowing along the lower-
love! casing stones, running
along the base of the Pyramid,
‘which have now besn com-
pletoly uncovered,

A racent survey by two
ltalian scholars, aragloqlio
and Ringldl, indicates the
casing stones above the base
line snay have been slightly
sloped toward & central line.

Davidson’s plan Of the base
of tho Pyramid, showing thise
cinerent ways of measuring
fhe yeat's length.
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As Davidson put It: "By reason of this unfortunate
omission, scientists have been {ad to betisve that the theory
of the {ate Astronomer Royal of Scottand—Professor Piazzl
Smyth—requiring a Groat Pyramid base clrcuit of 36,524
inches, was nothing more than a defusion.”

Theideal length poslulated by Smyth tor each side of the
base in order to obtain the required length of 9131.5 Pyramid
inches was 8141.1Brhtishinches. Petrie’s figuro, revised by
Davidson, came out 1o 9141.4, or about a third of an Inch too
long.

According to Davidson, the hollowing ettect would give
three basic lengths of the yoar as recorded in the base of
the Pyramid: an outer or shorteat length, from corner to
corner, bypassing the hoilowing. a second, stightly longer.
which included part of the Indentation o1 the four holtowed
faces al the base; and a third, which included the entire
angloe within each hollowed face, Theae three mcasurements,
which could have been performed by the ancients at their
lesure, could have given the equivalents. according to
Davidson, of the three lengihs of the year as computed by
modorn science: tha solar, the sidereal, and the anomalistic
years, each of which i3 dependent on the system used for
observation. *

The academicians rebutted that ail this was purely
attributable to chance. An American naval officer who
dabbled in digging et Giza remarked lhat “if a suitable unit
of measurement is found—say versts, hands or cables--an
exac!t equivatent to the distance of Timbuctu is certain to be
found In the root girder work of the Crystal Palacs, or in Ihe
number of stroet lamps in Bond Street, or the Specific
Gravity of mud, or the mean weight of an aduit goldiish.”

Bul Davldson's conclusions were to reopen the entire
subject of Pyramid measurements and breed a whole new
school of pyramidologists.

* The solar year Is oblaired by observing the exacl lime batween
WO successive vemal or autisnnal equinoxes, when tha day is
exacLy as long as the night. It is now 365 days. 5 hours, 3 minules
and ¢9.7 secorxds, or In decimals; 365.2242. The sidereal year {from
the Lalin sidus, loc slar) is the time it takes a star to reappear in the
same spot in the sky, as eean by on earth obeerver, It is about

20 minutee longer than the solar year, oy 365.25636 days. This
20-minute lag causes what Is known as the pracession of tha
equinoxes. which ccme 20 minules earlier each year in falation to
1he slaes behind the equlnoctial polnt. The anomallstic, or orbiial,
year is the time it takea the earth te retusn 10 the point in iIs slliptical
orbit nearest Ihe sun, or perihelion. This is about 4 3/4 minutes
Ionger than i@ sidereal year. According to Davidson, not only doos
the Pyramid give this value, but R gives the numbe: of sdlar years

It takes for the parlhelion 1o compiete a full circle of 360°.

111



the Great Pyramid

Nerth Pols
OIECIPIC  Calestial
s ’Ai Nerth Pola
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The precession of the
equinoxes,

The president of the French College of Astrologers,

0. Neroman, a mining engineer by proefession. showed In his
La Clé Secrete de la Pyramide, published shortly after World
War |, that Smyth’s sacred cubit and Petrie's royal cubit
wore mathomatically rolatod. Neroman rovivod Nowton's
conciusion that the Pyramid had been built with both baslc
cubits, Petrie’s shorter cubit for the common workmen, and
Smyth's longer cubit tor the hermetic science ot the
designers. Neroman showed that the Pyramid was the precise
height and widih to contain a round number of each unit. As
33 sacred cubits are equal to 40 profane, or royal, ones, the
base measured 440 royal cubits or 383 sacred cubits: the
helght 280 or 223.°

It was suggested that tho priests moasurod tho year's
tength with 8 sacred cubit so that they aione could make use
of the Pyramid’s hermetic science. 8ut why this yielded a
base of 363 days was not satlstactorily explained.

Another necromantic solution was provided by John B.
Schmaltz in a small book entitled Nuggets from King
Solomen’'s Mines, Schmaiiz demonstrated that the modem
deck of cards could be taken as a symbol of the Egyptian
year incorporated in the Great Pyramid. According to
Schmaltz the 52 cards represent the weeks, the 12 face cards
the monihs, the 13 cards In a suit the lunations. the suits the
seasons, the total lace value of the cards (counting Jack as
11, Qqueen 3s 12 and king as 13) 364 days, plus the jokeras
the magic 1.234, for a total cf 365.234 days in the year.

A more solid boost 1o the memory of Piazzi Smylh—
quickly made much of by the pyramidologists—-was the
ratined figure for the polar axis of the earth obtained in 1910
by the Amorican geodosist Jahn Fillmoro Hayford, who
computed it at 6,356,910 meters, the ten-millionth part of
which gives a cubit of 635.68 mitllimeters, or Plazzi Smyth's
sacred cudit. correct to .03 millimeter.

Another oxtraordinary figure found by the pyramidofogists
In the base of the Pyramid was the sum of its diagonats,
which they computed as 25.826.63 pyramid inches. This gave
a very close approximailon ot the number of sofar years in
what is known as the great year, which is determined by the
precession of the equinoxes. The great year is the time it
takes the earlh 1o make a complete gyration in the wobble of
l1s axis In relation to the plane of its orbll: this with the solar
year, are the two pnme standards for astronomical time.

Actually, the rate oi precession is far from uniform, and

" 83 % 26.026 — 826.72 and 40 X 20.643 = 825.72. It wid ba
noticed from Noroman’s figuring that to obtain thls result ho
arbitrarily lennihaned the rayal cubit by about tJ 100 of an Inch

is at present siowly Increasing. According to Dawdson, the
Groal Pyramid rocognlzod this fact and provided a mothod
of sums ol dlagonals at different levels of the monument
lo Indicate the all-lime mean. or average length of the
precessional cycle

To add to the coincidences, Moston Edgar, an ardent
supporter of Davidson, who traveled to Egypt just prior
to World \ar | and made extensive measurements and
calculations, found that the perimeter ot the thirty-[ifih course,
which is much thicker than any of the other courses, also
gives a figure for the precession of tho equinoxes.

Egyptologists and astronomcrs argued that if the Pyramid
had been designed to incorporate the o proportion, and its
base had been designed 10 be 365.2422 cubits long, the
chances ol its diagonals being intentionaily designed to mark
the length of the precession would be simply astronomical.

Davidson replicd Ihat to build the Pyramid its designer
must have been deeply acqualnted with the workings of
natura! law’ that before such a design could be put Into
effecy, the astronomical properties of the solar year would
have to be reducad to a simple pyramidical expression.

Davidson claimed that—withoul getling into higher
mathematics—it was evident that I you know the earth's
distance from the sun and the length of the sidereal year in
seconds, you can compute the rate at which the earth is
falling toward the sun. This in turn would lead to finding the
specific gravity of Ihe earth, of the sun, of the earih and
moon combined, Ihe solar parallax, and even the speed ot
light.

To Davidson the mathematics of the Pyramid indicate that
the lormer civilization was more highly skilled in the science
of gravliztional astronomy-—and therefore in the mathemattcat
bas:s of the mechanical arts and sciences—than modern
civilization. It was his conclusion “that it has taken man
thousands of yoars to discover by experiment what he knew
originally by a sure: and simpter method.” in Davidson's
words' "It means that the whole emptricat basis of modern
cwilization |s a makeshiit collection of hypotheses compared
wilh the Natural Law basis of the civilization of the past.”

As to why the Pyramid was built and its passages carefully
secreted, Davidson susmised that the builder intended to
monumentalize the science of his fime for another civilization
far in the future, much as we go about burying timo capsu'es.
According to Davidson, the builder knew that the faculties
by which he was able lo handle the formulas of natural law
could alrophy in man. and 1hat by conveying his science to
beings 01 a later civilization he m:ght spur them to recover
those powers,
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Davidgon's computations 0
show that the Pyramid’s base
defines the easth and its orbit
*“in dimensions and mation."
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Like Menzies and Smyth betore him, all that Davidson
managed o accomplish was to antagonize the scientific
world with his ingistence upon the record -presorving nature of
the Pyramid while swamping the average pyramid enthusiast
wlih Ihe overwhelming bulk of his delailed mathematlical
analyses and computations.

Even worse wore tho offorts of a succession of
pyramidologists who attempted to prove the Great Pyramid
confained a s{x-thousand-year prophelic history of the world
commeneing in 4000 B.C. and going to A.D. 2045 which
coincided with the prophecies of the Bible. They saw in the
Pyramid an allegory in stone in which the Dosconding

Passage represented humanity on its way down toward

Morton Edgar, supporter of
the proghelic theorles about
the Pyramid, etooping to enter
the King’s Chamber. The
piclure stiows how the floor
wes insorted batwean the
walls so as io obtain both the

% value and the 3—+-5
triangle.
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ignorance and evil. At the juncture of the Ascending Passage,
evl! spirits were to continue toward the pit, whereas the rest
of humanity, beneflting by the Christar Dispensation, moved
upward along the Ascending Passage toward the Light of the
Grand Gallery. Having passed the Great Step, humanity
must continue bent in submission through the Antechamber
of Chaes—representing the modern age—before it could
come out into the King's Chamber and the glory of the
Second Coming.
The prophatic chronology was supposed to be marked
out along the passages and chambers, with one year
corresponding to ore pyramid inch. commencing with
“Adam."” or the “first created man,’ and ending with the
“Day of Judgement."'
According to Morton Edgar: “By the year 2914, the end
of the 1000-year ‘Day of Judgement,' mankind will have
experienced the full benefit of the sacrificial woik of Christ,
and will regain that perfect human natute which father
Adam lost in tho baginning of his disobedience 7040 yoars
previously,”
By general agreement the commencement of the Low
Passage inta the Antechamber was sald to mark the

beginning of the Great War in 1914. The end of the King's
Chamber was supposed to be indicated by the year 1953.

Considering the wide popular acceptance of such

medieval prcphets as Nostradamus. and such modern
prophets as Eagar Cayce and Jeane Dixon, it showa nor have
been harder to believe that some ancient prophet coulio
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Interior feaiures In the G:eal
Pyromid oliuded to in the an-
cient Egyplian texls such as
The Book of e Dead. ac-
cording to the prophctic
“pyramidologists.**

Chronoiogy of the past 6000
years as indicated in the
Groat Pytamid passages ac-
cording to Menzles and Plazzl
Smyth,

“1Hi SECRET PLACES OF THE HIDDEN (;OD"

INTERIOR FYATURES OF NVE GEEAT PTRANID
ASALLUTED 10

ENTIO ANCTENT BEVITIAN TEXTS
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have had prescience ot the lotlowing 6000 years. and bulit
his vision into the Pyramid passages, but as each prophetic
date want by with no appoearancae of a Second Coming, the
idea of the Pyramid as o prophetic calerndar became largely
discredited.

By 1920, when the waters of the Mediterranean latled to
become thick and viscid, and the rivers and fountains of the
world failed to tum into blood, as prophesied by Colone) J.
Garnier on the basis of the Pyramid chronology, the whole
subject beeame so unpleasant in the halls ol academe that
few professors dared mention the Pyramid as anything but
the supposed resting piace of the Pharaoh Choops.

Nevertheless, a few intrepid investigatcrs kept minds
open enough 10 continue thelf research inta the structure and
purpose ol the Pyramid, and to put forth some theanes
that in the end pavod tho way for a genaral vindication of
much that Jomard, Taylor, Smylh, and even Davidsan had
propounded.

X. A THEOI
FOR SURVEYORS

One dasic tunction of the pyramids on the Giza plateau was
discovered by a chief engineer ot the Australian railways,
Robert 7. Ballard, as he watched them from the window of a
passing train in the 1880s.

From the constanlly changing relative position of their
clear-cur tines against the sky, Baliard realizea that the
pyramids could serve as excellent theodolites tor a 1and
survoyor, bling him to trlangulate tho land anywhere
within sight of the pyramids.

‘The Jand of ancient Egypt was parceled out in small lots
to Indlvidual priests and soldiers. the boundaries of which
would regutarly vanish with the flooding of the Nite.*

By means of the pyramids, not only could the surrounding
country be quickly resurveyed, but boundaries desiroyed by
\he Nite could be readily restored

From the silhouettes of the pyramids. the engineer
realized that lines could be obtained as perfect as can be
faid oul nowadays with all of our modem instruments. Wih
a slring and a stone heid In the hand and Ihe cleas-cut polnt
ot a pyramid 20 miles away against the bail of the sun 90
million miles away, the error in such a line would be trifling.

What's more, thc same building could also be used with
either moon or stars.

Knowing the latitude ot the pyramtids, survey lines couid
be shown all the way 1o the ceast of the Delta—with nothing
moro than astringand a weight.

As the engineer's train steamed southward along the bank
ot Ihe Nile, more pyramids appeaied on the horlzon, and the
engineer realized that with a procession of such theodolites
it would have been possibie to adjust the boundaries of
Egypt from one end of the country to the other.

Ballard fligured that the simplest portable survey instiument
would pe a small scale model ot ithe Pyramid of Cheops in
the center ot 2 circutar graduated board marked ilke a
compass. Whon thenorth end of the cerd was pointed toward
the nosth, and the laces of the model turned to indicate the
same lightand shade disptayed by lhe Great Pyramid, the

* Statisticians ostimate that eight million people were crowded into
a space of only 11,500 square milas, giving a density ot 695 per
square mile—which IS more inan modem Beigium, the most densely
poputated part of Europe.
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Tho pattarn of shadows cast
by lhe thiee large pyramids of
the Giza plategu csn serve
to oriont the viewer as ac-
curately as a compass or
theodolile. Ballard suggests
that tho smallor pyramid of
Mykerinos was Intentionaily
sheathed in red granite, in
bold confrast to the other two
pyramids, So as 10 facilitate
the wark cf the suneyor.
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The Giza complex Of Dysa-
mids, as depicted ftom the
air, showing tho rorth-south
meridisn through the center
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According to Soviot tpace
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sutveyor could simply read off the angte of beating. With a
mode! of all three pyramids. the reading would be Ihat much
more exaet. Furthermore, observation of the next pyramids
fariher to the south coutd be tied in with these readings,

The Australian engineer also worked outthat thc pyramids
could be used for surveying by right-angled triangles with
sides having whote numbers, such as the 3<4-5 triangle and
the 2- \/5 -3 triangte Petrie had found in the King's Chamber,
both of whioh were {fundamental to land surveying. Simifarly
incorporated in the zigguiat of the Babylonians, the triangles
were concelved by the anciants 1o explaln the secret order
of the cosmos, 2 conceit which percolated to Flalo. In the
Timaeus he explains the cosmos as being constructod by tho
triangle 3-4-5 and the number /5-1or 1.236068 (which In
common praclice was taken as 1.2345),

For righi-angled trigonometry, the Ausiralian engineer

lized, true straight lines could be extended from the

the hree large pyramids on lhe
Giza plateau are arranged in

a speclal gaomeiric configura-
tion known {n ancient Egypt as
an abaka. Ballard found that
sevesal Pythagorean trlangles
could be formed by the poii-
meters and cenkus of the
pyramids,

pyramids in givan directions by direct observation, without
aid of other Instruments, and that with the simpiest of
instruments, angles could be exactly observed Irom any
poini.

In a short time anyone might construct a table for himseif
answaering to every degree or so in the circumference of a
circle for which only forty or fifty triangles are required.
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Such primary triangutation would be uselul to men of
almost every trade and profession in which tools or
instruments were used.

Having come 10 these conclusions, Balfard incorporated
them In @ small lllustrated volume with the 1athes grand ttle
of The Soiution of the Pyramid Probiem, published tn 1882.

Xl. ALMANAC
OF THE AGES

Baliard's hitle booklet and one of Smyth's discoverios at the
Pyramid brought anothar strange invesiigator to tho scene.
Smyih had been astonished that with the advent of spring,
when the sun rose high enough to shine down the northern
slope of the Pyramid, the structure appeared to swallow its
own shadow st noon. Smyith deducod that the Pyramid had
been designed as a huge sundial whose shadows could
Indicate the seasons and the length of the year.

By Smyth’s reckoning the Pyramid haa been intentionatly
located, oriented, and sloped lor the phenomenon to occur
in that latitudo at the spring equinox, when at noon the sun
Is direcily over the equator, although for some reason the
phienomenor no longer occurred precisely ai that parilcular
date.

Unbaknownst to Smyth, the French agtronomer Jean
Baptiste Biot had been to Egypt in 1853 and noted that
“wlih or without intention by the Egyptians who bulit the
Great Pyramid, it has, since i1 existed, functioned as an
immense sundial which has marked annually the periods of
the equinoxes with an error less than one day, and those of
the sotstices with an error less than a day and three
quarters.”

The prenomenon had a great impact on an obscure
Yorkshiroman, Moses 8. Cotsworth, a legislative enthusiast
whose life's ambition was to reform our present barbarous
almanac.*

* The prasent calendar derives Irom the early Romans, who had

a 16.month year of 334 days' hence our September. Oclober.
Novembef. December. In the seventh cenlury B.C. Numa Pomplius
Is credited witn adding January and February for a tunar yeer of

354 days. The shortage of 11 1/4 days caused tho s¢asons and tho
calendar to diverge to tho paint whore Julivo €aesar was Obliged o
add 91 days (o ¢6 B C. and succumb to tho suggestion ot Cleopatia
that he 2dopt the Egyptian civil calendar of 365 1/4 days. Even so.
the diiterence beiween the civll calendar and the aclual solar year
ol 365.2422 days added up lo an exira day every 128 y2ars, which
obliged Pope Qregory XHI 10 drop 10 daya fiom 1582. Whon
Protestant England refused to go along, Chrislondom celobrated
different Christmsses in England and Franca, till the British finslly
relented in 1752, though there were stréel riots n London with
shouts of ‘'gva us back our ten days.” By skipping leap days in
centurles which are multiples ot 400 and 4000, our calendar is now
good for the nexi 20,000 yoars, but anyono who troubles to read
Cotewonh's impassionad plea for a moro ratlonal systam than our
calendar of floating helidays will find ithard to dispute his (ogle.

T
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tn eaily spiing, when the sun
risas jus! high onough above
the apex of the Great Pyramid.
the whole shadow on tha
north faco vaniches at the
stioke of noon.

Cones and pyramics de-
signed by Moses B Cotsworth
0 domonstrate how shadow
patterns could be used 10
measure the length ol the
yoar.

Cotsworth’s models show
how a square-based pyramid
ariented ¢ tiug north will
cast a poinled shadow on
tho meoridan line. A cone,
showing no orientation, will
not serve the purpose.

Cotsworth was convinced that the deslgners of the
Pyramid had intended their linished structure to serve as a
parfoct almanac for registering tho seasons and the yeat. To
prove his point Cotsworth went in sesrch of furiher evidence.

Just before Piazzi Smyth dled in 1300, Cotsworih managed
to have several conversations with him, and atter his death
was able to get hold of Smyth's books and papers when they
were put up for auction. Though Cotsworth relused to accept
Smyth's prophet:c theories, he was determined to vindicate
the astronomical theorles of the anclenl Egyptians, so he
set aboit reconstructing with models the sundial system on
which ho believed the Pyramid had originally been designed.

Cotsworth noted that at the lalitude of the Pyramid, an
ordinary obelisk would serve admirably {or telling lhe time
of day, or the genetal course of the seasons, but could not
be built high enough to thtow a shadow tong enough 10
detect the 1ength of a whole year of 365 days, let atone throw
a shadow fine enough to distinguish the extra quarter of a
day to four points of decimal. To obtain the dilference in
length of 1 foot per day would require an obelisk 450 teet
tall, perfectly vertical and precisely oriented.
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With the sun's winter solslico
angle of 36° 457, tha Pyramid
will Ilirow & shadow of 648
feet. Deduct half the Pyramid’s
base length of 760 feel. or
380, and tbe maxlmum length
of the Pyramid's winter
shadow «ill be 268 feet

EQ3ILA STYE €7 PAVEWENT

the pavemert north of the
Pyramid wss paved with
biocks whoss widths were
clase to the 4 1/2-{oot grede-
tion of the sun’s shadows on
successive days Just before
the Pyramid consumed its
own thadow In the spring.

Cotsworth figured that tho dimensions of the Pyramid
would be ideel for meesuring the six winter months, when the
northern slope of the Pyramid is constanily shaded anc when
the shadew cast al noon onto the norhearn pavement grows
longer up the meridian to a maximum at the winler solstice,
gradually decreasing to the point of disappearance at noon
on a centain day in March.

To test his theory, Coisworth made several model pyramids
and cones andlaid them out on carelully diagrammed paper.
On fhese sheets ha marked the outline of tho shadow cast
by the sun each half hour during a period of several months.

To his satisfaclion Cotsworth was abte @ prove that the
pyramid was the best shape tor the purpose. The pyramid
was more easily oriented to a perfect norih, its flatslope was
easier 1o angle, and ils sharp edges cast a better shadow.
Also, the actual struclure would be easier to build o lthe
required height in the form of a pyramid than a cone.

To measure the Pyramid’s lengthening and shortening
shadows, Cotsworih realized that @ wide and perfectly lovol
pavement, or “shadow-1loor,"” shouid have been consttucted
on lhe northern side of the Greal Pyramid. presumably with
a meridian line running due north, and a pavement laid in
some geomeiric pattern to facilitate the measuring of the
shadows.

Cotsworth worked out that a slructure 484 feet high. such
as the Pyramid of Cheops, would require a *‘shadow-floor’
stretching 268 feet northward of the base in order 1o include
the {ull length of its shadow at ils longest point, at the winter
solstice in December.

To verily his theory, Cotsworth saited for Port Said In
November of 1900 aboard the P. & O. liner S S, Osifis. At the
Giza plateau he found the north side of the Pyramid of
Cheops reasonably clcar of rubblc and the rocky pleteau
leveled o the sequired distance. At the level of the main
platform on which the Pyramid rests, he fourd a pavement,
or “shadow-floor,” which extended as far as the remains
of an old wall which had onco surrounded tho pyramid
complex.

Inslead of belng paved In adjacent sauares, Cotsworth
found it 1ald in altemate halt squares, which provided twice
the number of juncticn points by which to measure the daily
shadow of the Pyramid atong the meridian at noon,

To support his observations, Cotsworth made a series ol
photographs of these shadows as they grew shorter toward
the verna! equinox. To his delight he found that the paving
blocks had been cut in widths very closa to tho 4.45-fcot
gradation by which each noonday shadow succeeded Ihe
former as they appioached thg vanishing paint in March.



Pholcgraph token by Cota-
warth showing shadow cast by
Ihe sun close to the base of
Pyramid at noon ol tho last
day betore the intended
equinox, The negative was
stolen and tho print has suf-
fared in reproduction; but the
pattern of shadow can be
measured on the northemn
pavomant,

It was only thus, says Cotswarth, “that the ancient priesis
could havo established by physical observation of tho
shadow on the flagstones, the precise length of a year to
24219 of a day.”

William K:ngsland, a protessor ot astronomy, commenting
on Cotsworlth's conclusions, pointed out that some of the
paving stoncs arc¢ aclually laid at all kinds of irregular angics
and corners; bul the corners of these slones are clearly cut
ou! 10 (it Into the adjolning stone—Inaicating, if anything, an
even more sophisticated geometric pattern.*

Yo make up for the summer half of lhe year, when thore

* According o Ktngstand, Cotsworth’s leveled rock aieu did nol
extend 208 feet north from the northem base of the Pyramid, but
cnded et a dislance ol only 33 1/2 fcet, whoro theio ars the remoins
of & surrounding wall 9 1/2 feet thick; bul thero is no way of tolting
at what time this wa!l was buill. or whether the pavement may not
have onca continued beyand il, and been dismantled by |he Arabs
10r building blocks.

Deilberately broken paitem
ol paving stones observed by
William Kingstand on the
nort stde of the Great Pyra-
mid, apparently intended for
finar mathematical measure-
ment of the sun’s shadow on
succcssive doys end yeers.

was no shadow on the northemn siope ol the Pyramid,
Cotsworth figured that the priests could have subdivided and
tabulated the intervening months.

In this he failed to realize 1hat the soulhetn face of the
Pyramio, betng highty polished, could throw a triangle. not
of shadow, but ol sunlight onto a southern pavement during
the summer months, quite as definite as the winter shadows
thrown on the norlhern side.

From May to August the south face would cast a triangular
refleetion of the sun onto the ground which would shorten as
it approached the summer solstica, the shostost being at
noon of the solstice, lengthening again tilt noon of the last
day of summer.

Noon rellections weould aiso oe projected every day of the
year trom the east and west facas. But this was to remain for
David Davidson to estabtish.

From a study of the shatper siopes of other pyramids,
such as of Saqqara, Meddm and Dashur, Cotsworth deduced
that thair bullders may have aimed these slapes not at the
aquinox, when ihe sun ig midway, but at the summor soistico,
when the sun is highest in the sky at noon. Sneferu's pyramid
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Oavidson's disgram of the
refiections of sunlight cast by
the Pyramid 8t noon of the
summer solstice.

at Dashur, with lis milder siope of 43°, may have been almed
at the winter solstice. when the sun is lowest at noon. From
the gradually corrected slope of Sagqqara and the change in
anglein the bent pyramid at Dashur, Colsworth concluded
that the Egyptlansmay have progressed northward to the
“truer’* pyramld form. or 7-shaped pyramid, at the thirtieth
parallel, where morning and alternoon shadows form a seties
of perfactly straight lines.

In this, Cotsworth was supported by Joseph Norman
Lockyer, the eminent British astronomer, who taught
astronomical physics at the Royal Coltege of Sclence. Lockyer
noted that pyramids other than that of Cheops appepared to
be oriented notto true north but to the riging sun at the
solsiice, which chranges with the lati/tude of the place of
construction,

According 1o Cotsworth the pyramids were originally
developed from mastabas or raiged tarraces built 10 support
an obelisk. To lengthen the shadow, the obelisk was
successively ralsed on higher sloped platforms, which
eventually wined into stepped pyramics.

R '*

( W '

l ? '

| N

I (

Il . /|

SRCTIST W, REMEXION |
crnevean /|

e =
S T e——
e
SHORTEST 5. RLFLENCH OF = ..
THE YEAD A B o et o

SHOOTEST E. DEFLETON
O THE VAT

Davidson’s diagram of winter
shadows ond reflections cast
by the Graat Pyramid. Left
figure shows the noon shadow
firsl appoaring October 14-15,
Other lines indicate reflactod
sunfight, Right Hgure shows the
noon thadow fiist discppear-
ing Fabruaty 27-28 Other
ilnes are paiein of refiacted
sunfight

Cotsworth points out that the oidest irue pyramid, that of
Medum, was constructed in several stages, as evidenced by
the pollshed casings at each level.

The process, says Colsworth. was developed to the point
where the resulis no longer increased in proportion to the
effort expended. A 60-foot platform which reised a 60-foot
obelisk increased its shadow by 100 percen\, but an added
platform ol 40 feet only Increased the shadow by 19 percent;
eventuaily the top platform became too small for raising an
obelisk. According to Cotsworth, the optimum design turned
oul to be the solidificd Pyramid of Cheops, with its slope set
for a particular latitude to swallow the equinoctial shadow.
Once this method ot establishing the precise length of the
year had been found, says Cotsworth, there was no further
need for enormous pyramids.

Colsworth obtained further confirmation of his theory
from a comparison of the pyramids with the artlficlal hills
bullt by anctent inhabitanis ot Britain who traced the year's
end by the longes! shadow of the year cast from vartical
cones or artificial mounds such as Silbury Hil.

Later inhabitants of Britain, such as the Drulds and
Goths, continued 1o count the year's end from Yulelide, the
Dece mber solstice.
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Silbury HII In Wilishire.
England, covers flve scres
and is bullt of over a milllon
ens of hand-moved material.
According fo archeologiate it
ig at least four thousand years
oid.

Cotsworth says that Silbury
Hill was Cesigned to have a
Moypole on top lo caet a
shadow up and down the
truncated hill and onto tho
1ewol pfain to the north, so
as to mark the four seasons
of the year.

The cone was truncated at 3

point where the sh
shadow Ihrown by the Maypole
on the lengest day of the year
Incicsted the summer solstica.
On the level plain north of
the hill a sione was placed in
the ground to mark e point
of the longest shadow cast by
the Maypale at the winter
soistice, or shostest day of
the year.

The juncture at the bottom
of the hill, where It touched
the plain, marked the spring
and autumn eguinoxes, when
1he day was exaclly as long as
the aight,

Aorial photograph of Silbury
Hill, showing 1he {ootpath
around the truncated tod.

SiLBury HiLL.

Sormn To Nowmi Secnion . S Tttt
Shewmg e Sphng flie 2h erwial Uhwus: 1y e
Cie Unether o U Scrm Boaten sos (b St ing

Scalin and Lyomensl hmatsns

D1wuid In OId Irish meant “he
who knows.'' Julius Caesar,
our Rarliast source on the
subject, coasidered the Drulds
highly educated and woll
organized In De Belid Galico
he commented: “It is aspe-
cially tho obdject of tho Druide
10 InculcRte this—tnat souls
do not perish, bul afler death
pass into othor bodies, and
they congider that by this be-
flef moie than anylhing eise
mon may be led to cast away
fhe fear ot death. aud to
become courageous, They
dzcuss many paints con-
cemirtg Ihe heaventy bodles
and thei: mction, the extent
ot 1ho universe and the world,
e nature of things. the In-
fluence and abllity of the
immontal gads: and they in-
struct the youth In these
things.”

As Cotsworih reconstructed the system, the truncated
cone of Silbury Hifl enabled the ancleat astronomers
to measuse the length of the seasons and the year by the
length of shadow cas! by a pine Maypolo, which sorved as
an obelisk, atop a hill intentionally truncated so that its edge
would also mark the summer solstice. or the shortest shadow

of the year,

Had these astronomers simply required a grezt height,
says Coleworth, they would have used the adjacent Abury
Hill, with its wide top which could easily have been raised.
But this, says Cotsworth. would not do: they required an
absolutely level piece ot ground on which to mark the
progress of the shadow. Hence they had no altemative but
to pile up an artificial hill above the level pfain. Fortunately,
in laliludes of 50° or 60°. such as Brittany or Stonehenge,
low mounds vsould give shadows long enpugh for detailed
measurement. A height of 225 feal in Wilishire gives a



the Great Py

The main chombor in Maas-
Howe. showing corbeled
monciiths whiCh could be
ctosed at the top by a single
movable slab The jointing In
this prenistoric masterpiece
rivals that of the Greet
Pyramid

The entrance passage to the
Msea-Howe observatory is
very similar 10 1hat or Epyptan

Macs-Howe, noar Stomes in
the Orkney Islands, is a man-
made cone-shaped pyramid 27
feet high and 115 feet across,
with an outer ¢lrcling ditch
45 feet wide and 700 feet In
clrcumference.

It has a 54-fool obsaervation
passage almed like a tele-
scope al a megalithic stone
to indicate lhe summer
sotstice.

Its central observation cham-
ber, corbelad like the Great
Pyramld's Grand Gallery, is
buill of megaliths welghing 3
tons, carefully leveled,
plumbea and SO fingly jainted
they will net admit the blace
of 3 knife.

shadow almost equivelent lo the shadow of the 484-foot
Pyramid of Cheops.

One of the most remarkable of these prehistoric European
mounds slill existsat Maos-Howo, noar Stonnas, in tho Orkney
Islands. It i1s equipped with a 15-fool square abservatory
chamber and a 54-foo1 slghting tunne!. The lube Is aimed al
a consplcuous man-ralsed monolith 42 chains (2772 feet)
from the entrance, which lines up with a spol on the horizon
where the sun now rises 10 days before the winter solstice.
Another monoiith, to the wesl, called the Watchslone,
indicates the equinoxes. Like tne Greal Pyramid of Cheops.
the observatory chamber is built of huge megaliths and its
ceiling is corbeled. There are also three “'retiring rooms for
the observers,” somewhat like the Queen's Chamberin the
Greal Pyramld,

Clrcular monoliths simiiar to
Stonehenge located at Stennss
in the Orkneys noar Maoe-
Howa.,

In Stonehengy, @ British
Temple Restored 10 the Druids,
which Piazzl Smyth consid-
ered 3 book “'far befgre ks
&ge 2nd perhaps nol yet
sufficiently appreciatod.” ite
authar, Dr. Viilliem Slukely,
aitsmpted to show that
cuch mogalithic circlos had
always been arranged on aven
and 1ound numbers of the
“profane cubit of 20.7 inchos
nearly.” snd not in feet or
any other krown standard of

lengih, Smyih remsiked
that although tho idco "was
pooh-pached by moare racent
anticuarians, | have reves
heard cf any of them having
ascortainod by aciual
measure at the pipce, hat
the Stukelian theory would not
hold "’

Prolessor Alexander Thom
has recently shown they aie
bult on a mogalithic yard
of 2.72 feet




An Egyption Maypole.

Varlous shaped motnds, or
“barrows," ware consliucted
n prehistoric Britaln. Cots-
worth considered Item man-
made instiuments for
observing the movements of
heaventy badles.

Alexsnder Thom oonsidera
Averbuty Cirela near Stone-
henge the greatest and mos!
ramarkable circle in
8ritain, it not in the world,
“lis grealness,” says Thom,
“does not 1i0 in its &iz0 alone
but In tne remarkabie manner
in which its arcs are built up
from a basic Pythagorean fri-
angle so that each ietains an
intcgral character, ond in the
exceedingly high precision of
thé setting out, a precision
only surpassed today in high-
class survaying.

Romains of “Old Sarum,” an
ancient Brillsh siepped
pyremid,

The Scotlish lairds in resldence at Maes-Howe—aor
Maiden’'s Mound—still plant a Maypole on Ihe originally llat
1op, perpeluating the ceremony begun when observations
were made ot the shadows cas! by the pole on the fial terrain
to tha north of the mound.

In England throughout the Middle Ages and the
Renaissance, the Maypole with its tall garianded and
decorated shaft {stowed away for the rest ol the year under
the eave ol a house) was set up an May Day. When Cromwell
ceme to power he banned tho Maypole. As the National
Encyclopedia puts it: “The Puritans, to whom we owe the
loss of so many of out public games, and 50 much of our
merriment, ordereg ali Maypoles 10 be destroyed by Act ol
Parliament in 1644, ac a ‘heathenish vanity, abused to
superstition and wickednoss,' and finod the ccnstablos five
shillings weekly as long as they slood.”

The cusiom was revived with the Restoration, and the
last Maypole erected n London—all of 100 feet high—stood
on tho spot where the church in the Strand now stands near
Somersel House, it wes takendown in 1717 and conveyed to
Wanstead Park, In Essex. where it was fixed as part ol the
support of a large telescope set up by Sir 1saac Newton.

A glance at the outlines and cross sections of the
pyramids of Saqqara, Dashur and Meddm will show that, like
anclent British observatories, each had a sighting passage,
pointed at a northern star. The passage ended In an



the Great Pyramid

The origino! bullding of tho
slepped pyramid was a
mastaba 83 melers square
buift of coarse rubblo cased
with fine white timastone
avove a square pit.

The origlnal entranco was
through a hole in the rool
ditecily Into 8 28-meter shelt
lined with granite. The mastaba
was suhsequenlly heigktened
into & stgpped pysamid by
the superimposition of
thrae more tarraces. Ex-
tended eastward {ostensibly 1o
include greves for Zoser's
familyl}, the struclure
was then a rectangle
120 meters by 108. Two more
alories were addad so that
il bucame a six-slep pyf@nld,
cased with finc limestone, at
a sfope angle of 72° 30° A
second enlrence was placed
in the norlh face leading
down ‘a rock-cut filght of steps
to a4 more restricted
“sepulchsal chamber.”

The building was attributed
to King Zoser (o1 e Thitd
Dynasty) on the basis of his
cartouche on eome stones and
Is pelieved to have been
erected by his fabulous
architect Imhotep.

In 1929 Frith found a bas-
relief in the pyramid deplcting
2oses, and in the 1050s Prof.
Lauer tound a mummified 1001
which he belleves lo have
bean Zoser’s.

Slepped pyrami¢ of Saqqasa.
betieved 1o be the oldest
Egypilan pyramid.

SAQQARA.
PYRAMID  OF f
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The pyramid of edtm, on a
square base af 144 melers.
nses 92 metess high, and Is
2o situated that it i6 a lond-
mark for mies in atl
dlrections.

Mot of the outside limestone
casiyy, which sioped al
5§17 52'. has been amoved.
showing that the pyromid
was bullt in seversl stages
fiom an original mastaba
about 20 meaters long, with
slopes ot 758°

The pyramid giew In s@ven
stepe by moane of ¢ sericd
of accretion walls. each of
which was cased in fine white
limestono: evenluaily tho
spaces beiween tha steps
werte filled In. and the
ontlre pyramid cased with
white limestone. most of which
was removed at an early
dato (possibly during the
reign of Rameses 1) thoudh
vorlions remaln. Three
occretion faces are presently
vislble

The base is still covered with
sand and debns,

An enltanca ca the north
side, 30 metsrs aboveqrotmd,
lecde down a ramp 57
meters Iong, sfoping at 27¢ 307,
ta two aniechiambers and 2
vertical shait in the conlar
of the building. The shaft
rises b Ihe “‘sarcophagus
chamber,” which has a fino
corbeted raot of limestang buiit
In seven steps.

In 1891 Pelrie found frag-
ments of a3 wooden coffin
betieved lo have belonged to
Sneleru; so the oyramid has
bean attribuled 1o Cheops®
father.

e o

MAIDUM.
FYRAMID OF

SNEFRU
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Snefaru's blunted or rhom-
baical pyramid ar Dashur
is 190 melers square al \he
base and 100 melers high. The
lower ponfon slopes 54° 41",
the upper postion 43°. The
casing is of fine white
limesiona; the body Is belleved
to be of ccarsee limeotone.

These are two entrances,

one oa the north and one
on the west side, leading to
two main chambe:s

The noithern eatrance is 11
meters aboveground in the
cenlar of Ihe lower face and
leads down a ramp inclined at
28+ 38’ for the firs1 13 metera,
fhen at 26° 10° for the
remaming 65 maters. A shart
horizantal pagsago 12
metars high jeads to a line
chamber whose roof Is
corbeled on sll four sides.

The western enliance, which
Is 29 meters above (he bass,
leads to a ramp deaconding

at 26¢ 36’ for 63 melers
o a norizenlal passadge with
iwo portcullis stabs end a
chamber with a roughly
corbeled root

D/ ( ,"-'." %
DAHSHUR. 7

PYRAMID OF

SNEFRU #

Cotsworth’z axplanation of
Duuidical circles such as
Stonehengs.

observallon chamber with a cotbeled rool with a small
opening Just at ground level presumably for sighling a star
dicectly ovethead at the zenith, or for lowering a plumb line
to coincide with a line sighted down the sloping passago.
The simllarity to the structure at Maes-Howe is indeed
amazing. Yet Maes-Howe has aiso been considered as
nothing but a burial chamber. A recent writer on Maas-Howe
discarded the theory that tho mound mighl have had
astronomical significance, 3aying that the belief is accepted
by no “serious students of archeology."

Sclentists of other disciplines are In disagreement, and
have produced Interesting data on the orientation and
purpose ol megalithic monuments.

in his Megalithic Sites in Britain, published in 1967.
Professor Alexander Thom, who for many years held the
chair of Engineering Science at Oxford, shows how the
slone and wood henges ot Britain of the seeond millennium
8.C. were aligned on certain stars, were planned on the
basis of a geometry which anticipated Pythagoras. and
were uniformly bulit on a unit of measure which he calls a
megalithic yard of 2.72 feel or .820 meter.

Acoording to Thom, megalithic sites in Britain served the
purpose of calendars and clocks, During the long winter
nighls the anly indicators of time were the stars. By observing
the rising and setting of stars ol the first magnituds, or their
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transit over the meridian, it was possible to tell the hour of
night.

Thom says Ihat in Britain between 2000 and 1600 B.C.
Ihere were aboul ten or tweive stars of the fist magnitude
whose rising ang setting could be ctearly observed. Thom
also found a great number of stonos sat to indicate the point
of rising and sctting of Jirst magnitude stars, and many
slabs and alignmenls which accurately maiked the merldian.

For such pointers to be accurate the observer also had
to know the date. This was obtained from the sun calendar
arrangement of the stones.

As for the accuracy ol the alignments, Thom says the
ancien! engineers managed to raise perhaps ten thousand
megaliths from one end of Britain to the other, and set them
with an accuracy of 0.1, \When thoy wanted to, says Thom,
they couid measure with anaccuracy of 1 in 500.

A. J. C. Atkinson. professor ol archeology at Univeisity
Coliege, Carditl, an authority on Stonehenge, ana a severe
critic in this field, concludes from Thom's dala that a high
degree of competence in empirical astronomy cxisted in
Biltain 4000 years ago.

This supporls the data ol the contemparary Greek
astronomer C. S. Chassapis, whose analysis of tho Orphic
Hymns indicetes that the Greeks of the second mitlennium

B.C..also had an advanced knowledge of asironomy.* These

ancient Greeks, says Chassapls. knew that the seasons were
caused by the earth’s rotation around the sun along the
ecliptic, and had determined the torrid, temperate and frigid
zones. They had established the equinoxes and solstices,
and ¥new that the apparent daily rotation of the stars in

the heavens was due 10 the earth's rotation on its axis, which
formed a northern pole in the sky. This knowledge, says
Chassapis, was taught by the Orphics to the initiate who
distinguished between the “liery” stars and the seven
planes which they called by today’s names. The second
millennium Greeks used a calendar of twelve conjuctive
moniths from full moon to full moon, and accepted the pres-
ence of mountains on the moen, Theybelieved that all phe-
nomena were goveined by a universal faw, and concelved
that space was filled with ether.

Lyle B. Borst, profassor of astronomy and physics at
New York State University in Buffalo, in an article in Science
(November. 1969). notes that more than forty churches,
mosques and temples have now dbeen identifled from Norway

* Greek Ast10nOmy in the Second Millennivm B.C. according (0 the
Orptic Hymns, Athens, 1967.

Many churches in Europe
continued to build with fheir
lowers oriented to the cardinal
points, or ta mark the
solstices snd cquinoxes.
Othais wero otiented lo the
sunrise of the szlnt for whom
they were named.

St. Peters Basifics o Rome is
oriented due east o (hat at
the vemal equinox the
qreat doors can be thrown
apen at suntise and the sun-
rays passing through the
nave wil ilumnate the
high altar.
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to Egypt, all laid out in megalithic yards of .829 to 840
meter.*

Protessor Borst, who went 10 Engiand t0 make a mode)
of Stonehenge to demonstrate to his students how astronomy
was practiced before there wese letescopes, suggesis that
the axes of many early Chiistian churches in Britain are
fald out on top of megalithic foundatlons originally deter-
mined by an alignmeni with stars; he suggests that Canter-
bury Cathedral was aligned with the equinoctial rising of
Betetguese about 2300 8.C.

Borst also shows that the geometric plans of the mega-
lithic monuments were ohtainex by means of 3—4-5 triangles
and other right-angled triangles laid along the axis of stellar
observations,

Alfred Watkins, in his The Old Straight Track, published
tn 1920, pointed out that many churches in England were
situated on sight lines between beacon points and that
ancient man was inclined to trevel in a atraight line from
beacon 1o beacon. The churches served as relay points,

WaltkIns suggesied that where topographical features
were lacking, observatlon towers were huilt, and such geo-
detic points, initially guarded by the surveyor priesthood,
remained hallowed spots even after the rcason for them
had been forgotten. Later asrivals built churches on these
spots. asis indicated by Bede who reports that Pope Greg-

* Il 840 melet is taken az 3 mogalithic yord, thore are exactly 275
such yaids in 3 231 meler basa of the Great Pyramid ot Cheops,
220 in the apothem and 175 in the height.
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Exampips of tiish and other
round towers.

Thete are remains ol some
120 observation lowers in
Iretand. twenty of them etill in
good condition. ranging
in helght from 80 to 132 feet.
Tho tower st Kilicullen is
1he highest.

Buill near churches beiween
the eighth and thirteanth
centunies, ;me2 lowers have
doo: and window jambs that
are narrow like tho doors
of anclent Egyptian femples.
which served to mmasuie the
shadow of tha sun in its
dally and seasonal
movements,

ory | explicitly ordered Blshop Miletus lo build churches on
pagan shrines.

In the Middle Ages in Ireland, Catholic monks stilf used
tall conica! towers with carofully oriented openings at the
top to observe the skies and record the passage of the days,
months and yearss by shadows on the watts and iloors.

These "“Round Towers,” as they were called, were fitted
tor Polaris observations al the north window, for transit
obsarvations at the south window, and for noting the moment
of the rising and setting of heavenly bodies at the east and
west windows. H. G. Wood in his /dea! Metrology says that by
threads drawn across the openings, like the spider lines in
a telescope, the exact position of a star could be noted. The
walls being two or three feet thick, the solar shadows of the
jamb and lintel cast upon the floor within would show the
hour of day and the time ot the year. Every month could
have its transit floor-mark.

Similer structures have been found in Francoe. In a booklet
oddly entitled Falfcosn, privately printed in 1970, the author
Maurice Guignaud. a French ariist and ceramist.
describes asmall pyramid in the south of France builtin the
thirteenth century by Knights Templar on their return from
the Middle East.

Gulgnaud observed that ar solar noon of the autumn
equinox of Sepiember 21, 1969 (which in that region occurs
at 12:53 P.M.) the pyramid projected no shadow on the
ground around it. Guignaud also noted that a raised area
in the doorway caused the sun lo cast a shadow that
precisely split the end of the entranceway.

Cotsworth 100k several moie
photographs at the Great
Pyramid to IRustiate his
thesis. byt most of tnese were
sicleri irom his carriage and
irretriovably loel, This par-
ticuiar photograph. laken i
1900 by & third party, shows
Cotsworth seated on a
camel with the Sphinx and
the Greal Pysamid as & back-
ground. The white.whiskered
Arat a1 Iha extreme right
is none other then the inde-
Istigable Ali Gabrl, now
over seventy, who added
Cotsworth 0 the lisl of Greal
Pyramid explorers he guided
round Giza since the time ot
Cavigila and Howard-Vyse In
the 1830s.

Atthe equinox Guignaud measured the shadow of a meter
slick heid vertical at noon and found it to be exactly one
meler long, whereas on June 23 it cast a shadow of .80 meter
and on December 22 a shadow of 2.52 meters.

Guignaud found that this exolic truncated pyramid, which
is known by the welrd nasiis of Ratapignata or “The Bat.”
was also built direclly over two subterranean pits, one almost
above the othet, and that carved signs on its walls In-
dicated ithad boen usod for astronomical and astrological
observation.

According to Cotsworth, the vatue of anclent astro-
nomical observatories cannot be overesiimated. The im-
portance of es:ablishing the exact length of the year so as to
know when to plant and when to harvest crops could mean
the differcnce between famine and plenty.

Far from being Professor Barnard's *'stupendous monu-
ment of folty,” the colossal etfort employed by the anclents
in bullding the Great Pyramid (or the million-ton mounds
of the Britons) would have had a vital effect on the citizenry,
redounding to the benelit not only of the bulldars, but of
countless generations 10 come.
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Archeologists give varying
opinlons as to tho age of tho
Sphinx. Petrie considered it
possdly prehistoric. Budge
refutes ite boing prohistorc.
thost Egyplologists assign
It to Kephren's reign in
tho Fourth Dynacty.

The Sphinx faces aue east,
whlich indlcated 1o Cotsworth
that it was usod at a sighling
device by priests who ceutd
stand on ne flat plattarm
of its rump and sight the
rising sun In a direct 1ine 10
the toilzon miarked by Ihe
point of the asp on the crown
on tha Sgphinx. Cotsworih also
fourd a setles of ancient
lines fanning out from
the neck of the Sphinx which
could have seeved to indi-
cato the point of sunrise at
dilferent dales Ifrom soistice
1o equInox,

It hag repoetadly takon
sevaral nundrad men several
years to clear the sand from
its base and roveal a dix:tiered
obrlick agalnst iis chast
(now missing), which
Cotsworth bclicves wes
used for sighting the midday
sun, Each time the base
wes Gleared, windstorms filled
It again with sand, indicating
that when the Sphinx was
originolty built the Sehata was
almos! eartainly net
a desert,

Lancelot Hogben in Science for the Citizen says that
*the continuity of careful observations which precedod, and
the precision involved in settling the exact length of the

year, entitle this ach 1t to be regarded as one of the
hail-dozen great cuitural feats in the history of mankind*'

With the present availability of cheap watches, radio
signals and published almanacs. one is likely to underestimate
the value 10 anclent people of a reliable system for telling the
day, the season, the year, and, most :impaorlant in Egypt,
whare the entire system of agriculture depended on the
swamping of the arable lend, the forthcoming fiooding of the
Nile.

For three-quarters of the year the Egyptian peasants
would leave their protected villages on the hllisides and
move into the flatland with their families, livestiock and most
of their belongings, to plow. seed and harvest the fields.

When the time came to move their families and befongings
back to the hills, they requirad at least a fortnight’'s warning
lost thoy linger too lang and be cut off and drcwned by the
yearly rising of the waters.

According te Cotsworlh, all efforts at tracing the number
of days in the year by purely seasonal signs would have
given imperfoct and variablo results.

In the early dynasties tho flooding of the Nile was said to
have been heralded by theannual heliacal rising of Sirius,
known 10 us as the Dog Siar. Once 2 year. with Ihe first
ghimmar of dawn, Sirlus, a bright star of the first magnitude,
would sppear in tha eastern sky and dominate the heavens
till its sparkle was eclipsed by the splendor of the risen sun.
This stunning phenomenon was taken by the Eqyptians as a
sign that the Nile would be flooding In about twenly days.

But the flooding of the Nile is governcd not by the stars
but by the sun melting the snows and the rain falling in the
Ethiopian highland sources of 1he Blue Nile To have
continued ta date 1he ilooding by the rising ot Sirus wauld
have gradually brought tho phenomonon out of phase.

0. Muck, in his Cheops and the Great Pyramid, postulates
tha! as a iesult of a series of disaslrous inundations during
the reign 0f Cheops. the Egyptians were obliged to change
from a stellar calendar ot 365 2563 days to a solar calendar
of 365.2422 days, and that the historic Cheops introduced a
new calendar by which an extra day was added every four
years of 1460 days {0 accoun! for the difiering fraction.*

* According to Muck tho now calondar was dosignod for Choops not
by an Egyptian but by a light-ckinned European who brought to
EgQypt an otder, more accuate calendar such as that of Dardanie.
Nuck says there is archeoioglcal evidence that Cheops marrizd a
light-eyed, whliesskittned Eusupean with teddish-blond halr who
bere him a blond, blucsyed daughler whom Cheops gave In
matriage to 8 European known as Didoufri who reformed the
calendar and redesigned his pyramld. Other Egyptologisis suggast
that Cheops® wifo, who i represantod as a blonde in the Giza lomb
of har daughter tMeresank [fl, may be merely wearing a wig. Such
divergencies give a slight idea of the general lack of concurrence
among historlans of Egypt. But there Is no doubt thal the Egynilans
developed two Hasic calendars, a civil catendar of 365 days, and a
cothic calendar one-qQuarter dsy longor. Tho extra quarier doy
caused the soth:c New Year to fall back ono full day ovary four
years s0 hat each and every day of ihe civll calendar coinclded
with the New Year over a geriod ol 365 X 4, or 1460 years. unlit the
New Year once mare fell on Its original July 9. Hence was
acoereted what wes known as the sothic cycfe of 1460 yeats.

The double dating of scthic and oivil years appeas in maay
Egyptlan dooumonts, 50 thatit has boon possiblo to ccconstruct the
years in which the sothic new year coincided with the original now
year and estabilsh 1hat sothic cycles began in A D. 140, 1320 B.C.,
2780 B.C.. and 4240 B.C,

Muck and others besieve lhe foundailon of the sothic calendar
occurred In the 2780 cycle, but Schwaller de Lublkcz s conyinced
from his study of anciont texts and hieroglyphs that tho year was
4240. He says that tradition always placed the helizcal rising of
Sirius in the consteilation O the Lion, and that this was so from
4240 on. The main objection 10 such an early date i the conviction
of Egyptologists that \he anclent Egypilans were not yet equipped
for such careful astror.omical observation.

That the Egypliens handicd astronomicol cycles of even greator
duration is indicated by inscriptions recently found by Soviet
archeologisls in newly opened graves duting the period of their
work on the Aswan Dam. Here the cycles appear 10 cover periods
ot 35,525 yeass. wilich would be ihe equivalent of 25 cycies of 1461
years. The apparent discrepancy ol ore year in this recording of
cycies is due to the sothic cycle of 1460 years being the equivalent
ol a civi cyclo of 1461 years. According to #duck thoro wore throo
main cycles one of 365 % 4 — 1480; snother of 1460 % 25 — 36,500:;
and a third of 36.500 X 5 = 182,500 years.
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Pholemens Argyptuus

Dorer's woodcut ol the 2odlac.
In the course of a year the

carth makes a 360° circle

round the sun, Seen from the

earlh, the sun appears

to movo through a circular

beit of constellalions, These
are the stars of the zodlac
Far convenience, the zodiac
Is divided Int0 welve
constellations, so that every
manth at sunnge a new one

AR

appears to the earth viewer

in the eastein sky; and every
year tho scquence is
repeated. with a sitgnt preces-
sion owing to the eadh's
wobbla on its axis.

Schwallcr de Lubicz in s Le Temple de I'Homme
maintains the pharaonic Egyplians adopted neither the
sidereal nor the solar tropical year, but a Sothic year based
on the cycle of the fixed star Sirius, which is exactly 365.25
days, According to this archeologist and philosopher, who
spent twelve years at Luxor measuring and studying its
temples, tombs and hieroglyphs. the mere fact that the
Egyplians were able 10 note that Sirius is the only fixed star
with an unvaried cyele ot 365.25 days denotes an extremely
long period of previous careful obsarvation.

From the texts itis clear, says Schwaller de Lubicz, that
fong alter the heliacal rising of Sirlus was no longer a visible
phenomenon, it continued to be accurately computed by the
priests ot Heliopalis, who then broadcasi their observations
to the other temples of Egypt, there being a difforonco of as
much as 4 days between the heliacal rising as noted at
Thebes and at Memphis,

Muck suggests that to dramatlze the Importance of the
1480 cycle the figure was built into the pavement around
the Pyramid of Choops in such a way that a cortege of
priests dressed in white could liturgically march round the
pyramid rythmicalty counting out 1460 paces—which were
subdivided Into 25 inches, and again subdivided by 5.

By coincidence, Muck’s pace of 25 inches Is the same
fength as Newlon's and Piazzi Smyth’s sacred cubit, one
hundred of which form ihe side of an English acre.

One incontestable daduction wasdrawn by Schiwallerde
Lubicz from the existence of the sothic calendar and the
shifting of the annusl festivals of the civll calendar: the
ancient Egyatians must have been cognizant of and able to
measure the phenomenon known as the precesslon of the
equinoxes.

To obtain a simple picture of the precession, an earth
obsorver In the northern homisphere should be looking due
east just before sunrise al the spring equinox. As the dawn
tints the sky the observer will see a constellation on the
eastern horizon: nowadays it is Pisces. In 2000 B.C it was
Aries. In 4000 B.C. it was Taurus. In A.D, 2300 it will be
Aquarius.

The entire circle of the zodiac appears to be stipping
back in relation to the sunrise al the equinox. at the siow
rate of about 1 degree In 72 years: 30°, or one constellation,
in 2160 years; and 360° in 25,920 years.

This precession of the equinox is said to have been dis-
covered by Hipparchus In the second century. But a number
of anclent representations of the zodiac bear the note:
“The Bull marks the baginning ot spring.” This has been
interpreted to indicate that astronomical observations of the

145
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constellations at the equinox were belng made at feast as
early as 4000 B.C.

The phenomenon of the precession was not expiained till
Newton postulatod that tho earth's tilted axis was wobbling
as it spun, causing the celestial pole of the earlh’s axis
10 draw a slew circle in the heavens around the fIxed pole
of the solar system, the pole of the ecligtic. To an observer
on earth watching the sunrise at the equinox, this slow
circling has the effpc) of making the equinoxes occur about
20 minutes earlier each year in relation to the zodiacal
constellations then visible in the sky.

To have figured out the slow rate of the precession of
the equinoxes, the ancient £gyptans must have had an
appropriate system and equipment. According to Cotswoith,
to devise an accurate star calendar to record the apparent
movement of the stars around the heavens, someone first had
1o devise a structure that would provide a pertectly eriented
meridian tor the observation of stars in relation to a fixed
point on earth,

According to Muck, to have an accurate sun calendar.
with which to establish the solstices and equinoxes, someone
would have had tobuild an enormouslty high obelisk.

Sir Gaston Maspero, director of the Department of
Antiquities of the Cairo Museum, found a curious hieroglyph
in inscripiions around Sagqgara for which he coutd find no
explanatlon® an obelisk atop a truncated pyramid, witha
solar disk batanced on top of it. For Cotsworth he kindly
made a drawing of it.

To Cotsworth the similarity of Maes-Howe. the Silbury
Hill Maypales and the obelisks atop a mastaba or unfinished
pyramld was Inescapable Only, how did this lit with the
Pyramid of Cheops?

Rishard Anthony Proctor.

XIl. ASTRONOMICAL
OBSERVATORY

That the Great Pyramid had originally boon designed

as an astronomical observatory and that it had contained
reproductions ol the celestial spheres was repeatediy
reported by Arab historians; yat none could put torward a
sensible sofution as to how its steep polished sides could
be climbed as an observatory, or its intefior passages
employed for observations; that is, until the appearance of a
book shortly before the turn of the century by the British
astronomer Richard A Proctor, ealled The Great Pyramid,
Observatory, Tomb, and Temple. Proctor found a reference in
tho works of the Roman neoPlatonic philosopher Proclus to
the effect that the Pyramid had been used as an observatory
tefore its compleiion. Analyzing the report, which appears in
Proclus's commentary on Plato’s 7imeaus, Proctor thoorized
that the Pyramid might have made en excetlent observatory
at the time it had reached the summit of the Grand Gallery,
which would have given onto a large square plattorm where
the priests could observe and record the movements of the
heavenly bodies.

Proctor’s theory was so shockingly simple that it was
quickly ignored by academic Egyptologists. who wete as
skepilcal of its astronomical value as they were of the value
ot Stonehenge or the other megalithic observatories
scattered about Europo.

In order to create a firm body of astronomical data, the
ancients needed a true merldfan on the solid earth from
which to extrapolatea meridian across the heaveniy vault, so
as todetect the precise moment when stars, sun, planets and
moon transited this moridian in their apperent rotation
through the heavens.

In Proctor’s analysisthe buildlers ol 1he Great Pyramid
had accomplished such a feat by building what he, as a
modem astronomer, considered the only sensibla inslrument
short of 2 groat modern felescope.

On the Giza plateau, in the heart of the Great Pyramid,
they lirst built a huge graduated slot. periectly ahgnea on the
meridian. Through this siot they could observe the apparent
movement of the panoply of stars, accurately noting their
several transits.

Proctor describes in detail how the anclent architects
woutd have gone about bullding such an obsesvatory. To
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indian astronomical observa-
tory arooted at Delhi by the
Manarglah of Jalpur cousists
of a §&-loot triangular

structure which caats a
shadow onto an arc of
masonry catibrated in haurs,
minutes and scconds (lop).

Anothat Indien observatory
al Benares. known as Yanira,
provided fixed angles 10 check
the position of the stara.

Mertdian slot tar cbsenving
the transit of the sias.

The stars appear to be carrled
around the pale of the heavens
as It they woro fixed points In
the Interior of 4 hollow revolv-
ing sphere. It is therefore pos-
sible to determino tho position
Of the pola. even though no
bright star actuaily occuples
Ihat point. Any bright star close
to Ihe pole revolves in a small
circle whose center Is the polo.

obtain a true north-south fine for their temestrial meridian,
they would have observed across tho tops of a couple of
upright plilars whatever star was closest to the celestial
north pole (the point around which the stars appear (o wheel
In thelr dally motlon). then found the star's culmination. or
the top and bottom of its circular palh. A lin@ through these
two points, which could be maasurad with an ordinary plumb
line, would be true norith; and any such northern star wouid
do, as all move in a small ciscle round the celestial pole.

Follswing the suggestion of Sir John Herschel, Proctor
conciuded that It might have been atpha Draconis, which was
3° 43’ from the pole in 2160 B.C. and again in 3440 B.C. The
French astronomer A. Poge suggests thatthe ancients could
have used X! Mizar of the Great Bear any time before 1500;
bul alpha Dracanls fits the rest ot Proctor’s theory quite
adroltly.

The question of the method of orienting the pyramids has
been ihe object of a detailed study by the Egyptoloalst
Zbynek Zaba in a recenl monograph for the Gzechoslovakian
Academy of Sciences entitled L orientation astronomique
dans I'ancienne Egypte et 1a précision de I'axo du monde.
Far from considering the pyramids monuments to the
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Proctor's dosign of how tho
Nonh Star was sightad along
lhe Descending Pussage.

megatomaniac pride of some theocralic despol, Zaba
considers lhem monuments incorporating the cultuie,

scienco and technology of the timos In which they were
built,

The documents adduced by Zaba prove beyond Queslion
thatthe Initiat operation in erecting an Important structure in
Egypt was lha ceremony of the “strelching of the cord,"” by
which, through the observation of the culminalion of some
circumpolar star, the north-south direction was determined
and marked out on the ground.

An inscription, lransiated by Johannes Damichen,
describes this royal ceremony: “Looking up at the sky at the
course of the rising slars, recognizing the &k of the Bull's
Thigh Constellation (our Great Bear), | establish the corners
of the temple. . . ," “Dlimichen says the word 3k represents
the star's cuimination as it passes the meridian.*

Having transferrad a true meridian from the sky to the
ground, the ancient architects, says Practor, could have
begun lo consolidate this line by digging it into a descending
passage throuah Ihe live rock. using their polar or circumpotal
star to guide the tunnel downward at precisely lhe angle ot
its rays.

Such a crieam-white tube, says Proctor, would have given
perfect stablilty 1 this lundamental glrectional line, and the
longer the passage the truer its orientation.t

For alpha Draconis, al 3° 43’ from tho polo, to have shone
directly down a passage at the thirticth parallel, the passage
would have had lo be InClined at an angle ol 268° 17°—just the
angle of the Descending Passage beneath the base of the
Greal Pyramid.

Proctor points oul that there would have been no question
about the advantege oi 1aking the lower culminetion of such
astar In preference lo (s upper one: using the botiom of lis
circular path as a fixed point would have required far less
depth of baring lo reach a point directly beneath the center

* The mendian, Or great circle through the earih’s celestial

poles, s the plane In which alt Yw Lieavenly bodies culmingie, or
obtain Ihe highest point in Lheir passsge midway from the eastern
lo the westen horizon as seen lrom the carth. Circumpolsr stara
havo a high and a low culminating poini on the meridian sbove and
below the celestial pole.

t Tho advantage of digging such a tunnel is obvious when compared
wilh whst would have been nvaded 1o &chieva tha same result
aboveground. Someone would have hiad to hotd 2 plumb iine 100
yards high standing at 8 distarice of 200 yards trom 1he observer,
who in tum would have had 1o line up the tap of (he ptumb tine with
the polar star by night ot a slant distance of 260 Yards—without
bonofit of a telascope.

taNorth Star
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How the central point of the
Pyramid base could be loecated
by knowing the angle of the

Desacending Passage,

Reflecting peol al the |
of the Descending and
Ascending Passages.

of the proposed building, which was the next objecl of the
operation,

The Iheory psovides an explanatlon for the qulie
extraordinary straightnass ot the walls ol the Descending
Passage, as measured by Petrie, who was astounded to find
a mean variation from a central axis along the entire length
of 350 feet of less than 1/4 inch in azimuth—from side lo
side—and only .1 inch in altitude—up and down. In the part
nearest the aperture, which was to be lhe most imporiant, the
exactness is even greater, lhe mean error amounting to less
Ihan 1/50 inch!

Once the ancients had measured the length of Ihe
Descending Passage and lis angle of descent. It would have
been simpie. by elementary irigonometry, 10 locate a central
spol immediately above the end of the Descending Passage
as a center for tho proposed pyramid—even if this were on
roughly elevated ground.

With a cenlral spotand atrue meridlan, the archilecls
could sel about laying the socket holes for a square base
and begin 10 I3y courses on a levaled platiorm. To obtain
true levels, Proctor surmises thal the ancient bullders used
water troughs in conjunction with the light rays trom the slar.

By contihuing the tunneling up through the lower tiers
ol Ihe growing pyramid, they could mainlain a precisc
orientation for at least the firsl ten courses, or unlil the lunnet
debouched from the narrowing side of the growing pyramid

Therealter thelr polar slar would nolonger serve directly,
and a new system would be needed lo continue the meridian
alignment upward in thie Pyramid. For this, says Proctor, the
bullders hil upon the idea of creating an Ascending Passage
at precisely the reflecting angle of another 26> 17°. By
plugging the Descending Passage and tilling it with water,
thiey could reflect the polar star back up an Asconding
Passage and continue to kosp the paasagetruly aligned and
the buitding level a3 it rose anolher score or more ot courses.

For the Descending Passage to have held water, says
Proctor, [tsmasonry al the point of juncture would have had
to be of hard rock, carefully joined. For no othor apparent
reason, the stones at this particular poinl are quile different
from the rest of the passage, much harder and smoother and
more finely jointed. In fact. the feature escaped observation
tin 1865.

As Proclor expressed it in his Victorian style: “By using
the known properties of liquids combined with the known
property of light rays, the ancient bullders were able lo
orient and level a bullding 10 a very great height."”

But to what purpose? Of a sudden the constricted
Ascending Passage changes to an overlapping gallery 28 feet
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Intorior of the Grand Galiory
(about one-quarter of its
length) showing how Il couid
hava baen used to observa
the stars clicling In the
southern sky.

high, in no way essential, or even desirable, io inCrease or
maintain accuracy In orientation for the mounting courses.
Yet so extraordinary an architectuial design, so carefutly
executod, must, says Proctor, have served some definite
purpose.

Analyzing the prablem Irom the gaint ol view ol the
astronomer rather than the architect. Proctor came up with
an answer. Had an ancient astronomer wished for a farge
observation slot precissly bisected by a meridian through the
north pole, so as to observe the transit of the heavenly
bodies. what would he have requested of an architect? A
very high slit with vertical walls, says Proctor, preterably
narrowor at the top, a gallery whose apertute, thanks to the
reflected light of the polar star, could be designed so as to
be exactly bisecled by a true meridian.

Looking up through such a stot. an observer could watch
the passage of the entire panoply ol the zodiac, easlly noting
tho transit of each star across a perfeot meridian—procisely
what is done today by the madern astronomer when he sets
his transit clicle 10 the vertical meridians, As Proctor points
out, such a Grand Gallery might well be described as the
only very accurato mothod available for proparing an
accurate map of the sky and of the zodiacal cyclorams—
belore the invention of the telescope in the seventeenth
century of our era.

With various observers in the Grand Gallery, placed one
above the other on the slanted incline, the southing—or
transil across the meridian—of every key star in an arc of
about 80° could be observed with remarkableaccuracy. As
Proctor points out, the most important object of transit
obsorvation Is to detormine the oxact moment at which the
cbserved object crosses the meridian. This might have been
best accomgplished by noting the moment when the star was
firs! seen on the eastern edge of the verttcal sky space. and
then when it disappeared past the western edge; the nstant
midway between these two would be the true time of transit.

Proctor surmises that someone in either the Queen's
Chamber or on the fiat platform of the truncated pyramid
above the Grand Gallery could keep time by hourglass or
watarclock in coordination with the observers in the Gallery,
who would signal the beginning or end of fransit across the
Gallery's lield o view.

* A contamner with a small ho'e which drips one drop al regular
intervals makes 2 satisfaciory timer. Ancient Ghinese astronomers
had a system of thiee such contalners tn a series 10 minlmize the
olfcet of resistance,

By looking down the Descending Passage Into a reilect-
ing pool, an ancicnt astronomer oould have noted the exact
second of a star's {ransit, because only at that moment will
its 1ays be refiected, The very same system is used today
at the US. Naval Observatory in Washingion, D.C., where
tho daity transit of stars is noted to a split second by their
rcflection in a pool of mercury.

The slope of the Gallesy and the corbeling of its walls
would also have made it remarkably easy to note the declina«
tion of a star—its distance above or balow the celastial
equator. By combining the observations made by several
of what Proctor calls “watohmen of the night,” stationed st
different levels of the Grand Gallery, 8 very close approxima-
tion of true sidereal time could have been obtained. For
such observars to function etffectively, cross ramps or
rectining benches of some sort would have had to be
positioned at differentievels of the Gallery.

in support of this theory, there is the series of 27 oblong
holes cut vertically along the walls and Into lhe ramps 10 a
depth of 8 or 11 Inches. They served to hold some sor of
sealfelding across the Gallery. Proctor postulates that thera
wetre benches for observers at regular intervals up the Gallery,

The fact that the walls of the Gallery are corbeled
like those of the eariier mastabas and ot the megalithic
observatories, whose top stones could be readily removed,
and that cach of the roofing stones of the Grand Gallery

The Trensit Ciclo, Royal
Obsetvatary, Greenwich.

The Grang Gattery showing
the series of slots along the
ascending 1amp and
Indlvidually removabla roof
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Ancient polar astrolabe.

The truncated pyramid, as
depicted by Proctar, would
have made au obsevatlon
platiorm 142 foot high and 178
teel square,

The cardinal paints, of com-
pass roeo, could havo boon
maiked by upright posts on
the petiphery of the platiorm,
To locato tha rising and
setting ol siars east and
wesl, azimuth observers sould
ocoupy the center of the
square Irom which they could
command the enthe
compass.

was indepondontly romovable (none presses down on its
neighbor) may indicate that by the removal of these stones
almost as much again of the northemn arc of sky could be
observed as was visible ot the solthem sky through the
upper end of the Gallary. The movement of particular stars
could be pinpointed by the removal of single stones.

Proctor surmises that the method used to delermine the
declination of a slar Involved a very praciical use of the oud
grooves thal appear along the walls of the Gallery At
approximately half the height of the Gallery, just above the
third avoriap on oach wall, a narrow groove runs the whole
tength of the gallery, 6 inches wide and 374 inch deep.

Proctor suggests that horlzontal bars carrylng vertical
rods at suitable distances. perhaps with herizontal lines on
them, were held between these grooves, and could bo slid
to any convenient position. The vertical rods could also have
been adjusteble.

To Iocate a star correctly, the transit observers would
also have to determine what is callad its "right ascension,"
or distance measuzed paralle! to the equator from a certain
assigned starting poin on {hal circle. Knowing the time of
tianskh, it is simpte to position the celestial object in its
*'right ascension."

8y placing observers not only in the Gallery bul outside at
the cardinal points of the great truncated pyramid, Pioclor
says thal the enlire visibie sky could be accurately piotted.
The ancient astronomers, says Practor, would doubiless have
made even more observations oif the meridian, once they
had established the meridian observalions as their guide
marks. They would certainly have made multitudinous
observations of the risings and settings of stars at the

Anclent methog of observing
stare with 1ings and rods.

Late Egyptian armBlaty disk
for meassuring solsllces.

Equinoctial amillary disk.

Norih Star

horizon, and especially their heliacal risings and setiings just
belore dawn and just atter sunset

Proctor suggests that ihere ware at least thirteen
observers for azimuthal directions around the horizon, whose
work could be combined with thal of 8t least seven transit
observers at dliferent levels ot the Grand Gatlery.

The azimuthal observers would be supplied with
astrofabes, amillary spheres of refarence, direction tubes,
or ring-carrying rods. Togelher with the transit watchers
they would be able to make observations which, in Procter's
oplnion, would be interior only to those made In our owntima
with telescopic adjuncis.

George Sarton, professor of the history of science at
Harvard, says the astronomical ability of the early Egyptians
“is proved not only by lhelr calendars. tables of star
cuiminations, and tables of star risings, but also by some
ot their instruments such as ingonious sundials or the
combination of a plumb line with a forked rod that enabled
them to delermmne Ihe azimuth of a star,"

Proctor adds that for a greater knowledge of the sun’s
motion, the Grand Gallery slot could have been used 10
bettor olfect than an obeligk or a sundiat by noting the sun’s
shadow cast by the edges ol the upper opening against
the walls, sldes and lloor of the long Gallery. To make
observations of 1he sun more exact, Proctor envisaged the
use of screens: by piacing an opaquo screen at the upper
ond of the Gallery with a 3mell aperture to receive the sun’s
ligh! upon a smooth, white surface at right angles to the sun’s
direction, a much magnified image of the sun would be
formed on which any sunspot could hardly have failed to
appear. The movement of the spots wou!d have indicated the
sun’s rotation on its axis.

The moon’s monthly path and all Its changes could have
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Proctor'a diroction linos show
the midday sun at mid-
summer, midwinter, and the
equinoxes as they would
strike the Grand Gallery
of tha Great Pyramid, lorming
light end shedow marks even
more selifoctive than those of
obelisks.

He olso shows the alignment
of alpha Draconls with the
Descending Passags, @s it
was in 3400 B.C. ond a line
to alpha Centaurl, which
was then on the meridian, from
the Grend Gallery. Procior
baligwes that through such
a sfghting tube as the Grand
Gallery, alpha Centauri could
have besn sean transiting
in broad daylight

It is noleworthy that the
Grand Galloiy debouthes al
precisaly Ihe fihieth course
ot mosonry, and thst at that
level tho square platform is
exactly halt the area of
the base of the Pyramid,

been dgalt with in the same effective way, as indeed the
geocentric palhs of the planets or their lrue orbits around
the sun: these could have been delermined very accurately
by combining the use of tubes or ring-carrying rods with the
diroction lines doterminad from tha Gatlery’s sides, Hoor, elc.

Once the dlurnal pattern of the stars’ apparent rotation
past a lixed meridian had become clear to the observers,
they couid more easily plot the lrregular ana sometimes
apparently retrocgressive path of the planets and the moon in
relation to the “fixed" stars. The heliocentric pattern of our
solar system could well have been extrepolated from a
study of the telative motions of these planetary satelllles.
anticipaling Copemicus by several thousand years.

To Proctor, the Graat Pyramid thus constructed would
have bean the greatest cbservalory and the mast perfect till
the art of the telescope could reveal a way to more exact
observation without the need tor such a massive structure.

That the fiat top of the truncated pyramid served as the
plan for mapping the zodiac is supported by the zodiacal
maps of the early astrologers. Even Kepier and Galiteo, when
making a chart for someone's horascope, used square
charts for their zodiacs, which are the shape of the truncated
pyramid.,

The French mathematician Funk-Hellet even suggests
that the 24 holes in the sides of the Grand Gallery once
supported, Iwo by two, movablie pangls with symbolic
figurations of the zodiac.

At the end of a lew years' obgervation it would have been

obvious to the ancient astronomers at the moment of the
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By placig the gailety stiahtly
to lhe eest of the north-
south axis ol tho Pyramid,
the anclent astranomers could
make their observations from
the center of the tnincated
square, and a gnomon, Or
shadow pole, could be raised
in dead center. That such
a sduare was the prototype
for estrological as well
gs astronomics! compulations
is stilkingly illustrated by
the formal for horoscopes
which porsisted into tho
seventaenth century.
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Aslroromar € M, Anion!adl
added a efinement 10 Proc-
101’8 theory, showing that tho
anelenls might have used &
temporary liestle to help
stadl the clignment of
the Descending Passags.
Rowever, such a treslie would
have had lo be 300 faet high
and 600 feo! long. with
a slent helight of 780 feel,
merely to sefve a function that
could be beller pertormed
by digging the Descending
Pessage direclly. Il is more
likaty the buildars uvoided the
scatfoid.

equinox that the whele steliar caravan was tetuining to ils
origlnal position just a fraction later—hence each year the
equinox itself appeared to move forward. By line observation
of tho eircumpolar starg, the ancient astronomers could have
measured the angle of this precession and deduced ils rate
to be about 1" in 72 years, making a grand cycle of 25,820
years ta cover a tull circle of 360°.

Proctor’s astronomical analysis ot the Grand Gallery
was discounted by Egyptologists on the grounds that thoy
had no evidence the ancient Egyptians were capable of
making accurate astronomical observations. But in 1934
Proctor recelved sirong suppon from another professional
astronomer, Eugene Michel Antoniadl, who was also an
Egyptologist, attached to the Egyptian Observatory of
Medum, in a serious work dealing with the various branches
of anclent Egyptlan astionomy.” Antoniadl agreed that the
Great Pyramid had been used as an observaiory before the
closing of its inner corridors. He also agreed with Proctor's
theory of thc alignment and use of the Grand Gallery.

Antoniadi figured that the Grand Gallery would have
permitted priests 10 obsesve 80° of the sky. He says they
should have been abie 10 note the declination ot all visible
stars from —-50° below tho calestial equator to +30° above
it, and that with the use of clepsydras {water clocks) thoy
should have been abie to measure hour angles and deduct
the right ascension of stars and planels.

These two data are all that is required for constructing a
star map or planisphere. "From a star map,” says Lancelot
Hogben, it was avery short step to the recognition that the
Earlh Itself could be divided Into similarzones with simple
relati to the fixed st hence the first world maps with
latitude and longitude.’

" L'Asironomie égyptienne depuis los temps los pius roculés, jusqu'd
la tin de I'époquo alexandrine {(Pana, Gaulhlor-Vitizrs, 1034).

Xlll. ASTRONOMICAL
TEMPLES OF EGYPT

In his avant-garde book The Dawn of Astronomy, written at
the turn of the centwry, Sir Norman Lockyer minuteiy
demonstsatod how tha Egyptians built and used their temples
lor astronomical observations from the very remotest
anliquily. Lockyer showed how Egyptian solar temples were
So arranged that at sunrise or sunset on the longest day of
the year, a ray trom the sun shot through a skilllully contrived
passageinto tho dark interior of the inner sanctum ol the
temple. The illumination from the sun was cut off by means
of pylon screens so that a concenliated shatt of light cut
through the gioom.

Lockyer was the lirst English astronomer to conclude
that Stonehenge had been accurately aligned in about
1680 B.C. 10 catch the first gleam ol the midsummer sun at
its solstice, a lact which was recently corroboraled on ihe
basis of computerized data by the astronomer Gerald S
Hawkins in Stonehenge Decodod.

Both ol Lockyes's conclusions were ignored.

The ditference belween the megalithiic and the Egyptian
systems lies in the tactthat anyone who can sel up a circle
of well-placed stones with a sighting avenue can note the
farthest points north and south on the hotizon wherc the sun
rises at the summer and winter solstices; by taking the
halfway mark along the semicircte ¢f stones, the day of
the equinox, when the sun is due east at Ihe equator, can be
geometricaily fixed. To obtain a more precise tength of the
year—to within a matter of hours and minutcs~-requires a
more sophislicated system.

tockyer—-whom Hawkins describas as “an extraordinary
man whose true worth as an astronomer and theorizer
concerning the history of astronomy has not yet been
adequately appraised”—shows how Ihe esthetically
Incomparable Egyptian temples scattered atong the Nile were
astronomical instrumenis designed like a modern telescope
aimed at a specitfic point on the herizon.

Within the Egyptian temples the light of the sun, or other
heavenly body. was funneled between two rows ol delicatetly
carved columns which ran through a chain ot varicusly
dimensioned halls, tike the light ot a heavenly body beirg
funneled through the gradually narrowing diaghraams of a
telescope.



Templo ot Luxor (above)
drawn by a member of Napo-
leon’s expedition, showing a
tow ol columns oriented os an
astionomical observatory
Temples ususlly contgined a
pylon, forocourt, hypostyle
hall, and sanctuary.

Astronomical temple ot Edfu,
later known as Appolonopolis
Magna. hall busied In the sand
as it was found ond drewn by
Dominique Vivanli, one of
Napoleon's savants.

8ir Norman Lockyer.

({Overicaf)

Golonnade 0 the tample of
Amon-Ra at Karnak as il wed
discovered by members of
Napoleon's expedition.
Lockyor found that tho
temple’s axis was accurately
oriented o the summer
solstico and considered It
“deyond all question the
most majestic ruin In
tho world."

Reconstruction of the temple
of Amon-Ra at Kamak show-
ing how tho cotonnade
was aimed like 3 telescope
foward the sunsel of the
summes Solstice. Thia
omanticized etching was
produced by the French
savaniz for the Doseription
de I'Egypte,

The longer the temple’s axis, the longer and narrower the
beam, and the greater tha aceuracy in moasuring it. The
darker the sanciuary, the more obvious the path of light on
the end wall.

The purpose, says Lockyer, was to narrow the beam of
tight to the point where it could indicate the prociso momont
of the soistice.

According to Lockyer, a beam of light coming thiough a
nariow passage some 500 yards all the way to a properly
oriented sanctuary would remain there no more than a
couple of minutes, then pass away. What's more, it would
come in a crescendo and go in a diminuendo with an
observable peak at the precise sofstice.

This would enable the priests 10 determine the length of
the year to wilhin a minute, or four points of decimal—or
365.2422: an othonvise very difficult feat because the sun
appears to linger severel days around the point of solstice.
and its movement of a mere S0” a day (s almost Imperceptible
without some refinea instrumental aid.

Lockyer, who went to Egypt reqularly in the summer
holidays, found that the sun temple of Amen-Ra at Karnak
was builtin such a way that at sunset at the summer solstiee
—the longest day in the year—the suniight enterea the
temple and penetrated along the axis to the sanctuary. In
Lockyer's words it was “a scientific instrument of very high
precision, as by i the length of the year could be determined
with the greatest possible accuracy.”

Extrapolating backward trom the present orientation of
the building, and taking into account the small but gradual
shift in the tilt of tho axis of the earth, Lockyer applied the
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Rendering of the tempir at
Luxor by Schwaller de tublez.
showing three successive
changes in orlentation.

Chiseted orientation line on
subflooring of the temple

at Luxor noled by Schwaller
de Lubicz. The line was then
hidden from view by super-
imposed tinished flooring

system he had used for Stonehenge and estimated the
temple to havo been originally laid out about 3700 B.C.

Lockyer found sun temples oriented to catch the sun at
the solstice or equinox, and slar temples oriented o frame
a star rising on the horizon just before sunrise at the soistice
or equinox, so as to give warning otthe imminent solar event.

Horodotus describes two pillars of gold and green stone
in the temple of Ty:c which shone at midnight. According to
Lackyer, "there can be litlle doubt that in the darkened
sanctuary of an Egyptian temple the light of Algha Lyrae. one
of the bnghtest stars in the northern heavens, rising in the
cloar air of Egypt, would be quito strong enough to throw
into an apparent glow such highly reflecting surfaces as
those lo which Herodolus refers.”

Maspero suggests that the priests were not above ‘plous
frauds'’ accomplished by means of statues which were
animated, spoke, moved and acted. For thosa not in on the
secret, the priests may have achieved quite stunning eifccts
by having a farge jewel In the breastplete of a slalue
syddenly and mysterlousfy sparkie with light

Lockyer realized that temples oriented to the sun could
provide a useful calendar for thousands of years because the
tiit of the earth’s axls shifls no more than a degree in six or
seven thousand years. Buttemples oriented 10 stars could
function only for a limited 200 or 300 years because each
year the rising or setting of stars just before suncise or after
sunset at the solstice or equinox would occus a litlle laler
because of the precession of the equinoxes. The stars’ lag
behind the sun atong the circle ot the zodiac—a barely
noticaable 1/72¢ oach year—could becomo as much as 3° in
200 years, superannuating the usefulness of the temple.
The temple would then need to have its axis reoriented, or
another temple would have 10 be butlL “This change of
direction," says Lockyer, “is one of the most striking things
which have bean observed for years past in Egyptian
temptes."

Luxor, for Instance, has four definlte. weli-marked
changes in orientation. Lockyer measured temples at Kamnak
and found they woro changed to match the precessional
change of the stars’ declination so that the priests could
continue to observe it. Pylons were added, more courls were
added. the sancluary was moved eastward, the frent of the
temple westward.

As Masparo pointed out, *'alf tha Ptolemaic temples and
most of the Pharaonic temples have been reconstructed’*
during the period of their use.

Gunther Martiny, who tabulated the orientation ot Assyrnan
templos for which the dates of foundation can be estabtished
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Smoll stones inserted iIn tho
regular masomy indicated

a higden fine of arientation fot
the temple at Luxor.

{the oldest boing about 1800 B.C.), found that tho orientations
also varied according fo the angle of the precession of the
equinoxes.

Nevertheless, says Lockyer, a temple once oriented to
plck up the heliacal rising of a star could be refitled at a
loter time to mark the rising of some other hoavenly body.

Lockyer drew up a stellar map with the positions of all the
great stars along the sun’s zodlacal path lor the tast 10,000
years, and he named a series of stars which could have been
used to herald tho solsticial dawn in dilferent temples at
different pericds. In the couree of conturies. according to

Roceonsiruction of tho temple
compound 8t Katnak showing
the varialion In axis of
difforont buildings and col-
onnades
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Lockyer, tho Egyptians oricnted tempics to alpha Ursa Major,
Capella, Antares, Phact, and aigha Centauri. As early as
6000 B.C. they may have used Dubhe before it became a
circumpolar star. and Canopus before 6400 B.C

Profossor Lockyer says that the earliost civilization In
Egypt built iemples at Annu or Heliopolis oriented to the
heliacal rising of northern but nonclrcumpolar stars at the
summer solstice. However, ‘1he Grea: Pyramids were built
by a new invading race representing an advance in astro-
nomical theught" who used northern stars on tha meridian
and stars rising due cast at the equinoxes.

1R?
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The subseguent break In Egyptlan history between lhe
Sixth and the Eleventh Dynasties is associated by Lockyer
with conflicts between these and two other races, which
ended in a victory of the representatives of the old worship
of Annu reinforced by supporiers from the south, so that the
north-star and south-star cults combined against the eQui-
noctial cult.

Lockyer's deductions about the refurbishing of temples
was to rekIndle interest in the zodiac of Dendera found by
Napoleon's General Desaix, and subsequently dynamited
from the ceiling ot the temple. tt was purloined &fter a series
of incredible adventures, tobe sold ¥ Louis XVIit for 150,600
francs and ond up on display in tho Louvre, whero it resides
today

It was clear to Lackyer lhat there had been two temples
of Dendera, one dedicated to Hathor and the other to
Isis, both mythological personifications ofheavenly bodies.
Lockyer says the evidence is overwhelming that these two
temples were also horizonlal telescopes with the same
number of pylons gradually getiing narrower toward the holy
of holies, so that a beam ot horizontal light coming through
the central door might pass uninterruptedly into the sanc-
tuary lo mark Ihe rising of a celestial body. The columns,
says Lockyer. shielded the eye from the sunrise light, sO
that the rising could be precigely indicated. According to
Lockyer the present templea of Dendera were renovated
in Ptolemaic times, but were buiit on much older sites,

The French astronomer Jean Baptiste Blot staked his
academic reputation on his analysis of the tircular zodiac.
He said it represented the skies in Egypt In 700 B.C., and
that it had probably been copied from older drawings mado
on papyrus or stone.

Lackyer confirmed that the Isls temple had been dtrected
at Sirius in 700 B.C, when Sirius rose ‘‘cosmically,” or in
unison wilh tho sun, at the Egyptian new yoar. But Lockyer
quoted an old inscription which desctibed a temple of Hathor
at Dendesa In the time of Khufu {Cheops) In the Fourth
Dynasty (which he dated at 3733 B.C.) 'when the star shone
into the temple and mingted with the light of her father Ra."

Another inscription In a crypt of the temple indicated
it had been built according to the pians of Imhotep, son of
Ptah, who was Ihe fabulous architect of the Third Dynasty
King Zoser.

In Lockyer's opinion tho temple of Dendera may have
been rebuilt at lcas! three times since then, once in the
teign of King Pepi | (which Lockyer gives as 3233 B.C.),
once again by Thothmes Ill in 1630 B.C.. and finally by the
Ptolemies about 100 BC

Templo of Hathor at Dendera,
as drawn by Denon, showing

main axis possibly oilented
to gamma Draconis before
6000 B.C., according 10
Slr Norman Lockyer.

According to Lockyer the temple may previous!y have
been directed at Dubhe, which ceased to be clrcumpolar
about 4000 B.C., and before that at gamma Draconss. which
ceased to be circumpoler in ebout 5000 B.C.

Egyptoiogists greeted Lockyer's astronomical theory
about Egyptian temples wilh Ihe same reserve they tieated
his theories about Stonehenge—which a computerized age
has now shown to be correct. The Egyptologists objected
to Lockyer's dragging in astronomy to straighton out the
chronotegy ol history, and dismissed his theory “with good-
natured laughtet, advisin@ Ihe cobbler to stick to his last™,
<o The Dawn of Astronomy dropped out of sight and became
vory hard to find, until reprinted in 1964 by Giorgio de
Santitiana at the Massachusetts Institute of Technology.

At the time of publication only Sir Gaston Maspero was
Impressed. He spentan Easier holiday at the sea sludying
Lockyer's theory, and he grudgingly agreed that ‘‘except for
mattors of detall | feel that on the whole your demonstration
is conclusive, and in ptinciple you must bo correct.”

Schwaller de Lubicz nnow supports Lockyer's conclusion,
saying there can be no doubt atout the orientatlon ol
temples or the factthat the ancient Egyptians understood the
precession of the equinoxes, which brought a new con-
stellation inlo position behind the rising sun at the vernal
equinox every 2200 years. The mere facl that the cuit of
the Bull preceded the cult of the Ram in Egyp!, and that the
dates of these cults correspond with the equinoctial positions




‘the Great Pyramid @ @ CSEEFC: nside

The circular zodiac of
Dendera was on the celling
of an upper room of the
lample balieved 1o have been
used as an observalory.

The outar girtlo of figures,
moving counterclockwise like
the stars, repiesent he
36 decans, or 10-doy weeha
of tha Egyptian year; the
tweive arms of the supporilng
figuros, the twelve months

fnterlior of the temple cf
Hathor at Cendcre as con-

ceived by the French savants. of the ysar
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Zediac showing the averlap
of Ihe cireull ol the eark’s
caiesilal pole around the pole
of the ecliptic, Indicating
different dates In the past.

of their constellations at the appropriate time—approxi-
mately 4000 and 2000 B.C.—Is conclusive in his opinion.
Furthermore, says Schwaller, an emphasis on duality in the
Predynasiic Perlod Indicates a cult of Geminl colncident
with the dominance of that constellation st the vems!
eQquinox.

Schwaller also agrees with Lockyer that the temple of
Halhor at Dendera is bullt on the remalns of much older
temples. To prove his point he produced a solution 1o the
arrangement of the constellationsin the circular zodiac
which has been such a problem to archeologists for wetl
over a hundred years. Schwaller shows thal the zodiac
discovered by General Desalx was Indeed carved In
Ptolemaic times, but incorporates a palpable demonstration

S3H0

of the p ion of the equil
historlcal dates.

The zodiac is about 8 feel across. carved in rellet on
hard sione. The constallations are srranged in a spiral and
the symbolic figures are marching counterclockwise in
the diumal direction of the stars as seen from the earih.
Recognizable mythologlcal figures tor the consteliatlons
near the pole are a jackal for the Littie Bear, an ox-leg tor
tho Groat Boar, and a hippopotamus for Drago. Sirius is
depicted as a cow in a boat with a star between her horns.

The zodiac is in & circle at the center of which is our

as welf as three important

The Inner clircle of spiraling
iigures shows the zodiacal
conslellations such as Gomini
{the Twins hand In hand) ang
Taurus (the Bufl) circting
around our calestial north pole
correclly shuated i 1he
Jeckal for Little Bear) which
in lura circles around
e celestial norih pole at
the ecliptic, situated in the

north pole. This circle is in @ square oriented with the walls
ot the temple—ar about 17° east ot nortn. Our north pole
is correctly located In tho consteltation of tho jackal, or
Little Bear, as it was at tho time when the zodiac was carved,
sometime about the firs{ centusy B.C. Bu! the zodiac also
shows Ihe pole of the ecliptic, tacated In the breast of
the hippopotamus. or constellation ot Drago.

To Schwaller this explains tho spiral formation of the

breast of the Rippo| or
Drago. Schwatier's lines shaw
that the zodiac of Dendera
carractly indicated earlior
hislorical dates when different
constellatlons appeared in
the eas! at the equinax.

constell 13. The mythological figures representing the
constellations are entwined in two circles—one around the
north pole and one around the pote of the ecliptc. Where
these two circles intersact marks the point of the equinox,

or due east. The zodiac Ihus becomes a calender going back
to remote antiquity.




Hawk-headed man holding
a spear (painting at the
Great Bear consisfiztian) in-
dicates tho meridlan through
the pole of the eclintic,
according to Stecchini.

A line due east. which runs between the end of the Ram
and the begi:nning of Plsces, indicates the time when the
tomple was robuilt, asbout 100 B.C. An earlier oast line runs
right through the Ram, indicating a date about 1600 B.C., at
ihe height of the Amonian domination, during the Twelith
Dynasty.

A special hieroglyph on the ring of the zodiac Indicates
an oquinactial line running through the ond of Gemini and
the beginning of Taurus—the date of the founding of the
empire o! Menes and the beginning af the cult of ihe Bull
and the adoption Of the new calendar, sometime in the
third or fourth mitlennium B.C.

In other Egyptian chasts of the constellations there ap-
pears the figure of a hawk-headed man holding in his
outstietched arms a tine which ends against the ligure of
the ox-leg, rep ing the cc ion of the Great Bear.

According to Zaba this line held by the hawk-headed
man indicates the meridian through our north pole. But
Psofessor Livio Slecchini poinis out thal Zaba did nol notice
Ihat this line always ends at a very specific position, al
times with an arrow point, which divides the seven stars of
the GreatBear into four and three. This lino, seys Stecchini,
does not indicate the meridian passing through the north
pole, but the meridian passing thiough the pole of the
ecliptic. In Stecchini’s opinion, the ancient Egyptians nof
only understood tho precession of the axis of the garth
but considered the truo meridian the one passing through
Lthe pole of lhe ecliptic of the sotar system. Lockyer added
that the Babylonians had distinguished the pole of the
equator from the pole of the ecliptic, naming the formar Bil
and tho lattor Anu.

The evidence leaves littie doubt that the ancient Egyptians
knew there were two poles in the sky, a nanth pole, which
shifted round a tixed pole, or “open hole" in the heavens;
they 3lso knew that this slow circling brought about the
precession of the equinoxes. That the phenomenon of the
precession was the matrix from which a thousand myths
were developed is abundantly illustrated by the woik of
Giorgio de Sanlillana and Hertha von Dechend in Hamler's
Mili.*

There Is no doubt in Santillana’s mind thet the ancicnt
Egyptians were aware of the precession. In his preface
10 a recent reprint ot The Dawn of Astronomy, Santlllana,
then protessor of the history and philosophy of science at
MIT, romarked that "when a stellar temple is oriented so
accurately that it requires several reconstructions at intervols

* Publizhed by Gambit Inc., Boston, 1969,

inside

of a few centuries, which involve each time the rebuilding
of its narrow alignment on a star.” and “when zodiacs. like
Ihat ot Dendera, are deliberately depicted in the appear-
ance they wouid have had centuries before, as if to date
the changes," it is not reasonable to suppose the Egyptians
were unaware of the precesslon of the equinoxes.

Santillana was even more lorceful in his condemnation
o! madem archeologlical scholars who refuse to accept
the idea that the phenomenon of the precession was known
in Egypt thousands of yoars before it was rediscovared
by Hipparchus. In Hamlet's Mill, Santillana accuses the
scholars of having “cultivated a pristine ignorance of
astronomical thought, some Ot them actuatly Ignorant ot the
precession itself,”

The precossion was considered the basic mechanism
of tho univorse by the Egyptians, controlling not only
astronomical phenomena but all human and biologlcal de-
velopment

Since the beginning of history, the spring equinox has
moved through Tsurus, Arios and Pisces, or almost one-
quaiter of 8 whaie eyele. Santillana points out thet the
Copernican system, which for us explains the precession as
the wobble of the earth’s axis, has stripped the phenomenon
of its awesomeness:

“But i/, as it appeared once, it was the mysteriously
ordained behavior of Ihe heavenly sphere, or the cosmos as
awhole, lhen who could escape astrologicai etnolien?

For the precession took on an overpowering significance.
It became the vast impenetrable pattem of fate itself, with
onc world-age succe2ding another, as the invisible pointer
of the equinox slid along the signs. each age bringing with
it the rise and downfall of astral conflgurations and rulei-
ships, with their eanhly consequences.’
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XIV. GEODETIC
AND GEOGRAPHIC
LANDMARK

The slrongest evidence thai the ancient Egyptians were
capabie of accurate astronomical observations comes from
the fields of geodesy and geography, sciences whose object
is to determine the size and shape of the earth, and to
locato landmarks upon it. Until the development of radio
and taser beams, coordinates of latitude and longilude with
which to tocate a spet an this pianet could only be obtained
by means of accurate astronomical sightings. When a
templo or observatory or the remains of a city are found
in a geographical localion, either of latitude or longitude, or
both, specifically related te other established locations, it

Is clear that its founders must have been able to make the
required aslronomical observations.

Professor Stecchini—who obtaincd his doctorate at
Harvard In 1he science of classical mensuralion—ias now
established that lhe ancient Egypilans nol only developed an
advanced system of astronomy and mathematics, but an
equally advanced system of geography and gaodesy.

From ancient hieroglyphs, hitherto neglected, Stecchini
has been able to show thal from the earliest dynasties in
the third miliennium B C_, lhe Egyptians could measure
latitudo to within a few hundred feet and do almost as well
with longitude—a feat which was not repeated on this ptanet
until the eighteenth century ot out era.

The ancient 1exts and hieroglyghs vindicate Jomard
in full, and show thal at {east as early as the unificatlon of
Egypt (ca. 2800 B.C.) the ancient Egyptians knew the length
of the citcumterence of the eaith very precisely, the length
of thelr country almost to ilie cubit. and the geographical
coordinates of alf the main points (n their reaim from the
aquator to the Mediterranean. To do so the Egyptians
must have been able to make astronomical observations
wlth almost thie exaclness afforded by the modern telescope
and chronometer.

From a twenty-year study of the mathematical and
astronomical data containod in the cuneiform tablets of the
ancient Sumerians and Babylenians, Stecchini has derlved
the evidence that astronomical observations of great

iTE

accuracy could be, and were. performed in Mesopotamia
as well as Egypt in the third millennium 8.C.

From his analysis of the pyramids and slepped ziggurats
ol the Middle East, Stecchint has demonstrated that they
not onty incorporate the basic techntques for projecting anc

mapping the hemisph of the hi but for mapping
tho torrestrial hemisphere; they aiso reveal a high level

of mathematics, capable of resolving and simplifying the
problems of trigonometry.

Stecchint points out 1hal Herodolus, who has been
ridiculed by scholars far hie roporied dimansions of Egypt
and accused of having lied about his travels thera, luins
out to have described ancient Egypt with great accuracy
in terms of meridiars and parallels carefully worked out by
ancienl Egyptian astronomers.

Stecchini found aglyph carved on the thrones of virtually
all the Phataohs since the Fourth Dynasty which contained
geadetic data and hence astronomical data of extsaordinary
subllely. enabling him o determine that the Egyptians
used Ihree figures for the tropic of Cancer: a simplified ono
of 24°, a praciso one of 23° 51, and one of 24° 06’ required
for observing the sun's shadow at the summer solstice.

The sophistication of the anclenis is demonstrated by
the fact that 1hey piaced their observatory near Seyne on
the istand ol Elephantine, 15'—or half a diameter of the
sun—north of the actual tropic because they understocd
that it was not the center of the sun but its outer fim
which had (o be observed.

The most important Egyptian text deciphered by
Stacchini was a set of throo identical hieroglyphs on the
back of standard Egyptian measuring rulers lound al the
temple of Amon at Thebes, the geodetic center of Egypt
since the Middle Kingdom. These, says Stecchini, give the
clue to the exact dimensions of ancient Egypt.

Ludwig Borchardl, an aminent German Egyptologist,
who firsl published the texts in an article in Jaaus in
Vienna in 1921, assumed a pr/or/ 1hat the figures coutd not
refer 10 actual latitudes compuled astsonomically, and did

177



Knotted ropes baneath
Phargch’s thione are used
to symbolizo tho union
of Lower and Upper Egypt
at the thirtieth parallel, where
the apax cof the Dolta crosses
the prime maridian ot Egypt
Just nosth of the Great
Pyramid.

Three pairs of short hori-
zonial llnes at the boltom of
the picturc are symbols of
three distinct values given by
the ancien! Egyptians lo the
tropic of Cancet, basic to
the geodetic mansuration of
Eqypt. The cential one of
theze three lines reprosented
the conventional latitude of
the tropic at 24°; the
lower line represented
the actual latitude at 23° 61}
and the upper tine a latitude
of 24° €', which was 15’ north
of the true troplc, at Syene,
wliere astronomical abserva-
tions were mado.

not even bother to test them: "One must absolutely exclude
the possibility that the ancients may have moasured by
degrees.” Succeeding Egyplologists also failed to compare
the texts with actual parallels and meridians. Stecchini
found them to apply with astonishing preciston.

The texts—which 1or stylistic reasons have been assigned
to the OId Kingdom (third millennium B.C.}—state the length
of Egypt to be 20 atur from Behdet on the Mediterranean
to Pi-Hapy (the apex of the Delta just rorth of the Pyramid
ot Cheops) and another 86 atur south to tha First Cataract
of the Nile.

This means that 106 atur would span an arc of 7° 30‘ from
the Mediterranean to Syene. From a composite of texts and
geographic evidence an alur Is the equlvalent of 15,000
royal cubits or 17.000 ot Jomard's cublts ot 4618 meter This
would make Egypt from Behdet at 31° 30’ to Syene at
24° 00 a length of 1,800,000 of Jomard’s cubits, or 831,240
meters. The Smithsonian Geographical Tables give the
distance ffom 31° 30", to 24° 00’ as 831.002 meters, Comput-
ing trom the third mittennium B C. text, the mean lengih ot
3 degree of lafilude in Egypt would be 110.832 meters.
The modarn estimate is §10.800 meters.

Tropic o1 Conce!
123 51 when eatin meaturod
by EQvotians, now 23 27)

Syens 24 (6
d

_'\‘
well

-

Yo obsorve the exact moment
the sun fllls a wall without
shadow 2s Il reaches Its
farlhozl point north, al the
summer solstice, the cbsefva-
tion would havs to be made
under tho northern rim of
ha sun, 15" fuither nerth than
tha line of tha voglc.

When the tropic was al
23° 51', the angcieni EQyptians
observed Il at Syene at 24° 06,

Teday the tropic is at 23° 27".
By establishing the momant ot
solstice at the trogic, the
anciont aslronomora warg able
correctly to compute the cir-
cumference of the earth by the
use of deep wells and obelisks.

The island of Elephentine In
the Nilo ncar Syene, whera the
anciant Egyptians had an as-
teonomical obserratory and a
nilometor to gauge the floed of
the Nie.
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Royal Egyplian cublt of
Memphis. It was dividod Inlo
7 palms of 4 fingers each, for
a1oal of 23, The basic unit
from which thiz cubil ia do-
rived ic the foot of 300
miilimeters, One and a haif
of these fect made o cubit of
450 millimetors. divided nlo &
paims of 4 hngers, for a
total of 24 lingara. The foyal
cubit was obtained by tho
addltion of one extia palin, far
& lotel of 7, or 28 fingers,
ke equivalent of 525
miilimeters.

Stecchinl points out thel e
septenary unit was common to
Mesopotamia. Egypt and
Creece, because it allowed
simple solutions 1o probiems
of practical measuremant.
With a 7 of 22/7, il was
simpler 1o have a soplénary
cubit: a square of sige 7
was considered lo have a
diagonal el 10, and s equar
of 10 as having a semi-
diagonal of 7.
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According 1o Stecchini, once the Egyptians were in
possession of tho truo proportions of tholr country, they
devisod a means ol simplifying their geodetic data into a
geography lhat was easlly commiited to memory without
recourse to portable maps, using such obvious natural
landmarks as the cataracts on the Nile and the extremities
ol tho Nile Dolta as goodetic poinis tar rectangles and
triangles with easily remembered angles.

The prirme meridian of Egypt vas made to sgiit the
country tongitudinally precisely In half, running irom Behdet
on the Mediterranean, right through an island in the Nile
just northeast of the Great Pyramid, alltheway to whore it
crcssed the Nite again at the Second Cataract.*

To simpllfy the dimensions of Northern Egypt, the
Egyptian geographers accurately marked it as a triangle
exactly 1° deep, with its apox whore tho Nile splits (just nortl
of the Pyramid of Cheops), fanning out 1° 24’ east and
west to where ils widest branches llow into Ihe sea. This
became an actual A-shaped della, whose angles were
designated by the shadows cast by the northeast and north-
wost cornors of tho Great Pyramid.

Southern Egypt was made 10 run precisely 6° to the
Flrsl Cataract of Aswan on the tropic of Cancer. Two lines
drawn p3araliel to We prime meridian, starting at the side
mouths of the Nile in the Della, running to the tropic, made
a simple rectangle of Lower and Upper Egypt.

Stecchini says that when this particulsr geodetic system
ot ient EQypt was blisheo. the 11opic of Cancer was at
23251, which corresponds to a place on the Nile jusi
south of tha Firs1 Cataract called Parombolo in Hallenistic
times, On the island of Elephantine—15’ farther north—was
Ihe lamous “well,'"* whose bottom was said to be complelely

* Close 1o the Meditemmanean the meridian meay have been marked
by a northetn pyramid. fn 1800 the Fronch Expedition sow the
remaing of & pyramid neer Benha in tha Delta, but its auparsiructuro
hss since dlsappesred.
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The tirst cataracl, near Syene
on the Upper Nilg, was labled
1o have boon a land of the
deat because ol the ¢onstant
roaring ot the waters over
the oulcroppings of granlie.

This anclent boundary of
Southern Egypl was the source
of the hard pink granite
from which the monolith beams
of tire King's Chamber were
chiselcd, a3 well a3 tho
many g10a1 obelisks. waigh-
Ing as much as a thousand
tons, which wore sel vp
in Egyp! as sundlats and
geodetic markers.

flumined once a year when the sun stood directiy over-
head at the solstice.

Were it possibte 10 reconstruct exactly when the tropic
was at 23° 51’ | would give a fiim date for the establishmenl
o! the ancient systemn of geography: unfortunately no
astronomer has yet been able to calcutate mathematicalty
the exact rate at which the tropic has movod sinco anciont
times to its present 23° 27'. Schwaller de Lubic¢z figures it
was al Elephantine between 2500 and 3000 B.C.

Clties and lemples. says Stecchinl, were deliberately
bullt a1 distances in round figures and simple fractions
from the tropic or the prime meridian. The predynastic
capital of Egypt was set near the mouth of tho Nilc ot
Behdet, right on lhe prime meridian, at 31 307, This gave a
length 1o Egypl of 1.860.000 geographic cubits. Memphis. the
first capital of united Egypt, was again laid out on the prime
meridian and at 28° 51/, precisely 6° north of lhe tropic.

Tho northarn limit of the Two Kingdoms was set at 31* €,
and the country was measured by & newer unit. the royal
cubil, of which there were 1.500.000 in 1he tendth ol EQyst,

The geodetic point determining the location of Memphis
was called Sokar aftor tho god of orientation (whose name
and location are prescrved in the present village of Sagqara),




Omphalol, or “navels,' used
as geodetic markars.

Geadetic omphaloa found by
Reisner In the great temple o
Amaon.

which is exactly an the main axis o! the meridian of Egyp1,
in tho necropolis of Memphis.

As cach of these geodetic centers was a political as wall
as a geographical “navel" of the warld, an omphalos, or
stone navel, was piaced there 10 represent the northern
hemisphere from equator to pole, marked out with meridians
and parallals, showing the direction and distance of other
such navels. In Thebes the stone omphalos was placed
in the main room ol thetemple of Amon, where the meridian
and paralle! actuaity cross

To obtain such precision in their geodesy, says Stecchini,
the ancients mus! have made romarkabloe astronomical
observations.

For the ancient Egyptians te have laid out an absolutely
siraightmeridian of 30 of latitude ffom the Medlterranean
to the equator, over 2000 mlles, and drawn two more,
equidistant, east and west, ee boundariea of the countiy,
must have required an enormous amount of personnel and
careful astronomical sightings. Even mare sophlisticated
was therr methoa of establishing longlitude, as reconstructed
by Stecchini.

Search inside

With the aid of an elementary system of telegraphy,
consisting of a series of beacons. the Egyptians, says
Stecchinl, were able to note what star was al Its zenlth &t a
certain moment, and flash the data, via a string of !lares, to
other observars so many degrees to east and west.”

H. G. Wood, aulhor of /deal Metro/ogy, assumes that if
the Greal Pyramid was orlginally an observatory, signal
stations east and west of It once existed whictt are now In
ruins or altogether lost. Wood quotes a Dr. Lieder's descrip-
tion of a little pyramid far to tho wost in the Libyan desert
which could once be seen from tho top of the Great Pyramid
as the sun went down, but is now lost.

Travellng farther afield, the anclent geographer could
establish his longitude with great precision on the basis of
accurate tables of the nightly transit of celestial bodies as
observed at the Pyramid.t

Fragmented data obtained from such accurate tables,
says Stecchinl, percolated to the Alexandrine Greeks such
as Eratosthenes and Ptolemy, who mixed the accurate data
with tho inaccurately estimated coordinates of their own
period, creating a hodgepodge of good and bad geography.
It was not possible to disentangle and correct thelr work until
the development of tne chronometer in the eighteenth
century of our era.

Because of the advanced geodetic and geographic
science ol the Egyptians, Egypt became the geodetic center
of the known world. Olher countries located their shrines and
capital cities in terms ot the Egyptian meridian *“'zero,"
inctuding such capitals as Nimrod, Sardis, Susa, Persepolls,
and, apparently, even the ancicnt Chinese capital of An-Yang.

All of these localities, says Stecchini, were set and
orlented on the basis of lhe most exact sightings. The same
applies to the centers of worship of the Jews. the Greeks,
and tho Arabs.

According to Hebrew historians the original Jewish
center of worship was not Jerusalem, but Mounl Gerizim, a
strictly geodetic point 4° east ot the main axis ol Egypt. Il
was only moved to Jerusalem alter 980 B.C.

The two great oracular centers of Greece—Dealphi and
Dodona—were aiso geodetic markers according to Stecchini.

* Fires such as were llghted by the Druids a1 the moment of the
midsummar solsice may have been the orlgin of the "‘midsummer
firas** and the Beitane tires of May Day, described In The Golden
8ough.

1 Because every observabie star comes to the meridian of evely
place on tte globe once In 24 hours, the Interval which etapses
between the same star coming upon the meridian of two different
places is the differencs in longitude of the two places.
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Delphiis 7° and Dodona 8° nerthof Behdet, the northernmost
part of Egypt. on the prime meridian of Egypt.

The Moselm shrine of Mecca is 10° east of the western
mertdlan of Egypt and 10* south of Behdet. According to
Stecchinl the sacred black stone of the Kaaba was originatly
part of a set of four, placad in what ho calls a pyramidical
triangle from which the trigonometric funotions of the shrine
could be derived.

islamic tradition stresses the point that the Kaaba was
originally a geodetic center. The essentia element of the
Kaaba consisted of four stones marking a square with
diegonals running north-south and east-west. The diagonal
north-south with the northeast and southeast sides formed
what the Egyptians called a pyramid. The angle formed by
the diagonal with the southeast side was 36°, from which
Stecchinl conoludes that the trigonometric {unctions of the
shrine were measured along the northeast side.

The northwest side of the bullding of the Kaaba Is
compteted by a semicircular wall: according to iraditon this
semicircular wall existod since the vary beginning, Most
likely, this was used, says Stecchini, as a sighling device.

To make a map projecilon of the northern hemisphere,
the ancient Egyptians found a simple mathemat:cal and
geometricat means of reducing the curved surface of tho
globe to a flat surface suitabic for mepping, and with a
minimum of distortion: they used the stepped pyramid, or
zlggurat. each face of which coutd represent a $0* quadrant
of the hemtsphere, and each fevel of which couid represent
a mappable zone belween two parallels of tatitude.

Professor Maspero describes the zlggurats of
Mesopotamia as “miniature reproductions of the arrange-
ment of the universe.” Professor C P.S. Menon in his Early
Astronomy and Cosmology says of the 2iggurats: “We can
deduce that the shape of the Earth, which appears to have
served as & model for the temples, was a terraced pyramid
wlih corners polnting to the South, West, North and East.”

Ziggurats at Ur, Uruk, and Babylon reached a height of
three hundred feet. The ziggurat of Nabu at Barsipki was
called the “House of the Seven Bonds of Heaven and Eath™
and was in seven stages said to have been painted in seven
“Planetary colors.”

The sophistication of the ancients. says Stecchini, is
illustrated by the 2iggurats of Babylon. These stepped
“Towors of Babel,"” long a mystery to mankind, turn out
to incorporaie a series of Mercator projections, severa!
thousarnd years before the advent of the Flemish cartographer.

For the purpose of mapping, the northern homisphers was
reduced 1o a series of tlat surlaccs represented by the

Roconstruclion oi Babylonian
slopped pyramid or ziggusat.
According o H. G. Wood,
the ziggurat of Jupiter Bolus
at Babylon had an ideal basis
in the number 360. In his /des!
Molrology il Is described as a
seven-staged pyramid In
which each of the six upper
stages is 360 inches shoiter
than the one next below It
the base side was 3,600 nchos,
and the iotat height ol the
structure was 3,600 Inches.
According to Wood, the enlire
system of ancient Babylonlan
metrology eppears to have
bean darived from 360 X 360
X 100, or 12,960,000,

faces of the stepped ziggurat. The area between the equator
and the pole was divided into seven bands or ‘zones”

as the Greeks calied them. each diminishing in width to
corraspond to the shrinking degree of longitude. The base
lino reprosontod tho oquator, the first stop the thirtioth
parallel. Thus, each fagade represented a 90° quadrant of
hemisphere.

Stecchinl says the limits of these four quadranis were
established with great precisicn. Egyptian texts, Greek
mythology {inciuding tho Argonautica and tho Odyssoy), and
Greek and Roman writers from Herodotus onward unani-
mously agree in setting this western limit of the Mediter-
ranean guadrant a1 9* 54’ East. Another limit, says Stecchini,
was known as the Golden Chiersonnesos, that is 10 say, the
peninsula of Malaya at meridian 99¢ 54’ East at a point
whese the equator cuts tho western coast of 1he island of
Sumatra,

Cuneitorm tablets Indicate that each level of the ziggurats
had a specific area corresponding to standard umits of
land moasure.

Nineteenth-century authors illustrated the ziggurats as
aslionomtcal observatories, with bearded Babylonlans gazing
from the batilements: but John Tayior malniained that such
high terraces afforded no better vantage than the ground

On the other hand, a square or tubular sheft of several
hundred cubits, built into their interiors, would have mace
firsi-rate lelescopes {or observing the skies. In Mexico the
Pyramid of Xochicalco near Cuernavaca conta:ns a tubulac
wrelk down which the sun shines perpendicularly without a
shadow on a specific day of tho year.

1E8




Ninetsenth.contury ides of
8abylonian astionomers atop
o zlgguret, published by
the French gstionomer Camilie
Flammarlon.

Sir John Harschel pointed out that “from the bottom ot
deep narrow pits, such as a well, or tho shaft of a mine, such
bright stars as pass the zenith may even be discerned by the
naked eye.”

John Taylor indicated the reference in Ezekiel {XX1X: 10
and XXX: 6} 10 a “Tower of Syene," suggesting that perhaps
the famous well at Sycne was inside a sighting tower.

Reconstructing the ziggurat of Babylon on the basis of
the cunelform texi known as the Smith tablet, Stecchinl
established thal it rose in seven diminishing steps, each face
of which was smaller than tho one below it. For mapping,
lhis allows meridians to cross the parallels at right angles, as
In Mercator's profecllion, but avolds his dislortion by shrink-
ing each rectangular face in proportion (o the shrinking
degree of longitude as it approached the pole.

Tho ziggurat of Bebyion, says
Stecchini, wouid have been
perfect trigonometsically if
the height of the firsl three
stepS had been gs originally
conceived: 30, 48 and 55 1/2
degrees, Bu! the Babylonians
raised the first stap to 33°,
lhe approximale parailel of
Babylon,

The cunatlomm dascrption of
Ihe ziggurat, known as the
Smith tablet, spacifically In-
dicates that each leval of the
ziggurel hes en area corre-
eponding to standard units of
land surface. Parilculany
impoitant In Mesopotamian
land surveying was the square
with a side of &0 double
cubils—the surlace of the
third slep.

The slope angles at various
helighis also give important
angles, such as V5= 1, which
is alco incorporatod into the
Great Pyramid. Such lriangles.
and the numbaer /5 —1 {in
comman praclice laken as
the magic series 1-2-3) wote
fundamental in the opera-
lons of land surveying.

The third, fourth and fifih
stops ol the ziggurat make
tiiangles with sides related as
the Pythagorean 3-4-6 trl-
angle

In the original design, says Stecchint, the first step of the
ziggurat was intended to represent the thirtieth parallel, but
in Mesopotamia it was raisod to 33%, tho approximato latitudo
of Babylon. Thercatier the Babylonians made each step rise
in units of 6° of latitude. This made it possible for them to
obtaln an easlly remembered cosine vatue for each step by
simply dividing its length by two thirds.

As |he Babylonians liked to count by sixes, with a
hexages! ana gesimal system, the steps of the
ziggurat rose in multiples ot 8°. Further to simplily their
accounting, the degree of parailel represented by each step
couid be obtalned by muitiplytng the height of each step by
6;e.9., 6 X 51,2 {first step) = 33°.

THo system gave the Babylonians an extremely simple
way of remembering the trigonometric vatue of each parallel.
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All they had 1o do was divide the length of each step by
666 (or 2/3). Thus. 2/3 of 15 {width of first step) is 10.000,
whech (s the cosine value ot the equator. Thereafter the
opetation produced a simple progression: 8.666, 6.666, 4.666,
3.666, 2.666 for the cosine value of the angles indicated by
each siep.

The lop siep, says Stecchini, was rectangular instead of
square, because the average of its sides gives 2.5833, which
Is the cosine of 75° 01",

XV. THE GOLDEN
SECTION

in the Great Pyramid the Egyptlians produced a system of
map projection even more sophisticated than the cne
Incorporated in the ziggurats

The apex ot ihe Pyramid corresponds to the polo, tho
perimeter to the aquator, both in proper scale. This fact was
inherent in Jomard's conciusions, but got lost in the babble
of cubils.

worth Po) Herth Polo

—
€aualdt Eduater

Each fiat face of the Pyramid was designed to represent
one curved quarter of the northern hemisphere, or spherical
quadrant of 90°,

To project a spherical quadrant onlo a ffat triangle
correclly. the arc, or base, of the quadrant must be the same
length as the hase of the triangie, and both must have the
same height. This happens to bo the case only with a
cross section or meridian bisection of the Great Pyramid,
whose slope angle gives lhe = relation belween height and
base,

John Taylor inwitively suspected something of the sort,
butwas unable fully to formulate it.

©
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The subtlety of the Pyramid’s projectlon fies in the fact
that when viewed from the side, tho laws of perspective
reduce the actual atea of a face (mathematically oversized)
to the correct slize for the projection, which is the Pyramid's
cross section.

- y\ .
Actugl 1\, 7 visivte R / Meritan '\
Ared Araa \\ / Cross-sachon ™,

/

What the viewer saw. and sees. with the aid of perspective
is the correct triangle.

The key to the geomotrical and mathematical secret of
the Pyramid, so long & puzzie to mankind, was cctually
handed to Herodotus by the temple priests when they
informed him that the Pyramid was deslgned in such a way
that tho area of each of its faces was equat to the square of
its height.

area ol triangle

. 35
\
ars3 ofgquasae | 2
260260 =7,340 | &

et

This interesting observation reveals that the Pyramid was
designed to incorporate not only the i proportion but
another and even more useful constant proportion, known in
the Renaissance as the Gotden Section, designated in mod-
orn timos by the Greek letter ¢ (pronouncod phi), or 1.618.°

w, like 7, cannot be worked out arifhmetically; but it can
easily be obtained with nothing more than a compass and a
stralghtedge.

With the incorporation ot the Golden Section, the
Great Pyramid provides an effective system for translating
spherical areas into flat ones,

Anyone who is not anxious 10 follow the simplified mathe-
matics In this chapter may more simply skip to the follow-
ing chapter—which contains the answer to the riddle. But
he will miss some odd conceits about the relation of

* I fho 356 cubits of tho Pyramid's apothom are divided by hatf the
baso, or 220 cubils, tho result ia 89,55, or 1.618.

mathematics 10 the cosmos and to the creatlive function of
lite as embodied In the sclence of the bullders of the
Pyramid. The pharaonic Egyptians, says Schwaller de
Lubicz, considered ¢ not as a number, but as a symbol of
the creative function, or of reproduction in an endless serias:
to them it represented *“the fire of ilfe, the male action of
sperm, lhe fogos of the gospel of St. John.”

Tne Golden Sectlon, or ¢, is oblained dy dlviding a line

A 8
atapoint C
A & R

In such a way that the whole line

A B

is longer than the first part

A [

in the same proportion as the first part
A ¢

is longer than the remainder.
¢ a

This will mean that 35 = 4 = 1.618.

This equation, which appears so simple, turns out to be
loaded wilh meaning, Plato In his Timaeus went 30 far as to
consider it. and the resulting Golden Section groportion, the
most binding of all mathematical relations, and makes it the
koy to the physics of the cosmos.

In the Great Pyramid the rectangular floor of the King's
Chamber (which consisis of two equal squares, ora 1 X 2
rectangle) also serves to illustrate and to obtain the Golden
Section.

If you split one of two squares in half and swing the
diagonal down to the basc, the point where the diagonal
fouches the base will be g, or 1.618 in relation to the side
of the square. which Is 1.”

* Pythageras’ theotem will slso show thst the vslue ot ¢ will be
/2 4 V573, or 1.618, and that @ — 1 will be 618.
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This mathemstical giid,
based on the Galdan Section,
was o become the backbone
of the archiieciural system
davelopod by the graat Franch
architec! Lo Gorbusier for
his constwuction of anything
from the United Natione
building in New York 1o the
Clgsals in a bathroom,

Le Corbusier's “modutor"
based on the ¢ relafion in
1he human body.

Tho odd, if not unique, mathematical fact that p +- 1 = p*
and that 1 + 1/ = ¢ leads to an additive series, known as a
Fibenaccl series, In which each new number Is the sum of
the previous two: 1-2-3-5-8-13-21-34-55-89 . . . etc., and
thair ratio comes closer and closer to ¢."

fn Egypt Fibonacci got wind of the additive saries and
popularized its mystical quality by bringing to Europe the
story of the “rabbfl problem.” or how to lind the number of
rabbits bormn In one year, starting with an origina: pair.
Assuming the rabbits to be enclosed by a wall and that every
month they produce a pair of rabbits, and that eech new pair
inturn produce another pair each month, the answer couid
be obtained by the additive series 1-2-3-5-8-13-21. . . . In
this case it is 377 pairs of mbbits.

Sl (I I i ] I

The Fibonacci series can be visualized geometricaly as a
mathematical grid growing larger {or smaller) in which oach
new unit always bears the relation of ¢ to it% predecessors
and successors.

* Leonardo Bigolio Fibonaccl. known as Leonardo da Pisg, was
perhiaps the gieates\ mathematician of the Middle Ages. Bom In
1179, he lraveled 10 Algiers with his lather, who acted as gonsu! for
the Pisan merchania. From the Arabs Fibonacel tcarnt the Hindu
system of numorals from 1 to 9, which ho is credited with having
introduced to Eurape, where calculalions were still being made by
the ciumsy means of Roman numerals and Greak letters.

Funk-Hollet's analysis of
(32) Malnardi, (33) Michelan-

gelo. (34) Golden Section com-

paes: note 55/88 ieiation, (38)
Veronese, (37), (42), (43)
Raphael, (38). (39), (41) Leo-
nardo da Vincl, {40) Fia Lippo
Lippi.

In the Renaissance the ¢ proportion, or Golden Section,
as it was called by Leonardo da Vinci, served as the hermetic
slructure on which some of the great masierpieces were
composed, Leonardo lilustrated a book cn the Golden
Saction for Luca Pacioli, known as “the monk drunk on
beauty," which was published in Venice in 1509.
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Egyptian king as the hypothe-
nuse of 8 sacred 3~4-5 tri-
angle formed by a snako.

Schwaller de Lubicz shows
the king as &, selit into a
7 i proportion by the
phattus. The king's raised arm
gives a 8/5, or 1.2 X 49,
propotlion, which is oxactly
31416, or .

Funk-Hellet has analyzed the ¢ proportion in a score of
masterpieces, Including Titian's Presemtalion ol the Visgin,
Lulnl's Sieep o! the Inlent Jesus, ana Veronese's The
Wedding at Cana.

The conclusion that the Egyptians of the Old Kingdom
were acquainted with both the Fibonaccl scties and the
Golden Secilon, says Stecchlni, is so starlling in relation to
curren! assumptions about the leve! of Egyptian mathematics
that It could haidly have been accepted on the basis of
Herodotus' statement alone, or on tha fact that the ¢
pioportion happens to be incorporated in the Great Pyramid.
But the many measureinents made by Protessor Jean Phllippe
Lauer, says Stecchini, aetinltely prove the occurrence of the
Golden Section throughout the architecture of the Otd
Kingdom.

Prolessor Lauer, for many years the architect for the
Egyptian Depariment of Antiquities. has made thousands of
measurements ol ancient Egyptian buildings.

Schwaller de Lubicz also found graphic evidence that the
pharaonic Egyptians had worked out a direct relation
between 7 and g in that 7 = ¢* X 6/5.°

In the tomb of Rameses IX there is a strange figure of a
royal mummy with one arm raised and an erect phallus. The
mummy is lying at the hypotenuse of a sacrad 3-4-5
right-angled triangle indicated by a snake.

The length of the body, says Schwaller. is claarly 5 cublls
and that ol the upright arm is one more cubit, tor 3 total
of 6. At the same time the body is divided by the phallus in
the proportion of 1 and ¢, for a total of 2.

This, says Schwaller, makes the outsiretched arm give a
value for rr of 675 of the body, or ¢°. which is 3.1416.

On the east side of the temple of Luxor, Schwaller atso

© 2158 X B/5 = 3.1416.

Prigste exiting from third
pylon of the Greet Temple of
Kamak beafing the king's
barqua.

Schwaller de Lubic2 shows
how the value of x correc!
to four docimals, or 3.1416,
was incarporated inlo ha
greal gate whose basic
moazufomont wag 1 X 2.

Schwaller de Lubicz meas-
ured scores of trlangular royal
napking and found that lowor

angfes wera invatiably ¢
and \Jq.

found a relief depictling a cortege of priests axiting from the
great temple of Karnak, carrying the king’s ‘‘solar barque."
Schwaller points out that if the width of the gate of the
temple, from oulside wall 1o outside walt, is teken as 1, its
fult height will be 2. and the doorway ¢* x 1.2, or 3.1416;
again the value of 47, correct ta tour decimals.

En passant, Schwaller notes the curlous coincidence that
the Grecks should have adopted for ihe relation of diameter
to circumference the symbol of 77, which looks just like the
Egyptlans' doorway.

Even more extraoidinary Is Schwaller's resofution ot the
symbolic meaning of the triangular leincloth worn by the
Pharaohs. Schwaller checked several score of these royal
napkins for hermetic significance and lound that they
Invariably gave two angles whose values were respectively
gand \/o.

Because of the location on the body of the royat napkin—
similar to the Masonic apron of today—its phallic character,
says Schwalter. was unmistakable.

In the Great Pyramid the ¢ relation is found in the triangle
formed by the helght, 1he halt base, and the apothem; that
is to say, in the basic csosssection of the structure.
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These proportions create a relation between the sides of
the triangte such thal if the hall base is 1, the apothem Is ¢
and the height Is \/o.

This relation shows Herodotus' report to be indeed
carrecl, in that the square on the height ol the Pyamid s
V¢ X \/p=p andthe areas of the face 1 X ¢ = .

arcadf irian

al
- ren

o

i = 350 %

|
areaci square |
280x 280 ~ 7,840 |

The simplicity of he system incorporatod in the Pyramid
makes child's play oi the complexities of mathematical
map projection. All one need understand Is that 7 Is the
unchanging value which links a straight dlameter to a curved
circumlerence.®

3,5416

* 7 times the diameler of a circle will cqual its ci:cumference.
7 {imas ona-half the diametar squared wlll equal tho arca of the
circle.

Although the squaring of acircle Is an insoluble problem
if you use the irrational number of . it Is nevertheless prac-
tically resolvable as a functlon of the Golden Number ¢.
Because /2 = 2/v/¢ to within a thousandth part, 7 can
usefuily be taken as 4/\/;."

The Pyramid Is sodesigned that for all practical purposes
1 accomplishes the squaring of the circlo. The Pyramid's
base is a squaro whose perimeter is ¢quat to the circum-
ference of acircle whose radius is the Pyramid's height.t

Circumierence = 1760
Permoser = 1760 Zais

- . /

Superimpoee the square on the circle and you get nol
only an interesting but an extremely useful diagram consisting
of the perimeter of the Pyramid and the circumference of the
circle 1t represents.

* The foltowing examgples are Included for the sake of those who
might doubt the h Ics, they are not tiai o 1he narrative.

Becouse 7 als0 cquals g2 X 6/5, itia possible to
use tha Fibonacei cories 1o obtain en accurste relation for tho
diameterof a circle to its ci i without o=.In
ne Fibonacei serles of 21-34-55. if 21 s taken as the diametor of
a circle, ts circumference wil be 55 X 6/5. or 66, accurate to
onc-thoussndth pait, giving the Gieat Pyramid vatue for = of 22/7.
or 3.14288,

Highss numbers in the Fibonaect series provide Increasingly finer
values in whole numbers accurats to one ten-thousandth part.
Proionging the sedes. which goes ... 89-144-233-377-610 ... a
diameter of 144 glves a clrcumference of 377 X 6/5. with a value
for 7 o 3.1415; a diameler of 233 gives a chicumferance of 610 X
6/5. with 3 valuo for = of 3.1416; and 30 on.

1 Four times the base of 440 cublts equals 1760 square cubits. The
height ot 280 cublita X 21, or twice 22/7, equals 1760 sQuare cublts.
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Three more lines will provide the mathcmatically correct
cross section of the Pyramid of Cheops.

~ TS
1

By simply enclosing the diagram In anolher square. and
inserting the (¢ relationship as it exists in the Pyramid, a key
is obtained for roadily translating sphorical surfaces into
flat ones of cquaiarca.

To obtain & rectangle equal in area to the basic circlo,
two sides of Ihe smaller square need merely be psolonged
till they touch the sides of the larger square.

The area of the rectangle is its length times its width, or
2\/0 x 2, whichis 4\,

The area of the circle is 772, or 7o in this case, the
radlus being \/@. Bul since « = 4/1\/¢p, the area Is also 4V/¢.
the same as the rectangle.

Thanks to the Pyramid’s structure it is thus possible, with
virtually no mathematics, to draw a roctangle {irom the base
of the Pyramid and twice its height) which will be equa! in
area to a circleon its height. This leads directly lo being able
10 draw a rectangle or trlangle equal to a spherical quadrant,
rasolving the main problem of the map maker with the same
simplicity,

As the whole circle equals the whole rectangle, half the
circle is equal lo hall the rectangle.
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But hait a flat circle is also mathematically rigorously
equal in area to the spherical surface of a quadrant of 90°.

2
Thus a rectangle of height v/i and a base of 2 is equal to
a quadrant of helght v and an arc o1 2.

1
Arer= ]

Alga= 2,9

It is thus possibie to transtate a spherical quadrant of 90°¢
of longitude onto a flat Mercator surface of equal area or
onto an undistorted trlangle of exactly half that area.

With the Pyram(d, the ancient Egyptlans had not only
squared the circle but effectively cubed 1he sphere.

XVI. SCIENTIHC
SURVEY GIVES
GEOGRAPHICAL
PROOF

That the Pyramid of Cheops was Intended to represent a
geographical renditian of the northern hemisphere was
indicated repeatedly in the ancient texts, as Jomard had
noted. From a careful analysis of classic Greck authors,
Stecchini narrowed the sousces of information on the Pyramid
—other than Herodotus-—down to a single Gresek writer,
Agatharchldas ot Cnidus, a peripatetic philosopher who was
guardian to the king of Egypt at the end of the second
century B.C.

Agatharchides reported that Ihe length of one side of the
base of the Pyramid corresponded to /8 minule of degree,
and 1he apothem to 1/10 of a minute.

Jomard had hitupen this information and used it to find
an almost cxact solution: his apothem of 184.722 meters
multiplied by 10 gave a minute of 1847.22 meters, which is
aimost preclsaly the iength of a minute ot latituda at the
twenty-ninth parallel. This led Jomard to assume that the
builders of the Pyramid had chosen to use the mean latitude
value for all Egypt, which he figured to be 27° 40".

What Jomard could not know was that the most anclent
geodetic centerof Egypt had been placed at 27°45, precisely
halfway between Syene on the Trople, and Behdet on the
coast of the Delta. He could not have known this bacausa the
site of the new capital of the young pharaoh Akhnaten called
Akhtaten or “Resting point of Aten" had nct yet been
discovered near the modern Telt el-Amarna, nor had the
young Champoliion yet declphered the hieroglyphs

A sfone taxt found in the ruins of Tell e-Amama reiates to
the foundation of the capital. One of the surviving copies is
about twenty-five feet high. it glves the length of the new
capltal as being limited by two boundary stones meticulously
set “for eternity"” at the extraordinary distance of 6 atur, 3/4
of a stadium and tour geographic cubits. This Indicates an
intended accuracy of one in ten thousand. As Stacchinl
interprets the text, it not only specifically indicates 27* 45’ as
the anclent geodetic center of Egypt, but gives the length of
the Zverage degree of {atitude between the equator and the
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pole to be 240,715 cubits of 111,136.7 meters. The modemn
estimate is 111,134.1 meters.

As Stecchinl polnts oul, Akhnaten's geodetic reform was
a retum to the predynastic system of computing the length
of Egypt in geographic cubite rather than royal cubits,

Had Jomard been able to measure all four sides of the
base of the Pyramid with the precision of modem surveyors,
he would have reatized that the anclent Egyptlans intended—
quile logically—for the base of the Pyramid o indicate the
value of a degrec at the ecquator (where they apparently
considered the earih to be a true circle and a degree ol
fatilude to be equal 10 a degree of iongllude).

Up until the time of Wortd War | there still remained
considerablo doubt as to tho actual longths of the four sides
of the base of the Pyramid. Petrie had encountercd great
difficulty In dellmiting the exact position of the corners, irom
which several blocks had been temoved. But in 1925, Ludwig
Borchardt, then director of the German Institute ot
Archeology in Cairo, asked to borrow the instruments of
the Govemment qf Egypt in order to make a new survey of
the Great Pyramid. Borchardt hoped that a really accurate set
of measurements might at last separate the strands of tact
from fiction in the maitor of the geomatry of the Groat
Pyramid.

The Egyptian government agieed to make the survey on
condition that Borchardt tirst clear all the remaining debris
from around the base. When this was accomplished, an
engineer named J. H, Cole was empfoyed to maka a
thoroughly scientific survey. Cole used an extensive
sounding of the [oundations, and wvas finally able to ascertain
10 within millimelars the original position of each ot the
four corners,”

* Thoto ware publichod in Oetermination of the Exact Size and
Orientation of the Great Pyramid of Giza {Sutvey ol Egypl,
papar 38) Cole gives 230.215 metars (= 6 millimetars) for the
soulh side; 230.454 meters (= 10 milimeters at the west end
and = 30 miilllmeles at the east end) for the noith side; 230.391
for iho cast side; and 230,253 for the wesl side.
hini isos thal the app: i P of s fow
inches in the langths ot the four base lines might not rave been
erors on the peit Of builders who coula set casing stones with
the precision of a modern optician 2nd dig a descending passage
of gver 350 fexl with a muere 1/4 inch error in azimuth, bul
intoniional varients lor a definite purpasa.

Wore tho dlfferenca in length of the sides lo be expfained not
as the result of impreclsion, bul as Iniended skitl, 1t would be
possibie 10 explain the |ack Of squareness in ki@ ancles of the
base of the Pyramid. in Stecchlinl’s opinion, the Pyramkd's sides may
have been deliberalely planned with engles differing from a right
engle in multiples ol 16” in order to correspond 10 & socond time in
the apparant motlon of the stars.

Ludwlig Borchardt's measure-
ments of lhe angles of the
base of the Great Pyramid

Pyramidion or capstone, from
the pyramid of Amenemhel ilI
{1848-1801 B.C.} at Dashur. 1t
Is_of polished black granite
with winged zun disk of gold
and carved hieroglyphs,

If the base ol the pesimeter is intended to be 1/8 minute
of degree, twice tho perimeter will equat one minute,

Cole's mean figure for twice the perimeter is 1,842.91
meters. The modern liguie fora minute of latitude at the
equator Is 1,842.9 meters.

From the figures ilis evident that the anclent Egyplians
know that a degreo of latitude is shortes! at the equator and
lengthens as it approaches the pole.

Schwaller de Lubicz arrived at the same concluslon ty
noting that the Egyptians counted a minute of arc as being
1000 brasses, or 1000 fathoms 016 feet. Accoraing to
Schwaller the brgsse was a striclly geodetic measura that
varied between 1.843 meters and 1.862 meters, depending
upon the degree of !atitude at which it was figured, The
concordance ts remarkable in that a minute of latitude is
1,842.3 meters at the equator, and 1.861.65 at the pols.

Stecchinl's analysis of the ancient texts also helps resolve
the problem of the apothem of the Pyramid which was said
to be 1/10 of a minute, or 600 foct.

Agatharchides of Cnidus reported thal the Pyramid of
Cheops was topped by apyramidion, or capstone. of four
cubits which could beincluded in a calculation or excluded
dopending on the problom to bo rosotved. Like tho obelisks,
most pyramids were capped by a pyramidion of precious
metal that would sparkle in the first rays of suniight,
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Discounting 4 royal cubits for the pyramidlon leaves an
apothem of 352 cubits of .§25 metereach, and solves the
whole riddfe of the cubits In the Pyramid.

i1 glves an apothem of 600 geographic fest of 308 meter,
or 400 cubits ot .462 mefer. It also gives an apothem of 500
romen, 220 megalithic yards, 320 pyk belady cubits, 100
brasses, €0 decapodes, 40 cannes, 10 short schoenia, 6
plethra, or 1 stadlum. It is one lentl: of a minute of latitude
measured at the parallel ot the Great Pyramid.

Jomard had been lucky when he found 800 feetto the
apothem of the Pyramid. He had measured short, not knowing
about the pyramidion, and come up with a very close 184.72
—which was detided by his colleagues.

Six hundred feet of .308 meter is 184 8 meters. The
modern eslimate of 1/10 minute of latitude at the paralle!
of the Great Pyramid | 184.75.

But Jomard had been absolutely «ight when he said he
found 500 old Egyptian cublils of .4618 meter in the base of
the Pyramid, and 400 larger pyk belady cubits of .5773 meter.
Thesa cubits are based on what Stocchini found to be tho
oldest foot in antiquity, the geographic fool which was still
used in classical Greece and which survived In Europe down
to our Middle Ages: in Egypt it was stilt common when
Jomard arrived. Stecchini found evidence of this footin
temples in Mesopotamia in the preliterate cra as early as
3500 B.C. The same geographic foot forms the edge of a
cube or artaba which was the standard unit of grain measure
in the Near East down to the Persian Empire

Itis now clear that the minuto diffarences that appear in
this foot in Persia, Greece, Mesopotamia and Egypt are due
10 the fact It was computed astronomically, vatylng a mere
traction of a mlillimeter depending on the tatitude at which
it was measured,

The fagade of the Parthenon is 100 geagraphic feet of
3082765 meter, or 1 second of arc at the latitude of Athens,
which is 37° 58°. At the equator a foo! is a mlillimeter less. or
onty .30715 meter: at the mean iatitude of Egypt, at 27° 45,
it is .307795. At the latitude of the Great Pyramid it is what
Jomerd foundit to be: 3079, One and one-helf of theso fest
made a geographic cubit of 4618, the same cubit Jomard
found in cusrent use when he arrived in Egypt. and which
had been current since the time of Al Mamun (by means of
which the Arabs could have correctly computed the
circumference of the carth).

If you divide the earth into 360 degrees, and again into
80 minutes of 60 seconds, the result is one second of arc.
or 100 geographical feet. Translated into meters by
multiplying by.308 tho rasult is 36,9168 kilometers, which is

within one quarter of ono porcentof our modern earth
clroumference of 40,000 km. By Akhnaten's average degree
it was an even closer 40,009.32 kilometers.

Taylor had come within a halr of resolving the problem
when he correctly postulated that the builders ot the Pyramid
had taken a great clrcle of 360 degrees and divided It firat
into 60 minutes and then into 80 seconds for a total of
1,286,000 seconds of arc.

Searching for a unitamong the anclent measures that
would (it this to1al, Taylorcame up with what he called the
short Greek fool, or Ptolemaic {oot, which was 1.0101 of an
English foot. One hundred of the Ptolemaic feetto a second
of arc gave an carth circumference of 129,600,000 Ptolemaic
feet, or 130,908,980 English feet, which was a bare one
thousandth short of the estimate of the earth’s circumference
In Taylor’s day.

Taylor's Ptolemaic foo? was, of courso, none other than
Jomard's foot of .3079, from which was derived the cubit of
4618 meter, SO0 of which [it the base of the Pysamid.

But Taylor couldn’t make the sums come out because he
was using the base computed by Le Pére and Coutelle, which
was about six feettoo long, and into which neitherthe
Ptolemaic foot nor the cubit would fit.

For lack of Cole's precise survey, poor Taylor, who was
hot on the scent. was abliged to discard Jomard's thesls that
500 cubits of .4618 fit the base of the Pyramid along with the
idea that it was intended to ropresent 1/8 minute, or 1/480
of a geographical degree. That Taylor was loath 10 do so is
clear from his comment that he was sure that “it Is in this
direction. if any, that we may hope 10 find a satisfactory
answer to the question: why was the Great Pyramid built?"

Instead, Taylor pursued tho confusing idea that the
Pyramid had been intended to indicate a polar axis for the
earth of 500,000,000 Pyramid inches, and that the Egyptians
had measured the base of the Pyramid in units to fit a solar
year of 365.2322 days.

Piazzi Smyth, who also sensed thoro was truth in Taylor's
probings, followed him into this apparent cul-de-sac.®

* Even so Taylor and Stnyth may have been on the track of 8
solution. Taylor suggested thet the e of the eanth
had been measured in Plolemaic feet and common cubits, whoreas
the polar axis had bsen measured In inches and sacrad ¢ubits.
In his recent ical Melrolagy. 1 Berriman support
Taylor's b by ing 1hal a “sacred” cubit of
25.064 inches is the ten mitlionth part of the earth's polar 1adius,

& “royal' cubit of 20,6265 inchey is 8 fraction of the Circumterence
of the easth in Ihat it is 208.285 soxigesimal seconds of arc: in
other words the radius laid along a clrcumlferance of 1,296.000
seconds becomes a 1adian of 206,265 seconds.
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Why Taylor, Smyth, Petrie and Davidson could not, or
would not, avall themse!ves of Jomard’s figures is a mystery.
The twenty-one volumes of the Description de I'Egyple ase
bulky, haid 10 come by, and harder to handle (ihey are In
leatherbound tolio and double (Atliantic] folio, weighing as
much ag fifty pounds), and the information is scattered,
without an index, through hundreds o1 pages of text, mixed
with thousands of incongruous or irrelevant [acls and figures;
but the hard facls and figures are there: and Jomard's
handling of them is lucid,

More sutprising is the doggod determination of
Egyptologists and writers on the Pyramid to continue to
overlook or deny these tacts. Even so eminent an
Egyptologlist as Jean Philippe Lauer, architect for the
Egyptian Department ol Antiquitles. who certainly had ready
access 10 Description do I'Egypie (his fathor was a curator
of the Blbliotcque Nationale) continued to dispute Jomard's
conclusions even as tale as after World War il.

In his book Le Probléme des pyramides, Lauer wiltes:
“We must recognize thatall this pretty hypothesis rasts on
inexact data. The oubit of .462 meters derived by Jomard
from the base and the apolhem of the Pyramid appears to be
as hypolhetical as that of Piazzl Smyth.””

Ironically, tne Director of the Department of Egyptian
Antiquities, M. Etienno Drioton, who wrote the preface to
Lauer's book, compleined that itis because of their
oppositlon 1o such theorles as Jomard's that Egyptologists
are being 1reated like “nail, bling, refractory datbters In
science whose quiet routines have been disturbed!”

That Jomard's cubit of .4618 or .462 meler Is incorporatad
500 times in the base of the Great Pyramid and 400 times in
the apothem is no longer a matter of debate. Thanks lo Cole
it is a simple matter of muktipiication. Even the confusing
report of the Roman historian Pliny that the base of the
Pyramid measured 833 1/3 feet and its apothem 666 2; 3 feet
becomes easily resolvable. The incongrulty is ratlonal when
itIs realized thal Pliny's foot was simply 9/10 of a geograohlc
fool. In other words, 833 1/3 of Pliny's feel turn out to be 750
geagraphic feet, or 500 geographic cubits,

The 500 cubits base Is equal to 230.3625 meters {almost
exacily Cole's figure) if measured by a geographic cubit
computed at the equator, and 230.925 (aimost exactly
Joma:d's figure) if measured by a cubil computed at tha
parallel of the Great Pysamid. Tho differonce in cubits—
which amounts 1o a fraction of a millimeter—makes no
dilference whatsoever to the relative values of the olher
units, For the sake of clarlty the accempanying char uses a
cubit of .462 and a foot of .308.

LESS Pyramidor

yog

The units of moasuro, from
the short 1001 of 300 meter,
through the various cubits,
brasses, mogalithic yards,
parasangs. and mites, all
fit perfectly in eilher 1ound
numbors or oxact fractions
intoc the base and apofhem
of he Gieat Pyiemid because
thoy are 6!/ fraetions of a
correc! geogsaphical degree
of 1atiiude or Icngitude
at the oquator. Tho Great
Pyramid is thus 3 twe stand-
aid of measuie and 3 scale
modal of tho northom
hemisphera.

Ancieni Units of Measure Contained in the Greal Pyramid
/n Round Numbers or Exact Fractions

1710 minute of T
maacired by apotham

Apothem Base
616 Egyptian fool of 300 melor 770 Egyplian foot
600 Groek or geographic fest of .308 meter 750 Greek feal
500 remen ot .3696 mefer 625 remen
400 geogsaphic cubits ol 462 meler 500 geugraphic cubits
352 royal cubits of .525 moter 440 royal cubils

320 pyk belady Of 6776 mcter 400 pyk belady

275 mogalithic yards of .84 melor 220 mogalithic yarde
100 brasses or fathoms of 1.848 meters 125 braseas or fathoms
B0 decapades Or rods of 10 feet 75 decapodes

40 roos of 15 teet 50 rods ot 15 feet

6 piethia 1.5 plethia

1 stadium o! 600 lee! (.308) 1 1/4 swadium

1/8 mile or minuto
14480 of a degree

1/10 of a milo, or angular minute
1/600 of a geographic degroo

Agatharchides was quite right when he quoted anciont
Egyplian sources as saying that the base of the Pyramid was
intended to be 18 minute of degree at the ecuatos. 500 of
Jomard’s cubits muitiplied by 8 for a minute. by 60for a
degree and 360 for a circumference, equal 86.400,000 cubits,

Rofstion of the Ancient Egyptian Foot (of .308 merer)
and Multiplos Thorool to the Circumierence of the Earth

In the circumtarerca there are 129.600.000 feel

Theme are 360 degiess ol 360.000 fi.
3,600 gieat Egyptien schosne  Of 35,000 ft,
21,600 miles of 600D ft.
216,000 stadia of 600 It
1,296,000 plethra ot 100 1.
2,160,000 schoenia of 80 1t
8,640,000 cannes of 15 11 (1) cubil
12,960,000 decepodes ol 10 ft,
21,600,000 brassas or ogylo of 61t
86,400,000 cubits ot 1221L
129.600.000 feet of 11t
515,400.000 palms ol 17410

2,073,600,000 fingers of 116 1t



Qberisks ouiside the temple
of Amson-Ra at Kamak
which wag orlontod to the
solstice. BY measusing their
shadow at Uie solstice it was
possidle to extiapolate the
meridian circumierence of the
planot.

This reveals the source of the Egyptian cubit and foot.
There are 86.400 seconds in a day of lwenty-four hours, or
the time it takes the earth to revolve on Its axls. So the
distance traveled by the sarth at the equator in one second
isexacly 1000 of Jomard's cubits.

The builders of the Great Pyramid gave its base a length
corresponding to the distance the earih rotates in 1/2 a
second. This makes the cubit and the tool doubly earth
commensurate: the cubit was equal to 1/1000 of a second of
time, the foot to 1/100 second of arc.

How could the anclent observers have established this
fact? To compute the poiar clrcumference of Ihe earth the
ancients used the sun and the shadows cast by obelisks To
compute the equatorial circumference thay observed the
passage of slars across fixed points such as obalisks. For
Ihe polar citcumference they needed merely to measure the
distance between two obelisks a lew miles apart and lhe
difference in the length ot the shadows of the obelisks

There was no need o measure such a vast distance as.
separated Aloxandria irom Syene. The difference in latitude,
and hence the fraction of arc separating any two meridian
obellsks. can be cbtained by the relation of the obelisk's
shadow to lts height when measured ar the moment of 1he
sofstice or equinox.

To obtain tho oquatorial circumieronce, an obsorver at
{he base of an obelisk atthe thirticth parallel could signal the
appearance on the easte:n horizon of a zenith star to an
observer at a measured distance In the western desert
where lhe tip of the obelisk would be on the harizon. Noting
the interval of time batween the signal from the first observer
and the moment the star appeared on hig horizon (and
knowing the earth moves through 1,296,000 seconds of arc
in 86,400 seconds of time), the obseiver could figure the
equatorial circumterence of the earth. At the thirtieth parallel
it wouid vary from the equator by the cosine valus of
30° or V372

It was thus simply a matter of deciding what unit of
measure to use in computing these lengths. An abserver
looking up at the Grand Gallery from a point far enough back
to subtend an angle of 2° al the apening, could then note
the time it took & star on the celestial equalor to cross
the opening. He would then possess the necessary data to
relate the width of the Grand Gallery to tha circumferenca
of the earth.

From the figures it is evident thatthe ancient astronomers
took the earth's daily rotation on lis axls as a unlt of time
and made 1000 cubits the distance traveled by the earth ina
second of time.

With a series of obaelisks they could physically measuro
minutes and seconds of meridian arc, along a meridian and
extrapolate the distorted distance to the pole.

From many scattered texts Stecchinl has deduced that
the Egyptians had worked out a simplified method of
computing the change in oach dogree from oquator to pole
by means of an additive and subtractive series. The
geographic cubit was aiso ideal in that it gave an admirable
length for Egypt ot 1.800.000 cubits. From Behdet to Syene
is 7 1/2 degrees, or 1/48th of the earth’'s circumference of
86,400,000 cubits.

These cold facts shoutd settle one whole facei of the
mystery of the Great Pyramid. Clearly the ancient Egyplians
knew the shape of the earth to a degree not confirmed tll|
the eighteenth centuiy when it was established that Newton
was correct in his theary that the planet was somewhat
flattened at the poles, and they knew the size of the earth to
a degree not matc hed tillthe middle of the nineteenth
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Number ot Greek or geographic leet of 308 meters.

contury whon it was first od with comparabl
accuracy by the German geodesist Friedrich Withelm Bessel. in direnmioraricd of world 360,000 X 360
Itis equally evident that they could divide a day into 24 In a geographical degree 360.000
hours of €0 minutes and 60 seconds. and praduce a unit o1 “: : 50;9 f;:'\:é’: S 26'000
measure that was earth commensurate—just as Taylor, s snaa%ur: k 1 &0
Smyth and Jomard had surmised. In a brasse 6

So now that Cinderella's foot has been found to fit her In a cudit {gecaraghical) UL
lost slipper withoul pinching or effort, to go on lengthening
8na shortening Ihe carbuncied teet of her Lgly sisters would A i) 3 .
indeed be hke M, Orioton’s naif. blind and refractory dabblers 9 Varyes {acorp inibeQ ity

Great Pyramid

In scionco, On the othor hand, a littlo cooporative effort by
exper!s on ancient Egypt and Sumeria might help bring to

light many more fascinating detalls of the early history of Base Perimeter Apothem

Egyptian loot of .300 meler 770 3080 616
scienca, Grook or geographic foot of .J08 meter 750 3000 800
Greek or 9eographic cubit of 462 meter 500 2000 400
Royd Egyptian cubit ol .525 meter 440 1760 352
Pyk befady cubit of .6775 meter 400 1600 320
Megalithic yards of B4 metar 275 1100 220
Brasse of 6 geographic fee; (1.848 meters) 125 S00 100
Dacapades of 10 geographic loet 76 300 60
Plelnca 7.5 30 6
Stadium of 800 geographic leel 11/4 5 1
Miles or minuto of dograe 1/8 1/2 1710
Parasanos /28 1/6 1/30
Long schocne 1/48 1/12 1/60
Geographical degree 1/480 17120 1/600

Sexagesima!l, Decimal and Qualernary Relations of
Ancient Egyplian Units of Measure

60 palns =1 canne

€0 lear = 1 shor schoenion

60 Jecapodes =1 stadium

60 short schoenia 1 Hebreic mile

€0 plethra 1 Egyptian milo or mimuie of
degree

60 stadia 1 grand schoenion

60 Egyptiar miles 1 degrea or molra

60 gs8ny sChoenla = 1 sexagesime

60 sexagesimes 1 circumference of the globe

10 Egyptian feet 1 decspode

10 Egyptlan cubits 1 canng or Egyptian pote

10 orgyio or brasses 1 short 3choenion

10 decapodes 1 plethion

10 cannas 1 side of land unil 61 100 cudits
aroura?)

10 shart schoenia =1 stadium

10 stadio =1 Egyption mile

10 grand schaoenia 1 degres of longilude

4 I'ngers =1 palm

4 palms =1 {oot

4 cubits 1 orgyie o1 brasse

4 cannes = 1 shost schoenion

4 sides of 100 cubdts {araura?) 1 stadium
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XVII. DECLINE OF
ANCIENT
KNOWLEDGE

What remains a mystery is how all the advanced science of
the ancient Egyptians could have been los! for so many
centuries.

1n hig reconstsuction of preclassic geographical data,
Stecchinl has traced an advanced science of geography
based on accurate astronomical tables which were kept
up to date all the way down 1o the beginning of the first
millennium B.C. He has established that the later Babylonians
still had excellent maps for their area of the worid between
the thirtieth and thirty-ajxth paratlets, made in segments of
8° of latitude by 7° 12’ of longltude, which gave them perfect
squares because of the diminished length of a degree of
longitude bet those p

This same system, says Stecchinl, was in use as tate as
the reign of Darius the Great of Persia, whose empire,
centered on the arbitraty geodetic point of Persepolis, ran
precisaly 3 unlls ot 7° 12’ east ot the Egyptlan meridian and
thiee units of 7> 12’ west of the Indian border.

Buterrors were aiready creeping into the geography
because o! a lack of direcl observation of celestial
phrenomena and because of the retiance by geographers on
ancient astronomical data that were no lenger up 16 date.

As an explanation for this regression of geographic
science, especially during the Hellenistic period, and
thereafter aimost to modern times, Stecchini suggests that
when Alexander the Greal destroyed Persepolis in the founth
century B.C. he may have exterminated the Egyptlan
goographers imported by the Persians to do their figuring,
and that when he dismantled the ¢entar of Egyptian science
al Heliopglis In order to build his own capital at Alexandria,
he may have compounded the damage.” The destructions of
Persepolis and Heliopolis were consideted by Alexander

* Hetlopolis, the On ol the Bible, was considered the greatest
wilversity in the world. it had existed since much eailier times
under the domination of the prieats. of whom there were sald
to bo 13,000 in tho timo of Ramasog I, 1225 B.C, More than 200
yoars earlier, Moses was nsiructed al Haliopolis 'in all the wisdom
of lhe Egyptians ** whieh included physies, snthmetic, geometry,
as! Y. y, 9a0logy, meteorology and music.

Ramanlic nineteenth-century
depiction of Moses being
found in tho bullrushaes.

Gnomon at Alexandria at
summer solstice.

essential In order to destroy the geographic, and therefore
the potiticat, basis of the oider empires

Stecchini’'s evidence shows that far irom being the great
innovators of geographica! knowledge, tho Alexandrine
geographers of the next half millennium, such as
Eiatosthenes, Hippaschus and Plolemy were mainty
handling ana mishandling traditional gata ot an advanced
science that preceded them, and which they only
understood in part.

Current scholarship kecps repeating that the circum-
ference of the earth was first measuted by Eratosthenes,
the Greek who was put In charge of the library ot Alexandria,
but it is clear that Eratosthenes merely cited oid Egyptian
information about the circumference of the carth without
really understanding it.

Eratosthenes claimed to have found that a degree of
latiude was 700 stadia. This, says Stecchini. was nothing but
the traditional Egyptian datum ot 14 atur 10 50 stadia.

Eratosthenes also claimed to have {ound by abservation
that when the sun doss not cast a shadow at the southem
limitof Egypt, it casts a shadow of 7° 12” at Alexandria.
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Etatostheres i5 said lo have
measured tho ciroumforonco of
the earth by noling the angie
of tha sun's 1ays at Alexan-
dris 8t the summor solstice,
the day he knew the sun
would be directly overticad
at Syeno on the trople of
Cancer.

Finding a shadow angie ol
7* 12 al Alexandria, ho de-
duced the disiance trom
Alexandile o Syene lo be
7° 12 of tho 360° circumfarance
of the globe. As 360/7* 12 =
50, Eratwsthenes multiplied the
5000 ztadia he betlevad
lo separae Alexandria from
Stere by S0 and got s figure
of 250,000 sladis lor the
circumierence of the eadti.
Bucause his various ertors
canceled out. he was cradited
with 3 sclantllic answer.

Alexandria /gn's 18yS

In reality Eratoslbenes had read the old Egyptian data
(then more than 2000 years oldj to the effect thal the troplc
was al latitude 23° 51’ and thal the sun did nol cast any
shadow at Elephantine. What he did not know, and could not
measure, was thal by his time the tropic had shifted lo
23° 45", Nor did Eralosthenes understand the necessily of
adjusting his figures according o the apparent semi diameter
of lhe sun; he believed Alexandria to be 7° 12’ north of
23° 51%; he even claimed thal Alexandria was on the same
meridian as Elephanline, whereas they are apart by about 3°,
or 200 miles of longiude.

Furthermore, Eratosthenes used the ‘'great cubit™ ot
Babylon {532.702 millimeters) to obtain his siadium, instead
of the more ancient royal cubit of the Egyptians of 5256
millimeters. unaware that lhe first step taken by the Assyrians
when they conquered Egynt In the seventh century B.C. was
1o substilute their own Mesopotamian cubit for the Egyptian
one in order 1o manifost their own dominion.

On the basis of his rescarch into ancient geography,
Stecchinl Is now convinced thal there existed on this planct
a paople with an advanced mathermalical and asironomical
science sevoral millennia before classic Greece.

XVII. WHO BUILT
THE PYRAMID?
WHEN? AND HOW?

It would bo salisfactory 1o be ablo to describa the method by
which the Greal Pyramid was pul together, by whom, and
when.

8ul the builiders, whoever they may have been, left no
description of their method. No one has even found a /ater
Egyptian roport of how tho first pyramids were buill. Il s
only on the basis of shrewd guessing that Egyptologists
eslimate the slepped pyramid of Sangara 1o tie the oldest of
the Egypllan pyramids and altrlbute its construction 10 the
legendary architect imhotep in the reign of King Zoser ot
the Third Dynasty.

The stepped pyramid of Meddm, which was the first
stepped struclure (o be converied to a true pyramid, is
aitributed to Cheops' father Sneteru on simélarly skeichy
evidence, the same goes for the bent pyramid of Dashur.

Lacking solid history, the Arabs (and tho Jows) of tho
Middle East proliferated legend. The most ancient tradition
about the Great Pyramid Is that It was erected lo memorialize
a iremendous c¢ataclysm In lhe pianetary system which
affected fhe globe with fire and fiooding

Arab authors recount that the pyramids wore built bofore
the deluge by a king who had a vision that the world would
be turned upside down. and thal the slars would fall from
the sky. According to these Arab sources, the king placed
in the pyramids accounts ot all he had learnt from the wisest
men of tho limos, including tho secrets of astronomy,
compiete with tables of the stars, geometry, and phyasics,
realises on precious stones, and certain machines, including
celesttal spheres and terrestrial globes. They aiso speak of
“*malleable glass.”

Tho oarliest Jewish reports—other than lhe vague
reference in the Bible to “pillars of stone'.—is in Josephus,
who says the Sethiles were inventors of a wisdom which
deait with celestial hodies and their orcer In the heavens,
and that to preserve their wisdom for ali mankind they built
two monuments—one brick, the other stone—the stone one
being still extant in Egypt in Josephus' time, during the first
cenlury after Christ.

The Arab legends maintain thal the Great Pyramid not
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only contained representations ot the position of the stars
and lheir cycles, but also a history and chronicle of the times
past and (uture,

As to who bullt the Great Pyramid, Arab historians such
as Ibrahim ben Ebn Wasutl Shah say that the Giza pyramids
were built by an antediluvian king called Surid or Saurid, who
saw in e dream e huge planet falling to earth at the time
when “the Heart of the Lion would reach the first minute of
the head of Cancer.”

Abu Zeyd el Balkhy quotes an ancient inscription 10 the
eifect that the Great Pyramid was built at a time when the
Lyre was in the Constellation of Cancer, which has been
interpreted as meaning “twice 36 thousand solar years before
the Hegira." or aboul 73,000 years ago,

The famous traveler ibn-Batuta, writing 730 yeats atter the
Heglra, says thal Hermes Trismagislos (the Hebrew Enoch),
“having ascertained from the appearance of the stars (hat
the deluge would take place, built the pyramids to contain
books of science and knowledge and other matters worth
preserving from oblivion and ruin.”

According to Basil Steward, a theosophist, author of Tho
Mystery of the Great Pyramid, there is no more reason 1o
believe thatbecause the Pyramid stands in Egyp! it was buiit
by Egyptians than that the modern Egyptians bulit the Aswan
Dam, Steward says that when all the evidence—archeotogical
and traditional—is coordinated and examined collectively,
it leads to but one conclusion: “, . . The seeds of Egypt's
greatness were sown by a few colonists who entered the
country peaceably and organized the carrying out of great
constructional works."

Sir George Comowall Lowis,
n An Historical Survey of the
Astronomy of tho Ancionts,
complained of the arbiirary
dating used by Egyplologisis
which he compared to “the
manipulaiion of the balance-
sheat ol an insolvent company
by a dexlerous accountant
(who, by transfers of caphal to
income, by tupprasmsion or
transposition of items. and by
the alteration of bad nlo good
debts, can convert a daticiocy
In1o 3 surplus).” Lewls painted
ou! that Boron Bunsen and
Dr. Lepsius, bath eminent
Egyptdloglsts, separaled the
dstes of tho figure Sesostris
by no less than 3793 years and
asked: “Whal would we think
it a now schooi ot writers on
the history of France, entitling
themselves Francologista, wore
1o arise in which one of the
leading critics were to deny
that Louic XiV lived In tha
sevaenteenth century. and were
fo identify him with Hescules,
or Romulus . . . or Charle-
magne.”

Tho only major historian of
ancient Egyp! was Manatbo, 2
priesl, who wrote a history ol
Egyp! for Plolemy i, bul it
was fost. Only scraps of it,
transiated by authors who lived
about six hundrod yoars aftor
his death, have suivived, His
list of dynasties, checked and

i forms the k
on which the history of Egyp!
has been reconstructed. But
very littie detall Is known con-
cerning the polilical history of
tha firs! two dynastics, other
than the naarly twenly names
of Pharaohs listed by Manetho.

Most Egyplologists consider
tne Flrst Dynasly to have
starded with Menes about 2300
8.C.. and the Fourth, consist-
ing of Sneferu, Cheops,
Didoufri, Iephren, and My-
kerinos. 1o have tasted about
120 years from 2680 to
2580 B.C, as the Oid Kingdom

There (oliowed a st Inter-
modiato patiod, a3 Middlo
Kingdom from 2052 to 1785
B.C., a second intaimediale
period, and a New Kingdom
ftrom 1580 to 1085 B.C. Post
Empire Dynastios XXI to XXV)
lotlow down 1o 525 B.C.

Aecording to Steward the colonists wero probably a
band of Asiatic or Euphraiean travelers with a very advanced
scientific and mathematical knowledge, who entered Egypt
and organized the erecticn of the Great Pyramid. on
compietion of which they latt the couniry, taking their
knowledge with tham,

As Steward puts i, the plans for the Great Pyramid were
in existence a long time before the aciual constiuction
commenced, and were the design of asingle individuat “who
belongea to the Adamic Whita civifizalion endowed with
moral, scienlific ant cultural attainments far in advance ot
all other contamporary civilizations.”

Petric subslantiates this theory lo the extenl that he
believes: “lhe exquisile workmanship often found in {he easly
period (of Egyptian architeciure) dld not so much depend
upon a large school of widespread ability, as on a few men
far above their fellows." Referring to the phenomenal
accuracy ot the work embodied in the Great Pyramid, Petrie
says, “ll was limited to the skill of one man.”

Recent Sovie! authors postulate that the Egyptians may
have come from Indonesia when their civilizalion was
devastated soma ton to twelve thousand yoars ago as a
result of some cosmic calasirophe such as the falling of an
asterold,

According to Peter Kolosimo in Terra Sanza Tempo,
published in Milan in 1969, the Russians have recontly
brought o light scme fascinaling seciels of Egyptian
archeology.

The Russians are said to have found astronomical maps
of surprising correciness, with tho position of the stars as
they were many lhousands ol years ago. The Russlans ate
also reported to have dug up several objects, many not yet
Identified, including crystal lenses, porfectly spherical, of
great preclsion, possibly used as telescopes. Kolosimo says
similar lenses have been tound In iraq and centrat Ausiralia,
but that they can only be ground today with a special
abrasive mede of oxide of cerium which can only be
produced electrically.”

As to the actual dates of construction of the Great
Pyramid, apart [tom the statement that it was built 300 years
before the Flood, the legends add fitile. Egyplotogists who
worked out that the Fourth Dynasly must have reigned
between 2720 and 2560 B.C. bolieve tho Great Pyramid was
commenced in 2644; olhers believe that its construction was
begun in 2200 and that 30 to 6 yeais were required 10

* Several altlempts to check these data with Soviet academicians
nave so 1ar been withoul result,



To Egyptologials Imholep
(above) was a nalional hero in
the reign 0! King Zosar (below).
Imhotep ¢ dasigner of the
stepped pyramid of Saqqara
was consldered not ony the
world’s greatest architect but
a sage. magiclan, high pitest,
medical doctor, dlplcmet,
economist, and poet

complote It. Still others place the building of the Pyramid a
thousand years eatlier,

As (or the method empioyed by the builders, the tecord Is
equally bteak. | E. S Edwards ot the Egyptian Department a!
the British Museum, who spent a jifetime going over the
available evidence, points out in his scholary treatise on the
pyramids written in the 1830s that little or no tight is thrown
on the subject by extant Egyplian records. either weitlen or
pictorial.

Tho resull is a congerios of conflicting thoories not anly
about when but about how the Great Pyramid was built.

Nevertheless Egyplologlsts are In general agreement that
the tirst step requirad on the Giza plaleau was to ctear the
sand and gravel down to bedrock, then praduce a leveled
base by removing pretuberances and filling in depressions.

R. L. Engelbach, a pupil ol Pelrie, and for many years
Keeper of the Cairo Museum. belleves that to obtain a true
level the Egyptians surrounded the lour sides of the area
with low banks of mud from the Nile which they filled with
watar and through which they cut a network of trenches. The
degree of thelr success IS atlested by Cole's survey. which
found the base rock of the thirteen acre perimeter to be less
than 1 inch out of level.

Into the base rock a row of fine rectanguiar, white
limestone slabs were carelully filted as a pavement on which
10 1ay lhe lirst row of casing stones.

When it came to drawing the first stra:ght side, Borchardt
and Lauer agree, the correcl orientation must have been
obtained by means of repeated obscrvations of tho rising
and setting of circumpolar stars, of which the most likely
was alpha Draconls.

The next stop would have been fo fix the large limestone
corner blocks into tho rock basc so as lo form the square
corners for the laying of the firsl rows of casing slones.

Archeologlsts have had litite Irouble establishing Ihat
most of the limestone blocks for the construction of the
Pyramid must have beon obtained from the deecp Mokattam
quarries a few miles across the Nile on the Arabian side of
the river. though many of the blocks may have been oblained
direclly from the Giza hllls.

On some of the blocks the names of the quarry gangs
wera daubed In red ochre, such as “Boal Gang” or “Vigorous
Gang.”

The neares! source for the 70-lon granile monoliths used
to protect the King's Chamber is the Aswan quarry. near
Syene about 500 miles up the Nile; from there they were
pr bly floated d 1 ) on a series of reed barges.

W. Emery has shown thal as early as the First Dynasty

Tho limestana blocks with
which the Pyramid is bullt
appear to have been mostly
quarried on tha spot, or across
the Niig in the Makattam
hilis about 20 mllos away, or
from the Turah and Maura
quairies 0pPosile Memphis.
The 22 acres Of casing stones
are liom the same Guarrigs.

The granite biccks for the
Pyremid aro believed to heve
coma from Aswan, near
lhe Firml Cataract. where they
wore quarried from the face
of he rock about a mile
fiom the tight bank of the
Nilo.

Hillskies were hollowed out
to provide uniform limoatono
blocks for the outer casing
of ihe Pyramid.

Limesione was Quarried In
layars from tho top down.
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The Aswan granlie qusrries
were 500 miles south of the
Great Pyramid.

Egyptotopisis conjectura that
in oider 1o cut the stone
blocks, the ancient Egyptians
mus! have had some methed
of tempering bronze unknown
in modem times. To cul
and finish hisroglyphs ang
other ornaments would require
a too! with an extramely
hard-fampared edge.

Few i10n 100!S have been
found, probably because of
the rapid oxidation of iron
in Eqypl, where the soll s
especially nitrous.

e e L N

the Egyptians possessed excellent copper tools. including
sgws and chisels, with which to cut any kind ol limestone,
and that their technique of workingand polishing granite was
developed 1o a \ruly remarkable art. As an abrasive material
in their sawing operations they are belleved to have used
molstened quartz sand.

To quarry the rock from tho hillsido, the Egyptians
developed a variety of systems, traces of which can skll be
found on the Mokattam range. Tunnels were dug several
hundred feet Into the rock, sheives were cut cut beiwesn
the roof and the block te be derached, then a line was
chipped awey vertically with a wooden mallat and a copper
chisei, which must have been highly tempered by some
method unknown today. Wedges were inserted which wese
moistened till ihey expanded to crack the rock. Sometimes
firos were built along the grooved lines, and water poured
on the heated stone to obtain a cleer fracture.

The only historical description of the manner in which the
limestonebloeks were taken to the Pyramid |s by Herodoius.
who claims that he was informed In Egypt that it took twenty
years to build tho Pyramid and that levies numbering a
hundred thousand men were employed for periods of three
months 10 lransport stone from the quarries. Herodotus says
that to transport the rough blocks from the edge of the Nile
up to the top of the Giza plateau, a great causeway was built,
which required ten years to complete, The causeway was
said to be 3000 feet long and €0 feet wide, of polished stone,
over which sleds coutd pull the heavy stones.
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Several score Egyptians
transporting a colassal statue
with men hamessed In double
rank, Nole the timekeaper
standing on the statue’s kase,
and @ man pouIng iquid
on runners to decrease
Iriction.

Commander F. M. Barber, an American naval attaché who
was stationed in Egypt at the end of the last century and
wrote an Informed booklet entitled Mechanicai Triumphs ot
the Ancient Egyptians, figured that if the causeway had o
rise 10 a height of 120 feet above the Nile, it wou!d have had
an incline of 1 foot in 25, which he considered a very easy
grade for a greased stoneway.

Barber estimated that it would take 2 force of 300 men
harnessed n double rank on four draft ropes to drag 2 60-ton
monolith up such an incline. On the couseway the men
would cover a space 225 feet long by 16 leet wide, which
Barber considered a sufficlently compact and manageable
force.

Barber says that such a forco woutld havo no trouble
dragging the stone, especially if they were drilted to pull
logether, he concludes thal for this reason men and
not animais are pictured hauling wrought stones: men could
be drilted to march in absolute cadence to a song or
timo-kaeeping instrument. A “one-two-throe, surgs,” says
Baroer, produces a momenlary force represented by nearly
the weight of the whole mass of men, or several times their
ordinary pulling force. Also, vacancies in the ranks caused
by sickness could be fitted without materially aftecting
tho drifl of tho remainder, Cattle could never be so waoll
organized,

Plctures show Egyptians hauling stone In the manner
described by Barber and Include a specia! artisan pouring
some sort of grease on the sled runners to reducs friction.

o073



Causewnry to the pyramid ol
Kephren.

Olher Egyptotogists have suggested that owing to the
greal quantity of supplies necessary for building Cheops'
pyramid. it was likely that several ramps led from the valley
up to the Giza plateau, but very few remains of such possidie
causeways can now be observed because of medorn
excavations and the widespread tourist fayout.

According lo lhe French scholar E. Amélineau,
considerable remalns of an Inclined plane leading te the
pyramid of Kephren still existed at the end of the eighteanth
century; and remains of a causeway leading to tho pyramid
of MyKerinos are still visible today.

The Egyptian archeologlst Selim Hassan says thal at
the edge o! the Giza plateau there is a consigerable
surface composed of targe limest blocks which run in a
northeasterly direction and descend to a little less than half
the helght of the plateau. He belleves they may have been
part of a construction ramp which was demolished when the
Great Pyramid was completed.

e

W. W. Lucker's reconstruction
of a pyramid and iIs cause~
way 10 the Nile.

Ahmed Fakhry, another Egypllan archeologist, says that
ramains of a southern supply ramp composed of rubbte
mixed with mud still exists a short distance from the south
side of the main causeway.

As to how the Great Pyramid was actually consiructed,
there are dittering opinions among Egypiologists. Herodotus
raparied that the upper portion of the Pyramid was finished
firsy, thon the middie, and finally the part nearest the ground.
This has been Interpreted as meaning that the finished outer
casing stones were placed in position against the nucleus
starting 1rom the top, presumably by means ot a ramp that
was removed as the builders worked downward; this would
have required four ramps, one against each face.

Herodotus mainteins the casing blocks were lified from
the ground, step by step, on pieces of wood, with a machine

ARE
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Machino for raising casing
stones, as daescribed by
Herodotus and reconstructed
by H. Straub-Roesslar.

A and B aro Lauo¢'s indica-
tlon ot how casing stones
ntay have been fitted.

Aorial photograph showing
ramp undoer the sand kading
10 the pyramid of Gashur.

which he does not adequately describe. Cotsworth figures
that if the stones had had to be rocked to the 109 as reparted
by Herodatus, it would have taken about a month to get each
of the final ones up to the summit.

Barber maintains that siccl cranes or derricks would have
been required to swing such greal stones as are found in the
Pyramid, and that for lack of such equipment the Egyptians
would have had to construct a ramp in order to raise the
heavy stones to the required lovol. Remainsg of such ramps
have been found a! the pyramid of Amenemhet at Lisht and
also at Meddm. Aerial photographs Indicate substantial
remalns of ramps under the sand at Dashur

Petrie thinks the casing stones were placed in position
at the same time as the core, starting from the bottom end
going up course by course. He estimates that about 500
blocks were brought over {rom the qQuarries each day and
laid in place As tre lower courses contain as many as
50.000 blocks, it would havo taken ovor throo months to lay
each of these courscs.

Pelrle says the transporling was done during the three
months of inundation, when a vast iabor force was avatlable
and when advaniaga could be taken of ihe flood waters to
float the blocks from the quarries downstream and across
five miles of swollen Niie, Petrie suggesis that even if no
more than eighl men could work together on an average
block of 40 cubic feet weighing about 2 1/2 tons, they could
have transported ten such blocks 1o the Pyramid in three
months, teking two weeks to bring the blocks down the
causeway [rom the querry, a day or two with good wind to
ferry the blocks down ttie Nile, and six weeks to raise them

to the required position on the Pyramid. By November the
men would be at llberly 1o return 10 their usual occupations
when the land was agaln accessible.

Petrie estimated the Great Pyramid to contain about
2,300,000 stones woighing 2 1/2 tons aplece and averaging
50 % 50 x 28 inches. If eight men could bring ten stones in
fhres months, 100,000 men could bring 125.000 stones each
season, or the required total in the iwenty years reportad by
Herodotus

Edwards says lhere can be little doubt that in addition 10
the 100,000 men levied for the purpose of transporting the
blocks to the Pyramid, many others were engaged in buliding
the Pyramid. These men, says Edwards, consisted of skilled
masons and an attendant body of iaborers, ccntinually
employed throughout tho year preparing and laying the
blocks and erccting or dismantiing the ramps. Presumably
these workers could have been housed In the buildings found
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Romanticized modemn
diawing of baiges being
rowed down the Nile toward
the Gza pyramits

by Petrie west of Kephren's pyramid, whete about 4000 at a
time could heve lived in barracks.

Petrie figures that 40,000 skilled workers living
permanently on the spot could easily cut and linish the
120.000 blocks needed each year: a party ot lour men would
have a wkole month to handle each block.

Petrie believes the masons finished and laid the casing
and some of the core masonry, course by course, on the
ground, belore ralsing them. He found horizontal lines carved
on the casing siones and on the core stones showing just
how they wero to be fitted. He belioves that skillod masons
planned all the work throughout the year and that ot flood
time gangs of unskilled workmen raised the finilshed slones
to their indicated pasitions.

Petrie says the casing stones were dressed by very tine
picking or adzing and were moved into position from tho
inside, whereas the core was filled in afterward.

Maragloglio and Rinaldi. two Itailan scholars who recently
made extensive measurements of the pyramids of Glza

which they Incorporated iInto four carelully lllustrated quarto
volumes entitted L Architettura delle Piramidl Menefite. agree
that the casing and the nucleus were built up at the same
time: they think the casing blocks were slid into place by
means of a thin layerof very liquid mortas that served as a
lubricant as well as a filler and binger: they also think the
casing blocks were favered into position from the back and
sides so as not to eshow marks or chips on tho fzont.

Ballard believes it would have been impossible to place
Ihe linished blocks writhout damaging thelr fine edges: he
thinks the roughly scabbed blocks were put in place and
finished off wllh the aid of templates.

In suppont of Petric, 1. E. S. Edwards points cut that
because the lowes! course of casing stones lies on the
smooth pavement of Turah limestone which projecisa couple
of feet beyond the Pyramid base, it would have been
impossible to lay the casing stones {rom the outer side
without damaging l|he fringe of the pavement which was to
remain exposed: nor could they have been dressed afler
being put in position without damaging the pavement.

The lact that some of the limestone slabs of the foundation
pavemernt are seen to be laid beneath the nucleus blocks
aisa Inoicates the nucleus was tilled In after the casing
blacks had been placed in position.

Petrie believes the casing blocks were placed side by
side on the ground and worked so that the beck, sides and
bottom would fit perfectly when put in piace. The only thing
left to do on the spot would have baen the teveling of the
upper faces.

According to the architect Rex Engelbach and the
engineer Somers Glarke, authors of Ancient Egyplian
Masonry, in order to render the sides of lhe easing blocks
perfoctly equal they were placed side by side in the yard
and a saw was pasacd beiween them. However, Maragioglio
and Rinaldi could find no trace of saw marks on the vertical
sides of any ot the remaining blocks

Potrio claimed to have found traces of red ochre on some
of the stone faces which had not been perfectly dressed.
From this he deduced that the dressing was done by degrees
—as a denlist shapes a tooih—the control being made with
facing ptates covered with ochre.

In any case, the arrangemont of casing biocks must have
been worked out in detail well in advance of placement so as
10 assure a variance In the width and helght of the backing
stones from level to ievel, so as to prevent the verticat joints
from coinciding.

All the stones presently visible in the Pyramid are backing
stones speclaily cut to dovetail and fit behind the outer
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Lauer's idea of how the ramp
would grew widor and
narrawar.

Various methods Of buitding
ramos.

easing. They are well dressad and squared, but made with
fossilized limestoneinstead of thepure white.

Behind them the nucleus consists of less well-dressed
and roughly faced blocks of greally varying sizes, for easier
construction, and to insure that break joints did not coineide
in either sanse. They are held together by a mortar composed
of sand, lime and crushed rod pottery, which gives it a
slightly plnkish color.

Matragioglio and Rinaldi aftribute the concavity of the
sides of the uisible backing blocks to a means ot prevenling
tho facing courses from sliding, especially in the middle, by
wedging {he backing stones together at the center. On the
north side the concavily has been measured as .94 meter.
Maraglogtlo and Rinaldi believe the casing faces may also
have been slightly concave, It only for esthelic reasons, as
the optic aberration would thus be correcied, the Pyramid
edges would appear sharper, the faces flalter; also,

any errors in dressing the faces could be more easily
distingulshed.

Slight variations in the angle of the outer faces 0! casing
tragments found in the rubble at the Pyramid's base may be
oxplained by such a surface concavity.

To raise each course of casing stones and nucleus ail the
‘~vay up the Pyramid, Pelrie belleves a ramp was constructed
against one face, and he aestimates that its volume would
have had 1o be at least equivalent to that of the Pyramid
itself,

Barber points out that to carry an inclined plane to the
lop of the Pyramid at a grade of one in ten, it would have
been necessary to start the ramp 6000 feot away in the Nile
valley at a goint over 1600 feel before the commencement of
Herodolus® causeway. Futthermore, says Batber, Ihere would
always have been four times as much work to do on the
inclined plane gs on the Pyramid.

In order 10 carry the ramp (o the top of the Pyramid,
Barber estimates that some 75.000.000 cubic leet of Nite
bricks would have been necassary, of four times the number
ol cubic feel of stone still requited to finich the Pyramid.
Wilh each additional course of masonry \he ramp would
grow higher and longer. but it would also grow narrower as
the Pyram:d narrowed at the top. According 10 Pliny such
ramps wore composod of niter and salt which couid later
be dissolved with water, but the idea seems fanciful as it
would have required an ocean.

In Natural History of Novembdar, 1970, Qlat Tellefsen, an
engineer, suggests thal the Great Pyiramid could have been
erected with only a few thousand men using a simple piece
of machinery consisting of a sturdy wooden arm balanced
with counterweights an a fulerum fixed to wooden skids—
much ltke the machine drawn by the Gennan engineer
L. Croon.

This, says Telleisen, would have donc away with the need
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for huge ramps postulated by Egyptologlsis on the basis of
archaeological remains According to Tellefsen, there was
not enough manpower in ancient Egypt to build such ramps
beyond the hatfway mark of the Pyramid. Egyptotogists
courtered, a littie acidly, thot from thal point on the ramps
narrowed rapidly, and that ihere appeared to be lillle
evidence for Tetlefsen’s contentlon.

Cotsworlh believes the Egyptians used a more ingenious
system for raiging the stones by taking advantage of the
buitding itsefl as a ramp, dragging the stoncs up the
Pytamid's own spiraling outer wall, This would enable the
builders to fil! in the core as they went up and finish the
casing as they came down. Cotsworlh says he watched a
modern Egyptian peasant build a pigeon houso by just this
method.

The system has the added advantage that if thesouth wall
of the Pyramid were completed fiist, the rest of the work
could have been carried out In its shade rather than in the
broiling sun.

But with ar without the broiling sun, if one takes into
account the problems ot quarrying, roughing oul, iransporiing
over two million core stones, and finishing some 115,000
enormous casing stones to a precision of 1/100 inch, then
naising, manipulating and mortaring them into their correct

place In a unifled polished structure, one must agree with
Antoniadi that the mind boggles at tha enormlty of the effort

According to Barber's well-trained naval mind, it must
have required the organtzing capacity of a genius to pian all
the work, to lay It out, to provide for emergencies and
accidents, 10 seo that tho men in the quarries, on the boats
and sleds, and in the masons' and smithies' shops were all
continuously and usefully employed, that the means of
transportation was ample, that the commissarial did not fall,
that the water supply was ample and conveniently disposed,
and that fhe sick rcliefs were on hand.

Barber points out that public works were essential to
keep this population employed and ted during the floods.
August Mencken presumes that no tess than 150,000 women
and chiidren also had to be housed, fed, and policed in
nearby settiemenis. Judging from the lexts and the paintings
dealing with the subject ot forced labor. Barber figures a
targe poition of the duty of the standing army of 400,000 man
musthave been that of guards.

Cotsworth says that in lhe rainless climate of Egypt no
housing was needed for the natives who were accustomed to
surviving on grain and water, and that the desen provides
better sanitation than was available in Victorian England.

The waste chips of the masons were thrown over the

In 1950 the Musaum of
Science in Boston built a
model 1o the scale of 1:120
¢howing how they believed the
pyramuds of Giza 10 hava
been consirucied with stant-
ing glde ramps, throo up
and one down

Dows Durham, cuiator of
Egyptian ort at the Museum of
Fine Arts in Boston, tespon-
slole for the technicat details,
disagrecd with the theory of
fong ramps bacause ewery time
e huliding rose a few feet
the ramp would becomo un-
uzable unlil it was raised
and exiended.

Dutham conceived the side
ramps as being about 10
fest wide, cr sufficient to
handie a stedge with 8 double
tow of men to dreg the stonca
over wet timbers for reduc-
ing friclion. However, lurning
tho comers would not have
been oasy,
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cliffs of the Giza hill on both tha north and the south sides,
where they formed banks stretching out a hundred yards,
occupying a space almost half the bulk of the Pyramid. The
slopes formed an angle of rest of about 40°. showing the
different qualities ol refuse thrown away on different days,
varying from larga chips to mere sweepinga.

In pits which had recenily been made in part of the heap
closa 1o the edge of the cilff, Petrie noted fayers of desert
flint and sand showing when a piece of deser! ground had
boon cloared to got moro spaco for working. Among the
subbish he found picces of workmen's water jars and food
vessels, chips of wood and charcoal, and even a piece of
ancient string.”

The only repont on the daily cost of building the Pyramid
Is given by Herodotus, who says that an interpreter told him
tfhe daily sum spent on radishes, onions and garlic for the
workmen was Inscribed in Egyptian characters on the base
of the Pyramia. But the repart sounds apocryphal, as does
the one passed on by Herodotus to the effect that Cheops
became so broke during the operation that he prostituted his
daughter by placing her in a chamber and charging each
visitor the equivalent of a finished limestone block for her
favors.

Kingsland figured that fo position an estimated 2,300,000
blocks in a period of 20 years, or 7300 workdays, would have
meant placing 315 stones each day, or 26 stones an hour
working 12 hours a day.

Mencken, who has such disdain for the mathemastical
and astronomical knowledge ol the ancient Egyptians,
considers it remarkable lhat they were able to solve some of
iheir problems of construction unless they had “‘more
knowledge, better instruments, and far more ingenuity than
is generally bclieved."

Kingsland wonders whal means of illumination the
Eqyplians used while digging down 1o the subterranean pit
and what methad they used for gotting air to the diggers. Ho
finds it difficult 1o resist the conclusion that the Egyptians
must have had taols and appliances of which we are totally
Ignorant, and must have employed methods which today
would be termed occult.

Some of their solutions may have been no more arcane
than Lockyer’'s suggestion lhat with one movabte mirror and
several fixed ones. sunlight could have been reflected to any
part of the interior of the Pyramid

Though legend attributes to the priests of Heliopolis the

“ 1t wouid be helpful If moce fragments could be excavated
and carbon-tested.

knack of being able to cause tempests and levitate rocks
fhat a thousand men could nol move. most Egyptologists
argue sirenuously agalnst the possibllity of sophisticated
instniments such as laser beams for cutling surfaces, or
ground-effect or antigravity machines tor raising weights,
ingisting that the job was accomplished with nothing but
primlilive apgliances and unlimited manpower. Neverlheless
the consclentiously academic Edwards tudges the Issue by
saying: "Cheops, who may have been a megalomaniac, could
never, during a reign of ebout twenty-three years, have
erected a building of the size and durabllity of the Great
Pyramid if technical ad had not bled his masons to
handle etones of vary considerable weight and dimensions."

Petrie is more specific and gives substance to the
hypothesis of unknown methods, pointing out that In the
pyramid of Kephren there is a granite portcullis weighing
about 2 tons which ig in such a position in a narrow passage
lhat only 6 or 8 men could work on it at once. As it would
take a lorce of 40 to 60 men to manipulate such as a mass,
Petrie concludes that the Egyptians must have had seme
more efficient means which remains unknown to va.

Although the Danish engineer Tons Brunés has
demonstrated how a block as large as the beams of the
King’s Chamber could be comfortabty raised by a single
man with the doxterous use of balancing and wedges, Petrio
ia convinced that ancient builders possessed some more
efficient means of raising and setting stones than mere
rollers, levers, ramps and manual hauling.

But perhaps the most pu2zling riddle of the Pyramid,
requiring an intellectual game of d ion, Is the one
constituted by the three granite plugs wedged into the end
of the Ascending Passage.
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XIX. WHY WERE THIE
PYRAMID PASSAGES
PLUGGED? WHEN?

AND HOW?

Mosi Egyprologists cenclude that the Pyramid was built

as a tomb for some Pharaoh, presumably Cheops. Any
mathematical, religious or prophelic thearies about the
structure they consider to be fenciful, or, at best, coin-
cidental, To Egyplologists the corridors of the Greatl Pyramid
were designed solely as a means of transporting the coffin
o! the dead Pharaoh to his sarcophagus in the buria)
cheamber, as a means of exi(ing aftor the entombment, or
as blinds to lead grave robbers away from a hidden chamber.

No other reason Is offered for piling up SO massive @
mound of masonzy than to protect the dead Pharaoh trom the
attention of grave robbers. Oddly, this is the single funclion
which neither the Great Pyramid, nor any of the others,
managed to fulfill, there being no reliable report of any
body having been found in any of the pyramids. only some
fragments ot bones whose dafes are uncertain.

Even tho “unplundored” tomb of Choops’ mother,
Hetepheres, found in 1925 by the Harvard-Boston Expedition
al the bottom of an 85-toot-deep shail filled with rubble,
appearad untouched in 5000 years: yet the sarcophagus was
empty and is presumed to have been so placed within the
“burial" chember.

According to the Egyptologists, who inciude such
eminent figures as Pelrie and Borchardt, once the bedy of a
Pharaoh had heen (aid to ras! in the Great Pyramid and the
burial party had made ils exit, the three huge granite blocks,
plus several limestone ones, wete allowed to slide down the
incline between the ramps of the Grand Gallery till they had
completely plugged the Ascending Passage.

Wnether the tripping mechanism could have been
oporatod by romoto control from a safe distance below the
plugged entrance, or whether the technicians responsible
for the tripping device were immured for life, or whether they
managed to make their escape down whal Is known as the
“well” are theories supported in dilferent degrees by
different Egyplologists.

Mothod of plugging the
Ascending Passags as
visualized by Coftrel! from
the ideas of Berchardt and
Wneeler.

1deas of varlous Egyptologists
o! the methods of plugglng
passagces, lowering pon-
cullices and gealing
sarcophagl.
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tdodem lliustration of the
granite plugs in the Grend
Galiery.

To accourt for the three granite plugs and the peculiar
arrangement of the Pyramid’s passages and chambers,
Borchard! pul forward the theory that the builders statted
with one plan, bul kep! changing it as they wen along.

Borchartdt boliovas the “original” intention was to bury
the dead Phareoh in the pit carved out of nattural rock at tho
tiottam of the Descending Passage. but that this plan was
changed. For some unspecified reason, says Borchardt, [t

Arrangement of girdle stones
10 cubits apart, to tie the
Ascending Passage ta body
of Pyiamld, as dréwn by Adam
Rutherford, dlrectos of the
Institute ¢f Pyramidology in
CGreat 8ritain.

was decided to bury the king higher in the body of Ihe
Pyramid, which was already several courses high. The pit
was therefore left unfinished. An Ascending Passage was
carved up through the already lald courses of masonry, and
continued as a new passage up 10 the level of the Queen’s
Chamber.

Whiie making a caraiul study of tho walls of tho Ascending
Passage, Borchardt observed that the stones at the lower end
were laid approximately paraliel with tiie ground, whereas
nearly atl those at the upper end were paraltel 10 Yhe gradient
of tha corridor. From this he deduced that the Pyramid must
have elready reached a level corresponding to haliway up
the as yet nonexistent Ascending Passage before i1 was
decided 10 use anupper chamber; al that point the Ascending
Passage was dug up through the existing level courses;
thereafter It was built with blocks parallel to its slope.

Borchardt's theory is supported by Leonard Cottrell,
author of 2 popular book on the pyramids, Mouniains of
Pharaoh, who suggests that whon tho builders switched plan
they got as far as the Queen’s Chamber complete with its
air channels before Ihey again changed their minds.

Cottrell says a third scheme brought with it the decision
to heighten the Ascending Passage into ‘‘the magnificently
corbeled Grend Gallery,” extending it another 160 feet so as
1o build yet a thisd chamber, lhe King's, as the final resting
place for the Pharaoh's body.

According to Cottrell, tho change came about as a sort of
afterthought, while the great mass of builders was already in
the midst of constructing a buliding whose base and slopes
appeared to have been worked out with such extsaordinary
precision.

Why the Grand Gallery should have been raised (o 28
feet. when less than halfl lhat height would have been ample
for the bearers and for 1he storage of the plugs. was not
explained by Cottreli.
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Borchardl's 1anciful idea of
pallbearers eaching the Greal
Step at the top of the Grand
Gallery. with plug stenes
supported on a platform above
them.

Borchardt and Cottreil’'s theory was disputed by
Maragioglio and Rinalgi, who point out that the bettom of the
Ascending Passage was intentionally cut through the fower
courses simply as a means of anchoring it to the body of the
Pyramid. The hallans say te lower part of the Passage was
not dug out ot normal masonry or with normal methods, but
in masonry especially erected to anchor the end of the
Passage, many of the blocks be:ng excoptionally largo, laid
flat, vertical and edgewise, and of a different quality from
the rest of the nucleus, with Joints very thin and finely
finished: whereas tn other areas where the regular nucl2us
mason?y Is visible, the joints are wide and coarse.

The object, say Maragioglio and Rinaldi, was to create
a bulwark at the juncture of the Ascending and Descending
Passapes so that the ceiling and floor of the Ascending
Passage woulld not thrust down on the empty space of the
Descending Passage. The Italians point out that several
monolithic girdte stones are employcd at 10-cublt intervals
all the way up the Ascending Passage lo reinforce its tond
with the nucleus of the Pyramid. and prevent is slipping,
but that no such girdie stones appear in the Descending
Passage, where they arc not ncecded because the whole
passage rests against the solid rock of the Giza hill.

Borchardt produced a furiher refinement to his theory,
which not only faund few supporters, even among his fellow
Egyptologists, but tended to discredit his wholo approach
to the problem: namely, that the granite and limestone plugs
which filled the Ascending Passage could not have been
stored on the Grand Galiery floor between the ramps,
because they would have provided an “undignified obstacle*'
for the funcral trein to clamber over. As the plugs wore
{co large to be brought in or out of either the Queen's
Chamber or the King’s, Borchardt theorlzed that the blocks
were raised onto a wooden platform whtch was fitted Into
the grooves which appear halfway up the walls of the
Gallery.

This would have allowed the funeral cortege to move
beneath them: though hew this would have been any less
undignified than having to crawl up the low and narrow
Asconding Passage is not explained, noris it explained how
the hcavy blocks worc brought down from the level of the
wooden planking to the level of the pavement on which they
were lo slide,

That Borchardt’s hypotnesis is unreasonable. say Mara-
gioglio and Rinaldi, is ovidont from the faci that few
archeologists have paid much attention to it.

As for the method ol triggeting the plugs down the
Ascending Passage, Cottrell believes the notches In the

Tieslle believed by Borchardt
to hava raicod piug ttonos to
a level hall the heioht of
the Granc Gallery,

Goyon's idoa of how granite
and timestone plugs were
held In place by crossbeams
fitted info the remps.

ramp of the Grand Gallery were cut to hold cross beams of
wood or timestone to keep cach of tho massive piugs {from
prematurely sliding, According to Cottrell, once the funeral
coriege had passed, operators standing on the ramps could
have released each piug, starting with the bottom one, and
ailowed them to stide into the Ascending Passage, on tho
theory that had they afl been released simultaneously the
momentum and the total welght might have caused damage
at the lower end.

The theory raiscs the quastion es to what bocame of
the wooden or limestone crosspieces. Had they been made
of wood they might conceivably have pulverized and
completely disintegrated in the thousands of intervening
years. They might also have baon carriod down the well by
the escaping operators, though this would have been some-
thing of an ordeal, !f indeed possible. The material might
also have long since baen disposed of by grave robbers.
Still, tho question is puzzling. Also, why go to all the trouble
of plugging Ihe Ascending Passage, only {o leave the welt
shalt as a perfectly simple way for thieves to climb back up
to the Grand Gallery? The lower end of Ihe well shaft could
have been cleverly concealed; but its whole length could
hardly have been plugged or made impassabte with fill
after it had been used as a means of escape.

Part or all ot the Descending Passage could have been
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plugged and the Pyramid sealed. This would have been the
simplest way conclugively to close up alf the chambers in
the Pyramid, making it an almost superhuman job to chisel
out 350 feet of solid limestone.

Petrle clisputes the notion thas the long Descending
Passage could have been tilled with blocks: and Maragioglo
and Rinatdi suggest that traces of the dismantting of such
plugs would have been left on the watls of {he Doscending
Passage, which is not the case, with the exception of a
few feet beyond the enirance.

The mos! sophisticated refutation ot the theory holds
that the Descending Passage may have been purposely loft
empty and the pit unfinished as a blind to iead any robber
who entered by the trap door to believe that no king had
been burled In the Pyramid!

As for the well shatt, Maragioglio and Rinaldi have
a comptetaly differant theory about its function. They do not
think it was ever designed as an escape route; they think
It was built in from the early stages as a setvice shait and
to bring air tothe lower end of the Descending Passage.

The Italians say tho nood which led to tho building of
such a shalt may have arisen shortly after the beginning of
the Ascending Passage, most llkely as a means of ventitating
the lower shatt They believe the diggers at the botiom of
the Descending Passage had difficulty breathing Piausible
at first sight, the theory is open to two objactions: as the
building went up course by course, above the level of the
fock base. there would have been all the ait In the world;
whereas digging 1he well shatt below rock level, he diggers
wiould have been as cramped and airless digging the well
shafl as digging tho Descending Passage, at loast until tho
twvo met at the bottom—by which time the well woutd no
longer have servedlts venlllating purpase, the digging having
been completed.

Such an air vent might conceivably have been useiul
to bring air to the pit, had the pit been used for any
continuing purpose, such as observing the stars,

The Htallans aiso believe that long befere any funeral
party entered the Grand Gatllery, the entire well shalt was
fillad from tha top with debris and loose material. The bottom
entrance was then agarefully camouflaged, and a stone was
mottared into the upper end In the west ramp o the Grand
Gallery to seal and hide the shaft from the top. They clte
the fact that from classic times till the nineteenth century
no one appaars to have spotted the bottom entrance to
the well shail.

Maraglogllo and Rinaldl agree with Petrie that the
Pyramid was viotated by thieves or grave robbers soon after

il wasflinished. during the clvil wass, which they date be-
tween 2270 and 2100 B.C. At this poin! the theory ot the
Italians becomes radical! Thoy maintain it was those early
despoilers of the Pyramid and not Al Mamun who cut a
hole around the granite plugs at ihe end of the Ascending
Passage These thleves then worsked their way up the
Ascending Passage, broke through the lowered portcullis,
and ontored tha “crypt.'” According to the Italians It was
these or successive thieves who lound the well shait by
noting a difference In the stones at the boliom of the ramp
Inthe Grand Gallety, which they forced in order to clear oul
the well shaft in search of treasuro. The Italians maintain
that the marks in the west ramp around the missing stone
appear to have been made with a chise! struck from above.
They say It would also have been extremely difficult to
remove the stone from below In the very rastricted passage
which leads to the head of the well shait.

Yo eaplain the way the Ascending Passage was plugged,
the I1alians maintain the tnpplng mechanism could have been
operaled by remote control. They point out that it has
recently been discoversed that In the bent pyramid of Sneferu,
the blocks of granite which plug the Descending Passage
couid onfy hava been moved by gravity and not directly
levered by workmen, becauso thero is no oscape route.

The ltalians befieve the plugs in the Great Pyramid were
stid on liquid mortar and thal ts forced accumulation ac-
counts for the 10 centimeters of empty space between the
first and the second granite plug; though thoy offer no
explanaton as to what may have become ol the mortar,
which could haidly have volaillized In the meanlime, unless
It was some sort of oil and net mortar,

Itis also hard to imagine how the antique grave robbers
could have immediately found the exact spot halfway down
the Descending Passage from which to dig up past the
granite plugs if there Is any Iruth in the story of the plug
being covered by a prismatic block

Maragioglio and Rinaldi suggest thore was no such
block; paradoxically they give credence to the story that
Al Mamun's workers heard a heavy block fall—simply
because At Mamun's passage takes a sudden turn 1o the
oast in order to break into the Descending Passage.

Another theory which attempls to account for what could
have taken place in the plugging of the Pyramid was
produced in 1983 by August Mencken, the engineer trom
Baltimore who has so little regard for the scientific know!-
edge of tho ancient Egyplians. According to Mencken's
somewhat lartetched reconstruction of events. when the
Grealt Pyramid had been puilt up above the ridge of the roof



of the King’s Chamber, and work was still going on in the
Grand Gallery and in the Antechamber. the structure was
suddenty shaken by a severe earlhquake. it was then, says
Mancken, that the celling beams of the King’s Chamber were
cracked, the fissures opened, and, ‘to the terror of the
builders, the triggering device which held the plugs on the
floor of the Grand Gallety was sprung and lhe blocks stid
down the Ascending Passage, blocking all exit from the
Pyramid."

According to Moncken, the men insido were trapped,
but their plight was not desperate. *'As soon as the fright
and confuslon caused by the earthquake had subslded. the
men on the outside discovered whal had happened 1o Ihe
men on the inslde and openad communication with them
through the air ducts leading out from the King's Chamber.
By the same ducts the trapped men were supplied with
food and water."

Mencken figures thal to have chipped out the three
granite plugs in the restricted space of the Ascending Pas-
sage was out of the question, and that to have tunneled
around them would have caused irreparable damage 10 the
passageways. Rather than chip out the granite blocks, the
Egyptians, says Mencken, decided to dig the well up irom
the bottom of the Descending Paseage all the way 1o the
end of the Grand Gallery.

The trapped men, says Mencken, were Informed of what
was being done, “and by the \ime the tunnel reached 1he
opening in the Gallery they had removed the ramp stone.”
According to this theory an Inspcctlon crew was sent to
ascertain the damage and examine the King's Chamber
ceiling; for this purpose the small tunnel. fater Known as
Davison's, was dug straight through the lowes! of the cush-
ioning chambors.

The plugging of the Ascending Passage, says Mencken,
put an abrupt stop to all other Interior work and made It
impossible for the King's Chamber 1o be used for a burlal,
either reel or token. “So everylhing above the plug blocks
was abandoned and thus ended the first and only ettempt of
the ancient Egyplians lo build elevated chambers."

In criticism ol Mencken’s theory it may be asked why,
if the building had been constructed to just beyond the peak
of the King's Chamber, would it not have been easier to
remove several blocks from the upper tiers in order to reach
the trapped men rather than go through the trouble ol boring
hundreds ol {eel up the whole length of the well? Also,
it the builders had no further use for the interior ot the
building, why go to the effort of finishing oft Ihe Pyramid and
casing It with 22 acres of finely polishcd limestone?

An entlraly differant solution 10 the problem is provided
by Oavid Davidson, the structural engineer from Leeds.
According to Davidson, the depth and width of the granite
plugs which seal the lower end of the Ascending Passage
ctearly indicate that the plugs must have been buill into 1he
passage at the time the Pyramid masonty had reached the
height of the plugs, or 17 courses.

Davidson, who spen! several months in Egypt studying
the Pyramid closely, says the haif-inch clearance at the
sides of the top ot the Ascending Passage would no! be
sufticient to insure the granito plugs being slid from the
Grand Gallery without jamming.

This raises the Question as to why the builders wouid
have bothered to even build the Ascending Passage if they
intended to plug it up immediately with three large granite
plugs.

Davidson answers that \he inside of the Pyramid was not
deslaned for contemporary use, but was intended 1o be
discovered by people of a much later civilization, rather like
our modern time capsulea, end thet the discoverers would
have to break their way in through the seiles of limesione
plugs, much as Al Mamun Is reputed to have done

This raises the question of the presence of the well
shaft, which could have led any intrepid explorer straight to
the Grand Gallery, bypassing the Ascending Passage.
Davidson answers that the well was an afterthought, not
planned In the beginning as an escape route after a burial,
it for no other reason than becsuse the Pyramid was never
intended as a tomb.

Davidson has an Iingenious reconstructlon of what may
have occurred He maintains that some time not long after
the completion of the Pyramid, an earthquake or scveral
disasters severely shook the building. After the disaster the
priests or guardians ol the Pyramld noted certain subsicence
efiects on the external surface ot the structure, and they
decided they must investigate the interior to see if the King’s
Chamberhad collapsed or been badly damaged.

Davidson says this must have happened within a fea
generations of the completion ot the construction, and before
precise details and measurements of the internal construc-
tion had been los!.

The keepers, says Davidson, entered Ihe Descending
Passage and instead of trying to carve thelr way up through
a score or more of limestone plugs in the Ascending
Passage, as wes later to be done by Al Mamun, they went
nearly to the bottom ol the Descending Passage and then
began fo bore a hole upward toward the beginning of the
Grand Gallery.

e
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Search insi

Davidson'a rendition of the
Groat Pyramid passages,
showing three farge fissures
@ tho naturaf reck.

Their reeson for starting so far down, says Davidson,
Instead of 1aking a shorter roule past the plugged Ascending
Passage, was 10 cut their way through, and carefutly observe,
two jarge fissures that had appeated in the bedrock. A
third fissure, presont at the time of construction, had already
been shored up by the builders,

The problem of the prlests. says Davidson. was to
determine it the fissuring was severe enough to cause
further subsidenca.

Digging in a gradua! upward slope, says Davidson, the
keepers worked their way through both fissures, finding
them In no! as bad condition as they had expected. At the
levet of the Grotto the keepers made a staging area for
tools, for rest, and fortho bypassing of workors and material.

From the Grofto they continued their shaft up toward
the commencement of the Grand Gallery, Having somehow
made an accurate suivey of exactly where they were. they
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way the chambers in the
Pysamld are aligned fust east
of the main cast-west axis.

then bored Straight up and came oul beneath the lowest
ramp stone on the west side of the Gallery. To Davidson it Is
clear from tho fracturad appearance of the ramp around
the wall entrance that the stone was forced upward and
outward.

To accomplish such a feat ot accurate digging would
have meant knowing the precise internal arrangement and
measurementis of the Pyramid. Anyone boring blindly could
have missed the few (eet of Grand Gallery and been obliged
to bore several hundred mare feet through the limestone
courses before coming out into daylight. This goes a long
way lowatd discounting the possibility of the wall shaft
having been dug by either thieves or explorers,

Once they had reached the Grand Gallery, says Davidson,
tha keepers dismantled the lower section of the Gallery
floor for a dozon or so feet and uncovered the passage to
the Queen's Chamber. This they inspected carefully, but
found fittle or ro sign of fallure.

Froceeding to the King's Chamber, the keepers lound
indications of possible instability due to the movement.
Inside the chamber |hey found the ceiling beams uniformly
cracked along the south ends.

According to Davidson, it was then that the keepers
smeared the fractures and open joints with cement and
plaster. Peltie was 1ater to report Ihat he had found cement
daubed on wlth fingers for about 5 feet on each side of the
joints.

When Potrie carefully examined the King's Chamber ho
discovered that it had been badly shaken, probably by an
earthquake, which caused the whole room to expand




Cracks in granite beams al
the south erd of the Klng's
Chamber.

an inch or so. Every single beam had been wrenched more
or less loose from the south end. and cracked through; the
whole celling, weighing some 4000 tons. was held up
solefy by "sticking and thrusting.” As Palrie summead up
tho situation, the downfall of the King’s Chamber “'is a mere
question of time and earthquakes.' What has saved it so
far was not being bonded to the maln structure.

Davidson says the five construction chambers ware
especially designed to take a considerable impact. Instead of
resting the uppermost beams on a hard granite wall, the
builders restied them on limestone, which could more easily
crush and flow In case of subsldence. 1axing the straln
olt the lower rows of ratiers and keeping the walis of the
King’s Chamber intact. Davidson says that a more rigid
design, uniform from the lowest to the highest chamber,
would have been disastrous

To permit this bulfer elfect being fuliy developed, the
rafters of the chambers were not tied into the east and west
walls. Instead, two immense limestone walls, wholly outside
of, and Independent of oll the granite floors and supporting
blocks, were built on the east and west sides. As Petrie
put it: "Between these great walls all the thambers stand,
unbonded and capable of yietding freely to settlement.”

To gain access to these important construction chambers
above the King's Chamber, the keepers, says Davidson.
next drove an operiing Into the east wall of the Gallery.
starting at Its upper, or south, end.

In support of the theory that this hole was bored by
koepers who were precisoly acquainted with the layout of the
Pyramid (rather than by later explorers or thieves}, Davidson
points out tha! the hole Is bored In exactly the right place,
and lakes off at the precise angle and direction to reach
the iowest of the upper chambers.

Once Inside the [irst chambe, (later lo become known
as Davidson's), the Pyramid keepers, says Davidson, found
that the indications of instability wera not so serious as they
had feared. The great granite beams were indeed cracked,
but the damage did not seem to be enough to cause any
further crumbling or subsidence, nor warrant thair boring
any higher into tha overlaying chambers. inetead, the
keepers again daubed the cracks with plaster so as to be
able to return at a later date and observe If any [urther move-
ment had taken place.

According to Davidson, the keepers then climbed back
down the wall, the bottom end of which they camouflaged,
and left by the swivel-stone entrance on the north face.

There is nolhing Inherently Illogical about this version of
events, It would hava been no easy job to tunne! upward
through the solid rock and tho various courses of maesonry—
altogolhar hundreds of tons of material would have had 1o
be chipped away and taken out of the Pyramid up the
Descending Passage-~but it would not have been impossible.

It would aiso have been a problem to get light and air
to the men doing the chiseling, and it would have been
tricky to raise a platform or system of suspension while
chiseling upward: also 1t wouid have been a nuisance to
have the tragments fail constantly in the face of the chiselers
and those below them; but all of this would not have been
impossible.

What militates against Ihls theory is the observation of
Maragiogtio and Rinaldi that Ihe walis of the well shaft
upward from the Grotto aro built end lined with regular
blocks of limestone, apparently as a feature of the original
struclure.
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Grotlo shawing walls of lhe
wall shatt buill out ol masoary
lrom the level of the Grotto
tg the first course of masonty
of the Pyramid.

Conceivably these walls could have been lined by the
keepers, operating from the Grotto, perhaps to insure 8
stable surface inthis final seclion of the shalt.

Clear Indications that it was nof designed from he
beginning were found by Petrie in the fact that the shalt
is irregular and tortuous through the rest of the masonry,
and that blocks with sharp corners wete left in an irregularly
curved shaft.

A French professor of architecture, J. Bruchet, who
went to tho spot to verily and measure, and who published
an illustrated book on the subject in Aix-en-Provence In
1866, agrees wilh Davidson that the granite plugs eouid
not have been slid down the Ascending Passage; he nalieves
they were put in place at the moment of constiuction, when
the Pyramid was still a truncated body. To have slid them
down, with so little clearance. says Bruchel, would have
required walis as smooth as glass. whereas he tound the
wails of the carridor roughly finished

But Bruchet disagrees with Davidsen that the well shaft
could have been dug from the bottom up, giving as his
1eason the fact that the bottom of the well shaft gees slightty
below the level of the Descending Passage. Bruchet believes
that this would not be so if the shaft had been staried
from below.

For the well shaft lo have been dug from above, the
operation could only have been completed before the
Ascending Passage was plugged, or after the opening of “Al
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Mamun's holo." In a closed uppor Pyramid therc would have
been no place to stote the carloads of rubble from the
digging of the welt shafi: the King's and Queen’s chambers
wouid not have been sufficient, and storage in the stoping
Grand Gallery would have roquired crosspiecos and sacks.

Bruchet points out that the well shaft could not have
been dug after Al Mamun, because the lower end of lhe
Descending Passage was filled by him with the refuse of
broken limesione plugs, which were not clezred out till 1817
by Caviglia. Also, says Bruchat, there are no graffiti to
indicale the presence of visitors in the lower passage after
Ihe date of the Hegira.

Another Frenchman, Georges Goyon. who coltected
reproductions of all the graffiti on the Pyramid, which he put
into a book dedicated to King Farouk, also does not accept
the idea that the service shaft was used as an escape way.
He too believes the Pyramid was violated a short lime alter
It was bulil, and that Al Mamun's hola" was made at this
easly period. He even goes so lar as to suggest that the
first violators entered by the lunnel now attributed to Al
Mamun, and that Al Mamun’s violatlon was made aftes the
abiation ot the Pyramid casing, wnich is In strict coniradic-
tion with the historical record.

Passage by simply sliding them on clay mixed with cows'
milk for greater viscosity, controiling the downward motion
by means of wooden wedges on cither sido of tho firat block.
Goyon says there are Indicalions on the lowest granite
block of two slots 7 centimeters wide intended for wedges.

~g. 3 s g Goyan's afrows indicate slols
Maragiogiio and Rinaldi find some of Goyon’s theories in the granite plug 01 the

tenable, but are awaiting the publication of a booklet by Insertion of wedges to contral
Goyon In which he promises (o add further materiat on {EI0uYnwa i maue L.
the subject.

In a recent article in Revue Archéologique. entirely
dovotod to the mechanism of the olosing ol the Great Pyra-
mid, Goyon suggests that one or two men alone could have
manipulaied the whole traln of blocks down the Ascending

Goyon disputes the point made much of by Davidson
that the purely stylized portcullis outside the King's Chamber
indicates it was never used to seal an actual tomb.

Goyon believes that the granite slabs—Ilong since
removed by grave robbergs—could havo beon lowored in
the eppropriato side slots by ropes run on wooden rollers,
and that the four vertical slois carved in lhe face of the
poitcultls were Intended to allow free play for the ropes.

In the final anaiysis, the theory which stands up best,
and is not in conflict with Davidson's findings, is that of
the astronomers Proctor and Antontadl. which Is supported
by Kingsland and John and Morton Edaar, that the truncated
Pyramid served as a stetlar observatosy by moans of which
the oncient Egyptian priests wera able to make accurate
maps and (ables of the visible stars from which to create
their entire sclence of asironomy, geography and geodesy.
Once they had obtained whal they neaded for thair astro-
nomical and astrological predictions {and for the secrets
of surveying and map making), they may have decided o
wall up Iheir instrument so Ihat no one else could know
how their lore was obtained,

Goyon’s view O how a single
man could have eased a laain
of granito pluge down tho
Ascending Passage with the
heip of unguents and
woaoden wedgos.
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It wouid then have made sense to ptace ihe granlle end
limestone plugs In the Ascending Passage whiie \he top
of the Grand Gallery was stili open to the lewel of tho
King's Chamber. To satisfy this theory, the well shait could
have been carvedupward, as suggested by Davidson. or it
could have been built in earller to serve the buitders tor a
varlety of reasons, including to serve as a means of coming
and going fo the pit whilo the Descending Passage was
blocked by a reflecting pool. In eny case, the shaft could
have been comf{ostably filled from the top before the builders
fintshed olf the bullding to its apex to serve as a sundial and
almanac

Donald Kingsbury, a professor of mathematics at McGlii
University, suggesis lhat the weil could have been used for
observing the passage of stars at the zenith above the
Pyramid. There are two vertical seclions of the well which
could have served this purposo admirably and at different
moments in the construction. There is a short vertical
passage dug into |he plateau which is served by the Grotto
and linked to the Descending Passage so that signals could
have been freely passed betwoon polar and zenith ob-
servars. Another vertical section leads from the bottom of
the Grand Gallery and could have been used for zenith
observatlon in conjunction with the Ascending Passage }ook-
ing south and reflecting north. Kingsbury points out that
with two such wells a short distance apart the circumference
of the earth could have been computed by observing the
passage of a zenith star.

Duncan Macnaughton In A Scheme of Egyptian Chronol-
ogy subscribes 1o the siightly different theory that ancient
scientists used the truncated Pyramid as an observatory,
but that a later generallon finlshed it off as a tomb for some
Pharaoh.

The custom of burying distinguished citizens innational
monuments that were not originally designed for that
purpose is common to the world, as in YWestminster Abbey.
the Invalldes, the Panthean, and Maes-Howe

Then there is the idea that the sarcophagus was never
an actual tomb, but “an open tomb" symbolic of the resur-
rection, and of a reawakening of the dormant spirit of the
great initiates.

Borehardt's idea of how ropes
around wooden rollers could
have been used to lower the
granite alabs of the portcullis.

Goyan's renditlon of granite
blocks plugging passege o the
King's Chamber.
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XX. TEMPLE OF
SECRET INITIATION

Severa! authors have expressed the opinlon that there Is a
close connection between the Great Pyramid and what are
known as the Egyptian mystorios, that is to say, the socrel
knowledge possessed by a hierarchy of initiales which was
communlcated to thase who could prove thelr worthiness by
passing a long period ot probationary training and severe
trials, the sort of system that was pespetuated or debased by
suoh societies ae the Templars, the Rosicrucians, and tho
Masons.

In due course the inltlates are said 10 have been shown
the greal laws and principles of the cosmos and of man’s
relation thereto, which could not be explained to the more or
less ignorant, “who could not rise abovo tho level of 8 crude
realism which takes things lo be what they seem.”

The Egypilan temple order is descrnbed by modem Frae
Masons as a gradual process of Initiatlon and admission, In
which the Great Pyramid was probably used for tho initiation
ol the highest degree, or the three highest degrees in the
order.

Throughout the graduated admission, which is sald
by Masonic writers to have lasted twenty-two years, the
prospective Initiate wse taught the various sciences, of which
geomelry and numbers were among the most important. “in
this context.” says Tons Brunés. author ol The Secrais of
Ancient Geomalry, *‘it is not surprising that they should have
worked this know/ledge into the structure of the initiation
temple.”

Knowledge of the astronomical cycles and their
application also formed par of tne anclent Initiatory teaching.
In those days, says Wiiliam Kingsland, astronomy was not
tho mero scionco of the mechanism of the heavens, but was
Intimately connecled with astrology, ‘e profoundly esoteric
sclence connected wilh lhe great cycles of man's evotution,
understood only by the Adepts.”

Kingsland adds thal if the Greal Pyramid was built by
inliates for initiates, ““What could bo more likely than
that some of the deeper forces of nature were used in its
construclion. and that these wouid—did we but know ol
them—solve the probiems of construction which still remaln
an enigma to us."”

The theosophist H. P. Blavatsky in Tho Socrot Doctrine
says the Pyramid nol only indicated the courses of the

According to Manly 2. Hall,
Ihe tilumined of antiqulty
passed through the mystic
passagaeways and chambers of
\he Great Pyramld. enwering
Its portal as men and coming
focdti as gods.

“The canCidate.” says Hall,
‘‘was faid in the greal z%one
coffin, and for threa days
his splili—freed from iis
mortal coli—wandered at the
gateways of eternily, His Ka,
as a bird. llew through the
splritusl sphetes of space. He
discovercd that all tho
universe was lite, all the
unlverse was progfess. all the
univeise wes etemal growlh,
Roalizing that his body
was a house which he couid
slip out of and retum 1o
withoul degth, he achieved
aclual immartatity. At the end
of ttirae days he relumed (o
himselt ageln, and having
thus personally and aclualty
expetienced the great
mysiery, ho was indeed an
Iniliate—one who behetd and
one to whom religlon had
tulklted her duty bringing him
10 the fight of God."

stars in heaven but was “the everfasting record and the
Indestructible symbol of the Mysterles and Initlaticns on
Earth.” In /sis Unveiled Madame Blavatsky elaborated,
saying that whereas externally the Pyramid *‘symbolizad tho
creative principle of Nature, and illustrated also the principles
of geometry, mathematies, astronomy and astrology."
within the building liself was the site of the mysteries of
initiation—*a tample of iniliation where men rose towards
the Gods and the Gods descended towards men.” To
Blavatsky the colfer was ‘‘a baptismal font upon emerging
from which the neophyte was born again ang became an
adept.”

Brunés says that during the ceramony of initiation, the
candidate wes placed by the temple leader in a deathlike
trance symbolizing death ltself. On awakening irom this
condltion, "*having wandared in the worid of the gods,'” he
was regarded as having been reborn.
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Those illusteations from Al-
bert Ghampdor’s The Book

of the Dead show o mummy
with phatius erect sliding
into the Seventh Region of the
Lower World, desciibed as
balng "fillod with serpent's
colts and the four sons ot
Horus who piotect the viscera
of the dead,” This Twenty-
first Dynasty drawing has lost
the preclse @ proportions of
the eartior ronditions of the
same subjact shown In
eariiar lllusirations,

Btavatsky describes the ancient rite: “The initiated adept,
who had successfully passed lhrough all the trials, was
atlached, not nailed, but simply lied on a couch in the foim
of Tau and plunged into a deep sleep (the Sleep of
Siioam’). He was allowed o remain in this stale for three
days and three nights, during which time his Spiritual Ego
was said toconfabulate with the ‘gods.’ descend into Hades,
Amenti, or Palala (according o the country) and do works of
charity to the invigible beings, whether souls ol men or
Elemontal Spirits; his body remaining all the time in a temple
crypt or subterranean cave. In Egypt it was placed in the
Sarcophagus In the King's Chamber of the Pyramid of
Cheops. and carried during the night of the approaching
third day to the entrance of a gallery where at a certain hour
the beams of the rising Sun struck full on the face of the
entranced candidate. who awoke to be initiated by Osiris,
the Thoth and God of Wisdom."

For such a rite to have been possible, either the Pyramid
must etill have been truncetod, or it contains secret passages
at present undiscovered.

Most of the ancient philosophers anrd great religious
teachers, including Moses and St. Paul, acknowledged or are
acknowledged to have derived their wisdom from the
Egyptian initiates, individuals who admitted or hinted they
were Inltiates Include Sophocles, Salon. Plato. Cicero,
Heraclitus, Pindar and Pythagoras.

Some of the coremonios of what are sometimes referred
to as the leaser mysteries have survived in a more or lese
degraded and merely formal manner In the ritual of Masonry
and of the Christlan churches. Kingsiang believes the secret
of the Pyramid is even known to present-day initiates, but is
probably "onc of thosc matters which they do not see fit to
disclose to the world at large."

According to Norman Frecdlerick de Clifford, author of
Egypt, the Cradle of Ancient Mssonry, ancient Masonry had
its origin long centuries before the dawn of authentic history:
he claims the ancient brotherhood ‘‘possesscd a far greater
knowledge of mechanical arts and sciences than is known
to architects of the presant day '

Saveral authorg, including W. Marshal Adams, belleve
the Pyramid reprcsented in monumental form the doctrine
which The Book of the Dead sets forth in script, containing

in an allegorical and symbolic manner the secret wisdom of
the initiates, or the laws which govemn and direct the universe.
enabling lie initiate to know “how ho came into being in
the beginning."

The Book af the Dead is the title generally given to &
collection of Egyptian tnscriptions and papyrl found in tombs
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or In mummy wrappinga. Sir E. A. Wallis Budge translated it
as The Book of the Mistress of the Hidden Temple. One fate
text found with a mummy was on a papyrus roll 20 meters

tong divided into 165 chapters: It Is now In the Turin Museum.

The ancient Egyptians attributed The Book of the Dead ‘o
Thoth, Lord of Wisdom, and recordor of the deeds of men,
which were produced when the soul came to judgment.

Egyptologlsts in general label it a collection ol funerary
and riwal texts of ditferent periods in dlflerent forms, used by
ancient Egyptian priests in their burial ceremonies. But Henri
Furville in his La Soionce Seoréte claims that the texts of
The Book of the Dead ere incomprehensibte to those who
never made a careful study of them from the point of view
ot psychic sclence. The obscure texts, says Furville, “’shine
in the light of initiation, and |he practices which ssem
oxtraordinary and ovon absurd to tho profang, aro, on tho
contrary, the resuit of the most profound science."

The pioblem of tianslating hermelic language from
hieroglyphs Is highlighted by Giorgio de Santlllana when he
points out Ihat in the Erman-Grapow Egyptian dictionaries
there are thirty-seven terms for "heaven.” As a result, says
Santillana, the elaborate instructions in 7he Book of the
Dead referring to the soul's celestial voyage translate into
“'mystical” talk, and must be treated as haly mumbo.jumbo.
Modern translators, says Santlllana, belleve so firmly in their
own invention, according 10 which the underworld hos to
be locked for in the interior of our globe—instead of in the
sky—that even 370 specific asttonamical terms would not
cause them to stumble. He gives as an example the goddess
Hathor boing described as “lady of every joy,” when the
litcral translation is “the lady of every heart circuit.”" The
determinative sign for “heart," explains Santillana, often
figures as the plumb line coming from 1he asironomicai or
surveying device, the merkhet. “Evidently,”" says Santillana,
“tho hoart Is something vory specific, as it were, the center
of gravity."

J. Ralston Skinner In The Source of Measure was
convinced that the Pyramid was not a tomb, but a temple of
initiation. He went further and linked the Pyramid to the
Jewish cabals, e system of allegorical symbolism among the
Inltiated which sets fosth the seeret 1eachings of the Bible,
concealin) the great cosmic principles of man’s origin

According o Skinner the key to the cabata was said 1o be
the geometrical relation of the area of the circle inscribed
in the square, or the sphere in the cube. This gave rise to the
relation of the diameter to the circutnference of & circle, with
the numerical value of the retatlon expressed In integrals,
such as 22/7.

The relation cf diameter to citcumterence, says Skinner,
was considered a supreme one, connected wllh the god
names Elohim and Jehovah, the first being the circumference.
the second the diameter, which were numerical expressions
of these relations.

Tons Brunés, who dedicated his 7The Secrets of Ancient
Geomeny tothe Fratermity of Free tMasons. shows that the
Great Pyramid, like most of 1he great temples of antiquity,
was designed on the basis of an advanced but hermetic
gcometry known only to initiates, onty fragments of which
percolated to the classic and Alexandrine Greeks. According
to Brunés. the sgcret of 1his ancient geometry was so well
guarded that the whole of it was not revealed until the
publication of his book in 1969,

Brunés shows how the ancient Egyptians used the basic
design of a circle inscribed in a square to divide both circle
and square geometrically into equat parts from 2 to 10, and
all their possible multiples, without recourse to measuring or
arithmetical calculations, with the aid of nothing but a
stiaighledge and a compass—commen embiems, along with
the Pyramid, of the Masonic orders of yesterday and today.

In Brunés' roconstruction of the secret goometry, the
cross emergcs as tho first gecometric addition to the circle
and square, and Is the key not only 10 |he solution of
geometric problems bul to the development o! numerals and
the alphabet.

By including the dlagonals, every number both Latin and
Arabic and all the letters of several alphabets may be
obtained.

According to Brunés, both mathematics and the alphabet
sprang from geometry, not the reverse. He says that nowadays
we use numbers as the primary factor in our calculations, and
geometry only as a subsidlary, whereas he belleves the
Egyptians revarsed the order. He uses a detailed analysis of
the Rhind Mathematical Papyrus to demonstrate that the
ancient Egyptian system of counting was directly governed
by geometric factors and that theis Ideas and theorles were
bound in geometric rules.

Brunés found that the circlo was indeed considered
sacred by the Egyptians, as were tho squarc and the cross
and the triangle, all of which are Intimately Incorporated Into
the Great Pyramid with itssquare baseand iriangular faces
designed to represent the 'sacred” circle.

Brunés demonstrates how the circle inscribed in a square
and quartered by a cross enabled the anclent Egyptian
geometer to Insctibe In 3 circle the basic fligures of pentagon.
hexagon, octagon and decagon.

Of these the pentagon with Its five-pointed star is perhaps
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The circle tn 8 square with a
cross and diagonals, plus a
pantagon or decagon, enabled
anclent mathiematiclans to
neasure lengs of V2, V3.
\/5, 3s well as multiples and
fraclions thereof without
arithmetical computation,

the mast Important: it automatically produces the Goiden
Section and the p praportion in the simplest gaometric
manner.

Each line of the five:pointcd star—the symbolic sign of
recognilion of the initiated Pythagorean, whose hermelic
meaning It meant death to reveal—cuts the other In the
proportion of major to minor: the Golden Section.

Furthormore, the sida of a pentagon Inscribed in a circle
whosc circumference is equal to the perimeter of the Pyramid
will be equal to the apothem, or siant helght. of the Pyramid,
which will be the value of ¢,

A pentagon divldes a circle in 72° segments, With the
main cross, the pontagon radii form angles of 18°, 36°,

S4° and 72°,

Though Greece has been looked upon as the blrthplace
ol mathematics—Ilargely because ot surviving written matertal
on the subjectot mathematics and gaometry—Brunés points
out that Pythagoras, the founder of Greek mathematics,
spent 22 yeais in Egypt as a priest of the lemple, and only
returned to Graece afier Cyrus Ihe Great, king of Persia,
bumt the temples at Memphis and Thebes in 527 B.C. and
dragged him off as a prisoner to Babyfon.

Back in Greece, Pythagoras taught mathematics on the
basis of whal he had learnt In Egypt; but after his death his
followeis were persecuted and had to 1ake refuge abroad.
Some eighty years later, Piato left Athens after the execution
of Socrates and joined tho Pythagorean socioties. He
traveled to Egypt, where he too was Initiated into the tower
degrees of learning in the temple, which ware slowly
recavering trom being disbanded by the Babylonlan-Peislan
conquerors.

Plato colloctod documents and writings connected with
Pythagoras. In the end he produced the concept that the
cosmos was represented by the five regular solids thatl can
be inscritiea in asphere.

Brunés maintains that Plato incorporated into the body of
his writings, and ospecially in the Timaeus, the secrot
teachings of the Egyptians, which he had sworn not to
divuige directly, but which he handled In a hermelic language
for which Brunés provides 8 solution

Brunés says that Moses, who was also an Egyptian
priost, had knov/ledge of the anciont goomatry, which he
passed hermetically In his instructions for building the
Tabernacle. data which eventually reached Jerusalem and
were incorporated inta holy teaching.

The French archeologist and mathematician Charles
Funk-Hellet, in his Le Bible et la Grande Pyramide d'Egyple,
agrees that the cubit of the Bible san only be the Egyptian

royal cubit, vhich ho makes a hair, or 1/2 millimeter, shorter
than Stecchinl's. According to Funk-Hellet the cubit was
incorporated Inlo the Temple al Jerusalem as 7/6, or 523.6
mlllimeters, Instead ot Stecchinfb's 524.1

Funk-Hellet points out thal Solomon had Hiram Abitf
build a temple whose columns were 18 cubits high and 12
cubits around. In other words, one cubit equaled the
twelfth part of the circumference of the arc of 30°, or 7/6.

By subtracting the circumference from the height, they
obifained & cubits in 3 straight lino, which was equal
to half the circumfercnco, or the exact value of 7; so thata
thousand Years before Christ the Hebrews knew that a cubit
was a mathematical entity dependent on the circumierence,
and were able to resolve 7 to four points of decimal.

Using one unit of measure es the radius of a circle, the
ancients found the trigonometric value of 30° to be 7/6,
which was the value of the roya! cubit, or .5236 ot the unit
used.
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FunkHellet found another additive series mada by adding S to 1, and o on; 1, 5, 6, 11, 17, 28. . . .

Ha developed the series in 18 columns and 36 lines horizontally, with some extraordinary resuts, in-
cluding values for T, @, and the royal cublt: this led him 10 conjacture that the royal cublt might have
had e theoretical vatue before it had a piactical onc.

The first line giver the numbers 11, 17 and 28, which are divisions ct both the royal cubit and tha
Chaldean cublt; furthermore, 11 x 17 X 28 equals 5236, which Is Funk-1eliel’s figure for lhe royal cubit
In milfimelers, or a/6.

The fourteenth column of the series gives the g2 vaiue of 2.818. the royal cbit vae ol 5238, and the
a_vélue Of 3.1416.

The sccond row precuces tne @, or Fibonacch-typo, aories of 1/q, 1, @, ¢2 with 618, 1000, 1618
and 2818.

The seventh column glves the divisions of a 360-degree circio In halves, quaiters, sighths, elc.

1 inside
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Funk-Hollet maintains that as early as the fourth
millennium B.C. the Chald had a math lical series
which gave the exacl values of the cublt, the meter and .
What's mote, he Insists that the preseni meler, as developed
by the French in the nineteenth century, was already a
hermetic measure known in antiquity, and was linked
trigonometrically with the cubit.

To Funk-Hellet the Great Pyramid Is a geodetic gnomon.
or plllar, incorporating vatues for toth the meter and the
cubit. He says the finger, patm and cubit are built into the
apothem. In the King's Chamber, he eaya, the double square
of the floor is 5.236 meters by 10.472 meters—which varies
from Petrie’s and Davidson's measurements by a lew
millimeters.

Funk-Hellet says the basic meter unit from which the
cubit was derived had to be kept a deep secret, presumably
30 that all the calculations, including the means for obtaining
the exact length of the year, would remain the sole property
of the oftlciating priests.

Schwaller de Lubicz in Le Temple de I'Homme
corroborated the evidence that the Egyptians knew the meter,
polnting out that on the whole tength of a surrounding wall of
the Thira Dynasty (3000 to 2000 B.C.). "onefinds three lines
painted at ttie time, of which the distance between two lines
is exactly one moter,” adding that this is not an isolated cass,
“but one of thousands." In ancient constructions ot Troy,
Heinrich Schllemann found a unit of measure which was
exactly halt a meter, or 50 centimeters.

Funk-Hellet says the meter and the cubit depended from
each other and were both defined by gecdetic measuremants.
He suggests the way the meter was derived by the ancients
was by walching lrom a measured height the moment a
light disappearad on the horizon.

Al the beginning of the nineteenth century, Sir John
Herschel tried to caloulate the radius of the earth with two
observers placed 10 feet above the sea who ceased to see
each other at 12,873 meters. This gave Herschel an eaith
radius 016797 kllometers instead of the correct 6378, or an
error of 419 kilometers.

Funk-Hellet believes the ancient Egyptians did better. He
polnts out that the full apothem of the Pyramid including
the pyramlidion is 10,000 fingers long, o7 187 meters. He
then computes that if 1870 meters is taken as an arc of 30°,
tho resulting radius will be 3570 meters. Modern experi-
monts indicate that a light disappears on the horizon at
3570 meters when the eye of the observer is exactly 1 meter
above #he ground

José Alvarez Lopez of Argentina, in his work Fisica y

Alvarez Lopez's rendttion of
the dimensions of the coffer
used by the Egyptians lor
baslc astronomical

ratios.

Creacionismo, says that a cubit of 523 millimeters—about
half a millimeter shorter than Funk-Hellet's and 1 millimeter

sharter than Stecchlni's—is exaclly half of what he calls an

absolute meter, which he says occurs as a natural unit in the
solar system.

According to Alvarez Lopez the planets of our system
orbit in harmonic distances from the sun which are multiples
of a single unit of length—his avsoiute meter—in an
arrangement which is naturally decimal.

Alvarez Lopez says that beginning with Mars, tho plancts
are disposed in the order of the colors in the soler speotrum
—with Mars as red. Jupiter yeflow, Saturn yellcwish-green,
Uranus green, Neptune blue. and Pluto violet According te
Alvarez Lopez the Pyramid may once have been painted
with the colors of the spectrum starting with red for Mars,
just below the gilded pyramidion representative of the sun,
and diminishing through yellow and blue 10 viol8t at the
base, symbolizing the construction of the salar system both
geomatrically and with colar.

The only evidence that the Pyramid may have once been
painted, apart from the legends ot the Arab storyteliers, are
some fragments of casing stone found in the early nineteenth
century which were covered with what appeared to be red
paint, Subjected to careful chemical and spectrogtaphic
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anetysis at the Sorbonne, it was determined that the casing
stones had once been covered with a layer of paint wilh a
red ochre hase, and that the paint could not have heen
caused by any chemical recomposition of the stone itself.

The Great Pyramid, says Alvarez Lopez, represents a
decimal schema of the solar system. He figures the height of
the Pysamid 16 be a mlllionth part ol the dislance 1o the sun,
measured trom the limil of the earth’s aimosphere, and ils
base to be the ten-thousandth part of the surface of the
earth.

The dimensions of the granite coffer in the King’s
Chambar, as worked out by the Argentine professor, are
arranged to form a perfect “asironomical atlas*’: he says the
inner measure gives an absolute cubic metor, but that tha
coffer was not designed as a cube so thatits varlous inner
and outer measuses could also represent the various
astronomical constants of the solar system

Heo says lhere was just one way to bulld a coffer so that
it would include not only the distance from the earth to tho
sun (a basic astronomical unit), but the weight of the earth,
the weight of the earth and 1the moon, the weight of thesun
in relation to the earth, the weight of the sun in relation to tha
earth and the moon, the weight of tho earth in relation to
the moon, the value ol the absolute cubic meter, and the
polar radlus (one-half the dlameter lrom pole lo pole) of the
earth In terms ot an absoiute meter,

Alvarez Lopez considers the original discovery of thess
figures to have been perhaps the hardest job yet mastered
by men, and says this explains the care and trouble taken by
the builders of Ihe Pyramid 10 secrete the information In the
heart ot the bullding. Were the cotier not so badly chipped
and wom, says Alvarez Lopez, it might give us more exact
astronomical figures than we now possess.

All these astronomical constanis, says the professar,
depend on a precise knowledge of the solar parallax; he is
amazed that the builders of the Pyramid could have known
the paraliax and the earth’'s polar radius 8o exactly without
the help of telescopes and cameras. It will be Interesting, he
says, to campare our new figute [or the sun's parailax with
that of the granite coffer, as determined by the near passage
of the small planet Eros, which occurs every 37 years and is
due in 1975.

Stecchini {s more terre-a-terre. He can show that the half
meter found by Schllemann is really a Babylonian cubit of
/49307 meter and that the meter of Funk-Hellet and de
Lubicz is in fact three feet of .3328 meter, both derived from
the geographic foot and cublt.

When | reminded Siccchini that Petrie had found the

Napoleon's French Institute
la Ceko.

coffer in the King’s Chamber to be designed in oven numbers
of {ilths of a cubic cubit, Stecchinl resolved the miltennial
ridd!e of the coffer by showlng that it contalns exaclly 40
artaba, or 40 cubes whose sides are one geographic foot,
and thatt its outsido volump is twico this amount, or 80
cubes of one gecographic foot.

Would it not be worihwhile, nonetheless, for academic
institullons, so admirably equipped with computers and
talent, carefully to analyze such conceits as those of Alvarez
Lopez and Funk-Heltet and eiiher refute them or suppornt
them with reliable data? Some of their ideas may turn out
to be no wilder than those for which Jomard. Taylor,

Smyth and maybe even Davidson were unjustly lampooned.
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XXI. MORE SECRET
PASSAGES AND
CHAMBERS

Many Egyplologists and explorers were convinced—and
many still are-—that the Pyramid conceals one or more secret
and yel undiscovered chambers. it is also believed that the
Pyramid is connected by subterranean passageways to other
pyramids, to the Sphinx, and to long-demolished reception
halls, small tempics and other enclosures.

The engineer of the Australian railways, Robert Ballard,
believed the Giza pyramids may also have been butit above a
vast series o1 catacombs, with chambers and galleries. like
the pyramids of Lake Moeris, which are said 10 have vast
subterranean residences for its priests and keepers.

Ballard suggests that much of the limestone for the
structure of the pyramids of Giza may have been quarried
from such calacombs He suggests that a goad diamond

drill with two or three hundred feet of rods be used to make
tests on the Gize plateau. Ballard believes that when this
subterranean cily is discovered. it will be found that it had
access passages for the priesis and the surveyors linking It

Herodotuis speaks cf a palace
complex of 3500 chambers
hall above and hslif be-
low grouna at Moerls. The

believes there is a whole maze of corndors and passages
dug into the Giza hill. Sykes quotes an ancient Arab source
to the eifect that the designers of the Pyramid made “‘several

to every pyramid.

While the pyramids appeared to the outside worid 1o have
been sealed up as mauscleums for the dead, says Ballard.
the sealing may simply have rendered more mysterlous and
private the recessss and abodes of the priests who entered
from below, and who were possibly enabled to ascend by
private passages to their very summits,

When Perring and Howard-Vyse were exploring the bent
pyramid at Dashur in 1839, they noticed an extraordinary
phenomenon. The workmen clearing the passages were
suffering from intense heat and fack of oxygen when
suddenly a strong cold wind began to whistle through tho
passages. It blew so fiercely for two days that the men had
tiouble keeping their lamps lit. Mysteriousiy It stopped and
no one has yet ligured out the mystery.

Ahmed Fakhry, working in the same pyramid in the 1950s,
hoard weird noises which led him to conciuda that there
must be undiscovered passages within or under the bent
pyramid.

Edparton Sykes, an archeologist and author, who Is
perhaps the best living authority on ancient Atiantis, also

Egyptians ca

lhed R “‘the

temple at the entrance lo tho

lake.” Herodotus called it

a “labyrinih,"” and consicere

doors. bullt over underground vauits of stone, each with a
secret stone door revolving upon 3 hinge."”
Peter Koloaimo bolieves thore aio more tombs and caves

thet it
a3 a8 wonder.

ked the py

h Saqqara, Abydos, and Heluan, of very ancient
dynasties, and reports the legends of hidden doors “that
could be opened by a mysterious force” such as a
supersonic wave length, or specially resonant voice.

According to the Baron de Cologne, as quoted by Robert
Charroux in Le Livie des Secrets Trahis [Paris, Laifont, 1965),
there is an underground kingdom under the Egyptian desen
similar to the "Agartha” of Tibet.

Commander Barbar, the American attaché who gave such
attention to the construction of the Pyramid, wrote that "when
one considers the inexplicable and yet exact arrangement of
the various chambers and galleries, and that there is room
for 3700 more such chambers, provided we could find them,
we can almost be tempted to believe that we have not yet
discovered all the chambers or even the true chamber of
Cheops "

Piazz: Smyth was equally convinced that there was an
undiscovered chamber in the Greal Pyramid ‘‘which will
prove to be the very muniment room of the whole monument."
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Bent pyramid at Dashur.
Arfow poinis fo a ¢ccondary
enirance to pyramid high on
the north side.

When a multitude of chips of black diorite rock wore
discovered on the Pyramid hill. Smyth surmised that the
undiscovered chamber might be !ined with black dlorite.

Thomas Holland, a Thirty-third Degree Free Mason,
believed that if the granite foaf ware removed from lhe
portcullls it would disclose lhe way to "magniiicent passages
and chambers hitherto undiscovered,”

Louss P McCarty, in a privataly printed booklet, The Grear
Pyramid of Jeozoh, published in San Francisco in 1807,
says he believes the Pyramid contains at least three more
chambess located between lhe King's Chamber and the apex,
and at least ane with double Ihe capacity of the King's
Chamber. McCarty believes the next largesl chamber will be
found at the 75th course, and the largest at the
100th course, and thal the largest should be of an egual
capacily te the three below il. He believes there is a fifth and
final chamber on the 120th course of masonry, and that this
one should be just hali the capacity of the King's Chamber.
McCarty also subscribos to tho thoory that tharo is a
passage somewhere benealh the northcast corner of the
Pysamid which leads lo the Sphinx.

Funk-Hellet suspects lhete might have been a room on
top of the present platform, now destroyed.

William Kingsland, in his two-volume work on tho
Pyramid, suggested generating radio waves of 5 mcters
lengih in the King's Chamber. and by neting the sirenglh of
reception at measurea intervals ail round 1he outside of the
Pyramid, determine it some hidden chamber might exist.

in the tate 1860s Dr. Luis Alvarez, tho 1968 Nobol
Prize winner for physics, developed a machine for
recording the passage of cosmic rays through the pyramid
of Kephren, by means ot which he hoped to discover any
secret chambers or passages within ils bady.

The operation, which required a team of scicntists,
turned into an ¢xpensive venture in vhich twelve United
States and United Arab Republic agencles became
involved, including the U.S_ Alomic Energy Commission,
the UA.R. Depariment of Antiquities, lhe Smithsonian
institution and the Faculty of Science of the Ein Shams
University in Cairo.

Alvarez’s projecl was based on the fact that cosmic
rays, which bombard the planet day and night. lose part of
their energy as they pass through an object, in
proportlon to the density: and thickAessiof the object.

By placing a “spark chamber” in the subterranean
vauit of the pyramid the scientists ptanned to monitor the
number of cosmic rays which mado their way through the
pyramid walls. Those rays which passed through avoid in
the body of the pyramid would reach the chamber more
frequently than Ihose traversing solid rock,and lhe variance
would indicate the presence of a secret chamber or passage
in the pyramid.

The path of cach ray is recorded €lectronically and
stored on a magnetic tape. The tapes are then fed into a
computer to calculate and memorize the point et which
each recorded ray ponetrated the surface of the pyramid.

To pinpoint the location of any cavities which showed
up, the scientists planned ta shifl the “spark chamber” and
obtaln a sort of stereo picture.

Were any hidden chamber locatod, it wouid then be
possible to dig directly to it without risking greal damage
to the rest of lhe pyramid. The operation would consist
of dritiing a small hole upward in the indicated direction
ot any cavity that appeared on their “X-ray plate."

Mecdern optical tools would allow archeologists to look
into the chamber through a tong hole, perhaps 100 feet
long and only 3/4 Inch in diameter.

Dr. Alvarez chose the pyramid of Kephren because he
considered it unlikely that Kophren, as the son of
Cheops, would have had such an imposing pyramid
erected without incorporating some secret system of
passages and chambers such as have been discovered in
the Great Pyramid.

Alvarez assumed that Cheops' archilecis must have
had a choice of clever ideas for secreting chambers, some
of which had to be teft out ot his pyramid, but could have
been appiled to Kephren's. "My hunch,” says Alvaroz,
*'was that youngor architects working on Cheops' pyramid
would have had their ideas rejected. Later. in Chephren's
time, they could have persuaded Chephren to use them,
or some other improved plans."
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On this tenuous assumption Alvarez hoped to find a
secret chamber in Kephren, and perhaps even the
sarcophagus of lhe dead Pharach: an Egyptologist's
dream.

Alvarez also chose Kephren's pyramid because its
central chamber was more convenicnt for setting up his
compiex electronic equipment. The subterranean vault
discovered In 1818 by the Italian exploter Glovanni Belzoni
had recently been cteared ot rubble, and other chambers
and passages in the pyramid had been lit with alectricity
by cable from the nearby Mena Houso.

By September of 1968 two million cosmic-ray
trajectories had bheen measured: thess were considered
ample for tinding any hidden vault within the field of view
of tho upward-looking oquipment. When tho tapes wore
run through the local computer in Cairo for the first
analysis, the results tooked wonderful, They clearly

In 1818 the hallan adventurer
Glovanni Belzoni tried to find
an entrance to the sacond
pyramid of Kephren.

He found what appeared to
be the original entrance close
o the ground plugged by three
gmnite blocks. The paszage
was cleared all the way down
{0 8 lunajary chamber contain-
ing only a granito sarcophagus.
On the west wall of e
chamber an inscription in
Arobic indicated the chamber
had been penstraled some
time after the Hegira.

Portrait of Giovannl Belzonl
used as 3 frontispiece for 8
book odited by his wite com-
manting on his exploits in
Egypt.

showed up the corners and the faces of the pyramid as
outlined by the passing cosmic rays, recorded in the
central chamber. The equipment appeared to be functioning
excellently. But there were some mysterious developments.

As Or. Lauren Yazolino, Alvarez’s assistant, returned to
the United Siates to analyze the tapes on the most
up-to-date computer at Berkeley, a correspondent from
the London 7imes visited Cairo to check on the results
focally. At Ein Shams University, John Tunstall found an
up-to-date 1130 IBM computer surrounded by hundreds of
lins of recordings.

11 defles al! known laws of physics.” Tunstall quoted
Dr. Amr Goneid, who had been left in charge of the pyramid
project since the return to America of Dr. Yazolino.

According to Tunstall's repori, each time Dr. Ganeid
ran the 1apes through the computer a different patten
would appear, and the salient points which should have
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been repeated on each tape were absent. “This is
sclentifically impossible,'* Tunslall quoted Goneid,
explalning that earlier recordings which had raised the
hopes of a great discovery were now found to be a
jumbled mass of moaninglass symbols with no guiding
pattern whatever,

Tunstall asked Goneld: “*Has all this scientific know-how
been rendered useless by some force beyond man's
comprehension?” To which Goneid is reported to have
answered: “Either the geometry of the pyramid is in
substantial error, which woutd affect our readings, or there
Is a mystery which is beyond explanation—call It what
you will, occultism, the curse of the pharaohs, sorcery, or
magic; thore is some force that defies the laws of science
at work in the pyramid."

At Berkeley, Alvarez refuted Tunstali's account,
Insisting that the equipment was functioning admirabty.
In the 35° cone scanned by the spark chamber there was
no sign of any hidden passageway or chamber, This was
the area believed by tte scientisis 10 be the most likely {0
contain them, though there was still hope of linding
something In tho romalning sections.

As soon as further funds were available the team of
scientists planned to resume their scanning of Kephren.
Or. Yazolino added that if sufticlent funds were available
they might even move thoir equipment to the Queen's
Chamber in Cheops to sec If they could find any unknown
passages or chambers in the Great Pyramid.

Yazollno explalned that the only trouble they had
encountered had been poor readings when the spark
chamber ran out of neon and produced some mysterious
dark spots which looked like a possible chamber tlll they
were carefully analyzed and found to be caused by the gap
between two spark chambers.

Alvarez stressed his confidence in Dr. Goneid as a very
able physicist, saying that he thought so much of him he
had invited him to spend a year at his 1ab at Berkeley. “if |
thought for a moment that he had said any ot the nonsense
attributed to him, you can be sure | wouldn't want him as
a member of my research group.'

Yet there remains something mysterious about the
pyramid which needs to be explalned

When a Frenchman, M. Bovis, visiled the Great Pyramid
he noticad that some garbago cansg in the King's Chamber

dgg;‘e’r:"'a"':a %)f:%;’::dy contained dead cats and other small animals that had
found by Marletta Bey in fhe apparently wandered Into the Pyramid and died,
so-calied Tempie of the There was something odd about these corpses: there

Sphinx, now In the Cairo
Mussum.

was no smell or decay to them. Curious as to the cause
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of this phenomenon, Bovis examined the animals and
found them dehydrated end mummified, despite the
humidity in the chamber.

Bovis wondered if the mare shape of the Pyramid could
have been responsible for this natural process of
embalming: so he made 2 wooden model of Cheops with a
base three feet long, and orienled it due north. Inside the
model. a third of the way up, he placed a freshly dead cat.
After a tew days it mummilied. Bovis then placed other
organic materials in the model, especially matter that
normally deceys very quickly, such as call's brains, and
when these failed 10 putrefy, he concluded there must be
something ahout the shape of the Pyramid which
prevents decay and causes dehydration.

A Czechoslovakian radio engineer named Karel Drbal
read Bovis's reports and made some further experiments
with pyramid models, conciuding that there is *‘a definite
relation between the shape of the space ingide the pyramid,
and the physical, chemical and biological processcs going
on inside that space.”

The same phenomenan has been noted in italy and
Yugoslavia where mitk packaged in pyramidal cartons keeps
fresh indefinitely without refrigeration. A French firm has
also patented a pyramidal coniainer for yogurt.

Orbal wondered If the shape might be responsible for
an accumulation of electr tic waves or cosmic rays,

earch
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or of some unknown energy. Placing a used razor blade
within a six-inch-high cardboard model of Cheops®
pyramid, orlented to true north, Drbat tound that the edges
of the blade automatically recovered their sharpness after
use, that ho could shave with ono Gilefto bluo blade as
many as 200 times. He concluded that the envitonment
inside the pyramid somehow made the crystafs in the
blade retum to thelr original form. Drbal was Issued patent
no. 91304 by the Czechoslovak patent office and began
tnanufacturing “Cheops Pyramid Razorblade Sharpenors’
out of cardboard. Today they are being made of styrofoam.

An engineer and former professor of radio, L Turenne,
maintains that all sons of difterent torms—belng
combinations of difierent frequencies—act as ditferenl
types of resonators for energy in the cosmos. This has lod
to speculation that the Pyramid might be some sort of
glgantic lens which fs able to focus an unknown energy
simply by means of its shape.

Even the coffer In the King's Chamber has been
considared such a devica by Worth Smith, who points out
that the cubic capacity of the coffer is exacl/y the same as
that of the biblical Arc ot the Covenant.

According to Maurice Denis-Papin, descendant of
the famous inventor, the Arc of tha Covenant was a sort of
electric capacitor capable of producing an clectrical
charge of 500 to 700 volts. The Arc is said to have been
made of acacia woad, lined Inside and out with go!d: that
is to say, two conductors separated by an insutator. On
either side wore garlands which may havo served as
condensors. Denis-Papin says the Arc was placed in a dry
spot where the magnelic field reached a normat S00 to €600
volis per vertical meler

Insulated from the ground, the Arc Is said to have given
off fiery rays, acting like a Leyden jar. According to
Denis-Papin the capacitor was discharged to earth by
means of the garlands. To move the Arc, lwo golden rods
were slid through rings attached to the exterior.

The similarity of such an “energy accumulator’” to the
orgone box developed by Wilhelm Reich, which was such
a puzzle to Albert Einstein, is also striking.

Sir W. Siemens, the Biltish inventor. related that one
day whlle he was standing on the summit of Cheops’
pyramid an Arab guide called his attentlon to the fact that
whonever he raised his hand with his fingers outspread
an acute ringing noise was heard.

Raising Just his index. Slemens felt a distinet prickiing
in It. When he trled to arink irom a wine bottle he had
brought along he noted a slight electric shock. So

Siemens moistened a newspaper and wrapped it around
the bottlo to convert it into a Leyden jar. It became
increasingly charged with electriclty simply by being held
above his head.

When sparks began to issue from the wine bottle,
Siemens’s Arab guides became distrustful and accused
him of practicing witchcrait. One of the guides tried to
seize Siemens’s companion, but Slemens lowered the
bottle towards him and gave the Arab such a jolt that he
was knocked sensetess to the ground. Recovering, the
guido scramblod to his feet and took off down the
Pyramid, crying loudly.

Such welid but soberly recounted fales abou! the
Pyramid are tame compared to the wilder conceits that
have been propounded by pseudoscientific, scienco-fiction
end sensational authors. According to one science-fiction
theory, the Pyramid was used as a huge protecting baftle
for ancient scientists who had found a way to tap tha
energy of lhe Van Allen beits by letting it flow on an
ionized path through the atmogpheré to the peak of the
Pyramid, possibly on a laser beam. The authors of this
science fictlon recount how an error was commitied In the
length of time the energy was allowed to fiow, causing
an avalancho of power which knocked the planet off its axis.

Another popular idea is that the truncated Pyramid
served not merely as an observatory bul as a landing pad
tor extraterrestrial space ships. The polished sides of the
Pyramid would have made such a platform inaccessible
to the hoi pollol, so that godiike visiting astronauts
could have confabulated In security with the high priests
who haa access to the platform trom interior passages.
Herodotus lends romance to the idea that ziggurats and
pyramids were steppingstones for the gods from heaven
and (hat the King's Chamber—which Petrie found to be
built qulie separately from the surrounding Pyramld—
could have served as a reception room on the truncated
platform,

Herodotus describes a reconstructed ziggurat which he
visited in Babylon, “On the topmost tower there is a
spacious temple. and inside the temple stands a great bed
covared with fine bed-clothes, with a golden table by its
side. There is no statue of any kind set up in the plaoe,
ner is the chamber occupied at night by any but a single
native woman whe—say the Chaldean priests—Is chosen
by Ihe deity out of all the women of the land. The priests
also declare—but | for one do not credit it—that the god
comes down in person into this chamber, and sle2ps upon
the couch.™
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In the light of recent scientific discoverles, one more XX " /A\\S I ROH_OGH@ AI_
theory must be added to this world of fable: that the Great -
Pyramid was bull! not only as an astronomical observatory O BS ER\/A I OR\Y

but as an astrological one In order {o make accurale
large-scale horoscopes for the reigning monarch.
Though many of the doctrines of astrology appear to
be preposterous, modern science is beginning lo indicate
that in its original form astrology may have been based
on some reasonable theories.

Proctor points out that Ihe ancient Egyptians viewed the
king es the representative of all the pcople in their relations
with the forces of the cosmos, and the world of spiritual
powers.

On the theory that what was good for the king was
good for the country, Proctor suggested that tho Egyptians
made no move in either domestic or foreign policy without
the recommendation of their astrologer priests. whose
optnions were based on lhe movement of heavenly bodles
as scanned from a pyramidal observatory.

Once Ihe king was dead, Proclcr believes, his body
may have been burled within the pyramid and the platform
finished oft 10 a polnt.

The idea that the shifting of heavenly bodies bears
some relation to men’s falc is so ingrained that peoplic are
still called martiai, jovial, salurnine or lunatic; the days of
the week are slill named for sun, moon and planels; and
our religious festivals are slill based on the astrological
system of ancient Egypt, with Christmas tied to the winter
solstice and Easter to the spring equinox.

In his The Sclentific Basis of Astrology. published In
1968, Michel Gauquelln describes some of the effects ot
the motions of the sun and moon upon terrestrial
phenomena. Apart from such obvious eflects as the seasons,
the growth of vegetation and the tides, he deals with the
less apparent but equally powerfut eflects of the
eleven-year cycte of sunspots on our flora, fauna and
inhabitants.

Sunspots, which appear like dark {lowers on the surface
of the sun. spring up, develop and disappear. As they do
$0, the sun spews up fantastic incandescent clouds of
gas, and whips up huge magnetic whirlwinds.

Rotating on its axis in a twenty-sevcn-day cycte, the
sun periodically aims these spots and eruplions directly
at |he earth. The result Is an Increased projeclion of waves
and particles towards the earth. In the words of Gauguelin,
“we terrestrians can regard ourselves as living in the
intetior of the sun."
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The position of the earth in its orbit atso affects the
sunspors: when Venus and Earlh are on lhe same side
of the sun, their eftect on the sunspots is combined. The
sun's vagarios induce oarthquakes and even alter the
duration of the day; the earth's magnetic fields are
disturbed; there are radio interferences and other such
mysterious phenomena. Al the same time the eatlh is
subject to bambardment by galactic pariicles such as
Alvarez's cosmic rays, which also have their effect.

Sunspot activity hos boen related to such diflerent
phenomena as the number of icebergs in {he Noith
Atlantic, the level ot water in lakes, the concentric rings
in the growlh of trees and the number of rabbit skins
taken by the Hudson's Bay Company. Even the quality of
wines in Buigundy is affected, excellent vintages
coiresponding to pefiods of maximum solar actlvity.

Sunspots have been proved to affect the smallest cells.
and the worid of microbes is disturbed to the point that
waves of epidemics csn be generated. Gauguelin quotes
a Doctor Fauré to the effect that the frequency of
diphtheria cases in Central Europe and of smallpox
victims in Chicago follow the eleven-year cycle ot
sunspots, as did the reourrent greal plagues of typhus
and cholera in Europe.

Indireclly. most of the phenomena of weather, such as
barometric pressure and the rate of winds, depend on the
eruptions of sunspots. Gauquelin wonders if there may
not be more subtle eflects on the air we bresthe, on our
physical and mental states, and even on the way we think.

Recent experiments Indicate that subjects breathing
air charged with pesitive ions are likely to feel discomfort,
headaches and giddiness; whereas when the aimosphere
is full of negative ions the same subjects feel cheerful,
relaxed and in top form,

The concentraiton of positive and negative ions in the
air we breathe depends in the final analysis on sofar activity.
The ionosphere is filled with positive and negative ions.
Particles which induce a very high ionlzotion in the upper
atmosphere are directed toward the earth by lhe sun.
Unlortunately. negQative fons have a tendency to attach
themselves to ciouds, whereas positive ions tend 10
accumulste on the ground.

Such data tle in with the theories of Wilhelm Reich
about Ihe heallhful effecis of what he calls “orgone
energy’ and the toxic etfects of its counterpzrt “'deadly
orgone,” which was reputed to tum rocks brown, mzke
strong men giddy and bring on womon’s menses out ot
season.

aRY

Current research and experimente behind the Iron
Curtain as reported by Osirander and Schroeder in their
Psychic Discoveries Behind the Iron Curtein® have added
even more lantastic details to the use of astrology as a
science

Theso authors describe a Czechoslovak Minisiry of Health
center, complete with modem computers, run by
gynecologists and psychiatrists, it is called Astra Research
Center tor Planned Parenthood and uses astrological data,
or the position of sun, moon and planets in relation to the
birth of an indsvidual, in order to assure a safe and reliable
means of birth control without pills, contraception or
operations. The same system [s being used 10 help
seemingly sterile women bacome fertile, help women who
have had nothing but miscarriagos delivor full-torm babies,
and even allow them to choose whether they will have a
boy or a gir! child.

In a book calted Pradetermining the Sex ot a Child,
Eugen Jonas, a Czech medical doctor who developed the
Astra clinic, mainiains that women's cycles are affected
not oniy by the phases of the moon, but that each
individual al birth is affected by the basic pattern of sun,
moon and planets, From this basic pattom Dr. Jonas claims
to be able to figure out the exact days in a woman's
enlite lifetime when she can conceive, as wetl as the ones
which are the best or worst for a lorthcoming child. The
woman may then lake advantage of such days, or avoid
them.

Jonas found that dead, deformed and retarded children
were produced when women conceived during certain
oppositions of the sun, moon and major planets.

The system is now being tested in Hungary as well 88
Czechoslovakia, where Or. Kurt Rechnitz, former director
ol the Budapest Obstelric Clinic prescribed astrological
brrih control for one hundred twenty women. None was
reported pregnant,

it has been too short a period to establish the validity
of such data, but the endeavor could prove more tewarding
than voyaging to the moon. It would certainly be stmpler
for a lady in New York to step into the booth ofan
astrological computer in Grand Central Station in order
to arrange her calendar of engagements for the year.

And &k might do wonders for an overpopulated planet.

Jonas' good-humored complaint is that most
gynecologists know as little about astronomy as
astronomers know about obstetrics, and that both believe

* Prentice.Hall, Englewood Cliffs, New Jersey, 1970.
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astroiogy 10 be superstitious nonsense. If the disciplines
ware combingd, the results, says Jonas, might be great tor
mankind, Had tho designers of the Greal Pyramid been
able to monitor the sunspots with a scieen across the
Grand Gallety, as suggested by Proctor, and had they
been aware of such phenomena as has been described
by Or. Jonas, they may well have been able to use the
Groat Pyramid as a moans of providing accurate
gstrotogical data on which to formulate the charts for
individual behavior, if not for Ihe thronging masses. at
least for the pharaohs. priesis or nobles.

In his book on the Great Pyramid William Kingsland
declares flatly that the ancient Egyptians used "‘their
profound knowledge of what we call the outer facts of
astionomy™ to connect them astroiogicaily with the
principles of man's relation to the cosmos, and that this
formed part of the concealed knowledge contained in the
mysteries.

Kingsland noles that from the very remotes! antiquity
the Egyptians believed firmly In an afterlife and were not
afraid to think cosmically In lerms of miilions of years.

He quotes an introductory hymn to Ra in The Book of the
Dead as saying: "millions of years have gone over the
world: t cannot tell the number of Ihose through which
fhou hast passed.

To Kingsland 7he Book of the Dead, though it appears
to be a ritual for funerary rites of a decoasod king or high
officlal, was actually a description of the trials, templations
and difficulties which the adept had to meet and overcomg
as he progrossed from knowledgo to knowledge and
from power to power, as he penetrated the suparphysical
regions from plane to plane. The uitimate goa! of Inlllation,
says Kingsland, was “the full realization of the essential
divine nature of man, the recovery by the individual of the
full knowiedge and powers of his divine splritual nature,
of that which was his source and origin, but to the
consciousness of which he is now dead through the 'Fall
of Man’ Into matter and physicali life."”

The old Greeks, says Kings!and, leaming from the
Egyptians, embodied lhesa trials and difficulties of the
great Initiates into the legends of their heroes and demigods.

Manly P. Hali, a litelong researcher Into 1he mysterles of
ancient initialion, says the Great Pyramid was dedicated lo
the god Hermes, the personification of Universal Wisdom;
it was not only a tempie of Inlllation but a repository for the
socrel truths which he calls the foundation of all the arts and
sclences. The time will come, says Hall, when the secret

wisdom chall again be the dominating religious and
philosophical urge of the world: “Out of the co!d ashes of
lifeless creeds, shal! rise phoenix-like the ancient Mysleries
. The unfolding of man's spirilual nature is as much en
exact science as astronomy, medicine and jurisprudence."

Whatever mystical, occull or sclence-fiction 1ales may ba
associated with the Great Pyramld, it is still an extraordinary
piece of masonry, and its designers must have been
exlraordinary beings. Who they were and when they buiit
their Pyramid remains a mystery. So the quest continues.

But centain facts must be confronted, and the textbooks
amended to conform with them. Eratosthenes was obviously
not tho first to measure the circumference of the earth.
Hipparchus was not the inventor of lrigonometry. Pythagoras
did not originate his famous theorem. Mercalor did not
Invent his projection—though he did visit the Greal Pyramid
and leave his graffito o prove it.

Whoever built the Great Pyramid knew the dimensions of
this planetas they were not 1o bs known again tlil the
seventeenth century of our era. They could measure the day,
the year and tho Great Year of the Preccssion. They knew
how to compute !atitudeand longilude very accurately by
means of obelisks and the transitof stars. They knew the
varying lengths of a degree ot !atitude and longitudaat
differant locations on the planet and coutd make excellent
maps, projecting them with a minimum of distortion. They
worked out a sophisticaled system of es based on
the earth's rotation on its axis which produced the admirably
earth-commensuraie foot and cubit which they incorporatod
in the Pyramid.

In mathematics they were advanced enough 1o have

discovered the Flbonacct series. an the function of 77 and (.

What more they knew remains to be seen. But as more Is
discovared it may open tho door to a whole new civilization
of the past, and a much longer history of man than has
heretolore been credited.
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RELATION OF
ANCIENT MEASURES
TO THE GREAT
PYRAMID

o by LIVIO CATULLO STECCHINI
@ Pi-Hapy

The following pages constitute an abstract Irom a litelong
resaarch into the history of measures. | became interested in
this subject toward tho end of my secondary aducation,
when | was trying lo put lo some use my eight years of
Latin and Greek grammar. It was then that | became an
acolyte of Angeto Segra. whom | knew as a fellow law plo-

\\\\ fessor with my father at the University of Catania. Segré
V\»\\ \_\\_ was a scholar of Roman law, but, coming from e family of
\Q\‘:r\ < distinguished scientisls and mathematiciens, had spe-
#Tell el-Amama g‘\\\\\:\\ X cialized in Ihe study of ancient measures.
\‘\};\‘.\\\\ Upon completing my secondary education, | ended my
AN study with Segré 1o registor as a atudont at the University of
R : £
N Freiburg, Germany. Since al thal age one believes that a
'ﬁt\\‘\ thinking person musl have a phitesophleal foundation, ! chose
X R\ Frelburg because it was the university where Husser!
\\L\\ taught, whose philosophy appealed to me because of its
N mathematical rigor. But at Freiburg at the moment the focus
Abydose Dendera ol altention was the philosopher Heidegger. who had just
*Kamnak announced to the worid the discovery of something called

existentialism. | did notf share the excitement of my fetlow
students for tho new disponsation (although | liked the
lectures on existentialist math tics by Oskar Becker),
but there were a couple of things that | learned from
Heidegger. One was that the Idea of the progress of human
civilization, on which practicatly all historians operate, is
a theological doct:ine developed by the Church Fathers.
The other. more specific. was that scholars of Greek cul-
ture have murdered the texts of early Greek philosophers,
on the assumplion that since they were early philosophers
they must have had Inlantile conceplons. In the area of

¢ ) 106 m Elophantinge|, syene
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my vocational studies, | identified myself with a group of
protessors, led by Fritz Pringsheim, who had dedicated them-
selves to one topic, the contraet of sale in ancient times.
Since seminar work consisted In interpreting contracts
from several areas of the oastern Mediterranean, ! focused
my attention on the clauses relating to measures, which
these contracts contain In abundance. My teachers were
tolerant ot my passion: for Instance, Otto Lenel In his
privatissimum, dedicated to the development of postclassi-
cal Roman law, aliowod ma to read a paper on tho length
of the miles in the Syro-Roman Law Book.

After the Frelburg group was disbanded by Hitier, |
returned to Italy. where | recetved a doclorate in the flelo
of Roman law. On that basis | became assistant to the
chair of higtory of Roman law atthe Univorsity of Rome and
a member of the Institute of Roman and Oriental Law of
that University. During my Roman years, | leamed the mosl
from Edoardo Volterta, later holder ol the chalr o! Orlental
law at the University of Rome; he was sympathelic to my
intorosts, since ha was tho son of the famous mathemati-
cian Vito Volterra.

When World War |l brought me to the United States,
since my interests were historical rather than legal, |
registered as a candidate for a doctorate in ancient history
at Harvard University. There | discovered that those who
come to ancient history from literature have a completety
ditferent view of the ancient world {rom the praclical,
realistic, and utilitarian view which prevalls In legal studies:
in substance they see the ancient world as the realm ot
poetic fantasy. My Harvard teachers used to admonish me
to understand “the spirit of the ancients,” but the only
Image Ihat thelr perorations could stir In my mind was lhe
image of the ancients In a coenstant state of alcoholic
stupor. As to my special field of research, my teachers
thought that my notion that the Greeks ware concerned
wilth precision in measurement was intcllectually prepos-
terous and historically impossible.

The terms of the controversy were clarified for me by
Werner Jaager, who tned lo support me by suggesting
that | wrile under him a thesis on the concept of akribeia,
“precision," in Greek thought. In outlining the proposed
thesis. Jaeger explained 1hat with Isocrates there was de-
veioped in Greece a new conception of humanism opposed
to akribeia. Jaeger was impliying that my critics were
followers of tsocratean humanism. Because of youthfu!
stubbornness, | declined the tlattering offer ot Jaeger, belng
convincod that what counts is to put precision Into practice,
rather than to talk about it. | tried to prove my point by

submitting a thesis on “The Origin of Maoney in Greece."”
It was accepled as contalning much that was valuable, but
| received the advice that before publishing it I should cut
down on “all those numbeis."

Aftor this, | thoughl thal | could still achieve a result
by expanding my documenlation. From the study of Greek
monetary welghts and the operation of Greek mints, |
passed to the topic ot the dimensions of Greek temples.
The study of Greek lemples much later lod me to the study
of ancient geography and gcodesy. But | was gradually
lorced lo accepl the fact that scholars of ancient histoty
do not read numbers, neither In ancient texts nor in re-
search papers. | noticed a number ot times, when | sub-
mitted a paper for judgment to a spacialist of a particular
arca, that he would quickly tum a page if he saw numbers
on it. In many differenl guises | was told that *‘numbeis do
not constitute evidence In ancient studies.” Finally, §
learned that | had no choice but to purgsue my interests in
splendid isolation,

Aboul ten years ago | exchanged manuscripls with
Hertha von Dechend. who was then beginning to write her
book MHamlet's Mill. As an expert of ancient cosmology,
sho raised a strong objection to the fact that | would discuss
length, volume, and weighl for hundreds of typewtliten
pages, without ever mentioning time, whereas the ancients
were gominated by the preoccupation with cosmic time,
with tha movement of the vault of heaven. | answered that
she was right, bul that | had not yet found in the texts
anything that would establish @ connection between lime
and other measures. Glorgio de Santlllana, who was writing
Hamlel's Mill together with Dechend, teased me in a friendly
way by saying that | had become so stuck in the mire of
economic documents that | could not lifl myself out of it.
| replied in the same haif-serlous tone that | was willing to
It my eyes to heaven only on condition of being sure that
my feet remained firmly planted on the ground.

Although | recognize that astr ical me s
are extremely important, | have always been wary of dealing
with them, because studies of ancient astronomy have
become cluttered with metaphysical and theological doc-
trines. My opposition to the view that the ancients lived
in a world of fantasies or even of outright hallucinations
(as It Is specifically claimed by scholars of ancient asiron-
omy) is such that, after yaars of dealing with all sorts of
measurcments, | still feel most at ease with agrarian
measures In cuneiform tablets, rates of money exchange in
Greek inscriplions, or the volume of |ars In papyri from
Egypt. Yet the techniques of land surveying used in Meso-




earch insi

the Great Py

potamia are a key to the understanding of how the anclents
mapped ths sky.

Because of my horror of metaphysical or pseudo-
metaphysicg! intrusions, ! had several times picked up ard
then dropped the problem ot the dimensions of the Great
Pyramid ot Glza. | was only afier Peter Tompkins took
upon himself the task ot arganizing the literature in the
field, separating sense from nonsense, that ! gained the
courage to deal with the problem to tho point of some
conclusion. In the course of discussing with me the geom-
etty of the Great Pyramid, Tompkins explained how the
Great Pyramid with its galleries could have been used to
measure tho movements of the vault of heaven. In describ-
Ing the possibic procedures, he pointed out how a second
of lime In the motion ol the vault of heaven corresponds to
a definite length on earth. For me this was a Galllean
ravolution in that it permitted me to see ancient astronomy
in torms of obsersvational techniques based on measure-
ments, rather than systems based on the lheological
persuasions or 1he psychological projections of the modern
Investigators. Once | was able to link time togethar with
length, volume, and weight, 2 number of scattered re-
searches suddenly became related to each other. Up to
that moment | had had the uncanny feeling lhal somewhere
there was a piece missing. and | knew that a missing piece,
even a little one, is vital when one deals with measurements.

Since Tompkins has asked me to write a summary of
my findings thal relale lo the probiem of ihe Great Pyramid,
| have trled 1o comply with his requesl.

I. EGYPTIAN GEODETIC SYSTEM

1. The prosent Arabic name of Egyp! is &/ Misri,
which is the equivalent of the biblical Misraim. This name
is derived from the Semitic toot which In Akkadlan gives
tha verb asaru, “'to cut, to dalimit, to delineate,” and hence
“to draw a picture, a plan,” and the noun eseriu, “drawing
plan, representation,” applied in particular to the specifi-
cations for the conslruction of a bullding. In Semitic
language an “m" betore the rool ot a verd torms whal we
would call a past participle: Egypt is the country bui't
according to a geometric plan.

The Egyptians expressed this idea by calling their land
To-Mera. “the land of the mr.” The word mr Is used lo refer
to the pyramids, but more specifically it refers. to the
maridian triangle of a2 pyramid, whose hypotenuse is the
apothem. The mr essentially is a right triangle with an
angle of 36° and another angle wvshich of necessily is 54°.
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Since the Egyptians did not have trigonometric tables,
they used this triangle to obtain the value of trigonometric
functions. They conceived of this triangic as the basic
bulldina block of the cosmos. They used this triangle or
modaliications of it by a few degrees In geomettic con-
structions, in the planning of buildings, in surveying, and
in goography.

In the last century the Egyptologist Karl H. Brugsch
noticed that the hieroglyphic sign for mr when used in the
name To-Mera is accompanlied by a determinative in the form
ot a tret or Greek Key. In hierogiyphic writing a determina-
tive is an oxtra sign which helps in understanding the
meaning of a word by indicating the class of concepts to
which the word belongs. Brugsch observed that this fret is
*‘a pecullarly shaped geometric fiQure which in principle
could represent the entire land Mera and must have a mean-
ing pertaining to a specilic peculiarity of Egypt' But, al-
though he was much mere sympathetic to science than
Egyptologists usually are, he did not pursue this linc of
reasontng. He resisted accepting the notion that the Egyp-
tans conceived of their couniry as having an exact geo-
metric shape.

The Egyptians were proud that their country had some
unique geographic features which could be expressed in
rngorous geometric terms and haa a shape which related to
the order of the cosmos as thay saw it. They believed that
when tho gods croatod the cosmos they began by building
Egypt and, having created it perfect, modeied the rest
around il.

2. Everybody knows that Egypt Is a most pecullar,
almost unique, country Since it seldom rains there. the
entiro life ol humane, animals, and plants depends on the
water of the Nlie. It is also known that the Egyptians linked
the regular flood of the Nile with the movement of the sun
and other heaventy boadles, such as the star Sirlus. But the
Egyptians put great siress also on the geographic peculi-
arities of the course of the Nilo.

The Nlie originates at the cquator from lakes so immanse
that their waler could be identified with the primeval water
ot the ocean. From the equator [t moves north following
substantially the meridian of its source at Lake Alben. It
follows this line up to latitude 30°, one-third of the distance
{rom the equator fo the pale.

The key geographic position In Egyptian geography
was tha southern tip of the island today calied al-Warraq,
at the northern limit of the city of Cairo, wherc the Nite
begins to divide Into branches to form the esiuary which
the Greeks called Delta, alter the triangular shape ol the

fourth letter ot 1heir alphabet The apex of the Delia. the
lip of tha istand al-Warraq, is cut by meridian 31° 14° east.
This meridian indicatos the main lino of the course of the
Nile from the equator to the apex of the Delta and divides
the Deita Into two equal parts. Il was consldered the main
axis of Egypt.

But in terms of latitude the apex appeared at first not
as pertect es it should have been, since it was at latitude
30" 06' north and not at the perfect latitude 30° GO" north,
which s the latitude of the Great Pyramid of Giza. But
the Egyptians reassured themselves by observing that the
southern limit of Egypt is indicated by the First Cataract,
The upper cdge of this cataract is et the perfect latilude
24" 00" north, whereas Its lower edge Is at 24* 06" north.
Hente, they could say that Southern Egypt has an extension
of 8° 00, which may be counted either from 24* O to
30" 00" north or from 24* 06° to 30° 06° nosth. They adopted
as a principfe that gecgraphic distances are measured by
units ef 6 minutes (1/10 degree). They assumed that the
Interval between the equator and the pole was divided into
balts {(in picturos they portrayed actual belis with clasps)
of 6; on the basis of this the Greeks introduced into our
geogiaphy the term zone. which in Greek means “'belt.”

For the benelit of those who understang mathematics,
| may add that the Egyptians analyzad curves by dividing the
area under g curve into e scries of rectangles, which is the
basic principle of integral calculus. it seems that in analyz-
Ing the curvature of the earth, they used rectangles 6 wide.

Geographically Egypt is divided into two different parts.
Southam (or Upper) Egypt is ossentiatly a canyon cut into
the desert plateau by the Nile; it is long and narraw.
Northesn (or Lower) Egypt is a typlcal estuary, swampy and
wide. In spite of the efforts of the rulers to stress the unity
of the country, the two paits continued to be conceived as
different even In political and administrative terms. This
is the reason why the Hebrew word for Egypl, Migraim, has
the grammatica! form of the dual. The Pharaoh wore two
crowns on his head: a red straw hat tor Northern Egypt
and a white wool cap for Southem Egypt.

Although not much is known about the history of pre-
dynastic Egypt, it seems ralber well established that in this
period the two Egypts were unified for a time. with a capital
at Behdet at tho extrome north of the curved coastline of the
estuary, as far north as one could go in Egypt. Although
archeologists have not yet Idenillied the location of Behdel,
the data of geography indicate that Behdet, either as a
geodetic point or s an actual city, was at 31° 30' north
31° 14 east. It was on the main axis of Egypt and of the
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Nile, on the meridian of the apex ot the Delta, at a distance
of 7¢ 30’ (1/12 of arc of meridian) from the southem bound-
ary of 24° 00’ north ond at a distance of 1* 24° = 1 .4° from
the apex. The distance from latitude 30° 00’ noith is 1* 30,
so that it could be assumed that Southern Egypt relates

to Northern Egypt as 4:1. Southern Egypt is 1/15 of arc
of meridian and Northern Egypt is 1/60. We shall see that
the total length of Egypt from 24° 00° north to Bohdet was
calculated as 1,800,000 geographic cubits, Since 400
cubits is a stadium and 600 stadla is a degree, it is a lengih
of 4500 sladla (3600 stadla for Southern Egypt and $00
stadla for Northern Egypt).

This is the way in which tho dimensions of Egypt were
rationalized in the predynastic period.

3. The dynasti¢ period begins with the final unificalion
of the two Egypts. At this moment Egypt emerged {rom
prchistory, because writing was invented in the form of
hieroglyphs. At the same timo the geodotic system of
Egypt was revised, siressing the importance of the number
7 and linking the geography of Egypt with the geography
of the hsavens.

The main featuro of the map of the sky Is that the sun
fallows a course which is at an angle with |he equator.
The circle marked by the sun is called the ecliplic and the
angle o1 this circle with the circle of the equator Is the
angle of the ecliptic (soughly 24*). The ecliptic cuts the
plane of the equator at two points and roaches its highest
and lowes! points in rclation to the equator at celestial
latitudes which are marked on the surface of the earth
by the troplcs

The moon and the ptanets in their mevements around the
earth foliow substantiatly the line of tho ecliptic, baing at
times north and at times south of the course of the sun,
{The body which deviates most sharply lrom the ecliptic is
Mercury. Mercury can be as much as 7° 00" north or south
ot the ecliptic.) For this reason it was conceived that there
was markod in tho heavens a great *highway'' (hodos in
Greek) in which thero moved the sun, the moon, and the
planets. This path is 14° wide and is the origin of the
concepl of the zodiacal band. Since Mercury detennines
its dimensions and determines them by a perfect figure, (n
ancient religions this planel was asscciated with the god
of measurement. it was conceived thal the sun. the moon,
and the planets were engaged in competing with each
other running in the racing course of the zodiacal band.
Another conception was that there werc two walls, running
parallel 14° apatt, within which there was going on a ball
game. The notion ot a wall accounted for the fact that

the heavenly bodies eould not go beyond a given distance
from the ecliptic; they appeared to run away {rom the
ecliptic, hit a wall, and bounce back past tho ecliptic to

hit the wall on the other side. This is the ritual origin of
racing comgetitions (such as the Olympic races, on foot or
in charlots) ana ot ball games. The mast vivid expression
of the second conception i the famous ball court in the
Mayan city of Chichen itza; the structuro of this ball court
can be understood when one realizes that its two paralfel
side walls are unfo'ded cylindrical projections of the sky.

The zodiacal band was conceived to be the inhabited
part of the sky; tho rest of tho sky was still and lifeloss
{erémos, “desecrt, desolate,” in Greek), because nothing
moved In il, except for lhe rotallon of the vault of heaven
In a solid block. Hence, in order 1o make a map of the sky
for the study of the moving heavenly bodies, it was enough
to draw a map that reaches latitude 31° (24° -+ 7¢). Such a
map could be drawn in the form of a cylindrical projection
without substaritial deformation; this cyiindrical projection
was unfolded o form a rectangle.

On the besis of this concoption, stress was put on the
fact that Egypt begins al the line of the tropic of Cancer
(the upper edge of the First Cataract is at 24~ 00" north)
ang extends north for 7°, so that Egypt could be considered
as the equivalont on earth of the northern half of the
zodiacal band. For the sake of mapping the earlh from
the equator to the northern limit of Egypt. one cculd use
a eylindrical projection. The maximum deformatlon in such
a type of projaction could be determined: it was established
that a degree of longitude at paralle! 31° 08" north is
exectly 6/7 of a degree of longitude at the eauator,
According to the Clarke Spheroid a degree of equator Is
111.321 meters, ot which 6/7 is 95.418 meters® according
to the samo Spheroid a dogres o! longitude at 31° 06’ is
95,407 meters. To the north of latitude 31* 06' norlh there
was the expanse of the Medliterranean, the "Great Green"
for the Egyptians, which couvid be comparad wilh the ex-
panse of the empty sky, north of the same celestial latitude.

The angle of the ccliptic has decreased slowly (today
it is 23* 27'; it was about at 23 45" in the age of Ptolemy),
and accordingly Ithe tropic of Cancer has moved south.
This movement is due to the gravitational pull of the
planets, particulasly Jupiter and Venus, Nobody as yet
has succeeded in constructing a valid formula for calculat-
tng the angie of the ecliptic in ancient times. But, It is a
tact that whon tho socond geodotic systom of Egypt was
eslablished it was assumed that the tropic of Cancer was
at 23° 51 north, Greek schofars living under the rule of
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the last Egyptian dynasty, tho Ptolemies, continued to
quote this ligure, although it was not correct al their time.

1f the tropic Is at 23° 51' north, it would follow Ihat the
southem border of Egyp! is out of place. But the discrep-
ancy was rationafized by considenng the fact that when
one follows the movoment of the sun along tho acliptic by
observing the shadow cast by a pointer, there must be
introduced a correction of about 15'. The gosition of the
shadow! is nol delermined by the center of Ihe sun, but by
the upper imb of the disk. The apparent diameter ot the
sun Is about half a degree: calculating exactly, it varies
between 3230" and 3%’ 28*, according to the seasons, but,
considering the corrections that have to be made for Ihe
phenomenon of irradiation, the figure of 15 tor the hall
diameter ol the disk of the sun is satisfactory.

If Ihe tropic of Cancer is at 23* 51’ north, the point at
which the sun is at the zenith at noon of the day of the
summer solstice is at 24" 06’ north, that is, at the latitude
of the lower edge ol the Flrsi Cataract. Hence, the Egyptians
conceived that the line of the tropic 6t Cancer was marked
by thrae parallals: 23° 51/, 24° 00', and 24° 06’ north.

For this reason the hieroglyphic symbo! for Southern
Egypt consists essentially of three parallel lines with a
vertical line rising a1 the middie. Since hileroglyphic writing
aims at being colorful and pictorially decorative, this symbol
was stylized in the shape of a trunk of a tree from which
there sprout three parallel tiers of branches. Egyptologists
who do not want to recognize the existence of scientific
thought in Egypt have stressed the Incidental vegetal ap-
pearance of this symboi. They have understood that the
namo for Southam Egypt, which is Ta-Shemau, “the land of
the heat, of the sun, of the summaer solstice,” means “the
land of the plant sh-m-a.” Bul if there was sueh a plant
assoclated with Sguthern Egypt {which as ye! has not been
idenlified), 11 is possibly the same plant which is called
$amsu, "'sunflower”’ in Akkadian; the word §améu means
“sun” in Akkadian (Hebrew: Semes). In a text of the Old
Kingdom in which the hieroglyphs are drawn with particular
care, In the symbol for shemau there Is only one tier of
branches, but Ihe trunk starts from a litile arc, a semicircle,
which obviously symbolizes a parallel, But what probably
is most revealing is that in mosl hieroglyphic texts the liess
of branches sprout from the botlom of the trunk and not
from its top.

4. Once the latitudes of the southern limit of Egypt
were rationalized by Identifying the lIne of the tropic with
three paraliels (the first of which culs the lower edge of
the First Cataract at 24* 08/, the second cuts the upper

edge ol It at the perfect lalitude 24° 00", and the other cuts
the Nila al 23° 51’ norlh, at a place which the Greeks catled
Parembole, "supplement. addition"), it became possible to
rationalize the boundary between Southern Egypt and
Northesn Egypt. This boundary was understood es marked
by three parallels. the first at 30* 06", the lalllude of the
apex of the Della, the second at Ihe perfect latitude 30° 00°,
and the third at latitude 29 51°,

In the administration of Egypt, the area between 29> 51°
and 30° 06’ north was organized as a special district which
did not belong either o the list ¢t nomes {(provinces) o!
Southern Egypt nor to that of nomes of Northern Egypt.
The hieroglyph for this district s a rectangle which is
either empty or filled with water or fish. A distinguished
Egyptologist, being at a Iess for a belter explanation, has
read this hierogiyph as “tishpond.” He did not realize that
a rectangle, either empty cr fllled with water or fish, is
the symbol of the Square of Pegasus. In Hamlet's Mill, de
Santillana and Dechend have presented illustrations of this
symbolism occurring all over the globe (between pages
434 and 435). There are in tha sky four stars which are at
a distance of about 15° irom each other and mark a square
with sides that run according to the celestial meridians or
parallels: these four stars form the Square of Pegasus.

In iconography this square was at limes porirayed as filled
with water or fish, bocause it was in the constellation of
Pisces. The Squaro of Pegasus was considered the starting
point In the mapping of the sky. The ancients, from the
Sumerlans to Ihe Romans, in surveying land began by
marking a square of a standard dimension and then pro-
ceeded 0 measuro out of it in a checkerboard pattorn. In
cunetform texts the neme ik is given to the basic surveying
sqQuare, o a unil of land surface, and to the Squate of
Pegasus The hleroglyph used to refer to the district
extending for 15° from Memphis-Sokar to the apex of the
Delta indicates that this district was considered the basic
reference unit from which there started the mapping of
Nornthemn and Southern Egypt

The capital of united Egypt was established at Memphis,
at latitude 29* 51° north. But, since tha capital city of noces-
sity had 10 be on the bank of the Nile, which here runs
slightly east of the apex, the geodetic point was set to the
west of the city in the funerary area (the city of the dead
is always to the west of the city of the living), on the basic
meridian 31" 14 eas!. This was the point called Sokar,
the name of which is preserved by the present village ot
Saqqara {23° 51 north, 31° 14’ cast). In the religion of
the Old Kingdom, Sokar is an important god of orientation
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Egyptian papytus depicting
Sokat, the god of otientation.
Tha gadget on top ot lhe
ompkalos is a standord Egyp-
tian measuring ruler (and alsa
the symbot for the sky). The
WO pigecns facing each Othar
are the s1andard glyph for the
laylng oul of paratlels and
metidians.

and of cemetanes. The god and the geodetic point were
represented by the stone object which the Greeks called
omphalos, ‘'navel”; it is a homisphere (the northern
hemisphere) resting on a cylinder (Ihé foundations of the
cosmos). Usually on top of Sokar, as on top Of any omphaios,
there are portrayed two birds facing each other: in ancient
iconography those two birds, usually doves, are a standard
symbol for the stretching of meridians and parallols.

The practice of placing the geodetic center in the city
of the dead was followed by King Darius the Great, when
he established a new capital for the Persian Empire,
Parsepolis. Historians have wondored why Darius should
have chosen for Persepolis a most inconvenient location;
actually the capital of Persepolis was seldom used except
for rttualistic purposes Parsepolis is at latitlude 30° 00’ north
and three units of 7° 12° east of the main axis of Egypt
(31* 147 east). Tho rcason for choosing units of 7° 12 is that
the Persian Empire was mapped by diawing a series of
geodetic squares. east and west of Persepolis, which
extend 6° in letitude from 30* 00° to 36° 00" north and
have a width of 7* 12’ of longitude, since 7° 12' oi longitude
is equivalent in aclual length to 6° of latitude at the midale
point between 30° 00’ and 36° 00' north. Hence, these
geodetic squaies are tiue squares, The geodetic point of
Persepolis, 30° 00" north, §2° 50" east. is north and west of
the wide expanse of the royal buildings and is identilied by
the tomb of King Darius, around which there were built the
tombs of his successors. At the geodetic point 30" 00
north, 52 50" east, there could be erected tombs, bul
thero was not the kind of ground on which there could
be stretched a cawital city.

The iocation of Memphis-Sokar had the advantage of
belng exactly 8 north ol the point where meridian 31° 14’
east cuts again the course of the Nile at the Sacond Cata-
ract. In a new imperialistic spirit, Egypt in a wide sease
was understood to end al the Second Cataract.

5. According to the new conception which links Egypt
with the sky, it Southern Egypt extends 6° from the tropic,
Northern Egypt must oxtend only 1¢ to the norih of the
apex, in order to be in agreement with the order of the
cosmos. Hence, lhe northern fimit of EQypt was set at
parallel 31° 06" north

Tnis was achieved by identifying the rorthem limit of
Egypt with the line that joins the two outer ends of the
estuary of the Nile. This line extended 1* 24’ = 1.4” east
and west of the axis 31° 14' east. Hence, there was marked
a triangle, which the Greeks called the Deita, with a base
line extending from 31° 38’ to 29° 50’ oast atong parallel
31206 north and a vertex at the long-established point of
the apex of the Delta. This isosceles triangle is divided by
meridian 31° 14° Into two right ttigngies of the type mi. In
catculating the proportions of this triangle, one must keep
in mind that at latitude 31 06’ north, 1.4° of longitude
corresponds to 1.2° in actual length, since the degree of
longitude Is shrunk by 1/7 at this lalitude,

The base line of lhe mathematical triangle of the Delia
fell perfectly at the eastern end. Here the corner of tho
Delta coincides with the well-defined natural boundary
point Pelusium. along the shore. On the westem side the
corner of the Detta did not fatl right on the shore, but at the
middle of a coastal lagoon: even today the oastern boundary
of the Weatem Desert province of Egypt passes through it.

The ofd geodetic center of Behdet was not completely
Ignored, since it could be fitted into the system by con-
sidering that It is 1.4* north of the apex of the Delta.

| have stated earlier that it was assumed that at latitude
31° 06", the degrec of longitude is 6/7 of the degree of
equator. This calculation permitted the rationalization of Ihe
shift of the key pesttions of Egypt by € to the norfh of
the perfect latitudes 24° 00" and 30° 00 north. The shlft
was related to the polar flattening of the earth, which
according to the septenary order of lhe cosmos, was
assumed 10 be 1/280. |1 the earth were a perfect sphere,
the degree of longitude which is 6/ 7 of degree of equator
would be al latitudo 31° 00’ (cosine 31° 00' = 0.85717;
6/7 = 0.85714).

Anticipating what | will explain in greater detail later,
| must mention here thal the dimensions of Egypt wore
recalculated in lerms of & new unit of lengih. the royal
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cubit, which is oblatned by adding a seventh hand 10 the
usual six which compose a cubil. tn terms of this longer
cubit, the length of Egypt from 31* 06’ to 24° 00' north was
set at 1,500,000 cubits, The royal cubit summed the scp-
tenary spiril of the new geudetic system.

In hieroglyphic writing the name for Northem Egypt is
To-Mshu. Most Egyptologists, following the line ot reasoning
which | have mentioned In relation to Southern Egypt, have
understood thal To-Mehu means 'the land of the papyrus,”
bul the name of the papyrus is hly, and the symbol for
Northermn Egypt cannot be compared with a papyrus plant
by any stretch of the imagination. The name of Northern
Egypt can be expfeined when we consider that it is similar
to the name of the cubit {(mahe in Coptic), which comes
from a root which means “10 lill up.” Hence, To-Mehu may
mean “the land which fills up the dimensions of Egyp!.”
Northern Egypt correspoads to the seventh hand added
to the cubit.

From what we have of early writing attempts from pre-
dynastic Eqypt, It is absolutely clear that the symbai for
Northem Egyp! used to be the red straw hat. With the
beginning of tho dynastic period, the creation of hiero-
glyphic writing, and the new geodctic system, the symbol
of Nosthern Egypt becomes a plant wilh three stems
springing (rom one rool. In some cases the reference to
the triangularity of the Delia is emphasized by putting at the
end of each slem a flower with a triangular calyx. In
carefully drawn repreacntations the plant springs from a
rectangle gither empty or filled with the wavy line for water,
which is the symbol for the intermediary district. extending
from 29° 51° to 30° 06" north.

At times the stems in the symbol for Northern Egypt
are broken and bent at the top. This may be a reference
to the fact that in the new geodetic system the northern
limit was lowered from 31° 30 to 31° 06’ nosth.

On the two sides of the throne of the Pharaoh there
was a dosign which Egyptologists call “Unity of Egypt.”
We knaow it well because it appoasa in all statuos of
Pharaohs sltting on the throne; the series of such statues
starts with the Fourth Dynasty, but occasional diawings
indicate that the design "Ualty ot Egypt” is older In the
course of centuries the design varied somewhat and the
arlists who carved the throne stylized it according to
different tasles. but on the basis of what | have explained
above, one can always recognize hat it represents the
geodetic system of Egypt.

The center of the design is the hieroglyphic sign for
the verd “to unite,”” which Is @ windpipe with two lungs.

However, in the design “‘Unity of Egypt” the windpipe Is
stretched, so that it icoks fike a long trunk of a tree, in order
to indicate the main axis of Eqypt; the lungs are reduced
10 a diminutive size. On one side of thc windpipe there s
the symbot for Northern Egypt and on the other side lhe
symbel for Southern Egypt. But what is mos: signilicani is
that the entire drawing is tied together by a system ot ropes
and knots, which indicato the goodotic linas and pointe

of Egypt.

The design called “‘Unity of Egypt™ Is the standard
decoration of the royal throne, because it symbolizes all
that the Egyptians held fundamental in their political,
ethical, religious, and cosmological conceptions, a cluster
of ideas which they summarized by the word mael, a word
with which | witl deal in a following chapter. Nevertheless,
this deslign has received only casual attention The best way
in which | can convey in brief how this design is pregnant
with meaning is by referring to Hebrew Cabalistic literature.
The Cabala is a Hebrew underground seligion or philosophy.
The starting point of Gabalistic doctring is that God in creat-
ing the world began by creating the ten numbers and
arranged thom according to a diagram of points and
connecling lines, which proves to be modeled on the
design “Unity ot Egypt.” Aclually, what gave me the flrst
Insights into the Egyptian geodetic system was the reading
of tho Italian Renaissanca scienlists who were Influenced
by Hebrew Caballsts.

The stale of Israel has adopted as its natlonal embiem
the Cabalistic symbol of 1wo overiapping triangles. These
two triangles should be seen as inscribed in a circle: they
represent the poles, the tropics, and the ccliptic, besides
having the added meaning of the male and female elements
coming together to generate the cosmos. The” Founding
Fathers adopted as the seal of the Uniled States a pyramid;
they wanted to convey the notion that a parloct society had
been organized, and in order to convey it they adopted a
symbol which, through the iradition transmitted by masonic
societies. goes back to the Egyptian idea ot mael.

8. The geodetic sy tablished at the beginning
of tho Old Kingdom vsas modified in part with the advent
of the Twelith Dynasty, the most dynamic of the Egyptian
dynasties as far as we know. The adven! of this dynasty
marks the beginning of what scholars call the Middie
Kingdom pcriod. But probably more significant in Egyptian
terms was hat the advent of this dynasty coincided with the
beginning of the age of Anes. It became necessary to
revise the system of cosmology, since the sun had moved
out of the constellation ol Taurus to enter into that of
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Aries. The kings of this dynasty identified themselves with
the god Amon, symbaolized by the ram. The first king of
the dynasty called himself Amenemhet, introducing tho
custom of theophoric nemes, that is, of personal nemes
composed with the name ol a god. The god Amon was made
to spring from relative obscurity Inlo the position of the
main officlal divinity ot Egypt. It seems that up to that
time Amon was a local god of the desert area west of
Thebes or that Amon was Identified with a local god

of that area.

The Twellth Dynasty moved the capltal and the geodetic
center ot Egypt 1@ a more central position, Thebes. The
lengitude of the new capital was determined by the point
whore tho eastorn axis o! Egypt (32° 38’ east) cuts the
course of the Nila. The latitude was 2/7 of the distance from
the equator 10 the pole (25° 42° 51" nonh). This latitude
was marked by the central room of the tempie of Amon.
in which the god and the geadetic point most probably was.
indicated by the same object, the omphalos, '‘navel," which
used to represent the god Sokar, What i certain is that
when centuries fater in the caplial of Nubia. Napata. there
was built a sacond temple of Amon in order 10 link Nubia
with Egypt politically, in the center of this temple there
was placed such an object.

Egyplologists have tried to tortuse Egyptian linguistics
in order to explain why the Greeks should have given the
name Thehes to a city which the Egyplians caiied Wast.
Tho likely explanation is that the Greeks Icarnod the name of
ihe city fram thc Phocnioians, who in their own language
called it thibbin, “'navel.” There is textual evidence that in
Hebrew, whieh is practically the same language as
Phoenictan, the word thibbin is used to refer to a geo-
detic navel.

The choice of the latilude emphasized the sepienary
system of Egyptian geography. The ancients divided the
space between the pole and the equalor into seven zones.
This is indicated no1 only by Greek writers ot geography,
but also by the ziggurats of Mesopotamia and Ihe earliest
pyramids o! Egypt, which are step pyramids.

7. It was possibly on the occasion of the transfer of
the capital and geodetic center 10 Thebes. which stresses
the importance ot the eastern meridian of Egypt (32* 38
cast), that something was done to rationalize the longitude
of the First Cataract. The First Cataract happened not to
be Inciuded in the rectangle ot Egypt, being somewhat to
tho oast of meridian 32° 38, at 32° 53' east. The lower edge
ol the cataract, at 24* 06' norih, 32" 53’ east, Is 15 north
o1 the right position and 15" west of It. it must have been

disturbing that the southem boundary of Egypt should not
fit with the system of three mericians paes:ng through the
three angtes of the Delta triangte. Hence, the area of the
First Cataract was oxtended southward atong the course of
the Nile up to the point where meridian 32° 38° east cuts
the course of the Niie. This point happens to be at 23° 00’
north. The new potnt 23* 00" north, 32 38" east was called
Sacred Sycamore and was set as the legal boundary of
Egypt. Tho stretch of the Nile from the Sacsed Sycamore to
the First Cataract was altached 1o Ihe district of the Flrst
Catarac!. In Hellenistic times this aitached district was
callec Dodekaschaoinos, which in Egyptian would be
“twelve afur.” The alur, as | will explain later, wes a unit of
length such that slightly more than 14 (14 in practical
computations) went Into @8 degree. if the distance ot 51"
between 23° 00" and 23° 51’ north, the coirect line of the
tropic, is caicutated as 12 atur, it means that counting
oxaclly a dogroe would be 14.11765 atur. The Egyptians
used two types of atur: an atur of 17.000 geographle cubits
(7846.8 meters) and an atur of 15.000 royal cudits (7862.2
meters). Now, 51’ at latitude 23° to 24" is about 94,135
meters, wheroas 12 atur of the first kind is 94,186 meters
and 12 atur of the second kind is 94,346 meters,

Even lhough the district Dodekascholnos was attached
to Egypt purely for mathematical reasons, it continuad to
be included :n Egypt into the Roman period.

| suggest that the establishment of the supplementary
disirict Dodekaschoinos with a new southem boisndary ot
Egypt al 23¢ 00’ notth was linked with the transfer of the
capital to Thebes, because there is a text which gives the
dimensions of Egypt from the sca at Peluslum (eastern
corner of the triangle of the Delta) 10 the end of the district
Dodekascholnos. that Is. all along meridian 32¢ 38" east
The distance iIs divided into two-thirds from Pelusium to
Thebes and one-third from Thebes to the Sacred Sycamora.
If we round the latitude of Thebes from 25° 42" 51” north (o
25° 42’ north, the calcuiation is perfect:

31° 06" 1o 25* 42 nonn = 5 24°
25° 42" 10 23¢ 00’ north = 2¢ 42°

When the southemn boundary of Eqypt is moved to the
Sacred Sycamore by adding the district Dodokaschoinos,
tha Temple of Amon in Thebes i3 in a rational position
not only in relation to arc of meridian, but also in re.dtion
1o the extension of Egypt.

The text that gives the information just mentioned indi-
cates atso that the latitude of Thebes has a further
peculiarily; at this latitudc the degree of longitude Is
9710 of degree of equator,
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it. EGYPTIAN UNITS OF LENGTH

1. All the measures of length, volume, and weight of
the ancient world, including those of China and India,
constituied a rational and organic system, which can be
reconstrucled slarting from a fundamental unit ol {ength. |
have not yet compteted the gathering of data concerning the
units of pre-Columbian America, because these are difficult
to obtain, since the metrology of the American continent
has received meager aticntion; but tho figures that | have
succeeded in establishing so far suggest that the American
units agree with those of the Old World. The unlis used in
Europe up to the adoplion of the French metric system
wero the ancient ones or modifications of them introduced
for specific rcasoas. The ancient system of measures
continues to be used today In the form of English measures;
we find the basic units of the English system. such as the
pound of 453.8 grams. used in Mesopotamia in the third
millennium B.C.

The effort to reconstruct the original and unitary system
of measures was started by scholars of the Renaissance
as a result ot the beginning of the age of geographical
discoverles. Their investigations, aithough they took the
form of antiquarian rosearch, had two practical purposes:
to interpret correctly the data provided by oncicnt geog-
raphers and to establish an absolutely seliable and fixed
standard of length. Although the major concem of
Renalssance investigators of measules was to establish
the oxact value of tho ancient Roman foot. thay were also
concerned with a tradition to thc effect that all measures
were derived from the Egyptian ones. This is the reason
why John Greaves went to measure the Great Pyramid of
Giza, in order 10 complete his 1esearches on the length of
the ancient Roman footl. In Egypt Gresves met with
Buraftini, who had gone to measure the monuments of
Egypt, in order lo establish the linear starting point (for
which he coined the name meter) in his proposal for a new
metric system which would be strictly decimal, like the one
lator adopted as the French metric system. Greaves had the
advantege of having spcnt a long time in Rome moasuring
buildings, vessels, and weights and of being provided with
accurate measuring tools. based on Engtish units: Burattini
had the advantage of having already measured a number of
Egyptian buitdings. Greaves and Burattini joined forces in
measuring the Great Pyramid of Giza, which they hoped
woutd provide a solution to their problems. After this survey
Greaves returned to England, leaving his measuriitg tools with
Buraitini, who continued the study of Egyptian monuments.
On his return Greaves published the results obtained at Glza,
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results which were later interpreted by Newton. But Busatiini
had the ill luck to he sobbed of his notes by Hungarian
brigands while on his vay lo Poland. As a result, when he
published his proposal for a decimal metric system, for tack
of a belter allornative, he advocated thet one should start
with the English foot and divide the cube of this foot
decimally in order to obtain the units of volume and welght

The study of Egyptian measures received a new impulsion
with the Napoleonic expedition to Egypt and the consequent
decipherment of Egyptian hieroglyphs by Champollion. This
decipherment had been unsuccessfully atlempted by Father
Athanaslus Kirchef. who had spansored 8urattinl’'s expedition
1o Egypt. In the first hatf of the nineteenth century, it was
established that the Egyptians had a septenary system of
linear units.

In the ancient world one measured by feet and cubits.

The cubit is equal to 1 1/2 feet. The cublt is divided into §
hands ot 4 fingers each (24 fingers) and the foot is divided
into 4 hands (16 fingers). The division of the. foot into 12
inches, with which we are familiar. became common oniy with
the Romans. According 1o the Roman reckoning the cublt is
16 inches The inch was considered to be the thickness of
the thumb; generally in the ancient world onc preferred to
reckon by fingers, assumed to be the thickness of the other
four fingers. It must be kept in mind. however, that terms
like foot, cubit, finger, and inch were intraduced in order to
give a name {0 units obtained scientifically, units which
correspond only vaguely to thc natural units of the same
name.

Schotars of Egyptology conciuded that the Egyptians had
started with 2 foot of 300 millimeters and a correspending
cubit of 450 millimeters, divided into 16 and 24 fingers as
in the rost of the ancient world, but then had adopted as their
linear basic unit a cubit. cailed a royal cubit. of 525 milli-
meters. The royal cubit is composed of 7 hands, or 28
fingers: it 1s an ordinary cubit with & seventh hand added.

2. One can find examples of septenery units also oulside
Egypt. The use of measuring rods of seven fest is common
In medieval and early modern Europe. A typical example of
septenary unlts is the Russian sajen’, which is composed of
7 English feet and is divided into 3 arshin of 28 Inches. The
sajen’ was the basis of the Russian system of measures until
the Soviet governmenl! adopted the French metnc system
in 1918,

The reason for the occurrence of septenary units is that
they were convenlent in practical reckonings. Agrarian unlls
of surface were arranged in a series in which each was
double of the preceding one. [t was assumed in practical
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reckonings that a square with a side of 100 was the double
of a square with a side of 70 and the half of a square with &
side of 140. This Implies that v2 = 1.414214, taken as equal
to 1.4, A typical example of lhls reckoning Is the area of
5000 square cublis, within which a Jew can move on the
Sabbath, which is described by the Talmud as “the square
of seventy cubits.”” When greeter precision was desired in
practical reckonings, one averaged the results of consider-
Ing the dlagonat of a square as 10/7 of the side and as
14/10 of the side (1.42857 + 14/2 = 1.41428)

Septenary units were used also in order to tacilltate other
practical reckonings. The height of an equilateral triangte
being equal to 372 of the side, ihe relation can be laken as
7:6. since 12/7 = 1.71428 and v3 = 1,73205.

According to the septenary system of reckoning, the
circumferance was considerad 22/7 of the diameter; the
approximation = = 3 1/7 = 3.142857 is still used teday as an
adequate approximation in many problems of engineering.

The figure 22/7 used to oblain the value of = in practical
reckonings is related to tha fact thai the ancients usad both
septenary and undecimal {i.e., eleven-based) units in order
to achi easy computati in practical reckonings.
Undecimal linear units were common In the anclent and
early modern wortd; an example of them is the English
chaln of 66 fcet. An acre, originally a square with sides of
70 yards, is now 10 squarc chains (4840 sq. yards).

An imponrtanl practical problem involving the number =
was solved by the use of undecimal unlis Units of volume
were legally defined as cubes, but measuring vessels were
built as cylinders. All that an ordinary potter, who could be
an llliterate person, had to know was that, in order to
conslruct a cylinder equal in volume to a given cube, he had
to take the height and width of the cube and use them as
the height and diameter of the cylinder, provided he
measured the cylindor by a ruler based on a unit of length
increased by 1710. The procedure results in a cylinder of
slightly excessive volume. If we assume a cube with a side
of 10 fingers. Its volumie is 1000 cubic lingers. A cylinder
with a diameter of 11 fingers and height of 11 has a volume
of 1045.4 cubic fingers. But this small excess was auto-
matically corrected in practice. since @ measuring vase must
have a rim and cannot be filled to the brim, A fllling line
marked on the measuring vase slightly below the brim took
care of the differenca. | first became aware of this procedurs
in interpreting cuneiform mathematical toxts, but later |
found i1 referted fo in Athenian inscriptions and applied
concretely In Athenianmeasuring vessels.

By combining calcutalions by the factor 7 and caleutations

by the factor 11, one could solve practically a number of
geometric problems involving irralional numbers. This
practice is one of the reasons why the builders of the Great
Pyramid began their plan with a helght of 280 royal cubits
and a side of 440.

A simple example of the combination of reckoning by
seplenary and undccimal units is the {following. As | have
said, In agrarian units it was assumed thal a square with the
side of 100 is the double of a square with a side of 70 and
halt of a square with a side of 140. This procedure would
result in units of the following surface:

49.000
100.C00
196.C00

In order to make the series more regular, the middle unit
was often taken as a square with a slde of 99, so that the
serles became:

43.000
98,010
198,000

When Herodotus reports the surface of tho sides of the
Great Pyramid, he reckons by units of surface calculsting by
the second paltern.

Although the use ot septenary units had been common in
ancient times and later, in Egypt the septenary cubit became
a netional symbol related to the essential structure of Egypt
and of the cosmic order.

3. In the second half of the ningteenth century, some
scholars of ancient measures tried to derive them from the
Egyptian units of length. Although in the last fifty years it has
become fashionable amongscholars of ancient cultures to
deny that they had any knowledge of a scientific system of
measures. all serious scholars ot ancient and medieval
measures have always known that all measures of volume
and weight ere derived from the units of length. Units of
volume were obtained by cubing the units of length. Units of
welght were obtained by filling the units of volume with rain
water at ordinary temperature; this water has the same
denslty as distilled water at 4° Centigrade adopted by the
French metric system, since in the carlier procedure the
impurities of the rain waler compensaled for the higher
temperature.

Friadrich Huitsch, who was the most authoritative investi-
gator of ancient measuros in the later part of the last
century, concluded his lifelong research by announcing just
before his death Ihat all ancient measutes could be derived
from the Egyptian foot of 300 mithmeters and from the
corresponding ordinary (not septenary) cub:t of 450 milti-
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meters. He also supported the view exprassed by others
that the Egyptian unit of weight called gedet, of 9 grams,
is the basic unit of weight of the ancienl world,

But Hulisch lell a difficully unsolved. If we cube an
Egyptian foot of 300 millimeters, we obtatn a cube of 27,000
cubic centimeters or grams, which is divided into 3000 gede!
of 9 grems. If we cube an Egyptian ordinary cubit of 450
millimeters, we obtain a cube of 91,125 cubic centimeters or
grams. which Is divided Into 10.000 gede! of 9.1125 grams.
Sample weights indicate that both gedet were used In
Egypt. A gedet of 9 grams relates to a qedst of 8.1125 grams
as 80:81.

The same discrepancy occurs all over the ancient world.
Prince Mihall Sutzu, Dlreclor of the National Bank of
Rumania, having dedicated his life to the study ot ancient
weights, in 1930 conciuded that tho gedet of 9 grams is the
bazels lundamentalc alc metrologici ponderale din antichitate,
but, in order to explain the mentioned discre@ancy in weights,
supposed that there had been a gradugl decrease from a
unit of 9.20 arams established in the neolithic period.

But In presenting this explanation Sutzu contradicted one
of his basic assumptions, which Is the amazing slabllity of
measures throughout history. From the very beginning of
literate cultures. documents indicate an extreme concem with
tho presorvation of exact motric standards. The concem
with precision seems to have lessened in the course of
history. Early modern Europe was less careful than medieval
Europe, The Greeks ot the Hellenistic age were less careiut
than those of the classical age. Even though the Graoks of
the classical age seem to have been obsossed with the
problem of correct standards, they did not reach the subtiety
of Egypt and Mesopotamia. One of the reasons why the study
ot the history of measures was actlvely pursued In the ate
Renaissance was that by that lime standards had started to
waver.

There were two factors which delermined exireme
concern with absolutely exact standards: units of lenglh were
used to measure geographic distances, and units of weight
were used to measure gold and silver used as means of
cxchange.

The amazing slability of measures is indicated by the
clrcumstance that the kilogram was established by relating it
to the Paris livio which was directly related to the Roman
libra. The officiel definition of the kilogram is such that the
livre equals 489.5058466 grams. Since the livre was dlvided
into 9216 grains (16 ounces of 24 scruples of 24 grains),
the Paris grain according to this definition is 0.05311478
gram. Historlcally the Paris livie was established by

fixing the Paris grains as 1/6100 of the ancient Roman
libra, tho Roman Jibra being 324 grams {5000 English grains)
or 36 Egyptian qede!. If the original slandard had becn
preserved, the grain of Paris would have been found at the
moment ot adoption ot the French metric system to be
0.05311475 gram and the livre to be 4839.5055737 grams. In
substance the standard of the Paris livre and hence of tho
Roman libra appear to have been well preserved, even
though those who established the French metric system did
not consider the theoretical foundations ot the livre, but
simply averaged several sample weights which were avail-
able. However, 3cholars of the seventeenth century com-
plained lhat Paris measures were not very clearly defined
and had conctuded that English units ot welght were more
exactly defined

The English grain has remained stable as 1/5000 of a
Roman libra. English weight units have not changed at all
since Sumerian times. The oldest weights of which | have
found mentlon in an archenlogical report are those excavated
at Tepe Gawra in Irag, near the presant oil center of Mosul.
The lowest strata of Tepe Gawra embody the very first steps
of the transition {frem village ife to urban life. The earlies|
weights ot Tepe Gawra precede by about a millennlum the
invantion of writing, According to my interpretation thaso
weights are fractions of the present English ounce avoirdupais
of 28.350 grams (1/16 pound. which is 7/5 of a Roman
libra).

4. Before explaining why there was a gedet of 9 grams
and a godot of 8.1125 grams, | must deal with a much more
serious difficuity met by Hultsch,

He assumed that all rneasures of Ihe anclent world can be
derived from the Egyptian foot, but could not solve the
absolutely essential problem of explaining how the Roman
foot of roughly 285 millimeters could be derived from the
Egyplian foot ol 300 millimeters

The key 10 the solution of this problem was provided to
me when in 1942 the archeologist August Oxé, at the end of
lifelong resoarch, published a monograph axpiaining that
almost all units of volume and wcight of the ancient world
exist in two varieties, related as:

125 25 S0 625 75 100 125 130

12 24 49 € 72 96 120 144
He called the tirsl senes units brutfo, and the second series
units netto. The reason for the existonce of the second
series is that it is Impossible from the practical point of view
1o divide decimally a cube Irto smaller cubes.

Developing the discovery ot Oxé, 1 arrived at the logical
consequence that units of length must usually occur In two
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varieties, one which is the edge of a cube conltatning a unit
brutto and one which is the edge of a cube containing a unit
netto. The two varieties o1 units of length are related as
w28::%24. | call the first group of unils of length by the name
of natural units and the sccond group by the name of
{rimmed units.

From an Egypllan cublt of 300 millimeters we derive:

Basic talent brutto of 27,000 cublc centimeters o1 grams
1000 Roman ounees of 27 cubic contimolars or grams
3000 Epyptian geget o1 9 grams

it follows that the cube of the Roman foot (which lho
Romans called quadranial, or pes quadratus) musi be 24/25
of the preceding unit:

Basic talent netlo of 25,920 cublc centimeters or grams
960 Roman ounces of 27 cubic centimeters er grams
2880 Egyptian gedst of S grams

The Roman quadrantal or basic talent netto s divided Into
80 librae of 324 grams (12 ounces or 36 gedet). The llbra
1 equal to 5000 English grains.

Accordingly | could establish that the Roman foot relates
as ¥/28:\/25 10 the Egyptlan foot of 300 millimeters, and
hence is a unit of 2958454 millimeters, which is a figure In
agreemont with the empirical evidence.

Having estabtished the theoretical basis of the Roman foot
and of the Roman quadrantal. { could dispose of a dlfficulty
which had bedeviled scholars since the Renaissance. By
examining the empirical eviderice it had been established that
the Roman foot oxisted in two varieties, one shortor (called
pes Statilianus by Renaissance scholars) end one longer
(called pes Aebutianus). Correspondingly, there were two
varieties of Haman libra

The explanatlon lor this ditferenco is that units of volume
and weight may occur in two varicties related as 80:81, with
adifference which | call discrepancy komma. In 1808 Jean
Adolphe Decourdemanchs, at the end of his book on Arabic
measures, added a proviso explaining thatall Arabic units
of weight and volume occur in two varieties rolated as 80:81.
My teacher Angelo Segré, in studying the mcasures of
Hellenistic Egypt, found thal, although the cube of the cubit
I1s 3 3/8 of the cube of the foot. given that (1 1/2)%:13 =
3 3/8:1, often this relation between the cube of the cubit and
Ihe cube of the loot is taken as a relation 3 1/3:1 for the sake
of easy reckoning, with the result that there is a discrepancy
ol 1/80, since 3 1/3:3 3/8 = 80:81.

The most striking example of the discrepancy komma
{1/80) is that next to the quadrantal {eubed Roman foot] of
80 librae lhero is a quadrantal of 81 librae. This larger

quadrantal has an edge which constitutes a special Roman
foot of 297.1734 millimeters (instead of 295.9454 millimeters),
which was cailed geometric fool In the Middie Ages. The
Roman (oot of the geometric variely was the scientific foot
ol early modern science. Scientists began lo calculato by the
French pied de roi {which originally wes the undecimal
version, 11/10, of the Roman foot) after Picard used it in his
famous calculation of the clrcumference of the earth, and
Newton quoted Picard's figures in presenting the empirical
proofs for tho theory of gravitation. The pied de roi was used
in calculating tho length of the Paris meter, theoretically
defined as 1/10,000,000 of the arc of meridian: the meter Is
1/10,000.000 of 30.784.440 pieds de roi, which was then the
assumed langth of the arc of meridian from the equator to
tho polo.

By dividing the quadrantal of 81 librae into 80 librae. the
Romans obtained a libra of 328.050 grams, which was called
the geometric libra in the Middle Ages. The edge of the
larger quadrantal, tho Roman geometric foot, was the
standard unit in Ihe planning of most monuments of classical
Athens.

The larger Roman quadrantal (81 regular librae = B0 librao
of the geometric varioty), cubo of a Roman geometric foot
297.1734 millimeters, contains 26,244 cubic cenlimeters or
grams. It survived up to recently as the Russian cheitverik
(this Russian term has the same meaning as the Latin
quadrantal). The taw of 1918 that introduccd the French
metric systom in the Soviet Union fixed the chetverik at
26,239 cubic centimeters.

The reason for the small difference Is that Czar Peter the
Great. according lo his westernizing policy, had the length
of the Russian sajen’ roadjustod to make it equal to 7 of the
feet used in England. But the exact standard of the English
foot had been lost in the Ellzabethan age, and the length of
the English foot has wavered until in England there was
eslabtished the Imperial Yard of 1824, which makas the foot
equal to 304.79974 millimeters, and in the United States the
foot was defined by the Paris meter as 304.8 millimeters {act
of Congress of 1928). The reform of Peter the Great caused
uncertainties in the definilion of Russian measures. The
action of ono autocrat extended the damage caused by
another, As far as | can understand the record, the problem
of the length of the English foot arose when Queen Elizabeth,
following her policy which aimed at roducing the power of
Ihe municipal body of London, downgraded the authoritly of
the standard of Guild Hall (pes Curfae Londinensis). which
was consldered by scholass the besl standard of Engtish
foot. Incidentally, Piazzi Smyth suggested that a way !0
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reconstruct the authentic value ot the English foot is to
compare the actual dimensions of the King's Chamber of the
Great Pyramid with the report of the survey conducted by
Greaves.

On the other side, i have examined the reports about ihe
dimensions of the Church of St. Sophia in Novgored, the
oldest stone monument of Russia, in order to establish what
was the original vafue of the Russlan counterpart of the
E€nglish foot. From the point of view of my Investigatlons, it
is lucky that an effort has been made to restore this church
exactly as it was before it was destroyed by the German
army in World War H.

5. Once i was able 10 estabtish the relationshlp between
the Roman toot and the Egyptian foot (the formar being the
trimmod vorsion of the latlor) and succoedod in clarilying
the history of the units called Roman by distinguishing two
varieiles of libra related as 80:81. 1 came to the conclusion
that the root of the anclent system ot measures Is not the
Egyptian foot of 300 millimeters, but another unit which is
the gaogrephic foot of 307.7957 millimeters.

If we take 9/8 of a Reman quadrantal of &0 reguiar tlbrae
or 10/9 ot a Roman quadrantal of 81 such lIbrae, we have a
unit of 90 librae, which metrologists call the artaba. Artaba is
the Porsian name of this unit. Metrologists employ it becauso
after this unit was adopted as the official standard by the
Persian Emplre, the use of its Persian name became general
In the ancient world: we tind it in Greek. Latin. Hebrew.
Syriac, and Arabic tex!s. But the unil itself is as old as any
other known unit of the ancient world.

The artaba has the following contents:

29,160 cuble centlmeters or grams
Roman | brae
1080 Roman cunces ol 27 cubic centimeters or grams
3200 Egyptian gedet of 9.1125 grame
3240 Egypllon qeder 0f 9 grams
450,000 Bngiish grains

The artaba was a unit of paramount Importanca in Egypt
and several other areas of the ancien world. because it was
the standard ration of wheat for a month. This was the ration
for an adull 1ree male; women, sisves, and chlidren wore
assigned fractions of it. The artaba was also the standard
monthiy ration of rice In China.

In cuneiform mathematical and aconomic tex!s the most
common unit of volume is 3 pint (si/a in Sumerian, 93 In
Akkadisn) of 486 cubic centimeters, which is 1/60 artaba.
The pint of cuneiform texts is divided into €0 shegels of
B.10 grams (9/ 10 of an Egyptlan gedel).

The paramount impartancs of the artaba continued up to

modern timas. | have established that tha key to the metric
systems of medieval Europe is an ounce of 29.160 grams,
which is 1/1000 of an aitaba of water. This ounce was made
Important in Europe by the monetary reforms enacted by the
Frankish Kings Pepin and Charlemagne. The ariabic ounce
was known in Europe as the Cologne ounce, because
Cologne was the seat of one of the important mints of the
Carofingian Empire. in England the artabic ounce was called
ounce Tower, after the mint of the Tower of London.

in England the eunce Tower remained stabte at 450
English grairs (29.160 grams) or 16/15 of ounce Tsoy. Tho
ounce Tower is no longer used today because it was used
only 1o welgh colns. On the European continent the Cologne
ounceremained less stable, because often it was computed
as 451 gralns (to my knowledge this figure is first mentioned
in a document A.D. 1275), The reason {or lhis shift was an
effort to adjust the Cologne ounce 1o a shift in the Paris
llvie. The Paris livre was divided into 9216 grains (18 ounces
of 24 scruples of 24 grains) For technical reasons of
monetary economics, the Paris ounce had to be 22,21 of an
artabic ounce. Hence, in the early Middle Ages the Paris
ounce was 30.54857 grams and the Parls llvie 488.77714
grams, with a grain of 0.0530357 gram. Since there were
6109.1 of these grains in the Roman libra of 324 grams, in
the loter part of the Middle Ages, in order !o relate easily the
Paris unils to a well-established standard, the Paris grain
was recalculatea as 176100 ot a Roman llbra and the Paris
ounce and livre were increased accordingly (livre of
489.50557 grams). The Paris grain {0.053114756 gram) came
to be §0/61 of Ihe English grain. This small and apparently
reasonable readjustment of the Paris units was enough 1o
create a spreading wave o! uncertainty in the value of
European weight unils which did not come to rest lor
centuries. For instance, one can trace its consequences in
metric and economic documents of the Low Countries,
Scandinavla, and Russia.

Because of the increase in the Paris units, the Cologne
ounco camo to be often calculatod as 451 English grains
instead of 450. At the beginning of the ninetecath century,
when the German slates were taking steps toward rational
undty, it was thought expedient to ¥y to unity the German
coinage in terms of the Cologne ounce. A survey conducted
in 1829 established that in Cologne Itself the Cologrie mark
{8 ounces) was 233.8123 grams: 8 anablc ounces would be
233.280 grams and 8 ounces of 451 English grains would be
233.79840 grams. The standards of other German cities were
found to be slightly dilferent from Ihat of Cologne. reaching
a minimum with the mark of the mint of Bonn, which was
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233.612 grams, On July 30. 1838, the German states signed
a convention to establish a uniform monetary mark defined
in terms of the French metric units as 233.855 grams; but
the mine administration of Sexony continued to consider as
correct the mark of Dresden, which had been set at 233.5804
grams In an assembly tor the testing of monetary weighis
(Munzprobationstag) held at Regensburg in 1737. Apparently
the assembly of Regensburg had followed the pattern of the
medieval Assizes of Weights and Measures, who when called
to resolve discrepancles belween dilierent standards of the
same measure usually settled the matrer by selecting an
intermediary vatue. | may finally mention that when the
French metric system was adopted in Spain, it was decreed
that the pound of Aragon, composed of 12 ounces, would be
therelorth considered equal to 350 arams: 12 artablc ounces
is 348.720 grams.

6. The edge of the cube contalning an artaba is a toot
of 307.7957 milllmeters {cubit of 461.6935 milllmeters),
which | call geographic foot, because it was the unit mos!
commonly used in geographlc measurements In all areas of
the ancient world, Egypt being excepted for reasons that 1
will explain,

The multiple of the geographic foot is the stadium of
600 feet {400 cubits). The stadium is 1/600 degree, so that
there are 360.000 geographit feet in a degree. It was
assumed that a sladium (184.677 meters) corresponds to a
double minute of march, implying that & man makes a step
of 5 feet In asecond. It was assumed that a man marching or
a ship under oars covers 30 stadla (§540.3 meters) In an
hour. Since it was assumed that a man can march or row for
10 hours a day, 300 stadia was ¢onsidered the distance
normally covered In a day. Therc are a great numter of texts
from Egypt and other areas of the ancient world which have
not been understood, because they speak of 1,2.34. . . .
days of march, when they mean a geographic distance of
307, 1°, 1230, 2°. . . . It was assumoad that the speed of a
ship under sail is 5/4 of that of a ship propelied by oars, so
that a ship under sail covers 37,5 stadia in an hour and 900
sladia (1 1/2 degrees) in 24 hours.

In the ancient world the degree of latituda was usuaity
reckoned as 360,000 feet (B0 stadig). Sailors and traveloss
of the eastern Mediterranean and of the Middle Eest
reckoned the degree ot longltude as roughly 500 stadia. or
300,000 geographic feet (92,339 meters); this calculation Is
correct between parallels 34° and 35°.

The calculations ot the degree of latitude as 360.000
geographic fee! (240,000 geographic cubits) proves to be of
Egyptian origin, since o degrez of 110,806.5 metars

proves to be correct at paraliel 27° 45" north. which is

the middie lalitude o1 Egypt according 10 the predynastic
geodetic system, which counted 7° 30" from Behdel to

tho southom limit of Egypt, latitude 24° OO north. According
to the Smithsonian Geogrephical Tables, a degree at
paralle! 27° 45’ Is 110,803.0 meters.

The Egyptians preferred to reckon by cubits (stadtum ot
400 cubits and degrea of 240,000 cubits), because it is
expedient to divide the circumferance of the earth not only
into 360 degrees but also into 24 hours, According fo the
second system a degree Is equal 10 4 minutes of time and a
minute of degree is equal to 4 seconds of time. | shail deal
with this matter more oxtonsively lator.

Two great scholars of this century who have dedicated
their lives to the study of ancient measures conctuded that
these are so strictly detined and so rigorously organized
that they must have a basis on some absolute natural
standard. Since it ig obvious from the reading of ancient
texts that the ancients had a deep concern with cosmic
lime, with the movement of the vauli of heaven, these twe
scholars conciuded that the system of measures must have
coordinated not only length, volume, and weigh, but also
time,

The first of these lwo schotars, Sir Flinders Pelrle. whose
major concern was Egyptian measures, thought that the
starting point of ancient measures was the length of tho
pendulum. He advanced the theory that the Egyptians began
with a pendulum that swings 100.000 times a day at the
latitude of Memphis (29° 51° north). Having established that
this pendulum has a tength ot 740.57 millimeters, they would
have taken as standard of langth the side of a square the
diagonal of which is the length of the pendulum. This would
be the origin of 1he Egyplian royal cubit. Catculaiing by this
procedure. the royal cudlt wouid be 523.66 miltimeters, but
Petrie estimates it as about 524 millimeters.

Carl Friedrich Lehmann-Haupt, a scholar of ancient
history who, after the death ot Hultsch, took over the rote of
the great German speclalist of ancient measures, making
them his major concem up to his death in 1936, followed
the same line of reasoning. Since he started his activities
as one of the decipherers of the Sumerian language and
was particulatly compelent In the reading ot cuneiform
mathematical texis, he argued that the ancient system of
measures was orgonized in Mesopotamia from the pendulum
that beats the second at latltude 30°. The early inhabltants
of Mesopotamia woutd have taken the hatf of this length
as their cubit (cubit of 431.16 miltimeters according to
Lehmann-Haupt),
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The idea was nol complalely new: in the period ot the
adoption of tho Fronch metric system, thero oceurrad to a
scholar of ancient measures that the Roman foot might have
been calculaled as the length of the pendulum that beats the
half-second.

Unlortunatety, Petrie and Lehmann-Haup! were not so well
informed about tho history of moasuros as thoy should havo
been. Soon after Galileo discovered the law of isochronism
of the pendulum, since scholars were debating among
themselves the project for a new decimal sy ot es,
it was suggesied by several of them that the new system
should be basod on tha length of the pendutum, in order to
link together time, length, volume, and weight. But in the
course of the elghteenth cenlury It was realized that the
pendulum does not provide a reliable standard ot tength,
First of all, It was established that the period of osciltation ot
the pendulum changes according to the tatitude; this lad
to the discovery of the polar flaitening of lhe earth. it was
also successively established that the pertod of osclliation is
influenced by the density of the earth and by any presence
of large masses of matter, since tha period depends on the
gravitational pull. Hence, by the time of the adoption of the
French metric system. It had been decided that the new
decimal system shoutd limil itself to coordinating length,
volume, and weight.

When Ihe Constltution of the United States was drafted,
there was included a special clause to prepare the ground
for the adoption of a new decimal sysiem of measures,
which was advocaled by all enlightened people. When the
French Revolution in one of its first steps put into law the
decimal metric system, the Congress of the United States
considered adopting the French system, But Thomas
Jeiferson, whom Congress respected as the euthority on
such matters, opposed the plan on the ground that the
French systam was inadequate, since it did not coordinate
time with length, volume, and weight. This opposition from
inside the camp of the prog ive forces d d Ihe
adoption of the decimal system in the United States.

Jefferson was correct in principle, and so were Petrie
and Lehmann-Haupt. A truly desirable system of moasures
should coordinate time, length, volume, and weight, but
what these people did not know is that the anclents had
found an easy and reliable method to coordinate length with
time. All thet is needed is to relate the unit of length to the
speed of the rotation of the vault of heaven, since this is the
basis of our calculations oftime. As | will explain later, taday
wo calcutate timo by the length of the mean solar day, but
since this is a highly artificial concept, astronomers sel the

length of the solar day by the apparent motion of the vault of
heaven {sldereat time}, which flows evenly.

Tho problem of coordinatingtime with theother maeasures
is so important that after decades of research on ancient
measures | was stlil fumbiing for one element which would
allow me to fit all my findings together. uniil Peter TompXkins
ripped the veil from my eyes by pointing oul to me that
speed of rotation of the vault of heaven is 1000 geographic
cubits a second.

The Egyptians set their standards ol lergth in a manner
that permits an easy correlation with time, but still the
slsndard which was scientifically defined had to be the
standard of length.

7. The tradition ol what was the ancient piocedure has
been preserved by the scientist and mathemalician Girolamo
Cardano (1501-1576). Like other Renaissance scholars he
was concermed with the establishment of an ebsolutely
inalterable standard of length, In his book De Sublilitate
{Chapter XVI, edition of Basel, 1553. p. 475) he discusses
ihe length of the ancient Roman foot and passes from il to
the problem of how to base length and weight on a mcasure
perpetua. He observes that such an absofute standard
should be searched for in the heavens, but, since this is
impossible for practical reasons, he declares that the
standard is provided by the pyramids of Egypt, tho Labyrinth
of Thebes, cities like Cairo, and the river Nile. The meaning
of this statement is perfectly clear. when we consider the
peodetlc system o1 Egypt. as | have reconstructed it; but Its
form is cryptic. This should not be surprising, since it is
known that Cerdano has been cryptic in announcing some
of his major mathematical discoveries, it had been the
practice of scientists and mathemsaticlans up 10 the age of
Newton o put into print the data which they considered
of essential importance in a form such |hat the meaning
would become obvious only after en explanation had been
C icated orally, b this was the only method they
had of protecting their copyright.

The Egyptians decided that the distance of 7° 30’ from
Behdet to the southern boundary of Egypt should be
reckoned as 1,800,000 geographic cubits. According to the
Smithsanian Geographical Tables \he Interval from 31° 30"
to 24° 00’ is 831.091 meters. According to my findings
1,800,000 geographic cubits are 831,048 meters. The
figures of the Smithsonian Geographical Tables are an
estimate ot the average length of the degree of latitude,
based on lhe assumption that the earth Is a regular geometric
body. It would be necessary to conslder what is the actual
length of the degree in Egypt. Up to now i have deliberately
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avoided obtalning this inlormation, becauso | did not want
my interpretation of the texts 1o be influenced by the
knowledge of the poassible results.

In order t0 appreciate the nicety of the Egyptian figure,
we must keep in mind that in 1he {irst French legisiation the
length of the mater was established by assuming that the arc
of meridian is 30,794,580 pieds de rol, on tho basls of the
survey conducted In 1740. Later the {ength of the meter was
revised 10 the presen| one, because according 1o the survey
conducted In 1792-88 Ihe arc of meridianis 30,784,440 pieds
de roi. After this survey the moter was no longer revised,
allhough it has been ascertained that the arc of meridian
is about 2000 meters more than 10,000,000 meters.

8 From the geographic cubit. defined as 1/1.800.000 of
the length of Eqypt, there was derived the geographlc foot
of 307.7957 millimoters, By cubing this thero was fixed the
volume of the aitaba as 29,160 cubic centimeters.

The artaba was divided into 64 gints of 455.6250 cubic
centimeters, that is, into 64 cubes with a side ot a hand
(4 fingers = 1/4 loot). This unil is the standard pint of Egypt.
The pint was divided into 50 qedet of 9.1125 grams, employed
to weigh gold and sllver used as a means of exchange. Sutzu
Is correct in concluding that. although the gedet of 9 grams
is the more current unit ot weight in advanced civilizations,
the heavier gedet appears common in prehistoric or early
times,

From the artaba there was derived a unit of 3 artabas,
whieh is the cube of the Roman cubit. This Is the origin of
the Roman foot. There was also derived a unit which is the
buutto vorsion of the preceding one; sincs in the cube of tho
Roman cubit there are 9600 gedet, this second unit contains
10.000 geder of 9.1125 grams. The edge of the cube which
corr ds to this d unit is Ihe ordinary Egyptian
cubit of 450 miltimeters. This cubil implies a foot of 300
miilimeters. The cube of this foot I3 the talent of 27,000 cubic
centimeters or grams, which was divided Into 3000 gedet of
9 grams or 1000 Roman ounces of 27 cubic centimeters or
grams. The netio version of this unit is the cube of the
Roman foot (25,920 cubic centimeters or grams). Since the
cube of the Roman foot is 8/9 eitaba, this cube was divided
into 80 llbrae of 36 gedet of 9 grams. whereas lhe artaba is
composed of 90 librae. Three gedet of 9 grams makes the
Roman ounce of which 1000 makes the cube of the Egyptian
foot of 300 milllmeters (27,000 cublc centimeters or grams).
However, toliowing the reckoning of a8 gedet ot 91125 grams
ihere continued to be in common use a larger quadrantal
{Russian chelverik), the edge of which is the Roman
geomettic foot, and which contains 80 geometric tibrae

(81/80 of regular libra of 324 grams). This larger quadrantal
is 9/10 of artaba.

The organization of the units according to this pattern
had a practical purpose. The unit 61 3 aniabas was the cube
of the cubit (443.9181 millimater) catled Roman, a unit of
87,170 cubic centimeters or grams. This was considered a
unit netto, to which there corresponded a unit brutto (25/24)
0f 81.12§ cubic centimeters or grams, which is the cube of
the common Egyptian cubit of 450 millimeters. The units o1
87,470 grams and of 91,125 grams, that is, tho woight of the
cubes of the Roman and of the common Egyptian cubits filicd
with water, are calied by me basic load netio and basic load
bruito. | have given them these names because they were
considered the standard amount that could be carried by a
pack ass. In Akkadian those units are called iméru, which
means “ass." The Masoretic text of the Old Testament uses a
dilferent punctuation of vowels under the consonanis to
distinguish between the term hmr as referring 10 an ass and
the same term as referring to the unit of measure, but there
are puns in the Old Testament which indicate that one could
confuse one meaning with the other. Since Lhe language ol
measuses is very internationat, there is atransfar of terms
among Semitic, Indo-European, and Fenno-Ugrian languages,
in which the same terms are applied at times to the measure
and at times lo the animal. Some easy examples are the
following. In Hellenistic Egypt the ass was called gomatrion,
from gomos, “load'’; the ass is catled gomari in modern
Greek. In Italian the ass is called somaro, from the Greek
sagma, “pack saddie.” The corresponding English word is
sumpter, which carresponds 1o a Geiman Saumiier, a term
in turn corresponding to the haltan bestia da soma. “pack
animal."" In German Saum means "“burden' and also refers
to a large unit of meagure. In ltalian salma is both a large
unit of weight or volume and acorpse carried on a stretcher,
which has on the average the welght of what | call a basic
load.

The cube of the foot was called talent in Greek or by
cquivalent terms In other languages of the ancient world.
There was a basic lalen! neffo of 25920 grams and basic
talent brutto of 27,000 grams, which were respectively the
cube of tho Roman {oot of 2859454 millimeters end the
cube of lhe Egyptian foot of 300 millimeters. Names such as
talent refer 10 the fact that these weights wera considered
half of the amount that could be transported by a man. It
was assumed that 8 man transports burdens by suspending
them at the \wo ends of a cartying yoke. At each end ot the
yoke there were weights, which ideally had to be identicai;
each of these weights was called a talent. It is evident thal
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this is the origin of the idea of equilibrium and of the

ing scale. Incidentally, | may also mention that it was
assumed that lhe carrying yoke has a length of 2 cubits or
three feet.

9. Since the development of units from the artaba had
started with the cube of the Roman cubit, which is equal to
3 arlabas, thero was devaloped a unit equal to § srlabas. The
edge of the cube containing 5 artabas is the origin of the
Egyptlan royal cubil. Five artabas were the volume of a basic
load of barley (barley was assumed ta have a specific gravity
between 0.6 and 0.666).

The edge of the cube which contains 5 artabas was
interpreted as the septenary version of the Egyptian cubit
of 450 millimeters, 1hat Is. as a cubit of 7 hands (28 fingers)
instead of the normal 6 hands (24 fingers). But, i we reckon
exactly, the cube of the cubit of 525 millimeters contains
144,703.125 cubic centimoters, which is something loss than
$ arlabas = 145,800 cubic centimeters. A unit of 5 artabas
should contaln 16,000 gede!. By dividing the cube with an
edge of 525 mtliimeters by 16,000 there is obtalned a qade!
of 8.043945 grams, which is intormediary between the gede!
of 9 grams and the gedet of 9.1125 grams. The analysis of
the distribution of the weighte of Egyptian sampie weights
Indicates that there were in use three standards of gedet:

8.000000 grams
9.043945 grams
9.112500 grame

Correspondingly. lhe study of the monuments and of the
measuring rods Indicates that there were three values of the
royal cubit:

524.1483 mitlimeters
525.0000 miilimeteis
526.3231 mltlimeters

The first royal cubit is the edge ot the cube containing
16,000 qedet of 9 grams, it is the standard of the Great
Pyramid and of the immense complex of bulldings erected
by the architeci Imhotep around the pyramld of King Zoser
of tho Third Dynasty. This royal cubit was the scientific
unit of Egypt, employed in the calculation of geographic
distances.

The second royal cubit was exactly 7/6 of the Egyptian
cubit of 450 millimeters. it was the one most commonly used
in ordinary iife. it is the standard of the Second Pyramid of
Giza.

The third royal oubit had the virtue of being the odge of
1he cube containing exactly 5 artabas (16,000 qedet of 8,1125

grams). It Is the standard ol the coffets of the mentloned two
pyramids of Giza.

The royal cubit had the advantage of being a soptenary
unit, a type of unit which had been found convenient In the
practical soiution of problems involving irrational roots such
as \VZ. v3, and . Bul, when the reorganization of the
Egyptian geocetic system with the unification of Egypt
stressed the number 7 as the link between the dimensions ol
Egypt and the order ol the heavens, the septenary royal
cubit was raised 10 the status of a nationai symbo! and
became the ofticial standard of the Egyptian monarchy.

it may be worth pointing out, in order to indicate how
the great majority of schotars deat with these problems,
thal Eduard Meyer, whose Ideas and method dominale
contemporary history of antiquity and of Egypt in particuiar,
explained the origin of the royal cubit by asserting that 1he
Pharaohs demanded contractors to bulld by the cubit of
7 hands, but exercised their royal prerogatives by paying
them as if they had employed the regular cublt of 6 hands
(a discount of 37 percent). Let us not forget that the
current opinions about the Egyptian ability to measure lime
astronomically are based on the calculations of Eduard
Meyer,

10, According to the second geodetic system of Egypt,
the length of Egypt, from the base lina of tho Delta (31° 08’
ncrth) to the usual southern boundary at 24° 00’ north, was
recalculated as 1,500.000 royal cubils of 524.1483 mlllimeters.
This is the reason why the cubit of 524.1483 mlllimeters
became the ane used in geographic measuremants.

This second calculation of the langth of Egypt ie derivative
and, hence, is not as precise es the one that made the
geographic cubit equal to 1/1.800.000 of the length of Egypt.
The length of Egypt according to the dynastic system is
7° 06; 1,500,000 royal cubits equals 786,222 metors.
According to the Smithsonian Geagraphical Tables, the
interval from 31° 06’ to 24° 00° is 786,741 meters. There
Is adllference of about 1000 royal cublts.

For the sake of geographical catculations the royal cubit
was given as multipte the atur of 15,000 royal cubits, so as
to make Egypt equal to the perfact figure of 100 atur. The
term afur literally means "“river; It could be translated as
“river measure.” !t was understood that an 3tur (7852.2
meters) corrasponds to an hour of navigation along the Nile.

The atur fitted the septenary spirit of the system of
measures, since it could be assumed that a degree of latitude
is 14 atur. This was a practical approximation, which was
corrected by adding docimal points to the figure of 14 atur,
reaching a maximum of 14.1 atur at the north of Egypl.
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A degree of 14.1 afur is 110,857.4 meters, According to
the Smithsonian Geographical Tables, degrec 30°~31° is
110,857.0 melers,

The length ot Egypt was dlvided into 14 stur for Northern
Egypl and 86 atur for Soulhern Egyp!. If we dwide 100 atur
by 7° 0€’, we have a degree of 14 084507 atur = 110,735.6
melers, which is the length of the degree at paralte! 23° 00
{110,736 meters according lo Helmert). A reason why the
length of Egypt was extended south to the Sacred Sycamore,
al 23° 00" north, appears to have been that of giving a more
oxact scientific basis to the calculation of the royal cubil as
being such that 211,267,605 royal cubiis (14.0845 aiur) makes
a degree.

We shall see thai the Pharaoh Akhenaten aftacked the
authority of the Temple of Amon at Thebes by questioning
the scientific exactitude of tho second geodotic system of
Egypt and of lhe calculations by royal cubits, There is a
possibility that the extension of the boundarles of Egypl from
1alilude 24° 00" to latitude 23° 00" north was part of the
counterattack against the reforms of Akhanaten. The purpose
may have been that of calculating the value of the royal
cublt independently of the value of the geographic cubil.

Il COFFER OF THE GREAT PYRAMID

1. On Iho basis of my reconstruction of the Egyptian
system of measures, il is possible to solve the riddle of the
coffer placed inside lhe King's Chamber of lhe Great
Pyramid.

Many investigators have tried to explain the dimensions
of this colfor, but none has reached a positive conclusion.
However, the majority of the Invesligalors agree on two
basic assumptions: the coffer embodies some numerical
conundrum and the contents ot the cotier cosresponds to
some standard of volume. According to my interpretation
both of these assumptions are corrccl: the contents of the
coffer is 8 cubic royal cubils =40 artabas (1166.40 liters),
and the walls were given a thickness such that the outside
volume of the cofter is twice thal of the contents, that is, 16
cubic royal cubils = 80 artabas (2332.800 liters).

The Investigators who have preccded me have been
hampered by not knowing that there were three possible
values aof the royal cubil. For this reason they could not
realize that the standard ot measure of the coffer is a royal
cubit difforent from that employed in planning the King's
chamber and the resl of the Pyramid. The King's Chamber
was planned by the royal cubit of 524.1483 milllmelers,
because this is the stantard of the Pyramid. chiosen because

this was Ihe royal cubit usually employed by the Egyptians
In calculaling geograghic distances. The coffer. on the other
hand, was planned by the royal cubil of 526.3231 millimeters,
beoause lhis was the unit employed in calculating the
fundamental units of volume and weighl.

Before the Cole survey of the dimensions ol Ihe Great
Pyramid, lthe anly datum avaiiable lo scholars to determine
the exact value of the cubil of tho Pyramid was the
dimensions of the King's Chamber. It was Newton who, on
lhe basis of the survey conducted by Greaves. realized Ihat
the King’'s Chamber measures 10 by 20 cublts Having
eslablished Ihis fact, he calculated that the cubit of the
Pyramid is 1732.5/1000 ol an English fool and rounded the
figure o 1732/1000. Calculating by the British Imperial
standaid (ool eslablished In 1824, the ligures of Newion
Indicate a cubit of 528.0655 or 527.9131 millimeters. Ne'aton
was inlerested in lhe length of the Egyptian royal cubit,
because he wanted to interprel the slatement ol Eralosthenes
that a degree of latitude is 210,000 cubils.

Pelrig proceeded 10 an exiremely accurale survey of
the dimensions of the King’s Chambaer, taking inlo account
the facl that the blocks have been spread apart by the aclion
of earthquakes. By deducting from Ihe length of the sides
the spaces which today separate the blocks, he conciuded
that the cubil of the King's Chamber is 20.632 + 0.004
English inches = 524.0523 =+ 0.1016 millimetors. This em-
pirical dalum agrees wilh the figure of 524.1483 millimeters
which | have obtained by considering the mathematlcal
structure of the Egyptlan syslem of measures and all the
empirical evidence available

The coffer is not calculated by the cubit of the King’s
Chamber, bul the cubit of 526.3231 millimeters, because this
cubit when cubed contalns 145,800 liters = 5 anabas =
16,000 godst 01 9.1125 grams.

The reports about the dimensions of lhe coffor show
some discrepancies, because the coffer was cut rather
roughly. Petrie relates that an entire side was cul by the
strokes ol a huge saw. which at times was backed up after
it had dented lhe stone as much as one inch out of plumb.
Howevcr, by comparing Ihe reports of Greaves, Piazzi Smyth,
Petrle, and olhers, | have Identified the intended dimensions
of the cofter, since | have the advantage of knowing the
exact value of the unit of measurement.

The colfer was computed In hands of 1/7 of the cubil ol
526.3231 millimeters. Its inner dimensions are:

Width: 9 hands = 676.70mm
tength: 26.3 hands= 1977.47 mm
Haight: 11.6 hends = 872.10 mm
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The corresponding figures in the reports of Greaves
and Petrie are:
26616 English inches = 67615 mm  26.81 inches = €80 97 mm
77.858 Englich Inches = 1.977.54 mm  78.06 Inches = 1982.72 mm
34.32 English inchea = 871.73 mm 34,42 inches = 87427 mm

The report of Smyth agrees substantially with that of
Greaves. Petrie's figures are slightly excessive, because he
computed the inner dimensions by deducting the thickness
of the walls from the outer dimensions. and he thought that
it would he proper to measure the walls at the pont of their
minimum thickness.

The lateral walls were intended to be 2 hands thick, s¢
that the outside dimentions are:

Width: 13 hands = 977.46 mm
Length; 30.3 hands —~ 2278.23 mm

Petrie's figures forthese two dimcnsions are:

38.50 Englistiinches = 977,90 mm
89.62 English inchea = 2276.35 mm

The height of the outside was intanded to ba 2 cubits =
14 hands, but in order to esteblish a link between the colfor
and the rest of the Pyramid these two cubils were calculaled
by the cubit o1 the Pyramid and the King's Chamber. Two
cubits ot 524.1483 millimeters is 1.048.29 millimeters. In
torms of the cubit of 526.3231 millimeters, this means 13.9422
hands; possibly the figure was rounded to 13.9333 hands =
1.047.63 millimeters. | assume thal the boitom of the cofler
was given a thickness ol 2.333 hands = 175.44 milllmeters
(Petrie reports 6.89 inches = 175.01 millimeters). | assume
that tha height was 13.8333 hands = 1,047.63 millimeters
{Petrie reports 4131 inches = 1049.27 millimeters}.

According to Greaves's fligures the contents of the cofier
is 71,118 cubic Inches = 1,165.428 liters. According to
Petrie’s figures the contents is 72,033 cubic inches =
1,180.405 liters; | have cxplained why Petric overestimated
1he inner dimensions. According to my interpretation the
conlents fs 274572 cubic hands. Now. 2744 cubic hands is
1,166 400 liters = 8 cubic cubits = 40 artabas,

If the outside of the coffer is 13 by 30.3 by 13933 hands,
its volume is 5488.3 cubic hands, Now, 5488 cubic hands is
16 cubic cublts = 80 artabas.

Since the two volumes of the cotter are 8 and 16 cubic
cubits, it is not possible to be certain that a measurement by
artabas was in the mind o1 the builders, although | cannot
think of any other reason why the builders should have
chosen the cubit ol 526.3231 milllmeters, uniess they
Intended to choose the cublt which when cubed has a
contents of exactly 5 artabas, A clearer proof that the

calculation was intended to be by artabas is provided by
the simiiar coffer of the Second Pyramid of Giza.

2. From the dimension of the sides of the Second
Pyramid o1 Giza, it can be estabhshed that il was planned by
the royai cubit of 525 millimoters. Nevortheless, as in the
casc of the Great Pyramid, the coffer was planned by the
cubit of 526.8231 millimeters.

Petrie repons the following dala about the cotfer of the
Second Pyramid.exprassed in English inches:

Length Widih Haight

Out-

side: 106.68 = 2,709.67 mm 41.97 = {,066.04 mm: 38.12= 3688.25mm
Walls: 21.8! §57.53mm 1528= 388.11mm B.63=216.66 mn

Inside: 84.73=2.152.19mm 2669= 677.93mm 29.59=751.569mm

As in the Greal Pyramid, the cofier was planned in hands
{1/7) of the cubit ot 526.3231 millimeters. The dimensions
are the following:

Longth Width Height
Qutsitle: 36 =2.106.80mm 14.2=1.067.68 mm 1288= 368.43 mm
Walls, 74= $§06.40mm 52= 390.38mm 2.88=216.5¢mm
Incido! 28.6=2,150.41mm 0 — 676.70mm 10 =751.89mm

Petria’s figures imply an inside volume of 1,096.554 liters.
According to my interprotation the volume is 2674 cubic
hands — 1094.137 liters. If we assume that the volume was
intended to be 2572.5 cubic hands = 1093.500 liters. the
cantents of the coffer corresponds to:

7.5 cubic royal cubits
37.5 antabas
12 basic logds brutto
120,000 gedet 0f 31125 grams
121,500 Qgsder of 9 grams

The contents of this coffer is 15/16 of the contents of
the coffer of the Great Pyramid.

Because the Second Pyramid hao been planned by the
royat cubit of 525 millimeters, the coffer, although measured
by the cubit of 526.3231 millimoters, indicates a volume
expresscd best of all in basic loads brutto; the basic load
brutto is the cube of the cubit of 450 millimeters. which is
the common cubit coresponading to the royal cubit of 525
mitlimsters

Potrie’s figures imply an ouisldc volume of 2796.883
liters. According to my interpretation the volume is 6584.25
cubic hands = 2728.786 llters. if we assume that the outslde
volume was intended to be 6585.4 cubic hands = 2799.360
liters, the volume corresponds 10:

10.2 cybic royal cubite
96 artabas
32 baslc loads netro

307,200 qadof of 0.112§ grams
311,400 gqeder of 8 grams
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The outside volume of this coffer is 6/5 that of the coffer
ofthe Great Pyramid

The coffer of the Second Pyramid was planned so as to
embody the key unils o1 the Egyptian system of volumes:

Artaba of 23,160 cubic Centimoters {cube of the geographio foot]

Basic 1oad neito of 87.480 cubic centimetars (cube of fhe Roman
cubl)

Bosic load brutto of 91,125 cubic centimetors (cube of the Egyp-
tian eammon cublt)

IV, DEGREES OF LATITUDE

1. The calcuiation of the dimensions of EQyp! by royal
cubils was less preclse than that by geographic cubits, but
it had tho advantago of stressing the number 7 3s the key to
the dimensions of Egypt and as the link betwcen the structure
ol Egypt and the order ol the cosmos.

Following 1he septenary system of measurement, the
stadium, a tenth of minute of degrae, was reckoned as 350
royal cubits (183.45 meters), This stadium is somewhat
shorter than lhe stadium of 400 geographic cubits {600
geographic feel = 184.68 meters), It Implies a degree (630
stadia to the degree} ot 210,000 royal cubits = 110,071.1
metors. But tha calcufation of tho stadium as 350 royal cubits
was considered a first approximation* which could bc
employed In praciical computations. Just as in the calcula-
lion by atur, a degree ot Iatitude was consldered basically
equal to 14 alur, but in exact catculations a decimal point
was added to the figure of 14, so in exact calculations a few
cubils were added to the figure of 350 royal cubits to a
stadlum,

In round figuring the Egyptians catculated the stadium at
the equator as 354 stadia; but more accurate figures were
known. By this round figure thcy obtained an equstorial
minute of degree (10 stadia) of 1855.485 meters. which is
88 millimeters more than the figure of the Internallonal
Spheroid (1855.398 meters). A stadium of 354 cubits implies
an equatorial circle of 76,464,000 cubits = 40,078,491 meters,
whercas according to the Intermational Spheroid the
equatorial radius is 6.378,398 meters = 18 meters. so that
the equator wouid be 40 076.5%4 meters = 113 meters.
Since the Egyptians preferred to count by 90 degrees of
aquator, the figure of 354 cubit for a stadium of oquator
contains a numerical game, such as frequently occurs in
ancient computations for mnemonic reasons. Ninety degrees
ofequator is 54,000 stadiaof 354 cubits.

Assuming a stadium of 354 royat cubits, a degree of
equalor is 212,400 cubits. which is a gooc round figure. We

shall see that thc Egyptians estimated the exact figure as
belween 212.380 and 212,392 cubils.

An absolutely exact calculation of the length of Ihe
equator was a maiter of scientific interesi, whereas the
Egyptians put much greater stress on the exact calculatlon
of the length of the degrees of latitude, since the anchor of
their geodetic conceptions was the course of the Nile.

For the stadium of Iatitue of the equator they used the
figure of 351.6 cubits = 1842905 metaers, which is as exact
as any modern calculation can be. According to the Clarke
Spheroid a minute of latitude at the equator is 1842.787
meters; according to the Internatlonal Spheroid it {s 1842.925
meters. We shall saa that the base af the Great Pyramid is
calculated by a stadium of 351.6 cubits.

To those who may not be conversant with lhese matters,
| must explain thal. since the shape ol the earth is isregular,
modem scholars have tried to construct a regular geomeltric
figure, called the spheroid, the dimensions of which tit as
closely as possible the actual dimensions of the earth.
Oifferent scholars have constructed diflerent sphereids, in
part because they have based thelr work on surveys con-
ducted in different areas of our planet. For instance, in the
United Statcs many agencies and institutions continue to
use the spheroid calculated by the English geodesist Clarke
In 1866. because Its daia fit rather well with the shape of
the earth in North America. Many scholars prefer the
computation published by the German Holmeit in 1907. But
the calculation most usually considered authoritative by
scholars is that completed by the American Hayford in 1910,
known as the International Spherotd. This calculation is based
on a gigantic survey conducted under the auspices of the
British Empire from the tip of South Africa to the Equator
and then up to the Mediterianean along the Nile, This suivey
happens to overlap the Egyptian calculations along the
course ot the Nile.

The stadium of latitude increases as one moves to the
north trom the cquator, reaching the value of 354 cubits,
equal 1o the length of the stadium of equator, between
paraltel 55° and parallel 56°. i1 reaches a maximum estimated
3s 355 cubits at 1he pote. This flgure of 355 cubits for the
stadium of latitude at the pole, which indicates a minute of
16860.726 meters, was a convenient round figure which was
refined In exact reckonings. A stadlum of 355 cublts implies
a potar degree of 213,000 cubits = 111,643.6 metors; if
1/2000 was |he amount added to the latter figure we would
have 213.106.5 cubits = 111.699.4 meters. According to the
Smithsonian Geagraphical Tables, degiee 88°-90° is
111,699.3 meters.
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For navligation along the Nile, there was used the followlng
formuia 1or the lengih ot the degrees of latilude:

211,500 cubits — 110.857 meters al fatitude 31° 06’
211,300 cublts = 110,753 meters at fatliude 24° 06'
211,100 cubits = 110,648 metera at latitude 16° 36

Latitude 15° 36’ north & the latitude of the confiuence of
the White Nile with the Blus Nile.

2. One of lhe major dlfficulties of ancient mathematical
science was thai It could not rely on printed tables, aithough
some numerical tables, such as exponents, roots, and
fogarithms, are ionally found in iform tablets, Even
maps were so drawn that the key positions could be
memorized. The lack ol the psinting press is the reason why
In ancienm mathematics we find a variety of tormutas and
mnemonic devices for obtalning frigonometric functions. In
the samo spirit tho Egyptians had devolopod a simple
formula for calculating the length of the degree of latitude
al all pasallels beiween the equator and the pole.

The scheme was based on the circumstances that the
Egyptians used three values for the length of the degree of
Iatitude at the equator--an exact value based on a stadlum
of 351.6 cubits and two rounded values:

A. Exactvalue Stadium oi 351.6 cubiis, degree of 210.960
cubits = 110,574 meters.

B. value rounded to degree ol 211,000 cubits = 110595
meters.

C. Vajue rounded fo arc of meridian of 19,000,000 cubits,
degree of 211,111 = 110.653 meters,

Vajuo B was cansidered exact for a degree at 8° and
value C for a degree at 16¢.

The length of Ihe degree was calculated by taking the
second value, 211,000 cubits, and assuming that each degree
is longer than the preceding degree by a2 numher of cubits
equal to the numbor of the degree.

Cubits added Cubits added to

Degroa to dogroo longth of degroo at 0*
1 1 1
2 2 3
3 3 (]
4" 4 10
3 S 16
&* 6 21

This pattern was followed up to degree 36°. which is 36
cubits longer than tho dogree at 35° and 666 cubits longer
than the degree at 0°. For six degrecs, from 37 to 422, the
amount added to each degree is 37 cubits. For the following
six degrees, from 43 1o 48°, the amount added to each
degres is 38 cubits. Then for six degrees, trom 49 to 54°, the
amount addod is again 37 cubits, For tho romaining 36

degrees, from 55 to 902, the amount added is the same asthat
applied to the first 32 degrees dul In the Inverse order.

The scheme gives immed:ately 1he length of the degrees
from 24 to 582, that le, {or 35 degrees. For the first 23 degrees
andforihe last 32there are introduced simple corrections:

(1) For the fIrst elght degrees. from t 1o 8°, the amount
s added to the exact value of the degree (value A, 210,860
cubits to degree). From a degree at 9° one begins to count
by value 8 (211,000 cubits), but 45 cubits is deducted from
the amount added to this degree; this deduction is reduced
by 3 cubits tor each of the following 13 degrees. unlil 3 cubits
is deducted from 23°,

3. At 90° the amount added according to the scheme is
added to a besic degree calouteted by value C (211,111
cubits). For the 32 degrees from 59 to 90°, an adjustment is

Cubite  Cubite

addea  addea Egyptian Helmeart's
to each to 0° ESTIMATE, ESTIMATE,

Dogree  degree  degrae Corcection metars motors
1° 1 1 110575 110.573
2¢ 2 3 110576 110,674
3r 3 6 110577 110.575
4* 4 10 110,580 110,577
5 5 15 110,682 110579
8 6 21 110.585 110582
7* 7 28 110.589 110,580
8° 8 36 110593 110591
o 8 43 —45 110.89% 110.596
10° 10 55 42 110,602 110.602
11° 11 66 -39 110.609 110,600
12" 12 78 —36 110617 110,616
13* 13 91 -33 110,626 110,624
14° 14 105 —30 110,635 110,633
15° 15 120 =i 110,640 110.642
16 16 136 —24 110,654 110.652
1+ 17 153 -21 110.664 110662
18° 18 7 —18 110,675 110.673
19+ 19 190 16 110,687 110.684
20° 20 210 —-12 110.699 110,686
21° 2] 23 --5 110,712 110.709
22° 22 253 6 110,726 110.722
23 23 216 -3 110.738 110.736
24° 24 300 110,763 110,790
25" 25 325 110,766 110,764
26" 26 351 110,779 110779
art 27 378 11Q768 110,784
28 28 406 110.809 110.810
29 29 435 110,623 110,826
30° 30 465 110,839 110,843
31° 31 496 110.858 110,861
32° 32 528 110,872 110,878
33 33 561 110,889 110,895
31 34 595 110,907 110.913
85¢ 35 630 110,926 110,931

36° 36 666 110,944 110.948
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Cublts  Cubits

added added Egyptian Heimert's

to each o 0° ESTIMATE. ESTIMATE,

Degree dapiee degree Correction meters merers

an 37 703 110,864 110,068
38° 37 740 110,983 110,987
39" 37 777 111,003 111,008
40° 37 814 111,022 111,026
41 ar 851 111,041 111.044
a2 74 ] 111,061 111,063
43° 33 926 111,081 111,083
48" 38 964 111,101 111.163
45° 33 1002 111,120 111,122
48 33 1040 111,140 111,142
47" 33 1078 111,160 111,182
48> 38 1118 111,180 111,181
49° 37 1153 111,200 111,201
50° 37 1190 111,218 111,220
) 37 1227 111,238 111,239
62* 37 1264 111,258 111,258
53° 37 1301 11,277 111,277
54° a7 1338 111,297 111,206
§6° 36 1374 111,316 111,815
56° 35 1409 111,334 111,334
s7* 34 1443 111,352 111,362
58° a3 1476 111,369 111,370
890 32 1508 + 35 111,388 111,388
60° 31 1539 +7 111,400 111,405
61° 30 1660 +10.5 111,423 111,422
82’ 29 1598 +18 111.440 111,430
63> 28 1628 +17.5 111,457 111,455
84° 27 1653 +21 111,473 111,471
65° 2 1679 +245 111.488 111,487
6" 25 1704 t28 111,503 111,502
e7° 24 1728 +315 111,518 111,817
68" 23 1751 +35 111,531 111531
63" 22 1778 +38.5 111,547 111,644
70 21 1794 +42 111,558 111,567
/i 20 1814 +455 111.870 111.570
32 19 1833 149 111,662 111,582
73° 18 1851 +62.5 111,593 111,504
74" 17 1868 458 111,604 111,605
75° 16 1684 4596 111,616 111,616
76" 15 1899 +683 111.624 111,626
w 14 1913 +68.5 111,633 111,635
78° 13 1626 +70 111,642 111,643
79 12 1538 +735 111.650 111,651
80" 1 1949 +77 111,857 111,859
81° 10 1059 4805 111,664 111,666
82" 9 1968 +8% 111.671 111:6725
89° 8 1976 1-87.5 111,677 131,677
84° 7 1983 401 111,682 111,682
85 6 1989 +94.5 111,687 111,666
8e° 5 1694 198 111,682 111,680
87° 4 1998 +101.5 111,696 111,693
£8° 3 200t +105 111,099 111,695
e9° 2 2003 +108.5 111,702 111,606
20° 1 2004 +111.11 111,704 111,697

made for a transition from value B to value C. Thus. to a
degree at 59° there is added 111.11/32 cubits, or practically
3.5 cubits (32 x 3.5 = 112); Lo a degiee at €0° twice as much
is added; to a degree at 61° there is added three times as
much.

This scheme gives valucs of the degree of latitude which
differ most from the one we use today in the area near the
pele. This could be connected with the fraction that
the Egyptians used in calculating the polar fiattening of the
earth. | shall deat with this fraction in a following chaptor.
According to the scheme, the degree between parallel 88°
and the pole Is 213,115.11 cublts = 11,703.9 meters.
According to the Ciarke Spherold the minute ot degree ot
latitude at the pole is such that the corresponding degree is
111.699.36 meters; but in 1880 Clarke revised the figure to
111,702,06 meters. According to the Iaternational Spheroid
the figure Is 111,700 meters,

4. The scheme which | have presented provides excetlent
values for the length of the degroe of latitude, but probably
was intended to be only a practical device, not the mast
exact calculallon, There Is evidence which suggests that
efforis were made to calculate the lengths of the degrees
with greater mathematical refinement.

The Egyptiaas Invented the col as an archi |
element, |f one observes the decoration of Egyptian columns
with a scientific attitude, he wlill recagnize that the column
ropresents the map of Egypt: the capitat is Northern Egypt
and the shaft is Southern Egypt. This expiains why among
the Greeks, who leammed the use of the column fsom the
Egyptians. for the Ooric order, the most conservative of the
Greek orders, there was the ruie that the shaft shouid be six
units high and the capital one unit high. In the Greek orders
the basc of the column preserves the arrangement on three
horizontal lines, which are the symbol o! the tropic of Cancer
(parallels 24° 06, 24° 00", and 23" 51 north). The column
bagicalty represents the three meridians of Egypt and
through its curvature suggosts the extension of the systom
of meridians to the east and west of Egypt. Bul, since
the column is circular, the stiucture of the column was
related to the problem ot presenting the map of Egypt as
part of a eylindrical projection of the surfaco of the earth
from the equator to latitude 31° 06’ or latitude 31° 30’ north.
The elaborate numerical rules for the propariions of Greek
columns, which archeologists treat as numeroiogicat supersti-
tions, con be cxplaincd when one considers the two
Interrelated problems of descsibing mathematically the
curvature of the earth and ot projecting a curved surtace on
a flat map, The theory of conic sections, which Is considered

earc
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the highest achievement of Greek mathematics, may have
been developed in order to solve thesc problems. Greek
columns tape: from Ihe bottom to the top, but to the
rectilinear tine of the shrinking there |s applied a curved
line, so that the column seems to swell stightly toward tha
middle. |f we consider the scheme | have presented tor the
oalculation of the 1engths of the degrees, ascheme in which
a basic simple progression was modified by the addition of
anolher progression, we can understand why Greek columns
diminished in diameter from boitom 1o top according to a
combination of two lines. In the case of the columns of the
Parthenon, tho added curvature, called entasis by the Greeks,
is a hyperbolic curve, but in other 1emples we mest wilh
mare complex mathematical curvas. it may be enough 1o say
this much here: if one assumes that the bottom of the
colonnade of the Parthenon represents the equator and its
1op the latitude of Athens, thc proportions of the cntire
colonnade can be readily explained.

V. TEXTUAL EVIOENCE

For lack of space, it is impossible for me to present here the
evidence for what | have stated to be the Egyptian estimates
ot the length of the degrees ot latitude, sinee this evidence
was obtained by gathering scores of scattered pieces ot
information, the interpretation of which often involvas
delicate issues of textual interpretation. But the preoccupa-
fion with geographical distances was so dominant in
Egyptian civilization that one can find many documents the
meaning of which is obvious; several of these documents are
well-known texts. It has taken me a great deal of painstaking
research to fit these documents together, in order to arrive
at a unified view of what was the Egyptian system of
geography: but the interpretation of single documents per se
in many cases did not present difficulty. Whal is difficult to
explain is why Egyptologists have stubbornly refused to
accept these documents at their face value. In order to
lllustrate how Egyptologists operate in order to slough off
the evidence, | shall present two examples of such nature
that the issues involved can be understood by tho non-
specialisl.

Inscribed Cubit Rules
1. In 1921 the famous Egyptologist Ludwig Borchardt

wrote a repor on three Egyptian measuring rules found at
the Temple of Amen in Thebes. These three royal cubit fules

bear an identical Inscription. The Inscription appears to bo a
traditional one; for reasons of style the text of the inscription
has been ascribed to the Old Kingdom, although lhe rules
themselves belong ta a later period, It Is known that at times
measuring rules were given a sacred meaning, although
nobody has ever asked why: it should be evident to the
reader of these pages why a measuring rule could be a
sacred object for the Egyptians. The cubit rules studied by
Borchardt, according to his rapont, seem to be of the type
used as sacred objects rather than as instruments of actuat
measurement.

Borcharct did not test the length of these rules, but
concentrated his attantion on the inscription. The essential
meaning of the inscription is open and clear, even though a
professional Egyptotogist may find difficuity with some of
the hieroglyphs, as it often happens when archaic hiero-
glyphic texis were copled centurles later when the language
and the writing style had changed. The inscription states
that the distance betweon Behdet and Syeno, the area of the
First Cataract, is 106 afur, end divides this distance into 20
atur ltom Behdet to a place catled Pi-Hapy. and 86 atur
between Pi-Hapy and Syene.

Borchardt considered the oviden! possibility that the
distances should be understood as differences of Iatitude,
but dismisses it outrighl: "one mus! absolutely exciude the
possiblilty that the anclents may have measured by degrees.”
No further words are added to justify this drastic pronounce-
ment. Then he states that it must ba a matter of measuro-
ments taken along the aciual course of the Nile, the only
measurements of which the Egyptians were capable. By
raferring to modern data about the length of the fine of
navigation atong the Niie, he concludes that the inscription
expresscs a rough eslimate.

He proceeds by remarking that the inscription provides
an excellent opportunlly to establish the value ot the
important Egyptian linear unit atur. He observes that by
reading documents that contain calculations in atur one
gathers that Ihe value of the etur in royal cubits must be
expressed by numbers such as 5000 or 10,000. Finally, he
concludes that, given the length of the cousse of the Nile
trom ono end to the other of the country of Egypt, the atur
must be 20.000 royal cubits.

| have concluded that the atur s 15,000 royal cubits
{7862.225 meters), and this Inscription boars mo out. The
difference of latitude between Behdet and the southern
limit of the First Cataract is 7* 30". Now. 106 afur is 1,580.000
royal cubits = 833,395.8 meters. The distance between
24°00” and 31° 30" is 831.091.6 meters according to the
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Smiihsonian Geographical Tables. The Egyptian figure is in
excess by 2200 metors, or 2/7 atur. Tho excess is not
surprising, since the calculation of the length of Egypt as
ending at Behdet was orlginally related to the geogsaphlc
cublt and not the royal cublt. | have explatned that the
geographic cubit was defined as 1/1,800,000 of the iength
of Egypt to Behdo!. In atur of 17,000 geographic cubits, this
length could be expressed as 106 atur (1,802,000 geographic
cublts) = 831.971.7 meters. with only a small excess over the
ininal figure ot 1,800,000 geographtc cubits == 831,048.4
meters.

The calculation of the length of Egypt to Behdet as 106
atur of 15,000 rayal cubits has the virtue of indicating the
fength of the arc of meridian from the equator to the pole;
since the length of Egypt 10 Bendet s 7 30", it is 1/12 of
this arc. Muitiplying 106 atur by 48, we have a great circle
of 5088 atur = 40,002,998 meters, which is an excellent
figure (212,000 cubits to & degree); Heimert's figure of
40.008,288 meters dlffers by less than an atur.

The purpese of the Inscriptlon on the rules which were
found at the Temple of Amon in Thebes is to stress the
scientific value of the calculations by the septenary royal
cublt, which was a matier of essentlal political Interest 1o
this temple, as | will explain in tha second part of this
chapter.

The calcutation of the length of Egypt as 106 atur had
also the purpose of indicating by one of {he usual numero-
logical games that the average degree of latltude Is 212.000
royal cubits = 111,119.4 meters; 212,000 was the Egyptian
round figure for the average length of the degree of latitude
(stadium of 353,333 royal cubits). If the average degree is
Identified with the middle dearee. ihe degree at parallel 45°,
this flgure is only 2 cublts short of the Egyptian estimate of
212.002 cubits = 111,120.5 meters for this degree. The
estimate of tho Smithsonian Geographical Tables is
111,121.0 meters.

2. The Inscription on the tules divides the interval of
106 alur into 86 &atur from Syene to Pi-Hapy and 20 afur trom
Pi-Hapy to Behdet. It oecurs immediately that the two figuies
must refer to Northern and Southern Egypt. But the figure of
20 afur is slightly too much for Nosthem Egypt and that of
86 atur is stightly too tittle for Southern Egypt

I tho degree is calculated as 212,000 royal cubits, 20
atur = 300,000 cubits is too much for the interval between
Behdet and the apex of the Delta, since 1.4° X 212,000 =
266,800 cubits. Conversely, 86 atur would be 1,290,000
cubits, whereas the distance from 24° 00 north to the apex
Is 6.1%, and 6.1° x 212,000 = 1,293.200 cublis. In elthes case
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there is a difference of 3200 cubits. Hence, the breaking
point in the calculations must be somewhat south of the
apex of the Delta.

Even though £gyptologists ignore scientific geography,
there are specialists of Egyptian toponymy, that is, the study
of local names. Thcse have wondcred about the identification
of the focality of Pi-Hapy, “House ol the Nile,” mentioned in
the inscription we are discussing. They have observed that In
Egyptian texts Pi-Hapy is usuatlly mentioned togethe: with
Kher-aha, although Pl-Hapy is a differont ptaco. They have
concluded that Pi-Hapy was on the right bank of the Nilo
about 2 kilometers south of Kher-aha. But speclalists of
Egyptian toponymy have 1alled to identlfy Kher-aha, which
was a fundamental point of Egyptian geography: Kher-aha,
called Kerkasoros by the Greeks, was the apox of the Delta,
the point 30° 06’ north, 31" 14’ east, at the southern tip of the
island al-Warraaq. Pi-Hapy, called Nilopolis by the Greeks,
was on the right bank of the Nlie, facing the southern tip of
the island al-Warraq. Since the Nile in Its course comes to
the island al-Warragq from the west, the point Pi-Hapy wee on
merldian 31° 14’ east and could be considered to be on the
right bank ot the Nile directly opposlie the apex of the Delta,
or point Kher-aha. The width of the Nile belween Kher-aha
and Pi-Hapy, measured along meridian 31° 14° cast, fits well
with what | have caiculated to be the distance between the
apex and Pi-Hapy (3200 royal cubits = 1,677 meters).

The breaking of the distance ot 106 afur into a segment
of 20 atur by establishing a new reference point called
Pi-Hapy may have been Infiuenced by the caliculation of the
length of Egypt up to the base fine of the Delta as 100 atur
(1.500.000 royal cubits).

In the inscribed royal cubit rules, the original estimate of
106 atur of 17,000 geographic cubits was interpreted in
terms of 106 atur of 15,000 royal cubits, in order to link more
closely the dimenslons of Egypt (1/12 ot arc of merldlan
counting to Behdet) to the measurements of the arc ot
meridian. As | have stated, 12 x 106 atur = 1272 atur =
19,080,000 royal cubits = 10,000,749.6 meters is an excellent
estimate ol the length of the arc of meridian, obtalned with
an extreme economy ot reckoning Let us not forget that the
French metric system was established on the assumption
that the arc of meridian is 10.000,000 meters. Even today in
practical reckoning we take 111,111.t meters as the round
figure tor the average deg of latitude, wh the figure
of 106 atur for the length of Egypt indicates a round figure
of 212.000 cubits = 111,119.4 meters. which is more preclse,
and is almost perfect if we take 212,000 cubits to mean the
length of the degrce at the middle parallel,
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The Pharaoh Akhenalen.

Akhet-Aten

1. Because Egyptologists have ignored the issue of
geodelic pointe and of the linear units, the figuro ol the
revolutionary Pharaoh Akhenaten has tumed out to be the
most mysterlous and contsoversial In the long histery of the
Egyptian monarchy. although this Pharach was unusuaily
arficulate and self-axpressive in his utterances. The
archeologist Cyril Aldred, who is the author of the most
recent study of the reign of Akhenaten, begins his book
{page 11) with this observation.

Wilh the possible exception of Cleopalrs, no ruler of Ancient
Egypt has provoked o greater llow of ink from the pons of
historlans, archacologist lists, ists and plain cranks
than the Pharach Akhenaten who gavemed aimost half the civilized
worlg for a bilet span sunnp Ihe fourteenth century B.G.

The reason why even ‘'plain cranks” write interpretations
of the historical rele of Akhenaten is that professional
scholars have given the example. Bacause they have resisted
accepting the solidiy documented facts, established scholars
havo dovoted their energies to debating theories such as
thal Akhenaten was Impotent. was a practicing homosexual,
ora woman masnguerading as a man; thare are histarians who
profess to be Informed aboul the Intimate relations between
him and his wile, the beautiful Nefertiti. Since the picture of
Akhenaten has remained indefinite and blurred, scholars
have used it to preject thetr own emotions. Those who do
not like Akhenaten prasenl him as a psychopath and dispute
about tho clinical definition of his lliness. In the middle are
those who describc him as a playboy Phareoh. Those who
admire him have chosen to portray him either as some sort
of Christian evangellst, an Anabaplist preacher thrown Inlo
the midst of the history of Egypt, or, at the opposite end of
the psychological porsonality scate, as an artisto type, bent
on frecing Egyptian culture from Its formalistic tradition in
order lo release untrammeled individuallstic self-expression.
It one were to look for a common denominator among all the
conflicting interpretations, one fact could be considered as
univeraally accepted, in spito of the heated controversies,
namely, that Akhenaten was as far as possible from being a
ratlonal scientific thinker. Neverniheless, the documentary
evidence suggests a style of thought that today we would
call scientific naturalism.

There is a phrase which occurs again and again in the
pronouncements ol Akhenaten and represents his effort to
summarize his program by a slogan: "'LIving In maet.” This Is
S0 obvious that Aldred deciares (page 67):

There is in Akhenaten's teaching & conslant emphasis upon
mael, "truth,” as is nol found Duforeé or alterwards,

Akhenaten. his wife Netenliti
and two daughters (Berlin
Mugoum).

11 is agreed that maet was the central concept of Egyptian
civilizatlon and that the rols of a Pharaoh was to be the
defender and the living embodiment of maet. This concepl
was so baslc In Egyptian cullure that Aldred has no dilficulty
In explaining it in a few words (page 25):

Tho king was tho personification of maot, a word which wo
transiate as “1ulh" or “justice,” but has Ihe extended maaning of
the proper cosmic order &l the time of ils establishment by the
Creator. For it was betieved 9t the gods had firs) ruled EQypt
afier creating il perfect.
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The reader can easily grasp what was moant by maet by
referring to what | have said about the geodetic system of
Egypt 8ul, having admitled what is indisputable, that
Akhenaten saw himsait as the Pharaoh who would truly
uphold maet, Aldred stops cold and does not draw the
implications. Like other interpreters, he wanders alar and
regales us with a chapler entitled “The Pathology of
Akhenalen.”

2. It Instead of trying to imagine what were the
hieroglyphic notos of the psychoanalyst of the royal family,
we consider the documented tacts, the most important action
in the revolutionary reign of Akhenaten proves to be the
establishment of a new capital for Egypt, the city of
Akhet-Aten, “'Resting-point of Aten.” The miles-long remains
of the buildings of this city have been found and excavaled
in the locality today known as Tell el-Amarna, During the
reign of Akhenaten a sudstantial perceniage o! the naticnal
resources was dedicated to the construction of this city
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Scholars of the last century, who had not yet adopted
the psychologlzing fashlon, at least recognized the political
meaning ot 1he shilt in 1he location of the capital ol Egypt-
Akhenaten intended to cut at the root the power of the
priests of the Temple of Amon in Thebes, who through their
control of the nationa! oracle, identilied with the god of this
temple. had usurped the royal functions, But what these
scholars did not know is thal the Temple of Amon was the
geodetic center of Egypt, the “navel” of Egyp!, being located
where the eastern axis (32° 38’ east) crosses the Nile, at the
parallel which is at 2/7 of the distance from the equator to
the pole (25° 42’ 51” north), and thal the god Amon was
identitied with the hemispheric stone which marked this
point.

The new city which was intended to replace Thebes as
the capilal and geodetic center of Egypt was planted in a
position which seems most undesirable In terms of what we
would cansider the function of a capital city. Seme scholars
have interpreted this fact as further evidence of the mental
derangement of its founder. It was in an arca of difficult
aceess. where there had never been any known signilicant
center: some scholars have doubted whether even viliages
had existed there. It did not provide large flat areas for a
major urban development. When maintenence was suspended
after the fall of Akhenalen, large sections of the new
bulldings were washed away by the rainwater rushing down
torrentially from the surrounding clifts Even the climate
was inferior to that of many other areas aiong the course of
the Nile. Unless onc assumes that there was a compelling
mathematical reason for choosing this focation, one must
agree that there is justification in claliming that what s often
called the “Tell el-Amama Revolution' was the product of a
playful young man, or a religious fanatic, or a degenerate
obsessed with his sex problems. Akhenaten himsell relates
that his courtlers raised objections to the selection of the
new site, although he states that it was potnted out 10 him
directly by his father, the god Aten.

The new capital for the god Aten, who was raiged to tho
status of the one true god. was set at latitude 27° 45" north, at
1he middle point between {he northernmosi point Behdet and
the southem limil of Egypt at latitude 24° 00’ north. The
longitude could not be equally es significant, since the
capital had to be on the banks of the Nlle. |l was ane degree
east of the western axis of Egypt, thal is. 307 50 easl.

Tho longitude, although it was not as crucial as the
lalitude, was significant according to the system that the
Egyptlans used to describe the east coast of Africa. In
order to describe this coast, down to the equator, the

Aerial view of the Tell ei-
Amama (RAF photo).

Eqyptians used a system of sight triangles. In which one side
was one of the three axes of Egypt and the other a
perpendicular to it; the hypotenuse usually indicated the
course of a segment of the cast coast of Africa. The most
important of these triangles was one obtained counting from
Behdet 19° 30" south along the central axis of Egypt and
then 19° 30’ to the east, to reach a polnt 12° 00" norih,
50° 44’ east, near Ras Alula (11¢ 59 nosth, 50° 46’ east), a
point which was considered the extreme limit of the Arabien
Guli. The ancients took the Gulf of Suez, the Red Sea. and
the Gulf of Aden as a single entity, the Arabian Gulf, which
at times they described as a river simliar to the Nile. The
geographical point in question s called Notou Keras, “horn
of the Easl,”" by Strabo; it had a counterpart In the “hotn of
the West,” 1he innermost polnt of the Gutt ot Gulnea on the
west coast of Atrica. The segment of parallel reaching the
“horn of the East” from the meridian of Behdei marks the
basic latitude 12> 00’ north, halfway between Ihe equator
and the basic latltude 24* 00' north, and bisects Lake Tana,
the source of the Blue Nile. The Nile was considerad to have
two sources, one et the equator {White Nile) and one at
letitude 12° 00’ north (Blue Nile). This system of calculations
for the geography ot the area east of the course ot the Nite
has an importance which carries beyond ancient history,
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since the establishment of a geodetic point 10° south of
Behdet and 10° east of the western axis ot Egypt explains
the origin of the religious importance of Mecca. The essonce
of this system of calculations was that points to the cast of
Egyp! were identified by drawing perpendiculars to the
course of the Nife. Considering this system in relalion to the
position ot Akhet-Aten, if one counts east from it as much
as it was south of Behdet, that is 3° 45%, one reaches the
sea at a point presently catled island Ghanim {off Cape Az
Zaytiyah, called Drepanon Promontory by Piolemy, which is at
27* 47’ north, 33° 35’ east); Cape Az Zayliysh together with
the island south of it was considered the southernmost limit
of the Gulf of Suez on the Egyptian side; it was assumed that
the lino drawn from Behdet to this point gave the course of
Ihe coast of Egypt onthe Guliof Suez.

3. The most revealing pieces of evidence uncovered In
the area of the new cap:tal established by Akhenaten are
the so-called “Boundary Stelae.” Along tho outskirts of the
now city there have been found huge inscriptions, either
Gut on pillars or cul on the cliffs, which contain a text
substantially identical in the fourteen samples which have
been uncovered so far. These inscriptions prociaim what was
for Akhcnaten the leading idea behind the establishment of
the new capital.

The Inscribed text relates in detall the rliuals performed
in the establishment of Akhet-Aten, 'Resting-point of Aten™;
bu! the greatest emphasis is placod on the setting of two
boundary pillars, one et the extreme north and one at the
extreme soulh of the sacred lerritory of the city, al &
distance of 6 atur, 3/4 khe, and 4 cubits fcom each other. After
sotting these pillars the King took a solemn oath, to be
repeeted at regular intervals, never to remove or displace
them and to restore them in the same identical place in case
they were moved or damaged.

It shoutd be obvious that the figure ot 6 atur, 3/4 kha, and
4 cubits, givon with numerical pracision, is the key to the
reason for the establishment of the new capltal. Nevertheless,
only one Egyptologlst has made an effort to interpret these
figures. This effort was a hall-hearted one; It ig9nored
Egyptian geographical texts and parallel occurrences of the
terms atur and khe in Egyptian writings. Neverthelgss, ever
since, scholars quote this interpretation [f they bother to
mention the dimensions of Akhet-Aten In dealing with Its
ostablishment. The interpretation took as a starting point the
distance between the relatively northemmost and the
telatively southernmost of the fourteen Inscriplions which
have baen found, and divided this distance by & to conclude
that an atur must be 4000 royal cubits, It can be objected

Boundary steiae at Tell et-
Amarna.

that the plilars which in some cases were erected to carry
the text of the inscsiption cannot be tho boundary pillars of
which the Inscription Is speaking, since Ihe latter must be ol
such a nature and form [hal their position could be
established to the ineh it stands to reason that when, after
the collapse of the revolution, masons were sent to demolish
or deface the monuments of the accursed Akhenaten, not
sparing even the {ombs of the members of his family, the
work ot destruction musl have started with the baundary
pilfars; we ara not likely to find them, unless bsoken pieces
were scattered around. In any case, the Egyptian texts which
mention distarces measured In-atur positively exclude that
an atur can be as short as 4000 royal cubits (2097 meters).



As 10 the khe, |he interpretation stated in a hit-or-miss
manner that it is equal to 100 royal cubits, Nobody asked
why Akhenaten should have selected a figure retined not
only to 374 ot khe, but also to 4 cublts. It was a matter ot such
precision that the inscribed text indicates that oven knocking
the limit markers or hilting them with stones would interfere
with their function,

Accarding to Egyptian practice, geographic distances
coutd be measured either in geographic cubits or in royal
cubits, The natural multiplo of the geographic cubit was the
stadium, called khe in Egyptian, of 400 geographic cubits
{600 geographic feet). whereas the natusal multiple of the
royal cublt was the atur of 15.000 royal cubits. But the two
systems were merged by using an &atur ot 15,000 royal cubits
(7862.2 metors) and an atur of 17.000 geographic cubits
(7848.8 meters), and a khe of 350 royal cubits (183.45 meters)
and a khe of 400 geographic cubits (184.68 meters). In the
case ol the inscriptlons of Akhei-Aten, lhe oceurrence Ot
Ihe figure of 3/4 of khe suggests that a calculation by
geographic cubits I8 involved, since 3/4 of o stadium of 350
royal cubits would be an odd figure. It is my undersianding
that the dimenslons of the district of Akhet-Aten were:

8 atur of 17,000 gecgraphlc cubits
3/4 ot @ stadium o! 400 geoqgraphic cublis
4 geographic cubits
Total: 102.304 goographic cubita = 47,233.1 melors

4. Even without considoring the oxact valuo of the units
mentioned by Akhenaten, the figure of 6 atur should have
ning a bell in the mind of EQyptologisis. calling to their
attention the traditional figure of 106 atur for the length ot
Egypt. Akhenaten wanted to emphasize that the ““‘Resting-
point of Aten' was at the middle point ot Egypt. By giving
lo the new geodetic center a dimension of 6 atur, he loft 50
atur from It 10 Behdet and 50 afur from it 1o parallel 24° 00”
north. This was particularly significant since there was
another basic estimate of the tength of Egypt as 100 atur,
from the base linc of the Delta {31°06’ north) to parallet
24° 00’ norih.

Before proceeding any turther | musl remind the reades
that the traditional figure setting the length of Egypt a1 106
atur did not intend to convey information onty aboul Egypt
itself, but aiso to indicate the length of the arc of meridian,
12 x 1086 atur.

Since the length of the geographic cubit was defined by
considoring the distance from Behdet 1o parailei 24* 00
north equol to 1,800,000 cubits, if tho district of Akhet-Aten
had had an extension of 0* 25’30, It would have had a
length of B atur = 102,000 cubits. This length was increasod

to 6 afur, 374 stadlum. 4 cublts = 102,304 cubits, in order to
Indicate that the average degree of latitudo on earth s
240,715 cubits,

The figure of Akhenaten indlcates thal |he avetage
degree of latitude was estimated as 240,715 cubits, gince
0° 2530 ot a degree of 240,715 is 102,303.875 cubits. A
degree ot 240,715 cubits is 111,136.6 meters; lhe correspond-
ing arc of meridian is 21,664,375 geographic cubits
10,002,301 meters. Hayford's figure is 10.002.286 meters.

Akhenaten wanted to prove that Thebes could not
properly claim to be the geodetic center of Egypl and that
he had chosen thoe geodetic center conforming to an
absolutely rigorous interpretation of maet, the cosmic order
of which the dimenslons of Egypt vere an embodiment. in
order to follow absolutely exact standards of measurement,
he reverted to the predynastic geodetic system which
counted in goographic cubits starting from Behdet. This
system was more precise than the system which counted in
royal cubits (septenary unlis) starting trom the base line of
the Delta. making Egypt equal to 100 atwr of 15,000 royal
cubils. Thebeg could ¢elaim o b & geodetic cehler only in
terms of the second system, which Is septenary and makes
the meridian of Thebes colnclide with the eastem coiner
ct tha Delta. in terms of the system based on the predynestic
capital of Bohdot, thore could be no question that Akhet-
Aten is the “true and just’” navel of Egypt.

This conclusion Impiies that one should reevaluate the
entire histoncal rote of Akhenaten, taking as the starting
poinl what he himself considored the initial step in his
program to eatablish true and just conformity with maet.
There s a possibilily that his revolutlonary reforms, which
extended from religlon to art and family relations, vere
understoad as a general return to predynastic Ideas and
practices.

5. Since the Egyptian monarchy set the style for the
trappings of royal power thorughout the world, the
prescriptions of Akhenaten aboul the dimensions of the
tarritory of his capital did not remain without paraflel in
history. A striking parallel can be found in what may appear
amost unlikely time and place. Saxon England.

Scholars are so benl on princtple to interpret the history
of measures and measurement in terms of the most crude
primitivism, that in most works of history thal deal with
English measures one reads that the English foot was
originally set by the length ol the toot ot an English king. The
name of tho king whose lower oxtremities were so decisive
varies from scholar to scholar, although, when one Ihinks
about It {which Is not done in matlers of measurement) kKIngs
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of average human size should be excluded. There is
agreement among scholars that the king In question reigned
in the centuries tollowing the Norman conquest, since it is
assumed end often staled that before this time England did
not have sel unils of measurg. A variant of the falry tale
about the English foot is provided by the historians who tell
us that it was not a matter of the foot but of the arm of &
king which decided the fengih of the yaid (three feet). Usually
the length ot the arm of King Henry ! (1068-1135) is
mentioned {n this connection.

Such statements are made in splie of the fact that It Is
not necessary 10 be a spacialist in tha hislory of measures
to find out that a fool equal to the Engtish fool was the basic
standard ol Russia, fiom the time of the first available
historical records to ihe Sovlet revolution. ! grant that it
takes a specialized historical training to trace the linear
standard of England and Russia to the ancien! Orient, but |
may also abserve that there are well known Greek lemples
which have been planned in English feet, and that
archeologists of English and American nationality have
studied tham without realizing what thay had before thetr
oyos.

Historians could have developed less benighted notions
about the otigin of English measures, even without extending
their horizon beyond the British isles, because there is a law
of King Athelstan (924-940) which defines the length of
the Enplish foot. The text of this taw Is Included In the
standard collections of medieval English laws. The wards of
law of Athelstan vere rcpeated exactly in the legislation
about measures Issued by King Henry |. The law ol Athelsian
provides the most fundamental text for the study of English
measures, but it has been ignored.

Athelstan prescribed that the king's girth shall extend
from the royal residence for a distance of 3 miles, 3
furlongs, 9 acres, 9 feot, 9 palms, and 9 barleycorns. The
King's glrth was the area considered a disecl exiension of
the King's place of residence arid as such the area in which
the King’s peace was in force. This was tho area in which
attacks on private persons were crimes agawmnst the Crown

The picturesque lapguage of the law means that the King's
girth extends tor a radius of 18,250 feet, since it is a matter
of the foliowing units:

mile 5280 teat

furlong 600 feel
acro 66 foot
paim 3,4 loo!

barleycorn 1/3 inch

The lew employed a form of expression which had a
particular numerological rhythm and at the same time defined
the value of the multiples and submuitiples ot the 100t.

My understanding ot the law of King Athelstan is that
the radius of the King's girth was definad as 3 minutes of
[atilude. The King's girth extended 6 minutes or 1/10 of
degree from notth {o south, This Implies that a degree was
uncerstood to be 365000 English feel. which is the length
of tha degrea at the latitude of towns like Winchester.

A more detailed enelysis of the law of Athelstan belongs
to a study of English measures. Whal is important to stress
hess Is \hat the English foot was deflned by length of a
stretcn ot 1/10 latitude around the king's place of residance.
The political conditions of the feudal society of Saxon
England were very different from those of Pharaonic Egyft,
but the method used by King Atheistan In order to re!ate his
power [0 the sysiem of measures and to the cosmic order
bears a remarkable simifarity to that adopted by the Pharaoh
Akhenaten.

VI DEGREES OF LONGITUDE

1. When the Egyptians fixed the value of thelr funda-
mental unlt of length, the geographic cubit, they chose as
standard degree the dogree of latitude at 27° 45’ north,
taken as the middle latilude of Egypt. When they recalculafed
the dimensions of Egypt in tesms of royal cubits, they chose
as the middle latitude 27° 33’ north. These latitudes were
chosen taking into account the length of a degree of
longitude at the equator. Latitude 27° 45’ Is the hali of
Iatitude 55° 30' and latitude 27° 3% is the hall of latitude
5§5%06°. The Egyptians assumed that at the two higher
latitudes a degree of latitude is equal in length to 2 degree
of equator.

According to the Smithsonian Geographical Tabics, a
degree ol latitude at parallel 55° 30’ is 111.324.7 melers, but
probably the EQygtians calculated It as 361,680 geographic
faer = 111,323.5 meters: this degree is equal to the funds-
mental degrao of 360,000 goographic feet (600 stadla) plus
2.8 stadia or plus 1/214.28. According 1o the Smithsonian
Geographical Tabies a degree at perallel 55" 06" Is 111,317.3
meiers. According to the Egyptian table of the tengths of
the degrees of latitude which | have reconstructed, it is
212,378.5 royal cubits = 111,317.3 meters. This length could
be expressed also as 361,860 geogsaphic feet = 111,317.4
meters, that Is, as 600 stadia plus 2.7666 stadia. This Implies
that the Egyptians eslimated the equatorial circte elther as
130,204,800 geographic feot = 40,076,478 metors or as



the Great Py

130,187,600 geographic {eet = 40,074,261 meters. | suspect
that they began with an esilmale of 130.200.000 geographic
teel (degree of 361,666 feel = 360.000 1eel plus 1/216) =
40,075,000 meters, and then modified the figure in order to
ostablish a relationship between the equatorial degree and
the degiee of the middle latitude ol Egypt. The Egyptian
estimate agrees with our current ones: the equator is
40,075.452 meters, according to the Clarke Spheroid and
40,076,596 meters according to the International Spheroid.

Very revealing is that a base line was marked along
parallgl 45° 12° norlh on the north side of the Black Sea.
This base line started Irom 1he mouth of the Danube. cut
across the Crimea, and ended at the foot of the Caucasus.
Beginning from this base, Russia was surveyed for a length
of 10 degrees, along the three meridians which formed the
three axes ol Egypl, up to latitude 55° 12" norih. The river
Dnieper was understood to be a symmetric counterpart of
the Nlle, running between the same meridians. Key positions
along the course of tho Dnieper were idontified with
corresponding key positions atong the course of the Nite,
up to the point of translerring Egypilan place names 1o
Russia, The information aboul the existence ot this geodetic
system is provided by the doscription of a map of Russia
which is based on it. The description of the map Indicates
that it was used at the end of Ihe sixth century B.C., but the
map may be older: In any case there are other sources of
information about the base line which indicate |hat it was
marked in vory oarly times.

The figures of the geodetic system on which the map of
Russia was based are mosl intriguing. The base line at
parallel 45° 12° north suggests that it was decided 1hat it Is
at this latitude that the degree of latitude has a length equal
to the average length of the degree of latitude. The fact that
the meridians of Egypt were foliowed for 10° up to parallel
55° 12° north suggests that it was declded that a degree of
latitude at this parallel Is equa) to Ihe length ot a degrea ot
equstor.

The designation of 45° 12‘ north for the location of the
average degree Indicates what the Egyptians assumed to be
the degree of elllplicity of the earth According to the
Smithsonian Geographical Tsbles, the length of the degree
of latitude at the point 45° 12’ north is 111,134.9 meters;
from Ihis figure we would get an arc of meridian of 10,002,141
meters. According 10 the Egypilan table of the length of the
degrees of latitude that | have reconstructed, the degree at
the point 45° 12’ north is 212,028.6 roya! cubits = 111.134.4
meters: this lenglh Implies an arc of meridlan of 10,002.089
meters According 1o the Smithsonian Geographical Tables

the degree ending ai paralle! 55* 12" is 111,319.3 metess; If
this Is 1aken as the length of the degree of equator, the
equatorial circte is 40,074,948 meters. According to tho
Egyptian table of the length of |he degrees of latltude, the
degree at 55° 12’ north is 212,381 royal cubits = 111,319.1
meters, this would indicate an equatorial clrcle of 76,457,160
royal cubits = 40,074,890 meters (stadium of equator =
353.96833 cubits).

2. In performing astronomical observations it is necessary
to express diiferences of longltude In terms of units of time.
The equator and all parallels are dividea into 360 degrees,
but consldering the rotation of the earth it is expedient to
divide the cquator and all parailels into 24 hours. Given
360/24 = 15, a minute or a second of time is equal lo 15
minutes or 15 seconds of degree.

In astronomical calculations, there are employed Iwo
different kinds of timo, solar time and sidereal lime. Solar
tme is our ordinary time, Solar time assumes that the day is
the interval between two successive passages of the sun at
Ihe merldian. The length of the day so defined varies greatly
according to the seasons of tho yoar; it varies by more than
1790. The reason for this variation is that the speed of the
eaith along its orbit around Ihe sun Is not constant and that
the apparant motion of the sun around the earth does not
follow the line of 1he eguator, but of that of the ecliptic.
Henco, in ordinary life we reckon by mean soler time, which
is obtained by assuming that a fictitious sun moves along the
celestial equator at a speed equal o the average speed of
the sun along the ecliptic.

Mean solar time iz a highly artificial concept and we can
use it because we have mcchanical clocks. The ancicnts
calculated by sidereal time, which they couid measure by
observing the apparent movement of the vauit ot heaven,
Sidereal time has the advantage of llowing evenly. There are
small variations due to the nutation of the earth under the
Influence of the gravitational pull of the moon and the
planets; but these varlations are too small to be retevant to
the calculations we are considering.

A sidereal day is the interval between two passages of 8
star al the meridian. A sidereal day is shorter lhan a solar
day. |1 one abserves astar at the meridian today. that star
will be again at the meridian in less than a solar day. In
othor words, if ono counts by soiar time, the vault of heaven
rotates about one degree mare than a full cirgle in a day. The
ditference baiween mean solar time and sidereal time can be
easily computed, because in a yoar the vault of hoavon
makes exactly one more circie around the eaith than the
number of circtes made by the sun.
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Hence the ancients couid reckon:

Solar timo 366

Sidoreal fimo — 365 100273872

or more precisaly:

ssf’ e gg%: 1.00273785
They did not need a formulamote precise than the second
one; today we reckon by the ratio 1.00273791.

The ancients simplified this complex matter by counting
by the speed of movement of a point at the equator. That
speed was taken by them as constant; ihe infinitesimal
variations In speed of the ro:ation of the earth on its axts are
retevant only tosome calculations ol modern astronomy.

The spood of a point at tho equator in tarms of moan solas
time was obtained by dividing the length ol the equator into
24 hours = 1440 minutes = 88,400 seconds. But the ancients
were concerned particularly with the speed o1 a point at the
equator in tarms of sidereal time. A minute of lime (solar
time) corresponds lo the length of 1§ minutes of degree ol
equator. A minule of lime (sidereal lime) is equal to the
same 1angth mulliplied by 365.25/ 366.25, that is, it is sharter,

3. When the Egyptians standardized their system of
measures by establishing that the degree at the middle
latitude of Egypt is 240,000 geographic cubits (360.000
geographic feet = 600 stadia) or thal 1/48 of greai cirele
measured from 24° 00’ north to 31° 30’ norih (s 1,800,600
geographic cubite, they must have had in mind thg following
equivalence:

1sacond {slderoat timo) = 1000 cubits
1 minute (sidereal img) = 60.000 cubits =
1/4 length of degree ol lalitude in Egypt
This cstculation was convenient. but implled an equatorial
degree (degree of latitude in Egypl X 1.00273785) of
111,108.8 moters, which is slightly too short: it is the length
of a degree of longitude al about 3° 30’ from thc equator.
in order o oblain the righi length of the second and
minute ol sidereal \ime, one must take as reference a degree
of latitude further north than Egypt. The degrees at tho
latitudes of Dodona and Delphi provided the correct values.
Ciassical Greece was not a unified country, being diviced
into cities proudly clinging to their absolute political
independence: but, most incongruously, it had a national
oracular center, Just as Egypt, a stiongly unified country.
had a national oracular center at the Temple of Amon in
Thebes. In Greece there were two centers which competed

Ancther Giesk conception of
an amphelos as dorived from
the Egyntians

QOmpnaies ol Detph) Yepicted
with twa pigeons (usually
facing each other), evidenliy
carrler pigeons used for estab-
lishing geagraphic distances.
According o Greek e9ends,

a centsal geodelic poinl was
obtained by loosing two birds
of equeal slrength and using
Ihe mean cf Ihe time employed
in flight. This would allow for
differences in wind current and
other variables. By iepeated
flights oven more accurato
measurements couid be ob-
tained

for the role of national oracle, Dodona and Delphl. The
oracle of Doosona was considered more ancient and many
Greeks considered it more authoritative, but it was at a
praotical disadvantage because it was located beyond the
limits of solidly Greek lerritory in an area of most difticult
access. In modem Greece. which exlends more widely than
ancien! Greece, Dodona is near the Atbanian trontier. The
pesition of the oracle of Delphi, oven though not as surprising
as that of tho oracle of Dodona, wes peculiar; it was located
in the mountains, north of all major centers of Greece.

The Greeks narraied 1hat two doves !Hew from the temple
of Amon in Egypt in order to establish the oracles ol Dodona
and Delphi. In ancient literaturo and iconography the flight
of twa doves is the standard symbol for the stretching of
meridiansand parall€ls.

Because Ihe oracle of Delphi was less isolated, it
received more attention and consequently wo ara better
informed about il. Delphi wes considered the geodetic
center of Greece. The god of Delphi. Apollo. whose name
means “the stone, was Identified with an object, the
omphalps, "navel," which hag bean found. it congisted of
an ovoidal stone (the ovoidal shape indicated the lengthening
of the degrees of latitude as one moves north) covered by a
net. The net was the symbol of what even today we call the
net ot meridians and parailels. The omphalos of Delphi was
simllar to the object which represented the god Amon in
Thebes, the *'navel” of Egypt. In 1966 i presented to the
annual meeting of the Archeological institute of America a
paper in which | mainlained that historical accounts, myths,
and logends, and como monuments of Dolphi, indicate that
the oracle was established there by the Pharaohs of the
Ethiopian Dynasty, This Is the reason why the Greek
portrayed Delphos. the eponymous hero ot Delphi, as a
Negro.

The relevance of the latitude in the location of Delphi is
Indicated by a number of Greek accounts which associate
Delpnl with Sardis, the capital of the Kingdom of Lydia in
Asia Minor, which is on the same parallel {38° 28’ north)

The role of geography in tho oracular importance of
Delphi is indicated also by the method employed in obtaining
oracuiar responses. Modern scholars who have been im-
pervious !0 the rational elements ot ancient thought and
prefer to ignore that Apolio, the god of Delphi, was a god ot
reason and scientific thought, arc generally inclinod to think
thal the oracular responses were given by a priestess who,
put in a trance by drug fumes, uttered gibberish. But there
is abundant pictorial evidence which shows vividly how the
oracle was consulled. An object which tesembies a roulette
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Egyptian omphali with twin
birds. Catrier pigeons are de-
picted In Egypt 3s early as the
Fousth Dynasty, and ware avi-
danlly used la establieh paral-
fels and meridians from
prehistoric times. Homing
pigeons, which fly in a stiaight
ling (as Ihe crow filesl). could
cover the more than five
hundted mites tram one end
of Egypt 10 the other in a
singlo day.

whael, and aciuslly is its historical antecedent, was centered
on top of the omphalos. The spinning of a ball gave the
answers; eech of the 36 spokes of the wheel corresponded
10 a letter symbol,

tn studying ancient computing devices. ! have discovered
that they were used also to obtain oracular answers. This is
the origin of many of the oraculer instruments we still use
today, such as cards and ouije boards. The psychological
foundation ol this shenomenon is simple, If | have a problem
In Interpreting an anclent text or an archeologlcal teport,
| *consult” my calculating machine which "gives me the
answor.” By stratching this imagery further, one could
assume that the calcutating machine s an oracle. The
roulette wheel of Delphi originally was a special kind of
abacus for calculating in terms of angles

The latiludes of Dodona and Delphi are signiticant. The
length of the degree of latitude at the parallels of these
two oracuiar centers gave the length of the minute or
second of sidereal lime. thal is. the distance covered by
a point at the equator in a sidereal minute or seeond o1
rotation of the earih.

Dodona is at 39" 32" north. According to lhe Smithsonfan
Geographical Tables a degree at this paralle! is 111.014.0
meters. This means that the degree must have been caicu-
Iated as 360.673 geographic feet (360.000 plus 1/535) =
111,013.6 metors. If we multiply this length by 1.00273785,
we obtain 361,660 geogsaphic feet, the length of the degree
of latitude at parallet §5- 06°. which Is equal {o the length
of a degree of longitude at the equator.

If the figures employed in the reckoning of Dodona are
rounded to a degree of 360.600 geographic feet and to a
second of sidereal time of 1001 666 geographic cublis
(thal Is. 1000 plus 1/600). we obtain 1he tength of 1he degree
ol latitude at the parallel of Oe!phi, which is 38° 28 north.
A degree of 360,600 geographic feet is 110,991.1 meters;

a degree at parallel 38° 28' is 110,993.5 meters according
o the Smithsonian Geographical Tables and 110.992.1
meters according 10 the Egyptian 1able of the length of
degrees of latitude. Latitude 38° 28 north may also have
been chosen because it ig at the standard disiance of 6’
from latilude 38° 34" north. which is at 3/7 of the distance
trom the equator !0 the pole, whereas the Temple of
Amon in Thebes was setat 2/7 of this distance.

4. Metrologists of the past have wavered in ¢stablishing
the value of the geographic foot (and hence of the artaba),
because they confused this unit with a similar one, the
Greek foot, which is about haif a millimeter longer.

Roman writers mention a Greek foot which Is 25/24 of

the Roman foot and a Graek stadlum which is equal to 600
Greek feet or 625 Roman feel The Romans used the two
units In conjunction. Roman roads were diided into miles
of 5000 Roman feet, but at times between the milestonos
there were smaller markers which divided the road into 8
Greek s1adla (8 x 625 = 5000). in giving ltinerary distances.
wnters of the Roman period usually ceckon by Roman miles
on land and by Groek stadia at sea

Because Roman authors indicate thal the degree is 75
Roman milles or 600 Greek stadia, since the Renaissance
melroiogisis have been concerned with establishing the
exact value of the Greek foot; but in examining the empiri-
cal evidence they met with data that appear conflicting, for
the reason that they did not separate sources of information
which apply ta the geographic (oot, Travelers and sailors
of tha eastern Medilerranean ang the Middle East used to
assume that a degree of !atitude is 800 geoegraphic stadia
(110,806 meters) and a degree of longitude is 500 gecgraphic
sladla (92,339 meters); Greek and Roman travelers and
sallors used to assume that 2@ degree of latitude is 600
Greek stadia — 75 Roman miles (110.980 meters) and a
degree of longitude is SO0 Greek stadia = 60 Roman milos
(92.483 metets). As a result scholars have confused infor-
matlon concetning two dlfferent types of units. The
confusion occurs easily, unless one assumes high standards
of precision and accuracy in ancient measuraments, since
we have:

Gecgraphic toot 3072.7957 mlihimeteis
Geographle cubit —461.6S35 mitlimeters
Grook foot 308.2764 mlilimeters
Greek cubit 462.3147 milimeters

A degree 0f latitude of 600 Greek stadla = 75 Roman
miles is correct at parallel 37* 42°, which is the Iatitude of
Mycenae. The system of calculation used by tho Graaoks
and Romans goes back to the Mycenean ancestors of
the Greeks.

Archeologists assume that, it the Greeks of the classical
period measured badly, the Groeks of the Mycenean age
did nol measure at all. it is assumed that when the My-
ceneans erecled thels bulldings they placed one stone on
top of another without much of a plan. However, we
know that the Myceneans were engaged in exiensive long-
distance trade and ihrough it they accumuiated huge
quantities of gold of African origin: long-distance navigation
and exchange of precious metals were the two activities
which created for the ancients tho most compelling need
for exact slandards.

By examining the dimenslons of Mycenean citadels. §
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have ostablished thal thoy wero planned by 3 foot which is
15/16 of the Roman foot, a foot of 277.4488 millimeters.
This foot has been called Oscan or Italic by metrologists
of the last century. who noticed Its occurrence in pre-
Roman italy and in the earliest remains of Rome. | cafl
this foot Mycenean,

The Mycencan {foot not only Is 15/16 of the Roman foot
of 295.9454 millimetess, but also is 9/10 of the Greek foot
01308.2764 millimeters. The Greek fool Is 25/24 of the
Roman foot and 25/23 % 16/15 = 400/360 — 10/9.

A dogroo of 360,000 Grook feet (75 Roman miles), a
degree of latitude at the parallel of Mycenae, |s cqual to
400,000 Mycenean feel. The occurience of the facler 4
indicates that a calculation by time unfis is Involved, since
there are 4 minules of time in a degree. A minute of time Is
oqual to 100,000 Myceanoan foot. Henco, by using tho Greek
cubit and the Mycenean foot, one could obtain the follow-
Ing easy lormula:

Second of time = 1000 Greek cublis
inute of lime = 100,000 Myconean foct

Thosa units are slightly too short lor 2 socond and a
minute of sidereal time. !f wo take the degreo of 360,000
Greek feet = 400,000 Mycenean feet = 110,979.5 metess and
mulfiply it by 100273785. we obtain a degree of 360,986
Greek feet = 110,283 ¢ meters, which is the length of a
paraliel clrclo at about 1° 30" from the oquator,

But the numerical struclure of the units indicates how
the exact length of the degree of equalor was obtained by
tntroducing an easy correction. One starts with these data:

1000 Gresk cubits = 1 seccod of time
Day ot 86.400 seconds = 86,400,000 Greek cublls

100,000 Mycornean feel = 1 miaule of time
Day of 1440 minutes = 144,000,000 Myconean feet

These figures can be modified as follows:

Equator = 86,666.606 Greex cubils 40,075,939 melers
Equaior = 144,444,444 Myccnean feet = 30,075,938 meters

Similarily, one may start with the Greek foot and obtain

100 Greek feet = t sscond of degroe
Girclo of 1,206,000 coconds = 129,600,000 Goek feet
The last figure can be modified to
Equator = 130,000,000 Greok fect = 40,075,239 meters
All that was needed in order to obtain the exact length
of the equator was to assume that a circle is equal to
1,300.000 seconds of degree, instead of 1,296.000.

It is possible that this formula was used to calculate the
actual length of the solar day in the different seasons ot

Uion Gate at Mycenae

the year. Today atmanacs assign the value ol 1200 to the
length of the mean solar day and lis1 a figure geeater or
smalter than 1200 in order to Indicate the actual tength ot
the solarday tor each day of the year. Possibly the ancients
procoodod in a similar way, assigning the value of 1300
to the mean solar day.

Archeologists and historlans assume that the Myceneans
had no concern with science, but the moest famous remains
of Mycenean clvilization proctaim otherwise

The best known monument of Mycenae |s the entrance
gate which today is calied the Lion Gate, bacause he who
approachos the city is overpowered by a huge relief
sculpture on the triangular capstone of the entrance; the
rellet conslsts of a column between two tacing llons. The
column is sandwiched between two sets ol parallel hon-
zontal lines. At the bottom the column rests on a support
on which thrce parallel lines arc strongly marked. These
three iines are the same Ihree lines which aoccur in the
hleroglyphlc symbol for Southern Egypt: they represent the
tropic of Cancer, which was identified with parallels 24° 06,
24° 00, and 23° 51° norih. The column rapresents the threo
basic meridians of Egypt; the curvature of the column
suggesis the development of the system of meridians {0 the
east and the west of Egypt On top ot the capital of the
column (symbol for Northern Egypt) there rests what appears
to be a segment of a floor. This segment of floor is on
three tevels. The bottom and the top levels are two hori-
zonlial lines. wheseas the middle level consists of four
circles. | have expiained the significance of the tector 4 in
the Mycenean system of linear units. The top part of the
relief repreaents the paralicl of Mycenae.
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The grave eircle t Mycenae

excavated by Schifemann, A
by

detic point far

g
cbsarvation simiar to the clr-
cu'ar henges and mounds of
tho socond millennium 8.C.
elsewhere in Europe

The twa fions which face each other on the sides of
the column represent a circle closing on itself. The easiest
way fo convey the meaning of this symbol is to refer to
pieces of ancient jeweiry which consist of a bracelet open
at one side with a head of a lion on each open end. The
lions represent the summer sofstice. The stance ot the
lions, with Iha {ront paws on the line of lhe tropic and their
hind paws exiending below it (this stance will later become
the heraldic symbol of the lion rampant), indicates the
spread of the zodiacal band north and south of lhe ecliptic.
The ancients established their astronomical system when
the spring equinox was in Taurus, which ceasad to be true
at the beginning of the second millennium B.C.; for them
the point zeto of the sky was between the two horns of
Taurus Today we count Irom the canstellallon of Aries.
aithough the spring equinox has not been in Aries since the
time when the Roman Emperor Antoninus Pius (A.D. 138-
161) celebrated the end of the age of Aries and Introduced
new cults and reilglous pellefs In accordance with the
beginning of a new cosmic age. When the spring equinox
was In Taurus, the summer solstice was in Leo.

The cosmological meaning of the Lion Gate of Mycenae
should not have been lost to archeotogists, since next to

this gate there Is the sacond most impressive relic of
ancient Mycenae, the so-cailed Grayo Circle. It conslets
of a circular arrangement of stone blocks. If excavators had
not been complelely blinded by their belief In the primitive-
ness of the Myceneans, they woutd have tmmediately
assumed that this circle must have some cosmological
meaning. Instead the Smithsonian institution spent time
and energy to proceed to measurements of lhe skeletons
found buiied within the circle, arriving at the conclusion
that they were bones of ordinary size men and not of
giants. But the dimensions of the stone circle have not
received attention; it may be enough to report here that the
inner diamoter of lhe circle is 100 Mycenean feel.

When the first circuit ol walls of Mycenae was erected,
the Circle was outside the walis directly in front of the
Gate; the middle of the Gate is on the ling of the north-
south diameter of the Circle. Later the circuit of the walls
was extended so as 1o include the Circle within the citadel.

5. A splendid lllustration ot the Mycenean systam of
linear unlis Is provided by the Parthenon of Athens.

Tha Paithanon of AthBne is the enly Greek tempie which
has been surveyed with an adequate level of accuracy.
But unloriuriately for my Invesligation ofthe dimensions™
of Greek temples, the system of proportions of the
Parthenon is an aberrant one. | have established the mathe-
matical formuta that determined the dimensions of Greek
temples and the mathematical formula that determined the
dimensions of Mycenean throne rooms: the Parthenon
conforms to the lalter and not to the former. The reason
is that the Parthonon was built as & replaccment on a larger
scale of the Tempie of Athena destroyed by ihe Persians,
when lhey sacked Athens In 480 B.C. The otd Temple o!
Athena in turn was built on top of a Mycenean throne room,
some remains of which have becn found by deep excava-
tions, For this rcason the Paithenon was planned in
Mycenean feet. whereas most of the olher monuments of
the Acropolis ot Athens were planned in Roman feet
However, the major dimensions of the outer colonnade of
tho Parihenon were so chosen that they could be expressed
atso In Greek feet, which was easy since Mycenean (ool
and Greek foot relate as 9:10.

For the study of the Parthenon we can rely cn dala that
are satisfactory for some of the major dimensions, because
at the middie of Ihe tast cenlury an English architect and
schoiar of the history of architecture. Francig Cranmer
Penrose, who was afso an outstanding dilettante astronomer.
on the basts of reporls on the mathematical curvatures of
the lines of the temple became convinced that tho Parthenon
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The so-catied Treasury of
Atreus at Mycenao built into

3 mound wilh corbelad rooting
simiiar to the Maes-Howe
mound.

had boon planned and executed with high standards of
mathematicat skill. In order to prove his point he measured
it accurately wiih the precision of one-thousandth of an
English foot

Penrose, however, was ridiculed by archoologists, and
no other Greek temple has been surveyed with comparable
care ever since. The Archeological Institute of America
does not support any survey or pudlication which does not
assume that the maximum precision achieved in construc-
tion of rotorenco foot rulos by the ancient Greoks was a
fifth or at the very best a tenth of centimeter. Naturally,
the precision achieved In tiie construction of bulldings was
much less than the precision o1 the officlal seterence ruies.

Penrose was not able o convince scholars of his major
contention, because he was obsessed es an erchitect with
the notion that buildings should have perfectly square
comers. He put this aotion into practice when he planned
tha bullding ot the British Schoo! ot Archeolagy In Athens,
of which he was dlrector for two short periods, after its
foundation in 1882, B of this ob: ion, when
Penrose found Ihat the weslern {ront of the Parthenon is
longe: than the eastern front and Lhal the south flank s
longer than he north flank. he concluded that thig was the
result of mistakes in construction. His opponents were
quick to point out that, if it is so, his major contention
is disproved.

Penrose belleved that the ditference in the lengths of
tho sides of the Pasthenon results from misiakes in the
marking of the four corners which were Intended 10 be
perfactly square. In realily, the four corners of lhe Parthenon

Nineteenth-century view of
the Parthenon.

The Troasury of Alrous at
Mycenae (isometric view. atter
Hood), which has a striking

resambiance to the Maes-Howa

burrow and appears to have
been designed for azimuth and
zenith observation, like the
subterranean chambers of the
pyrasnids.

wero not intended to be exactly square, but to deviate by
set small amounts from a right angle, as is the case with the
four corners ot the Great Pyramid. | have established that
the west front of the Parthenon was intended to be 1/48
of a Myccncan foot longer than the east fiont, and that

the south flank wv/as intended to be longer than the north
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East end of the Parthenon.

flank by tho same amount. The two longer sidcs join at
the southwest corner. which is also higher in level over
the other three corners. Taking these Intended deviations
into account, the actual tindings of Penrose about the
longth of tho sides agreo almost perfectiy with the
theoretical dimensions obtained by mathematics! principles.

Even with the intended lengthening of the west and
south sides, the northeast comer. which joins the two most
important sides, could have been a right angls, bul instead
it was acuto by a figure closo to a minute ot degroe.
Unfortunately, Penrose mcasured the angle of this comer
rather casually, because he thought that the lack of exact
squareness was the result 0t @ mistake in construction,
and nobody alse has tested the angle of this corner again
in more than 120 years.

There are many problems in the architecture of the
Parthenon that cannot be solved, because srchoologista
prefer 1c go on building fanciful theories rather than
establish the facts by an accurate survey. it is a basic
principle of epistemology that our ahility to reject erroneous
thoories increases in proportion with the precision and
accuracy of the measurements; the converse is true, and
this is what archeologists like, because, as they pul it, it
permils the spitit to soar. Foi Instance, if one were to
accept the loose standards ot measurement dogmatically
adopted by the Archaaological Institute of America, it would
not be too dilficult to present an argument to the effect
the the surface of the earth is concave.

In the specific case of the Parthenon, | ¢an paint out
that Penrose tested the orientation of the north flank, and
that on thebasis of his finding | could establish that the
Parthenon is corfeetly oriented according to the latitude

—

and fongitude ot Athens But details of construction have
led me to realize that the orientation of the inner part of
the temple, the cello, was a trifle diffcrent. Sincc the
difference of azimuth between the two longitudinal axes

of the Parthenon has never been tested, | am lett In the
dark about the fine paints in the orientation of the Parthenon,

An essential datum is that thore are simifaritiog between
tho mathematical structure of the Parthenon and that of
the Great Pyramid. In both constructions the comers
deviate cgeliberately tfrom a right angle. | have established
that the elevation of the fronts of the Parthenon was
caiculatod by the factor ¢ and that the elevation of the
Hlanks was calculated by the factor w. According to the
daia avallable. | have Interpreted the elevation of the Great
Pyramid to be such that the north side was calculated by
the factor ¢ and that the west side was catculated by
the factor o,

Here. | will deal only with the horizontal dimension,
width, of the two fronts af the Parthenon, beecause it Is
directly connectad with tho Mycenoan system of measures.

Before Penrose proceeded to a careful measurement
o! the sides of the Parthenon in the winter 1846-47 (the
season of winter was deliberately chosen in order to
reduce the eflects of changes In temperature which may
be macroscopic under the sun of Greece), an attempt at
careful moal ! was cond d in 1753, under
unfavorable political and physlcal circumsiances. by the
painter James Stuart and the architect Nicholas Revett,
who had bacome interested in the measurements of ancient
buildings while studying in Rome. The expedition of these
two English antiquarians had been carefully planned and
created great stir in Europa at the time. One of their
specific aims, indicated In the campaign for the raising of
the necessary funds, was to ascertain the exact length of
tho Greok foot and by inference of the Roman foot. which
is 24/25 of Greek foot. The Parthenon is called Heka-
rompet/on. 'one hundred foot temple,” in Greek texts and
these texts indicate also that its width was 100 feet. Earlier
visitors to the Parthenon had concluded that the two fronts
of the temple measured 100 Greek teet. For this reason
Stuart and Revett provided themsolves with highly
reliable inst its of ement and paid the greatest
attention to the measurement of the 1wo fronts

They were so concerned with tho length of the Greek
foot that they reported the dimensions of the temple In such
a way as {0 arrive at the results thal were expected Thair
tigures tor the lenglh of the fronts are scanty. But they

Ty
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arrivod at the conclusion that the value of the Greek foot
is 12,137 English inchecs = 308.2795 millimeters, which
agreed well with what scholars had estimated to be the
length ot the Roman foo1 (24/25 of Greek foot). According
to my reckonings the Greek foot Is 308.2765 milimeters.

Stuart and Revett used a yard rule prepared by the
famous instrument-maker John Bird of London. A few
years later (1762) Bird prepared a yard rute on behaif of
the Parilamentary Committee appointed in 1758 “to inquire
into the original standards of weight and measure of this
kingdom." Although Bird had to follow the instructions
of the committee, it can be presumcd thst the rule he built
in 1762 did not differ in a manner significant for the present
research trom those he had bulit earlier. The Bird rule of
1762 was the main basis in the calcutation of the Impaerial
Standard Yard made legal by Parliament in 1824.

What Stuert and Revett did not know is Ihat the fronts
of the Parthenon were intended to be slightly more than
100 Greek feer

If the fronts had had a length of 100 Greek feet
111.111 Mycenean feat = 111 1/9 Myconean (eet, they
would have had a length equal to a second of degree of
fatituce al the parallel of Mycenae (37° 42° north), whereas
the latitude of Athens s 37" 58 north

The fronts of the Parthenon were pianned 10 have a
length of 100 1/5 Greek feet = 111 1/3 Mycenean feet.
This length was increased by 1/48 of a Mycenean foet on
the west tront. Hence, the lengths of the fronts, according
to my interpretation, was:

Eastom front = 30,889.3 mllilmslors
Western front = 30.885.1 millimeters

Penrosg reporied the following findingss

Eastomn front = 101 341 English leet = 30.888.7 milllmesers
Western {ront = 101.361 English leel = 30,884.8 millimaters
The westein front is better preserved.

These figuses prove how accurate was the planning of
the Parthenon and how justified was Penrose In testing
the dimensions of this tempie with the greatest care of
which he was capable.

But all the hoiizontal lines of the Parthenon have a
parabolic curvatura. The sides of the tempie have a double
parabolic curvatura: they are curved upward and Inward.
The spacing of the columns proves that dimensions that
were relevant were those measured along the parabolic line.

The two parabolic curvatures increased the length ot the
sides. What | have been able to establish with cortainty is
the effect of the comblined double parabelic curvature on

anh

the edge of the sides. bacause of necessity the spacing of
the columns which were placed all along the sides had to
be based on the actual length of the edgo of the sides.

The two curvatures added 8/48 = 1/6 of oot to the length
of the fronts. so that the eastern front measured 111 1/2
Mycenean feet = 10035 Greek feet = 30.935.5 millimeters,
when measured along the odg2 of the blocks. But in
calculating the width of the temple one should consider
only one parabolic curvature, the curvature upward. that

is, in subslance, the curvature of the floor. Before expressing
exact conclusions | would ltke to see the resulis ot a new
survey of the curvatures of the Parthenon, but { can definitely
state that the width of the tcmple measurcd along the
curvature of lhe floor was halfway between 111 1/3 and

111 1/2 Mycenean leet, that Is. close to 111 5/12 leet =
30,9124 millimeters.

If we add to this amount the 1/48 foot added to the
western (ront, we have a length of 111 7/16 feet
30,318.2 miflimelers. This length would indicate an equa-
lorial degree ot 111.305.5 meters ano an equatorial circle
of 40,069,988 moters

It can be concluded that the width of the fronts of
the Parthenon was intended to indicate the length of a
secona of degree of longltude at the equatos. But further
testing of the dimensions of the Parthenon is necassary in
order to ostablish what was exactly the length of the second
of degree that the builders had in mind.

As | have indicated, the Mycenean system of measutes,
which was followed by the Greeks of the classical age,
assumed an equatorial circle of 144,444,444 )Aycenean
feet end hence a second of degree of equator of 111.45404
feet. This would imply a widlh of the Parthcnon of 30,922.8
mitlimeters,

Vil. DIMENSIONS OF THE GREAT PYRAMID

1. Since the dimensions of the Great Pyramid have
been endiessly debated. and siudies of them have often
degenerated Into mystieism, It Is proper ithat In approaching
the subject | clarify my method. The essence ot my method
i3 to be absolutely pedestrian, | have spent years of my
life in trying to ascertain the exact length of the Roman foot,
eliciting from Ihe academy the feaction that It Is a disgiace
for 2 classical scholar 10 wasie energy on such mechanical
trivialities. Simitarly, after reading scores of studies on the
architecture of the Parthenon, | set myself two tasks: to
determine the length of the foot employed in the construc-
fon. and 10 compare Item by Item all avallable modern
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reports on the actual dimenslons of this temple. | foliowed
this lina o1 rosearch aithough | was warned by the loamed
thet & person guilty of such banausia, which in Greck means
behavior worthy of a manual wageearner, would always
remain bdlind 10 the lofty mind of the ancient Greeks. In
dealing with the geometry of the Pyramid, ( have taken as
starting points my conclusions about tho iength of the
Egyptian royal cubit and the survey of the dimensions of the
Pyramid conducted by Cole, who was not an Egyptologist
but a protesstonaf surveyor.

Up to now the Cole survey has been neglected. Trust
has beon put on the survey conducted by Petrie, but,
although Petrie considered himse!f an expert of measure-
ments (he slarted his career as an Egyptologist under Ihe
guidance of his father, who was an englneer) and used all
the diligence ol which he was capable, his survey proves to
have arrived at misleading rosults whon compared to
that of Cole.

In order to Justify my method, i shall refer to another
great sclentllic issue which, as we shall see, happens to be
rolated to tha problem of the dimensions of the Pyramid.
in the Principia Newton argued that because of the cen-
trifugal force generated by its rotation, the earth must be
ftattened al the poles. Reasoning purely on mechanical
grounds, he concluded that the polar tiattening is 1/230,
which means that tho polar radius is shorter than the
equatorial radius by 1/230 of the latter. The calculation
was based on the assumption, which is not true, that the
earth Is a homogeneous ftuld body Following ile survey
of Picard, lor which Newton waited before publishing his
Principia in 1686, othor scholars of the French Académie
des Sciences applied themsclves assidiously to the problem
of determining by geodetic surveys what was the actual
shapa ol the earth Their resuils were contradictory. but
thoy were such that tor seventy years alter the publication
of the Principis the empirical evidenco could ba understood
to Indicate that the earth, far from being flattened al the
poles, was elongated. This caused most serious contro-
versias in the field of physical theory. i have reexamined
tho records of this gerat debate to lind that the French
scholars were successful in advancing mathematicel theory,,
in developing correct methods ot triangulation, and in
refining the lechniques ot astronomical observatlon, but
had negfected the need of setling a raliablo unit of linear
measusement, The several surveys of the length of the
cegree of latitude, up to and including the famous survey
conducted by Fathor Ruggicro Boscovich in ftaly in
1751-53 (a survey which took as a starling point the Romen
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mllestones of the Appian Way), kept using standards of
1he pied de ro: which were gitferent from each other.

The history of these surveys is a comady of errors.
This was sensed by tho keen mind of Voitalre who, when
Mauperiuis announced triumphantly that his survey of
the degree conducted In Lapfand nad proved lhat the earth
is tlattened at the poles, called him Je grand aplatisseur,
“the great flattenor,” building a pun on the extracurricuiar
activities of Maupertuis with a Lappish maid.

The difficulties of sclenllsts arose from the circum-
stance 1hat the original standard ot the pied de ro: had
been lost. The pied de roi used to be a Iraction of the
ancient Roman foot, and good reference standards of lhe
Roman oot and of lhe pied de roi were kept by French
trade gullds. Bul, the French absoiute monarchy followed
a policy ot eliminating the public functions ot the guilds.
Finally the minister Colbert issued an ordinanco prescrib-
ing that the only reference rule that could be used should
be thal kept al Ihe Chételet, the seat of royal administration
and Justice in Paris. Bul the standard of the Chatelet was
poorly defined and badly prolectad trom accidental
damage. This is the reason why many scholars could arrive
al the startling scientific conclusion that the earth is
elongated at the poles. The inteilectual confusion came
to a rest because the engraver Langlois buiit his own
private standard of the pied do roi, by assuming thet the
pied de roi is the edge of a cube that contains 70 Paris
livres ot water. Langloss’s standard was used in astablish-
ing tho Paris meter of the French metric system.

2. Although Petrie’s survey ol the length and orientation
o1 the sldes ot the Great Pyramid proves to be unreliable,
his survey of the dimensions of the King's Chamber proves
to be superior to the several ones conducted since the
seventeenth century Since Petrie’s survey of the King's
Chamber has establishod Ihat tho royal cubit of the
Pyramid measured 52405235 0.10168 mlllimeters, it
permits the conclusion that the roya! cubit employed in
the construction was 524.1483 millimetors.

Cole began his survey of the length and orientalion of
the sides ol the Pyramid by trying 10 eslablish the exact
location ol the comer points. By an extensive sounding
of the foundations, ho located the comer points with a
possible margin ol error which he estimated as fotlows:

Wes! sido: 30 miliimeters at either end
North sldo: 6 millimotors al either end
East side: 6 millimeters at eitherend
South side: 10 milllmeters a1 the west end
30 miflimetore at tho oast ond
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Next, Cole examined the alignment of the four sides and
conoluded that they meot to form angles which deviate
as follows from a right angle:

Northwest comee: —0° 00’ 02”
Nonheast comer: +0* 03 02"
Southeast comer: —0° 03 33~
Southwesi corner: -+0° 00' 33"

| Interpret theso data to mean that the west sido was
drawn first and that the north side wes intended to be
perfectly perpendicular to it. The east side was intended
to be at an angle of 3’ with the perpendicular to the north
side, and the south side was Intended to be at angle ot 30"
with the perpendicular to the wast side, in other worda,
the four corners were inlended to deviate fiom a right
angte according (o the fotlowing pattern;

Northwast cornar: 0
Northeast corper: +3 minutes
Southeast cosmel. ~3 /2 minutes
Southwest comer: + 1/2 minuto
Having established the alignment of the sides according
to the figures mentioned above, Cole calculated the length
of the sides to be tha {aliowing:

West . 230,357 mlllimeters
North: 230,263 miilimeters
East : 230,391 millimeters
South: 230,45% millimeters

There is a contradiction in Cole's repornt about the
length of the north side. in iIhe summary of the iengths of
the sides, Cole states that this side is 230.253 millimeters;
but in an earlier part of his report he states that the
nosth side is divided into a segment ol 115,090 millimeters
and a segment of 115.16¢ millimeters (total of 230,25t
millimeters) and confirms these figuras by explaining that
tho difference between the two segments is 71 milllmeters.
This contradiction s most unfortunate, because it is a
conctusion of mine that the lengths of the two segments
of the noith side provide a key to the cetermination of
the vertical dimensions of the Pyramid. | am inclined to
infer that Colo found lhe north side to have a length of
230,251 mitlimesers,

I interpret Cole's figures to mean that the basic length
of the side was 438 1/2 cubits = 230.363.18 millimelers.
According to Colc thc average length of the sides is
230.363.25 millimeters. Each side was intended to have
a lengtn of 1 1/4 stadia accotding 1o the stadium o1 351.6
cubits; for the Egyptian this was tho stadium (1/10
minute) of Ihe degree of latitude at the equator. The
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perimeter ol the Pyramid was intendcd to be 1758 cubits
= 92145271 mlllimeters, Cole reporis a perimeter of
921.453 millimeters. The perimeter was intended to be
equal to 1/2 minute of [atitude at the equator The length
of the minute of degree of latitude at the equator was
calculated 3516 cubits = 1842.905 meters; it is 1842.925
metess according to the International Spherold.

in the calculation of the Pyramld the royal cublt was
divided Into 24 fingers, each finger being 21.8385 millimeters.
Egyptian measuring rods indicate that the royal cubit,
which in principle is composed of 28 fingers (fingers such
that 24 make an Egyptian common cubit), at times was
divided into 24 fingers according to the ordinary dlvislon
of the cubit. There are Egyptian measuring rods In which
the royal cubitis divided into 28 fingcrs on one face and
24 fingers o1 the other face

The west side was drawn first and then the north side
was drawn perpandicular to it. The south and the east
sides were at an anglo difforont from a right angle with the
two neighboring sides. This caused variations iIn the length
of the sides, but steps were taken In order to assure that the
average length of the sides remained 439 1/2 cubits.

Tho south sido was intended to be at an angle
90’ 00’ 30" with the west side. Reckoning by tangent
0° 00" 30, this wouid cause a lengthening of the east side
of 33.494 millimeters. Apparently this lengthening of the
oast side was computed as 1 1/2 fingers = 32 758 millimeters
Tho lengthening of the east side was componsated in part
by shortening the west side by 1/4 of finger. in other words,
the south side was meved backwaid by 1/4 of finger. The
west side came o be 439 1/2 — 1/96 cublts = 230.363.1778

5.4587 millimeters — 230,357.72 millimeters. The east
side was lengthencd by 1 1/4 fingers, so that it came to
be 439 1/2 + 5/96 = 230.363.1778 + 27.2994 = 230,3%0.48
millimerers

The western side was rotated at the middle point by
3 minutes, so as to shorten the north side and to lengthen
the south side. Multiplying the Icngth of half of a side by
tangent 0° 03" 00“. there would be a shortening and a
lengthening of 100.519 mitlimeters, which could be under-
stood as 4 5/8 fingers = 101.008 millimeters. Since the east
slde had been lengthened by 1 1/4 fingers and the west
side had been shortened by 1/4 finger, there remained an
increase of a finger to be compensated. Hence, the north
and south sides were shortened by 1/2 finger each. in other
words, the east side was moved backward by 1/2 finger.

The length of the north side came to be 439 1/2 cublts —
4 5/8 fingers — 1/2 finger = 439 55/192 cubits = 230,251,250

1 inside
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millimeters, The length of the south side came to be 438 1/2
cubits + 4 5/8 fingers —1/2 finger =439 129/192 cublis

230.453.266 miilimeters. The dilference between the
two sides 1s 74/192 cubits — 202.016 millimeters,

This analysis of the mothod followed in planning the
base of the Pyramid arrives at the striking conclusion that
my estimates of the lengths of the sides, based on theo-
retical principles. do noi differ by a millimeter from those
obtained emplrically by Cole (length of sides expressed
in millimeters).

My estimate  Cole'S report

West side: 2303s57.72 230,357
Noith side: 230,251.25 230,261
East slge: 230,390.48 230.391

921,452 72 824 453

3. In his survey Cole paid attention to a deiail which
in my opinlon provides the key to the entire geometrical
structure of the Pyramid. The Egyptologist Borchardt had
noticed that, at about the middie of the north side, a small
line is marked on the pavement which extends outward
from the boitom of the Pyramid. Cole measured the position
ot this line and lound it to be at a distance of 115,090
millimeters from tho norihwost corner and 115.161 milll-
meters from tho northeast corner, with a difference of
71 millimeters between the two distances, He stated that
this line ts “'probably the original tine ot the axis.”” Cole
apparently did nol pay much attention to this detail, since
he reported also that tho north side has a length of 230,253
millimeters. Reginald Engelbach, in presenting Cole's
findings to the academic world, failed to notice the
discrepaney in Cole's figures, | suspect that the figure of
230,253 millimeters for the length of the north side crept
into the Cole report as a result of a mistake of 2 millimeters
in placing the end of the 1ape against the pin that marked
the posltion of the fine of the axis.

11 the north-south axis of the Pyramid is off center, it
follows that tha apex was off center. Petrie, when ho
survcyed the slope of the Pyramid, on the basis of preliminary
tests suspected that each face of the Pyramid had a
ditferent slope, but did not try to establish whether this
suspicion was justified. Instead he concentrated his efforts
on establishing the slope of the north face, which is the
best pieserved one. As far as | know. none of those who
tried to interpret the geometry of the Pyramid on the basis
of Petrle’s report considercd the possibility that tho four
faces of the Pyramid had different slopes. Nobody has
ever utitized Cole's survey in order to interpret the geometry

South side: 200,453.27 230,454

ot the Pyramid I1 the four faces have diflerenl siopes, it
follows that the apex is off center.

| have concluded that Ihe north side had a length of
439 55/192 cubits 230.251.250 millimetess, Hence, |
understand Cole's figure 10 mean thai the tine which
divided the north side inte two parts is at a distance ot
219 137/192 cubits = 115,162.479 millimetess from the
northeast corner, and a distance of 219 55/96 cubits =
115,088.771 millimeters from the northwest comer. The
difference between the two segmenis Is 27/192 cubits =
73.708 mullimeters. | suspec! that there was a mistake of
2 millimeters in setting the end of the tape against a pin at
the middlc of the north face; this is the reason why Cole
repcrts thatl lhe north side has a length of 230,253 mlili-
meters with an excess ot 2 millimeters. This type ot
mistake is common in surveying.

A greal number of those who have tried to explain the
geometry of the Pyramid can be placed into one of these
two categories: those who conclude that the Pyramid
was calcuiated by the 1actor 4+, and those who believe that
the Pyramid was calculgted by the factor ¢. In my opinion
both explanations are correct, in the sense that the slope
of the west face was calculated by lhe facter % and Ihe
slope ot the north face was caiculated by the factor ¢. The
inclination of the other two faces was affected by the faot
that the angles al the northeast and the southwest were
more than right angles.

For reasons that | shall explain below, | have concluded
that the height ot the Pyramid was either 279.53 cubits =
146,515.174 mitlimeters or a figure vory close to 279.53
cubits.

According 10 what | have said above, the distance of
the apex from the west side was 115,088.771 millimeters.
If the west face was calculated by the factor 7, the
height of the Pyramid had to be /4 of the base of the
meridian triangle of the west side. Now, 146,515.174
miltimeters relates (0 115,088.771 millimeters as 0.78550752,
which would imply 7 = 3.142030. Il 7+ was reckoned as
3.1420, the height would have beon 146,516.522 millimeters.
By the exact value of 4r, the height would have been
146.535.569 millimeters.

Because of Cole's teport we know the distance of the
apex from the west side, but we do not have direct infor-
mation on the distance of the apex ftom the north side.
However, it can be presumed that the wesl-@ast axis was
nof displaced from the middle position. It can also be
presumed that the line of the west-east axis was set accord-
Ing to the basic length of sides, before the tength of the
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sides was altered by the widening of the southwest and
northeast corness. Since the basic length of the sides ts
439 1/2 cubits = 230,363.178 miliimelers, t can be presumed
that the apex was at a distance of 2193/4 cubits =
115,181.589 millimetcrs from the north side. If this is the
length of the base of the meridian trlangle of the north
face. and the helght of the Pyramid Is 273.53 cublits =
146.515.174 millimeters, the base of the meridian trlangle
of the north face is 0.78614103 of the height. If the north
face was catoulated by the iactor y, the height should have
baen equal to V7 ot the base af the meridian triangle.
I one had recokoned by the exact value of ¢, the height
would have been 146,513.50 miliimeters. |f the height
was 146,515.174 millimeters, as ! tenlatively assume, and
the northern half of the north-south axis was 115.181. 589
millimeters, V17¢ was reckoned as 0. 78141 (the exact
value is 0.7861514) and hence 1/¢ was reckoned as
0.61801767.

If 1/ was reckoned as 0.6180, the height would be
146,517.224 millimetors, which would impfy 7 = 3.141985.
Therelore, | would conclude that the height possibly was
reckoned as 279 15/28 cublts = 279.53714 cubits =
146,518.169 mithmeters According to Petrie 1he slope ot
the north face is 51° 0’ 40" = 1' 05”. if tho north face had
been calculated by the exact value of ¢, the slope would
have been 51 49' 38", This angle can be easily calculated,
because if the meridlan triangle of the norsth side is calcu-
lated by ¢, the secant and the tangent ot the angie ot
tho slopo must be equal to oach other, that is, must bo
cqual to V. If the west side had been calculated by the
exact value of 7. it would have had a slope 51" 51° 14",

4 Most interpreters agree that the Pyramid had a
height ot 280 cublts Even Borchardt, who is so opposed to
tho idoa that Egyptians had any knowledge of mathomatics
that he calis Herodotus an “idiot" for having said that the
Pyramid was calculated by ¢, agrees that the Pyramid had
a height of 280 cubits.

In general one could cstablish a consensus of the
responsibie Interpreters to the effect that the meridian
triangte of the Pyramid was the foltowing:

Haight: 280 cublts
Base: 220 cubits
Apothem: 356 cublts
In my opinion, this triangle was purely the staiting
point of the calculations. It was chosen in order to indicate
the retalfon 7 and the relation ¢. since 22728 Is the
value of /4 used in practical reckonings {w = 31/7), and

356/220 — 89/55 = 1.6181818 is an appsoximation to the
value of ¢ according to the initial terms of the Fibonaccl
series. But the Initlal meridian trlangle was modified for
several reasons, the first one being that it Is impossible 10
construct a right triangle with sides 280, 220, and 356,
since we have:

280: = 76,400
2202 = 48,400
3662 = 126,738

We have seen that the basic length of the sides was
roduced to 438 1/2 cubits (somiside of 219 3/4).

In my opinion, the height of 280 cubits was ohosen in
order to Indicate the polar flattening of the earth. The
Egyptlans calculated tha poiar flaitening as 3/280, but
this was a round figure adopted on the assumption that the
order of the cosmos must be septenary.

Information about the Egyptian estimate of the size and
shape of 1he earth is provided by Chapter LXIV of the Sook
of the Dead. This chapter was the most imponant one:
reciting It was considerad almost as effective as reciting the
entire book. In one of the papyri of the Book of the Dead
there Is an annotation to the elfec! that this chapter was
found in the shrine of the solar boat during the reign of
Udimuy, the fourth or fifth Pharaoh of the First Dynasty.
Chapter LXIV states that the splrits of the Nether World
{that is. all that is below the surface of the earth) are
4,601.200 and that each Is 12 cubits high. The occurrence
ot the factor 12indicates that itis a matter of geographic
cubits, Now, 12 x 4,601,200 cubits = 55.214,000 cubits =
138,036 geographic siadia, s equal to two diameters of the
earth. In order to explain the figure of 138.036 sladia. one
must assume that the Egyptlans reckonad as if the polar
flattening occurs only in the northern hemisphere. On the
basis of this assumption the figure of 138,036 stadia can be
decomposed into the following four earth radii:

34,538 s1adia = 6.378,388 meters = equatoria! radius
34.538 stadia

34.538 stadia
34.422 stadia = 6.356.988 melers = pclar 1adius

138, 036stadia

These figures imply that the flattening of the North Pote Is
116/34,538 = 1/297.74.

With extreme economy of numerical expression the
Egyptlans had arrived at values which are as good as the
bes! modern ones The ligure tor the equatoriat radius
happens to coincide to the meter with that caiculated by
Hayford. But Hayford calculated the polar flatiening as
1/297. Helmert, however, set the polar flattening at 1/298.3,
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a figuro which has been adopted in several of the recent
surveys and calculations of the size of the earth which aim
at achleving the maximum possible exaciness.

At the beginning of the dynaslic period the above
mentioned ligures were revised in order t0 make them fit
into the soptenary system of measures and cosmic order.
The polar fiatlening was sot at 1/280. This was achieved by
decreasing slighlly the potar radius and Increasing slightly
the equatorial radius. The equator which used 1o be reckoned
as 217,000 geographic stadia — 40,074,999 meters, was
calculatod by a stadium (1/10 of minute) of 354 royal cubits,
which made It 40,078,476 meters. It Is conceivable that the
dala menlioned in the Book of the Dead was reinterpreted as
follows:

34.540 geographic sladla = 6,378.758 melers = equalorlal cadlus
34,540 geographic sladia

34,540 geographic stadia

_34.416 aeographic stadia = 6,359.858 melers = polar radius
133.036 gzographic stadia

The figure of 17280 for the polar flattening was adopted
because it fits into septenary reckoning also in a second and
more subtte way. If the polar flatiening is 1/280, the arc of
merldian is 0.7840 of equatorlal diameter. Now, 0.784
2802/ 100,000 — 78 400/ 100,00D. This is the reason why
Hercdotus put emphasis on the fact that the surface of each
face of the Pyramid is 78,400 square cubits, being equal to
the square of Ihe height, which is 280 cubits. However, the
figures repored by Herodotus apply only to the Inilial plan
of the Pyramid. When the figures were further refined the
height was calculated as 279.53 cubits. |i the polar ffattening
is 1/297.74, the arc of meridian is 0.7408 of equatorial
diameter. This means that an arc of merldian is
0.78408/ Vs~ = 279.53/280 of a founth of equator. Hence,
the height of the Pyramid in the final plan indicated the
correct figure for tha polar flaltening.

Vill. ADDITIONAL REMARKS ON THE DIMENSIONS
OF THE GREAT PYRAMID

1. Herodotus provides oniy two pleces of Information
about the dimensions of the Great Pyramid. He states that
the surface of each facs is equal to the square of the height,
which means that the Pyramid was calculated by the Golden
Secllon {by the faclo! p). He states also ihal this surface
of each face is equal 10 8 Egyptlan acres. The Egyptian acre
is 2 square with a side of 1000 royal cubits (2747 square
meters). The Egyptian acre, the amount plowed in a day, is
similar to the Roman acre (jugerum), which is 2524 square
meters. Herodotus's figure Indicates \hat he had in mind a

height of 2€0 royal cubits. He reckoned by half acres, which,
as | have expialned earller, were taken to have stdes of 70
cubits If the Pyramid has a height of 280 cubits, the square
of tho hoight is 16 half acres (78.400 square cubits). If
Herodotus assumed a side of 440 cubits, in order to have
this surface the faces should have had an apothem of 356.4
cublis; but It he assumed a slde of 439 1/2 cublts the
apothem should have been 356.8 cubits. But Herodotus's
figure for the surface of the faces was not intended to be
oxact,

The Roman geographer Pomponlus Mela (1,9) para-
phrases Herodolus in these terms: quatuor fere soii jugera
sua sede occupaf, totidem in altitudinem erigitur, it
occupies almost four acres with Its base, and il rises a3
much In height.” Mela expresses himsell awkwardly, but the
main point is clear. In order to make the rackoning more
easily comprehensibie he counts by double acres which
have sides of 140 cublis. If the Pyramid had a height of 280
cubits, il would be Immedlately clear thal the square of the
height IS 4 (double) acres. But Mela states that the surface
of the faces and the square of the height is a/most 4 acres.
It was a current practice in all ancient cultures 1o double
units of measure. while continulng to refer to them by the
name of the simple unit Mela erroneously speaks of the
surface ot the base, whereas it is a malter of tho surface of
tho faces. The error probably originated through an incpt
translation from a Greek author who used the technicat term
epipolés. which means “In elevatlon, by the lateral surface.”
but may atso mean "'in surlace.” The same error occurs in
Pliny. It Is likely that the error in translation originated with
Varro, who slmost certainty was the common source of
Mela and Pliny. The polymath Varro, who lived In the firs!
century B.C.. proves Inept In mathematical matiers, and
Mela and Pliny were certainly no more adept in these
matters. 8ut, 1he toxt of Meta, in spite of its shoricomings,
supports my contention that the height of 280 was merely an
Initial figure In the calcuiation of the Pyramid. a figure which
was reduced in the course ol the deveiopment ot the
calcutation.

| have anaiyzed all other ancient authors who provido
Information about the dimensions of the Pyramid. By a
careful collation ot thelr words and phrases, | have
established that they all draw, directly or indirectly, on a
single source. These authors wrote in Greek or in Latin
during the first century of the Roman Empire, They are \he
historian Diadorus of Sleily (1, 63), the geographer Strabo
(XVII, 1, 33), tho oncyclopodist Pliny the Eldor {XXVI, 12,
78~80), and the engineer Philon of Byzantium (Wonders of
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the World. 1l). Their common source Is the Greek gram-
marian Agatharchides of Cnidus, who towad the end of the
second century B.C. was guardian to one of the Ptolemy
kings of Egypt. Quoistions from Agatharchides’ lost works
indicate thal he wrote exlensively on the geography of Egypt,
with particular emphasis on natural science.

The nteresting feature of Agatharchides' repost about
the dimensions of the Pyramid is that he excludes the
pyramidlon from the reckoning. We know from the descrip-
tions of other pyramids that the very lop of the sliucture
was a small pyramid of metal, usually a precious metat such
as gold or silver, which shined in the sun. From Agathar-
chides' account one gathers lhat lhe Greal Pyramid of
Giza was topped by such a pyramidion, ‘‘small pyramid,”
8s the Greeks called it. In the case of this Pyramid, at least,
the pyramidion was used to achieve a mathematical result.

in ancienl mathematics extensive recourse was made lo
a mathematical procedure which we no longer use, but
which was extremely convenient. If the squars root of a
number cannot be expressed by an integer, the number is
concelved as lhe product of Iwo integers of which the
second is the same as the first. but Increased or decreased
by a small quantity, usually the unlt. Simitarly, if the cubic
raot of a number cannot be expressed by an Integar, the
number is conceived as a cube in which one side is longer
or shorter than the others. For instance. the number 8400
is conceived as a cube with sides 20, 20, and 21. This
procedure is called basi in Sumerian. | have established
that the calculation by what | call near-squares and near-
cubes was common not only in theoretical mathematics but
also In architecture, land surveying. and the construction
of measuring vessels.

The proceduro just described was applied in geometry by
removing a small part of a figure. For ingtance, a probiem of
geometry could be solved by cutting off a slice from & side
otap >gram. Most ¢ ly the procedure was
applied by cutting off a corner of a triangle; this Is the
reason why tho part cut off is called gnomon in Greek. Most
usually gnomén means *'pointer of a dial" in Greek; hence,
1he term applies perteclly in our case in which the top of the
Pyramid was concelved as cut off in the computation
presented by Agatharchides

An essential point of Agatharchides' account is that he
describes the Pyramid es having an apothem which
measuies a stadium up to the pyramidlon and having a side
which measures 1 1/4 stadla. The term stadium has a double
meaning: it refers to 1/10 minute of degree and it refers to
a speoific unit of meaaurement, Agatharchides uses the term
in both senses.

| have already indicated that the base of the Pyramid has
a length of 1 1/4 times 351.6 royal cublls, which for the
Egyplians was the length of the stadium (1/10 minute) of
1he degree ot latflude at the equator. From the authors who
drew on Agatharchides we gather that he said that the
perimeter is § stadia, that is, 1/2 minute of degrece.

One would have expected Ihe perimeter of the Pyramid
to have been calculated by the length ot the degree ot
longltude a! the equatar, but the buliders instead calculated
by the degree of latitude, because their concern was the
length of the erc of meridian. From Agatharchides we learn
that the apothem up to the pyramidlon had a length of a
stadlum. that Is, 1/ 10 of a minute ol degree. This permiis us
to understand what was the specific function of the
pyramidion. Since the degrees of latitude increase In length
trom Ihe equator 10 the pole, the apothem ot the Pyramid
up to the pyramidion gave the lengih of the shortest degree
of lattude, the degree al lhe equator. The pyramidion may
have been graduated. giving the lenglh of all the degrees
from the equator to the pole. According ta Egyptian
reckonings, the stadium of the degree of 1atltude al the
equator Is 351 6 royal cublts and inereases to a length which
at the pole the Egyptians assumed to be 355 cubits in
practical reckonings and slightly more than 355 cubits in
exact reckoning. The apothem of the full Pyramid came to be
something less than 356 cubits.

Agatharchides interprets the dimensions ol the Pyramid
also by taking the word stadium as referring to the stadium
of 600 geographic feet. Tho geographic stadium was the
unit most commonly used by the ancients in calculating
geographic distances. A stadium was 600 geographic teet,
and 60D stadia made a degree. This calculation was correct
for the degree of latitude at the middte latitude ol Egypt, for
the iatitude of the capital bulit by the Pharaoh Akhenaten.
According to Agatharchides the side of the Pyramid is 1 1/4
stadia or 750 feet (230,847 millimeters), and the apothem is a
stadium or 600 feel. The side of the base of the pyramidion
is 9 feet. The figures indicate that Agatharchides was not
concerned with presenting the actual dimensions of the
Pyramid, but in Illlustrating the mathematical principles
according to which the Pyramid had been conceived.

The figures quoted from the lext of Agatharchides by
later authors suggest that he began his analysis of lhe
meridian triangle of the Pyramid by presenting a triangle
with the following dimensions:

Helght: 480 fesl

Baso: 877 foot
Anothem: 610 feet
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This approach gives excetient values ot ¢ and .

9 = 610/377 = 1.6180371 (exaclly ¢ = 1.6180339647)
1/¢ =377/610 = 0.6180328 (oxaclly 1/, = 0.6180338887)
/4 =377/480 =0,785 41666

7 —=3.14168

1t is impossible to construct a right triangle with aides
484, 377, and 610, since we have.

61D = 372100

Bul the calculation | mention Is tess off the mark than
the calculation by the triangle 280, 220, and 356, which was
the one with which the builders of the Pyramid actuafly
began.

Having staited with the mentioned meridian Iriangle,
Agatharchides cut ofl the side so as 1o reduce the apothem
to 600 feet and the base to 371 feet, excluding the parl of
the base below the half of tho pyramidion.

m 4as

Since Pliny in quoling Agatharchides does not give tho
fength of a side of the pyramidlon (which another author
describes as being 9 feet), but the combined length of two
sides, | have concluded that the pyramidion had an average
side of 9 feet, bul had different lengths of diffeten| faces.

| presume that Agatharchides presented two different
meridian sections of the Pyramid, one calculated by the
facior ¢ and one calculated by the factor 7.

By o By 7

ang

39
315

1/ = 061606360

&= 3.1420080

The two possible meridian seclions were combined so as
10 ohtain two faces catculated by r and two faces calculated
by ¢. The Pyramid seen from above would have had the
fotiowing dimensions:

Like Herodolus, Agatharchides was not concerned with
reporling the exact dimensions of the Pyramid, bul with
presenting the general principles of the mathematics of the
Pyramid. This was the point which was ol the greatest
nterest to a Greek audienco.

1 do not pretend to have reconstructed the authenlic
reckoning of Agatharchides, bul | feel confident that | have
underslood the general drift of nis Imerpretation It seems
to me that he intended to improve on the presentation of
Herodotus, who had only mentioned the factor ¢, by
stressing Ihe roles both of the faclor p and ef the factor s
Agalharchides wanted aiso 1o emphasize thai the dimensions
of the Pyramid were retaled 1o the length of the degree of
latitude. Thie was a point of essential importance which had
not been menfioned at al by Herodolus,

2. The Egyptians ascribed the Invention of the an of
ouilding with stone to !mhotep, vizier and arehitect of King
Zoser, who reigned about fifty years before the building of
the Great Pyramid. And In {act there has not been found any
impor(ant building made only of slone blocks which dates
before e reign of Zoser. The Egyptians deseribed Imhotep
as a sort of Leonardo da Vinci of Egypt, mathematician,
scientist, ongincor, and architoct. Not many years after his
death he was made into a demigod, son of Ptah, the god of
craitsmen and lechnicians. Up to recenlly lhere were
EQyptologists who Insisted that Imhotep was a legenadary
figure. One argument was that there is no other instance in
Egyptian history of an ordinary person having bene divinized.
Bul more basic was the atqgument Ihat 8 person with all the
gifts ascribed 1o Imhotep coutd not have exlsted In the Old
Kingdom. it is only in the fast few years thal it has been
definitely accepted that imhotep was a real person, since
it has been possible to gather some specific details of
Information even about his physical appearance. His genius
was recognized even during his llfe. since King Zoser

r—
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covered him with al! sorts of honors, although he was a man
of humble origin.

But, even though If is now granted that the Egyplians
were not living in dreams when they Idolized the genlus of
Imhotep, Egyptalogists have falied to investigaie what were
the scientific achievements of Imhotep other than that he was
the first one to have designed a pyremid, the step pyramid of
Saqqara. This pyramid is just one element in an enormous
group ol bulldings which Is known as Zoset's Complex. This
group of bulldings is not cnty so exlensive but also so
elaborate that nothing of the sort was produced again In the
long histoly of Egypl. In splte of this, not one Egyptologist
has irled to Investigate this monument and other construc-
tions directed by Imhotep in terms of what the Egyptians
said were his talents. Scholats are wllling to grant that a
man with the name of Imhotep walked on the land in Egypl,
but they are not yet wllling to grant that Egypt couid have
produced a mind like his.

The French archeologist Jean Philippe Lauer has
dedicated many yeais to lhe siudy of Zoser's Complex. ke
is a highty competent archeologist and essentiasly factual
and realistic. Actuaily ho has been criticized for insisting too
much on technical problems of architecture. For Instance,
Ihe German Egyptologlst Herberl Ricke has disputed point
by point Lauer's Interpretation of the monuments of Zoset's
Complex, claiming that the architecture must be undetstood
in terms of the conflict between the psychological attitudes
of nomadic hunters and that of sedentary agriculturists. Bul
Lauer has tearned how far Ihe academic community is willing
to go In tolerating rational thought In the area ot anclent
studies. 1n 1844 he published a short paper in which he tried
to deal with the geometry of the pyremids and enlisied the
cooperation of a professiona! mathematician, Paul Montel,
Bul. tour years later, when he published Ihe book. Le
Probléeme des pyramides, he backiracked and dismissed any
mathematlcal Interpretations.

In roporting about Zoser's Complex, Lauer keeps
slumbling into mathematical problems, but ignores them.
For Instance, he found that the wall that surrounds the enitire
Comptex forms a rectangle 544.90 by 277.60 meters. He
concludes that it is a matter of a dimension of 1040 by
530 cubits. 1 would understand that the Intended dI lons
were 545,114 by 277,799 millimeters, according to the cubit
ot 524.1483 milllmelers. Lauver Is surprised at meeting wilh
the figure of 1040 cubits, whereas he would expect 1000
cubits, and expleina it away by assigning arblitrarily 40 cubits
to the thickness of the walls. But in another parst ol his work
he points out that the same proportions occur in some First
Dynasty royal tombs which have dimensions of 54 by 27

meters. It may be enough to point out here that the
dimenaions of the enclosuro of Zoser's Complex aro based
on the near-square with sides 52 and 53, a mathematical
entlly of which | have spoken earller. It Is a matter of two
near-squares with sldes of 520 and 530 royat cublis, It is
relevant to what toliows that such a near-square has a
diagonal of 742 4S579, which is 6 times 123.749,

Lauer notices In Zoser's Complex four Instances of the
occurrence in important positions of the anomalous
dimensions of 123 cubits, whereas in the Complex dimensions
are generally decimat multiples ol the cublt. One of the most
impressive remains ot the Complex, the monumental entrance
gallery, haa a length of 123 cublits. Lauer suggests that the
Egyptlans may have been fascinated by a magic number
composed by the first lhree Integers. This Is a way of
shunling off a problem by appealing to that undefinable entity
called magic and by implying, at tho same lime, that the
Egyptians, and their hero Imhotep in particular, were
{rivolous tn matters of mathematics.

Lauer did not reallze that the number 123 is an expression

In terms of Integers of the number 2/ = /5 — 1 = 1.236068.
In nls book on the pyramlds Lauver had denled the occurrence
of the factor » in their architecture.

It is @ matter of the right triangle with an angle of 36°
which the Egyptians calfed mr. | have suggested that the
name To-Mera, which the Egyptians gave to their country,
was a reference to this triangle. It a righttrlangie has an angle
of 36° and the longer side is 100, the hypotenuse is 2/ ¢ 100 =
123.6068, the other side being 72.6542,

Since | have argued that the Grest Pyramid was
calculated both by the tactar ¢ and by the facior =, | might
point out here that there is a close relation belwesn these
two numbers, which goes beyond the fact that there Is a
numencal similarity between /4 = 0.7853281 and Vi7p =
0.7861514. The number ¢ was used to obtain the value of
gircular functlons, since we have

¢in 18> =cos 72° =1/2,
sin 84° =cos 36° = /2
sec 36° = cosec 54° = 2/,
%0C 72° =cosac 18° =2,

In practical reckonings the right triangle wilh an angle
of 36* was taken as a triangle with a side ot 100 and a
hypotenuse ol 123. The side opposite the angle of 36° was
taken as being 72; this permits us to calculats In terms of
haif degrees all the trigonometric functlons of the angtes
betwaen 0° and 36" Since the angle ot 367 Is 2/5 of a right
angle and 1/10 of a fuil circla, one can calculate from the
mentioned triangle lhe trigonometric functions for all angles.

1 inside
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This is the reason why the triangle mr was considered the
basic constituent of the cosmic order.

In order 1o recognize the Importance of the right triangle
with an angle ol 36°, one may start by considering how
much attention it received in Euclid's Eloments. It plays an
even greaoter role In carly Greek mathematics. The symbol
of the Pythagorean secl. the live-pointed star, was a
combination of such triangles.

1 have explained that the right triangle with a hypotenuse
of 123 was a practical simglification of the triangle ol 36"
built according 1o the Gotden Section. A turiher simplification
was tho right triangle with sidos related as 3:4:5, if \his
triangle is enlarged to the scale of the one with hypotenuse of
123. it has sides 120. 100. and 75, Instead of 123, 100, and 72.

| need 1o point out that 1he Great Pyramid Incorporates
the ralation 4:5 in the proportion betwaen the length of the
apothem up to the pyramidion and the longth of the side.
This provides a poin! of transition to an analysis of the
dimensions of the Second Pyramid.

The Great Pyramid tried to compress a great number of
mathematical relations, whereas the Second Pyramid
limited itself to embodying the triangle mr.

The basic Idea of the Great Pyramid was that It should
be a representation of the northern hamisphere. a hemi-
sphere projected on flat surfaces, as is done in mapmaking.
This was the principle according to which was built the
ziggurat of Babylon, the biblcal Tower of Babel, and
according to which were bulit the earlier pyramids, The
Great Pyramid was a projection on four trlangular surfaces.
The apex represented the pole and the perimeter representad
the oquator. This is the rcason why the perimeter is in
relation 277 with the height. The Great Pyramid represents
the northern hemisphere in a scale 1:43.200; 1his scaie was
chosen because there are 86.400 seconds in 24 hours. But
then the butlders became concerned with tho probtem of
indicating he ratio ol polar llattening of the earlh and the
length of 1he degrees of tatitude which depends on the rallo
of this flattening. Next, they incorporated into the Pyramid
the factor ¢ as the key to the structure of the cosmos. The
Second Pyramid. on the contrary, limlits itself to embodying
the trangle mr, which is based on the number ¢, at leas! as
far as | have been able to establish up to the present moment.

According lo Petrle’s survey the sides of the Second
Pyramid have the following lengths:

Wesl: 216,278 millimoiers
Narth: 215,188 millimaters

East: 215,268 millimeters
South: 216,313 miliimotors

The royai cubll of thig pyramid Is that of 525 millimotors.
The basic length of tho sides is 410 cubits = 216,250 milli-
meters.

The meridian triangle of the pyramid Is a tnangle with
proportions 3:4:5. The base Is 205 cubdils, the height is
4/3 % 205 = 273.33 cubits, and the apothem is 6/3 x 205
cubits = 341.66 cubits.

Reckonlng by third of cubi(s, we have:

Base: 123 X 5
Height: 164 x 5
Apothiom: 206 X &

Possibty the pyramid was calculated by a rod ol 5/3
of a cubit, which Is called abyw (nebiu In Coptic).

It Is clear that this pyramid was inlended to Incoiporate
the number 123 as a round figure for 2/¢.

The slope ot the pyramid is the same as the angle of
problems 67-69 of the Rhind Papyrus. Tho tangent 164/ 123
1.3333 corresponds to a slope 53° 07' 48, The angie ol
the apothem with the height is 368° 52° 12. This angle was
intended to be an approximation to the perfect angle 36°.

The geometry of the Second Pyramid could be oonsidered
crude in relation to the sophisticated one of the Great
Pyramid, but it emphasizes the importance that the
Egyptlans attached to the triangle mr.

3 Petrle's survey of tha Second Pyramid hatps in
claritying the problem of tho origntation of the sides of the
Great Pyramid.

Petrie reported that the four sides of the Second Pyramid
are oriented as follows:

West side: 0° 0421~ west of true north
Nonh sido: 0° 05 31 north of true east
East side: 0° 06' 13~ wast of tius north
South side. 0° 05 40" north of {rue east
Petrle warns that the trlangulation of Egypt existing at
his time did not permit him to establish the direction of
north with absolute certainty. Hence, hs figures can be
taken only as an indication of the angle of the sides In
relatlon to each other
Petrie's figures prove that the deviation from the right
angle in three of the lour angles of the Great Pyramid was
Intentional and not tha result ol mistakes in construction, as
claimed by profossional archoologists. The north side of the
Second Pyramid is shortened in relation to the south side.
as It occurs also in the Great Pyramid. But in the Second
Pyram:d the shortening of tho norih side and the lengthening
of the south side was achieved by constructing a more
regular figure. The base ot the Second Pyramid has the shape
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of e trapeze or a trapezoid. The north and south sides were
drawn parallel 1o each other. Possibly the west side was
intended to be 2t an angle of one minute with the norit»-south
axis, and the west side was intended to be at an angle of
hatf a minute with tho north-couth axis.

in any case the approximate findings of Petrie indicate
thal. if one proceeded to a new survey of Ihe Second
Pyramid and then surveyed the orientation of the sides of
other pyramids and possibly of other major constructions of
the Oid Kingdom, one could recognize a pattern on the basis
of which it could be established what was the purpose in
making the angles of pyramids and possibly of other major
constructions difterant from a right angle. 1t Is impossidle to
formulate a reliable explanation for the ditferences among
the angles of the base of the Great Pyramid without establish-
ing what was the general practice in establishing the angles
of Ihe base of pyramids.

| hava come acrass the same dilficulty in dealing with
the dimensions of Greek temples. | have ascertained that the
four angles of the Parthenon were Intended to deviate slightly
from a right angle, Further, in the case of the Parthenon the
north side s shoner than the south side, as in the case of
the two major pyramids of Giza. But it is impesstble to
advance hypotheses in order 1o exptain the diffarences
among the angles of the Parthenon, as long as the angfes of
other temples are not surveyed SO as to make possible the
identitication of a regular pattern,

There is one further problem to be considered in relation
to the orientation of the faces of the Great Pyramid. The
west face, which In my opinion was drawn first and is the
basic face, is not oriented to the north, but is oriented 2° 30
west of true north.

This deviation from orientation to the north is the resuit
of the precession of the cquinoxes.

From cuneiform texts one gathers that in Mesopotamia
there was a distinctlon of roles between the mathematician
who {ormulated the general plan of a building and the
architect who cxacuted tho plan, Whethor this dlstinotion
existed In Egypt or not, it can be assumed that in the
constructlon of a pyramid the firsi step was the drawing of a
mathematical plan. This ptan would Include the alignment
of the siars to be observed in establishing the direction of
the north, if my interpretation of Egyptian sky charts is
corsect, the line that indicates the north used to be marked
SO as to pass through the cetestial pole and through the pole
of tho ecliptic.

In any case, it appears that there was drawn a plan of the
Great Pyramid which Included the caicuiation of the stars

ey

to be obsarved in order fo obtain the direction of the north.
After this plan was drawn, the ground of the Pyramid had to
be cleared in order to proceed to the ceremony called
“stretching of the cord.” which for the Egyplians was the
equlvalen! of our laying of the llrst stona This ceremony
had the purpose of establishing the direclion of true north
and, as the Egyptians saw it, suspending the building from
the sky by tying the building with an imaginary string ta the
axis ol rotation ot the vault ot heaven.

if there had passed exactly three yoars from the drawing
of the pian to the ceremony of the ‘‘stretching of the cord,”
the clustering of stars, which gave the exact north of the
moment of the drawing of the plan, would give an orientation
2 30" west of north, because of the precession of the
equinoxes, which displaces the star taken as the polar star
In practica! calculatlons to the west at a rate of about 50" a
year.

The Sacond Pyramid too is orientod west of true north,
but unfortunately Petrig’s figures for the oricntation of this
pyramid are not exact, as he himsell warns.

The question 1o be asked is whether the Incorporation
of the rate of the precassion of tho equinoxes into the
dimensions of the Great Pyramid and of the Second Pyramid
was accidental or intended. | am Inclined In favor of the
second 3lternative, since in the case of the Greal Pyramid
the angle corsesponds exactty {o three years in tha preces-
sion of the equinoxes. In their book Hamiat's Miil
de Santiltana and Dechend have used mythological and
Iconographic evidence In order 1o prove that alf anclent
cultures of the world were deeply preoccupied with the
phanomenon of the precassion of tho equinoxes. They
intended to prove that the movement by which the celestial
pole in about 25,920 years (Platonic year) makes a full
circle around 2 point called the pole ot the ecilplic was
conceived as the basic movement in the life of the universe.
This cyclo determined all other movements, including
biological developments, and determined the length of
human ilfe (taken as equal to 72 years, of the time that It
takes the celestial pole to move a degree) as well as
historicat events. Tha authors of Ham/et’s Mill have kept
their conclusions vaegue, probably in the hope that thereby
their findings would be fess readlly attacked by 1the academy.
They open their book with the statement: “This Is meant to
be only an essay. It [s a first reconnaissance ot a realm
well-nigh unexplored and unchartod.” This Is a mos! gentle
way for a professor of the history of scienee at the zenith of
his career to present a thesis which, If accepted, should have
the impact ot a Copemnican ravolution on current conceptions
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of the devalopment of human culturo. Since tho essence of
my method is quantitative, | cannot induige in the luxury of
such llnguistic niceties. | have collected a mass of
numerlical evidence which shows that the Inhabliants of the
ancient world were acquainted with the rate ot the
precession of the oquinoxes and attached a major signifi-
cance o il. Bul in order to deal with this evidence, | would
have 10 open an entirely new topic. | beg the Induigence ol
the reader in asking him to remain satisfied for the moment
with the mere hint tha! there is yet ancther lesson about the
level of Egyptian science to be drawn from the stark
nakednass of the Great Pyramid.

Atd-al-Lallf (1179-1231)

Abdullah Al Mamun (d 833)

Agathorchides of Cnidus

Akhnaten (1388-1358 B.C)

Akhtaten (Resting point
of Aten)

All Gabri (1830-187)

Alvarez, Luis Waller
(1991-

Amelineau, Emile (1850-1913)

Amanemhet

GLOSSARY OF
NAMES AND
TERMS

Arab historian who laught medicine In Baghdad. Aulhor of one
ot the early Arsb historles of Egypt. Relation de r'égygte. In
1220 ho explored the Grost Pyramid, reporting that he eame cut
ol it “more dead lhan alive."

Caliph of Baghdad, gon of Harun al-Rashld. Palronized literature
and science: built an astronomical observatory outside Baghdad;
ordered @ degree ct lalilude to be measured across the plain

of Paimyia. Is reputed o have broken kto the Greal Pyramid
in 820 in ssarch of treesures, bul 1o have come away emply~
handod atlor opening lhe way to tho King’s Chambor.

Groek historion and geographor who lived in tho timo of Plolemy
Philoametor {181-146 BC.) and dezlt wilh the geography ot
the Near East

Ravolutionary pharaoh ot the Eighteenth Dynasty who chenged

his name from Amenoghls IV. and broke with ihe priesls of
Amon at Thebes. He builit a new capilal, Akhtaten, between Thebes
and Memphis near the sile of Tell el-Amarna, Of his raligious
roform, which was monolheislic and recognlzed tho sun as tho
symbo! o! living energy, Patr@ remarkad: “no such grand
theology had ever appeared in the world before."

Capital buill by the young pharaoh Akhnalen at lne predynastic
g8odelic centsr of EQypt, halfway between the Trople and 1he
Medilerssnean coasl, near the sile called Tell el-Amama. The clty,
which was decoraled with aplendid templos and palaces. was
dostroyed after Akhnatan's dealh.

Arab guide, sometimes ralerred to as Alec Dobree, who was an
assldan? to Howard-Vyse, Plazzl Smyth, Sir Flindars Patrle. and
Noses B. Cotsworth ovar a perlod cl nearly sevenly years helping
them explore and measure the Greal Pyramid.

Nuclear physicisl. Professor of physics al Lawience Radiation
Laboralory, Serkeley, Celifomia, Nobel Prize winnes for physics
in 1968. Doveloper of radar. Helped cavalop A-bomb and floaw
in B-20 observes following the plane thal bombed Hiroshima, One
ct the youngest members to ba elected 1o e National Acadamy
of Scierce. Aulhor Gf several scientific articles. Adapted spark
chambar lo X-ray the pyramlds with cosmic rays.

Sludiad Eqypilan ¥nd Coptlc under Maspeso. Did much excaval-
ing but was ciitlcized by Pelriec and Méspero lor unscienlific
mothods. Profcasor of history of roligions in Ecolo des Hautes
€tudes in Pans, whore he died In 1915, Author of g8averal volumas
on ancient £gyptian history and science.

Four Pharaohs of the Twelllh Dynasty, the first ot which relgned
from ¢a. 1991 1o 1862 B.C.
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Aman

Ancient Empire

anomalistle year

apothem (of a pyramid)

Arya-Bhata (b. 478-7)

Aten

azimuth

Balard, Robert 7,

Bainard, Professor F. A. P.
{1809-1889)

Behdet

Baizoni. Glovann| Battisia
{1778-1823)

Biol, Jean Baptiste
11774-1862)

A 0od who was related ta the wind, promoted to an imperial
divinity at the begining ol the Twelfth Dynasty as Amon-Ra.
Amon was eonsidered the creator of other gods, and to have had
no boglnning and no end.

From the Third to Sixth dynastlos, variously estimated, but ap
proximalely 2780 to 2280 B.C There is littla historlcal data on
this pencd, most of the relevant papyti having disappeared. Under
the Influence of King Zoser and his aichltect Imholep. brick
struclures gavé wey to stone. The political center was al Memphis.

365 dayc, 6 hours, 13 minutes, 48 saconds. Tho time it takes tho
earth to tetum in its olliplical orbit to the point nearest the sun
—-aboul 4% minutes ongar than the sidereal year.

The distsénce from the apex down one face fo the center of
@ base side.

Hindu and malh iclan, author of Aryabhatiya which
gave the rules of methematics as known in hig time. Most of his
work deals with astronomy and spherical trigonometry. Gave a
value for = of 3 177/1250, or 3.1216. Taught that the daily ro-
1atlon of the heavens was an appearance cue 10 the eartn’s
rotatlon on s axis.

God ol the solar orb, raised 10 2 p:ime position by Akhnaten.
Represented by e golden disc radlating rays that end in hands,
\Vas censidercd e universal doily who could have hold away over
a univorsal ompiro.

Anglo of are around tho horizon. or angular distance of an
abgerved point from deographic north {or other tixed paint).

Ausliratian enginear who made a study of the pyramlds in 1882
which he wrote up in “The Solutlon of the Pyramid Probiem: or,
Pyram|d Discoveries wilh a New Theoty as to Thelr Anclent Use.”

President of Columbia University (1864) and president of the
Amorican Aszociation for tha Advancemen! of Scionca. An
authority on waights and measures, he took issue with the con-
clusions about the Pyramid drawn by Piazzl Smyth anc other
pyramidologisis.

Town In lower Egypt which was the caplial of Egypt in pra-
dynastic times. In Plolemalc times it was tho oapital of o nome
and was known to tho Romans as Hermopolis Paiva in Stecchinf’s
reconstruction of the ancien! gacgraphy, Behdet was the noihem
bmit o) EQypt. 7 1/2" roriti ol the Troptc.

Itatlan exptorar and adver luier. A large and powarful man, six
{eet seven inches. who exhibited himsel! in feats of strongth, He
come to Egypt to demonstrato s hydraulic machixe ho had
Inventad, but when the machine provaed unsuccessful he turned
10 archeslogy and discovered saveral tamhs as well as the
entiance 10 Kephren's pyramid, A rariative of his exploits was
published In 1820.

French icist of at 8 and
pmlesaor of physucs at tho Collégo de Franca A prolilic writer,
he covered a wide field of physical science, bacoming a member
ot tha Acadk ot and a of the Léglon
d'Honneur. He was especially Inleresied {n Ibe astionomy of the
ancient Egyptians.

i

The Book of the Doad

Borchardt, Ludwig (1863-1938)

Bouchard, Pierte-Frangois-
Xavles. Captain (1772-1832)

Brugach, (Pasha) Karl H.
(1827-1804)

Srunégs. Tons

Budge. Sir Emest Alfred
Wallis {1857-1834)

Bursttinl, Tito Livio (167-1882)

Cabala

Campball, Patrick, Cofonel
(1779-1857)

Cardano, Girolamo (1501-1576)

cardinal polnts of the compass
cartouche
Cayco, Edgar (1877-1946)

Cassink, Gian Domenleo
{1625~1712)

An Egyptian coliection of hermetic inscriptions ard papyrl
purportedly providing funerary and rliuat toxis.

German Egyplologist Studled Egyptology at Betiin University
under Professor Johan Erman Worked at Philae in Egypt in 1835,
an¢ contucted many excavations In subsequent years. Inaugurated
the great Catatogue of Calro Museum with Professor Gaston
Masgero. Founded Garman Institute of Archeology in Calro. A
bibilography of his many writings was iseued in 1933.

Engineer working on Foit Julien near Rosetta, 70 kifometers
east of Alexandria. in 1789 found the Rosetta Stona as part of
an oid wall.

Gorman Egyplologist sent to Egypt by the Prussian government In
1883. Consul general in Ceiro, 1864, then prolessor of Egyp-
fology at Goumgen 1868. Director of School of Egyptology in
Cairo. d a demotic g , A hic dictionary,
and a history ol EQypt.

Danish consulting engineer and Freemason who devoted 3 scote
of yeors lo rcsolving the prcbiems of ancient geometry. In 1987

ho publishod a six-hundrod-page two.volume book, The Socrots of
Anciant Geometry, in which he attempsed to substitute a "Sacred
Cut* for the Golden Saction or phl relation

Orlentalist. Keeper of Egyptlan and Assyrlan Antlquities & the
Aritish Museum, Large published oulpul Including Ropular and

works. C iled an Egyp dicti Y, and a full
odition of The Book of the Deed.

Itakan lollowsr of Fathar Athanasius Kircher. Made saveral tiips to
the Great Pyramid and took measurements with Greaves which were
used by Newion In his first calculetfons sar the theary ot gravilation.
A Venetian by biith, Buraitini spent the better part of his maturity
in Poland. Author of works on standards of measure and the use
ol pondulums.

A syslom of myctloal intorprotation of Scripturos practiced by
cartain medieval Jewish rabbis and certain Christian sacts, on
the assumption that Scriptures hava an occult meantng.

Army ofticer and dipiomal. British consul genetal in Egypt, 1833
1o 1840. Asseciate of Colonel Howard-Vyse in exploration of
pyramids, who named for him ane of the constiuction chanibers
above the King's Chamber in tho Greal Pyramid.

doctor, th ond astronomer, author of savoral
books. His workg in mathemallos includo tioatises on arilhmotio
and algebra. He reterred to ancient lraditicns as indicating the
Great Pyramid inco a an eanth unit ol

of great exactness.

Noith, eas), south, west.
An cblong flguie containing a Pharach's name,

American claitvoyant whose thousands of readings while in trance
are flled In a foundation crealed In his memory at Virginia Beach,
Virginio. Had many momories es 3 boing at tho timo of Allantis

and the constiuction of the Pymmld, but ieadings lack solid dala

French astranomer and geodesis) ot italian ongln, founder of a
famlly o! geogesists. He measured meridian aiC through Paris.
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Caviglia, Glovannl Battista
(1770-1845)

colestial eguator

Champolllon, Jean-Frangols
(1780~-1932)

clinkstone
ciinometer
Cole, J. H.

corbeled masonry

Colswarth, Moses B.
(1859-1843)

Cottrel, Leonard (1913~

Davison, Nathaniel (7-1783)

dscans

dectination

Dendera

)

Was assisted by his son Giacomo (1877-1758), who was assiated
by his grandsen Cosore Fronceeco (1714-1784). His greotl-
grandson. G Ico, also a geodasist and

was bom in Paris in 1747 and diea 1845.

Genoese marings. ownes nd master of a trading vessel In the
Meditetrancan based on Malle. Regarced himssif a3 a British
subjec!. Explored the pyramids and the Great Sphinx, from whosc
baso he had groat itles of sand d. An | i
excavator, he discovered the outlet to the wall in the Great
Pyramid and was in cnarga ot seveial hundred men excavating
for Colonel Howard:Yyse until they quarseled. Gaviglla was given
to occultism and mysticism, and spent his finsl ysars in Paris
03 e protéaé o! Lord Elgi

A great circle produced by projecling the earth’s equaltor oul-
ward to lhe celestial sphere.

At 16 at the Academy of Gienoble. Champolllon presented a thesis
in suppoil of Fether Athanasius Kircher's idea that Coplic was

a degeneration of anclent Egyptian. Tha discovory of the Rosotta
Stona by Napoleon's troops helped Champolition to cecipher the
system ot sncient Egyptian hleroglyphs.

Campact graylsh rock which clinks tike metal when struck.
A dyvice to measure angle of slope.

British aurveyor who corried out the oflicial suivay ol the Great
Pyramid for tho Egyptian govemmenl in 1925 His measuramaenis
made it possible to lnow the dimensons of the bass of the
Pyramid 10 within a lew millimeters. and put an end 1o yeas
of controversy.

An arrangement of stones in which succeasive oourses profect
beyond those below.

British legwsiative enthusiast who wrote a series of pamphtets 2nd
books advocating @ mdre cational almanac and demanstrating
how the pyramnlds, obetisks, Diuld ciicies. and mounds wete
erected as yearly atmanacs, Expatilated to Carada, where he
died during World War |l.

British author of soveral books on Egyptian history and Ihe
Py Weiter and p for 1800 and television,

Accompanied Edward Wortley Montagu on his iravels In 1he
Eest. Arrived et the Great Pyramid In July of 1765, where he
discovared tha first consiruction chambor ovor tho King's Chamber,
which has since bean named for him. Was later British consul
general at Alglers unlil his death in 1783.

Ten-day perlods marked Ly the passage ol constellstions by
which the Egyptiens divided the ycar Info thirty-six units.

Angular dizlance of a heavenly body noith or south of the cefes-
tiat equalor: analogous o tatltude on the stellar vault.

Ancient site of 8 Plolemic temple compound about 80 kilomotors
north ot Luxcr on tho eact bank of the Mile dedicated to Hathor
and Isis. Severatl templas are bellaved lo have been constructed
on ihe site, attribuled to Cheops. Pepl |, and eartler monarchs,
A zodlac on the celling of an upper 100M was removed and Is
now on display at the Louvie whore it has beon tho object of
heoted controversy as to Its ege and significance.

Dencn, Baron Dominique
Vivant (1787-1825)

Olidoutrl
Diadorus Skculus

dhimal pattern

Dumichen, Johnnos
(1833-1894)

dynasiles

Edfu

Edwargs I. E. S. (1909~

Egyption mysterlos
Elephantine

Engetbach, Reginald
{1880-1046)

oquinox

Fdonaccl, Leanardo Bigollo

(1173-1250)

Fibonacci sorios

Firth, Geclt Mallaby
(1678-1931)

gaodetic ghomon

French anliquery and man of letters. Joined Napaleon's expedi-
tion and made many romsrkable drawlings. Published Voyage dans
12 baste of Ja haute Egypte. 1802, which was an instanl succoss:
transtatad into German and English Appainted director-ggnarat
of French Museums.

Fourth Dynasiy king who ded Cheope and p ded Kophron.

Gresk historian of the first century 8.C. Published a history, or
Bibllotheca histarica, the flist survlving book 0f which geais with
Egypt. 10 which he traveled about 60 B.C. In his geography he
quotea verious losl sourcos.

The apparent movement of the stars In each rotallon of the eanh,
Gorman Epyptologist. Professor of Egyptology, Strassbourg,
1872-1894 Saveral licalions  Traveled to EgQypt.
Thirty dynasties ¢f Egyptian kings were listed by the prlest
Manetho, from Menes to Ptolamy Il Phitadelphus. Though erratlc,

the list has formed tho basis of Egyptian history for succeeding
Egyptologists.

Ancient temple said to have been built duning tte Third Dynasty.
Caplial city of second nome cf Upper Egypt on the west bank of
the Nlle, 100 mlles downstream from Thebes, Site of huge sand-
stone temple dedicsted to Horus, consiructod in Plolemaic times,
and found half buried in tho sand by Napo'eon's forces during
thoir campaign in Upper Egypt.

British autnor and Egyptoiogist Keaper ot Egyptian Antiquities
Briticht Museum Since 1955. Visittng protessor at Brown Unl-
verslty, 19531954,

Secre? knowladge of the cosmos posscased by initiates.

Isiand in tho Nifo just north of the first cataract, which was used
as a geodelic pod. Known as the city of the elaphants. capital
of the first nome in Upper Egypt on the border aof Rubla. Opposite
Syens, the todein Aswan.

Brilish engil and Egyplologist. Aasisted Petrio in soveral digs.
Appointed Chief Inapector in Uppor Egypt for tho Sorvi¢es des
Antiquités. Keeper of Cairo Museum 1831 Publishaed work on
obelisks and Egyptlan masonry

Time at whioh the sun crosses the equetor in March and Soptomber
{vamal and autumnali when day and night are of equal jength
all over the eartti.

haltan mathematkcian, known as Leonardo da Pisa. His Liber
Abac! (1202) was for years 3 standard work on algebra and
d ic. In Procti iae (1220) he ized and ex-

tended totial in g y and Iri Iry. The Fibonacci
sarlae. which he poputarized in Eurape in the thirteenth cantury,
appears in the construction of the Great Pyramid seversl mil-
lennia eariter.

A sequence of numbers in which each © he sum o! the two
pravious numbers—1, 2, 3. §, 8. 13 The !imil of this series
givas Ihe exact value Of .

British Egyptologist. Served thirty yomrs in Servics des Antiquitds.

A vertical pillar whose shadow can be used 10 determine thing,
distance, and lgtilude.
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Golden Section ty proportion)

Greaves, John {1602-1652)

Hapy

Hathor

hellacal rising (or satting)

helfocentiic paitein

Heliopolls (or On or Annu)

Herodotus (484-425 8.C)

Herschel, Sir John (1792-1871)

Horus

Howard-Vyse, Colonel (later
Mzjor General) Richard
Williom (1784-1853)

Hyksos

Division of & line {or geomelric figure) so thal |he propoition of
the smaller aaction ‘o the larger le tho eame as thot of the largor
1o the whole. For example. in the line boalow, the Golden Soction’
18 such that AB:AC = AC:CB.

A c 8

Maih Ician and ien, Son of Recior of Cclemora in
Hampshire. Educated at Baliol College, Oxford. Prafessor of
geomotry at Gresham Coliege, London. Traveted 10 the East to
collect Arabic and Persian manuscripte- Made the flist accurate
survey of (he Great Pyramid duridg a trp to Egypt in 1639. Author
ol Py aphia. Savlllan of Asttonomy
i ieign of Chailes'l, dismissed by Roundheads.

Tho animating spitit of the Nlie, satll-engendered; lord of the fish

reprosented by an endrogynowe divinity crowned by a papyrus reed.

Egyptian goddeas, originally a personifioation of the aky. in the
Dendera cult. Hathor was considered the wife of Horus. The
Greeks identified Hathor with Apl i

Observation ol a star as close as gossible 10 the rising or setling
of the sun,

The errangement of ine planets in orbits around the sun.

Northeast of Cairo on the edge of the desert: belleved to be the
caplial of a prehtstoric stale. City of the Sun, embellished by a
sories of kings from the Third Dynasty on, it was the seat of lempte
of priests who numbered as many as tweolve thousand. Ancient
contor ol Ihcologleal loaming. It wae roducod by Alexander tha
Great in the fourth century B.C. One of the earliest obeligks was
found siill standing at Heliopolls,

Greek hislorian horn In Asta Minar. Visited Egyp) towards the end
ot the first Parslan domination. In his M/sfory he devoted a book
(cailed Euterpe, aller Ine muse ol lyric song} to Egypl, glving
many interesting end aecurate deteils of geography,

Astronomer, only son of astronomers Sir William Herschel. Made

a fellow of the Roya! Sociely al twonly-ore for a brl|lianl irathe-
matical investigetion. Author of books on methomatics and
astronomy conslderad ameng lhe algvating Influances of the
century.

Prehistoric Egyptian sky god in the {orm of 8 falcon whose ayes
were the sun and moon: also called the “Behdetita™ in the form
o! a winged sun-visk. Later incoiporatad In the Osirs cycle.
Identified by the Greaks with Apollo.

Son of Geneial Richard Vyse and grandsor of Fleld Marshal Sir
George Howasd. Retired as Colonel of Second Life Guerds, 1828,
Equerry to the king of Hanover. Member of Periiament. Travalod
fo tho Middle East in 1835, whera he organizad excavation of
the pyramids in 1837. employing Caviglia 2nd hundreds of other
workers. Discovered original casing stones and found chambers
above Davison's. Author of Operatians Casried on at thas Pyramids
ot Qizeh in 1837,

Aslatic kings who Invaded Egypl and formed the Fifteenth and
Sixteenth dynasties. They were ohascd out of Egypt by Ahmosis !
who foundod tho Eighteenth Dynasty.

Ibn.Batuta (ca. 1352)

Imholep {ca. 2800 B.C.)

Ka

Lepslus, Karl Richard
(1810-1884)

Lieder, Rudolph Theophilus
{1797-1865)

Lindsay, (Lord) Alexandsr
Willlom Crawford (afterwards

25th Earl of Crawford and 8th
Esrl of Balcarras) (1812-1880)

Lockyer, Sir Joseph Norman
{1836-1920)

Luxor

Mandeville, Sir John (fl. 1356)

Manetho

Marlette, (Pasha) Auguste
{1821-1881)

Maspero, Sir Gaston Camille
Charles (1846-19186)

mastaba

Mohammedan travolor. Said 1ho pyramida waera built by Marmea,
who is the same person 3s the biblical Emoch, 1@ presere the
arts and sciences, and other Scientific acauiremenis. durind the
flood. Saky dream occurred to King Surid that the Pyramid would
be opened on the north side, 50 he deposited a sum of money
equa! ‘o the expense of excavotion.

King Zosor'a architect, who s accredlied with the bullding of
the stepped pyramid of Saqqara, of limestone. Ho lo roputed to
have been an author. diplomat, architect, and physfcian

Metaphysical part of human belng. Lived only on |he ez2¢enca
of foods and was satistled whl: facsimlies ot food and mock
bulldsxys which had only fagades.

German Egyptologist. Led Prussian expedillon to Egypt and Nubla.
Published leen follo S of Denkmaéler, moslly ep
material. Keepcr of Egyptian collections of Bersdin from 1873,

Gerinan misslonary. Member of the Egypiian Society of Galro,
1836. Collectod antiqulties.

Traveler and writer on art. His Letters liom Egyal, elc., contain
particulars ¢n Cavliglia.

English . ed d oa the of Europe; knighted
for his work In and for ifying helium in the
sun. The author of seversl books on the astronomy of ancient
peonies. ne was the first to demonstiale convincingly how ancient
Egyptlan templas were used as Solar and stellar obsarvatories
and almanacs.

Pert of the ancient sile of Thebes. A huge temple dedicated to
the god Amon was built in {he relgn of Amenhotep I, and
ailered by ing Ph h; ially by F Il, who

had many colossal statuos of himsell eiooted on tho grounds.

Fabulous writer of traveier’s guidebooks. Mosl of his data were
available in conlemporary iraval books and ancyclopodias. His
"voyages" are bellaved to be the work of a notaty In Belgium
who never traveled abroad.

EQyptian priest and annalis! in the reign of Ptolemy ] who wrota
a hisiofy at Egyp! in Greek. only fragments of which remain. His
division of the kings of Egypt Into thirty dynastles is sillt the
basic struclure underfying Egyptian history.

French Egyplologist. Travated lo Egypt 1o collect Coptic manu-
scripls and engaged In ¢xcavalions. Appointed Conservalor of
Egyptian Monumente by tho Khodive and sottled in Egypt, where
he made numsarous finds which bocamo the nuclous of the Caliro
Museum.

French Egyplotogist of lialian origin. Professor of Egyptology et
Catlege ca France. Succeeded Mariatte ac director of tha Sarvices
des An Wrote many i and a iarge number
of popular books and raviews.

An oblong masonry structuie with Soping sides and a fiat 10p.
usually above a desp pit.
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Menes (fl. 3400 B.C. [3500?1)

mensuralion
meridion

Merog

Middlo Kingdom

Minuloli, Johann Helnrich Cari,
Fralhorr von (1772-1848)

New Kingdom

niliometer
Nubia

obelisk

omphalos
Pepi

Porring, John Shae
{1813-1869)

First historlc ruler of the First Dynasly of ancient EQypl, who is
ftepuled o have uniled lhe southern end northermn kingdoms and
sotilod on a new capital on the Nile &t the point of juncture al
Memphis.

Tlhie science 0f measurement.

A gront circle paasing thiough the poles ot lhe cetestial spherns
and the zenith of a fixed poinl on oarth.

Vitlage In the Sudan on the Nile norih of Kharioum which still
tias ruins ol teriples and pyiamlids.

Twelith to Fourteenth dynasties, frem 2000 to 1600 B.C. Follows
fest intermeriate pariod of chaotlc condltions. Tha capital was at
Thebes.

Prucslan officor of Itelian origin, Collected large quantities of
antiquities. Published Afes souvenirs en Egypto.

Covers Elghteenth and Nineleenth dynasties, 1580-1350 and
1350::1200 8.C. The Hyksos invaders were Ciushed and a milltary
slate embarked on wide conqucst from as fer es Cush lo the
Euphrates.

An InStrument for measuring the helght & the Niie.

Ancient ragion, originally cailled Cush, cxtonding f:om the Nile
Vallay near Aswan southward 1o tho modom Khartoum, eest to
the Red Sea and west to the Libyan deserl.

A tapered foursided piltar used for measuring shadow {enQth,

usually inscribed with hieloglyphs proclai the achi

of & Pharaoh.

Naval, or a ceniral polnt on 1he surace of the eaith

Two phataohs of the Sixth Dynasty,

British civil enginogr. Assistant to mangger of public works for

Khedive Mohammed Ali. AsSisted Colonal Howard-Vyse In sutvey
and exploration of ie pyramids, In 1833 wiote and drew plctures
for a largo (folio, The Pyramids o Qizsh from Actual Survey and

Moasurement on the Spot.

Petrie. Sir (William Mal )
Flindeis (1853~1942)

¢ {phl) proportion
a (pi}

Plicard Jean (1820-1632)

Pococke, Richard {1764-176S)

Eqyc son of Wtiilam Petrle. a civll engineer. ana Anne,

daughter of Matthew Flinders, the explorer of Austrelia. Surveyed

ancient British sites such es Stonehenge before making first

saoianlilic sunay of Giza hlil, Foundad tho Brllish School of

Acch logy in Egypt ible for many excavations and

numerous books Ha Is considerad the father of modain sclentfic

archeology,

See Galden Section.

The cemslent by which the diameter of any circle may be
Itiplied to give ita ci

Fiench astroniomer, noted for having made tne first accurate

modern measurement cl e degree of the earth’s meridien. His

figutos onabled Newton 10 calculate the force of gravitation.

O iod tho chair of ir the Collbge de Franco in

1855, Lamgely i for the § 1 of the Paris

QOpservatory and the apoearance 0! Gonnafssance des (emps.

the [hst two voiumes of which he authoied,

Travaier snd divine, bishop of Ossory (1756-1765). Ascanded the

Nile as lar as Philae. The manuscrip! journal of his travels i in

1he British Museum

precession ol the equinoxes

Proctor, Richard Anlhony
(1837-1838)

Ptah

Pylon

Pythagoras' thocorem

Ra

Relsner, George Andrew
(1887~1942)

Rhind, Henry Alexander
{1833--1863)

righl ascenslon

sacred triangles

Saggara

Schwalier de Lubicz. R. A.
(#-1961)

cextant

Each year at ihe spring eduinox the cansteltation in the sky where
the sun nses due easl appcnrs to have fallen back about twunty

. This pher i s cauaod by a slow
toplike wobblo of tho ounh on ||. axis which tokos oboul 26,000
years to cycle.

English astronomer and popuslar writer cn sclentitic subjects,
Founded the popular sclentific magazine Know!edge. Lectured In
the United Slates end Austrelia. Author of many books on stience
and astranomy, Doveloped the theory thet the Groat Pyramid had
baen designred and used as a gfeat astronomlcal observatory
while still a truncated body at tha level of the King‘s Chamber.

Calied Hephalstos by he Greeks Egyptien god of the clly of
Memphis, portrayed as a human figure in a light mummy wrapping.
Considered the creator of the world who produced visible
phanomana through thought and tho word. Tho protector of
artlsans His high priest was the cayen of master cratiemen.

A double tower with rectangular base plerced by central doot
to a temple. The temple of Kamak had ten pylons.

The squarc of the hypotenuse of a right triangle is equa! to
the sum of tho cquares of the othor two sidos.

The sun, later deited. Creator ot the world, was said to be
swallowad at night by Nut and recreated tresh each day.

American Egyptologist (Ph.D., Harvaid University, 1893). Director
of the Heais\ expedilion to Egypt 1905-1307. Excavaled [or
Harvard Univeralty for many years in Egypl, paticularly el Giza.
Professor of Egyptology al Harvard {1914-1942). Curator of
Egypllan Department, Boston Musaum ol Fina Arls (1910-1842).
Author ot several books on archegiogical excavations.

Scotlish lawyer and travaler. Owing 1o Il health was obtiged to
winter in Egyp( Excavaled et Thebes end bequeathed collection

to Nalional of Anti Edinburgh. Noted for the
Malhematlcal Papyrus (BM1OGS/ 8), which was sold to lhe
British A and Is co {re oldest ipt dealing

with Egyptian mathematics.

The arc along the celestiel equator which separates & star from
an arbilrary zero poini; analogous to longiludo around the
stollar vault.

Right tnangies with sides in such proportions as 3-4-5 or 2-v5-3,
which were credited with magic or esthellc properties.

Sltuated 23 ktometers south of modern Cairo, just wast of
Memphis and south of Giza. Ancient burial site named after
Sokar, the god of measure. Greves date from the First Dynasly.
Pyramuds attributed to the Fifth and Sixth dynastics. Site of the
stepped pyramid bullt for King 2oser of the Third Dynasty by lhe
architect Imhotep.

Phllosopher, archaatoglst., and aulhor who spéni twelve yaars
at Luxor reconstructing the phlliosophical and theological system
of lhe ancient Egyplians. Born in Aisace, he was granied the
title Chevelior de Lubicz by 0. W. de Lubicz Milosz for hia help
altar World War 1 in obtaining Indopondonce for the Baltio Statos.

An instrumoni for procice moasuromont of angular distances 1o
determine latitude and longilude.
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sldereal year

Sneferu (ca 2700 B.C.)
sofar parallgx

solar year

solslice

Sothic year

Syene

Taylot, John {1781=1864)

Thebes

theodolite
Thoth

tiiangufation

verniar

ziggural

The time it takes the earn !0 revoive around tne sun so that
an observer will see a given star reappear In the same position—
about 20 minutes longer Ihan the solar year,

Flrst King of the Fourih Dynasty. Fothar of Choops Buill bant
Pyramid at Moddm.

‘The angte formed by ihe semldlameter at the eartt as regarded
f:om 1he Sun, or 8.30",

The lime betwoen two Successive eqQuinoxes
365 days, 5 hours, 8 minutes. 49.7 seconds
365 days, 5 haurs, 48 minutes 46 seconds

The twa polnis—In summer and winter—when the sun Is al s
greatest declination north or south of the equator.

365 days, 6 houre—introduced in anciant Egypt to corroot tho
clvil catondar yesr of 365 days. A “Sothic cycle’ began when
civil and Solhlc new year coincided.

Shie ol the modem Aswan. The southern Iimit ¢f Egypl at the Flrst
Cataract of the Nlie, close to the Tropic of Cancer. Neatby quarrles
supplicd the hard granite manolithe for the King’a Chambar in

the Groal Pyramid ond for the tall Egyptian obelisks used for
measuring shadows.

Devoted his early years 1o publishing n Lendon, bécoming editor
of the London Magazine. An amateuf asironomer and mathematician,
he was also a sludent of Sciiplure and devoted much time to
maslering Qld English, Welsh, French, and itallan. His Tho Great
Pyramid: Why Was 1t Buiit 8 Who Built I?, published in 1854,
established the = praportion i tha pyramid. but his theory. that
the Great Pyramld had been oullt under divine guldance. caused
his work to be disputed and he was given llitle recogriltion.

Ancient city in upper Egypt ronowned in antiquity for ite hundred
gates. Bocame promawnt with tho Elevonth Dynasty {c. 2160
B.C.} for the warship of Amon. Went inlo decline when tha locus
of powar shifled 1o ihe Nile Delia. Thiere Is a nearby laroe
necropolis where kings and nobles were entombed. It wes sacked
by the Assyrlans in 861 B.C. The 1emains of the temples of Luxor
and Karngk ate siiii among the most improssive in tha world

A totoscopic Instrument for precise measurement of harlzontal
angtes, usad In land surveying

Lunar god In form of ibls. patron of scribes and calendars. The
Hermes of the Greeks.

By carofully measunng a bago kno and tho angles tormed by either
ond of it with a distant point. the distance of the point may te
catcutated by trigoncmetty.

A small moveable scale atiached to a large sczle fo1 obtaining
finer fractions of messurements.

The etoppod-py toemples of Masopota

Adams, Walter Marshal
Agnew, H. C.
Aldassmith, Herber!

Amelineau, Emile

Antoniadi, Eugono Michol
Archibald. B. C.

Alkinson, R. J. C.

Bache, Richard M.

Ballly, Jean Sylvain

Baltard, Robert T.

Barbarin, Georges

Baibé, Juies
Barbor, Francis Morgan
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Bell. Edward
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Beverint, Luigi
Bindel, Ernst V.
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Apion 2

Apallo (gad) 343; see aiso
Horus

Arablan Gull 338

Arbuthnol, Lady Ann 65

Archeological Institute of
America 356, 358

Arc of the Covenant 278

Aristagoras 2

Aristotie $

armillary sghere 155

aroura (unit of measuroment)
212

arshin (unit of measuremsni)
k|

arlaba (unit of measyremerit)
206, 267, 312-13, 314, 318,
319, 320, 360, see also
oungo, artabie
Artemidorus of Ephasus 2
Arya-Bhata 384
Assizes of Welahts and
Measures 314
Assyria 1565-66, 216
ogtrotobo 165
astrology 281-83; sea also
cosmology: Egyplian
mysteries
astionomy 4, 5-6, 21, 347-48,
354, 381
ezimuth 165, 384
Babylonia and Mesopotamia
174, 176-77
Britain 127, 129-30, 133, 137~
33, 13940, 141
deolination 163, 164, 158, 366
dovices and Instruments for
measurement, see armiliary
enharm acttnlsha

earch

astronomy, devices (contd )
Chronomeier; lens: rod,
ring-cerrying; telescope,
tubo, direction
diurnat pattomn 156, 387
Egyptian 150 185, 159, 161,
165 166-67, 168-69, 172~
78. 180, 181, 182, 210-12,
215, 216, 285, 326, 327,
347, 363-70. 376
equinox 166, 1583, 159, 168,
387
equinoxes, precession ol 1he
112-13, 145-46, 165, 166
169, 172, 174, 175, 380,
381, 391
Greek 5-6, 21, 22, 31, 138,
215. 285
heliacai rising or seiting 155,
166. 167, 388
hetlgcentric patiern 388
Ireland 140
right agcension 154, 198, 391
solar parallax 266, 392
soistice 392
sunspots 155, 28182
zenith 183
300 3130 astrology;
cosmology; earth; laitude
and longitude; time; zodiac
Aswan see Syene
Aten (cod) 338, 384
Athelstan, King 349-45
Atkinson, R. J, C, 138
atur (unit of maasuroment)
178, 303, 321, 327, 333,
3¢0. 331,342

Babylon. ziggural 184, 188-87,
378
Babylonio: asironomy 174,
178-77
cosmolopy 184
measvrement 214
cubil 216, 268
zlggurots 119, 184, 166, 187~
88, 279, 378, 392
see also Akkadian: Chaldea;
Mesopotamia: Sumerians
Baghdad (Dar-al-Sglam) $
Ballard, Robert T, 117, 118-20,
268, 384
Cheops' Pyramid, theory 220
The Sotution of the Pyramid
Prnhiom 190 191 R4

inside



Berber, F. M.: Cheops'
Pyiainid thcory 223, 226,
231, 233, 268

Mechanical Trinmphs of the
Ancient Egypifans 223

Beriuk, Sultan 18

Barnard. F. A, P. 107, 141, 384

Barsipki: ziggurat of Nabu 184

basi {mathematics) 372

Bede, Venerable 13840

Behds! (Hermopyplis Paiva)
178, 180, 181. 201, 211,
293-94, 209, 315, 317, 333,
334, 338, 339. 340, 342, 343,
384

Beizon|, Glovanni Battisia 384

Keptren, pyramlid ol,
oxplosation 272, 384

Bonjamin ban Jonah 29

Bessal, Friodnch Witheim 212

Bible 217, 262-63, 313

Biot. Jean Baptste 121, 168,
384

Cheops’ Pyramid, theory 121

Bird, Jahn 360

bird (as symbol) 298, 349

Blavateky, Madama H, F.:on

Cheops’ Pyramid 256-.57, 258

I1sis Unveired 257
The Sacrat llacirine 256-57

Blue Nile 339

The Book of the Dead 93. 259~
60, 284, 369, 370, 385

Barchardt, Ludwig 365

Cheops' Pyramid. exploration
202, 366

theory 220, 236, 238-39,
240,368
on Egyptian measuromon!
177-78, 332-33

Borst, Lyle B. 138-39

Boscovitch Father Rugglero
362-63

Bouct.ard. Capt. Pierre-
Frangois-Xavier 51, 385

Bevis. M. 275, 277

brasse (lathom; orgyis, unlt of
measurement} 203, 206
209, 212; 213

Britain: magalithic monumonta

and astronomical
observatioris 127, 128-30,
133, 137-38, 13940, 141,
146; see aiso Maes-Howe:
Stonehengd

Bructiet, J.: Cheops® Pyramid,
Iheoty 251-52

Brugsch. Kail H. 292, 385

Brunés, Tons 85
Choore' Pyramid, theory 235,
261
The Secrais of Ancient
Geometry 256, 257. 261-62.
385
buiiding construction 220, 222-
35

corbeled masonry 153, 386
tineding Thug level 151, 220
“stretching ol the cotd” 159,
380
stonoworking toole, 103, 222,
228, 229, 323
see atso Cheops. Pyramid ol,
building consiruction;
Golumn; mastaba;
Parthonon; pyton; pyramid;
ziggurat
Bu)l, cwit of the 169, 172, 174
Burallini, Tito Livio 30,31, 96,
304, 305, 385
Buloridas 2

cabsla 260-61. 301, 385
Cairo (El Kaherah) 17-18, 317
Smylh's descriplion 78
Campbeill. Cot. Patrick 65. 385
canne (unit of measurement)
206. 209, 212
Canterbury, Archbishop of 24
Canterbury Caitiedral 139
Cape Ac Zayliyah 340
Cardanp, Girolamo 22, 317, 385
De Subttitaie 317
cartoucho 65, 220, 385
Cassini, Cosaro Franeeseo 386
Caseini, Giacomo 386
Cassinl, Giscomo Domenico
386
Cassini. Gian Domenico 385-
86
Cassini family 32, 33, 335-86
Cavigila, Giovanni Battisia 56,
61, 386, 389
Cheops’ Pyramid, explosation
56-59,61, 386
Caycc, Edgar 115, 385
chain (unil of maazuromont)
31, 306
Chaldea 264
Champoliion. Jean-Frangois:
Rosetta Stone dacipnered 55.
201, 305
Criartemagne 313
Charroux, Robest; te Livie des
Secrota Trahis 269
Chossapis, C. S. 138

Cheops (Khulu) 65, 118. 234,
2385, 236
Cheope. Pyramid of 1-3. 4,
141-42, 183, 217, 236. 275
Ascending Passage 10-11, 12,
25, 81, 115, 15132, 239.
240, 242, 243, 251, 252-53,
255
granito plugs 9-10, 15, 25,
78,235, 236, 238, 240-41,
243,244,245, 246. 251
252-53, 255
limestone plugs 10, 25, 58,
236, 24041, 245, 252, 255
bats In 25, 27, 35, 36, 44, 56,
57
bulidng constructicn 2, 26,
68, 105, 151, 153, 220, 223~
35, 240
comont 105, 247
dales 3ssignad 219-20. 227
aranite1,9. 10,15 17, 25,
26. 27, 36, 63, 78. 103, 220,
235, 238, 240-41, 243, 244,
245, 248, 249, 251, 253,
255, 266, 270, 392
limestone 1, 2, 7, 1718, 25~
26, 65, 67.-68. 220. 229,
230. 235, 240, 241, 242,
245, 248, 249, 255
mortar 1086, 229, 230
plostar 247, 240
Campbelt's Charmber 63, 65,
385
capstone, see pyramidion
below
casling stones 1, 2, 3, 17, 18,
19, 45, 67.:68.89, 103, 105,
108, 220, 226-26, 228, 229,
230-31, 232, 242, 265-66
commentaries on: Abg-al-
Latit 2. 21, 383
Agatharchides 201, 203,
209,371
Blavateky 256-57, 259
Diodorus Siculus 3, 45, 371
Herodolws 2--3, 65. 70. 190,
194, 196, 201, 222, 225-26,
231, 234, 307. 368, 370, 374
375
Hogben 142
Muck 143, 145, 146
Philon of Byzanlium 371
Pliny 3. 208. 231,371, 373
Strabo 3. 45, 371
cormners see sockels below
Davison's Chamber 38, 36, 44,
66,63, 244, 249, 386
Docconding Passage 3. 9, 19,

Cheops, Descending Passage

(contd)
24, 47, 58, 81-82, 87, 100,
101, 114=15, 150, 151, 153,
238, 23g, 241-45 passim,
249, 251, 252, 265
entrainces 3. 7.9. 17. 18.19.
81
oaptoration of, Abdullah Al
Mamun 8-7, 8-13, 15, 17,
25, 243, 245, 252, 383
Borchardt 202, 368
Caviglia 56-59, 61, 388
Davison 35-36. 38.,366
Greaves 24-30 passim
Howard-Vyae 59, 61, 63, 65,
67-68, 81, 101, 105, 385,
386, 388
Petnie 97-98, 99, 105, 228,
229, 239, 247-48, 251, 279,
323
Smyth 78, 80-61, 91,100, 101
graffiti 2, 3, 38, 262
Gtand Gallery 12, 25, 27, 35-
36, 87, 115, 152-56 passim.
158. 211, 236. 239-47
passim, 249, 252, 255
grolto, see pit be/aw
hicroglyphs reported 2, 16
Horizontal Passage 11, 25
“'King's Chamber™ 15. 17,
26-27, 29, 47. 49-50. 63.
65, 87, 75, 101, 103, 115,
119, 191, 220,235, 239,
240, 244, 245, 247-48, 252,
253, 255. 264, 270, 2765,
279, 312, 322, 363, 392
coller {“aarcophagua’’) 15,
28, 27,47, 75, 83, 103, %7,
266-67, 278, 321-26 passim
porteullie 15, 26, 253, 270
ventilating shafts 29-30, 67,
78,101
Lady Arbuthno?'s Chamber
63, 65
legends ana superstitions 2,
18. 19, 21. 217-18, 219-20,
263-70, 271
as Masonic symbo! 38, 256,
261, 301
measucement 209, 213
engle of slope 45, 47, 67, 68,
70, 89, 169, 231, 366, 368,
379
apothom 45,46, 47, 108,
203, 206, 208, 209, 213,
262,264, 368, 370, 372,
373, 374

Cheops, measurement {contd )

base 1, 28.31. 14, 46-37.
63, 70, 72, 89-90, 91-92,
109, 1C8. 111, 112, 113,
189, 197, 202, 203, 206,
208, 209, 210, 213, 365,
368, 373, 374, 378

brasse 706 209

Burattini 30, 31, 304, 385

canne 206

Cole 202, 203, 207, 208, 220,
323, 362-68 pas.sim, 386

Cotsworth 123

cubit 30-31,47. 74.75, 77.
81, 92, 103, 106, 112, 145,
206-10 passirn. 213,264,
307, 320. 322-23, 363. 365,
368, 370, 372, 373

Oavideon 263

dacapode 206, 209, 213

Edgar, M. 113

finger 264, 385

foot 205, 208, 210,213

‘Golden Seotion (ph priopor-
tion) 190, 191, 184-200
passim, 359, 367, 368. 369,
370. 373, 374, 375. 377, 378

Greaves 28, 30, 31, 70, 304,
312, 323, 324,388

haight 28, 44, 47, €8, 70, 72,
89,94, 112, 189, 190. 197,
307. 368, 369. 370~-71, 373

Howard-Vyse and Perring
67, 68, 89, 70, 89, 90, 92

inch 72, 73, 76, 90, 92. 93,
111,112, 145

Jomard, Coutollo, and Lo
Pbro 44--47, 68, 70, 90, 202,
206, 207, 208, 210

Iatitude 84-85, 206, 213,
293,372,375

Newton 30-31. 47, 74. 112,
145, 305. 323

paim 264

parasang 213

Pelrie 96-98, 100, 101, 103,
105, 106, 108, 111, 112,
119, 151, 202, 264, 266-67,
323, 324, 362. 363, 366,
368

pi Iproportion 70-71, 77, 89,
90, 101, 106, 113, 126, 189,
190, 359, 3A7, 368,373,
374,375,377, 392

plethron 206, 209, 2113

remen 206. 209

rod 209

schoenion, long 213

Cheops, measuromont (¢ontd.)
schoenion, short 206
Smyth 77, 78, 81-85, 89-91,

94, 109, 107, 108, 112, 145,
323, 324
otadim 206, 209, 213, 364,
372,373
Taylor 70~-71, 72, 74, 75,89,
94
yard, megalithic 209, 213
Nelsan's Chamber 63, 65
painting 2. 265
red ochre 65, 220, 229, 265~
66
pavement €8, 90, 106, 123,
124, 145, 220, 229
pit {(weli, Including shalt and
grotto} 9, 27, 35, 44, 57—
58, 78, 81, 100, 234, 236,
238, 239, 241-47 passim,
249, 261-52, 255, 386
pytamidion {capsione) 68,
203, 371, 372, 373, 374
*Queen’s Chamber" 11, 12,
26, 62, 130, 239, 240, 247,
252
sockels (corners) 44, S6. 87,
90-91, 106. 202, 357, 359,
363
thcories on 275, 277, 278-79
Aivaroz Lopez 265, 268, 267
Anloni.adi 158, 233, 253
Ballard 229
Baiber 223, 226, 231, 233,
269

Biot 121

Borchardt 220, 236, 238-39,
240, 368

Bruchel 251-52

Brunés 235, 261

Cavillla 59

Cotsworth 122-25, 127, 226.
232 233

Cottrell 239, 240-41

Davidson 108, 111, 113, 114,
116, 125, 245-47, 246-49,
261, 258, 255, 287

Edgar, J. and 4, 253

Edwards 220, 227, 229, 235

Funk-Hollot 158, 26263,
264, 267, 270

Goyon 252-53

Jomard 47, 48, 51, 67, 72,
75,116, 176. 189, 201, 207,
208, 212, 267

Kugsbury 259

Kingstand 124. 234. 253.
256, 259, 270



Cheaps, theories on (contd.)
McCarty 270
Macnaughton 255
Mzragiolie and Ringldi 229,
230, 240, 242--43, 249, 252
Mencken 107, 233, 26344
Menzies 83, 108, 114
Potrie 103, 105, 106, 219,
226-27, 228, 229, 231, 235.
236,242 248 249
Proctor 147, 149-56 passim,
158, 283, 284, 391
Emyth 87, 89, 92, 99, 94, 96,
103. 106. 107, 108, 11,
112,114 116,121, 122
207. 212, 267, 269-70, 384
Stecchinl 208, 267, 322-26,
359, 384-76, 380-81
Steward 218-18
Taylor 70-71, 72, 74, 75-76,
77,83, 89, 90, 94, 96, 106.
108, 116, 189. 207,212,
287,392
see arso legends end supor-
stitione sbove
tourists 2, 3, 81, 89, 100-01
well, see pit above
V/eliington’s Ghamber 63
see also Giza complex
chetverik (unit of measure-
ment) 311, 318
Chichon Itz4 (Mox.); ba!l court
298
China: measurement 304, 312
chronomeler 176. 183
Cicero 259
circle: os zacred 26061
squaring of 197, 198, 199, 200
Clarko, Somers: Ancient
Egyprien Masonry 229
Clatke Spuieroid 295. 327, 331,
346
clepaydra, see water clock
clinkstone 83, 386
clinometer 81-82, 386
Golbert, Jean Baptiste 363
Colg. J, H,. Cheops' Pyiamid,
measuiement 202, 203,
207, 208, 220, 323, 362-68
pass:im, 386
Cologne, Baron do 289
column: Egyptilan 331
Greek 331, 332
compass (as symbol) 261
Gopernicus 156, 175
cosmalogy: Babylonian 184
Egyption 292, 299, 301-02
mact 301, 336-37, 343

cosmology (conld.)
Mycenean 353-54
500 aiso Golden Soction;
seven: triangle
Colsworth, Mosas B 121-22,
366
onancier astronomical
studies 122, 125-27, 129,
141, 142, 146, 386
Cheods' Pyramid* measure-
ment 123
theory 122-25, 127, 228,
232,233
Cottroll, Loona:d 386
Cheops® Pyramid, thaowy 239,
240-41
Maountalns of Pharaot 239
Coutelle, Jean Matic Joseph.
Cheops’ Pyromid; measure-
mant 44, 47, 68, 70, 60, 207
Croon, L. 231
cross (as sacrad) 261
cubit 47, 74-75, 200, 210, 212,
300, 305, 307, 310, 315,
319, 320, 365
in Biblo 262-63
Chaldean 264
Qgeagraphic (Greex) 201, 202,
208. 207,208, 209, 211,
213, 266, 303,318, 324,
322, 326, 342. 345, 351,
352, 369
great 216, 265
ayk belady 47, 206. 209, 213
Roman 305, 318, 319, 320
royat [Memphis, profene:
septonary) 30-31, 47, 106,
112, 177-78, 209, 213, 216,
262-53, 299-300, 303, 305
315, 320-21, 322-23, 328,
332-34, 345, 362, 365
sacred 30, 31, 74, 77, Bt, 112,
148
see also Cheops, Pyramid of,
measurement, cubil
Cuernavaca (Mex.): Pyramid
of Xachicalco 185
Cush, sce Nubia
Cyril,St, 4
Cyius the Greal 262

Darlus the Great 214, 298

Darwin, Charles 76

Dashys: pyramid of Sneferu
28, 125-26, 139, 137,217,
226, 243, 268

Daued 63

408

Davidsan, David 208
Cheops' Pyramid: meesure-
mant 26.4
theory 108, 111, 113, 114,
116, 125, 245-47, 248-49,
251, 253, 255, 267
Davison, Nathaniel: Cheops*
Pyraomid, exploration 35-36,
38, 386
decagon 261
decans 386
decapode (unit ol measure-
ment) 206, 209, 212, 213
Dochend, Hortha von: Ham/ot's
Miif 174, 289, 297, 381
decimal units o! measurement
212; see also malfIC systém
de Glilfosd, Norman Frederick,
Egypl. The Gradlo of
Ancien! Mssonry 259
Decourdemancha. Jean
Adoipha 310
degree, sea latitude and
longilude
Delphi 183, 184, 348-50
omphaios 349, 350
Delphos 349
Delta 180, 292-93, 299, 300,
303, 385, 342, 343
Demsir:us of Phateron 2
Demoteiea 2
Oendera 386, 388
tample of Hathor 49, 168-69,
172, 386
20dlac 49, 188, 172-74, 175,
386
templeof Iais 168, 286
Denis-Papin, Maurico 278
Denon, Baron Dominique
Vivant 387
Voyage dans fa basse el la
Haute Egypte 51,387
Deseix, Gen. Louie Charlos
Antoine 48-49, 168, 172
Descrintion de 'Egypre
53-51, 208
Didoulrl 387
Diodorus Siculus 48, 387
on Choops' Pycamid 3, 45,
37

Dionysius ot Halicarnassus 2

Dodekascholnos 303

Dnieper River: landmarks used
in surveylng 346

Dodona 183, 184, 348-49, 350

Dsbat, Karel 277-78

Drioton, Etiennae 208, 212

Dyvide 127

Ditmichen, Jchannes 150. 387
Durie of Samos 2

earth, circumlerence of 208~
07, 213, 315, 346
A1abs 6, 206
Bessel 212
Egyption 176, 210, 211, 215,
326, 327, 347.370
Eralosthanes 22, 31, 215,
285
Galileo 31
Heimert 334
obelisks used in moasure-
ment 210, 211
Pitard 311
Plolemy 5-6. 21, 22
earth, flattening oi:
Egyptian 369-370, 378
Newton 213, 262
500 3lso Clarke Spheroid;
Helmeust; Internalional
Spnsroid
earth, latitude and longitude
ol, see fatilude and
Tongitude
Edlu 387
Edgar, John: Cheops' Pyraniid,
theory 253
Edgar, Moifon 115
Checps' Pyiamid: measure~
ment 113
theory 253
Edwards;|. E S. 387
Cheops' Pyramid, theory 220,
227, 229. 235
Egypt: dynasties 387, 389
Middte Xingaom 201-02. 280
New Kingdom 390
Northem {Lower) 293, 294
299, 322
red straw as symbol 293,

300
To-Mehv (hieroglyph) 300,
383
Southem (Upper) 293, 284,
299, 322
while woolcap as symbol
293
To-Shemau (hieroglyph)
296, 353
To-Mera (hletogtyph) 290.
29, 3717
Egyplian mysterles 256~57,
259-67, 285-66. 387
elghi, sae octegon
Einstein, Albert 278

Elephantine 387
nilometor 47
obsaervatory 177
“wall” 180-81 186
eleven, see undecimal units of
measurement
Elgin, Thomas Buike, Lord
61, 386
Elizabeth, Queen 311
Emery, W. 220, 222
Engelbach, Reginald L, 220,
366, 387
Ancicot Egyptian Masonry
229
England: measuremaent 304,
305, 309, 343-45
acre 74
chwiin 31, 306
foot 22, 23, 24, 27, 72, 207,
306, 311-12, 343-45
grain 309, 313
inch 72, 73-74, 73, 77. 90,
108, 111
king's girth 344
measuring rod 27, 862-93
miie 31, 74
ounce avoirdupois 309
ounee Tower 313
ounce troy 313
pound 304
quarter 75
yard 74,344
Imperial 311, 360
see afso Britain
Enocn, see Hermes
Trismgglsios
Eratosthenes 22, 31, 45, 183,
215-16, 288, 323
Euclid 6, 377
Euhemerus 2

Fakihry, Ahmed 225, 268

lathom, seeé brasse

Fibonacci, l.eonardo Bigollo
192,387

Fibonaeci series 192. 194, 285,
368, 387

finger {unit of measurement)
209, 212, 264, 305, 318, 365

Firat Cataract 178, 295, 206,
302-C3, 333

Firth, Cecil Matlaby 387

five: live-pointed star 261-08
377

pentagen 261-62

Flinders, Matihew 96

Flinders Petriesee Petrie,
William Maithew Fiinders

foc!(unit ol measuromont} 33,
206, 305
Egyptian 33, 206, 208, 209,
210 212,213 3CS, 307,
309, 310, 312, 319: svsalsio
geographic befow
English 22, 23, 24, 27, 72,
207, 3065, 31112, 343-45
goographic (Greek) 24, 76
208, 209, 213, 216, 312,
314, 318, 350-51, 352, 356,
359, 360, 301
Mycenean (Oscan; ltelia)
352, 368, 358, €0, 361
Pargian 206
pied de rof 38, 311, 318, 363
Ptolemalc 207
Roman 22, 23-24, 208, 304,
305, 309, 310, 312, 316,
317, 318,319, 350-51, 352,
359, 360, 363
cubed {geometric: sclentific;
quadrantal; pes
quedrantus) 310-11, 312,
318-19
longer (Pes Aebutianus) 310
ahorier (pes Statilfanus) 310
United States 311
four. see quarier: quatemary
units of measurement
France: measurement 362-63
grain 308-09, 313
livre 308-09, 313
measuring rod 32
ounce 309,313
pled de rof 38, 311, 318. 383
toise 33, 38
3See aiso meter, Franch;
motric systom, French
Free Masons 256, 259, 261
apron jesembling royal
nagkin 195
Cheops' Pyramid as symbol
38, 256, 261, 301
siraighliedge and compass as
symbol 261
Funk-Heligl, Charles 194
Ly Bibfe et Ia Grande
Pyramide d'Egyptc 262-66
passim
Chaops’ Pyramid, theory 156.
262-53. 264. 267, 270
Furvlite, Henri
La Science Secréte 260

Galen §
Galleo {Galileo Gaiilei) 30. 31,
156,316



Garnier, Col. J, 118
Gauguetin, Michsl: The
Scientitic Basis of Astrology
281, 282
geodasy and geography S, 21,
176, 177, 180-85, 189, 201,
202, 203, 207, 214, 215,
293-303, 317, 320--21,
336-27, 332-35, 330-43,
345-47, 369-70: 5090 also
earth; Eratosthenes: fand
surveying: measurement:
Mercator projections;
Piotemy; sphoroid
geometry soe mathemolics
Germany: Cologne ounce 313
mark 31314
QGhénlm 340
Gibbon, Edward S
Gizo complox 1, 35, 58, 80, 266
legends and bullding
construction 217, 218,
219-20, 22235
pyramids as basis for
computing triangulation
96-99, 117, 119-20
zeo also Choopg, Pyramid of;
Kephren, pyramid of;
Mykennos , pyramid of
gnomon, geadetlc 387
gnomon, mathemalical 372
Gotden Cnersonnesos 185
Goiden Section (phl propor-
tion) 199, 191, 193-200
pessim, 262, 285, 359, 307,
369, 389, 370, 373, 374,
375, 377, 378, 385, 386
ond pl proporticn relatioh te
104, 377
Gonoid, Amr 273, 276
Goths 127
Goyoa. Georges 252
Cheaps' Pyramid. thaory
252-53
grain (unit of measurement):
Engiish 309, 313
French 308-09, 313
giam {unit of measurement)
304. 309, 313, 314, 318,
319, 320
Greaves, John 21, 22-23. 28~
29, 96, 304, 388
Checps' Pyramid: exploration
24-30 passim
measurement 28, 30, 31, 70,
304, 312, 323, 324, 386
Pyramidographia 29, 388

Greece: architeclure, sen
Acropolls: column, Greek;
Parthenon

astronomy 5-6, 21, 22, 31,
138, 218, 285

geodesy and gaography 183,
185 218, 302; sea sfsc
Eratosihenes, Ptolemy

mathemotics 195, 261, 262,
331-32, 372, 377; seo also
Euelid. Pythagoras

measurement 24, 306, 308
311, 350-51, see also
cubif, geographic, lool,
geographic; stedium

oracias, sea Delphi; Dodona

Gregory |, Pope 13840

Groves, Brig. P, R. C. 108

Guignaud, Maurice: Fatlcon
140-41

Hall, Manly P, 28¢-85

hand (unit of measurement)
305, 318. 321

Hapy 388

Hasun Al-Rashid §

Hauvey, Wiltiam 29, 67

Hasan, Suttan: mesque, Gairo
18

Hassan, Selim 224

Hathor (goddewss) 368; scc also
Dendora, temple of Hathor

Hawkins, Gerald S.:
Stonehenge Decoded 159

Hayford, John Fillmore 112,
343, 368; see also Interna-
tional Spherold

Hellopolts (Annu: On) 234-35;

8

tamples 167, 188, 388
unlversity 214, 388
Helmerl: circumlerence of
oarth calcutated 344
gphoroid calculoted 322, 327,
329, 369
Heluan 269
Henry |, King 344
Heraclitus: 259
Hetmes (god) 284; see also
Thoth
Hermes Trismegistos (Enoch)
218, 389
Hermopolis Paiva. see Betdet
Herodotus 47, 48, 185, 177,
1885, 227, 279, 370, 360
on Cheops' Pyramid 2-3, 65.

210

Herodott:s (contd )
70, 190, 194, 196, 201, 222,
225-20, 231, 234, 307, 368,
370, 374, 375
Higrory 2, 368
Horschel, SirJohn 89, 149,
186. 264, 388
unit of measurement 72-74
Hetapheres, tamb «r238
hexagesimal units of measure=
ment 187
h@xagon 261
hietoQlyphs 3, 38, 103, 176,
177. 260, 294,296,333
on Checps' Pyramid, reporns
of 2, 16
determinative 202
for Egypt (intermediary
distiict} 297, 300
for Egypt (To-Meria) 290.
292,377
for Egypt, Northem (To-Mafiv)
for Egyp!. Southem (Ta.
Shemau) 236. 353
for mesidians and parallais
298, 343
RAoactta Store 51, $§, €5, 385
"*Unity of Egypt'” 300-01
Hilg, Mr, 67
Hipparchus a5, 145, 215, 285
Hiram Aulff 263
Hagben), Lancelot 150
on Cheopa’ Pyraamid 142
Holland, Thomag 270
Homer: Odyssey 185
“nom of the £ast™ 339
Horus (god) 387, 388, see also
Apolio
hourglass 152
Howard-Vyse, Richard 59, 81,
388

Chaops' Pyramid, exploration
59, 61. 63, 65, 67'-68, 81,
101, 105, 385, 336, 388

Oashur. pyrarid of Snef8ru,
exploration 268

Oporations Carried on at the
Pyramids of Gizeh in 1837
69,388

Hultsch, Friedrich 307-08, 308,

Hykso3388, 390
Hypatia 4

Ibr-Bawia 218, 389
Ibrahim ben Ebn ¥¥asull Shah
218

Imhotep 168, 217, 320, 375
76. 371, 384. 389, 391! see
also Saqqara, pysamid

inch (unit of measure:nent)

Egyplian 72, 74, 75, 00, 92,
93, 111, 112, 145
English 72, 73«74, 75, 77.90.
106, 111
Roman 305
Ingtis, Mr, 80, 91
International Spheroid 328,
327, 331, 346 365, 369
Ireiand: “Rouna Towers” 140
Ismall Pasha 78
Issael. cabatistic symbol of
triangles as emblom 301:
see a/so0 Jews
ltalle faot. see 1001, Mycenean

Jetferson, Thomas 316
Jerusalem 183
Tabernacle 262
Tample 31, 263
Jows 302
Arc of the Covenant 278
embiem of israel cavatistic
symboel 301
legends about Checops'
Pyramid 31, 217
Lost Tribes of Israel 75
mathematics and measure-
ment 31, 282-63, 308
mlie 212
Mounit Gerizim as centor of
Worsahip 183
$60 also cabala; Jerusalem:
Josephus
Jomard, Edmé-Frangols:
Cheops' Pyramid: exploia-
lion 44

messuremant 44~ 48, 202, 206.

207, 208, 210
theory 47, 48, 5%, 67, 72, 75,
118, 178, 189, 201, 207,
208, 212, 267
Jonas, Dr. Eugen 283-84
Joasphue 31,217
Juliug Caesar 3

ka 389

Kamak; tempie ot Amon-Ra
161, 165

temples 165, 195, 391, 392

Kephren 271

Kephren, pyramid of 1, 224,
272,320, 325, 378-79, 380,
381. 384

Kephren (contd.)
colfer 321, 325~-26
examination by cosmilc rays
27-72. 275
Peotrio, measuromont 325,
378, 381
portcullis 235
S#g afso Glza carnplex
Kepler, Johannes 156
khe {unit of measucemeant) 340,
342; zee also stadlum
Kher-ang (Kerkasoros) 335
Khutu, see Cheops
kllogram (unit of measwement)
08

Kingsbury, Donald, Cheops®
Pyramid, theory 265
Kingsiand, Willlam 284
Cheops’ Pyramld, theoty 124,
234. 252. 256,259, 270
Kircher, Falher Athanasius 30,
305, 386, 386
Knighte Templar 140, 258
Kolesimo, Peter 269
Terra Senza Tempo 219

Lake Mooria: pyramids 268
land survaying 98-99, 117,
119-20, 297
basi 372
tku 297
merkhet 260
theodolite 84, 96, 99, 392
triangutation 392
Dnioper River iandmarks
used 346
Niie landmacks used 17,
180, 339-40, 346
Langlois368
fatitude and iongstude 6, 21,
22, 32-33, 46, 47, 73, 84~
86, 138, 146, 147, 149, 151,
152, 154, 174, 176, 177,
178, 181, 182, 185, 189,
199-203, 206. 207, 209-1S5.
293, 314, 315. 321, 322,
323, 326-32. 334, 335, 342.
343, 345--48. 351, 352, 365,
369, 372-73. 375, 390
birds as symoot 286,349
nst as symbol 301, 349
Smithsonian Geographicel
Tables 178, 315, 317, 321,
322,327, 334, 345, 346-47,
350
soe also sidereal ime; solar
time

Lauer. Jean Philippe 194, 206.
221, 376-77
La prob/éme dcs Pyramides
208, 376
Lehmann.Haupt, Carl Friedrich:
on ancient maasuramant
316.316
lens (for astronoimical
computation) 218
Leconardo da Vinel 183
La Pére, Gratien: Cheops'
Pyramid, measurement 47,
88, 70, 90, 207
Lepsius, Kanl Richard 389
libra (uni of measuroment)
308-13 passim, 318
Liedes. Rudolph Thaophllus
183, 389
Lindsay, Aiexander Willlam
Crawtord, Lord 56, 389
lincor measuremont, sec
measiirement
Lisht: pyramid of Amenemhat
226
livre {unit of measurement)
308-09, 313
Lockyer, Sic Joscph Norman
126, 169, 389
astronomical theorias 159,
161, 165-69 passim, 172.
74, 234
The Dawn o! Astronamy 159,
169
Lost Tribes of lerael 75
Lulnl, Bernarding 194
Luxor 389; see afso Thebes

McCarty, Louis P:Th2 Greal
Pyramid of Jeezeh 270

Macnaughton, Dunc.an: A
Scheme of Egyptian
Chronology 255

Maas.Howe (Seot.) 130, 133,
137, 146, 255

maet itruth or Justice) 301,
336-37, 343

Mamun, Al, 8oa Abdullah Al
Mamun

Mgndevilla, Sir John 27, 389

Msnetho 387, 389

Maraglogllo, Vito; L'Archi-
tetlwre delle Picamidi
Mcnalite 228-29

Choeps' Pyramid, theoty 2290.

230, 240, 242-43, 249, 252

Marlette, Auguste 389

Mark Anthony 3

Martiny, Gunther 16366



Masaons, see Free Masons
Masoeto, Sir Gaston Camile
Charles 146, 165, 169, 185,
383, 386, 389
mastaba 126, 146, 153, 389
Masudl, Al 5
mathematics 4. 5. 177,264
Britain 137
Egyplion 48, 72, 178, 180,
191, 194-200, 261, 285,
290, 292, 293, 308, 307.
328, 317
Greek 185, 261, 262, 231-32,
372, 377, see &'so Euciid,
Pythagoras
Rhind Papyrus 71-72, 261
379, 391
square root 372
see also circle, decagon,
Fibonacol senes; Golden
Section: hoxagon:
mezsurement, os1agan;
pentecon: pi proportion:
sQuare: tilangle; Indlvdual
numbers
Mauportuls. Pierre de 383
Maypolo (lor moasuring tima)
129, 133, 148
measurement 304. 307. 319
Axkadian 312. 319
Assizes of Weights and
Meazures 314
Babylonian and Mesopota-
mian 214, 216. 266. 304,
308, 315, 380
Chinese 304, 312
decimal uniis 208, 209,212,
213, 261, 286; 09 alao
melsic system
devices and Instrumants:
armitiary sphere 155
astiolabe 155
chronometer 176, 183
alinomoter 81-82, 386
gnomon 387
hourglass 152
lens 219
as Masonic symbols 261
Maypole 129, 133, 146
aifometor 47, 390
obelisk, see obelisk
rod, measusing, 2e4¢ rod,
measuring
rod. ring-carrying 155, 156
sextani 84. 96
sundial 135
telescope 162, 156, 159
178

measurement (contd.)
theodotite 8¢, 6. 99
tube, direcilon 15§, 156
varnior 82, 96, 392
vessels 308
waler clock 152, 158
Egyptian 30-31. 209, 212,
304-10passim, 317, 326,
328
English, sco Englond,
measurement
French, see France.
measutement
German 313
Greek 24, 306, 308, 311, 350—
51
Herschel 72-74
hexagesimal units 187, 261,
301
Jews 31, 262-63, 306
loagth, unite of 307, 308,
309-10
medieval European 305. 308,
314
Mycenean 351-53
quatemary units 75, 212, 352,
353

Roman, see Roman Empire,
measurainent
Russian 305, 311. 312, 313,
318, 344, 346
sepienary unils 185, 187, 294,
302,305-07, 321, 326, see
aiso atur; cubit, royal
sexageeimal units 187, 212
standards, concora with: In
antiquity 308,315,351
In Renaissancs 301. 304, 308,
317, 351
Sumerian 176, 309. 312, 315,
3r2
undeclmal uaits 30607, 371
volume, units of 306. 307,
309,310
weight. units 0l 307, 3¢6, 309,
310
82¢ aldo cartly; lend survey-
ing; mathematics; time;
indlviduol numbors and
units of meacure
Mecca 184, 340
Kaaba 188
Med(im: pyramid 125,127. 133,
137,217, 276. 392
N¢la, Pomponlys 370-71
Memphls 181-82, 297, 39t
templos 262

412

Mencken, August 234, 233
Cheops® Pyramid. theory 107,
233, 243-44
Dcsigning and Buitding the
Great Pyramid 107
Meneg 390
Menon, C P. S.: Eauly
Astronomy @nd Cosmol/ogy
164

Manzies, Roberl: Cheops'
Pyramid. thoary 93, 108,
114

Mercator, Gerhardus 285

Mercator projections 184, 186.
200, 286

Marcury (pldhot): assacaltion
with god o! measurement
284

merldian, sge latilude and
longltude

Meroo 390

Mesmer, Franz 107

Mesopolamia: astzonomy 176-
77

measyrement 35, 330
cubit 216
pound 304, 308
see also {oot, goographlo
ziggurats 184, 302
seg also Akkadian: Babyionia
meter: absolule 265, 266
Burettini 304
Chaldoan 264
French 38, 73, 264, 311, 318,
363, 369

metic system, French 304,

308, 309, 316, 335, 363
adopted by Russia 305, 311
adoptod by Spain 314
adoption censidered and

dropped dy United States

316

Meyer, £duasd 321

Middlc Ages: mcasurement
305, 308, 311

mile (unlt of measurament) 213

Arabic 5
Egypiian 212, 213
English 31, 74
Hobrale 212
Roman 351, 352

Miletus, Bishop 140

Minutoll, Johann Helinrich Carl
380

maira (unit ol measurement)
212

Mokattam 28

quarries 3, 220, 222

Montagu, Edward Wortley 35,

Moatel, Paul 376
Moses 259, 262
Mount Gertzim 183
Muck, O.1 Chreops and the
Qresl Pyramid 143, 145,
146
Murad Boy 39
Mycenaa 351, 352
Grave Clrcle 355
Lion Gate 353-54, 355
Myceneans 351
cosmology 353-54
measuramant 351-55, 359,
361
foot (Oscan, llalic) 353, 359,
356, 360, 361
Mykerinoa, py:emid of 1, 224
sarcophagus 69
g0 also Giza camplax

Napata: temple of Amon,
oinphalos 302
Napoleon 38, 50, SS
in Egypt 38-39, 50, 305
vicil to Cheops® Pyramid 49—
50
navet 302: se@e also omphalo$
navigation 5, 308, 314,321,
K
Nefesliti 336
Nolson, Adm. Horatio 65
Neroman, D.: La Clé Secréte
de la Pyramide 112
nel {as symbor) 301, 349
Newlon, Sir tsaac: Cheops*
Pyramid, interpratation of
moasuromenis 30-31, 47,
74, 112, 145, 305, 323
A Dissertation upon the
Sacred Cublt . . .31
earth flattened at poles 211,
362
gravitation, theosy of 31-32,
311, 385, 390
oA precession 0t the
equinoxes 1468
Pringipis 32, 33, 362
telescope 133
Nile 292, 317, 339
liooding 117, 142-43, 226,
228, 233, 292
Hapy 383
tandmarks used in surveylng
117, 180, 33930, 346
Sa@ also Della; First Cataract
nliometer 47, 390

NRopolis, see Pi-Hapy

Nimrod 183

Norwell. Richard 31

Novgorod (Russia): Ghureh of
S1, Sophia 312

Noyes, Aifred 32

Nubia (Cush) 300

obetisk 155, 210-11, 390, 392
Cotsworlh on 122, 126, 127,
136
Maypole as 129, 133, 148
Muck on 146
pyramidiorn 203
and Sphinx 33
octagon 281
omphalos (navel; asgeodetic
mark and symbol) 182,
294, 302, 338, 348, 3€0
On, s00 Hollopolis
orgyla (unil of measurement)
209, 212: see aiso brasse
Oscan 100l seg foot, Mycenean
Osiranyer, S. 283
ounce (unil o! meazurement):
artabic {Cologna ounce;
ounce Tower) 313,314
avolrdupois 309
French 309,313
Rosnan 318
troy 313
Oxé&, August 309-10

Pacioll, Luca 193
palm (unit of measurement)
209, 212. 264
P4saceisus 107
paraltel, see {atitude and
longitude
paraseng (unit of mesaure-
ment) 213
Parembolo 180, 207
Parthonon: columns 332. 360,
361
measuremeni 24, 206, 355-
61,380
Paul. S1. 259
Pelusium 299, 303
Penrosa, Francis Cyanmer 356
Parthenon, measutemenl
355-58, 359, 359, 360
pahtagon 261-62
Pepi 390
Pepi | 168, 390
Pepin 313
Poring, John Shae 59, 67, 390
Dashur, pyramid 2568

Perring (contd.)

The Py1amids ol Glzoh from
Actuat Survey and
1Mgasurement on the Sgot
09,390

Persepolis 183, 214, 298
fomb ot Daslue 298
Peorsia: maasurement 213, 214,
298

see 3iso ariaba; 1001,

geographic; parasang

Petor the Groat 311

Patrio, William 96,97

Petrie, Sir Witllam Matthew
Flingers 96. 107. 208. 383.
390

o ancient measurement 3t5,
317

Cheops'Pyramid: explorstion
97-S8 99, 105, 228. 229,
234, 247-48. 251,279, 323

measuement 98-99, 100,
101, 103, 105, 106, 108,
111,112, 118, 151, 202,
264, 266-67, 323, 324, 362,
383,386, 368

theory 103, 105, 106. 219,
226-~27, 228, 229,231, 235,
236, 242, 246, 249

Kephren, pyremid,
measuromant 325, 378, 381

The Pyramics and Templas
of Gizeh 106

Pharaoh 281

cartouche 65, 385

crowns 293

napxn (loineloth) 135

royal cubst 3s symhol 307,
321

*‘Unity of EQyot”™ as throne
decoration 300-01

see aiso obetsi

Phiion of Byzantium: on

Cheops' Pyramid 371
phi proportion. see Golden
Section

Phoenician (lang.) 302

ph see pi pioportion

Piazzi, Fathor Giusappe 77

Piazzi Smyth see Smyth,

Chartes Pisz2l
Picard, Jean 32, 31, 362, 33
pied de r0i (unit of
measurcment) 38, 311, 318,
B3

k]

Pi-Hapy (Nlicpalis) 178, 333,
334,338

Pindar 259



the Great Pyramid

Pt (Unit of measurement)
312,318

pl proportion 70~71, 77, 89,
90, 101, 106, 107, 113, 126,
189,190 195,106, 263,
285, 308, 359, 367. 368,
373. 374 378. 317, 384
390, 392

end Golden Scctien, relatign

to 194, 377

Plalo §, 48 119, 259, 262

Timgeus 119, 147, 191, 262

plethron (urit of measurement)
206, 209,212, 233

Pliny: on Choops’ Pyramid 3,
208, 231,371, 373

Pococke, Richard 330

Poge, A, 149

pote {unil of measutement)
212

pound {unil of moasuremont)
304

Proclus 147
Proctor, Richard Anthony 281
391
Checps’ Pyramid, theosy 147,
149-56 passim, 158,253,
284, 39
The Greal Pyramid.
Obseryaioty, Tomb, and
Templs 147
Plah (god), 375, 381
Ptolomy 6, 21, 22, 183, 215
Aimagest S
ork helady See cublt, pyk
belady
pylon 159, 165, 391
pyramid 22, 126, 133, 137, 149-
50, 177, 184, 217, 236, 302,
317
apothem 384
Colsworth con 125-27
aa gaomelric shape 277-78
Iegende about 217
pysamidion 203, 371
Stacchinl on 177
Zaba on 148-50
see afso buliding construc-
tion; Cheops, Py:amid of;
Qashur, pyramid of
Snoforu; Kephren, pyramid
of; Madum, pyramid;
Nykerinos, pyramid of;
Saqnara, pyramid of Zoser
pyramidion 203. 371
Pythageras 22, 48. 259, 262,
285, 391
foftowers 262, 377

quadrant see lalitude and
lonpitude

quadrantal (unit o1 measure-
ment) 310-11, 312, 318-19

Quacter (unit of )

Roman Empire (contd.)
milo 364, 352
ounce 318
Rosetta Stone 51, 55, 85, 385

75
qualernary unils of
measurement 212, 352, 353
gedet (unit of measuiement)
308. 308. 310, 312, 318,
320

Ra 284, 391

ram (as symbol of Amon) 302

Ram, cult of the 169, 172, 174

Ramesos (I 380

Rameses IX, tomb of 194

Ras Alula 339

Rechnitz, Or. Kun 283

rectanglo {(os symbol) 297, 300

Roich, Witha!m: orgone
enargy 278, 282

Reisner, George Andrew 391

remen (unit of measurement)
208. 209

Renaissance: conceir: with

measuremont etandards 301,

304, 308, 317, 351

Revett, Nicholas: Partnenon,
measurement 359~60

Rhind, Henry Alexander 72,
N

Rhind Papyrus 71-72, 261,
379, 391
Ricke, Herbert 376
Rinawdi, Celeste: L'Architeitura
dele Piramidi Menclile
228-29
Cheops' Pyramid, Iheory 229,
230, 280 242'-43, 248, 252
104 (unit o1 measurement)
209,378
rod, measuring: Egyptian 177-
78, 320, 332-34, 365
Engtish 27, 82-83
French 32
medievol European 305
rod, ring-carrying (for asiro-
nomical computaticn) 185,
156
Roman Empire;: measuremant
350-51
aare Gugerum) 370
cupit 305. 318, 319. 320
foct sze fool, Roman
Inch 305
{ibra 308-13 passim, 314

a1d

; 258

Russia: measurement 305, 311,
312, 313, 344,346

arshin 305

chetverk 311, 318

Franch meirlc system
adopled 305, 311

sajen’ 305,311

Sacred Sycamore 303, 322
gajoen’ (unit of meazurement)
305, an
Santlllana, Giorgio de 189,
230
Hemlel's Mill 174, 175, 289,
297, 381
Saoqara 181, 269, 207, 391
pyramid of Zoser 28, 125,
126, 133, 137, 237, 320,
375, 388, 391
2oser's Compiex 375, 376,
377
£00 al'so Sckar (place)
Sardis 183, 349
Sanion, Georpe 155
Saurkd, see Surld
Schiiemann, Heinifch 264, 260
Schmollz, John B.: Nuggcts
from King Sofomon’s Mines
12
scnoenion, lon0 (Qrand: greal
Egyptian, unkt ol
measurement) 209, 212, 213
schoonion, shoet {unit of
measuremoat) 206, 209,
212
Schroeder, L. 283
Schwaller de Lublcz, R. A.
145, 169, 172-73, 181, 191
194..05, 203, 266, 391
Le Tomple de {'homme 145,
264
Second Py:amid, see Kephren.
pyramid of
Sogré, Angelo 287, 310
Sathiles 217
seven (septanary unils of
measurement| 294, 302,
305-07. 321, 326, 370
in ziggusats 185, 187, 302
see al3o atur; cubil, royal;
sajen’
sexagesimal units of
measurement 187, 212

sexagesime (unll of measure-
ment) 212
zoxtant 84, 96, 301

squaie (cormd.)
asunit of mcosurment 305-
06, 307
(unit of measurement)

shegel (unit of n)
312
sidereal time 111, 153,317,
347-48, 392
Slemens, Sfrw. 278-79
Slibury Hill (Eng)) 127, 129,
146
Simpson, Sir James Y. 94
six: hexagesimat unu's of
measurement 187
hexagon 261
six-pointed star 301
gixty, s00 sexagosimal unifs of
meassrement
Skinner. J. Ralston 260-61
Smith, V/orth 278
Smith tablet 186
Smyth, Charles Plazzi 78, 77,
92-93 96,107, 108, 122,
208,312
Cheops’ Pyramid: exploration
78.80-81. 91, 100, 101
measutemen! 77, 78, 81-8S,
89-S1, 94, 160, 107, 108,
112, 145,323, 324
theory 87, 89, 92, 93,94,
96, 103, 106, 107, 1C8, 111,
112, 113,116, 121,122
207,212, 267, 269-70. 384
Ute and V/oik at the Great

Pyramid of Jeezeh . . . 93
Qur Inheritance in the Groat
Pysamid 98

Sneferu 125-26. 217. 392: see
a/so Dashur. pyramid of
Sneferu; MedOm, pyramid

Socrates 262

Sokar (god) 287-98, 302, 391

Sckar (place) 181-82, 297, 298,
294; sep alsoc Saqgara

sofar tme 108, 111.112. 13,
143, 207, 316-17, 347'=48,
352-53, 392

Solomon 263

Solon 48, 250

Sophocles 259

Sothic time 45, 392

Spaln: French mslsic system
adopted 314

sphoraid 327: see s/so Clerko
Spheroid; Hetmert;
Intemational Spheroid

Sphinx 33, 268, 270, 386

squaie: as Ssacled 260, 261

as symbo! 297, 300

31, 45=46, 47, 206, 209,212
213. 294, 315, 326, 351, 368
385. 389-70, 372, 373: see
also khe
stor: five-pointed 261-82, 377
six-paintod 301
Stecchini, Liwvio Caltulto 216,
263. 265. 268-67
onancient measurament 174,
176-77, 178, 180-88 pas.sim,
184,201, 202, 206, 211,
214-15, 287-392
Cheops* Pyramid, theory 206,
267, 327-26. 359, 364-75.
380-81
Steward, Basil: The AMfystery of
the Great Pyramid 218-19
Stonchongo (Eng.) 96, 129.
139, 147, 159, 165, 169
stoneworking, €9 bullding
constictior:; toals, for
stoneworking
Stiabo339
on Cheops* Pyramid 3, 45, 371
History 3
straightedge {(as symbol) 261
Stuan, James' Parthenon,
measusement 35560
Sumerians: measurement 178,
309, 315
5234372
sila (pin1) 312
sundial 155
sunspots 155, 281-82
Surkf (Saurld) 218
Susa 183
Sutzu, Prince Mihall 308, 318
Syone (mod. Aswon) 178, 201
211, 333, 334, 387, 302
quatres 220, 392
see aiso Elephantine
Sykes, Edgerton 268-69

talan! {unit of moasuromont)
319-20
Tayior. John 70, 75. 93. 107.
185, 208, 392
Cheop's' Pyramkd.
moasurement 70-71, 72,
74-75. 89,94
theory 70-71, 72, 74, 75-76,
77,83, 89,90, 94,98, 106,
108, 116, 189, 207, 212,
267, 392

theory (centd.)

The Greet Pyramid: Why Was
It Built? & Who Buliti1? 6,
g2

teloscopo 152, 166, 159, 176

Taletcen, Otaf 231-32

Teit e1-Amarna 201, 337: ses
#/sa Akhtaten

Templars, ses Knights Tempiar

ten, see decena; decagon;
decapodoe; dooimal unilaof
measuremaent: motric
system

Tepe Gawra 308

Thales 2

Thebee (Waol; and Luxor) 302,
303, 343, 389, 392

Labyrinth 317

tempie of Amon 165. 194-95,
303, 322, 338, 348, 349,
350, 383, 389

moaeuring ruios 17778,
332-34
omphalos 182, 302, 338, 349
rempies 262
theodotie 84, 96, 99, 392
Theodosius 3
Theon 4
Thom, Atexandee: Mogalithic
Skes in Britain 137-38
Thoth (god) 260. 392; sae also
Hermes

Thothmes 111 183

time: anomalisiic 111, 384

devices and inalrumenta for
measurement of, see
gnoman: hourglass:
Maypole; cbeilsk: sundial;
waler clock
sidereal 111, 153,317, 347~
48, 302
solar, s0¢ solar time
Solhic 145, 392
Tittlan 194
toise (unit of measurement) 33,
38
tools: for moasuring, Seo
measurémen, devices
and Instrumanis
‘or stoneworking 103, 222,
228, 229, 323
tiaiigle (assacied) 109, 119,
139, 194, 261, 290, 292,
301, 377-78, 379, 391

triangulation 392: see also
land surveying

Troy 264

wbe, direction (for



Tude (contd }
astionomical computalion)
135, 156
Tunstall. John 273, 275
Tusenno, L. 278
Tyee: lempla 165

Udimu 389
undecimal uniis of
measurement 305-07, 311
United Statos: Choaps®
Pyramid on sesl 38, 301
feot 311
French melric sysiem
considered and dropped
316
United States Naval
Observalory (Washington,
D.C) 183
“"Unity of Egypt” 300-01

Ur: ziggurat 184
Usik: 2iggurat 184

Varro 371

Argonsutico 185

Verdi, Giuseppe: Aido 78
vemier 82, 96, 392
Veronese, Pacio 194
Yolalre 363

volume, see measurement

Wadi tagharah: quarrios 65

Wast, see Thebes

water clock (clepsydra) 152,
158

Watking, Alfred: The Qid
Straigh! Track 139-40

weighl, see measurament

Waelingion, Arthur \aellesigy,
Duke of 56, 59, 83

White Nile 339
Woad, H. G,: Ideal Motralogy
140, 183

yard (unit cf measurement):
English 74, 311, 344, 360
megaiithic 137, 139, 2038 213
Yazolino, Lauren 273, 27§

2aba, Zybnak 149-50, 174
zigguret 119, 177, 184-85, 186-
88. 189, 279, 302. 378, 392
20dlac 145, 158, 174, 294-99
in Dendera 49, 168, 172-74,
175, 386
Zoser 168, 217, 320, 376, 384,
386, 391; see 8iso Saqqara,
pyramid ot Zoser; SagGara,
Zoser's Compiex
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