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Upright reason dictates that the recipients of the good, of whatever type and level of beneficence
it may be, must show gratitude and blessing to the beneficent person in every way possible,
commensurate with the value of the beneficence. And one who has benefited all the people of the
world — for example, one who invented a new instrument for the good of the world, or a good
book — it is fitting for every discerning person, out of the obligation of love of fellow beings, to at
least purchase it, so that the man will profit and his heart will be encouraged thereby to invent yet
more good instruments in the world. And similarly, all other wise-hearted people will likewise
strive and exert themselves to invent good things and instruments needed for the repair of the

world and its perfection.

And therefore, whoever says: "What do I need this new instrument for?" — he does not act well
towards the world. For if not for the man who invented it, where would you be? And what would

your city do? And more than this, if the man did not exert himself, what would the world do?
— R. Pinchas Eliyahu Hurwitz, Sefer HaBris HaShalem (1797)
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A note on the work

The founding text of modern geodesy. In 1615 Snellius measured the arc of the
meridian between Alkmaar and Bergen op Zoom by chaining a network of
triangles across the towns of Holland — the first survey to determine the size of
the Earth by triangulation rather than by pacing or dead reckoning. Book I is a
critical reconstruction of the ancient measurements, sifting Eratosthenes,
Posidonius, Ptolemy and Strabo against one another; Book II sets out Snellius's
own instruments, baselines, observed angles and computations, and arrives at a
degree of the meridian of 55,100 toises. The method it introduces governed
geodesy until the satellite era.

A note on the translation process

This translation was produced with the translation-pipeline. See the linked
repository for details on the process.

This text is the product of a highly refined automated translation process. It has
undergone only cursory human review and should not be treated as an
authoritative or scholarly rendering. It is offered solely as a reference and reading
aid — a way to make an otherwise inaccessible work approachable — and any
passage of real consequence should be checked against the original source.
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PRAFATIO.

To the Most Illustrious and Most Powerful ESTATES OF THE UNITED
PROVINCES OF BELGIUM [Ad Illustrissimos, Potentissimos ORDINES
PROVINCIARVM FOEDERATARVM BELGII], self-governing [Greek: avtovopu8

(autonomou, "self-governing", "independent") — printed with the ligature 8 for
-ov]

[The preface proper begins on the following page.]
The Praefatio proper begins.

ILLVSTRISSIMI ORDINES, PATRIZA PATRES. — Most Illustrious Estates, Fathers
of the Fatherland.

Every man of the noblest spirit has, ever since the founding of the world, spared
no effort to survey this dwelling-place — the place into which man was sent by
his Creator as into an estate of his own — and to know it more exactly. If he
learned nothing else from it, he learned at least this: that everything is cramped.
At the same time he wanted to come closer to the peoples sprung from the same
origin as himself, peoples who live by customs and institutions so different that
some of them seem to have more kinship with the beasts than with human beings
born of divine seed. All these men, certainly, brought great spirit to the enterprise
and turned their thoughts in this direction — and not, indeed, without a hidden
prompting of the Divine. Some of them bring the gentler peoples over to the
worship of the true God; others go out to punish the crimes of wicked men. And
even where a lust to rule set these latter on fire, they nevertheless also set
themselves this end: to map out this globe, which is called the earth, into their
own kingdoms, as though into plots and measured parcels [areas & podismos].
Yet that glory has been granted to no one in full. Necho [Neco], king of the
Egyptians, employed Phoenicians and in a full three years explored the entire
outer coast of Africa. Darius attempted the mouths of the Indus

and the Ethiopian sea. Cyrus marched against the Massagetae, an unconquered
nation, and Cambyses against the Ethiopias. Alexander, surnamed the Great,
opened Asia and Egypt to the Greeks. Roman arms compelled every nation
everywhere to obey a single empire — and this by the secret design of the



supreme Godhead, so that all might the more readily receive the saving yoke of
Christ. And yet how small a fraction of the whole globe is this? For these men
never crossed the Caucasus or swam the Ganges, still less could they ever reach
the farthest regions of the north or the south, or of the rising or the setting sun —
regions they believed to be cut off from themselves by vast wastes, by broken
terrain, or by an intervening sea. And yet King Solomon [Solomo], the wisest man
ever born, was fetching gold from Ophir [Ophyro] far across the sea with a Tyrian
fleet; the routes had presumably been opened up ever since Necho, using the
services of those same Phoenicians, had explored the entire circuit of Africa. Even
so, the position of those places could not be handed down to us — not even,
indeed, to the Romans, who stood so much nearer to that age. If the authority of
Scripture did not weigh with me, I should hold that credit must be refused to the
secular writers on this point as well. So utterly has the knowledge of those places
perished, and so completely blotted out lies the glory of the men who first opened
up those lands. A far more distinguished service was done us by the man who
unlocked nature's inner chambers and first showed the human race the
astonishing [Greek: evaywyiav (xenagogian, "guidance", the office of a guide who
conducts strangers) — the magnet's power of conducting the traveller] of the
magnet.

For the earth brings this stone forth, hidden away in her own bowels, so that by it
she may avenge the wrongs of the sea, which holds her apart from herself.
Trusting its word, undaunted Argonauts built ships and set out to search for lands
they did not know; they brought a Christian vessel to rest on a barbarous shore;
they drew into one the alliances of a world sundered by so vast an ocean. They
also made lands separated by so great a distance a portion of our own greed, so
that whatever goods lay stored away in the farthest east or west might become
the prize of so dangerous a voyage. And so every sea is astir: men go singly to the
least-known places, and search out routes to carry them around the globe of the
earth. What God the arbiter had kept apart by the sea flowing between, the bold
race of Iapetus counts it the highest glory to invade. The whole of this — however
great it is, and it is certainly very great indeed — the whole of it, I say, is the
magnet's gift: it directs the course through the open sea. It cannot, however,
supply any proper mapping of the places at which men land. For that purpose the
longitude and the latitude must be investigated accurately and skilfully. That is a
pursuit at once honourable and useful — to traverse the whole globe of the earth
in a moment of time, to visit the remotest places in mind and eye, and, while you
are at home, still to travel abroad in another world, and by these two coordinates
to bring that soil close under your own sky. And yet the determination of
longitude has often, and unsuccessfully, been attempted by many. It is certainly a



matter most worthy to be known, but one that exceeds the resources of a private
man.

In this matter, then, all men pray with the utmost earnestness that we may be
allowed to enjoy your benefaction, Most Illustrious Estates: that you reduce to
order the positions of places lying far apart, and that the lie of the lands receive
its law from you. Only give the command, and the undertaking will be all
downhill. Then the whole world will admit that it owes its very self to you —
because the seats of every region are held within their own proper boundaries,
and because the expanses of sea and land are not confounded with one another.
How grossly men blunder here, the highest and the lowest alike, is admitted on
all sides; and the danger is all the greater when a weighty authority has stood
sponsor for a falsehood. Even the latitudes of places — which are nevertheless
reduced to numbers every day — almost all disagree with their own tables
[abaci]. But it is in longitude that the hydra of errors lies most deeply hidden, so
that even the places that fall practically within our own sight we have recorded
abominably. Consider: if Amsterdam [Amstelodamum)] is displaced a whole
degree from its true position relative to Hamburg [Haburgum], and nearly two
degrees relative to Copenhagen [Hafnia], what will become of more distant places
— not merely the coasts of France or Spain, but the remotest shores of Asia,
Africa, and America? These monstrous errors need a Hercules, or rather some
Atlas, to set the earth back on her own foundations. In this work I have made a
first attempt and felt out the roads in advance, in the hope of obtaining this much
from those men: that at least in nearby places they should go wrong a little more
circumspectly. For those remote regions, and the world divided by the sea that
flows between, cry out for your help, Most Illustrious Estates. The task

I have undertaken is one that all men have always wanted, that has often been
attempted, and that has been ennobled by the industry of great men as well —
Anaximander, Eratosthenes, Posidonius, Ptolemy [Ptolomeaus] — not to add to the
work the titles of kings and princes besides. Here I set out the size of the
terrestrial globe, accurately determined, so that every measurement of longitude
and latitude drawn from the distances of journeys may be that much less liable to
error. The cities of your dominion, too, I have measured with the greatest care
and with finely made instruments, and I have recorded the intervals between
them to the ten-foot rod [decempeda]. Their positions can therefore be fixed not
merely to single minutes [scrupula] — which would itself be a great thing — but
scrupulously, down to the smallest fractions. So every place in a dominion so
celebrated, and so ennobled by its own valour — a dominion in which tokens of
God's beneficence, so many and so splendid, gathered in the course of this long



war, shine out — can now be marked almost to a point: something that has never
fallen to the lot even of the most flourishing and most cultivated regions. Greece,
than which no nation was ever more cultivated, has passed down to us few traces
of herself accurately recorded; and neither has Palestine, the very estate of the
ancient Church. Asia, Babylonia, and Egypt drift in uncertainty. Indeed Rome
herself, once mistress of the world [?], is still searching for her own site — to say
nothing of the remaining and less distinguished places. That this country of ours,
by contrast, can now be recorded more accurately and more surely will readily
appear from the work itself. And although this is no more than a makeweight
[mantissa] to the work as originally planned, still it is not so slight an appen-

dix that it deserves contempt. These labours [?], I say, which I have drained to the
dregs upon this subject, are dedicated to you, Fathers of the Fatherland, if you
permit it — dedicated to this end: that you may perhaps at some time care to
come down to this, to learning the size of the terrestrial globe, away from that
splendour of the greatest affairs and from the cares that keep you at work
without a pause. For with your most prudent counsels you not only protect the
Fatherland; you also go out to defend the well-being of men settled in another
world, so that at home you are famed for piety and prudence, and abroad for
warlike valour as well. And the liberty inborn in this nation from the remotest
ages you are not content merely to claim for yourselves: you count it more
glorious to bestow it on others too. When a freedman of Annius Plocamus was
carried by mere chance to the island of Taprobane [Sri Lanka], its king came to
admire the justice of the Romans — because the denarii in the money taken from
him were equal in weight, although the different portraits showed that they had
been struck under several rulers — and he sought their friendship. But your
prudence, fairness, and justice are looked up to and revered not by one corner of
the world only, but by the whole globe. Not Christians only, but barbarians as
well: their most powerful kings, set apart in the farthest reaches of Asia and
Africa, at rest in the deepest peace, seek your friendship of their own accord —
not so much because they fear your arms as because they admire your prudence
and your fairness. This, surely, is the radiance of a purer teaching, which a true
Christian ought to cultivate not in words but in deeds. I pass over the many places
in the east

— set free under your auspices, once the brutal, tyrannical yoke of the cruellest
of masters had been thrown off. That whole New World is eager to owe its
freedom to you. Nature herself has loosened the Ocean's bars, and the lands have
drawn back: the ocean lies open where it was believed to be squeezed into a
strait. The people there are clever enough, but still genuinely without religion —



they have never so much as heard of the cross of Christ [Greek: &vnk8cot
(&vfkovoTol, anékoustoi, "not having heard"; the ov and ot are printed as
ligatures)]. Plant that trophy there; fix your glory in those lands. For once you
have won such martial renown on the farthest coasts of the east, the west and the
south, and have dedicated it to Christ and to your country, that one last corner,
the one nearest to us and lying under the north, will also yield of its own accord
to your splendour, and will open a route through as well, so that the shortest
crossing will give passage to both worlds.

My prayer is that, having claimed liberty abroad, established true religion and
spread the cross of Christ, you may flourish everlastingly at home too in every
kind of good thing; that Solomon's golden age, with its piety, prudence and plenty,
may smile on us again, its cycle come full circle; that silver and precious stones
may be reckoned as common rock; but above all that in that golden age piety and
justice may come down to us from heaven, and never flee and abandon the
fellowship of humankind. This I beg, a suppliant from the heart, of that supreme
Divinity.

Devoted to Your Most Illustrious Greatnesses,

WILLEBRORDVS SNELLIVS R.F.

ON THE ERATOSTHENES BATAVUS OF THE MOST
DISTINGUISHED WILLEBRORD SNELLIUS, or his Books on
the Size of the Earth

(Inv. cl. Willebrordi Snellii ERATOSTHENEM BATAVUM seu Libros de Magnitudine
terree)

SCAZON [scazon: choliambic, "limping" iambic verse]

The Earth's uncertain size stirred up a wild quarrel among the Greekling
schoolmasters, and cast doubt on the one art that was thought to stand unshaken
on sure rules. Hail the triumph! My own Snellius has at last made this a glory that
belongs to his fellow Dutchmen — so that whatever the art lacked, or luckless
Hellas never knew, is brought to light in this book.

PETRUS CUNAEUS.



A number of latitudes of places, accurately recorded, by
which the chorographies of the several regions ought to be
corrected by more expert hands.

Latitudes are given in degrees (gr.) and minutes (scr., scrupula), with each
authority named after the place.

Place Authority Latitude
Amstelodamum 50 gr. 25 scr.
[Amsterdam]

Leida [Leiden] 52 gr. 10% scr.
Alcmaria [Alkmaar] 52. gr. 40% scr.
Noriberga [Nuremberg] Regiomontano, Bernardo 49 gr. 24 scr.

Waltero, & Wernero
[Regiomontanus, Bernhard
Walther and Johannes
Werner]

Andrea Schonero post istos 49 gr. 27 scr.
[Andreas Schoner, after

them]

Tychoni [Tycho Brahe] 49 gr. 26 scr.
Roma [Rome] Regiomontano 42 gr. 2 scr.

[Regiomontanus]
Cassellee [Kassel] Rothmanno [Christoph 51 gr. 19 scr.

Rothmann]

Byrgio [Jost Burgi] 51 gr. 1974 scr.
Fruenburgum Borissice Copernico [Copernicus] 54 gr. 19% scr.
[Frombork, in Prussia]

Tychoni [Tycho Brahe] 54 gr. 29 1/7 scr.

The latitude list continues from the preceding page, set in the same way: the
place-name in italic at the left with its authority in roman beside it, and the
latitude ranged at the right. Where a place carries more than one authority, the
later authority is printed on its own line beneath, with the place-name not
repeated (kept below as a row with the place cell blank).



Place Authority Latitude

Augusta Vindelicorum Hainselio [Hainzel], Tychoni 46 gr. 24 scr.

[Augsburg] [Tycho Brahe]

Vienna [Vienna] Peurbachio [Georg von 48 gr. 22 scr.
Peuerbach], & Regiomontano
[Regiomontanus]

Valentia Hispanice [Valencia] Menzonio [Menzonius [?] — 39 gr. 30 scr.
unidentified]

Witteberga [Wittenberg] Reinoldo [Erasmus Reinhold] 51 gr. 54 scr.
At Tychoni [But according to 51 gr. 47 scr.
Tycho]

Lipsia [Leipzig] Homelio [Johannes Hommel] 51 gr. 17 scr.
Tychoni [Tycho] 51 gr. 19 scr.

Heydelberga [Heidelberg] Christmanno [Jacob 49 gr. 22 scr.
Christmann]

Franekera [Franeker] Metio [Adriaan Metius] 53 gr. 11 scr.
Goesa [Goes] Lantsbergio [Philips van 51 gr. 29 scr.
Lansbergen]

Praga [Prague] Tychoni [Tycho] 50 gr. 4% scr.
Londinum [London] Wrichto [Wright [?]] & 51 gr. 32 scr.

Brichto [?].
Huenna insula contra Tychoni [Tycho] 51 gr. 54 scr.

Hafniam [Hven, the island
opposite Copenhagen]

WILLEBRORDI SNELLIT / ERATOSTHENES
BATAVUS, DE TERRA AMBITV.

LIBER L.

CAPVT L.

By whom the measurement of the terrestrial globe was attempted in antiquity. [A
quibusnam ambitus terreni globi dimensio olim tentata.]



In the beginning, when a single garden — a plot of no great size — could hold the
whole human race, and the entire world was reckoned to lie under the roof of
one head of a household, men lived out their lives content with the yield of the
one soil they occupied, far removed from ambition and luxury. Afterwards, as
humankind multiplied and a single estate and a single piece of ground no longer
sufficed to feed so many, they gradually broke up into phratries [phratrias] and
tribes and withdrew further from one another,

each giving way to the next as convenience dictated, and, as the heat grew, going
off to lands that a different sun warmed. At last a stubborn race provoked the
anger of the supreme Deity against itself, and for that reason — hateful to God —
deserved to be rooted out utterly, so that a single Ark carried the very few souls
held back as seed, the hope of a world that would grow up again. Once the Deity
had at last been appeased by so pitiable a destruction of so many people, and the
patriarchs had been enriched with a most numerous offspring, the territory of
Mesopotamia or Babylonia alone could no longer hold so populous a nation. So
they divided this whole world among themselves like an inheritance, each taking
possession of some part of it to live in; and, leaving the plains of Mesopotamia,
they were scattered by God into places as far apart as could be, divided not only
in their dwellings but in their languages as well. Only then were they first placed
under the necessity of describing the position of places and the courses of routes.

And so, after that wicked design of Nimrod [Nimbrodi], after the war he declared
on heaven, after the dispersal of a people sprung from one and the same stock,
and after a thousand kinds of punishment, the man who laid the human race
under no small obligation was the one who first parcelled out this globe we call
the Earth into its regions and zones. He set out its situation and its shape,
described its routes, and recorded the seas that run into the land and flow around
it — so that the human race, guided as if by a thread of Ariadne, might travel
back and forth in safety, and without going astray, across such immense stretches
of country. For it is far more distinguished, and far more difficult, to lay the first
foundations of so useful and demanding an undertaking than to enrich that same
undertaking afterwards with a few additions. That is why everyone quite rightly
holds in the highest esteem those very rudiments of ancient geography, so that all
of them, as many as [have brought] here their [own ...]

— have devoted their labour and care to it, we read their very names with real
feeling and with a certain hidden partiality, and acknowledge them as we go.
When we read of the hardships of Noah tossed by the flood, or of Abraham's
exiles — for they were exiles rather than travels — we take their side even in



silence, touched as if by religious awe, and we recognize that these things did not
happen without divine purpose. In the same way we hear with a kind of
astonishment of the expeditions of Hercules to the farthest west, of Bacchus to the
east, of the Argonauts to Colchis. So true is it that that relentless toil and unheard-
of daring carried their names over into the error of legend.

Nor could Alexander's campaigns — the man whose very name comes from the
magnitude of his deeds — bring so much benefit to posterity, or so much glory to
himself, for all that he subdued the whole East, as did the chorography
[chorographia] of the lands he traversed, drawn up by his own pnpatigig [Greek:
BnuaTiotdg (bématistas, "pacers” — the surveyors attached to Alexander's army
who measured distances by counting paces); printed with the ot ligature]. And
what of these latter-day Argonauts, who crossed the Atlantic, measured out the
expanses of the Ethiopic Sea [£thiopici pelagi], and were the first to reach as far
as our antipodes: with what applause are they received by everyone! So much so
that a good and grateful posterity has consecrated their names to eternity — not
on columns only, or on the ridges of a few mountains, but on the vastest stretches
of territory, which are called America and Magellanica [Magallanica] after those
men's own names.

But so that undertakings so arduous, and taken on almost against the resistance
and the will of nature herself, should not lie idle without use or profit — and so
that the explorers could also point out to others the routes they had themselves
discovered — something had to be devised by which they might set down the
position of those places as if with dust and a drawing-rod [pulvere & radio]. For a
specification is sure and legitimate only when, exactly as a map shows in what
direction each line is to be drawn, so in the world itself it will be settled toward
what quarter each stretch of country runs out,

or by what routes one reaches it. For that purpose the surface of the terrestrial
globe supplies its own dimensions — the ones comprised in latitude and
longitude — as guides that do not mislead and as the most conscientious
cevaywyovg [Greek: xenagogous, "conductors of strangers," guides; the syllable is
set with the 8 (= ov) sort]. Under their lead and auspices we can travel the whole
of this world and conveniently explain and fix the intervals, the situation, and the
extent of every place.

Both of these are derived from the sky alone. Latitude, since it is the same thing
as the elevation of the pole, will not be at all hard to observe. Longitude, by
contrast, is far more laborious, and until now has been investigated only from an
interval of time; it is therefore thoroughly tangled and slippery, since lunar



eclipses are the only means suitable authorities have thought suitable for it. It
follows that the specification of places is, on this side, crippled and defective.

Accordingly, if some ready road to longitude too was to exist — if neighbouring
places at least were to be properly fixed by the degrees of their distance in
longitude — it was necessary that the magnitude of a terrestrial degree on the
great circle should stand established by some well-attested measure. On this
question every most learned man, and everyone who had the common good at
heart, long ago strained every nerve. Here the diligence of Anaximander,
Eratosthenes, Hipparchus, Posidonius, and Ptolemy [Ptolomcei] too shone out.
Indeed, it is established from Abulfeda [Abelfeda] that among more recent writers
the Arabs attempted the thing at their kings' expense. But with how little success,
the outcome has taught us — as have the disagreeing verdicts of so many and
such great men, which make it no easy matter to judge whose side one should
lean to.

Diogenes Laertius, in his life of him, records that Anaximander of Miletus was the
first to attempt this: kai yfig (he says) kail BaA&tInC TepipeTpov mp&dTlog] Eypae
[Greek: kai ges ... kai thalattés perimetron protos egrapse, "he was the first to
draw the perimeter of land and sea"; the fount sets kai and -o¢ as ligatures, and
the T sort carries -tng. Note the print's OaA&tTng, not the received 6axA&oong, and
gypope without movable v — both preserved as set]. I understand this to mean
that he was the first of all to turn his mind to the matter,

although the glory of those who came after him seems to have overshadowed his
effort. I hold nonetheless that his attempt too deserves our praise and a grateful
commemoration.

As for the industry of Eratosthenes and Hipparchus, I can cite Pliny as a witness
of the fullest authority, lib. 2. cap. 107.

This whole circuit of the world, he says, Eratosthenes — a man skilled in
every refinement of learning, and in this field above all others, and one
whom I see approved by everyone — reported as two hundred and fifty-
two thousand stadia. By Roman reckoning that measure works out at
31,500,000 paces [trecenties quindecies centena millia passuum]. A
shameless piece of daring, and yet grasped by an argument so subtle that
one is ashamed not to believe it. Hipparchus, remarkable both in refuting
him and in all his other care, adds a little more than twenty-five
thousand stadia.



The Earth's circumference is therefore a tenth part greater for Hipparchus, who
flourished a hundred years later, than for Eratosthenes. The same account of
Eratosthenes is given among the Greeks by Geminus and Strabo, and among the
Latins by Vitruvius, Censorinus, Macrobius, Martianus Capella, and others.

Ptolemy, however — though for him Hipparchus's industry was never praised
enough — thinks differently from both, and refuses to trust that measurement, as
one refuses bad builders. In the first and seventh books of his Geography he fixes
the circumference of the great circle at one hundred and eighty thousand stadia.
The difference between these numbers — 252000, 277000, 180000 — is therefore
excessive, and simply not to be borne. And yet we must suppose that all of them
worked at this dust with the utmost care and practice. For Eratosthenes was
distinguished not only by his renown in mathematics, and famous for the
duplication of the cube, but

— dear to the kings themselves, and, for the excellence of his learning, called the
second Plato; on that account he was made keeper of the Royal Library in Egypt.
This same man measured the heights of mountains, and by the perpendicular
found the highest of them to be ten stadia. Theon recorded the fact in these words
in his commentary on the first book of Ptolemy:

TV 8€ &0 TV LYNAOTATWY OPMOV ETL TX YOXPXAWTEPA TITITOVOXV
K&BeTov, Seikvuoly EpatooBévng St T®Vv €€ ATToCUATWY HeETPBOGV
80T TP®V 0TSV L.

[Greek: "The perpendicular falling from the highest mountains onto the lower
ground Eratosthenes shows, by dioptras measuring from distances (&mooTuatw),
to be 10 stadia." petp8o®v = petpovo®v, the participle agreeing with Stomtp®v;
both words corrected on the scan at high magnification.]

He was therefore neither a novice in measurements of this kind nor a stranger to
them. And so we ought to be entirely convinced that he applied himself with the
greatest care to the geodesy [gaeodesia] of the Earth's circumference — the more
so because he set down the grounds of his conclusion so exactly, and, as we may
fairly believe, inserted them in his books of Geography.

And yet it may well seem extraordinary that Hipparchus — whom Ptolemy never
mentions without some fresh title of praise, and whom Pliny calls admirable in
every kind of diligence — should add a tenth part to that measurement, while
Ptolemy on the contrary cuts away two sevenths of it. Perhaps the discrepancy
arises from the inequality of feet, paces and stadia; but that does not seem to me
at all likely. As for the Arabs' measurement, we shall look at that later as well.



An accurate knowledge of the circumference of the terrestrial globe is thus
indispensable, and carries so much weight in geography — while their several
calculations are not merely not in any sort of agreement, but stand as far apart
from one another as they possibly could, and amid so wide a variety of opinions
there is no settled answer as to whose view one ought above all to follow. I judged
it unworthy of so learned an age that we should be tossed any longer on such
uncertain waves of opinion. So I attacked the question itself by methods that are
anything but slippery, and published in these books, written out in full, the
demonstra—

—tions of them all (so as to leave a record of my diligence and industry to
posterity as well). At the same time I have set out the views of everyone about
whom I have been able to learn or discover anything, ancient and modern alike.
But so that this treatment may proceed by a proper method and route, I shall set
out first some lemmas and the more necessary hypotheses, so that I may
afterwards establish the truth of what has to be said all the more easily.

CAP. IL.

De Terrce forma, & loco.

On the shape and place of the Earth.

The circumference of the Earth, which I have undertaken to explain in these
books, cannot be determined unless we first have a clear view of the shape in
which the Earth itself is contained. Accordingly, whatever the astronomers and
geographers have handed down about its figure and situation we shall borrow
from them; and from their most abundant springs [?] we shall channel water into
our own reservoirs, to irrigate this ground. And first of all:

I. That the Earth is a globe.

On this question there are conflicting opinions among philosophers, not in
antiquity only but in our own century as well. That its shape is rounded into the
form of a sphere is shown by arguments drawn from the nature of things
themselves; and these will be understood more plainly if we conceive this mass
as not altogether solid, but soft, or rather fluid. For

such is the nature of every fluid, that the part under less pressure is driven out of
its place by the heavier part under greater pressure; and every part is under
pressure, because the heavier mass bears down perpendicularly on the body
beneath it. From this it follows that the surface of any fluid that is at rest and



settled spreads itself out spherically, since all its parts seek one and the same
centre of gravity — as the most divine Archimedes proved in mept T@V OXOVUEVWV
[Greek: peri ton ochoumendn, "On Floating Bodies"; printed with the ov-ligature],
On Bodies that Float, in the second proposition.

Since, then, all weights are carried toward the Earth by their own tendency, the
parts of the Earth itself — in the first beginnings of the world, while they were
still scattered in that chaos and mixed up with everything else (which is why
Democritus, once the most learned of philosophers, used to say that the Earth was
at first wandering and light) — will have this force implanted in them: that they
all seek their own middle and centre, and that each part shoves the next. For
while all things of equal weight are carried to the middle with equal pressure,
and the heavier occupy the lower place while the lighter float, as it were, upon
them, the whole surface must necessarily come out alike on every side, and stand
off from the middle by equal radii. And so:

Post Chaos, vt primum data sunt tria corpora mundo, Inque novas species
omne recessit opus: Pondere terra suo subsedit, & cequora traxit, Ac ccelum
levitas in loca summa tulit.

After Chaos, as soon as the three bodies were given to the world, and the
whole work withdrew into new forms, earth settled down by its own
weight and drew the waters after it, while lightness carried the heavens
to the topmost places.

This was the view of the most learned philosophers of old, however little it suits
the school of those who maintain that the world had neither a beginning nor an
end. But so that we may not appear merely to mBavoAoyeiv [Greek:
pithanologein, "to argue from probabilities"] — to say what is merely plausible —
I shall prove the Earth's roundness by arguments that do not deceive as well. As
one presses on from north to south, the stars near the pole sink lower by degrees;
and those which before were always

always visible sink beneath it. Conversely, other stars close to the antarctic pole
climb higher above the horizon, until that pole itself stands vertically overhead
and this northern pole of ours lies hidden beneath one's feet.

The same conclusion is forced on us by how variously shadows stand to their
gnomons. In the city of Rome, on the equinoctial day, the shadow falls short of the
gnomon by a ninth part; at Smyrna [Smyrne], by a fifth; at Venice [venetijs], the
shadow is equal to the gnomon. From this it follows that the Earth is spherical
from south to north. For the northern constellations are not seen by those who



live nearer the antarctic pole, and the antarctic pole is not seen by us, since the
globe of the Earth rears up against the line of sight between.

Again, that the Earth's circuit is spherical from east to west as well has been
established above all by observations of eclipses. Evening eclipses of the Sun and
Moon are not noticed by those who live in the east, nor morning ones by those
who live toward the west. And even those eclipses that both groups see together
— though everyone sees them at the same instant — are agreed to be seen at
different hours of the day. That could not happen unless the curve of the
terrestrial globe showed the Sun to some sooner and to others later. The Earth,
then, rises in a spherical curvature from east to west as well; and so it is
contained, as a whole, by no figure other than a round one.

The Earth's shadow in a lunar eclipse proves this same point most forcibly of all.
That shadow is always seen by everyone as circular — which could not be the
case if the Earth were contained by an oblong figure, or an angular one, or a flat
one, or in short by any figure whatever other than a spherical one. These modern
Argonauts, the circumnavigators of the terrestrial globe, likewise confirm the
point for us. Having accompanied the Sun westward and returned home from
our east, they reckon [suppitant; recte: supputant] one revolution of the Sun and
the heavens fewer

than we ourselves do, who watch the Sun rise and set from one and the same
place. Those, by contrast, who press eastward from here, against the motion of
the heavens, credit themselves with one day gained — which must be taken to
happen of necessity because of the Earth's swelling.

The Earth, therefore, is spherical. And as Eratosthenes said long ago, c@atpo€tsng
1) OOPTTAOX, OVY WG €K TOPVOL S€. AANKX EXeL TvaG dvwpaAiag [Greek: sphairoeidés
hé sympasa, ouch hos ek tornou de, alla echei tinas anomalias — "the whole of it
is sphere-shaped, though not as if turned on a lathe: it has certain

irregularities"] : the whole of it is indeed spherical, yet not as though rounded on
a lathe, for it has a certain roughness, owing to the unevenness of mountains and
valleys — an unevenness which must nonetheless be reckoned as nothing in
comparison with the whole globe, as will be proved below.

This makes it perfectly plain that all those who think the Earth is spread out on a
flat footing are labouring under the gravest error. Nor were some of the ancients
alone in holding that opinion: among the moderns, the by no means
undistinguished philosopher Franciscus Patricius [Francesco Patrizi] defends it
tooth and nail. For that is exactly how it looks to us, so long as we — mere



manikins — measure the height of our own stature, or of some mountain, against
the entire mass of the terrestrial globe in a wholly unfair comparison, and follow
the blind guesswork of the eyes rather than the judgment of reason. Our eyesight
fails us before we can mark or observe so gradual a swelling in so vast a bulk. It is
exactly what must happen to a fly or a beetle sitting on some very large wheel.
For to us too, in any circle whatever, the arc of a single degree looks almost
drawn out into a straight line, however carefully we examine it.

Indeed, if there were any truth in the opinion of these men, everything would
appear to everyone at once; the days and nights would be the same for all; and no
inequality of days or nights would be detected anywhere in the whole world.
Whereas in fact

it is established, by the experience of travellers and the observations of sailors,
that one and the same day which is shrunk to its winter shortness in one place is
a solstitial day elsewhere. And that, for those who live closer to the poles, the Sun
does not sink below the horizon for several revolutions together on the one side,
while on the other, conversely, it does not rise above the horizon at all.

Moreover, if the whole Earth were simply flat, and were held up by columns of
adamant, as Pindar [Pindarus] tells the tale, it would follow that the Earth is also
equal to the heavens. For since the heavens stand off from the Earth at an equal
distance on every side, and since the perpendicular lines from all the stars fall at
one and the same moment on some place of the Earth (given that somewhere
they stand directly above the zenith), the surfaces of heaven and of Earth would
also be parallel, and, being bounded by parallel perpendiculars, they would be
equal as well — just as the ancients argue most learnedly. Since these
consequences are absurd, there is no call to refute them here. And certainly, if
the Earth were laid down as being contained by a polyhedral figure, or a hollow
one, or any other figure whatever, equally absurd results would follow from that.

For which reason, once all the arguments without exception have been cast up,
let the whole Earth together with its waters be spherical. So much for the first
proposition; the second follows.

I1. That the Earth is at the middle of the whole world, and is as it were its
centre.

Ptolemy [Ptolomaeus] is judged to have secured this position for the Earth by
arguments that do not deceive — though others did so before him as well. His
first argument is from weight and innate heaviness: the centre of gravity and the
centre of the world are one and the same, because all things were created by the



Architect of this world in number, measure and weight. And since heavy bodies
all share the same disposition, namely to be carried toward the lower place, it
follows that the parts of the whole world converge from opposite inclinations
and, so to speak, from opposite quarters, toward that very centre of their own
gravity,

TOV oikelov Kol Kot gvotv ToTov [Greek: ton oikeion kai kata physin topon —
"their proper and natural place"]. And therefore, since the Earth is the heaviest of
all bodies, it has by its own weight taken possession of the centre of all gravity —
that is, of the world itself.

Et quantum a summis tantum recessit ab imis Terra, quod ut fiat forma
rotunda facit.

[The Earth has withdrawn as far from the topmost points as from the
lowest; and that is what makes its shape round.]

Those, then, are the true &SapoavtonéSidoL kioveg ol Thv yijv tepteyovteg [Greek:
adamantopediloi kiones hoi tén gén periechontes — "adamant-sandalled pillars
that encompass the Earth"]. But experience and daily tnproelg [Greek: téréseis —
"observations"] claim that same position for the Earth as well; and Ptolemy
[Ptolomaeus] argues the point by an argument of the following kind.

The Earth, enclosed within the world, either stands off from the centre of the
universe along the axis itself, nearer to one or the other of the poles; or it lies in
the plane of the equator, separated by an equal interval from both poles of the
world; or it lies off the axis and off the plane of the equator, again nearer to one
or the other pole; or, finally, it sits in the very centre of the universe. Beyond
these no other differences of position remain.

But it does not lie on the axis nearer to one of the poles. For then, in an oblique
sphere, either day would never be equal to night, or at least not after the interval
of a whole semicircle. As things are, from the beginning of Aries to the beginning
of Libra — the fixed times of the equinox — is a whole semicircle, since one and
the same line marks the rising and the setting of both. The Earth, therefore, does
not depart from the centre of the world along the world's axis, either northward
or southward.

Nor, again, does it lie anywhere in the plane of the equator at a remove from the
centre of the world. Otherwise the same difficulties would necessarily arise again,
and the equinox would never occur for those who live under the equator, since
the equator would be divided by their horizon into unequal parts.



Finally, the Earth could not be placed anywhere else, in any position intermediate
between the axis and the equator, without the same difficulties following at once,
and without that whole ordered, alternating equality of days and nights being
thrown into the most shameful confusion.

Six signs would not shine above the horizon, nor would as many be hidden below
the horizon. I do not delay here over the finicky difficulty of refractions. And so,
once everything has been reckoned up, it follows that the Earth occupies the
middle place of the whole world.

Moreover, that it also serves as centre in relation to the sphere of the fixed stars is
proved by the intervals between the stars, which are found to be exactly the same
from every place — so much so that they do not differ by even the smallest
fraction of a single minute [scrupulum]. Indeed, everywhere on Earth the
horizon, taken at the Earth's surface, bisects the heavens in such a way that six
signs appear above the horizon and as many lie hidden below. None of this would
happen at all unless the Earth, rooted fast in the middle of the whole world,
counted as no more than a point against the compass of the entire heaven. Or, to
say the same thing more plainly: unless the Earth, compared with the globe of the
fixed stars, were so tiny a part that its size all but vanishes and, on account of that
immense distance of the stars from us, does not stand in the way of our
observations.

For that reason, whatever observations are made on the outermost surface of the
terrestrial globe differ not at all from those that would be made at the very centre
of the Earth, if we were granted a free standing-place there. Accordingly no
account of parallax [parallaxis] need be taken in them either, since parallax takes
nothing away from our observations; indeed observations made on the Earth's
surface can be reckoned as though they had been made at the centre itself.

Let this, then, be what is said about the Earth's shape, size and position. If,
however, there are some who think otherwise about its position, I have no
quarrel with them here, since they too must concede, with respect to the Earth's
annual orbit — in which they set it revolving — exactly what we assert here of
the

bulk of the terrestrial globe alone. But I have preferred to follow this line of
argument here, as being plainer, and less tangled for demonstrating the point we
are contending for. So let the second lemma stand as demonstrated. There follows
the third, which the ancients applied to the plan of the work they had
undertaken.



III. Equal angles, at the centre of circles or on their circumference, stand on
similar arcs.

Let the angles at the circumference eoi and ysu be, by hypothesis, equal to one
another, and let them cut off the arcs yu and ei. I say that these arcs too are
similar. For since, by the definition of similar segments, the arcs ysu and eoi are
similar, the remaining arcs taken from the whole, yu and ei, will be similar as
well.

Secondly, if the angles at the centre, eai and yau, are equal, it follows from what
has just been said that the arcs themselves are likewise similar. For since the
angles at the centre are laid down as equal, and these are double the angles at the
circumference, it follows that the angles eoi and ysu are equal too; and therefore,
by the preceding part, the arcs on which they stand, ei and yu, are similar as well.

Diagram. Two concentric circles drawn about a common centre a, set in the left
half of the page beside the text. A vertical diameter runs from s at the top of the
outer circle down through o on the inner circle, through the centre a, through e at
the bottom of the inner circle, to y at the bottom of the outer circle. A second
straight line runs from the centre a down to the right through i on the inner circle
and on to u on the outer circle. Two chords complete the two angles of the lemma:
o-1 in the inner circle (the angle eoi, standing on the arc ei) and s-u in the outer
circle (the angle ysu, standing on the arc yu).

e s (top, on the outer circle): s

e 0 (upper part of the inner circle, on the vertical line): o
e a (centre of both circles): a

e e (lower part of the inner circle, on the vertical line): e
e i(inside the inner circle, lower right of centre): i

e u (right, on the outer circle): u

e vy (bottom, on the outer circle): y

These, then, are those general lemmas on which the ancients relied when they
first dared to attempt so difficult and so useful a thing; and we too shall use them,
as we are entitled to do, in setting out their own arguments [epichiremata].

CAP. III.

Latitude and longitude defined, and how they are found.

Those who set out to write professionally about boundaries and land-surveying
have handed down a method established long ago by the land-surveyors



[agrimensores]: they aligned their boundaries with the four quarters of the
world, laying them out by the square. At the outset, when a whole estate was to
be divided, they ran two primary boundaries dead straight — one from the
equinoctial sunrise to the sunset, which was called the decumanus; the other from
south to north, which was called the cardo. The remaining boundaries were
narrower than these, as the lie of the land allowed, but were set off from the
decumanus and from one another at equal intervals; these they called versi,
while those drawn perpendicular to them and directed toward the south they
called transvorsi. By these markers the rod-men [decempedatores, the surveyors
working with the ten-foot rod] could take in the size of a field very easily, and
could set out its shape and situation most conveniently. Geographers, on that
same model, had to lay down versed and transverse lines on this globe of the
earth, so as to express the situation and place of every locality, region and city
accurately and consistently, just as one states the foot-measure [podismus] of a
plot of ground. Geometry, however, proves that these lines must be laid down to
suit the properties of a spherical figure — for we have already shown that the
earth, together with its waters, is bounded by a globular shape.

Those versed and transverse boundaries, then, since they take in the whole
surface of the earthy mass, had to be defined not by straight lines but by circular
ones. So they laid them out in this way. Just as, in the surveying of fields, the
cardo runs straight from north to south, so for geographers a circular line is
drawn through both poles of the world, marking out for each place its own noon;
and from this it is called the meridian, or circle of longitude [meridianus vel
longitudinis circulus]. The circle that cuts this one at right angles, as the
decumanus cuts the cardo, is called the circle of latitude [latitudinis circulus]. The
two have this in common: longitude they reckon out from west to east, latitude
from south to north. These two circles are the soul, so to speak, in which the
whole science of geography is contained, since the position of every place is fixed
by the point at which they intersect. And yet, as in a circle, so also on a sphere, no
starting point is established by nature itself; it is merely assumed wherever one
pleases. For the reckoning of both coordinates, therefore — so that one speaker
may be understood by another — some common starting point had to be fixed for
the survey of the whole globe. For latitude, though, a limit of its own does
somehow seem to have been marked out in advance by nature. In the heavens
God has fixed two points, unmoved from all eternity, upon which, as upon
centres and pivots, the celestial spheres turn everlastingly in their circuit; and so
the points on the earth itself that lie beneath them may be reckoned the natural
starting point appointed for latitude. But since each of the two has exactly as good
a claim here, the ancients judged — quite rightly — that the reckoning had better



begin instead from the great circle of the earth that lies midway between them,
and run toward either pole.

So the middle circle of the earth, lying like a belt beneath the celestial equinoctial,
is that primary circle — a kind of milestone column, as it were, from which every
measurement of latitude toward either pole must be taken. Now the greatest
circle of any sphere stands a quadrant, that is ninety degrees, away from its own
poles; and so ninety degrees are counted from the equator, or middle circle of the
earth, to the poles on either side. It is in these parts, and in the subdivisions of
these parts — that is, in degrees and minutes — that the latitude of each place is
contained and expressed. There is this further convenience in it: the latitude of
any place, which is that place's distance from the terrestrial equator, is exactly as
great as the elevation [recte: elevatio; the page prints elevato] of the celestial pole
above its own horizon. The demonstration of this runs as follows.

Diagram. A meridian circle drawn about the centre a, with a small concentric
circle inside it representing the globe of the earth. Two diameters cross at the
centre: one running from upper left to lower right (the axis of the world, ending
at the poles o and u), the other perpendicular to it from upper right to lower left
(the equinoctial, ending at r and [). A vertical line descends from d at the top of
the outer circle through s on the small circle to the centre. A horizontal dotted
line, the horizon, runs across from y on the left to t on the right, passing through
s; a solid horizontal line parallel to it runs from e on the left through the centre a
to i on the right. The small inner circle carries s at its top, n where the equinoctial
cuts it on the upper right, and m where the equinoctial cuts it on the lower left.

e 0 (outer circle, upper left): north pole of the world

e d (outer circle, top): zenith point, the pole of the horizon

e r(outer circle, upper right): equinoctial point

e t(outer circle, right, at the dotted horizon line): east point of the horizon
e [ (outer circle, right, at the solid parallel line)

e u (outer circle, lower right): the opposite pole of the world

e [(outer circle, lower left): the opposite equinoctial point

e y (outer circle, left, at the dotted horizon line): west point of the horizon
e ¢ (outer circle, left, at the solid parallel line)

e s (inner circle, top): the given place on the earth's surface

e n(inner circle, upper right): where the equinoctial rl meets the earth's
globe



e m(inner circle, lower left): where the equinoctial meets the globe on the
opposite side

e a (centre): centre of the earth and of the world

Let the meridian yoru be described; the poles of the world o and u; the
equinoctial rl; the globe of the earth nsm; the given place on the earth's surface s;
its horizon yt; and ei, parallel to that horizon and passing through the centre of
the earth — the two being habitually taken for one and the same, since the earth
is so slight in comparison with the world. The elevation of the pole above the
horizon is eo. I say that the arc eo is marked off by just as many degrees in the
heavens as the arc sn contains on the earth, and that this last arc is itself similar
to the arc dr on the meridian. For since the point d is the vertex, or pole, of the
hori-

—zon, the arc de is likewise a quadrant of the circle. But the arc or, from the pole
to the equator, is just as great. So if the common segment do is taken away, the
remaining arc oe will be equal to the remaining arc dr. Now by the third lemma
of chapter two, the arc sn is similar to the arc dr, since a is the centre and the
vertex of both angles. Therefore sn is as great a part of its own circle as dr is of its.
And for that reason the latitude sn of the place s is defined by just as many
degrees as the altitude of the pole eo.

From this the art was discovered of inferring latitude and the elevation of the
pole reciprocally, each from the other.

The elevation of the pole is found by itself as follows. Take a star that never sets
and its two meridian altitudes, both reckoned from the same point of the horizon;
half the difference between them is then added to the smaller altitude or
subtracted from the larger. What results is the elevation of the pole sought at the
given place — and with it the latitude of the place is given as well.

Conversely, the altitude of the pole is also obtained from the equator. If the
meridian altitude of some star situated on the equator is observed, that altitude
subtracted from ninety degrees leaves the distance of the equator from the point
of the zenith. This is precisely the latitude of the place, and it is equal to the
elevation of the pole.

Or again: suppose the meridian altitude is given of any star whatever that lies off
the equator and has a known declination from it. If the star declines on the near
side of the equator, toward the zenith, subtract that declination from the altitude
found; if beyond the equator, add it. The resulting sum or difference will fix the
elevation of the equator, and this, subtracted from the quadrant, leaves the



latitude of the place sought — that is, the altitude of the pole. I give examples of
all of these below.

The other hand of geography is longitude, for whose numbering and order nature
has shown us no starting point. And so, although longitude is quite correctly
understood as laid out between east and west along the equator — the greatest
circle of the earth — or along the circles parallel to it, it is nevertheless not settled
where the beginning is to be made. Ptolemy, and after him nearly all who
followed him, placed that beginning at the furthest shores of the earth as then
known, in one of the islands [printed: insulart formarum [?] — apparently
corrupt] to the west, treating it as the boundary-post and outermost limit of the
lands. Beyond this terminus they believed there were no further lands at all, but
only immense seas and the vast Atlantic Ocean spreading far and wide.

The longitude of a place is that place's position as fixed under a particular
meridian. All places lying under the same semicircle, drawn out from the north
pole to the south, will therefore have the same longitude, because they lie
beneath the same meridian. They begin the numbering at the Fortunate Isles
[insulis fortunatis] and count toward the east — either because they were
following the planets' own motion, or because further out, in the western quarter
of the world, they had nothing known or examined, whereas all the places on the
near side had been travelled over by them after some fashion and in a manner
fixed. This second reason also seems to me by far the more likely.

Accordingly, however far each place stands east of this first meridian — that is,
however many degrees are cut off between the two on the equator — that is the
longitude of that place. This is how we come to say that the longitude of
Jerusalem is 66 gr. 0 scr., that of Babylon 79 gr. 0 scr., that of Rome 36 gr. 40 scr.;
so that the greater a place's longitude, the further east it lies. And so the whole of
geography is contained in longitude and latitude. The reckoning of latitude,
indeed, comes out in numbers every day

(provided the sky is clear). The observation of longitude, by contrast, can very
seldom be brought to the counting-board, and only through the combined efforts
of several men. One must wait for the times of lunar eclipses, and everything
must be carried through at the same instant in different places, by all the
observers alike, with every care and diligence. If they fail, that is the end of it:
your work is wasted, and labour and expense have perished on the spot. To this
day that method has been believed to be the only exact one — although many
have hammered at the same anvil in the hope of forging some other road for us.
So far, in vain.



There is indeed another route to it as well, a kind of secondary one, taken from
estimates of the distance covered and from the direction of the course as
indicated by the mariner's compass [nauticee pyxidis]. Yet it suits journeys over
land less well, and at sea it is not always to be trusted, since such divinations not
seldom fail the seer who practises them. For while the ship's master reckons that
he has made great headway with a following wind, it sometimes happens that,
contrary to all expectation, the sailors are swept back by the force of the sea and
drift an enormous distance in the opposite quarter. And when they suppose they
have covered a hundred miles [miliaribus] toward the east, they have on the
contrary been scattered a hundred miles west of the same place by the sea's
Tpwvpiong [Greek: trikymiais, dative pl. of Tpikvpic, the great third wave, a
mountainous billow]. In this way such estimates cheat the man who makes them
by two hundred miles. But I shall not so much as sample these matters now;
elsewhere a more convenient place may perhaps be given for examining them
more closely. For the plan of the work in hand, then, let what has now been said
about longitude and latitude suffice.

CAP. IV.

Eratosthenes' observation, drawn out from the writings of the ancients.

Eratosthenes may seem to have determined the size of the terrestrial globe more
accurately than anyone before him, and for that very reason his own industry
blotted out the memory of his predecessors, since on this account he is celebrated
by the ancients almost alone. Yet it is clear from Diogenes Laertius that the
measurement was not first taken in hand by Eratosthenes at all: Diogenes awards
the palm here to Anaximander of Miletus. Kai yfig (he says) k 6axA&oong
TiepipeTpov mp@TOG Eypaev: AAAX K oaipav kKateokevaoe. There you have it:
Anaximander, he says, was the first to publish the circuit of the earth and the sea,
and he expressed the likeness of the earth's mass by making a globe. His
heliotropes [Heliotropia] certainly convince me — those he dedicated at
Lacedaemon, sundials in which the tip of the gnomon was to mark by its shadow
the times of the equinoxes and of the solstices. eDpe 8¢ K YVOpHOVX TIPATOC, K
€0Tnoev Ml TV oKLoOPpwV €v Aakedaipovt, TPOTKC K ionuepliag onpaivovta.
[Greek: heure de kai gnomona protos, kai estésen epi ton skiothéron en
Lakedaimoni, tropas kai isemerias sémainonta — "He also was the first to discover
the gnomon, and he set it up on the sundials at Lacedaemon, marking the
solstices and the equinoxes." Printed yvopova, with omicron, not the w of the
received text; éotnoev carries the ot-ligature, onpaivovta the -vta ligature.] So
Phavorinus [Favorinus] testifies in his Miscellaneous History [varia historia].



That passage of Pliny in book 2, chapter 8, is to be understood in the same way.
Anaximander of Miletus, he says, is reported to have been the first to grasp the
obliquity of the Zodiac — that is, to have opened the doors of nature — in the
fifty-eighth Olympiad. For this is nothing other than what Laertius stated. All
those achievements would in fact have been no small help toward the present
business,

Apollodorus' Chronicle, moreover, puts his birth in the second year of the fifty-
second Olympiad. But since no trace at all survives anywhere — neither palm nor
sole — of any size of the terrestrial globe determined by Anaximander, we must
judge that he knocked at the door and did no more than point out the foundations
of so great a work, rather than that he established anything accurately or truly.
Unless, perhaps, his figure is the one Aristotle mentions in passing toward the
end of the second book of On the Heavens. The mathematicians, he says, in
attempting to work out the earth's perimeter, put it at four hundred thousand
stadia.

But let us pass on from here to Eratosthenes himself, who succeeded
Anaximander on this course. Suidas writes that he was born in the hundred and
twenty-sixth Olympiad and died at the age of eighty; that he was summoned from
Athens to Alexandria by Ptolemy III; and that he flourished there down to the
time of Ptolemy V. I quoted the praise of him above, in chapter one. But it seems
opportune to repeat here what Pliny says about the circuit of the earth.
Eratosthenes, he says — a man of refinement in every branch of learning, and in
this one skilled beyond all others, one whom I see approved by everybody —
reported this entire circuit of the world to be two hundred and fifty thousand
stadia, a measure which by Roman reckoning yields thirty-one million five
hundred thousand paces [trecenties quindecies centena millia passuum]. A
shameless venture, yet grasped by argument so subtle that one is ashamed not to
believe it.

Later ages approved Eratosthenes' care and industry so thoroughly that, although
he found a critic in Hipparchus — a man ®AaAn6€otatov, as Ptolemy calls him
[Greek: philalethestaton, "most truth-loving"; printed with the ot-ligature] — they
nevertheless disregarded Hipparchus' censure and all preferred Eratosthenes to
him. He had published three books on geography, in the second of which

I think I gather from Strabo that he pursued this reckoning at greater length.
Strabo's words bear on the matter, so I shall set them down as well. This, then (he
says toward the end of his first book), is the exposition of Eratosthenes' first
commentary. In the second book he attempts a certain correction of geography,



and whether any emendation can be applied to those points of his is what must
now be tested. It is rightly said that mathematical and physical hypotheses
[hypotheses] are to be employed, and that the earth is inhabited all the way
round on every side — since, like the universe as a whole, the earth too has the
figure of a globe, and other things of that kind. But whether its size is what he
lays down is not agreed, and later writers do not approve his measurement. Here
you have it, expressly: the yfic &vapétpnotv set out by Eratosthenes in his second
book [Greek: gés anametresin, "the measuring-out of the earth"].

The stadia-measurements [stadiasmos] Eratosthenes called into service, however,
and his whole formula for the measurement, have been transmitted to us by
Cleomedes alone. Since I have decided to examine that passage rather closely, I
shall set it all down here in Balfour's translation [ex versione Balforei].

But Eratosthenes' account, he says, comprehended as it is by geometrical
reasoning as well, seems to me to contain something rather obscure.
Then a little further on he adds: He says that Syene and Alexandria lie
under the same meridian. Since, then, meridians are great circles in the
universe, the circles of the earth lying beneath them must necessarily be
great circles too. Accordingly, whatever size this very reasoning shows
that circle of the earth to be which passes through Syene and Alexandria,
that will be the size of the greatest circle on the earth. He says, then —
and so indeed it is — that Syene lies under the summer tropic. So when
the Sun, standing in Cancer and making its summer turnings, has
reached exactly mid-heaven, the gnomons of the sundials [horologiornm
[recte: horologiorum]] must necessarily be without shadow, since the
Sun is placed perpendicularly above them; and this happens over a span
of three hun—

...three hundred stadia, so the report goes. At Alexandria, by contrast, the
gnomons of the sundials do cast a shadow at that same hour, because this
city lies further north than Alexandria. Since, then, both cities lie under
the same meridian and the same great circle, suppose we draw an arc
from the tip of the shadow of the gnomon of the Alexandrian sundial
round to the base of that gnomon: that arc will be a segment of the
greatest circle in the bowl [scaphe], because the bowl of the sundial lies
beneath a great circle. Suppose next that we imagine straight lines
projected through the earth from each of the two gnomons: they will
meet at the centre of the earth. Now the sundial at the town of Syene
stands perpendicularly beneath the sun. So if we conceive a straight line
coming from the sun to the top of that sundial's gnomon, a single straight



line will be formed, stretching from the sun all the way to the centre of
the earth. And if we conceive in the mind a second straight line drawn
from the tip of the shadow of the gnomon of the Alexandrian bowl-dial
up to the sun, this line and the one just described will be parallel, since
they run from different parts of the sun to different parts of the earth.
Across these parallels, then, falls the straight line that comes from the
centre of the earth up to the Alexandrian gnomon — and it falls so as to
make the alternate angles equal to one another. One of those angles is
formed at the centre of the earth, where the lines drawn from the two
sundials to the centre of the earth meet; the other at the top of the
Alexandrian gnomon, where it meets the line drawn from the tip of the
shadow, through the point of contact with that same gnomon, up to the
sun. On this second angle stands the arc swept from the tip of the shadow
round to the base of the gnomon; on the angle at the centre of the earth
stands the arc that reaches from Syene to Alexandria. These two arcs are
therefore similar to each other, since they stand on equal angles. And so
the arc in the bowl has the same ratio to its own circle as the arc that
runs from Syene to Alexandria has to its own.

Now the arc in the bowl is found to be a fiftieth part of its own circle. The
interval that lies open between Syene and Alexandria must therefore be
a fiftieth part of the greatest circle on the earth. But that interval is five
thousand stadia. The whole circle, then, will be two hundred and fifty
thousand. And this is Eratosthenes' reasoning.

The sum of it all comes to this. Alexandria and Syene lie under the same meridian
and are five thousand stadia apart. The sun's meridian altitude, observed at both
places on the same solstitial day, is at Syene higher than at Alexandria by 1/50 of
the meridian circle. The interval between Syene and Alexandria is therefore
likewise a fiftieth part of the greatest circle on the earth. These points must
accordingly be examined one by one; and the observation by the bowl-dial
[scaphium], since it has about it something of ancient practice and of recondite
subtlety, must be explained more fully and more exactly.

CAP. V.

Eratosthenes' observation reviewed in summary.

The difference of meridians was uncertain not only in our own day but far more
so in Eratosthenes' time. Thus, on his reckoning, the mouths of the Borysthenes
and Alexandria lie under one and the same meridian, and so do Caria, Rhodes



and Alexandria — along with a good many other places whose positions were
fixed by him, the man who was, so to speak, the restorer of geography. For what
Timosthenes had recorded about harbours, and others before him, was decidedly
thin; while what Megasthenes and others recorded was often fabulous besides.

And so, since the difference of longitude is quite small [exgua [recte: exigua]], let
Alexandria and Syene here stand for us as lying under the same meridian as well;
we shall test the matter later on a finer balance. That the interval between
Alexandria and Syene is five thousand stadia [qninque [recte: quinque]] is
admitted on all hands. Strabo — who himself travelled that far — says in Book
Two: "It comes about that the tropic falls upon Syene, since there, at midday at
the summer solstice, the gnomon casts no shadow. The meridian of Syene is best
traced by the course of the Nile from Meroe to Alexandria, which is about ten
thousand stadia. Syene lies midway along that stretch; from it, therefore, to
Meroe is five thousand stadia. And so I conclude that Meroe is separated from
Syene by five thousand stadia, and Syene from Alexandria by as many again."
Pliny testifies to the same in libri. 2. Cap. 73. "In the same way," he says, "they
report that at the town of Syene, which lies five thousand stadia above
Alexandria, no shadow is cast at midday on the day of the solstice, and that a well
dug for the sake of that very experiment is lit through its whole depth — from
which it appears that the sun is then directly over that place.” And a little later:
"Again, on the island of Meroe, which is the capital of the Ethiopian nation and is
inhabited five thousand stadia from Syene on the river, shadows are consumed
twice in the year, when the sun holds the eighteenth degree of Taurus and the
fourteenth of Leo." Both writers, then, report these distances in identical terms, as
though following a prescription. Let that distance, therefore, be adopted by us as
it stands. For Eratosthenes could well have learned it 0 Aooyep®¢ [Greek:
holoscherds, "in a rough and general way"] from those who travelled daily to and
fro, from Alexandria to Syene or from Syene to Alexandria, and could have under

—stood it; or else because the people who live along the Nile had, on account of
its annual flood, each measured the extents and the length of their own nomes, or
because individual owners had privately measured the size of their own fields.
He could, I say, have learned it either from those people themselves or from the
public records and monuments, as Martianus Capella attests. For I do not find it
plausible that Eratosthenes himself carried out this land-measurement
[geodaesia] any more exactly than that; otherwise he would certainly never have
laid himself open to Hipparchus's censure, and posterity could have spared itself
this labour. I shall say something further about that below.



That was the second of Eratosthenes' assumptions. The third is that the Sun
stands vertically over the people of Syene on the day of the solstice — something
known to Eratosthenes €k T icop8uévwv [Greek: ek t(6n) historoumenon, "from
the things reported"; the printed ¥ is the fount's abbreviation for T®v], or else
observed by him in person. For us, at any rate, the passages of Strabo and Pliny
cited a little earlier put it beyond doubt; and Pausanias records the same thing in
the Arcadica. "At that season of the year," he says, "in which Cancer carries the
Sun, at Syene — the city that borders on Ethiopia — no shadows show themselves
from trees, or from animals, or from any other bodies." Lucan too noted it in the
Pharsalia:

— Vmbras nusquam flectente Syene. ("with Syene nowhere bending the
shadows.")

This much, I say, Eratosthenes could have come to know €k T igop8uevwv: that at
the solstice the Sun swallows the shadows of things at Syene — that is, that on
that day it stands perpendicular over the heads of its inhabitants — and that the
latitude of the place is therefore exactly as great as the Sun's maximum
declination. This is why Strabo, in Book Two, not inelegantly calls Syene &ptov
Bepw8 tpomik8 [Greek: horion therinou tropikou, "the boundary of the summer
tropic"; 8 is the printed ov-ligature]. For the Sun's maximum declination, as
observed by Eratosthenes in that age, was 23 gr. 51 scr. 20 sec., as Ptolemy states
in Book One, chapter ten of the Great Work (Almagest 1.10), where he says that
the whole meridian, set against the se—

—gment of that same meridian cut off between the tropics, was determined by
Eratosthenes in the ratio 83 to 11. Now if the meridian is supposed to have 360
parts, then by the ratio given you will find the tropics to be 47 gr. 42 scr. 39 sec.
distant from one another; and half of that, 23 gr. 51 scr. 19% sec., gives the Sun's
maximum declination on either side of the equator. Accordingly, for Ptolemy the
latitude of Syene is 23 gr. 50 scr., since he judged sixths of a degree, or at most
twelfths, accurate enough for recording the latitudes of all places — as is plain
throughout his whole canonical exposition of the geographical tables.

The fourth assumption, then, follows: the difference of latitude between
Alexandria and Syene, which in fact does not clash with Ptolemy either. For
Ptolemy puts the latitude of Alexandria at 31 gr. O scr., and that of Syene at 23 gr.
50 scr.; the difference is therefore 7 gr. 10 scr., where for Eratosthenes it was 7 gr.
12 scr.



From these data it is easy to conclude how large the circumference of the globe is.
Since the distance between Alexandria and Syene — which, according to
Cleomedes, was for Eratosthenes 1/50 part of a great circle, or 7 gr. 12 scr. —
amounts to five thousand stadia, the whole circle will accordingly require fifty
times as much, that is, 250000 stadia, and a single degree 694 4/9 stadia. So it
stands according to Cleomedes — and yet everyone with one voice declares that
on Eratosthenes' reckoning the Earth's circumference is 252000 stadia, and that
700 fall to a single degree. That too we shall prove below, against Cleomedes, who
stands alone here.

For the present, let this much suffice, sampled for a general and rough grasp of
the matter. What remains here is to describe the form of the scaphe, its use, and
the method of observing by means of it — and that I shall now set out.

CAP. VL.
Scaphe quid, ejusque usus. (What the scaphe is, and its use.)

Eratosthenes measured the segment of the meridian intercepted between
Alexandria and Syene — which is precisely the difference of latitude — not with
armillary rings or the other instruments in which sights [dioptra] are used, but
only by the shadows of gnomons, calling in the scaphe to help, if we may believe
Cleomedes at all; and Cleomedes probably drew this account from Eratosthenes
himself. Since the ancients evidently took pleasure in using the instrument, it will
not be useless to set out its form and use rather more exactly as well. There is an
exact and elegant description of it in those most learned commentaries on the
Dream of Scipio by Macrobius.

"A vessel of stone," he says, "hollowed out with a curved sweep into the
shape of a hemisphere, with the number of the twelve hours of the day
marked out below it by lines, which the shadow of a projecting pointer
distinguishes as it passes along with the Sun's transit. For the function of
a vessel of this kind is that the pointer's shadow should run from the one
edge of it to the other in just the time in which the Sun struggles through
half the heaven from east to west — that is, by the revolution of a single
hemisphere. For the complete revolution of the whole heaven takes in
both day and night. And so it is established that the shadow travels just
as far in this vessel as the Sun travels in its own circle."

A most elegant passage, in which oka1) [Greek: skaphé, "bowl" — the
hemispherical shadow-dial] is defined as a hollow hemisphere—



—hollowed out inside and marked with hour-lines, its centre being the tip of the
gnomon. Martinus Capella [Martianus Capella] gives the same account, though
without stating the hemispherical shape explicitly:

"Scaphia are bronze vessels which mark off the courses of the hours by
the height of a style rising from the middle of their base; and that style is
called the gnomon."

Pliny, in Book 2, chapter 2, seems to call these scaphia "horoscopic vessels."
Vitruvius, in the ninth chapter of his ninth book, credits the invention to
Aristarchus of Samos, and takes the scaphe to mean a hemisphere — which is just
what we have already described at length from Macrobius. It is a most elegant
instrument, the easiest of all to use, and by its very nature the first of all shadow-
instruments [sciotherica]. I could not deny the old man of Samos that credit; but I
have treated the subject more fully elsewhere. Here I shall draw from it only so
much as the observation before us requires.

Diagram. An uncaptioned geometric figure set into the left half of the text block,
illustrating the scaphe. A single quarter-arc sweeps from the upper left over to the
right, closing on the right-hand end of a long dashed horizontal line; below and
left of it the bowl itself is drawn in perspective as a shallow ellipse (the rim) with
the hemispherical cavity beneath. From the centre of the ellipse a dotted vertical
line rises to the top of the figure; a second dotted line rises from the same centre,
slanting up to the right. The long dashed line runs horizontally through the centre
from the left edge of the rim out to the arc on the right. Two great-circle arcs
cross one another inside the bowl, and short straight lines run down from the
centre to the lower edge of the rim.

e (top, left of the vertical dotted line): [?] — a single small letter I cannot
resolve

e s (top, at the head of the vertical dotted line)

e p (upper right, at the head of the slanting dotted line)

e ] (left, above the rim — one end of the tilted circle)

o i (left, at the left end of the rim and of the dashed horizontal)

e u (just above the centre, on the far edge of the rim)

e a (the centre of the figure, where the lines meet)

e 0 (right, on the rim)

e (far right, where the dashed horizontal meets the arc): [?] — a single small
letter I cannot resolve

e vy (lower left, on the near edge of the rim)



e m (lower right, on the near edge — the other end of the tilted circle)
e t(bottom left of the bowl)
e e (bottom centre of the bowl)

Let ieo be a hollow hemisphere with centre a. Its rim iuoy is the great circle of the
hemisphere lying in the horizon itself; its hidden pole is e; and ae is the gnomon.
Let the great circle ieo be taken to stand for the lower segment of the meridian.

Now in every shadow-instrument the tips of the gnomons must be understood as
placed at the very centre of the world — as Ptolemy noted in Book 2, chapter 5 of
the Great Work [the Almagest] — because the whole earth as well, if it is
compared with the sphere of the Sun, counts as a point and a centre so far as the
senses are concerned: onpei8 k kévipd [Greek: sémeiou kai kentrou, "of a point
and of a centre"]. And so at Syene, over whose zenith the Sun stands
perpendicular, the gnomon ae

will cast no shadow at all. In the figure, the Sun placed at s will cast no shadow of
the style ae. But now let Im be the horizon of Alexandria, with at as its style: at
that same instant it will throw a shadow whose end falls at e. The arc te is
therefore the difference between the Sun's meridian altitude at the two places on
the day of the solstice — for it is agreed that Eratosthenes made his observation at
the solstice. And the difference in meridian altitude on the same day at two places
that decline from the equator on the same side is exactly the difference in the
latitude of those places. So from a single observation at Alexandria, Eratosthenes
was able in this way to determine the distance between the two places in parts of
a great circle by means of the scaphium.

Macrobius, in the passage already cited, records another use of this scaphe as
well: to investigate the Sun's diameter from the time it takes to rise on the
equinoctial day. Others achieved the same thing St V8piwv VpookoTmiwv [Greek:
dia hydrion hyroskopion, as printed — "by water hour-markers," i.e. water-
clocks; the usual spelling of the second word is wpookoneiwv]. But Hipparchus
long ago rejected these methods as insufficiently accurate, and showed that they
can hold good only in the right sphere; and since they contribute little or nothing
to our purpose, I leave them aside here.

I add just this one point. In Plutarch's Numa there is mention of a oka@eiov
[Greek: skapheion, "little bowl" — printed in the genitive oka@ei8] as well, but it
is something altogether different from the hemisphere described here. It is in fact
a concave parabolic mirror, in which the Sun's reflected rays are forced together
into a single point and unite to kindle fire. His words are these:



gtamt8ol 8¢ (mdp) PAAGH oKa@EioLg. & KATXOKEVALBOL PEV KO TTAEVPEC
ioookehoDc OpBoywVIB TPLywVv8 kKolthavopeva. cuvvedovta [?] 8¢ €ic €v ék T
TePLPEPEING KEVTPOV.

[Greek: "They kindle (fire) chiefly with little bowls, which they make
hollowed out from the side of an isosceles right-angled triangle,
converging from the circumference to a single centre."]

Here there is an obvious corruption, whether from the author himself or from a
copyist. What must certainly be read is:

& KaTorokev&{8ot pev &mo toufic 6pBoywviov KWvov [?] Kol avopeva.

[Greek: "which they make hollowed out from a section of a right-angled
cone."]

so that the sense is this: that the Vestal virgins kindle fire

chiefly with scaphia hollowed out from a section of a right-angled cone (for that is
what the ancients called the parabola); for from such a surface the reflected rays
are collected to one and the same point. Unless perhaps you were to say that they
used merely a hollow right-angled cone — but there the rays do not all come
together at the same point; they only cling to the same axis. This scaphium, then,
differs from the scaphe of Astarchus [recte: Aristarchus] in its use as well as in its
shape.

We have set out the use of the scaphe in its simplest form, and given the easiest
demonstration we could. But since the tip of the gnomon does not in fact stand at
the centre — as we assumed, following Ptolemy — but on the surface of the earth
itself, the ancients who first wrote on gnomonic instruments and on analemmas
demonstrated the same result most elegantly on certain other assumptions.
Cleomedes reports that Eratosthenes followed their scheme; and it now seems
worth the trouble to describe it at somewhat greater length, for the sake of its
antiquity.

CAP. VII.

Eratosthenes' observation by means of the scaphe, demonstrated according to the
ancient gnomonists.

For this purpose Eratosthenes used that most familiar postulate of the ancient
geometers: that rays drawn from different parts of the Sun to different parts of the
earth are parallel. Cleomedes' words run as follows:



TG KATATTEUTIOUEVHC AKTIVXC ATIO Sl @Opwv Pep®v T MAlov, €mi Sik@opa
Hépn T yiic mapaxAAnlovg etvat.

[Greek: "that the rays sent down from different parts of the Sun onto
different parts of the earth are parallel." T is the printed abbreviation for
ToD and Tijg respectively.]

No one can doubt that this is perfectly true. Since the Sun and the Earth

—Is the larger of the two, and pours out light-giving rays from itself on every side,
there can be no doubt at all that rays really are extended in parallel from
different parts of the Sun to two places on the earth. But since marking such rays
out and telling them apart is not easy — not to say impossible — the rays people
seem chiefly to have in mind are those that radiate from one and the same point
of the Sun, say from the centre of the solar disc. The first authors of this view
were the writers on analemmas; it was by this theorem that they vindicated the
use of their shadow-dials [scrothericorum] and the truth of their observations. All
of them, says Proclus in his Hypotyposis Astronomica, assumed the Sun's distance
from the earth to be immense:

ITepl 6¢ NAlov TOTG PEV YYVWHOVIKOTG £80&€E Kail TTPOC TIV TOVTOV GPATPOY TOV
avTOV €XELV AOYoV TNV Yijv 0V mPOg THv &mAaviy, totodvtal K T TNV TV
DTTOOEGLY Ol TA AVUAEUUXTA TIPDO T YPXPOVTES, WoTIEP ALOSWPOC.

[Greek: "As regards the Sun, the gnomonists held that the earth stands in
the same ratio to its sphere as it does to the sphere of the fixed stars; and
those who first wrote the analemmas make this assumption too, as
Diodorus did." Printed ligatures: the second kai is set as k, the first as
kappa with the at-ligature; -o¢ in Atddwpo¢ and -Ta in
molobvta/kvadéppata are ligatures; €xetv is set with the -ew ligature. The
print reads &voAéppata (epsilon), matching the Latin analemmatis
above; the standard spelling is avoaAppota.]

Theon says the same thing:

ol yvwpovikol o08evi aioONT® Stapwvodol Toi¢ SLx TV 0pyXvwV
OPOCKOTINOEGL TOIG (PULVOUEVOLG.

[Greek: "the gnomonists, in the hour-determinations they make with
their instruments, disagree in nothing perceptible from the phenomena."
Printed with the 8i-ligature in Sta@pwvodol and 81&, and the tat-ligature in
ToAG; 0pookomMoeot is printed thus, for the usual wpookomnroeot.]



And before either of them Ptolemy too had adopted the same assumption, in his
Analemma as well as in the Great Work [the Almagest]. That rays flowing to the
Earth from one and the same point appear parallel, on account of the Sun's
immense distance from the earth, is demonstrated by the writers on optics in this
way.

Diagram. An uncaptioned geometric figure occupying the lower left quarter of
the page, beside the demonstration. From a point at the upper left two dotted rays
descend to the right, diverging only slightly. At the lower right of the figure a solid
rectangle stands on a horizontal base line: its left side is one gnomon, its right
side the other, and its top side is the dotted line joining their two tips. The base
line runs on past the rectangle to the right. The left-hand dotted ray passes
through the rectangle's upper left corner and continues down to the right,
meeting the base line inside the rectangle; the right-hand dotted ray passes
through the upper right corner and continues down to the right, meeting the base
line beyond the rectangle.

e a (upper left): the point of the Sun from which both rays are drawn

e u (upper left corner of the rectangle): the vertex of the first gnomon
e 0 (above the upper right corner): the vertex of the second gnomon

e vy (base line, below the left side): the foot of the first gnomon

e e (baseline, between y and s): the end of the first gnomon's shadow
e s(base line, below the right side): the foot of the second gnomon

e i(base line, to the right of s): the end of the second gnomon's shadow

Let ae and ai be rays drawn from the same point of the Sun through u and o, the
vertices of two equal gnomons. I say that ue and oi appear parallel. For ue is so
minute a part of the ray ae that its ratio to the whole vanishes, while the lines uo
and ei are parallel; it will therefore follow that as ea is to au, so is ei to ou. But the
difference between eu [?] and au is imper-

-ceptible. The difference between uo and ei, therefore, cannot be judged by sense
either; and so uo and ei are equal — and parallel besides. The rays ae and ai, then,
although they flow from the same point, will nevertheless appear parallel
because of the infinite distance.

This demonstration holds not only for places that lie near one another or on the
same horizon, but for absolutely all places whose common vertical circle passes
at that moment through the middle of the Sun — and this because the earth's size
is slight compared with its distance from the Sun, and that distance is immense.
That is why, in every observation made with dioptric instruments, we take this



one care: to observe, everywhere in the world, rays that flow from one and the
same point of the Sun. That point is the middle and centre of the Sun's body. For
although, strictly speaking, the only rays any of us observe are those issuing from
the centre of the apparent disc, they are still understood to converge at the centre
of the body itself. Eratosthenes seems to have believed that this holds in
gnomonics as well.

Diagram. An uncaptioned geometric figure filling the lower left half of the page.
At the top a wide arc, convex upward, represents part of the Sun's body; at the
bottom a full circle represents the earth. Two dotted lines descend from the Sun:
one runs down to the top of the earth's circle and on to its centre; the other slants
down to the left and enters a small bowl drawn in perspective (a shallow ellipse
with its cavity) that sits on the upper left of the earth's circle. A short dotted line
runs from the bowl's rim down to the earth's centre as well, and two short strokes
cross inside the bowl.

e a(top, between the two dotted lines just below the Sun's arc): the Sun's
centre

e d (just above the bowl): the rim of the bowl

e 0 (inside the bowl, at the left): the vertex of the gnomon

e u(below and left of the bowl): the point on which the ray falls

e i(below the bowl, on the earth's circle): the second place

e y (on the earth's circle, to the right): the place with the Sun overhead

e e (at the centre of the earth's circle): the earth's centre

e (one further small mark at the left rim of the bowl): [?] — probably the t of
the bowl tid named in the text, but it does not resolve even under
magnification

So let a be the Sun's centre; let y be the place on the earth over whose zenith the
Sun stands perpendicular; and let ay be continued as far as e, the earth's centre.
Next let i be a second place, one to which the Sun is oblique, where in the bowl tid
the ray ao falls through o, the vertex of the gnomon, onto u, so that ui is

the size of the shadow. Now since we have proved the rays au and ae parallel, it
follows that the angle uoi is equal to its alternate angle iey, and therefore that the
arcs ut [?] in the bowl and yi on the earth's surface are similar. So the interval
between the places y and i will run to exactly as many degrees as the shadow iu
does in the bowl itself.

In Eratosthenes' own case, then, let Syene stand at y — the place over whose
zenith the Sun stands perpendicular on the day of the solstice, as the well sunk



for the sake of this very experiment proves. Then let Alexandria be at i, where at
the same moment, exactly at midday, he marked the end of the shadow at the
point u and found the arc iu in the bowl to be 7% degrees; for Cleomedes says so
expressly:

N6e y&p €v Tf) oka@f] mEVTNKOGOV HéPOC g[?]upiokeTal T oikel8 KUKAS.

; the letters piokeand the terminal-TQlare unambiguous. This is a
**letterform limit**: no better scan of this witness exists,
and8piokeTal is not a Greek word, so €v is licensed by the language, never
by the vulgate.]

The arc iy, which is the distance between Alexandria and Syene, will therefore
run to the same number of degrees. And so, once the road distance between the
two places is given as five thousand stadia, the circuit of the whole earth comes
out, as above, at 250,000 stadia.

CAP. VIIIL

The observations of the ancients corrected by the shadows of gnomons; and at the
same time the Ptolemaic latitudes examined.

How uncertain and slippery a thing the latitude of places was among the
ancients, Ptolemy's own tables can serve to prove — and he, for all that, carried
off the palm from everyone else in this field by his own industry. That places
lying further off, and regions untouched by any more polished culture and
letters, should have been described less accurately as well is the less to be
wondered at. By contrast, that the longitudes of the most celebrated places should
be unknown, I discover only with the utmost astonishment. And, to pass over
everything else, whom would this not strike dumb: that in the elevation of the
pole at Rome — which was, after all, the capital of the world — Ptolemy today
agrees so little with the observations of more recent men? He fixed its latitude at
41.gr.40.scr., whereas today the most sparing put it at 41 gr. 50, and
Regiomontanus himself observed the same latitude in the year 1462. as 42.gr. 2
scr. The difference is 22 minutes, and just as that might perhaps be tolerable in
other, less distinguished places, so I cannot acknowledge such ignorance in so
illustrious a place without astonishment. And so that this passage of Ptolemy may
not appear suspect to anyone, or seem to be lying under a corruption, all
antiquity chants the very same thing to us with one voice. Pliny, book 2, chapter
74: "In the city of Rome a ninth part of the gnomon is wanting to the shadow"
(Natural History 11.74).



And long before him Vitruvius: "The sun, at the equinoctial season, as it turns in
Aries and Libra, makes the shadow eight of the parts of which the gnomon has
nine, in that inclination of the sky which is Rome's" (De architectura IX). From
this, then, the sun's meridian altitude at the equinoxes is gathered as 48 gr. 22
scr., in this way. As the shadow 8 is to the gnomon 9, so the radius 10000 is to the
tangent 112500, to which belongs an arc of 48 gr. 22scr. for the sun's meridian
altitude on the equinoctial day. The difference of this from the quadrant, 41 gr.
38. scr., is the elevation of the pole; and for it Ptolemy, for the sake of rounding
the number off — its &mapTiloyiorv — set down 41 gr. 40 scr. [Greek: apartilogian,
accusative of amapTiloyia, "a round and completed sum"; Snellius's own Latin
numeri rotundationem glosses it. The pt cluster is tightly set in this fount.] It was
enough for him, after all, to have defined virtually every place to sixth-parts of a
degree. And indeed one could have wished that in so vast a work everything had
come down to us at least to ten minutes.

Nor is this so much to be charged against Ptolemy, who does not seem to have
spent his life at Rome — since even today mathematicians in every other respect
of the first rank, who profess this science and nothing else, put forward for their
own city, where they have practised the art for so many years, an elevation of the
pole they have picked up from somewhere or other out of some jumble of
longitudes and latitudes. And though that is less astonishing among the lesser
gods, who could wonder at it as it deserves in that supreme man of deep and
recondite learning, Erasmus Reinhold [Erasmo Rheinoldo]? For in those famous
tables of his, which he reduced to the meridian of Konigsberg in Prussia
[Regiomontis in Borussia] and from which he then traced out the Prutenic Tables,
he sets down no other latitude than one he had borrowed from Peter Apian
[Appiano] — one he had never observed in the sky himself. But I return to the
Roman observation, which seems to me to have been expressed more carelessly
by Ptolemy than it was observed by others. And if it is weighed more carefully, it
will be found not to lie far from Regiomontanus's. To make this understood more
clearly

I shall help matters out with a diagram, and fetch the thing from its very
foundations.

Diagram. At the upper left a circle represents the sun, with its centre marked;
from two points on its circumference, and from the centre, dashed rays run down
to the right and converge at the tip of an upright gnomon, then continue past it to
a horizontal line drawn across the foot of the figure — the horizon. A short
vertical stroke drops from the convergence point to the horizontal line; the three



rays strike the horizontal line at three successive points to the right of the
gnomon's foot, so that the shadow is bounded by an inner and an outer limit
rather than ending sharply.

e a(centre of the circle): a

* s (upper right of the circle's circumference): s

e 1 (lower left of the circle's circumference): r

e i(tip of the gnomon, where the rays converge): i

e ] (left end of the horizontal line): [

e 0 (foot of the gnomon on the horizontal line): o

e vy (on the horizontal line, next point to the right of 0): y
e ¢ (on the horizontal line, right of y): e

e u[?] (rightmost point of the horizontal line, right of e; the glyph is small
and italic, and I cannot decide between u and n): u [?]

Let io be the gnomon or style set perpendicular to the horizon, and eo its shadow.
From this, as was shown above, the angle ieo is given, which they took to be the
sun's altitude. And since it is only the centre that travels along the ecliptic, they
believed that in this way they had found the altitude of the centre itself. Ptolemy
himself is the proof: in book 2 of the great work (Almagest II) he follows this path
in determining for us, from a given elevation of the pole, the sun's solstitial,
equinoctial and midwinter shadow, and conversely, from the given ratio of the
shadow to its own gnomon, sets out the elevation of the pole — as though only
those rays which stream from the centre of the solar disc made the shadow, when
in fact experience as our teacher shows, and reason confirms, that the case is far
otherwise. For it is a theorem of optics that a visible object radiates from every
point of itself to every point such that a straight line can be drawn between them,
and that the flow of rays from a single point is therefore diffused spherically.
Since, then, the sun is not a point but a body, it will pour out its luminous rays not
from the centre of its apparent disc alone, but on every side and from every part;
and so it will follow that rays stream from the outermost edge of its rim as well.
For this reason too the earth's shadow, which brings on our night, tapers to a
point in the manner of a turning-post and a spinning top, and does not reach the
other heavenly bodies above the moon — otherwise it would rob us of the sight of
them as well whenever they stood opposite the sun.

ture. It was for this reason that Manlius the mathematician used to set a small
sphere on top of the gnomon, so that the tip of the shadow would run along the
lines laid out beneath it — just as Pliny recorded at book 36, chapter 10, writing
about the colossal gnomon in the Campus Martius. "Manlius the mathematician,"



he says, "added a gilded ball to the point, so that the shadow would be gathered
into itself at the ball's summit, the point casting other increments." Here I think
we should rather read dierum incrementa jaculantem — "casting the increments
of the days" — or else vel signantem apice, "or marking them with its point." It
was an ingenious device, over so great a distance. That shadows are used up by
distance is shown by the very high flights of birds, as the same author says in
book two. Lucan's line about the places lying beneath the tropic of Cancer is of
the same kind:

— Truncum vix protegit arbor. ["The tree scarcely shades its own trunk."]

Since the sun stands perpendicular over the heads of those peoples once or twice
each year, the line means that the sun's rays, streaming out from its rim on every
side, graze the outermost branches of the trees so closely that near the trunk itself
they all, as it were, converge — a hyperbole of quite exceptional elegance.

For this reason, in our diagram too, the ray from the lower limb r, grazing the tip
of the gnomon, will mark out the gnomon's longest shadow uo; the ray from the
upper limb, by contrast, will make the shortest shadow yo. Hence y will be the
boundary of the shadow that no ray reaches at all — the complete shadow; the
space that remains, uy, belongs to the doubtful shadow, which is dark indeed, but
is nonetheless lit by some of the rays. Everyone, then, will take this boundary y,
and this alone, as the limit of the shadow, and there will be no dispute about it.
And from this it follows that the sun's altitude found above from the ratio of the
shadow to its gnomon — namely 48 gr. 22 scr. — is the altitude of the upper limb
only. But since the sun's diameter subtends at least half a degree

on the day of the equinox, 15 or 16 minutes must be deducted from this sum, so
that the remaining 48 gr. 6. scr. give the altitude of the sun's centre on the
equinoctial day. From this the elevation of the pole at Rome comes out as 41 gr. 54
scr.

The difference between this observation of the ancient mathematicians and that
observation of Regiomontanus is therefore only eight minutes — and I should
judge that this is to be charged not to their observation but to an error in the
time. For it very rarely happens that the sun is standing exactly at one of the
equinoctial nodes at the very noon when this observation is made; and it is likely
that they observed the sun's altitude simply on the day that is reckoned as the
equinoXx, whereas at that point the sun's declination changes by one minute for
each hour. Suppose we place the sun's entry into the common section of the
equator and the ecliptic at the fourth hour of the morning: in the interval it



would have acquired a northerly declination of eight minutes. Subtract that from
the meridian altitude of 48 gr. 6 scr., and there remains as the true equinoctial
altitude 47 gr. 58 scr., from which the elevation of the pole at Rome comes out as
42 gr. 2. scr. — in full agreement with Regiomontanus's observations.

I have argued this at some length and set it out with more than usual care
because I see that this discrepancy between the observations has given learned
and shrewd men some sort of handle for doubt, as though it had to be explained
by some motion proper to the earth itself, or by some dislocation. Antonius
Maginus [Giovanni Antonio Magini], a man of tireless industry and the finest
ability, mentions it in the eighth canon to his tables. His own words are not
unworthy of a reading, so I have chosen to transcribe them here.

"Indeed," he says, "we are of the opinion that the latitudes Ptolemy gives for other
places too must be increased, both on this ground and on the authority of
Dominicus Maria Ferrariensis [Domenico Maria Novara da Ferrara] — a man
endowed with extraordinary ability, who was the teacher of Copernicus. I am
glad to share his view on this matter with students, especially since I know that
his writings cannot easily come into everyone's hands. For in a certain old
prognostication published at Bologna for the year 1489 he sets out these words.

'In past years, studying Ptolemy's Geography, I found that the elevations of the
north pole which he assigns for the individual regions fall short of those of our
own time by one degree and ten minutes. This discrepancy cannot in any way be
ascribed to a fault in the tables, for it is not credible that the whole series of the
book has been corrupted uniformly in the numbers of its tables. We must
therefore grant that the north pole has been carried toward the vertical point.
And so a long course of observation has now begun to disclose to us what lay
hidden from our forebears — not, indeed, through any slackness of theirs, but
because they lacked the long-term observation of their own predecessors. Very
few places had had their pole-elevations observed before Ptolemy, as he himself
attests at the beginning of his Cosmography: "Hipparchus alone," he says, "has
handed down to us the latitudes of a few places." A great many of the distances,
especially those running toward the sunrise or the sunset, were taken over from
some general tradition — not through any slackness in the authors themselves,
but because the practice of a more exacting mathematics did not yet exist. No
wonder, then, that earlier men failed to perceive this exceedingly slow motion.
For it shows itself as a displacement of nearly one degree in a thousand and
seventy years toward the zenith of the inhabitants. The narrows of the strait of
Cadiz indicate this: there, in Ptolemy's time, the north pole appeared elevated



above the horizon by thirty-six degrees and a quarter, whereas now it appears
elevated by thirty-seven and two-fifths. A like discrepancy is shown also by Leu-

copetra in Calabria, and by the individual places of Italy — those, that is, which
have not changed from Ptolemy's time down to our own. And so, by this motion,
the places now inhabited will at last become deserts, while those now baked
under the torrid zone will be brought — over a long stretch of time, admittedly —
to a temperate climate like ours. This slowest of motions thus completes its course
in three hundred and ninety-five thousand years."

So much for Magini, drawing on Domenico Maria Novara, who here makes an
elephant out of a gnat. Had he shaken out Ptolemy a little more carefully, he
could have disposed of this prophecy without any trouble at all. For who does not
know that in defining the elevation of the pole Ptolemy's figures fall short in one
place and actually run over in another? (Alexandria alone I except — the nurse of
these arts and their dearest parent.) We have already seen the argument from
deficiency in the inclination of the Roman pole; let the other be Augusta
Vindelicorum [Augsburg], whose latitude is, for Ptolemy, 46 gr. 20 scr., but for
Paul Hainzel, burgomaster of Augsburg — who observed it with an enormous
quadrant — 48 degrees and 22 scr.

The argument from excess, by contrast, will be supplied by the middle mouth of
the Rhine itself, and by this city not far distant from it, Lugdunum Batavorum
[Leiden], the seat of this University — in Antoninus the head of the German
provinces [caput Germanicarum], ten thousand paces from the camp of
Albinianae (the village today called Alfen [Alphen aan den Rijn]). To it Ptolemy
assigns a latitude of 53 gr. 20, far beyond the truth, and indeed by more than a
whole degree, as will be demonstrated below in Book II. On that reckoning our
Aborigines would necessarily have had their dwellings far out beyond the
armentarium Britannicum, which stands on the outermost brink of the land on
the shore of our sea — that is, out in the middle of the waves; and such raving
would be utterly ridiculous. What he brings forward about the strait of Cadiz has
no appearance of truth

either, and our sailors have recorded it otherwise. Finally, all the more recent
geographical tables differ little from Ptolemy on this point — so that I rather
wonder what can have come into his head, to assign so monstrous a latitude to
this place. I could bring forward a great many examples of this kind to prove that
Ptolemy's error is not everywhere one of equal excess or equal defect; but I judge
these very ones sufficient to refute the present error. For according as he came by
observations more accurate or less accurate, so too he had to reach his results by



divining them from the road-distance and the other aids at hand — otherwise he
would have had to travel round every place avtopig [?] and observe from the sky
everywhere. [Greek: avtoyia (autopsiai, "by personal inspection, with his own
eyes"); the o and the final -igx are absorbed into ligatures in this fount and do not
resolve glyph-by-glyph, hence the flag.] To demand that of any mortal would be
not merely inhuman but shameless.

And yet that Marian fancy pleases some people wonderfully well. It was not born
in this century either, but was bandied about long ago — or at least called into
doubt — as is clear from Pilnio [recte: Plinio — Pliny], book 36, chapter 10, where
he treats of the obelisk that Augustus employed as a gnomon in the Campus
Martius. "This observation," he says, "has not agreed for nearly thirty years now:
whether because the course of the sun itself is out of tune and the heaven altered
in some respect; or because the whole earth has shifted somewhat from its
centre, as I understand has been detected in other places as well; or because
tremors of the city have twisted the gnomon just at that spot; or because the
floodings of the Tiber have caused the mass to settle — although the foundations
are said to have been laid into the ground to the same depth as the height of the
object set upon them."

It would certainly be a marvel if, with the obelisk's position not dislodged, the
shadows failed to fall on those same lines, and failed to indicate, as before, the
solstices and equinoxes [Tpomag k ionuepiag — Greek: tropas kai isémerias; K is
the printed ligature for kai] and all the rest, the increases and decreases of the
days. And this is all the more remarkable in that he says the same thing has been
detected in other places too. But the phoenix of our age has judged the matter of
such weight that he has tried to tear the poles of the world away from the poles of
the equator

and to introduce wandering meridians. For my part, however, I bid Pliny be easy
in mind: in this century the elevation of the Roman pole remains what it was of
old. Earlier, from the observation Regiomontanus made in the year 1462, we had
it as 42 gr. 2 scr. Johannes Werner, however, prefers his own, made in the year
1493, and declares the same elevation to be only 41 gr. 50 scr.; while the ancients'
inclination, as corrected by us, yields 41 gr. 54 scr., which falls between the two
observations. So great a divergence, then, must be charged not to the earth's
having been moved from its seat, but to the deceptiveness of the observations
[tTnpnoewv] — for it is plain from Werner himself that he followed the gnomonic
method and did not take the sun's semidiameter into account. Nor would it be
anything very new for so great a perpendicular to be twisted by its own mass and



shifted from its proper position, since everything feels the passage of time.
Ptolemy too complains of this in Book III, chapter 1, about the equinoctial ring set
up publicly in the square colonnade at Alexandria, whose rims the sun lit twice
on one and the same equinoctial day.

But I let these matters go for now, so as not to confound heaven with earth, and
return to our Maria. Although he insists that the latitudes of all places today are
greater by 1 gra. 10 scr. than they were of old in Ptolemy's time, he offers
virtually no reason for his opinion. This one thing, however, is easy to
understand from what we said a little earlier about the sun's rays and the
gnomon's shadow: in every place whose pole-elevation has been observed by
means of a gnomon's shadow, 15 minutes must be added, even if it were
established that the sun entered the equinoctial nodes exactly at noon. But to
bring the matter to a close, I shall call other examples of this kind as well to the
same anvil,

and that is what I have decided to do. Let these instances of the kind come from
Vitruvius, book 9 [printed libi for libri], chapter 8, who fixes the ratio of the
shadow to its own gnomon at 3 to 4 (the same ratio Hipparchus noted in his
Aratean writings [in Arateeis] as well); at Rhodes 5 to 7; at Tarentum 9 to 11; at
Alexandria 3 to 5; and — on Hipparchus's authority — at Byzantium at the
solstice 41 % to 120. Strabo gives Carthage at the equinox as 7 to 11.

Let the Alexandrian ratio be our first case. As the shadow 3 is to its own gnomon
5, so the radius 10000000 is to 16666666, the tangent of 59 gr. 2 scr. That, then,
will be the sun's meridian altitude at Alexandria, and the inclination of the pole
there accordingly 30 gr. 58 scr. — which in Ptolemy is exactly 31 gr. These figures
were observed, as one may well believe, with those very large instruments that
were publicly available in that city, by Eratosthenes, Hipparchus, Timocharis, and
indeed by Ptolemy himself; and yet these limits look less like values drawn down
from the sky than like values worked up on the reckoning-board.

In the case of Rhodes you will find otherwise. Suppose you set it down that, as the
shadow 5 is to the gnomon 7, so the radius 10000000 is to 14000000, the tangent of
54 gr. 28 scr., taken as the equinoctial altitude: from this the é€xppa [Greek:
exarma, "elevation" — the elevation of the pole] comes out at 35 gr. 32 scr. Yet the
Ptolemaic tables give us the latitude of Rhodes as exactly 36 gr. If, however, 16
minutes are added to 35 gr. 32 scr. for the sun's semidiameter, the result is 35 gr.
48 scr. for the inclination at Rhodes.



Ptolemy, moreover, in the second book of his work, at the eleventh parallel — the
one drawn through Rhodes — fixes the ratio of the shadow to its own gnomon at
43 [numeral: ?] to 60, which will give a latitude of 36 gr. 10 scr., and not exactly 36
gr. only. From this it is perfectly plain that Ptolemy did not work these values out
to an exact rule; indeed, in the same place he expressed the ratio of the summer
shadow as 12 3% to 60, from which you will conclude the same elevation to be 35
gr. 51 scr. Finally, from the winter ratio, which he puts at 103 % to 60, you will
conclude the latitude of Rhodes to be 36 degrees —

— so that Ptolemy seems to have copied those figures from somewhere else
rather than to have judged them accurately, even though he declares that he uses
the Rhodian elevation of 36 gr. throughout the worked examples of his second
book precisely because a good many observations had been made by Hipparchus
under that parallel.

But this discussion brings back to my mind a corrupt passage in Strabo. Near the
end of his second book he says: €v &¢ 11} AAe€avpeia 6 yvwpwv Adyov €xel Tpog T
lonuepvnv okiow, 6v Exel Ta mEVTE TMPOG T EMTK [Greek: "At Alexandria the
gnomon has to the equinoctial shadow the ratio that five has to seven." The
article before ionpepvnv is printed as the abbreviation T = thv]. That ratio holds
not for Alexandria but for Rhodes, as was clear above from Vitruvius and
Ptolemy.

The observations of the ancients made by gnomon and shadow are therefore less
than accurate. They really do seem to have been undertaken only for this much:
to represent a given parallel in a rough-and-ready way. For Ptolemy's example
makes it plain that they fall a quarter of a degree short of the truth, and that they
are still on slippery ground. So much so that I would not hesitate to prefer the
observations of our own sailors to theirs — men for whom it would be a sin to
stray a quarter of a degree from the true altitude, and that even in mid-sea, in a
dead calm.

CAP. IX.

The observations of Eratosthenes examined more strictly
[Observationes Eratosthenis accuratius excussce.]

For this reason, wherever the exact truth of things is sought, these matters must
be gone about with far greater diligence, care, and application; we cannot
tolerate such drowsiness here. But let us return to Eratosthenes, who seems to
have set up a comparison not of the observation of a single place, but of two



observations. He thinks himself sufficiently protected by the theorem the ancients
demonstrated, that the sun's rays are sent to the earth parallel from the same
point. But that very theorem is of no help to him here. For when the sun's centre
stands vertically overhead for the people of Syene, it is a ray flowing from the
sun's uppermost limb that marks the end of the shadow for the people of
Alexandria. These rays, therefore, come not from the same point of the sun but
from different ones. That is why the well-known axiom about the parallelism of
the rays does nothing for the case here.

For that reason, to the arc found between Syene and Alexandria one had to add
as much as the sun's semidiameter subtends, which is 15 minutes at the very least
— a point which ®1AaAn6écat(og) [Greek: Philaléthestatos, "most truth-loving"; ¢
= the ot ligature, (o¢) the printed og ligature], that Petrus Nonius [Pedro Nunes],
also observed. That Syene was at that time éplov fepw8 tpomik8 — the boundary
of the summer tropic, that is, that the sun's centre stood vertically over those
people — is further shown by the argument brought from Eratosthenes himself:
that for about three hundred stadia around Syene everything is &okix [Greek:
askia, "shadowless"], without a shadow —

— that is, that there is no shadow on the day of the solstice, so that for 150 stadia
on either side of Syene the shadows are swallowed up at midday itself. That fact
alone could have warned Eratosthenes of his error.

All the same, no fault will attach to this line of reasoning if the sun stands
vertically over neither place and leans away from the zenith toward the same
quarter at both. For then the sun's rays, issuing from the same edge of its limb,
give the altitude of one and the same point above each place's own horizon. What
I find noted in Cleomedes is therefore not true: that when the sun stands
perpendicular over neither place — as is usually the case wel TG XEPLEPIVHG
Tpomag [Greek: epl THC YEWLEPIVKG TPOTIAG, peri tas cheimerinas tropas, "about the
winter solstices"; per is printed as the w ligature and &t as a ligature] — the same
distance between the two places is nevertheless found by gnomon observation as
would be found if the sun were perpendicular over one of them. On this
hypothesis, then, let us conceive a diagram of the following kind.

Diagram. A geometric figure occupying the lower left two-thirds of the page. At
the top is a wide open arc; below it, a smaller closed circle. A heavy vertical line
runs from the top of the figure down through both, and a pair of dotted lines runs
obliquely from the lower left up to the point a at the top of the vertical. Two small
arcs mark angles near the middle of the figure. Readable labels, with their
positions:



e a (top of the figure, just right of the vertical line)

e t (left side, at mid-height, on the outer dotted line)

e 1 (centre, at the top of the lower circle, beside a small angle arc)

e d (right of the vertical line, level with r)

e 0 (left, outside and just above the lower circle, beside a small angle arc)
e s (inside the lower circle, upper left)

e vy (inside the lower circle, upper right)

e u (lower left, outside the circle, on the dotted line)

e i(immediately right of u, at the circle's edge)

e e (bottom right of the lower circle)

Let e be the centre of the earth, y Syene, and i Alexandria. Let the gnomons ry
and oi cast, at the same moment of the meridian sun, the shadows sy and ui in
their bowl-dials [scaphia]. Now by what we demonstrated in chapter seven, the
rays ua and sa count as parallel; so the straight line er, produced to t, will make
the exterior angle sry equal to the interior angle ote in the parallel-line
configuration. And since in triangle oet the exterior angle uoi is equal to the
interior angles ote and oet, subtracting ote (that is, sry) from oui will leave iey, the
distance between Syene and Alexandria.

I have set out and demonstrated that example at such length so that the obscurity
of the matter should raise no difficulty. But I judge that this example was put
together from a similarity of argument rather than noted and grasped by steady
observation. For as I showed earlier, had they made the observation from the
heavens, they would have found this distance smaller than that one by at least 15
minutes.

To settle with the utmost exactness the points we have so far argued out
accurately enough, to remove every last scruple, and to establish the closeness —
indeed the near-tavtdtNT[?] [Greek: TavTOTNT-, tautoteét-, "sameness, identity"; the
terminal ligature does not resolve even under magnification, and the Latin
construction (parallel to vicinitatem and parallelismum) calls for the accusative
TovtoTNTR] — of the sun's rays as they flow from the same point, or their
"parallelism" as the ancients used to put it, I have decided to bring these matters
to the reckoning-board and to test them by a computation of the numbers. For
this to proceed in order, we must first borrow from the astronomers the sun's
distance from the earth and its ratio to the earth's diameter.

Ptolemy, who stands nearest to that age, expressed it in the Great Work, book 5,
chapter 15 (Almagest V.15), in these terms: if the earth's semidiameter is one, the



sun's distance from the earth is 1210 such units, and the sun's own semidiameter
is 5. Let us now proceed on these assumptions.

Diagram. A geometric figure at the lower left of the page. A wide arc opens at the
upper left; from the point a at the top two straight lines descend, one of them
running down to the centre of a small circle at the foot of the figure, the other
touching that circle on its left side. A short right-angle mark is drawn inside the
small circle at the point of contact. Readable labels, with their positions:

e a(top of the figure, at the meeting of the two descending lines)
e vy (on the descending line, above the small circle)

e i(immediately below y, at the top of the small circle)

e u (left side of the small circle, at the point of contact)

e 0 (centre of the small circle)

Let ui be the globe of the earth, a the sun's centre, standing vertically over the
place i; the straight line ao will then join the two centres. Further, let the ray au
touch the earth at u. Since ao is 1210 earth-semidiameters and ou is 1, we are
given, in the right triangle oau, the side subtending the right angle, ao 1210, and
the leg ou 1. Hence as ao 1210 is to ou 1, so the whole sine 1000000 [?] is to 8624
[?], the sine of the angle oau, to which there belongs 2 scr. 50 4/5 [?] sec. — not
quite three minutes; and so the remaining angle uoi is 89 gr. 57 scr. The greatest
divergence, then, of the sun's rays running from one and the same point to the
earth is

barely three minutes, even when the two places on earth are nearly a whole
quadrant apart; and for places lying closer together it is, because of its slightness,
hardly perceptible even with larger instruments. Let us therefore weigh this too a
little more closely, in the distance between the places we have set out.

Diagram. A geometric figure filling the left half of the page: a large circle at the
top and a second large circle at the bottom, joined by a long narrow quadrilateral
drawn between them, with dotted lines running from the lower left up into the
upper circle. Small angle arcs are marked at the left of the lower circle, and a
right-angle mark inside it. Readable labels, with their positions:

e 1 (inside the upper circle, left of centre)

e a(inside the upper circle, upper right)

e vy (left, below the upper circle, on the dotted line)

e s (left, above the lower circle, beside a small angle arc)
e 1i(right, just above the lower circle)



e u (inside the lower circle, upper part, beside the right-angle mark)
¢ m (left, outside the lower circle)

e t(inside the lower circle, left of centre) [?]

e D (inside the lower circle, lower left)

e 0 (inside the lower circle, right of centre)

In this diagram let i be Syene, u Alexandria, and the arc iu 7 gr. 30 scr. — for the
sake of the example I shall take it a trifle larger than it truly is. Let mdu [?] be the
bowl-dial [scaphium], ut the gnomon, and let at be joined. We are then given, in
triangle ato, the legs to 1 and oa 1210, and the angle aot contained by them, 7.30.
From this, by the doctrine of triangles, you will conclude that the angle tao is 0 gr.
0 scr. 22 [numeral: ?] seconds.

For as the sum of the given legs, 1211, is to their difference, 1209, so 152570581 —
the tangent of half the sum of the angles at the base, 86 gr. 15 sc. —is to
152318606, the tangent of half their difference; and to this last there corresponds
an arc of 86 gr. 14 scr. 37 4/5 sec. Subtracted from the half-sum, it will leave 0 gr. 0
scr. 22 [numeral: ?] sec. for the required angle tao.

And that is the whole divergence of the rays stretching from the sun's centre to
Syene and to Alexandria — a quantity that could certainly be doubtful even with
larger instruments, or at the very least SvoBewpntoc [Greek: dystheoretos, "hard
to make out, difficult to observe"]. This tiny parallax, therefore, [applied] to this
shadow-reckoning of Eratosthenes'

could not impair Eratosthenes' observation in the slightest. On the contrary, he
was right — and within his rights, in a way — to lay down along with the ancient
geometers the postulate: that the sun's rays are carried to the earth parallel.

Still, since we have set this stone rolling, let us go on to work the same problem
[zetema] out as exactly as we can. We noted above that the people of Syene
observed the shadows of rays flowing from the sun's centre, whereas the
Alexandrians observed the shadows of rays flowing from its upper limb. Let us
now test as well how much difference that can introduce.

Let i once more be Syene and u Alexandria; let mdu be the bowl [scaphe], with the
gnomon ut equal to its semidiameter; let ai be the ray from the sun's centre
falling perpendicular for the people of Syene; and let a ray likewise from the
upper limb graze the tip of the gnomon and cast in the bowl the shadow ytd, the
amount of shadow being ud. If that ray flowed from the sun's centre a, it would
give the shadow um. The question here is this: since Eratosthenes observed the



arc ud as 7 gr. 12 scr., how great is the arc md, that is, the angle mtd? For the arc
um falls short of the true value by exactly that much, given that Eratosthenes
supposed the shadow at Alexandria and the shadow at Syene to be marked out by
one and the same solar ray.

Since, then, ou is the earth's semidiameter, ot too will count as a radius. For even
if the gnomon ut is taken to be 10 or 15 feet, it still does not amount to the
hundred-thousandth part of the semidiameter ou. Now in the right triangle pto
the angle pto is given from the observation in the bowl-dial [scaphium] as 7 gr. 12
scr., and therefore the remaining angle pot is 82 gr. 48 scr.; and ot, the base of the
right angle, is one part, of the kind of which ao is 1210. In those same parts, then,
we shall be given tp [numeral: ?] and op [numeral: ?]. Let yr be set equal to the
latter. Consequently or and yp will be parallel, since ay [?] and op, perpendicular
to that same yp, are equal to one another. But since the sun's semidiameter ay is
given by Ptolemy as 5% of those same parts, the remainder ar will be 5

[numeral: ?], whose square is 28 [numeral: ?] —

— which, subtracted from the square of ao, 1464100, leaves [numeral: ?] for the
square of ro, that is, of yp. Hence ro itself is given as 1209. [numeral: ?].
Subtracting the line pt from this leaves yt 1208 [numeral: ?]. Here, then, in the
triangle tya we are given ty and ya, the legs of the right angle; and so, by the
tables of tangents: as ty 1208 [numeral: ?] is to ya 5% [?], so the whole sine
10000000 is to the tangent 45492, to which there belongs an arc of 0 gr. 15 scr. 38
[numeral: ?] sec., for the size of the angle yta, or of the angle mtd equal to it at the
vertex. Added to Eratosthenes' angle dtu of 7 gr. 12 scr., it will make up the angle
mtu of the legitimate distance: 7 gr. 27 scr. 32 [numeral: ?] sec. And so this is the
distance between Syene and Alexandria that ought to have been assumed, once
Eratosthenes' findings are corrected by a more exact computation.

These points once granted, it is now possible to explain by calculation as well
what I demonstrated at the beginning of this chapter: that when the sun leans
away from the vertical for both parties, Alexandrians and Syenians alike — as it
usually does at the equinox, or at the winter solstice, or in any other position
whatever — the distances between places are then caught from the shadows of
gnomons far more accurately and with less going astray [hallucinatio]; or, to put
it as the ancients did, that the rays are then carried from the sun to the earth
parallel so far as the senses can tell. This is not hard to understand from the
analogy of the rays flowing from the sun's centre; even so, certain features of the
case make me want to pursue it by a more exact computation too. In drawing the



diagram, however, I have not so much kept to a strict scale of size or proportion
— the pages are too narrow for that — as aimed to make what is said intelligible.

Let 0 and i be Alexandria and Syene under the same meridian, and a the sun's
centre, vertical over neither of them. Let pc and bg be the observing bowls and co
and gi the gnomons. Let y be the outermost edge of the sun's limb which grazes
the tip i, and from it let the ray yb flow; then

Diagram. A large geometric figure filling most of the page. At the upper right is a
broad four-sided figure, drawn with a dashed outline and with dashed lines ruled
across its interior, labelled Sol ("Sun"); its uppermost corner rises to a point at the
top of the page, and its right-hand corner reaches the right margin. From the sun-
figure's left-hand side a long curved line sweeps down to the lower right of the
page. At the lower left is a wide arc representing the earth's surface, with two
small bowl-shaped arcs set on it (one at the left, one near the middle) and a short
upright stroke at each — the two gnomons. Below the arc, a long narrow
quadrilateral tapers down to a single point at the bottom, where all the drawn
and dotted lines converge; the space inside it is labelled Terra. ("Earth"). Dotted
lines run from the upper left of the figure down to that bottom point. Readable
labels, with their positions:

e Sol. (italic caption, inside the four-sided figure at the upper right)
e Terra. (italic caption, inside the tapering quadrilateral at the bottom)

e [?] (very top of the page, at the apex of the sun-figure — a single small letter
that does not resolve)

e [?] (on the sun-figure's upper left edge, below the apex — a single small
letter that does not resolve)

e d (upper middle, inside the sun-figure near its left edge)
e a (far right, at the right-hand corner of the sun-figure)

e [?] (a small mark on the sun-figure's upper right edge, above and left of a —
does not resolve)

e 0 (left, just above the earth's arc, at the first bowl)
e p (far left, above and left of 0)

e c(below p, on the earth's arc)

¢ Db (centre, on the earth's arc at the second bowl)

e g (right of and below b)

e [?] (immediately above and right of the second bowl — a single small letter
that does not resolve)



e [?] (far left, on the left edge of the tapering quadrilateral — reads like an n
but does not settle)

e [?] (inside the quadrilateral, at mid-height on the left — reads like a t but
does not settle)

e [?] (on the lower left edge of the quadrilateral — reads like an [ but does
not settle)

e e (at the bottom point of the quadrilateral, where all the lines converge)

when at o, Alexandria, the line ou is drawn, it will touch the sun as well at
another place above y; and so the ray up will cast the shadow for the
Alexandrians. Since, then, uo and yi are not carried from one and the same point,
the question arises whether these rays too are to be reckoned parallel. Very much
so — for since the smaller

the divergence of those rays is than it would be if they issued from one and the
same point — so that the difference of the shadows in the bowl-dials is bounded
by exactly as many degrees as the interval between places lying under the same
meridian. But in order to define yewpetpikwtepov [Greek: gedmetrikoteron, "in a
more geometrical way"] just how much lies between what the senses report and
the truth, I frame the following theorem about two places from whose zeniths the
sun declines toward the same side, and I prove it as follows.

The difference of the shadows observed in the bowl-dials is equal to the
distance between two places lying under the same meridian, together with
the angle contained by the meeting of the sun's rays.

For let yi be produced until it meets the ray ou at s, and below as well at ¢; then let
the gnomons ig and oc, produced, meet at e, the centre of the earth. I say that the
difference of the angles poc and big is the angle oei plus the angle osi. For in the
triangle ots the exterior angle rot is equal to the two interior and opposite angles
ost and ots; and for the same reason ots is equal to the angles tie and tei[?]. So the
single angle roe will be equal to the three angles tie, tei and ose. Therefore, once
the shadow-angle tie is subtracted from the shadow-angle poe, what is left is oei,
the angle of the distance of the places at the earth's centre, together with osi, the
angle at which the sun's rays meet. Which was to be proved.

But this too should be noted: this same angle osi is equal to the angle uay, which
is contained at the centre of the sun by the straight lines running to the points of
contact of the rays, u and y. For in the quadrilateral uays the angles at u and y are
right angles, because of the tangency; the angles at a and s are therefore together
equal to two right angles. But usy and yso, being adjacent, are likewise equal to



two right angles; and when the common angle usy is taken away, the remaining
angle osi will be equal to the remaining angle uay. But we must now find out by
calculation how large this angle is on the given hypo-

—thesis. And so, in the example before us, let us follow Cleomedes in placing the
sun at the winter solstice itself. Now from Eratosthenes' observations, which
Ptolemy also adopts in the first book of the Great Work (Almagest 1), the distance
between the tropics is 11 parts of which the whole colure is 83. It follows that in
that age the sun at the winter solstice was 47 gr. 42 scr. 40 sec. from the zenith of
the people of Syene; and therefore also — if we set 7 gr. 12 scr. between
Alexandria and Syene — 54 gr. 54 scr. 40 sec. from the zenith of Alexandria. But
since the sun's diameter subtends about half a degree, the upper limb, whose ray
marks the edge of the shadow, will be nearer to each zenith by 15 minutes: so
that the distance from the zenith of Alexandria is about 54 gr. 39 scr. 40 sec., and
from the zenith of Syene 47 gr. 27 scr. 40 sec. Hence in the bowl-dials the angle
poc is 54 gr. 39 scr. 40 sec., and big 47 gr. 27 scr. 40 sec.

Further, let perpendiculars er and el fall from the centre e upon op and ib
produced. Their magnitudes will then be given by the tables of sines, in the units
in which the earth's semidiameter is one part: er is 357% 40000, and el 7348%¢o000.
From here let em be drawn parallel to ur; and au, en are parallel, since they are
perpendicular to the same line, and therefore equal as well. So when re — that is,
um — is subtracted from ua, the sun's semidiameter, 5 %2, the remainder am will
be 4 [numeral: ?}100000. NOWw, then, in the right triangle eam the base ea is given as
1210, and the leg ma as [numeral: ?}100000. Therefore, as ea is to am, so is the
whole sine 10000000000 to the sine 38712892, to which correspond 0 gr. 13 scr. 18
Y100 sec. for the angle mea; and this, subtracted from 90 gr., leaves the angle eam,
that is uae, 89 gr. 46 scr. 41 *%0 sec. Again, when le is subtracted from ay, the
remainder ad will be *7%31%40000; and from this, in the right triangle ead, the angle
aed will be given as 0 gr. 13 scr. 31 [numeral: ?}100 Sec., which, subtracted from 90
gr., leaves the angle dae — that is, yae — 89 gr. 46 scr. 28 %0 scr. [recte: sec.] So if,
then,

you subtract the angle yae, 89 gr. 46 scr. 28 %100 sec., from the angle uae, 89 gr. 46
scr. 41 *%00 sec., the remainder will be uay, 0 gr. 0 scr. 13 *%0 sec., which we
showed to be equal to the angle osi. The divergence of the sun's rays here would
therefore be only this tiny amount, which does not fill a quarter of one minute.
And so these rays too, although they stream from different edges of the sun, can
safely be reckoned parallel.



Accordingly, if you wish to weigh this example of Cleomedes' — with the sun
standing at the winter solstice itself — in a more accurate balance, it will be done
in this way. The difference of the angles roe and bie, which here, if Eratosthenes
agrees with Cleomedes, ought to be 7 gr. 12 scr., is equal to the two angles oei and
osi together; and since osi is 0 gr. 0 scr. 13 *%440 sec., the angle of the distance, oei,
will come out as 7 gr. 11 scr. 46 [numeral: ?}400 Sec. But earlier we proved that
same angle, from the same observations of Eratosthenes, to be 7 gr. 27 scr. 38
[numeral: ?}100 sec. That difference of shadows, then, was never observed by
anyone at the winter solstice; rather, the whole example was fabricated by
Cleomedes as an analogy to the argument.

And this is exactly what I had set out to demonstrate: that this shadow-method is
applied with far greater certainty when the sun stands vertical over neither of
the two places — even though Eratosthenes did not avoid that. And even this
holds good only when, as we noted above, the sun declines from the zenith
toward the same quarter for both places. But if it diverges northward for the one
and southward for the other, a very great error will be thrown up by the shadow-
instruments [fciotheral[?]].

Take as an example Meroe and Syene, whose distance we shall here likewise
assume from Eratosthenes to be 7 gr. 12 scr., as great as it was between
Alexandria and Syene. Let the latitude of Syene be 23 gr. 51 scr., and that of
Meroe only 16 gr. 26 scr.; and let the sun be at the beginning of the second
[degree] of Gemini, whose declination in that age was

20 gr. 43 scr. What is sought is the distance between the two places. I shall put the
matter into a theorem of the following kind.

When the midday sun declines from the zeniths of two places toward opposite
quarters, the sum of the shadows in the bowl-dials, taken together with the angle
contained by the converging rays of the sun, is equal to the distance between those
places.

Diagram. A figure occupying the middle two-thirds of the page, enclosed on the
top and left by ruled straight lines. A large circle at the lower centre-left carries
the caption Terra. ("the Earth") inside it; a straight line runs across the circle from
lower left to upper right, and a second line crosses it. Two small arcs — the two
bowl-dials — are drawn against the circle's upper circumference, one at the left,
one at the right. From a point at the top of the figure, labelled a and captioned Sol.
("the Sun"), two long straight lines run down to the earth: one to the left-hand
bowl and one to the right-hand bowl. A long dashed line and a dotted line run



from the upper right down toward the circle's centre, where several straight lines
converge at the point marked e. A vertical dashed line drops from the top rule
through the circle. At the lower left the two shadow-casting rays, produced
backwards, meet at the point v, forming a narrow wedge outside the circle.

Labels read off the figure:

e s (top left, on the upper rule)

e [?] (top centre, at the head of the vertical dashed line — an italic single
letter I cannot resolve; it has a flat top stroke and a descender, so it is either
z or an undotted j)

e a (top centre-right, apex of the two solar rays)
e Sol (to the right of a): "the Sun"

e n(right side, on the ray descending from a)

e r(right side, on the arc below n)

e 0 (left, above the left-hand bowl arc)

e [?],[?] (a pair of single-letter labels at the left-hand bowl arc — too small to
resolve even under magnification)

e [?],y (a pair of single-letter labels at the right-hand bowl arc; only the
second resolves)

e d (right of centre, inside the circle)

o [ (left, inside the circle)

e e (centre of the circle, where the drawn lines converge)
e m (below and right of e, on the line crossing the circle)
e Terra. lower centre of the circle): "the Earth"

¢ v (bottom left, outside the circle)

Let u then be Meroe and i Syene. In the Meroitic bowl-dial let the sun's ray that
casts the shadow be ryd, and the gnomon uy; in the Syenian bowl-dial let the
shadow be ti and the gnomon io. The shadow-casting rays of the sun meet at the
point v. I say that the angles voi,

vye, ovy are together equal to ieu, the distance between the places. For the three
angles in the triangle ovy are equal to the three angles of the triangle oey; so if the
parts common to both are subtracted, the remaining angles voe, vye, ove will be
equal to the remaining angle oey, which is the distance between the two places.

I should like to test this by the numbers as well. Let the sun stand at the
beginning of the second degree of Gemini, where its declination at that time was
20 gr. 43 ser. The angle uyd will then be the sun's distance from the zenith at



Meroe, and that toward the north, 4 gr. 17 scr.; and toi the sun's distance from the
zenith of the Syenians, 3 gr. 8 scr., but toward the south. Hence, in units of which
the earth's semidiameter is 1, le will be [numeral: ?] and ol [numeral: ?]. And
since the sun's radius is 5 %, in those same units j[?] itself will be 5 [numeral: ?]
and nr 5 [numeral: ?]. Further, let ae, the sun's distance from the earth, be
assumed the same as above, 1210.

As ae 1210 is to aj [numeral: ?], therefore, so is the whole sine 10000000 to 44837,
the sine of the angle aej, to which there belong 0 gr. 15 scr. 24 [numeral: ?] sec.
Next, as ea is to an, so is 10000000 to 45003, the sine of the angle aen, to which
there belong 0 gr. 15 scr. 27 [numeral: ?]. The whole angle jen, or svr, will
therefore be 0 gr. 30 scr. 52 [numeral: ?] sec. And since we have set the angles of
the shadows in the bowl-dials at uyd 4 gr. 17 scr. and toi 3 gr. 8 scr., the whole
angle iey will come out at 7 gr. 55 scr. 52 [numeral: ?].

And so, if we were to follow Eratosthenes in this procedure, an error of nearly 31
minutes would have been committed; for by just that much is the distance
between the two places found to be greater than the sum of the shadows will be.
That difference is certainly a large one, and the error intolerable. It therefore
seemed worth the trouble to give this warning here too, and it was in any case
what remained to be done toward an accurate treatment of this topic.

Cap. X.

The difference in meridian between Alexandria and Syene; the distance between
them; and Cleomedes refuted.

And so far, then, we have examined the observational method that Eratosthenes
adopted — devised, admittedly, with very subtle ingenuity — and we have shown
how far it departs from the truth. All of this, however, is true only so far as both
places lie on the same meridian. But since Ptolemy's table [abacus] rules
otherwise than Eratosthenes does, our second task will be to find out how much
the difference of meridians contributes as well. The Ptolemaic canons run as
follows. Alexandria: longitude 60 gr. 30 scr., latitude 31 gr. 0 scr. Syene: longitude
62 gr. 0 scr., latitude 23 gr. 50 scr. From these the distance will come out not as
Eratosthenes took it to be, but a little greater. For by the doctrine of spherical
triangles you will conclude that between Alexandria and Syene it is 7 gr. 17 ser.
20 sec. — greater, that is, by that very small amount than it would be if the two
lay on the same meridian.



Before I had tested this by calculation, I had believed that this difference of
meridians could add to the distance between the places that Eratosthenes
assumed only as much as those 15 minutes of the sun's semidiameter come to; or,
what amounts to the same thing, that, because the places lay on different
meridians, if a perpendicular were dropped from Syene onto the me-

fell on the meridian of Alexandria, the distance from the perpendicular to
Alexandria would be 15 minutes less than the interval between Syene and
Alexandria — so that in this way that error of 15 minutes in Eratosthenes would
be made good. But a more accurate reckoning [abacus] tells a very different story.

The computation of spherical triangles [epilogismus] and its working-out are not
equally ready or easy for everyone, least of all for beginners. I should therefore
like to report here the method of the most learned Maurolycus [Francesco
Maurolico] for laying out and measuring the distance between two places on a
plane surface, and to work it through with a calculation as well — the method he
set out in his books on astronomical instruments.

Diagram. A circle representing the plane of the equator, with a horizontal
diameter drawn from the left-hand point to the right-hand point. Inside the circle
a triangle and a pair of short perpendiculars are drawn from the diameter
downward and to the right, with dotted construction lines running from the
upper left down to the lower left of the figure; a chord runs from the upper right
of the circumference down toward the interior. Labels read off the figure:

e r[?] (outside the circle, upper left)

e ¢ (left-hand end of the horizontal diameter)

¢ s (outside the circle, lower left)

e 0 (right-hand end of the horizontal diameter)

e [?] (on the circumference, upper right — a glyph resembling an italic j; will
not resolve even under magnification)

e [ (on the circumference, lower right)

e u (on the circumference, at the foot)

e [(interior, upper)

¢ n(interior, on the diameter toward the left)

e a (interior, on the diameter toward the middle)
e m (interior, right of centre)

¢ d (interior, below m)

y (interior, lower)



Let the plane of the equator be eoiu, the centre of the earth a, and the difference
of latitude [recte: longitudinis] of two places not situated under the same
meridian the angle eau. Let the latitude of the one be the arc er and that of the
other the arc us, and let rn and sy be the sines of those same arcs, their end-points
joined by ny. On that joining line let the perpendiculars nl and my be raised,
equal to the sines rn and sy themselves. Finally, let the straight line mljoin the
tops of these perpendiculars; and a line ol equal to ml, inscribed in the same
circle, will subtend an arc equal to the distance of the given places.

The proof will not be obscure if you consider that the perpendicular In is dropped
from the given place on the earth's surface to the common section, lying beneath
it, of its own meridian and the equator; that my is dropped in the same way from
the second place; and that the connecting line Im is therefore the chord of an arc
of a great circle which measures the distance of the places.

So if the two places decline toward the same side of the equator, the
perpendiculars [n and ym must be raised on the same side of the joining line ny,
as in the previous diagram. But if the latitude of the one place is northern and
that of the other southern, the perpendiculars must be erected on opposite sides,
as may be seen in the present diagram.

Diagram. A second circle with a horizontal diameter from the left-hand point to
the right-hand point. A chord runs from a point on the circumference at the top
down to the right-hand end of the diameter. Within the circle a triangle is drawn
from the diameter downward, with a dotted line running from the upper left
through the figure and continuing beyond the circumference at the lower left,
where it ends in an arrowhead; the perpendiculars here fall on opposite sides of
the joining line. Labels read off the figure:

e [?] (on the circumference, at the top — the same glyph as in the previous
figure, resembling an italic j; will not resolve even under magnification)

e r(outside the circle, upper left)

e [(interior, upper)

¢ ¢ (left-hand end of the horizontal diameter)

¢ n(interior, below the diameter toward the left)
e s (outside the circle, left, below e)

e a (interior, right of centre)

o (right-hand end of the horizontal diameter)
y (interior, lower)

u (on the circumference, at the foot)



¢ m (outside the circle, lower left, at the end of the dotted line)

Let us investigate the distance of the given places by the calculation of plane
triangles as well. Let the longitude of Syene, at e, be 62 gr. 0 scr., and that of
Alexandria, at u, 60 gr. 30 scr., so that the difference of longitude, the angle eau, is
1 gr. 30 scr. Let the latitude of Syene, the arc er, be 23 gr. 50 scr. on Ptolemy's
authority; its sine nr is 4040776, and na, the sine of the complement of the same,
9147248. Next, the latitude of Alexandria at u is 31 gr. 0 scr.; its sine sy is 5150381,
and ya, the sine of the complement, that is of 59 gr., 8571673.

Since, then, in the triangle nay the legs na and ay are given, together with the
angle nay of 1[?] gr. 30 scr., ny will also be given as 695718 [?], or ld, which is
equal to it. And since the sines In and my are given, their difference too is given,
1109605, for md. So, the legs ld and dm of the right angle being given, the base Im
will also be given, 1271317; and an inscribed chord jo is set equal to it. Half of this
inscribed chord is 635658, and the sine belonging to it is that of 3 gr. 38 scr. 40
[numeral: ?] sec., whose double is 7 gr. 17 scr. 20 [numeral: ?] scr. — the true
distance between Syene and Alexandria according to the Ptolemaic tables [abacos
Ptolomaicos], which exceeds by five minutes the distance Eratosthenes gives in
Cleomedes. But to say frankly what I think —

— that figure of 7 gr. 12 scr. set down by Cleomedes seems to have been stated
oAoyep®¢ [Greek: printed thus for 0Aooyep®d¢, holoscherds, "in a rough and
general way"], somewhat crudely, and to have been devised merely for the sake
of an&ptwotv [Greek: apartosin (for &m&ptiow), "a rounding-off," a completed
round number], since it fills out exactly a fiftieth part of the whole circumference.
For if you reckon the matter more accurately and examine it from Ptolemy's
Syntagma [the Almagest], you will find it somewhat otherwise.

Eratosthenes separates the extreme limits of the obliquity Ao§wmewg [Greek:
printed thus, apparently for Aotwoewc, loxdseds, "of the obliquity"] from one
another by 11/83 of the whole colure, and accordingly holds that the ecliptic is
inclined away from the equator on either side by 23 gr. 51 scr. 20 sec. — a figure
suited to his own age, as Ptolemy testifies. But the latitude of Syene is just as
much, while that of Alexandria is 31 gr. 0 scr.; their difference will therefore be 7
gr. 8 scr. 40 sec. If from this you also assume, following Eratosthenes' view, a road
distance of five thousand stadia, you will conclude by proportion that the circuit
of the whole earth is 251944 — that is, near enough 252000, which is what
everyone agrees on, Cleomedes excepted. He, from his own hypothesis,
necessarily made it just 250000 for the earth's perimeter, since he sets the
distance between Alexandria and Syene at 1/50 of the whole meridian.



Strabo, however, contradicts him, in book 2 of his Geography: eivat 10 péyed(0g)
Yiic cadiwv gikoat Tevte pupl&dwv K StaytAiwv [?], ¢ k Epatodévng &modidootv.
[Greek: "that the size of the earth is twenty-five myriads of stadia and two
thousand, as Eratosthenes too gives it." Printed with the -o¢ ligature in péyed(og),
the 7 ligature for tfig, the ¢ (o7) ligature in ¢aSiwv, k for kai; StxytAiwv as printed
for SoytAiwv; &modiSoov with omicron for omega.] That is, the circuit of the
earth according to Eratosthenes is 252000 stadia; and among the Greeks Geminus
and Ptolemy agree with him. All the Latin writers follow them: Vitruvius, Pliny,
Macrobius, Martianus Capella, and others. So one cannot help wondering that
Cleomedes alone — otherwise a very ancient writer — should hand down
something so different from them, and indeed in such a way that he seems to
have wished to dissent from them demonstratively. But, as I said, the cause lies in
the exact parts he assumed in order to round off his number.

Cap. XI.

That the measure of the journey between Alexandria and Syene was not stated
accurately enough by Eratosthenes.

The distances between places were at first expressed only as so many hours or so
many days of travel; that much is plain from the writings of the ancients. Strabo,
indeed, in a matter of the first importance, did not scruple to appeal to just that
kind of evidence, when he claims that the distance between Syene and Meroe is
known: wAeltai e yap K 06eveTal [Greek: pleitai te gar kai hodeuetai, "for it is
both sailed and travelled by land"; the sort after wAe€l is the -t ligature, not the
¢ (= o1) sort — the identical sort terminates 08evetat five words later on the
same line, and the ¢ sort has a clean control set on the facing page (ca8uoc,
CPUTIWTIKY, K&AAAIGX), Where it is x-height, baseline-seated and flat-top-barred
with no descender] — because, as he says, the journey there is by now commonly
made both by water and by land. And this is the source of the great disagreement
among authors when they set out to fix the intervals between one and the same
pair of places: they cover the same stretch either at different speeds, or by
different roads and longer detours. The length of a journey therefore takes a
different measure according to each traveller's own judgement and his delays.
Examples of this are not merely everywhere to hand among the historians; a
great many stand in the most distinguished geographers as well — Strabo, Mela
[Pomponius Mela], Pliny, Ptolemy and others. That is why kings and emperors
also judged this matter worth their care, and on the longer expeditions took with
them not only camp-surveyors [castrorum metatores] but road-measurers
[itinerum mensores] too. The first laid out the camps by marking-poles and



squared them off with the groma [ferro degrumabant]; the second recorded and
described the measure of the journey completed. Pliny celebrates Diognetus and
Beton [Baeton] as such men, in book 6, chapter 17. "But," he says, "so that the
survey of the ground may be understood, let us follow in the footsteps of
Alexander the Great."

Diognetus and Baeton, the measurers of his marches, wrote that from the Caspian
Gates to Heratonpylon of the Parthians is as many thousands of paces as we have
said; from there to Alexandria of the Arii, the city that king founded, 563000;
from there to Prophthasia of the Drangae 299000; from there to the town of the
Arachosii 513000; from there to Orthospanum 250000; from there to Alexander's
town 50000 — in some copies different numbers are found. This city, he says, lies
at the very foot of the Caucasus. From it to the river Chepia and the Indian town
of Peucolaitis 227000; from there to the river Indus and the town of Taxila 60000;
to the famous river Hydaspes 120000; to the Hypasis, no less celebrated, 69390000
[?], which was the limit of Alexander's marches — though he did cross that river
and dedicate altars on the far bank. The passage is rather long, admittedly, but it
deserves to be read here as well.

Athenaeus, an author of no small standing, calls these same men Pru&TIGXS
[Greek: bématistas, "pacers" — the bematists], because they described routes in
thousands of paces; and the books they published on the subject you would call
caBp8c [Greek: stathmous, "stages, halting-places"], as though they were the
halting-places of a camp, since they had also set out the intervals between the
nearest camp-sites, and at how many camps one arrived at each place from the
last. This is what stands in Pollux: ¢aBpog, ¢paTIwTIKN KartdAvolg [Greek:
stathmos, stratiotiké katalysis, "a stage: a soldiers' lodging-place"]. Herodotus, in
the Terpsichore, enumerates just as exactly all the Asian stages from Sardis right
up to Susa: ¢caBbpoi te mavtoryf] elol PaciAniol, kK kataAvoleg kaAAGoL [Greek:
stathmoi te pantache eisi basil€ioi, kai katalysies kallistai, "there are royal stages
everywhere, and excellent lodging-places"]. So across the whole of Asia there
were staging-posts and inns of this kind at roughly the interval of a single day's
journey — one hundred and eleven of them from Sardis all the way to Susa —
and the whole distance was 13500 stadia. He states that this distance is a journey
of ninety days, so that each day you complete one hundred and fifty stadia.
Eustathius, on Iliad €: ai 82 icopiot, GxOP8s oidoct Aéyewy K THC WPLOPEVAC EiT 8v
TETAYHEVAC €vobiBe dvamavlag Toig eite inmebouy, eite meloSpdpolg [Greek: hai de
historiai, stathmous oidasi legein kai tas horismenas eit' oun tetagmenas
enodious anapaulas tois eite hippeusin, eite pezodromois — "the histories also



know how to call 'stages' the fixed, or rather the appointed, resting-places along
the road, whether for horsemen or for foot-runners"].

..0C K GAAOYOG EAEYOV TLVEG, 81w V&P Too0i8e caBpot 688 [?] TeOetvan AéyovTat
wWPOC Tvev. K T008¢ 8¢ caBpde elvat, &md T88¢ Tvog TOT8 eig &Alov @apév. [Greek:
...has kai allagas elegon tines, houto gar tosoide stathmoi hodou tetheinai legontai
pros tinon. kai tosous de stathmous einai, apo toude tinos topou eis allon phamen
— "which some also called allagai (relays); for it is in this way that so many
'stages' of a road are said by some to be laid down, and we say that there are so
many stages from one particular place to another."]

Athenaeus's words, in book ten, run thus: B&itwv y8v 6 AAeE4vSp8 BTGNS, v
T EMypo@opEVE cabpol T AAeEavEp8 wopeiag [Greek: Baitdon goun ho
Alexandrou bématistés, en to(i) epigraphomeno(i) Stathmoi t(és) Alexandrou
poreias — "Baeton, at any rate, Alexander's bematist, in the work entitled Stages
of Alexander's March"]. The same author, a little later and in book eleven, cites
the ¢aBpouvc [stages] of a certain Amyntas. But the matter comes out still more
clearly from Xenophon, in the fifth book of the Expedition of Cyrus, where he
writes: WAoo T katafdoews THig 080D &mo THig €v BafuAdvit paxng &xpt &ig
Kotvopa cabpol ekatov eikoot 800, wapaodyyat EExkdaotol gikoat, G&dlot pvpLot
OkTaklo(Alol E€akdatol, xpov8 wAT|00¢ O0kT® pijvec. [Greek: pléthos t(és)
katabaseos tés hodou apo tés en Babyloni macheés achri eis Kotyora stathmoi
hekaton eikosi dyo, parasangai hexakosioi eikosi, stadioi myrioi oktakischilioi
hexakosioi, chronou pléthos oktdo ménes.] — After the battle fought at Babylon, on
the return as far as Cotyora, we pitched camp one hundred and twenty-two
times; the length of the journey was six hundred and twenty parasangs, which
are 18600 stadia; the span of time, eight months. Something similar stands at the
end of the seventh book, and elsewhere.

The Romans too seem to have followed this same practice later on. Among them,
Vegetius records in book 2, chapter 7, the metatores went ahead and chose the
site suitable for a camp, while the mensores measured out by the foot [ad
podismum] the plots within the camp on which the soldiers were to pitch their
tents, or arranged quarters in the towns. And the pnupaticai [Greek: bématistai,
the bematists] appear to be the men called antecessores, on the evidence of a
fragment of Maurice quoted by Turnébe [Turnebius] in the twenty-fourth book of
his Adversaria, chapter 16: they are the ones who go in front of the column and
pick out ground suitable for laying out the camp, and roads along which the army
can conveniently be led; the metatores, by contrast, are those who measure off
the sites for the camp to be laid out. For from that passage of Xenophon it is clear



that the measure of a day's march was fixed as follows: the soldiers' daily march,
once camp was struck, came to about 152 stadia, or 1900 [?] paces. Among the
Romans, on the other hand, the size of a day's march was fixed so that in five
summer hours — for the daylight was always divided in old times into twelve
hours...

filled out the span of a day's revolution) — twenty thousand paces; or, if some
greater necessity pressed, they would cover twenty-five thousand paces. And so,
if we set the summer day at fifteen hours, which is very nearly its length in the
latitude of Rome, it follows that in each equinoctial hour they covered three
thousand two hundred paces; or, when they quickened and lengthened their
stride, three thousand eight hundred and forty.

In Xenophon too, if you reduce the Greek measure to the Roman reckoning and
count eight stadia to one mile, the Persians' day's journey comes to nineteen
thousand and fifty-seven paces — very nearly equal to the Roman day's march. I
have no doubt that the same practice held among the Egyptians as well, whose
expeditions are recorded in great number. Indeed I would believe that this
custom has been in use ever since Bacchus and Hercules, who by expeditions of
this kind undertook to consecrate to posterity the situation and description of the
Earth.

The fact itself therefore declares — and the ancients bear witness — that the
distances and intervals between places were gathered and set in order by the
geographers little by little in just this way, from the day's march. Yet because of
the various windings of the roads, and the obliquity of the routes, those distances
could never be fixed by a just and accurate measure in this fashion. And so the
ancient records lead me to believe that this business too, once the world was
more civilized, was undertaken at leisure and in peace, and was even made a
matter of public concern. As a most luminous witness of this I can bring forward
the most ancient of writers, Herodotus. For in the Euterpe he compares the
distance of Heliopolis from the sea with the length of the road from the altar of
the Twelve Gods at Athens to the temple of Olympian Zeus so exactly, as though
he had thoroughly examined the number of stadia in these intervals. [Herodotus
II]

"For one who presses upstream from the sea as far as Heliopolis," he says, "the
journey is of the same length as the road that leads from the altar of the Twelve
Gods at Athens to Pisa and the temple of Olympian Zeus." If anyone computes
these journeys, he will find that they differ by no more than fifteen stadia. For the



road from Athens to Pisa falls only fifteen stadia short of 1500 stadia, while the
road from the sea up to Heliopolis matches that number of stadia exactly.

In the same passage he also fixes the breadth of Egypt from the Selbonian marsh
[stagno Selbonide, i.e. Lake Serbonis], which Mount Casius touches — famous for
the tomb of Pompey the Great — as far as the Plinthinetic gulf, at sixty schoeni, or
3600 stadia. And Strabo, in book 17, says that the seaboard of Egypt runs from the
Pelusiac mouth to the Canopic for a length of 3300 stadia. Yet the same author, a
little later, declares the circuit of the whole Delta to be only 3000 stadia — unless
the passage is corrupt. So great, in truth, is the discrepancy that turns up in the
intervals between places that you can scarcely extract anything sound from them.
The isthmus between Pelusium and the recess of the Arabian gulf, at the city of
Heroon [Heroum urbem, Heroonpolis], is for Strabo only 900 stadia; for
Posidonius, about 1500.

If this distribution of places had been accurate and careful everywhere, and not
deceptive or faulty, we should long ago have had a thoroughly exact description
of the world, and it would have spared us all a great deal of trouble. But the
difficulty raised here is not only the one that arises from the windings of routes.
There is also the sheer diversity of the measures themselves, which within one
and the same region is often varied and manifold — so that anyone who demands
that they all be brought to a single standard simply wastes his labour. And, not to
wander too far, it will be worth the effort to examine more carefully, from the
records and testimonies of the ancients, the distance of these places from the Nile
(since it was with the Nile that Eratosthenes chose us to be concerned). From
Meroe

to Alexandria the stadia are ten thousand — as Strabo reported in the second
book of his Geography in these words: ¢aSiol (dnoi) eictv Gutol wel popiag [?].
peoov [?] 8¢ eitedBev [?] T Zunvny ipBodat [?], wce evtebBev Eml Meponv
mevTakiGYAlag [?]. [Greek: "The stadia (he says) are about ten thousand; and
Syene lies midway from this point, so that from there to Meroe is five thousand."]
And Pliny too, in book 2, chapter 73, having placed Syene five thousand stadia
above Alexandria, immediately adds the same about Meroe.

Herodotus, by contrast — who in the Euterpe penetrated as far as Syene himself
— sets a somewhat larger measure, and reckons as follows. From the sea to
Heliopolis, 1500 stadia; from there Thebes is nine days' sail, and 4860 stadia; from
there to the city called Elephantine, 820 stadia. (Elephantine is an island and a
city in the Nile, lying opposite Syene.) Adding these together yields 7180 stadia —
a sum somewhat fuller than those of Strabo or Pliny. Strabo himself, in book 17,



writes on the authority of Eratosthenes that the Nile runs down from Syene to the
sea for 5300 stadia. Eratosthenes' figure does not differ much from the received
interval between Syene and Alexandria, so that he appears afterwards to have
cut off those 300 stadia on account of the Nile's obliquity — from the point where
the channel is still single, and from the apex of the Delta itself [printed Debtc;
recte Deltee], as far as the Canopic mouth near Alexandria.

But since in every overland journey about a third or a fourth has to be deducted,
so that the distance between places may be expressed by the shortest line, which
is the straight one, let Herodotus' measure be brought back to this standard. He
set 7180 stadia from Elephantine to the sea. Cut a third off that, and 4787 stadia
will remain; take a fourth, and 5385 stadia will be left in the end — so that 5000 is
roughly the mean. And yet, how slippery all this is, and on what uncertain
evidence this conjecture rests, who fails to see? But every geometrical argument
ought not to be conjectural — coiyagikn [Greek: stoichastiké, printed thus for
OTOYOOTIKT), "conjectural, aiming at a guess"] — but demonstrative: &TTOSEIKTIKN
[Greek: apodeiktike, "demonstrative, proceeding by proof"]. Besides, there is this
further drawback as well:

and there is the further difficulty that the measure in use differed from one
Egyptian nome to another and was nowhere uniform — and it is precisely out of
those nomes that this distance would have to be pieced together. Strabo said as
much in plain words in Book 11. "When we were being carried upstream against
the Nile," he says, "they counted the schoeni from city to city, using now one
measure and now another, so that the same number of schoeni corresponded in
one place to a longer stretch of sailing and in another to a shorter” — the practice
having been handed down in that form from the very beginning and observed
down to the present day. He confirms the same thing again in Book 17: "From
Alexandria to the apex of the Delta itself there is just this much of a circuit.
Artemidorus says that this voyage upstream is twenty-eight schoeni, that is, eight
hundred and forty stadia, since he makes the schoenus thirty stadia. When we
ourselves were sailing, they gave us the distances now by one measure of the
schoenus and now by another, so that in some places they allowed a schoenus of
forty stadia, or even of more. That the size of the schoenus varies among the
Egyptians Artemidorus himself makes clear in what follows: from Memphis up to
the Thebaid he declares each schoenus to be a hundred and twenty stadia, and
from the Thebaid to Syene sixty."

Pliny, however, in Book 5, chapter 10, on Lake Maroetes [Mareotis]: "Others," he
says, "make it extend forty schoeni in length, and the schoenus thirty stadia, so



that its length comes to a hundred and fifty thousand paces." Ptolemy asserts the
same in Book 1 of the Geography, chapters 11 and 12.

Since, then, the size of the schoenus has been shown to be so uneven across the
whole of Egypt, and the opinions of the ancients about its magnitude are so far
apart, Eratosthenes in a manner took a middle course, and in all fairness fixed

the size of the schoenus

at forty stadia — as Pliny reports in Book 12, chapter 14: "Eratosthenes," he says,
"assigns forty stadia to the schoenus; others thirty-two."

But this is not to settle the matter by sure and consistent reasoning, in the way
that would have been proper and fitting for a mathematician. It is to reach it by
guesswork, and to fix something certain in mathematics out of common rumour,
or out of the talk of cab-drivers [cisiarii] and sailors.

So, to conclude. Eratosthenes goes so far astray over the interval between these
places, and wavers so much, that no one can establish or determine anything
certain from it. He did not carry out this geodesy [gaeodesia] with straight-
measuring instruments [organa Euthymetrica]; he put his trust only in some
common and popular [Greek: icopiq (historiai, dative — "report, hearsay
inquiry"; printed with the ot-ligature for iotopig)]. And besides that, he did not
determine the distance of those same places in parts of a great circle with any
real accuracy. It is therefore no wonder that later generations did not rest content
with his observations, but afterwards applied themselves to the same question
more carefully.

CAP. XII.

Divinatio eccurnam [?] Eratosthenis geeodcesia ab Hipparcho sit reprehensa.
A conjecture as to just how Eratosthenes' geodesy was criticized by Hipparchus.

These very arguments that I have now brought forward, or others closely related
to them, drove Hipparchus — a man ®ilaAn6égatov, most devoted to the truth,
and one never to be mentioned by Ptolemy without some fresh word of praise —
to turn his thoughts and his labour to this question as well. For, as Pliny says,
Hipparchus, "remarkable both in refuting Eratosthenes and in all his other
painstaking work," adds a little less than twenty-five thousand stadia. And so,
whereas for Eratosthenes the circumference of the earth is two hundred and fifty
thousand stadia, for Hipparchus it will have been two hundred and seventy-
seven thousand — if indeed we believe Pliny.



Strabo, too, testifies that it was Hipparchus's habit — as a man who was not
writing a Geography of his own, but examining what Eratosthenes had written in
his — to go through it point by point and find fault. The reason, I believe, is that
he was trying to hand down to posterity not only a description of the heavens,
with the stars set out to rule, but also the most thoroughly corrected description
he could of this soil of ours. For Ptolemy testifies that Hipparchus was the first to
derive the latitudes of a number of places from observations, and it is therefore
likely that he sifted the old geography rather closely. Cicero himself, too, in
Letters to Atticus, Book 2, Letter 6: "My mind," he says, "shrinks altogether from
writing. For the [Greek: yewypa@wd (gedgraphika, "the geographical work™)] that
I had planned..."

—it is a great undertaking; and just so severely is Eratosthenes, whom I had set
before myself [peroposueram [?] — so printed], criticized by Serapion and
Hipparchus. For against Eratosthenes' two Geographical commentaries
Hipparchus published the same number of books of Animadversiones [Criticisms].
He flourished 100 years after Eratosthenes. By what arguments Hipparchus tried
to refute and correct Eratosthenes, I could not easily say. He does seem, however,
to have handled this geodesy in the third book of his Animadversiones wpo¢
"EpatoBévn [Greek: pros Eratothené (printed thus, with no separate ¢ before the
0); "Against Eratosthenes"]. For Strabo also testifies that part of Eratosthenes'
second book was pobepatikwtépav [Greek: mathematikoteran, "rather more
mathematical"]. And so Hipparchus too gives notice, in the epilogue of his own
second book: &v T® TpiTew TV pev wAeiw Bewpliav Emeay [?] pabnpotikny, Eml
méoov 6¢ yewypa@knv. [Greek: en to(i) tritd(i) tén men pleid theodrian ...
mathematiken, epi poson de gedgraphikén — "in the third, the greater part of the
treatment [verb unresolved: see the [?]] mathematical, but to a certain extent
geographical."] That is: in the third book the greater part of the criticisms would
be mathematical, though in part geographical as well.

And indeed Strabo writes in plain words, in his first book, that Eratosthenes'
measurement had already been called into question long before, even before
Hipparchus: €i §¢ TnAoa0Tn, NAKNV 00TOG elpnkev 8)( oporoy8ot ot Hcepov, evde
énawvodol T kvapétpnotv. [Greek: ei de télikauté, helikén autos eiréken, ouch
homologousi hoi hysteron, oude epainousi t(én) anametrésin — "but whether it is
as great as he himself has said, later writers do not agree, nor do they approve
the measurement." Printed evé6¢ with epsilon where the standard text has 006¢;
the ligatures 8 = ov, ¢ = o1, T = TIv are as printed.] This is how I think the passage
should be read and punctuated, agreeing with the most learned Casaubon [Isaac
Casaubon]. "Whether the size of the earth's circumference is really as great as



this man asserts," he says, "later writers do not agree with him, nor do they
approve his measurement.” Then he adds: "And yet Hipparchus, in recording the
phenomena of individual places, uses those very same intervals." In the interval
of Meroe, Alexandria and the Borysthenes he says that Eratosthenes strayed
somewhat from the truth. He seems to me to be saying this: that Eratosthenes was
indeed convicted of error by others, and by Hipparchus himself, and that
nevertheless Hipparchus in person retained Eratosthenes' measurement when he
set out the distances of places — so that he assigned seven hundred stadia to a
single degree, and not a tenth

part more, which Pliny nevertheless stated expressly. Why Strabo nowhere
mentions this, I take the reason to have been that Hipparchus threw these
matters only into his third book — the book Strabo openly admits he agrees with
so completely that he keeps off it altogether and neither moves nor alters a single
letter in it. And since Hipparchus used, in all the remaining distances between
places, the same intervals as Eratosthenes, it should not seem surprising that
Strabo nowhere mentions the matter. And this is what he says in his second book:
that Hipparchus lays down the same size for the earth as Eratosthenes. He adds
that Hipparchus says so expressly: that for the celestial phenomena at individual
places it makes little difference whether one adopts that figure, or rather the one
later writers handed down. From this too it is clear that some, even before
Hipparchus, had doubted Eratosthenes' &kpipeia [Greek: akribeia, "accuracy,
exactness"; the printed verb is dubitavisset].

But since Hipparchus assumes exactly the same intervals between places as
Eratosthenes, and does not differ from him in them, it must be plainly difficult
and altogether hard to guess with what arguments Hipparchus can after all have
set about refuting Eratosthenes. And yet it is on this very point that Pliny calls
him remarkable. If you care to test the matter, I will bring forward an example
observed by Hipparchus himself. At Byzantium, at the summer solstice, the
gnomon has to its own shadow the ratio of 120 to 41 [numeral: ?]; there,
accordingly, the meridian solstitial altitude of the sun will have been 70 gr. 47 sc.
42 sec., and the pole's é&apua 43 gr. 3 sc. 38. sec. Meroe, again, is an island and a
city on the Nile, over which — as Eratosthenes and Hipparchus reported on
Philo's authority — the sun stands vertically forty-five days before the solstice.
But from the Ptolemaic tables it is established that the sun at that time held 16 gr.
30 scr. of Taurus or thereabouts, whose declination is likewise given, from the
Ptolemaic table Aofwoewc, as 17 gr.



17 gr. 3 scr. 31 sec., which subtracted from the quadrant leave 72 gr. 56 scr. 29
sec. as the altitude of the equator; and therefore a pole elevation of 17 gr. 3 scr. 31
sec., which subtracted from the Byzantine altitude leaves a difference of 26 gr. 0
scr. — so that I may now let pass those 15 scrupula of the solar disc. And since
Hipparchus, in Strabo, sets the distance between Byzantium and Meroe, which lie
under roughly the same meridian, at 18000 stadia, it follows that 692 stadia must
be assigned to one degree. And so in all the other stadia-reckonings [stadiasmi]
mentioned in Strabo you will find the figure varying a little from seven hundred
stadia — and in some cases even agreeing exactly, if you weigh them more
carefully. So strange might it seem that the only trace of so great a matter
survives in Pliny, were it not that the work and industry others spent on this
question has been utterly blotted out and buried.

That Eratosthenes did indeed shorten the distance between Syene and Alexandria
at his own discretion can be gathered from Pliny as well. In the ninth chapter of
his fifth book he writes that Syene is 600 miles from the cleft of the Nile according
to Artemidorus; according to Juba, 400. But according to Aristocreon, from
Elephantine (which lies opposite Syene) to the sea is 750. Finally Pliny himself
sets out the measurement thus: "The island of Elephantine," he says, "is inhabited
30 miles below the last cataract and 16 miles above Syene, and is the limit of
Egyptian navigation; from Alexandria, 586 miles. By so much did earlier writers
go astray." And so the distance between Alexandria and Syene is for Pliny only
586 miles, which are 4688 stadia — from which a smaller circumference is
derived than the one Eratosthenes gets. Again, the same author, in book 12,
chapter 4, places 996 miles between Syene and Meroe; and in book 5, chapter 29,
near the end, he says that it was reported by Nero's scouts as 962 miles, where in
one place or the other

—the discrepancy shows that an error lies on the one side or the other. In any
case this distance is far greater than the one Eratosthenes lays down: it comes to
962 miles, that is 7696 stadia. If a third part is then deducted to allow for the
winding of the road, 5111 remain. The latitude of Syene was established above as
23 gr. 51 sec., while the latitude of Meroe is 17 gr. 3 scr.; the difference, then, is a
well-determined 6 gr. 48 scr. Divide that distance by this figure and it fixes the
size of a single degree at 752 stadia. But these distances were surveyed more
accurately only long after Hipparchus's time, under Nero, and even then were not
fixed precisely enough to satisfy our undertaking — so that they could have been
of no help to Hipparchus himself.



Since I was getting nowhere with these conjectures, a further thought occurred to
me. Eratosthenes of Cyrene, who directed the royal library at Alexandria from
Ptolemy the Second down to Ptolemy the Fifth, perhaps used the Egyptian
measure and the Alexandrian and Royal foot, whereas Hipparchus used the
Greek. From Hero [Heron of Alexandria] I gather that the ratio of the Royal foot
to the Greek is as 144 to 125 — that is, 125 Royal (or Philetaeran) feet equal 144
Greek feet. From this you will conclude that 700 stadia on that measure equal
806% stadia. But this is utterly at odds with Hipparchus's own aim, since he
reckons the degree at no more than 770 stadia. And we certainly must not
suppose that either Eratosthenes or Hipparchus was so ignorant of accepted
usage and practice, or so unacquainted with the measures. So here too we are
brought to a standstill [aqua hic nobis heeret — "here the water sticks for us," the
proverbial phrase for being stuck], and with this conjecture as well we make no
progress whatever. Therefore, since Hipparchus's arguments do not hold up for
us, and since later writers corrected Hipparchus too — a verdict Ptolemy also
endorses — let us pass on at last to those later writers and find out whether they
have anything better to offer.

CAP. XIII.

Observandi modus a Posidonio usurpatus. [The method of observation
employed by Posidonius.]

Roughly a hundred years after Hipparchus, the philosopher Posidonius took up
the study of geography and established this geodesy, without which — as that
most judicious man observed — geography is plainly attempted in vain. He came
from Apamea in Syria and was the successor of Panaetius; Strabo, in his sixteenth
book, calls him the most learned of the philosophers of his own age:
[Too(e)SwWVLOg 0 ZTWIKOC, GVNP T KaB' NUEC PLAocOQV TToAVHaBEGaT(0C) [Greek:
Pos(ei)donios ho Stoikos, anér t(0n) kath' hémas philosophon polymathe(st)at(os)
— "Posidonius the Stoic, the most learned of the philosophers of our time"]. That
he was distinguished for mathematics as well is proved not only by his attempt at
a geodesy of the terrestrial globe, but by the praises of the ancients and by his
intimacy with the greatest men. Cicero praises his automaton in the second book
of On the Nature of the Gods: "Suppose," he says, "that someone were to carry off
into Scythia or Britain this sphere which our friend Posidonius recently made,
whose single revolutions produce the same motions in the Sun and Moon and the
five wandering stars as are produced in the heavens over each successive day
and night." Propped on the wings of this same science, he ventured to declare
that the height above the earth at which mists, winds and clouds arise is not less



than four hundred stadia — a bold thing, certainly, to have attempted at the very
outset. His authority stood so high, even with the greatest men, that Gnaeus
Pompey, when the Mithridatic war was finished and he was about to enter the
house of Posidonius, renowned for his profession of wisdom, forbade the door to
be struck in the customary

way by the lictor; and he lowered the lictors' fasces at the doorway — he, before
whom East and West alike had lowered themselves. So Pliny reports, book 7,
chapter 30.

Among the various other monuments of his talent, Posidonius published a book
On the Ocean, in which he treated many geographical questions, partly plainly
and simply, and partly also pabnuatikwtepov [Greek: mathématikoteron, "in a
more mathematical way"], as Strabo says in his second book. I scarcely doubt,
then, that it was in that work that he set out the arguments and reasoning of his
geodesy — arguments which would have escaped posterity altogether had not
Cleomedes alone preserved them for us. His method runs as follows.

Posidonius took two places, Rhodes and Alexandria, lying (as he supposed) under
the same meridian, and observed at both how high the star Canopus — a star of
the first magnitude, in the rudder of the ship Argo — rises above the horizon.
Since Canopus is nowhere visible anywhere in the whole northern region, at
Rhodes it only just grazes the horizon; at Alexandria, on the other hand, it rises a
forty-eighth part of a great circle, which comes to seven degrees and a half. The
road distance (which he was able to learn from the courses of ships and the
experience of sailors) is five thousand stadia. From this proportion he concluded
that six hundred and sixty-six stadia and two thirds must be assigned to a single
degree on the earth.

For let ou be the axis of the world, and i the point Canopus, which grazes the
horizon at Rhodes; the line ai is therefore the horizon of Rhodes. Let ae then be
the horizon of Alexandria. The altitude of Canopus above this latter horizon, as it
culminates at the same moment, is ei, 7 gr. 30 ser. The angle iae will accordingly
be 7 gr. 30 scr. as well. For observations made at y and s — that is, at Rhodes and
at Alexandria — on the surface of the earth do not differ from those made at the
centre of the earth, by proposition 2 of chapter 2. And since the centre of the
earth is one and the same as the centre of the world, a, it follows, by proposition 3
of the same chapter, that the circumference...

Diagram. Two concentric circles drawn about a single centre lettered a: a small
inner circle (the earth) and a large outer circle (the heavens), the outer one



occupying the upper left of the page beside the text. Straight lines are drawn from
the centre outward: one runs from o, at the upper left of the outer circle, through
a and on to u at the lower right; a second runs from a up to the right, to the point i
on the outer circle, where a small star-shaped sort is printed; a third runs from a
horizontally to the right, to e on the outer circle. A short arc is struck between
these two rays just outside the centre. A small hook-shaped mark stands beside u.

e 0 (outer circle, upper left): o

e [ (outer circle, upper right, beside the star-shaped mark): i [?]
e (outer circle, right, level with the centre): e

u (outer circle, lower right): u

e y(inner circle, upper right): y

e s (inner circle, right, below y): s

e r(inner circle, left): r [?] —

e a(common centre of both circles): a

the arcs ys and ei are exactly similar; and therefore the arc ys on the earth is
likewise 7 gr. 30 scr. — that is, as Posidonius puts it, a forty-eighth part of the
greatest circle yrs on the earth. You see, then, that five thousand stadia multiplied
by 48 give the whole circumference of the earth as 240000 stadia, and that a
single degree accordingly comes to 666% stadia. All of this is concluded
accurately and legitimately — but only if the hypotheses he assumed in solving
the problem are true throughout and in every respect: namely, that the altitude
of Canopus was observed with real accuracy; that the two places lie under the
same meridian; and that the distance between them is the true one. These,
therefore, are the points we must examine one by one, and more closely.

CAP. XIV.

And first of all, the very ancient authority Geminus reported exactly this same
altitude for Canopus culminating on the meridian, in his Isagoge: 0 § €v &kpw TQ
mdahw (i) Apy8c keip(ev){oc) Aapmog [?] &chp k&vwp(og) ovopdleTal odT(0g)
HEV €V POS® SuaBewpnToC £GLY, 1) TAVTEADG & DYNAGDY TOTIWV OpATAL: €V
AAeEovdpeiq 6¢ E¢L TOVTEADG EPPOVNC. oXESOV Yarp TETAPTOV PEP(0G) T(0T) (wd(()8
amo T(ob) opifovt(oc) petewplopévioc) [?] paive(tat). — The notable star set at the
very top of the rudder of the ship Argo is called Canopus. And this star Canopus is
seen at Rhodes only with difficulty, or at any rate only from high ground; at
Alexandria, by contrast, perfectly plainly, for it appears standing about a quarter
of a sign above the horizon.



Pliny says the same in Book Two, chapter 70 (Natural History 11.70): the star
Canopus seems, to those looking at it from Alexandria, to rise about a quarter of a
single sign above the earth, while the same star, seen from Rhodes, in a manner
just grazes the earth itself.

The same is confirmed too by the observations of Eudoxus, who preceded
Posidonius by nearly three hundred years, as Strabo testifies in the second book
of his Geography (Geography II). At Cnidus, he says, there stands an observatory
of Eudoxus not much higher than the other buildings, from which Eudoxus is
reported to have watched Canopus: AéyecBal 6¢ 0Tl €ketv(og) EvtebBev kpedpa
T0v K&dvwpPov &cépa [Greek: "and that it is said that he looked out from there at
the star Canopus"]. Now Cnidus and Rhodes and the neighbouring places lie
under the same parallel, so that the observation is by this point sufficiently
established for us — since Eudoxus too maintains the same thing, not
kaBadok86Moag [?], but kab’ iSiov [Greek: kath' idian, "on his own account"]

wépatnpnoog [?] — he did not follow Posidonius (how could he, being nearly
three centuries his senior?), but was taught by his own observations.

And it is not only the Cnidian observatory of Eudoxus that is celebrated: there
was one in Egypt as well, in front of Heliopolis, where he lived for thirteen years
with Plato among the priests. From there he used to observe the motions of the
heavenly bodies [printed coporum; recte: corporum]. The fruit of these
observations he passed down to posterity in his own Enoptron [évon(Ttp)wl],
where he recorded, with all the care he could, the intervals and positions of the
stars he had noted, and their risings, culminations and settings. A great man
beyond doubt — so that it is no longer Hipparchus who was the first of all men to
venture to number the stars for posterity and to set the constellations out by rule
[expangere, as printed]; though, as it is fair to believe, Hipparchus did it more
accurately and more carefully.

But I return to Canopus. Posidonius testifies, in Strabo, that he himself observed
this same star grazing the horizon from a high look-out on the farthest coast of
Spain. Since, then, Cnidus, Rhodes and that Spanish coast are placed by Ptolemy
as well under the same parallel, no reason is left for doubting Posidonius's
Rhodian observation any further — unless the stars themselves were to cry out
openly from heaven that it was otherwise.

In Ptolemy's tables the entry for Canopus reads: on the other rudder, that of the
preceding one, longitude 17 gr. 10 scr., southern latitude 75 gr. 0 scr. From this,
therefore, by the doctrine of spherical triangles, its declination — that is, its



distance from the equator — comes out as 51 gr. 28. And if it is true that Canopus
grazes the horizon at Rhodes, as Posidonius does not hesitate to affirm, it follows
that the elevation of the pole at Rhodes is 38 degrees and 32 scr. — with
Hipparchus and all the ancients plainly protesting, since they reported that there
it is raised only 36 gr. For it is the same as that of Cnidus. But Cnidus is in sight

—has in view the Samonian promontory of Crete. And that Crete lies to the south
of Attica is what every geographer says. Yet that Athens has a pole-altitude of
nearly 37 degrees is asserted not by Ptolemy alone but by Hipparchus as well,
whose very words I shall set down here: dmokei(0)Bw &€ NIV 0pilwv Weog [mpoc]
() émiokePv 6 v ABvoug: 8 [oD] &gy 1) peyicn Huépa WPV IoNUUEPLVAV 18 Ky
TePNTNUHOPiwv. TO 8¢ ELapua T mTOA8 wel [mept] poipag AL [Greek: hypokei(s)tho de
hémin horizon pros t(én) episkepsin ho en Athénais: hou estin hé megisté hémera
horon isém(m)erindn id kai g pemptémorion. to de exarma t(ou) polou peri
moiras 1z — "Let the horizon at Athens be assumed by us for the examination of
this matter, where the longest day is 14 and three fifths equinoctial hours, and
the elevation of the pole about 37 degrees."] "Let there be supposed for us," he
says, "in considering this matter, the horizon of Athens, where the longest day is
14 3[?] equinoctial hours, and the altitude of the pole about 37 degrees." He was
right to add "about," for the value is 37 gr. 30 scr.

Since, I say, the pole-altitude at Rhodes is only 36 degrees, whereas this
observation of Canopus makes it 38[?] gr. 32 sc. — more than a degree and a half
greater than the truth — it must be either that Ptolemy went wrong in assigning
the longitude of Canopus, which I see some people suspect, or that Posidonius
blundered in observing the star's altitude. And yet Ptolemy's table [Ptolomaicus
Abacus] agrees remarkably well both with the observations and with itself. For
suppose it is true that Canopus stands above the horizon at Alexandria by a
quarter of a sign, which is 7 gr. 30 scr., as Geminus and Pliny testify; and suppose
its declination from the equator, computed by us from the Ptolemaic canons, is 51
gr. 28 scr. The two sums taken together will give 58 gr. 58 scr. for the equatorial
altitude at Alexandria, which leaves 31 gr. 2 scr. for the elevation of the pole. This
calculation agrees as closely as possible with the inclination of the pole at
Alexandria as given by Ptolemy. So it is perfectly clear that Posidonius
w[?]atnpnoal [apparently moapatnpiioal, "observed it"], and that the star stood
two and a half degrees above the horizon, whereas he says it grazes the horizon
— which would indeed seem exceedingly

strange, that so great a c&Apo [Greek: sphalma, "slip, blunder"] could befall so
great a man. As for Eudoxus's observation seeming to lend support to his error,



that carries no great weight at all: Eudoxus merely looked at Canopus from the
observatory at Cnidus, and it does not follow at once from this that Canopus there
only grazed the horizon. That is nowhere recorded.

I therefore judge that something got in Posidonius's way from some quarter —
that the height of the mountains blocked his view along the plane of the horizon.
This will become clear from Strabo's fourteenth book. The circuit of the island, he
says, is 920 stadia. If you sail from the city of the Rhodians, leaving the island on
your right, the first place you come to is Lindus, a city set on a hill, facing very
much toward the south and above all toward Alexandria. There stands the
famous temple of Lindian Minerva, founded by the daughters of Danaus. At first
the Lindians governed their own commonwealth, as did the people of Camyrus
and of Ialysus; but afterwards they all combined into a single city, Rhodes. After
Lindus come the villages Ixia and Mnasyrium. Then Atabyris, much the highest
mountain of those parts, and on it the temple of Atabyrian Jupiter; after that,
Camyrus. Next the village Ialysus, and above it a fortification or citadel that takes
its name, Ochyroma, from this; then, after about eighty stadia, the city of the
Rhodians. That the city of the Rhodians lies in the northern part of the island and
Lindus further south is confirmed by the latitude Ptolemy gives for each.

Mount Atabyris, then, also looks southward from Rhodes, and is by far the
highest. To put the figures modestly, let its height be 5 stadia and its distance
from the city of Rhodes 150 stadia. On that reckoning a star elevated 1 gr. 55 scr.
above the horizon will only just graze its summit. So it is no wonder that Canopus
appeared to Posidonius there to graze the horizon,

when in fact it stood 2 %2 degrees above the horizon itself and would therefore
appear higher than the mountain's summit by only about half a degree. This is
the first of Posidonius's errors, and certainly the chief one.

CAP. XV.

Posidonij hallucinatio in Rhodi & Alexandrice stadiasmis. [Posidonius's
blunder in the distances in stadia between Rhodes and Alexandria.]

A second error follows as well, concerning the interval between the two places.
No one will grant that it is as great as he makes it — a matter on which the
conflicting opinions of the ancients leave us quite unable to settle anything with
certainty. Posidonius, for his part, puts five thousand stadia between Rhodes and
Alexandria; others, however, give other figures. Pliny, in the thirty-first chapter of
book five: "But Rhodes is most beautiful and free, 130 miles in circuit — or 103, if



we prefer to believe Isidorus. It is inhabited by the cities Lindus, Camyrus,
Ialysus, and now Rhodes. It lies 778 miles from Alexandria in Egypt, as Isidorus
reports; 469 M. by Eratosthenes' reckoning; 500 M. by that of Mutianus. They all
differ." On Isidorus's figure that is 6224 stadia; on Eratosthenes', 3752; on
Mutianus's, 4000. Not one of them all, however, endorses Posidonius. Strabo, in
his second book, discussing Eratosthenes: he says that from Rhodes all the way to
Alexandria, following the meridian drawn through these places, the distance is
not much less than four thousand stadia. But the same author, in the same book
near the end: "From Rhodes to Alexan-

dria, the crossing is four thousand stadia, and the coasting voyage twice that.
Eratosthenes says that this is the sailors' opinion: some assign the stated size to
that sea-crossing, while others do not scruple to allow five thousand. He himself,
he says, used shadow-catching gnomons [sciotherici gnomones] and observed 37
gr. 50 sc. Posidonius, then, who in that passage ¢co@icn[?] ... k émA[?] [Greek: two
words set in the ligature fount that will not resolve even at native resolution. The
first shows € o 0 @ i followed by the ¢ (o7) sort, then 7, then two or three further
sorts I cannot identify; the second follows the k (kai) abbreviation and shows &
A ...o o ... with an unidentifiable terminal sort. Sense not established: [?]], could
at any rate have learned this much from sailors — men who guessed at it only
roughly from the length of the run. That is the practice geographers are used to.

It was in just this way that Herodotus set out the length and the breadth of the
Black Sea [Pontus Euxinus] in the Melpomene (Herodotus, Histories IV). "These
distances," he says, "have been measured as follows. A ship on a longish day
covers at most seventy thousand orgyiae [fathoms], and by night sixty thousand.
Now from the mouth of the Pontus to the Phasis — for here the Pontus runs out to
its greatest length — is a voyage of nine days and eight nights, which come to one
hundred and eleven thousand orgyiae. These orgyiae make eleven thousand one
hundred stadia. From the Scythian side across to Themiscyra, which lies near the
river Thermodon — for here the Pontus is at its widest — is a voyage of three
days and two nights, which come to three hundred and thirty thousand orgyiae,
and in stadia three thousand three hundred. In this way, then, I have measured
the Pontus, the Bosphorus and the Hellespont, and they lie as I have said. From
this it follows that in the space of a night and a day one covers one thousand
three hundred stadia."

It is credible that the men who sailed from Rhodes to Alexandria worked out the
distance they had covered in exactly the same fashion, counting off the daily runs
in stadiasmi or in mile-reckonings [miliasmi]. How untrustworthy that is, their



own disagreement among themselves proves. As for what is alleged about
Eratosthenes — that he himself determined the distance between those places,
with gnomonic instruments, to be no more than 3750 stadia —

that has no place here. For he took that figure simply out of his own table, and
could confirm it by no other trial. He assumed the distance between the two
places to be 5% [?] degrees (for above, in chapter 8, we determined the latitude of
Rhodes by the gnomonic method as 35 gr. 42 scr., which is here shown to come
from Eratosthenes). Now if the size of one degree is reckoned at 700 stadia, the
result is 3733 stadia, a number that does not differ much from that of
Eratosthenes. Even so, we are under no necessity to believe Eratosthenes when
he asserts something against the entire experience of sailors.

But to have done with Posidonius, the placing of the meridians still remains to be
examined. Eratosthenes did indeed assert that Rhodes and Alexandria lie under
the same meridian. Stabo [recte: Strabo], Book 2: "All agree that from Alexandria
the voyage to Rhodes runs in a straight line with the outflow of the Nile, and from
there past Caria and Ionia as far as the Troad, Byzantium and the mouths of the
Borysthenes" — and often elsewhere. But the same author records that
Hipparchus took Eratosthenes to task on this very score; and that string of so
many places, roughly put together as it is, together with so obvious a dislocation,
is proof enough. Strabo himself, indeed, in Book 7 sets the Chelidonian islands
opposite the Canopic mouth near Alexandria, across a crossing of four thousand
stadia — so that these statements plainly appear to have been made
oAoyepécepov [Greek: printed for 6Aooyepeotepov, holoscherésteron, "in a rather
rough and general way"]. Ptolemy, however, places Alexandria 1 gr. 50 scr. east of
Rhodes.

Nor need it surprise us that the Greeks were so uncertain about meridians in
places overseas, since they lacked the god-given service of the magnetic needle.
Joseph Scaliger [Iosephus Scaliger, the "phoenix of this age"] judged that the
compass had first been brought into use at most four hundred [quadringentelo
[?]] years earlier. Instead, they steered their course — the Greeks by Helice and
the brilliant Wain [septentriones], others by that little Cynosura,

Qua fidunt duce nocturna Pheenices in alto Quee cursu interiore brevi
convertitur orbe.

By whose guidance the Phoenicians trust themselves at night on the
deep, Which turns in a short circle on the inner course.



and by it, indeed, the course is held more directly than by the other. But when we
reflect that in Hipparchus's day the pole star itself stood at least twelve degrees
from the poles of the world — though Eratosthenes nevertheless called it the pole
of the world — we shall easily understand that their observations were of a
broader kind, not filed down to a fine point; and that by day, too, nothing at all
certain could be established by them from the midday sun. In this age, by
contrast, we lay out the smallest particulars and every quarter of the world with
the greatest accuracy by means of the mariner's compass [nautica pyxis]. So it is
no wonder that they expressed these matters in a rather rough-and-ready way
[rudiore Minerval].

Let us therefore now test this too: how much help the Ptolemaic tables [abaci
Ptolomaici] give us. The latitude of Alexandria is 31 degrees, that of Rhodes 36;
the difference is 5. The difference of longitude is 1 gr. 50 scr. From these, by the
calculation of spherical triangles, the true distance between the two places comes
out as 5 gr. 14 scr., which is 2 gr. 16 scr. less than the one Posidonius employs. But
the distance by road is 4000 stadia as nearly as may be. One degree would
therefore be allotted 764 stadia — and that is a most manifest blunder. Since,
then, neither is the difference of latitude here correctly established by Posidonius,
nor does the itinerary distance rest on anything but slippery ground, nor is any
accurate placing of the meridians employed by him, it follows that all his
reasonings totter, and that nothing sound can be gathered or concluded from
them. A man would indeed be out of his mind to ask that they be steered by as a
sure method, or held to the standard of truth. And, to say what I think, it seems to
me that Posidonius wanted to bring the same character on stage in a different
costume. And so let us rather pass on to Ptolemy and his sort, who to this
business ...

seemed to set the crown on the work. Their opinion has been generally accepted
by everyone as the truer one for so many centuries now since Ptolemy.

Cap. XVL

That the Earth's circumference had already been fixed at 180,000 stadia even before
Ptolemy.

I cannot help wondering, whenever I look more closely into the ancients'
reckoning-tables [abacos], how divergent the accounts they hand down on one
and the same matter are — so much so that they seem to have betrayed their own
carelessness deliberately. For whenever the distances between places in Strabo
have been taken over from Eratosthenes or Hipparchus, and not recorded from



careful observations by sailors or travellers, you will find that exactly seven
hundred stadia are assigned to a single degree. It is therefore plain that these
figures were derived from the reckoning-board and not noted down from careful
observation. But whenever the same distances are fixed from the length of a
journey, it becomes very easy indeed to arrive at a quite different value for a
degree on the Earth's surface — so widely do their opinions waver in uncertainty.
It is easy to see, then, that these figures were never set down or worked out by
any careful or exact geodetic survey [gaeodasia] on their part.

And so Eratosthenes' figure was in fact approved and kept by everyone, even
though a great many writers before and after Hipparchus tried to overturn it. The
reason is that his diligence was not altogether rejected even by Hipparchus
himself, and that later writers too failed to refute it with the care the matter
deserved —

— until at last, as one may fairly believe [?: printed vt credit par est; the sense
wants credi], the same question was afterwards taken up again with greater
application and industry. Who, of all men, was the first to devote such care to this
task remains uncertain. Whoever it was, though — if he went about the work
properly, accurately and energetically — he thoroughly deserved to be recorded
in cedar oil [cedro notari], and to have his name celebrated by posterity in
grateful memory. For knowledge of this matter is so important, and so
indispensable, that without it the whole of geography is crippled and thoroughly
unsound. It is a subject, by Hercules, that deserves to bear the title of a great
name.

That, I suppose, is why the figure began to circulate generally under the auspices
of Ptolemy's name — even though in this piece of sand-table reckoning [in hoc
pulvere] Ptolemy recognizes nothing as his own and claims nothing for himself.
He merely takes the figure over and endorses it, and that as another man's, not as
his. It is certainly far older, as is clear from Strabo, who flourished under
Tiberius, whereas Ptolemy lived under Hadrian. For Strabo awards the palm here
to Posidonius, in Book II, where he fixes the breadth of the torrid zone (Strabo,
Geography 11):

K&v (1ol TOV vemTEPWY §€ AVOPETPTIoEWY eiodynTal 1) EAAaYIG(NV)
n[?18ca % ynv, olaw 6 TTootSwvi{og) éykpiv(el) wel ortwkondekal?] popLadog
Boow.

[Greek: as printed. éAhaxig(nv) — printed with a doubled lambda and the ¢ (=07)
ligature, closed by the joined -nv sort (std. éAayiotnv, "smallest"). n[ ? ]18oa — the



sort between 1 and the § (=o®) ligature does not resolve. t = the 1-ligature, here
TNv. yfv printed with a grave (std. yfjv, "the earth"). noo1éwvi{og) closed by the
terminal -o¢ sort; the sort before -6wviog reads as a plain (, not the joined -€l- sort
(std. ITooeldwviocg). éykpiv(et) closed by the joined -€i1- sort. wei = epl, the @
(per-) ligature. ottwkaideka — the second sort reads as t rather than k; the sense
and the parallel Greek numeral below give dktwkaiSeka, "eighteen”. oav = oDoow.
Snellius's own Latin rendering follows.]

"Even if," he says, "the one adopted out of the modern measurements is the one
that makes the Earth's circumference as small as possible for us — the sort of
figure Posidonius approves, about one hundred and eighty thousand stadia..."
Here, then, in place of 252000 the Earth's circumference is now reckoned at
180000.

But Cleomedes throws the accounts into confusion at this point, given how
expressly he set out Posidonius's survey for us. What is one to make of the matter,
when both authors are of the utmost care, both are philosophers of the Stoic
school, and yet they report such contradictory things about a most distinguished
Stoic? Unless we say just this one thing: that Posidonius corrected his earlier
results by later work. I will produce an example from —

— Eratosthenes himself, or else from Cleomedes.

"The report," he says, "is that around Syene, on the day of the solstice, shadows
are swallowed up over a space of three hundred stadia." So this will hold for 150
stadia to the south, and as many again to the north of Syene. Now on
Aristarchus's reckoning the Sun's diameter subtends 30 minutes. Therefore 600
stadia will fall to a single degree, since the rays arriving from the extreme edges
of the Sun on either side fall perpendicular on their respective gnomons.

But Sosigenes the mathematician reports that the Moon once covered the Sun
entirely in such a way that a ring of light stood out all round it. Ptolemy, however,
gathers in Book VI that the diameter of the Moon at its closest to the Earth
subtends 36 minutes. And so, if we assume that the Sun's diameter is just as large,
you will conclude that five hundred stadia belong to a single degree. But this is
pure guesswork.

Eratosthenes' reckoning, at any rate, once this one had been set aside, prevailed
with everyone for a very long time [?: printed diu- / riffime across the line break;
read as diutissime, the initial sort not resolving between t and r], until Ptolemy, by
giving it his assent, won it authority with later generations. And yet Theon, a most
ancient author (and one who flourished about the year 370 after the birth of



Christ, and 230 years after Ptolemy), assigns this credit to Ptolemy in his
commentaries on the Almagest:

1O yop HAov T yiic uéyed(oc) k(aT)d TOV PéYICoV adTiiC KOKAOV HETPSu(ev)
oV, CaSiwv pvpLa €l [numeral: ?], kxBd&mep ardTOC 6 IITOAOUATOG €V TH)
yewypa@ia a{uv)nyoyev.

[Greek: as printed. t = the 1-ligature, here TfjG. péyeb{og) closed by the terminal
-0¢ sort. k(at)a is printed as a k with a subscript t-shaped abbreviation sort,
distinct from the k (kai) used elsewhere in this book; expanded here editorially.
uéyicov and cadiwv carry the ¢ (=o71) ligature (uéyloTov, 6TaSiWV). petpBu(ev)ov —
the 8 (=ov) ligature, then a joined sort closing the word, std. petpovpevov,
"measured". The numeral after £ci is an overlined Greek numeral of two small
sorts at the scan floor; the second sort reads as 1. Snellius's Latin below renders
the whole as 180,000 stadia. NtoAopatog is printed with omicron, matching the
Latin Ptolomceus used throughout. yewypadia shows no iota subscript. o(uv)fjyayev
is printed with a joined -vv- sort resembling w.]

"The circumference of the greatest circle on the Earth," he says, "is one hundred
and eighty thousand stadia, just as Ptolemy himself gathers in his Geography."
The passage is found in Ptolemy, Geography Book 7, chapter 5: "so that one degree
contains five hundred stadia, as has been established by more accurate
observations, and the circumference of the whole Earth is 180 thousand stadia."
Here you see that Ptolemy recognizes nothing as his own; and the same author
indicates clearly enough, at Book 1, chapter 7 —

and 11. [completing the citation carried over from the foot of the preceding page]
"But in this too," he says, "he" — Marinus — "judges rightly, in making one part, of
the kind of which the great circle contains three hundred and sixty, amount to
five hundred stadia on the earth's surface."” For this is Tai¢ OpoAoy8pévalg
dvapeTpnoeot cOPPWVOV €GL [Greek: tais homologoumenais anametrésesi
symphonon esti, "it is in agreement with the acknowledged measurements";
printed with the 8 = ov ligature and, in €g, the ¢ = ot ligature] — consonant, that
is, with the received land-measurement [geeodaesia]. Therefore the size of a single
degree had already been fixed at 500 stadia by Marinus, before Ptolemy. And
Marinus Tyrius [Marinus of Tyre] was the elder of the two: anyone who reads
Ptolemy sees easily how much Ptolemy owed to his Geography and his other
writings. Indeed Marinus was so much more careful than the rest that Ptolemy
took him on as virtually the only author he needed to refute.



Ptolemy, then, should be counted not so much the author of this figure as the man
who endorsed it. Otherwise he would hardly have passed so great a benefit on to
posterity without a word about it; on the contrary, he himself makes it clear
enough that this land-measurement was already in general use, when he says
TOA¢ OPOAOYBEVALC GVOETPTIOECL OVPQWVOV. For T0 opoloySp(ev)ov [Greek: to
homologoumenon, "the acknowledged, agreed thing"; printed with the 8 = ov
ligature and the -p{ev)ov abbreviation sort, expanded editorially] is what is
plainly granted, as something set beyond dispute.

There is no doubt that later writers went about this business with greater care
and diligence — though which road they took I could not easily say. My own view
is that they followed the reckoning of the milestone columns, or Caesar's survey,
or the Antonine Itinerary [Antonini itinerarium], or something of that sort.
Elsewhere I shall show that the ancient geographers also profited greatly from
these sources in describing the positions of places.

Cap. XVIL

Ptolomeei in locorum sub diversis meridianis positu per meteroscopium geeodcsia.

Ptolemy's land-measurement, by means of the meteoroscope, applied to the position
of places lying under different meridians.

And although Ptolemy, with characteristic frankness, does not claim this credit
for himself — the subject had already been taken up by others before him — he
nevertheless seems to hint, in the third chapter of the first book of his Geography,
that he too set his own hand to the work. He states as much in plain words: that
everyone before him had made his observations under one and the same
meridian in order to determine the size of a single degree, whereas he himself
was the first to achieve the same result, and with complete success, by the
construction and manufacture of the instrument called the meteoroscope
[meteoroscopium], even for places not lying under the same meridian.

To make all this clearer, it will be useful to set down here Ptolemy's own words,
together with the construction and use of this meteoroscope. Ptolemy described
and recommended his meteoroscope, in the passage already cited, in these
words:

"As to our taking a circle along which the travelled distance is measured, one that
does not pass through the poles — the same proposition can be demonstrated
through any other [recte: alium; the page prints alum] of the great circles,
provided that the elevation of the pole is observed at both endpoints, together



with the position that the distance holds with respect to one meridian or the
other. This we have taught by the construction of the meteoroscope instrument.
By means of it we deal very easily with many other extremely useful matters, and
besides that, how each day, by night or by day, the elevation of the north pole

may be found at a given place of observation; and also, at any hour whatever, the
position of the meridian and the inclination to it — that is, how great an angle the
great circle drawn through the travelled interval makes with the meridian of the
given place at that place's vertical point. With the help of these we exhibit on the
meteoroscope itself the size of the arc [peripheria] sought, and in addition the arc
of the equator [seequinoctialis] intercepted between the meridians of two places,
in the case where the two places lie on different parallels off the equator. In this
way, provided only that some one distance has been measured straight along the
earth's surface, the circuit of the whole earth can be expressed in a number of
stadia. And from that the distances of the remaining places follow as well, even if
they are not all laid out in a straight line, and do not lie under the same meridian
or parallel — provided only that the angle of inclination and the elevation of the
pole have been accurately observed at the terminal points. For conversely it will
be easy to conclude this both from the ratio the arc measuring the distance bears
to the great circle, and from the number of stadia in the whole circle.”

Since, then, the use of this meteoroscope is so considerable, and since the great
Regiomontanus applied his industry to expounding it as a favour to his patron
Bessarionis [Bessarion], it seems worth the trouble to give this passage and this
use the fullest possible treatment here as well. Certainly whatever
Regiomontanus sketched out for us for this purpose cannot resolve the two most
useful problems, on the elevation of the pole and on the meridian line. It contains
nothing more than an armillary sphere made up of a meridian, within which the
colure of the equinoxes revolves on its own poles together with the equator, plus
a quadrant of altitudes — the one they call the azimuthal quadrant. Yet all the
offices of these parts can be equally well performed and carried out by a solid
sphere. Let us therefore conceive in the mind a sphere

Diagram. A single large circle occupying the upper left of the page. The word
horizon. is lettered in italic along the upper-left arc, following the curve; polus.
stands in italic inside the circle, right of centre. Within the circle a chord runs
from a point on the upper-right circumference down towards the lower left, and
two further lines converge near the bottom of the figure, enclosing a narrow
wedge; a short line also drops to the foot of the circle. Readable point-letters:

e a (upper right, on the circumference)



y (lower interior, inside the wedge)

¢ ¢ (lower left, on the circumference)

e o (at the foot of the circle, on the circumference)

e [?] (a small italic letter in the upper middle of the interior, immediately left
of polus. — will not resolve even under magnification)

e [?] (a small italic letter at the middle left of the interior — will not resolve

even under magnification)

a solid sphere whose meridian is ae. Let the vertical circle that passes through the
vertex of the first given place and the vertex of the second be io, and let it contain
the angle eio, which is called the angle of position, or T¢ woovevoew¢ [Greek: Tiig
TPooveLoEWC (tés prosneuseos, "of the inclination") — the position angle. The
article is set with the ¥ abbreviation sort (here = tfj¢), and the initial mp- with the
w ligature sort; the -ev- is a single joined sort. Expansions are editorial]. Next, let
the latitude of the second place be given; then its parallel is given as well, and
where that parallel cuts the circle of position, there the true position of the
second place will lie — call it y. With a pair of compasses, then, the distance iy
between the first and the second place is given; and once that distance is applied
to some great circle on the sphere, it will fix its own size in degrees and minutes.

And so what the older writers — oi woyovol [Greek: oi mpdyovot (hoi progonoi,
"the forebears"); mp- is printed with the @ ligature sort, the expansion editorial]
— used to accomplish only for places under one and the same meridian, Ptolemy
was the first to teach could be handled for places on different meridians too, by
bringing in the angle of position; and it was in this one respect that he enriched
the foundation he had received from his predecessors. If, then, this is the only
benefit the meteoroscope confers, I have already shown that it can be worked out
just as easily with a solid sphere. But Ptolemy assigns to the instrument those
other two problems as well — finding the elevation of the pole by night and by
day, and (what was difficult in that age, since the mariner's compass [pyxis
nautica] was not in use at all) finding the meridian line at any hour whatever.
That these cannot be delivered by that instrument of Regiomontanus's, the thing
itself cries out, and the complaints of the learned openly prove it: when they look
at Regiomontanus's design, they maintain in no obscure terms that Ptolemy is
attempting the impossible. For never, by a single

observation, will the meridian line or the elevation of the pole be found, even if
the Sun's place is known. For at infinitely many places on earth the Sun's altitude
can be the same at the same moment of time, while the elevation of the pole
differs and the Sun's distances from the meridian are unequal. So, in order to



explain this point somewhat more exactly, I have decided to bring forward the
industry of more recent writers as well, so that the matter may be understood all
the more plainly and, whenever practical need calls for it, may be carried out
without error.

Cap. XVIIIL.

De linee meridiance & altitudinis poli inventione quavis hora, idque tam in sphera
quam in plano. On finding the meridian line and the elevation of the pole at any
hour, and that both on the sphere and in the plane.

To find the inclination of the pole at hours other than noon, when the Sun does
not hold the meridian summit of the heavens, Petrus Appianus [Peter Apian]
framed the problem in these terms: given the Sun's place in the ecliptic, its
altitude, and the hour, to find the elevation of the pole.

In the diagram below, let the horizon be rlmu, the meridian circle ras, the pole of
the world e — and here the north pole — the vertex of the place a, and the Sun's
place i. Let the hour-circle drawn through that place of the Sun be eim, and let the
hour be the second after noon, so that the angle mes is 30 degrees. Let the vertical
circle drawn through the Sun be au, and the Sun's altitude ui 47 gr. 30 scr.; its
complement ai is therefore 42 gr. 30. The Sun's northern declination is 14 gr. 20 —
that is, in Taurus 9 gr. scr. [the minutes figure is not printed: the page leaves a
blank between gr. and rcr.] — and therefore the arc ei from the pole to the Sun
is 75 gr. 40 scr.

Diagram. A single large circle at the upper left of the page. A curved arc runs
from a point near the top of the circle down to the bottom of it, representing the
meridian; a second, flatter arc crosses the interior from upper right towards the
lower left. From a point in the left half of the interior several straight lines
radiate to the right and lower right, and a short dotted line runs from that point
horizontally to the meridian arc — the perpendicular iv of the text. Readable
point-letters:

e r(upper interior, on the meridian arc)

¢ ¢ (centre, on the meridian arc)

e i(left of centre, the point from which the lines radiate)
¢ a(centre, on the meridian arc below e)

e v (on the meridian arc below a)

e U (far left, on the circumference)

e m (lower left, on the circumference)



¢ s (bottom, where the meridian arc meets the circumference)

e [?] (a small italic letter on the meridian arc immediately below v — will not
resolve even under magnification)

e [?] (a small mark, possibly a letter, on the circumference at the upper right
— will not resolve even under magnification)

Consequently, in the triangle iea the sides ie 75 gr. 40 sc. and ia 42 gr. 30 scr. are
given, together with the angle iea 30 gr.; and the side ea is sought — the distance
between the pole of the world and the vertex of the place. Drop from i the
perpendicular iv onto the meridian. Then in the right-angled triangle eiv there
are given the base subtending the right angle, ei, 75 gr. 40 scr., and the angle iev
30 gr. From these the perpendicular iv is obtained by the doctrine of spherical
triangles, in this way. As the whole sine 10000000 is to the sine of the angle iev
5000000, so is the sine ei 9688719 to the sine ib [recte: iv] 4844359; and from this
we get the arc and magnitude of the perpendicular iv, 28 gr. 58 scr. 32 sec.

Next, ev too will be found, in this way. As the whole sine 10000000 is to the sine of
the complement of ei 2475628, so is the secant of the perpendicular just found, iv
11430833, to the sine of the complement of the side ev 2829849; and to that there
corresponds the arc 16 gr. 26 scr. 18 sec. The complement of this — that is, its
difference from a quadrant — 73 gr. 33 scr. 42 sec., is the magnitude of the side ev
that was sought.

Finally, you will settle av in the right-angled triangle aiv by a similar proportion.
As the whole sine 10000000 is to the sine of the complement of ai 7372773, so is
the secant iv 11430833 to the sine of the complement of the side av 8427693; and
to this are due 57 gr. 26 scr., so that av itself will be 32 gr. 34.

Therefore, since the arc ev is given as 73 gr. 33 sc. 42 sec. and av as 32 gr. 34 scr.,
their difference ae will be given as well: 40 gr. 59 scr. 42 sec., the distance
between the vertex and the pole.

and the pole. And so the remaining arc er likewise comes to 49 gr. 0 scr. 18 sec., or
exactly 49 degrees if the small appendage of seconds is neglected.

But the solution of triangles of this kind is ambiguous. The rules of the art cannot
always settle whether the difference or the sum of the arcs ev, va is to be taken.
For suppose vt is made equal to va, and let the great-circle arc it be drawn: this
too will be equal to the side ai. And so, though the angle iet stays unchanged and
the sides ei, it keep the same magnitude, it is still not established whether ea or et
is to be assumed. eq, in fact, would be 41 degrees, whereas et would be 108 gr. 7
scr. 42 sec.; the vertex t would then be 108 gr. 8 scr. distant from the northern



pole e, and the north pole would therefore lie hidden below the horizon — which
in this case conflicts with what was observed and given. So although the triangles
by their own nature do not determine whether the side is ea or et, the
circumstances can often settle the matter, as the question of the pole does here.

That, however, does not always happen, nor in every case. It fails when the hours
lie further from noon, and above all when the sun, morning or evening, is close to
the sixth hour. On this score Apian too incurs the censure of Nonius [Pedro
Nunes]. Still, since some cases stand alone and are therefore determinate and
free from doubt, I have decided to settle those here from the nature of spherical
triangles — which Nunes too ought to have done.

Between six in the morning and six in the evening, when the sun declines toward
the visible pole and its altitude is less than its declination, take only the sum of
the legs measured from the perpendicular; but when the sun declines toward the
hidden pole, take the difference of the same.

Before six in the morning, or after six in the evening: when the sun declines
toward the visible pole, take only the difference.

If the altitude equals the declination, take the sum.

Finally, if the altitude circle itself is perpendicular to the meridian, the problem
will have exactly one solution, and then the complement of the altitude will be
equal to that perpendicular.

The same rules hold for stars whose declination is given, provided that in place of
the hours one takes the interval of time by which they are distant from the
meridian; for from that the angle iea will be given.

Moreover, it is no obscure matter that the position of the meridian itself is also
given from this. For as the sine of the side ta [?] is to the sine of the angle iea
6000000, so the sine of ie 9688719 is to the sine of the angle eai 7170560, to which
belongs the arc 45 gr. 48 scr. 43 sec., or its complement to the semicircle, 134 gr.
11 scr. 17 sec. For if ea was the difference between ve and va, the angle eai will be
obtuse — that is, greater than a quadrant — and therefore 134 gr. 11 scr. 17 sec. It
is acute, on the contrary, as te [?] is, when et is the sum of the segments tv and ve:
it would then be 45 gr. 48 scr. 43 sec. Since, then, eai is here obtuse, 134 gr. 11 scr.
17 sec., the remainder iat up to two right angles will also be given, 45 gr. 48 scr. 43
sec., as the angle contained by the meridian and that vertical circle on which the
sun then stood. And the meridian will lie toward the west if the observation was
made before noon, and on the contrary toward the east if the observation was



made in the afternoon. But for the time to be recorded accurately, the position of
the meridian had to be known beforehand. And so this method, even if it can
maintain its own dignity, still seems less suited to practical use; some other, more
convenient procedure must be adopted.

Given the declination of the sun or of a star, two altitudes above the horizon, and
the angle which the vertical circles through them contain, to find the meridian line
and the inclination of the pole.

This same thing can be carried out accurately and carefully with instruments; but
I prefer that even here the service should be owed to the shadow, since its
explanation is neither difficult nor intricate.

Diagram. A plain circle — the levelled plane seen from above — carrying three
straight segments that meet at a single point set a little above and to the right of
the centre. From that vertex one segment runs horizontally to the left, ending at
n; a second runs vertically down to the foot of the circle, ending at j; a third runs
obliquely down and to the left toward v, making a moderately acute angle with
the vertical segment. The label at the vertex itself is covered by an ink blot and
cannot be read [?]; the accompanying text calls the gnomon's foot m.

e n(left end of the horizontal segment): the gnomon mn

e [?] (the vertex where the three segments meet; blotted — the prose names
this point m)

e j(lower end of the vertical segment, at the bottom of the circle): end of the
earlier shadow myj

e v (lower-left end of the oblique segment): end of the later shadow, which
the prose writes um

On a levelled plane [amussivum] set true to the horizon let the gnomon mn be
fixed, and let the length of the earlier shadow, mj, be noted. From its ratio to its
own gnomon the sun's altitude is found to be 25 gr. 40 scr. Then, the observation
being repeated later with the levelled plane left in the same place, let the shadow
um be noted, and from its length let the sun's altitude be found to be 42 gr. 30 scr.
Let the angle contained by the two shadows, vmyj, be 35 gr. 30 scr.; and finally let
the sun's northern declination be given as 14 gr. 20 scr.

With these granted, let us first turn to the solid sphere itself. On the great circle
that serves as the horizon let the arc ei be taken as 35 gr. 30 scr., the size of the
angle contained by the legs of the shadow. Let the pole of the horizon, that is the
point of the zenith, be a. From it let two quadrants of altitude be drawn, ai and ae,
and on them let the given altitudes of the sun be marked: ui 25 gr. 40 scr., eo 42



gr. 30 scr. Then, since the sun's declination is given as 14 gr. 20 scr., its
complement will also be given, 75 gr. 40 scr. With that interval, let two arcs be
described from u [?] and o so as to meet on the surface of the sphere; they can cut
one another in two places only (or touch in one), at y and r, one or other of which
must be the visible pole. Which of the two it is, the case itself will often declare.
For when one or other point...

will fall below the horizon. Still, so that it may be fixed with certainty in every
case, the rule is this. Where the north pole is raised above the horizon, turn to
face the sun: the sun will then move from left to right, and the vertical point
[punctum verticale] will stand between the visible pole of the world and the sun's
parallel. But when the sun travels from right to left, the sun's parallel falls
between the visible pole of the world and the zenith of the given place. In the
southern region everything happens the other way round.

Diagram. A large circle — the horizon — occupying the upper left of the page,
with the text set in a narrow column to its right. Inside it a second, smaller circle
overlaps toward the upper left, and several straight chords cross the interior; a
short dotted arc runs from below the label y down to the right of the centre.
Labels, read off the figure (this italic fount does not separate u from n, and
several of these letters sit on or beyond the ink of the circle):

e [[?] (top of the circle, at the upper end of the near-vertical line)
ey (interior, upper middle, on that line)

e a (interior, at the centre)

e [ [?] (right edge of the circle, level with y)

e uorn|[?] (interior, right of centre)

¢ 0 (interior, below centre)

e e (right edge, below the preceding label)

e ¢ [?] (lower right, on the circle; possibly s)

The letter s, which the text requires for the meridian circle lyas and the arc es, is
not resolvable at any position on the figure.

So let y be our visible pole here. Draw a great circle through y and a and call it
lyas: this will be the meridian. The arc es on the horizon is the distance of the
second shadow from the meridian line; ay is the distance of the pole from the
zenith; and ylis the elevation of the pole we are after.

At this point, though, an ambiguity in the motion of the shadow does sometimes
arise, in places lying between the tropics, when the sun passes between the pole



and the zenith; for the shadow can then fall twice into the same vertical
quadrant. Either those places must be declamanda [printed thus; the sense
required is "set aside, ruled out" — ?], or a third observation must be brought in
to confirm the rest. For a circle described with the interval of the complement of
the declination at the third observation will, without any error at all, reach only
one of the two points, r [?] or y.

That all of this can be laid out on a solid sphere no one doubts. But everyone
knows how many errors that way of working is exposed to, when exact truth is
what is being sought — and it would be unreasonable to press this method here
to half a degree,

and so I now propose to test the same thing by calculation as well.

In the spherical triangle oau the angle oau is given, which is the size of the arc ei;
likewise ao and au, the complements of the altitudes. The arc of the great circle
lying between o and a, and the angle uoa [u/n ambiguous in this fount: ?], will
therefore also be given. Again, in triangle oyu all the sides are given: ou from the
preceding investigation, and oy and uy, the complements of the sun's declination;
so the angle uoy follows by a single proportion. Hence here too, from the
difference of the angles uoa and uoy, the angle yoa will be given. And so now
three terms are given in triangle oay: oa, the complement of the altitude; oy, the
distance of the sun from the visible pole; and the angle yoa which they contain.
From these the base ay and the angle oay also become known — and from that,
oas [or eas; ?], the distance from the meridian, and yl, the elevation of the pole we
were looking for.

But calculation is not equally quick work for everyone, and handling a solid
sphere is about as slippery a business as there is. So the method that appeals to
me above the rest is the one derived from the projection of the planisphere,
which settles the same problem for us on paper far more accurately and far more
expeditiously.

Given three altitudes of the sun, and the size of the two angles which those
three vertical circles contain, to find the meridian line, the inclination of
the pole, and the sun's own declination.

Let the three observations again be understood as made with gnomon and
shadow. For this observation I generally use a rather large set-square [norma
majusculal, since its perpendicular can conveniently be checked with a plumb-
line and the shadow of one side is terminated on the other arm. A line drawn
along this side will be the vertical circle of that place. Then, at the second



observation, let the same square be applied so that it makes an angle with the
first line; and again at the third

observation, so that it contains an angle with the line drawn along the second
vertical. In this way you will learn the sun's altitude from the length of the
shadows, and the size of the angles which the verticals contain from the
intersection of the lines in the plane of the horizon. The same thing can also be
carried out very conveniently with the geometrical gradius [printed gradium
geometricum; ?], for that instrument too is a set-square.

Suppose, then, that the sun's altitude is given as 50 gr. 33 scr. at the first
observation, 56 gr. 5 scr. at the second, and 42 gr. 52 scr. at the third; and that the
angle contained at the common intersection of the horizon and the verticals is 73
gr. 26 scr. between the first and second observations, and 39 gr. 5 scr. between
the second and third. Now describe a circle pnoq [u/n ambiguous: ?] to serve as
the horizon, with centre d.

Diagram. A semicircle standing on its diameter, drawn in heavy line, occupying
the middle of the page. The diameter runs along the foot from « at the left end
through y at the centre to 8 at the right end; a vertical semidiameter rises from y
to 6 on the arc. Three straight lines fan out from « to points on the right-hand part
of the arc — to { (highest, nearest 6), to € (below it), and to n (lowest) — and each
crosses the vertical semidiameter, at k (highest), 6 (below k), and ( (lowest). All ten
labels are Greek and legible under magnification; none flagged.

e o (left end of the diameter)

e y (centre of the diameter, foot of the vertical)
e B (right end of the diameter)

e §(top of the vertical semidiameter, on the arc)
e ({(on the arc, right side, nearest 6)

¢ ¢£(on the arc, below {)

e 7 (on the arc, below ¢)

e K (on the vertical semidiameter, upper)

¢ 0O (on the vertical semidiameter, below k)

¢ [ (on the vertical semidiameter, below 6)

With the same diameter describe a second semicircle a6 as well, and draw the
semidiameter yé at right angles to of. Then, starting from the end-point &, lay off
the arcs 8¢ 50 gr. 33 scr., 61 56 gr. 5 scr., and 8§ 42 gr. 52 scr., equal to the three
altitudes of the sun. To a, the end of the diameter, join the inscribed lines ae, an,



ag, which cut the radius at 6, (, k. Next, in the former circle draw any radius you
please, de, and mark off on it eb [b/h ambiguous: ?] equal to §6, that of the first
observation. Then set out the arc ef of as many degrees as are inter-

Diagram. A large circle filling the upper two-thirds of the page — the horizon,
with centre d. A second circle of nearly the same size overlaps it, displaced
upward and to the left, so that its arc rises above the horizon circle at the top and
cuts inside it at the lower left and the right; this is the projected diurnal parallel,
whose centre is . A near-vertical line runs from r at the very top straight down
through the centre to n at the foot (the meridian), and a nearly horizontal
diameter runs from p at the left to g at the right (the prime vertical). Several
straight rays fan out from d to points on the lower right and lower left of the
horizon circle, and two long dotted lines cross the figure from p — one rising to
the upper right, one falling to the lower right. Labels read off the figure (the italic
fount does not separate u from n at this size):

e r(very top, on the meridian line, above the horizon circle)

e 0 (upper part of the figure, to the right of the meridian line)

u (interior, upper left of the meridian line, on the rising dotted line)

e y (left, on the circle at the upper left)

e [ (interior, above the centre)

e z (interior, upper right)

e [?] (on the circle at the upper right, just outside z — a single italic sort that

resolves no further than a shape like a figure "7"; on the construction it
should be t or w)

e p (left end of the horizontal diameter)

e d(centre)

e ( (right end of the horizontal diameter)
ek (right of centre)

e i(below and left of k)

e h (below the centre, to the left)

e s (below and to the right of h)

¢ ¢ (lower left, on the circle)

e g (lower right, on the circle)

e t(below g, at the circle)

¢ n (foot of the meridian line, on the circle)
e f(bottom, to the right of n)



cepted — 73 gr. 26 scr. — and fg 39 gr. 5 scr., the amount that falls between the
second and third observations in the plane of the horizon. Draw the radii df and
dg. Then set fi equal to the segment &i, the one belonging to the second
observation, and gk equal to 8k, the segment of the third observation. Next,
through the three points h, i, k draw the circle hsikr: this will be the diurnal
parallel that the sun traces out in that revolution. Let its centre be L. The straight
line ld, joining the two centres and produced further to o and n, will be the
meridian line, and gn will fix the distance of the last observation from it. The
diameter pq perpendicular to ld will then be the prime vertical. Now if straight
lines are drawn from p to s and to r, the common sec-

tion of the diurnal parallel and the meridian, they will cut the horizon in u and ¢;
and if that arc is bisected at z, then q will be the vertex of the place, z the visible
pole of the world, zq the arc giving the distance of the vertex from the pole, and
zo the elevation of the pole above the horizon. zu — or zt — is the sun's distance
from the pole, and its difference from ninety degrees is the sun's own declination
from the equator. And indeed, if the arc zu is greater than a quadrant, that is
evidence that the sun stands beyond the equator, away from the visible pole; if
less, on this side of it.

I have set all this out point by point and at length so that readers less thoroughly
practised in this study might at least have a worked example on which to model
[printed ad cujus unitationem; the sense requires imitationem — ?] their own
observations.

Measuring the arcs, moreover, is no difficult business, thanks to the invention of
the compasses [circinus], with which both degrees and half-degrees are measured
accurately and very expeditiously in any circle whatever. The first discovery of
that instrument belongs to our friend Iacobus Alealmus [Jacques Aleaume], a
most distinguished and ingenious man, once a fellow-student of the subtle Vieta
[Francois Viete], and afterwards put in charge by the great Henry IV in France of
the laying-out of camps and the fortifying of strongholds.

The truth of the method, and its demonstration, is plain from the projection of the
astrolabe — what Democritus, in Diogenes Laertius, calls aktwvo(yp)a@iov [Greek:
aktinographia, "ray-drawing" — printed with the joined yp sort]. I shall indicate
the principle of it here as briefly as I can. In the semicircle «fé the radius yé
stands for the index of the astrolabe, and therefore the intersections 66, ét, 6k
correspond to the magnitude of the arcs 8¢, 8¢, 6, according to the section and
the projection of the index. And so the altitudes eh, fi, hg [?] will be given, since d
is understood as the pole of the horizon; and therefore the circle described



through hik is the projection of the diurnal parallel — which you will grasp if you
place the eye at the hidden pole of the horizon, that is, at the point opposite the
zenith. For the same reason on is the meridian. Further, if you conceive p to be
that same point

at which I placed the eye, then g will be the point of the zenith and ogn [?] the
meridian circle, and the straight lines drawn out to r and s, the end-points of the
diurnal parallel, will contain the angle upt. But since the arcs from ¢ and from u to
the pole are equal, and the eye lies on that same circle, it follows that the line pz,
which bisects the angle upt, must necessarily fall upon z, the pole of the world.
From this point on I take everything else to be clear enough.

The same truth holds for observations of the fixed stars as well, provided that
what the problem calls for is known. Another way of finding the meridian line in
the plane is described by that most resourceful and acute man Ioannes Baptista
de Benedictis [Giovanni Battista Benedetti] in his Gnomonica, chapter two. But
since his way seems to me more laborious and more tangled — resting as it does
on the involved solution of so many spherical triangles in the plane of a great
circle —I have thought it not unreasonable to prefer this method of Nunes to it,
as easier, readier to hand and more accurate. If anyone nonetheless wishes to
follow the pattern of this drawing and work it out by calculation, through plane
triangles, let him proceed as follows.

In the triangle hdi the angle hdi is given — that is, the arc ef between the first and
the second observation — and the sides hd and di are given as well: for eh is equal
to 66, and dh to Oy. But since S¢ is given, €8 is given too, and therefore the angle
eaf, which is half the arc €. So 0y, once ay is taken as the whole sine, will be the
tangent of half the arc of the complement of the first observation; (y the tangent
of half the arc of the complement of the second observation; and «y that of the
third — for in this figure they follow one another in that order. So, as I said, dh, di,
dk are given, and the angles hdi, idk, hdk; and therefore the bases hi, ik, hk will be
given too. And so likewise rs, the diameter of the circle described about that
triangle. For

— for there is a theorem to this effect: as the perpendicular is to that leg of the
angle from which it is dropped, so the remaining leg is to the diameter of the
circumscribed circle. The radius lh, or li, will therefore also be known. We thus
have two triangles standing on the same base hi — hli (understand the lines lh
and li as drawn in here) and hdi — and all their sides are given as known; so the
straight line Id joining their vertices will be given as well. Subtract it from Is and
ds is given; add the same to Ir and dr will be given. But the magnitude of all these



lines is fixed once ay in the semicircle — or here ed — is set as the whole sine
[sinus totus], 10000000; and it follows that dr is the tangent of the angle rpd, and
sd the tangent of the angle spd. From the tables of tangents, therefore, the size of
each of these angles separately will be given, and out of them is compounded the
whole angle rpt, whose half is the angle zpt. Twice the angle zpt will accordingly
be the measure of the arc zt. The angle spd is given as well, so its double likewise
will be the measure of the arc gt. Subtract tq from tz, then, and there remains zq,
the distance of the pole from the zenith point, whose complement is the elevation
of the pole itself; and the difference of zu [?] from a quadrant is the sun's
declination. Finally, for finding the meridian line: since all the sides of the
triangle hdl are known, the angle Ildh will also be given, and hence the angle next
to it, hdn, or the arc en. So the position of the meridian is given as known —
which was what had to be done.

It seemed worth the trouble to sift and demonstrate all this rather carefully,
because Ptolemy undertakes to find the position of the meridian at any hour
whatever by means of his meteoroscope [ope sui Meteoroscopi] — which, as we
have already shown, is altogether impossible unless the hour itself is known. For
by the first problem there are infinitely many places at which the sun has the
same altitude above the horizon at the same instant, even though it stands
further and further from the meridian of one place after another —

that is, even though it marks a different hour for each of them. But we have now
brought forward enough here on the investigation of the meridian line, and it is
time at last to return to our subject.

Cap. XIX.

Yet before I take leave of the Greeks I cannot forbear to transcribe here from
Pliny the tale — or is it the history? — of a certain Dionysodorus. From Book 2,
chapter 109. "Dionysodorus," he says, "deserves a different sort of credence; nor
will I withhold the greatest example of Greek vanity. He was a Chian,
distinguished in the science of geometry, and died of old age in his own country.
His kinswomen, to whom the inheritance belonged, conducted his funeral. When
on the following days they were performing the rites, they are said to have found
in the tomb a letter written in Dionysodorus's name to those above: that he had
passed from the tomb to the lowest part of the earth, and that the distance to it
was forty-two thousand stadia. Nor were there wanting geometers to interpret
this as meaning that the letter had been sent from the middle of the globe, the
point at the greatest distance downward from the surface, and the centre of the



sphere. From this a computation followed, so that they declared the circuit to be
two hundred and fifty-five thousand stadia."

This passage harbours a corruption. What should be read is 265, or 264,
thousand. For if the straight line from the earth's surface to the centre is put at
42000 stadia, the whole diameter will be 84000; and from that, by the
Archimedean ratio of 7 to 22, you will conclude the perimeter of the greatest
circle on the earth to be 264000 — a number that falls plainly midway between
Eratosthenes and Hip-

parchus. For since for Eratosthenes the earth's circumference is 252000, while
Hipparchus adds 25000 to that measure, the circumference according to
Hipparchus will be 277000; and the number midway between the two is 264500.
It is astonishing how far Greek credulity will go. "No lie is so shameless that it
lacks a witness," says Pliny in the twenty-second chapter of his eighth book — so
that from this both Dionysodorus's invention and Greek vanity stand convicted.
So much did it matter, evidently, that glory should be sought by a lie even after
death. Eutocius too, in his very learned commentaries on Archimedes, mentions
Dionysodorus and some of his demonstrations, which certainly prove that he was
thoroughly versed in geometry — which makes it all the worse that by so trifling
a device he should have spattered a blemish on his own name.

Cap. XX.
De Arabum Geeodcesia.

On the land-measurement [gaeodaesia] of the Arabs.

And so, now that Greece and Egypt have been traversed, let us turn at last to the
Arabs as well, and set out, so far as we may, how much labour and how much
industry they brought to this business. That they too turned their industry this
way we have on the authority of Abelfedeas [Abt al-Fida’], a most careful Arab
geographer who flourished about the year of salvation 1322. For he records that,
by order of Almamon [al-Ma'miun], king of the Arabs — that is, the Caliph of the
Babylonians — certain men skilled in the mathematical sciences, on the plains of
Zinjar [Sinjar] (which Me-

—sopotamia, as I take it (for in Scripture, at Genesis 11, this same region is called
Schinharis [Shinar]) — went from north to south along the same meridian, over
an interval of one degree, and measured the corresponding road-distance. They
found that exactly 56 miles — and on a repeated measurement sometimes 56% —



answer to one degree on the greatest circle of the terrestrial globe, as Alfraganus
[al-Farghani] and others also testify.

Zinjar, moreover, is a city of Mesopotamia situated on the Tigris. Pliny, book 5,
chapter 24 (Natural History V.24): "The Arabia mentioned above has the towns
Edessa, which was once called Antiochia; Callirrhoé, named from its spring; and
Carrhae, famous for the defeat of Crassus. Adjoining it is the prefecture of
Mesopotamia, which takes its origin from the Assyrians, and in it lie the towns
Anthemusia and Nicephorium. Next come the Arabs who are called Rhetavi; their
chief town is Singara."

In Ptolemy too, Singara has longitude 76 gr., 0 scr., and latitude 37 gr., O scr.; and
Mount Singaras lies at longitude 76 gr., 40 scr., and latitude 36 gr., 15 scr. These
figures agree excellently with Abu al-Fida™s tables, for he assigns to the place
Zinjar the meridian 66 gr., 18 scr., and the parallel 36 gr., 20 scr. The only
disagreement with Ptolemy, then, is in longitude, and it arises because the Arabs
take the starting point of their meridians from the outermost shores of Spain.

Alfraganus, further, unravels the size of the mile in the following way, in his
tenth chapter. A mile, he says, contains 4000 cubits, taking the cubit at its middle
measure. The cubit is six common palms, as very many learned and expert men
testify along with al-Ma’'min. If, then, we resolve the quantity of the miles into
cubits, we get 226666%: cubits — that is, 340000 feet — in one degree of the earth's
greatest circle. And so, if you make the Arabic foot equal to the Greek, the result
would be 566% stadia; but if equal to the Ro-

man foot, only 544. For the stadium contains 600 feet by Greek reckoning, and
625 by Roman measure — that is, if their feet turn out to be smaller than the
Roman by just as much as the Roman foot falls short of the Greek.

On this they now agree with Ptolemy: so that if we set 23 Greek feet equal to 25
Arabic, then as 25 is to 23, so 500 is to 544, very nearly. If on the other hand the
Arabic foot is equal to the Egyptian or the Samian — whose magnitude stands to
the Greek in the ratio of 144 to 125, so that 125 Alexandrian feet equal 144 Greek
— then 34000 Arabic feet would make 652 %[?] Greek stadia, or Roman ones as
well. And so, according as the measure of the feet they employed is greater or
smaller, the Arabs' reckoning by miles [miliasmus] will differ from Ptolemy's and
the ancients' reckoning by stadia [stadiasmus]. On this matter nothing certain can
be pronounced, since not even Alfraganus himself defines his own cubit in
anything but a rough-and-ready way [crassiore Minerva]. The cubit, he says, is
taken at its middle measure, and is worth six common palms.



What he meant by this, I believe, is that the size of cubits and palms varies with
people's stature, but that he himself has in view those that fall midway between
the shorter and the longer — the sort that nature has generally bestowed on
everyone, not too unequal among themselves. And yet regions bring forth men of
such disparate stature and of unequal bodily bulk [?] — not only regions baking
under a different sun, but even regions set under the same climate — that this
definition of the cubit and the palm is far too slippery, and too uncertain for
explaining so great a matter, not to say ridiculous.

Still, those who have tried to define the measure of the palm for us more exactly
divided the palm into fingers [digiti] and the finger into grains, and assigned six
barley grains to each finger. I do not dispute how unequal and variable the size of
these grains is found to be, according to the diversity of climates, the mildness of
the sky,

or the fertility of the soil; I shall bring forward experience alone on this point.
When I had laid barley grains in a row, touching one another in a straight line
with the groove [crena] face up, I found first that 12 grains filled [numeral: ?] of
our Leiden foot, which we here call the Rhineland foot; a second time, that 20
barley grains filled [numeral: ?] of a foot; a third time, that 31 barley grains filled
[numeral: ?] of a foot. From this it follows that sometimes ninety grains,
sometimes 89, and sometimes 88 %[?], fill that same foot. And if you make the
trial more often, an even greater discrepancy will be found — and this although I
took pains to select grains as equal as I could. The upshot is that nothing certain
can be settled even down to the twentieth or thirtieth part of a foot; and that
difference is assuredly too great.

Indeed, that same Abelfeda [Abu al-Fida’], and with him the Arab Geographer
published at Rome, maintain that the grains should be laid not face down or face
up, but on their side, so that the groove of the preceding grain touches the hump
of the next. That contracts the standard of the Arabic foot too far — a matter I
shall set out more exactly in Book II.

But let us see what further follows from this. If it is true that the Arabic finger
contains 6 barley grains, then the whole foot proves to have a length of 96 grains.
And so, if we reckon the Rhineland foot at 90 grains, the ratio of the Arabic foot to
our Rhineland foot will be as 16 to 15, and therefore 16 Rhineland feet will be
equal to 15 Arabic. But, as will be demonstrated in Book II, our Rhineland foot is
exactly equal to the Roman; and therefore 375 Arabic feet will also be equal to
384 Greek. And so 56% Arabic miles will be equal to 580 %5[?] stadia.



But, as I said, since the standard and measure of the Arabic feet is not established
for us, no comparison of their results with the ancients' observations can be set
up. For it is uncertain whether the degree

they defined the size of a single degree. They would have done far more
distinguished work if, like Eratosthenes, they had recorded this same terrestrial
interval together with the elevations of the poles by means of a stadiasmus
between two well-known places. And so, even granting that the Arabs carried all
this out properly and accurately, and recorded it well besides, still neither the
end-points of the places, nor the principle of the measure, nor the quantity as
they expressed it could be handed down to us. We can therefore only regret that
this labour was undertaken in vain and to so unhappy an outcome — with the
result that in this matter the Arabs help us no more than the Greeks themselves
do.

Even so, their attempt is outstanding, and the magnificent generosity of that
Caliph al-Ma'muin deserves praise and deserves to be commended to posterity as
an example — all the more warmly, indeed, the rarer princes are who hold the
students of these arts in the honour they deserve. In what age this Maimon
flourished you may learn from Scaligero [Joseph Justus Scaliger], in the fifth book
of De emendatione temporum. "In a very old Latin Almagest," he says, "I
remember reading this: This book was translated, by order of Maimon king of the
Arabs, who reigned in Baldach [Baghdad], by Alhazer son of Iosephus son of Maire
the arithmetician, and by Serigo son of Elbe, a Christian, in the year 212 of the sect
of the Saracens. From this the antiquity of that translation can be gathered. For
the new moon of Muharram of that year 212 fell in the common year of Christ
827, in Lunar Cycle xi, on the second of April, in Solar Cycle 24, on the third day of
the week. That paraphrase is therefore more than fifty years older than the
observations of Albateni [al-Battani]. For I find that this Maimon is written
indifferently as Maimon and as Almanon in the Latin copies."

Nor can I pass over this point in silence here: that Alazenus [Alhazen — Ibn al-
Haytham], in his little book On the Twilights [de crespuculis; recte: crepusculis],
adopts a different

perimeter for the terrestrial globe. This is what he says on the first proposition:
The body of the earth is as the instrument of all the others; and the size of the great
circle that contains it, according to what the wise men have said and have indicated
by fixed propositions, is 24000 miles. He repeats the same figure toward the end of
that same book, so that it may not look like a copyist's error, and the calculation
that follows confirms it. Yet for Alfraganus [al-Farghani], following al-Ma'mun's



land-measurement [gaeodaesia], that same circumference is only 20400 miles. This
I consider argument enough that Alhazen is older than al-Ma'muin; otherwise he
would not have passed over in silence a view already commonly received among
the Arabs, and a survey instituted by so great a prince.

Certainly Alhazen's land-measurement differs not at all from the Ptolemaic
measure. For if, with Suidas under the word ¢&d8iov [Greek: ¢c&Stov = oTt&S10v,
stadion, "stade, furlong"], you assign 7% stadia to one mile, the circumference of
the earth comes out at exactly 180000 stadia — precisely the figure at which
Marinus, Ptolemy and the rest assessed it [printed traxaverunt; recte: taxaverunt].
So the whole of that survey appears to have been carried out either when
Alhazen's books were already published, or at least after his lifetime, and
Alazenus appears to be older than Albategnius [al-Battani], and indeed older than
al-Ma'mun himself.

CAP. XXI.

Recentiorum & Fernelij sententia refutata. [The opinion of the moderns and of
Fernelius [Jean Fernel] refuted.]

Of the moderns, no one has undertaken to explain this matter more accurately.
The great Regiomontanus was content to define this land-measurement from the
ordinary distances of the roads; and the shrewd and industrious Petrus Nonius
[Pedro Nunes] sets out this measure as it is commonly received among the
Spaniards. Fernel alone, that most celebrated physician, wished to appear to
contribute something beyond the rest, and so I shall transcribe his method and
procedure here from his own Cosmotheoria. "The order and manner of
measuring the earth," he says, "will be set out below, so that anyone may confirm
the thing itself by experiment, and may test whether the matter has been
examined exactly. First of all, rules were constructed almost like those Ptolemy
described in the fifth book of the Almagest (Almagest V). The smallest of them,
marked AD in the figure here, representing the side of the quadrant or the radius
of the circle, was 8 feet long.

Diagram. A woodcut of Fernel's quadrant-instrument, set into the left half of the
text column. A vertical staff rises from a squat cylindrical foot (drawn with
hatched shading); from the top of the staff one straight rule runs up and to the
left, and a second straight rule crosses it obliquely, running from upper right
down to lower left. Two small rectangular vanes are drawn standing on the rules
— the pinnules the text goes on to mention. Readable labels:

e D (upper left): the far end of the upper rule



e A (upper right, set at the head of the text line): the top of the staff, where
the rules meet

e B (lower left): the lower end of the oblique rule

e ¢ (lower right, beside the staff above the foot): the foot of the fixed cross-
rule

The two small vanes on the rules carry no legible lettering.

The cross-rule CD, accordingly, which is the chord of the quadrant, remained
always fixed and took in on a very ample scale the divisions not only of the
degrees but of the individual minutes, so that all the operations should be the
more certain. Finally, another rule, AB, carrying sights [pinnulae], travelled along
this cross-piece. Then, a day having been chosen that was exceedingly clear,
which

was the twenty-fifth of August. Here at Paris I found by the rules that the altitude
of the Sun, standing on the meridian, was gr. 49 m 13. Since the Sun was then
holding the eleventh degree of Virgo, whose northern declination is 7 gr. 51 m., I
judged from the doctrine of the third proposition of the third part On the Use of
the Monalosphaerium [de vsu monalospheerij] that the elevation of the equator
came to 41 parts 22 minutes, and therefore that the latitude of Paris was 48 gr. 38
m.

Finally, before I set out on the journey, I worked out from the tables of
declination that on the following day — which is the twentieth — in a region of
latitude 49 gr. 38 m., which lies one degree further north than Paris, the meridian
altitude of the Sun ought to be 47 gr. 51 m.; and this partly because of the
different latitude of the region, partly because of the changed declination of the
Sun. On the twenty-seventh day, at the same place, the Sun's meridian altitude
had to be 47 gr. 26 m.; on the twenty-eighth, 47 gr. 5 m.; and again on the twenty-
ninth day the altitude would be 46 gr. 41 m. I drew up a similar computation for a
good many days, so that afterwards the task would not cost so much labour.

From there I presently set out northward, going as directly as could be managed,
and completed a journey of one day and a half. Taking, as before, the altitude of
the Sun standing on the meridian, I found it greater than what I had calculated
for the twenty-seventh day: it was in fact 48 gr. 6 m. I therefore judged that I had
to go further. When I had done so, and yet the operation had still not turned out
as I wished on the following day — the twenty-eighth, I mean — I came close to
knowing how far I had to go. Setting out accordingly, at noon on the twenty-ninth
day I obtained what I had long been hunting for: a solar altitude, that is, of 46 gr.



and 41 minutes, the very figure I had assigned in my computation for the twenty-
ninth. Throughout this I always used our own clock [horarium], which is
perfectly suited to determining noon and the hours of the in-

—vestigation. For the rest, when I inquired how far the place stood from Lutetia
of the Parisii [Paris], I was told on common report that the interval was 25
leagues [leucarum — the printed form has the fount's ambiguous u/n]. Not
satisfied, however, with the common man's reckoning, I boarded a carriage that
was making straight for Paris; and sitting in it I gathered about 17024 revolutions
of the wheel over the whole road, reducing the valleys and hills to a level so far as
my means allowed. Now the diameter of that wheel was 6 feet and a little more
than six geometric digits; its circumference was accordingly 20 feet, or 4 paces.
Multiplying these revolutions by 4, then, I found 68096 paces, which are 68 Italian
miles together with 96 paces. I preferred, however, to convert these paces into 95
paces and a quarter, so that no fraction should be left over to be fixed in the
diameter of the Earth.

Since the principle of the operation is the same wherever one is, whether on land
or at sea, as has been demonstrated at length, I concluded at once that just this
much must be assigned to every degree of a great circle. From all this I finally
saw that the French league is greater than two Italian miles — which I also
proved by another experiment. For from the royal palace to the church of Saint
Denis [eedem sacram divi Dionysij] I counted out 5950 paces; and between the
two cities 4450 paces lie in between. Now five of these paces (they are mine, and
those of any man of middling stature) make six geometric paces, and a thousand
of them make up twelve hundred geometric paces, or four hundred cubits. This
agrees most closely with the opinion of Campanus and of the others who hold
that a mile consists of 1200 geometric paces; and I should judge this to be the true
size of the mile. At that period I measured out the city of Paris, and we observed it
to be 2110 geometric paces; its breadth, indeed, 2030; and finally its circuit to be
7650 paces.

7650. And such is Fernel's [Fernelij — Jean Fernel] labour in this dust: a
man whose attempt deserves praise more than his result deserves
approval, so poorly does everything in that work of his hang together. In
the recording of the pole's altitude I will not now press those points which
more exacting men are not in the habit of neglecting; I will note only this,
that Orontius [Oronce Fine], who taught the mathematical sciences
[methamata, as printed] there with great renown for his name, set it in that



age at 48 gr. 40 scr., whereas the most distinguished Viéte [Vieta —
Francois Viete] observed it not long ago at 48 gr. 49 scr.

And furthermore, how was the observation itself carried out? When on the
twenty-eighth of August you had not reached the distance you wanted, you at
once, on the twenty-ninth, picked out that place by conjecture alone. In the
interval between the places, moreover, the distance was fixed by the common
crowd. The one ingenious thing lies in the revolution of the wheels — provided
that nothing went amiss over so great a stretch; and yet that same number was
not registered by observation, but corrected by you yourself, since by guesswork
you contracted the unevenness of hills and valleys [vallum, as printed] and the
windings of the roads into a straight and shortest line. But really, what is this
other than fitting one's own observations to somebody else's standard? I pass
over the position of the meridian; the whole city of Paris marked merely as the
terminus of the station; no mention made of the other station, of what village,
castle or town lay nearby; and a good many other things besides, which say
plainly that there is nothing here in Fernel — otherwise a most learned physician
— that deserves much approval, beyond the credit due to the attempt.

Therefore, now that the observations of every age have all been reckoned up, and
we have shown that up to now they either depart far from the truth or are wholly
unknowable to us, what remains is that we should ourselves attempt, from our
own most careful observations, to bring forward next something better.

FINIS.
ERATOSTHENIS BATAVI [The Dutch Eratosthenes]
BOOK II [LIBER I1.]

On the True Size of the Earth's Circumference [De Terrae ambitus vera
quantitate,]

by
WILLEBRORDO SNELLIO [Willebrord Snellius],

Al T®V €€ dToCNUATWY HeTPBo®V Slomtp®v, [Greek: Dia ton ex apostéematon
metrouson dioptron — "by means of the dioptras that measure from a distance.”
Printed with the ligature sorts ¢ = 6T (&mo¢NU&TWVY = &MOoTNU&TWY) and 8 = ov
(peTpBod®v = (peTtpovo®v)); the expansions in angle brackets are editorial. The
genitive plural participle petp8o®v carries a clearly inked circumflex on -®v and
agrees with the feminine StomtTp®v.]



raised up anew [Suscitatus].

To the Illustrious and Noble Lords [Illustres & Generosi Domini,]
ERASMUS AND CASPAR [ERASME ET CASPARE]

Free Barons of Sterrenberg [Liberi Barones a Sterrenberg.]

Alexander of Macedon [Alexander Macedo] had his own pnuaticag [bematistae,
"pacers" — printed with the ¢ = ot ligature for fnuatiotéc], his surveyors
[metatores], write up the daily stages of his marches when he carried his arms
into Asia, so as to open the route into the farthest east for the Greeks and for
posterity. Their day-books contained a great deal that was obscure and mistaken,
because of the windings of the roads, which it would have been no small labour
to set out accurately at the time; even so, they recorded each day how much of
the journey had been covered. That was the material from which Eratosthenes,
Hipparchus, Serapion, Strabo, Marinus, Ptolemy and others set out, as best they
could, the layout of the whole of Asia in numbers and measures.

The material I now bring to light, by contrast, was observed with suitable
instruments by you yourselves as well, on an expedition during the dog-day
holidays two years ago. It does more than present an accurate chorography of the
places we travelled through: what is by far the most distinguished thing about it,
it lights the way for everyone's journeys by land and sea toward setting down a
more accurate description of places than has been practised up to now.

It is certainly a hard undertaking, and hedged about with many difficulties, to
want to reduce the whole globe of the Earth to numbers. As to the care and
diligence I have brought to carrying this work through, I appeal to your own
testimony, most noble Barons. For in this book you will find again a part of those
observations and of that calculation in which you once trained, as though in the
heroic dust of the wrestling-ground. And experience, that best of teachers, has
taught you how slippery the ground is that we stand on wherever the strictest
diligence has been relaxed even a little; the sheer disagreement of every age
proves the same thing easily enough besides. That is how errors of such
monstrous size have crept into geography: writers muster the subject for the
most part out of the intervals of journeys, and they lay out their canons of
longitude and latitude according to one width for a single degree after another.
The result is inevitably that all places are dislocated and shifted far from their
proper seats. The public good demands that a hand be set to this at last.



Accept, then, noble Heroes, this work of yours, now brought out into the public
light — the work you went over with me earlier with the keenest enthusiasm —
so that everyone may understand how great the things are for which destiny long
ago marked you out, you who served even your apprenticeship in so noble and
royal an undertaking. That it will be no less glorious for you than useful for
posterity as well, my mind, which is not easily deceived, does not so much wish as
foretell.

ERATOSTHENIS BATAVI, A VVILLEBRORDO
SNELLIO suscitati, LIBER II. DE TERRENI
AMBITVS VERA QVANTITATE.

THE DUTCH ERATOSTHENES, revived by Willebrord Snellius. BOOK II. ON
THE TRUE SIZE OF THE EARTH'S CIRCUMFERENCE.

CAPVT L.

A comparison of the Rhineland foot [pes Rhijnlandicus] with the feet of other
nations.

In the previous book I set out the opinions of every writer, ancient and modern
alike, that had at least some appearance of truth about them; and I showed from
their own observations how little consistent with themselves their statements
were. And I showed more than sufficiently that even if one of them happened to
have aimed closest of all to the truth, no advantage could flow from it to us,
because the measure those nations used is unknown to us.

Therefore, so that the same thing may not happen to my own labours — so that
what I have established with the utmost diligence and

the most exacting care may not, in the judgment of posterity, earn no
commendation beyond the bare credit of the attempt, and so that my expense
and my industry may not be altogether wasted — I shall first explain the kind of
measure I use, in such a way that I may be understood with the greatest ease by
all the nations whose own measures I have in fact been able to obtain.

Next, I resolved to determine the distances between the very towns at which I
decided to fix and anchor the stations of this land-measurement [gaeodaesia], as at
their own epochs and seats — and to determine them not by asking and
questioning coachmen, boatmen or the common crowd, but by exploring them



myself with straight-line-measuring instruments [organa Euthymetrica]. For the
sort of survey that measures the distance of places far apart by laying a measure
along the ground is in many ways deceptive and faulty: the unevenness of the
soil, the hillocks, dikes, ditches, lakes, bogs and rivers, the less than uniform run
of the fields [printed munus where the sense requires minus [?]], the differences
of elevation, and a good many other things of the same kind all tell against it.

For that reason it was necessary to use the Euthymetric instruments and to carry
out an accurate survey of each individual place by the theory of plane triangles.
The places I selected for this purpose are not, it is true, situated on the same
meridian: that did not lie within my choice, since I had rather to follow the actual
position of the towns and of their towers for sighting. That defect, however, I
shall make good at the end, on Ptolemy's advice, by means of the angle of position
[angulus positionis].

As for the measure I have used in setting out this operation, it is the feet which
we in Holland commonly call Rhineland feet, because we use them only around
what was once the middle mouth of the Rhine (today it has dried up) and
throughout that whole district which we call Rijnland [Rhijnlandia] — a district
which, besides its very well-known and very populous villages, also contains
Leiden [Lugdunum Bata-

vorum — a very great city, very wealthy, hospitable to strangers, and now
renowned as well for its most flourishing University. Today it is Leiden; in
Ptolemy it is Aovyo88vov at&Bwv [Greek: lougodounon batabon, "Lugdunum of
the Batavi"; 8 is the printed ov ligature]; in Antonius, "the capital of the
Germanies." Scaliger, in his Eusebianus, supplies the etymology of the name from
Plutarch's wel m{oT)au®v [Greek: peri potamon, "On Rivers"; w is the printed mep
sort, (oT) a joined sort]. For A8yog [Greek: lougos], he says, means TOV KOpoKx
[Greek: ton koraka, "the raven"] in the Celtic tongue, while 68v{o¢) [Greek:
dounos] means T0v é€€yovta [Greek: ton exechonta, "the one that stands out"].
Others may settle the first of the two words; about the second there is no doubt —
Dunum once meant, and in the Low Countries still means today, a prominent hill
or a height. How nearly I learned from a Greek that the word has a German
sound! For my own part I have no doubt that Plutarch, corruptly as his text is
read, is aiming at the truth. The facts themselves declare that we must read:
88vog 8¢ Tomov €€eyovta onpaiv(el) [Greek: dounos de topon exechonta sémainei,
"and dounos means a place that stands out"]. And indeed, if he had put it this way
— ABy&v yap 10 0p&v w(a)pd TOTG KEATOLS, S8VOC 8¢ TOTOV €E€YOVTH oNaiv(eL)
[Greek: lougen gar to horan para tois keltois, dounos de topon exechonta



sémainei, "for lougen means 'to see' among the Celts, and dounos means a place
that stands out"] — he could not have said anything truer or plainer at all. For
Lougen among the Swiss still means today to see and to look upon; while Dunen is
the word used by us Batavians and everywhere in Lower Germany for tom(og)
€toy(oc) [Greek: topos exochos, "a prominent place"] — the little hills, and above
all the sandy hillocks that curb the fury of the Ocean sea. So Lugodunum, or
AByd688vov [Greek: lougodounon], would mean a place from which certain hills or
mountains are seen in the distance. And Lyon [Lugdunum Galliarum] does in fact
have mountain ridges in view far off; and this city of ours likewise sees sandy
hills at a distance, separated from it by an hour and a half's journey. Where the
case is the same, then, no one should find it surprising that the derivation of the
name holds for both places alike. But so much for this in passing [ék wapépy8 —
Greek: ek parergou, "by the way, as a side-matter"], since I see very distinguished
men tormenting themselves over it here. The very learned Adriaen de Jonghe
[Adrianus Iunius], even if he did not reach the truth, nevertheless aimed as close
to it as he could in his Batavia.

Now I return to my subject. To this measure, I say, of Rhineland feet I shall refer
all the rest, both an-

cient and modern. I have set out here the measure of our half-foot, so that at least
its size may be known by everyone as closely as possible. For when damp paper
is placed under the press and takes the impression, the pressure itself, together
with the moisture the paper had soaked up beforehand, stretches it somewhat
and makes it larger than it was; afterwards, once dried, it contracts again, and so
shows the measures of the lines it received as smaller than they ought to be. A
sixtieth part is lost from the length of the types and formes once they have been
printed off — as I learned by questioning careful and expert printers. And so, to
keep this very thing from standing in my way too, and so that everyone
everywhere may hear me distinctly, I judged it best and surest to express the
ratio of our foot to the feet of other nations in the smallest parts. Let us therefore
understand our Rhineland foot as cut into a thousand parts, and the size of all the
rest as determined in terms of these. How much this very impression falls short
of a true half-foot I shall indicate at the end of the work. As for the measures of
our own age, I shall set down in order and one by one, each in its proper place,
how I obtained them and at the same time how much trust is to be placed in
them.

The measures of the feet stand to one another in the following proportion.

The Leiden foot, which we commonly call the Rhineland foot, is 1000 parts.



Of such parts the Amsterdam surveyor's foot [Amsteldamensis Geodeticus], set up
in front of the town hall, is 904. Sent to me from Amsterdam.

The Dordrecht foot [Dordracenus], 1050; I examined it myself.

The Brielle foot [Brielanus], at the mouth of the river Meuse [Mosee fluvij], 1060; I
examined it myself.

The Middelburg foot [Middelburgensis], 960; I examined it myself.
The Goes foot [Goesanus], 954; I examined it myself.

The Zierikzee foot [Ziricseensis], which is likewise in Zeeland, 988; I examined it
myself.

The Antwerp foot [Antwerpianus], 909; I examined it myself, from the measure of
the iron foot that is set up there in front of the town hall.

The Leuven foot [Lovaniensis], 909; this too I examined myself.
The Mechelen foot [Mechlinensis], 890; I examined it myself.

The London foot [Londinensis], which is in use throughout England, 968 parts.
Sent to me from London — the iron standard kept there in the town hall, which
they commonly call de Guit Halle.

The Bremen foot [Bremensis], 934.

The Copenhagen foot [Hafniensis] in Denmark, the same number. Sent to me
from Bremen and Copenhagen.

The Paris foot, called the Royal foot, 1055. I took it from Buteo [Jean Borrel]; for
the one he published there in print is 1038 particles. If you add to this a sixtieth
part, it will come to 1055 parts. But I am still awaiting the foot itself.

The Venetian foot, taken from the Book of Hercotectonice, or On Fortification,
published at Venice in 1609 by Bujonajuto Lorino of Florence [Buonaiuto Lorini]
— a copy of which the illustrious lord Ioannes Smil a Michalovicz [?], a
Bohemian, had sent me to examine — is 1101 parts. If you add a sixtieth part to
these, the result is 1120 parts for the Venetian foot.

The Toledo foot, so far as I have been able to gather it from certain definite
arguments, the sum of which I reported in the fourth chapter, is

is 867 thousandths.



The Nuremberg foot [Nuribergensis], 974.
The Strasbourg foot [Argentinensis], 891.
The Bavarian foot [Bavarus], 924.

I obtained the measures of these last three from a precise instrument-maker at
Amsterdam [Amsteldami], and have set them down exactly as I received them. I
would not venture to interpose a judgment of my own; even so, I think they are
not far from the truth. Whenever I manage to establish, through reliable people,
the size of these feet or of any others whatever, I shall add them all to this
catalogue. And so that I may be able to do so, I ask the help of honest men who
wish this work of ours well, who are willing to relieve me of the trouble of this
collecting, and who would like to deserve well of the public.

Cap. II.

A comparison of the ancient Roman foot and of the other feet, both with one
another and with the Rhineland foot.

Determining the size of the ancient feet is the harder task; their ratio to one
another, however, can be established from the records of antiquity. The measure
of the stadium is the first thing that settles the comparison of the Roman foot with
the Greek. For the stadium is reckoned by the Greeks at six hundred feet, and the
same stadium by the Romans at six hundred and twenty-five: one and the same
quantity of stadium is thus defined by the two peoples with a different number of
feet. Gellius, book 1, chapter 1. Since it was generally agreed that the running-
track of the stadium at Pisa, beside the temple of Olympian Jupiter, had been
measured out by Hercules with his own feet, and that he had made it six hundred
feet long, while the other stadia later laid out elsewhere in the lands of Greece
were indeed six hundred feet in number and yet were somewhat shorter, he
readily worked out the measure and extent of Hercules' sole by taking the
proportion.

Indeed, you will learn on Herodotus's authority, in the Melpomene, that among all
nations — in Asia and in Egypt as well — the stadium was of six hundred feet:

ai 6¢ ekatov opyval Sikaiat giol ¢aSlov EEqmAeBpov. e€amdds Tfig OpYLTiG
HETPEOUEVTC, KL TETPATINYE(OG), T WOSDV P(EV) TETPATIXANICWY EOVTWY, T
8¢ T xe(og) eSamadaics.

[Greek: hai de hekaton orgyai dikaiai eisi stadion hexaplethron; hexapodou tés
orgyeés metreomeneés kai tetrapécheos, t(on) podon men tetrapalaiston eonton, t(ou)



de pécheos hexapalaistou — "a hundred full fathoms are a stadium of six plethra,
the fathom being reckoned at six feet and at four cubits, the feet being of four
palms each and the cubit of six palms." Printed with the ¢ (07), 8 (ov), @ (1), T
(tod/t®v), terminal-(o¢) and -p(ev)- sorts; the accent of k&t and the absence of an
iota in 6pyvai / 6pyviic are as printed.]

A hundred fathoms exactly fill out a stadium of six plethra, the fathom being
reckoned at six feet or four cubits, one foot at four palms, and the cubit at six
palms. He presses this same reckoning more than once, whether he is crossing
over into Asia or into Europe. Pliny, however, book 2, chapter 23: "A stadium," he
says, "makes a hundred and twenty-five of our paces, that is, six hundred and
twenty-five feet." One and the same stadium therefore holds 625 Roman feet, but
only 600 Greek ones: 625 Roman feet come out equal to 600 Greek. The ratio of
the Greek foot to the Roman is accordingly the inverse, as 25 to 24. This is
precisely the ratio that the Attic mina bears to the Italic pound — the Greek foot
standing to the Roman foot in the same relation — so that in their weights, too,
they appear to have followed the standard of their feet. Furthermore, that the
Roman foot stands to the Alexandrian, to the Royal, and to the Philetaerean
[printed as two words: Philetee reum] as six to five, Hero the Mechanic [Hero
Mechanicus] testifies more than once. That the Egyptian foot, again, is equal to
the Samian you will learn from Herodotus's Euterpe, where he sets out the size of
the plot of land, exempt from every tax, that was assigned to the soldiers:

vepéa 8¢ (o)L Ny TéSe eEaparpnpéva p8volot aiyvwTiwv Tépes TGV
iepewv, &pBpat éEaipeTol Suwdeka EKACW GTEAEEC. 1) 6 P8P EKXTOV
T XEWV €GL AiyV -

Tiwv mévtn. 0 8¢ aiyvwTi{oc) mMhHyvS TVYX&V(EL) {00G €V TG Zapiw.

[Greek: gerea de sphi én tade exarairémena mounoisi aigyption parex ton hiereon,
arourai exairetoi dyodeka hekastoi atelees. hé de aroura hekaton pécheon esti
aigyption panté. ho de aigyptios péchys tynchanei isos eon toi Samioi — "these
were the privileges set apart for them alone of the Egyptians, the priests
excepted: twelve choice arurae apiece, free of tax. The arura is a hundred
Egyptian cubits every way; and the Egyptian cubit is equal to the Samian."
Printed with a joined o+ sort in (o)L, the 8 (ov) sort in p8votot / &p8pat / &p8pa,
the 1t sort in aiyvwtiwv, terminal (o¢) in aiyvwTi(og) and a joined -eL sort in
Tuyxd&v(eL); the double accent of Suwdeka and the unsubscripted mévtn are as
printed.]

To these men (the soldiers) alone among the Egyptians, the priests excepted, this
mark of special honour was accorded: that each should have twelve arurae set



aside and exempt from tax. And an arura measures a hundred Egyptian cubits
every way. The Egyptian cubit, in turn, is equal to the Samian. From which it
follows that the size of their feet was likewise entirely the same. The same author,
moreover, writes in his first book — where he sets out the size of Babylon, having
penetrated that far in person — that the Babylonian royal cubit is three fingers
greater than the Greek. "That city," he says, "lies on an immense plain, square in
shape, a hundred and twenty stadia across each way, which makes four hundred
and eighty stadia in the circuit of the city." Such is the size of the city of Babylon;
and it is laid out as no other city we know of. First, a moat runs around it, deep
and broad and full of water. Then a wall, fifty royal cubits in thickness and two
hundred in height:

0 8¢ BaotAni{oc) mhHyvg T petpi8 &gl mye(og) pelwv tptot SaktvAOLOL.

[Greek: ho de basileios péchys t(ou) metriou esti pecheos mezon trisi daktyloisi —
"the royal cubit is greater than the common cubit by three fingers." Printed with
terminal (o¢) in BaotAi{og) and m)xe(o¢), the T (Tod) sort, the 8 (ov) sort in petpid,
and ¢ (o7) in £ci.]

The royal cubit, then, is three fingers greater than the ordinary cubit. That by "the
ordinary cubit" he means the Greek one I scarcely doubt; and he defined the cubit
above as six palms, or twenty-four fingers. The Babylonian cubit therefore
contains 27 Greek fingers, so that the ratio of the Greek cubit to the Babylonian
will be as 8 to 9 — and so, likewise, of foot to foot. The Babylonian foot is of 18
fingers of the size of which the Greek is of 16. That is why Pliny compared the
Babylonian foot with the Roman none too accurately, in book 6, chapter 26,
where he renders this passage of Herodotus. "Babylon," he says, "the capital of
the Chaldaean peoples, long held the highest renown in all the world, and on
account of it the remaining part of Mesopotamia and Assyria [was called] Babylo

—nia; and it enclosed sixty miles within walls two hundred feet high and fifty feet
broad, the foot being in each case a measure three fingers larger than ours."

So far Pliny is right. The Babylonian foot is to the Greek as 9 to 8, and the Greek
foot to the Roman as 25 to 24; the Babylonian will therefore be to the Roman as
225 to 192, from which you will conclude that the Babylonian foot contains
18[numeral: ?] Roman fingers [digiti]. Pliny, then, did follow a value very close to
the true one in place of the true one itself. But he was less correct in putting feet
where cubits belonged — though on this point all the authorities differ among



themselves. Dionysius of Halicarnassus reports these same matters one way,
Strabo another.

Finally I shall append here the size of the Antiochene foot [printed: Atiocheni;
recte: Antiocheni]. Nowhere, so far as I know, is it laid down by name, and yet it
seems to me to be indicated by clues that are anything but obscure. Hero the
Mechanic [Hero of Alexandrial, in his Isagoge, writes: IITOAEpXIKOG HESUV(OG)
NUOAL{og) gL T ATTIKS [Greek, as printed, with the terminal -o¢ sort and T = to?;
standard form ITtoAepaik0G HESIUVOC TLOALOG €0TL TOD ATTikoD], which Snellius
renders: "the Ptolemaic medimnus [p€Siuvoc, a dry measure] is one and a half
times the Attic," that is, as 3 to 2. Now it is well known that the amphora was a
cubic foot, and that the remaining measures, both dry and liquid, are derived
from it. It follows that the Ptolemaic foot stands to the Attic in the ratio of the side
of a cube of 3 to the side of a cube of 2 — that is, 144 to 125, just as I showed
above as well.

On the same principle, since the same author states: 6 §¢ AvTlOYIkOG HETPN TG T
Ttk €L StwAéot{oc) k fjiove [Greek, as printed: no breathing on the initial A
of AvTloykoG; @ = TA, K = Kai, T = ToU; standard form 6 6¢ AvTtiolkOG peTpn TN TOD
TrtaAikoD €0l SimA&olog kai fptovg] — "the Antiochene metretes [petpng, a
liquid measure] is two and a half times the Italic," as 5 to 2 — it likewise follows
that the ratio of the Antiochene foot to the Italic, that is the Roman, is the ratio of
the side of a cube of 5 to the side of a cube of 2. That is, as 170 to 125, or in
reduced terms as 34 to 25.

These, then, are all the results on the mutual comparison and correspondence of
the ancient measures that I can affirm with certainty and consistency so far.
Summarized, they stand as follows.

The Antiochene foot is to the Roman as 34 to 25. The Roma—

—n foot is to the Greek as 24 to 25. The Greek to the Babylonian as 8 to 9. The
Roman to the Egyptian and the Samian as 5 to 6. From this the ratio of these feet
to one another follows, and a comparison of this kind: of such parts as the Roman
foot is 2550, the Greek is 2448.

Babylonian 2176.
Alexandrian 2125.
Antiochene 1875.



But there is another question far harder to settle: what the relation is between
the ancient Roman foot and our Rhineland foot [pes Rhijnlandicus]. Philander
[Guillaume Philandrier], that most painstaking commentator on Vitruvius, gave
us its size from an ancient marble kept in the gardens of Angeli Colotij [Angelo
Colocci] at Rome. He testifies that he found the same foot, at the same magnitude,
on another marble epitaph — that of T. Statilij Vol. Apr., surveyor of buildings —
which was dug up not long ago from the Janiculum through the efforts of the
architect Meleghini [Jacopo Meleghino] and moved to the Vatican garden.

But, as I said, paper does not reproduce the size of the original. And Philandrier's
commentary was first issued separately at Rome, in what they call octavo, in the
year of salvation 1544; then again at Lyon [Lugdunum], by Philandrier himself,
together with Vitruvius, in quarto, in 1552; and finally in the same city in 1586. If
you follow the earliest edition of all, the Roman one, you will find that the ancient
Roman foot — which Philandrier testifies he found on two columns — comes to
984 of the parts of which the Rhineland foot has a thousand. But a form printed
on paper falls short of its own original by a sixtieth, and a sixtieth part of 984 is
16. Add these, and they make up the true size of the original foot: 1000 parts for
the Roman foot. From this it follows that the Rhineland foot is exactly equal to the
Roman. Indeed, the same

result you will obtain by the same route from the most recent edition, that of
1586. For from the half-foot given there you will find the quantity of the whole
Roman foot to be 942 parts, of which the Rhineland foot has 1000. But this cut was
not taken from the earlier original; the measure engraved in it was taken instead
from the paper foot of the year 1552. It follows that if I add to 942 its sixtieth part,
16, I get 958 — the length the foot had in the edition of 1552. Yet that one too falls
short of its own model by a sixtieth, since its model had been taken from the
paper foot of the Roman printing. So if 16 is added here as well, the foot of the
Roman edition will come out at 974 — whereas earlier, from the Roman edition
itself, I gave it as 984 parts.

This makes it perfectly plain that the fault behind the discrepancy arises from
cutting the plates over and over: [numeral: ?] of the whole length of every cut is
always lost, or, if the paper is thinner and less firm, [numeral: ?]. The reason is
now clear enough why such widely differing sizes for all these feet are in
circulation: repeated printing necessarily cramps every measure in this way, far
below its proper quantity.

Furthermore, I shall confirm from Roman building-work and from ruins as well
that we have defined the Roman foot correctly and have reproduced it from



Philandrier by these traces. The sea-coast lies not far from Leiden [Lugdunum
Batavorum], about two hours' journey away, and on it is a village commonly
called Cattwijck [Katwijk] — that is, the village or retreat of the Chatti. Near it lie
the rubble and foundations of an ancient fortress, or perhaps an arsenal, built
there by the Romans at the middle channel of the Rhine. When the wind blows
harder these are uncovered, and the sand that buries them is washed away. In
our own language we call the place het huys te Britten [Dutch, printed in
blackletter: "the house at Britten"]. At such times a good many coins, small
vessels, keys, lamps and inscribed stones are dug out of it, along with other
monuments of that kind. The foundations of the fortress itself are squa—

are square in shape, and extend two hundred and forty Rhineland feet in every
direction. This alone is enough to let you recognize the traces of the Roman
measure as plainly as could be wished, since the foot-plan [podismus] of the thing
itself takes in the area of two Roman iugera. Scarcely anyone is unaware that the
measure of a iugerum is two hundred and forty feet in length — so Quintilian
says, book 1, chapter 10. Varro, On Agriculture, book 1, chapter 10: "A iugerum is
what has two square actus. A square actus is one that is 120 feet wide and as
many long. This modius [recte: modus] is called acmina [recte: acnua] in Latin."

So it seems to me altogether beyond doubt that the builders here followed the
standard of the Roman measure, and laid out the foot-plan of this structure by the
measure of the iugerum, so that it would contain two iugera, or four actus.
Frontinus, On Boundaries: "These two estates joined together define a iugerum;
then these two iugera, joined into one, make a square field, since all the actus go
in pairs." Each side, therefore, must necessarily extend two hundred and forty
feet in length. And the surveyors' experience confirms that each side stretches out
to exactly that many Rhineland feet. It follows that the ancient Roman foot is
exactly equal to our Rhineland foot.

This agrees with what we brought forward earlier from Philandrus [Guillaume
Philandrier]. Given so close an agreement between the two, it is perfectly clear
that nothing truer or more accurate could have been offered. Budaeus [Guillaume
Budé] therefore does badly to refer the size of the Roman foot back to the
standard of the Parisian royal foot, which is larger than ours by almost a whole
digit — that is, by a sixteenth part. Now that the size of the Roman foot has been
set out so accurately, it seems worth the trouble to state the magnitudes of the
remaining feet as well against our Rhineland foot.

Of parts of which the Rhineland foot is one thousand,



the ancient Roman foot is likewise one thousand.

The ancient Greek, one thousand and forty-two.

The Babylonian, one thousand one hundred and seventy-two.
The Alexandrian, one thousand two hundred.

The Samian, one thousand two hundred.

The Antiochene, one thousand three hundred and sixty.

For the size of the Arabic foot I cannot draw any other figure out of their own
writings than the one they themselves fixed by their barley grains: 96. Yet our
Rhineland foot takes at most 90 grains, if you set them so that the groove runs
upward or straight downward. From this the ratio of our foot — or the Roman —
to the Arabic comes out as 90 to 96, or, reduced to lowest terms, as 15 to 16; or
again, of parts of which the Roman foot has 1000, the Arabic has 1066% — so that
it seems in a way to approach the old Babylonian foot. And if Alazenus [?] was
right to equate 7% stadia with the Italian mile — a mile which, as I shall show in
the next chapter, contains eight stadia, or 5000 Roman feet — then, since his 7%
stadia come to only 4500 feet, the ratio of the Roman foot to the Arabic will be as
9 to 10. If, finally, the barley grains are to be laid crosswise beside one another, as
others hold, so that the groove lies neither face down nor face up, then this year
among us 106 grains so placed fill the Rhineland foot; and the ratio of the
Rhineland foot to the Arabic comes out as 111 [?] 106, or again as 111 to 96. And
S0, since hardly anything certain can be got out of this juxtaposition and
comparison of grains, and since they have expressed the size of their own foot in
no other way, I would not venture to assert anything rashly here — even though
to some this last account seems to come closest to their own view. On the size and
comparison of the various feet I have nothing further settled at

present; but whatever else I may come to learn about these matters by care and
industry, I shall publish that too in the way I judge most useful.

CAPVT III.

Quot stadia miliare Romanum impleant.
How many stadia fill a Roman mile.

Since the ancient Greeks reckoned by stadia and the Romans by miles, and since
the authorities themselves vary in comparing the two, it will not be useless to
show here at last which author above all we ought to follow. In the preceding



chapter we showed, év mapdSw [Greek: en paroddi, "in passing"], how the Romans
define the length of the stadium at 625 feet, while the Greeks define the same at
600. We showed there besides that all the remaining nations do define the
stadium by 600 feet, but in such a way that an inequality among the stadia arises
in proportion to the feet; and that the Romans alone do not differ from the Greeks
in the length of the stadium — although the magnitude of the feet by which the
stadium's length is defined does differ, and what the Greeks determine by 600 of
their own feet the Romans express by 625 of theirs. This has led more than a few
into the error of supposing the Roman stadium unequal to the Greek. Censorinus,
On the Birthday: "In this measurement of the world," he says, "the stadium chiefly
to be understood is the one they call Italic, of six hundred and twenty-five feet.
For there are besides..."

and others besides differ in another length, such as the Olympic, which is of six
hundred feet; likewise the Pythian, of a thousand feet. Granted, the Pythian was
of a thousand feet of the very kind of which the Olympic had 600 — yet the
Olympic was measured out by Hercules with six hundred feet of his own. But that
other claim is very far indeed from the truth: that the Greek stadium was unequal
to the Roman because it differed in the number of feet, when in fact it is from the
inequality of the feet that the differing count within one and the same length has
been detected.

Now I come to the Latin measure. Among the Romans the mile [miliarium] is so
called from the number of paces, in that a thousand paces make up one mile; and
hardly anyone is unaware that the pace here consists of five feet, since they
reckoned that this was the length spanned between the outstretched hands. It
follows that a thousand Roman paces extend to a length of 5000 feet. Hero: 10
niAov éyel modac &, ppata o [Greek: to milion echei podas e, bémata ,a, "the
mile has 5000 feet, 1000 paces"; € and « with the thousands-stroke = 5000 and
1000] — the mile has 5000 feet, a thousand paces.

On the comparison of the mile and the stadium, however, the ancients are not of
one mind. Some lay it down that eight stadia are equal to a mile — and rightly;
certain others, eight and a third; a few make seven and a half stadia equivalent to
one mile. Pliny, at any rate, everywhere assigns eight stadia to one mile
whenever he expresses a Greek measurement in the Roman manner. You have a
famous example in his measurement of the world. Eratosthenes reported this
whole circuit to be two hundred and fifty thousand stadia. That measurement, by
Roman reckoning, comes to fifteen hundred thousand paces. And long before him
Vitruvius, 1. 1. c 6.: that the circuit of the globe was discovered by Eratosthenes of



Cyrene — from the course of the sun, the shadows of an equinoctial gnomon, and
the inclination of the sky, by mathematical reasoning and geometrical methods —
to be two hundred and fifty-two thousand stadia, which come to

thirty-one million five hundred thousand paces. This figure agrees with Pliny's, and
it is an eighth part of the stadia by which Eratosthenes fixes the earth's
circumference; for it will be established if you divide 252000 by 8, since the
quotient will be 31500 thousands of paces.

Polybius too, in his third book, does the same. Along the African coast he counts
sixteen thousand stadia from the Altars of the Philaeni to the Pillars of Hercules;
from there 3000 to New Carthage [Cartagena] in Spain; from there 2600 to the
river Iberus [the Ebro]; from the Ebro 1600 to the town of Emporium [Empuries];
and from there another 1600 stadia to the crossing of the Rhodanus [the Rhone].
Then at last he adds: Tabta yop vow BePnuatigat K oegnueiwtal, k{otd) cadiovg
OKT® 81X Pwpaiwv émepeA®dc. [Greek: tauta gar nyd bebématistai kai sesémeiotai,
kata stadious oktd dia Romaion epemelos, "for these distances have now been
paced out and marked, by eights of stadia, carefully, by the Romans." Printed as
shown: vow (standard vdv), ¢ = the ot sort, and in cegnpeiwTot the same sort
evidently standing for plain o; émepeA®¢ (standard €mpeA®g).] — for the Romans
have now measured all these intervals by eights of stadia and have marked them off
accurately.

No one can doubt that by "the measure of eight stadia" Polybius means the
Roman mile. For as the Greeks counted by stadiasmi, so the Latins counted by the
mile-count [miliasmus]. The Romans had taken care that not only the roads of
Italy but also those of the provinces they held should have a stone set up at every
thousand paces. The head and starting-point of them all was that famous golden
milestone, the navel of the city, which Augustus set up at the head of the Forum at
Rome, and from which the length of every road was to be reckoned. Polybius says
that this very space from stone to stone was 0kt Gadiwv [Greek: oktd stadion, "of
eight stadia"]. The Roman mile, then, is reckoned by the Latin writers — and
indeed by Polybius himself — at eight stadia. Yet the same Polybius, where he
compares the Roman mile with the Greek stadium more carefully, defines it as
eight stadia and a third; so Strabo reports in his seventh book. From Apollonia, he
says, into Macedonia the Ignatia road [the Via Egnatia] runs eastward, laid out and
marked off by miles, with a stone set at each one; and from there to Cypsela and the
river Hebrus

it comprises 535 m. p. [milia passuum — thousands of paces, i.e. Roman miles].
Now if you reckon eight stadia to the thousand paces, as is the accepted rule, you



will have 4280 stadia. But if you follow Polybius, who adds two plethra to the
eight stadia — and these are a third part of a stadium — then a further 178 stadia
must still be added. Eight stadia and two plethra, therefore (a plethron being a
hundred feet in length), are equal to the Roman mile.

Plutarch, on the other hand, in his Gracchi: 10 &¢ piAlov 6kTw Gadiwv OAlyov
amodel. [Greek: to de milion okto stadion oligon apodei, "the mile falls a little
short of eight stadia."” Printed 6kt with acute; ¢ = the ot sort, and the © of &mo8el
set with the w sort.] What is this — the mile a little less than eight stadia? I take
Plutarch to have meant that eight stadia are a little less than the mile, for that is
what Polybius had said a little before. There is no doubt that the cause of this
error lay in ignorance of the size of the feet. Since they knew that the Romans
reckoned the mile at a thousand paces and the pace at 5 feet, they cannot have
failed to know that 5000 feet are contained in the Roman mile. And yet, since for
the Greeks the stadium is 600 feet, eight stadia will yield only 4800 feet. The
difference, then, between eight stadia and the mile is 200 feet — SimAeBpov
[Greek: diplethron, "of two plethra"; printed with the @ sort for 1], two plethra;
and if you value the stadium at 600 feet, these come out to exactly a third of a
stadium. That is why the mile has eight stadia and a third.

In this way Polybius forced the Roman measure into conformity with Greek rules;
and that same thing swept Censorinus, a Roman, into error as well. But all the
Romans teach with one voice — and we have shown it above — that the stadium
is equal not to 600 Roman feet but to 625, and that the Roman foot is smaller than
the Greek by just that much. It follows, by the same ratio, that 4800 Greek feet are
equal to 5000 Roman feet, and that the Roman mile makes an exact match with
eight Greek stadia. Suidas too, who compiled more than he acknowledged, writes
this under the word piAtov [Greek: milion, "mile"]: piAtov, pétpov yiig, T& ek
HiALa €xBol ¢aSior 1. AN TO chdlov Exel modag ¥. [Greek: milion, metron ges, ta
deka milia echousi stadia p (= 80). alla to stadion echei podas ch (= 600) — "mile, a
measure of land; the ten miles have 80 stadia; but the stadium has 600 feet."
Printed &AAa for &AAG; 8 = the ov sort; ¢ = the ot sort; g the alternative rho sort.]
— the mile, a measure of land: for ten miles contain [stadia]

eighty; and the stadium, six hundred feet. And yet the same lexicon, under the
word ¢&dlov [Greek: stadion, "stadium"], says: ¢&8tov, 0 Tom(0¢) T &y®dv(0C), K
née(oc) TLT Aeyopévd mAiB. EmAd yap k futov ¢adia oot pidtov. [The word
printed émAd is the fount's it sort: read émta, "seven."] His Latin rendering: "A
stadium is the place where contests are held; and it is also a certain part of a mile
— for seven and a half stadia make up a mile."



Hero the Mechanic likewise, in the Isagoge: piAtov €x(et) EMAX ¢Sl K LoV —
"the mile has seven stadia and a half." In the preceding book I showed that
Alazenus [?] also followed the same reckoning. And to make sure this is not taken
for a slip, Hero set out the same thing more distinctly elsewhere:

To SiavAov €x(el) ¢Sl SVo, WAEBpa 1B’ [12], &kevag pk [120], myeag w’ [800],
n68ac Duemmpeiss [?] p(&v) a0’ [1200], Traluwde 8¢ modag ovp [1440], T piAov
éx(el) c&dia ¢ [7] k iuov, wAEBpa pe’ [45], drevac vv [450], yéag y [3000], modag
DduheTopiBe p(ev) 8¢’ [4500], Trohk8e 8¢ v’ [5400].

Snellius's Latin version: "The diaulus has two stadia, twelve plethra, one hundred
and twenty akenae, eight hundred cubits, one thousand two hundred
Philetaerian feet, and one thousand four hundred and forty Italian feet. The mile
has seven stadia and a half, forty-five plethra, four hundred and fifty akenae,
three thousand cubits, four thousand five hundred Philetaerian feet, and five
thousand four hundred Italian feet."

What could have been said further from the truth, or more contrary to the mind
of every Latin author? To be sure, this is undeniably correct if the mile consists of
4500 Philetaerian feet: then 5400 Roman feet make up the mile, since 5
Philetaerian — that is, Alexandrian — feet are matched by six Roman. But he
ought rather to have drawn the opposite conclusion: since 6 Roman feet are
matched by 5 Alexandrian, 5000 Roman feet (for that is what fills out the mile)
will be equal to 4167 Alexandrian. The source of the blunder, however, seems to
have struck very deep roots, and to be inherited from someone else's error.
However that may be, since it departs so far from the view of the Latin writers,

and since it makes the mile four hundred feet larger than it fairly should be, the
case itself cries out that what is defined here is not so much the old Roman
measure as the size of a mile fixed at the discretion of others — the Egyptians, I
believe. For a little further on the same author has: t0 piAtov €y(et) médag &
[5000], Bnpdta & [1000], akevag ¢ [500] — "the mile has 5000 feet, 1000 paces, 500
akenae." From this alone, then, let the discrepancy among miles be plain; let it be
clear that those who define the mile by 7% stadia are not reducing its size but
rather adding 400 feet to it and enlarging it; and let it be perfectly evident that
these definitions were adopted only as the empire was slipping away, and even
then equivocally.

The Arabs too, at least since al-Ma'mtn, whom I mentioned above, define their
own mile quite differently — namely by four thousand cubits, which come to six
thousand feet: see al-Farghani, chapter 10. Accordingly it is agreed that they



reckoned the pace not at five feet, in the Roman manner, but at six feet [printed
traxatum, apparently for taxatum] — a unit the ancients called 6gyvia [Greek:
orgyia, "fathom"]. And from this, in the end, the familiar convention took hold, so
that even today we say the Italian mile runs to the length of ten stadia, with the
stadium taking six hundred feet.

CAPVT IIII.

Rhynlandici pedis quantitas etiam alio modo expressa.
[The size of the Rhineland foot expressed in yet another way.]

Although I have compared the size of our Rhineland foot [pes Rhijnlandicus], the
one we used, with the feet of other nations carefully and even anxiously — so far
as I was able to obtain them — many places nevertheless remain, some of them
by far the most celebrated, whose exact standard of foot-length I could not get
hold of, and to which I should still like to convey the extent of our foot, so as to
satisfy everyone as far as it lies in my power. So I took this further route as well:
to select some class of measure that survives everywhere whole and in good
repair — one it is in everyone's public interest to keep so — and to compare our
foot against it.

For this purpose I judge nothing more suitable than the measure by which
lengths of woollen or linen cloth are measured. Everywhere an iron standard of it
is kept in public custody by appointed men, so that no trickery or fraud in
measures can creep into the retailers' shops. We shall call this the ulna, the ell. In
Dutch and German it is een ellen, in French aulne, in Italian braccio. I shall now
explain how I collected these, so that if I go wrong anywhere here I may be set
right by those with more expertise — though I shall myself go on taking this
matter to heart in future as well.

The sizes of the ells, then, expressed in parts of the foot,

of the Rhineland foot, and how I went about establishing their sizes, I shall set out
here.

Of the parts of which the Rhineland foot contains a thousand:

Of such parts the ell of Oudewater [Veteraquinas vel Oudewaterana] is 2190. I
examined it myself.

The Leiden [Leidensis] ell is 2187. I examined it myself.

The Amsterdam [Amstelodamensis] ell is 2196. I examined it myself.



The Antwerp [Antwerpiana] ell is 2210. I examined it myself.

The London [Londinensis] ell is three times the King's foot [pes Regius], which I
said above is kept at London in de Guithalle and which was sent over to us from
England; and therefore it is 2904 parts.

At Leiden and Amsterdam, however, I have found a slightly larger one in
circulation here — 2949 parts, to be exact. But the difference is the thumb's
breadth that the English add when they measure cloth, after the custom of their
nation: by the practice usual among the English, a thumb laid crosswise has to be
added to each ell. The Florentine ell [Vina Florentina], taken from the book of the
Florentine nobleman Buonajuto Lorini [Buonaiuto Lorini] printed at Venice in
1609, is 1846 parts. If you add to that the sixtieth part, which I said above is lost in
the printing, the true ell works out at 1877 parts.

The Toledo [Toletana] ell is 2600, a third of which equals the Toledo foot; for there
all measures, even those of the land-surveyors [Geodetarum], are derived from
the ell.

For the remaining ells I can set down no assured size other than the one that is
current among the merchants who

everywhere push their wares abroad or export them for sale. Even if these men
have not established this comparison to a hair's breadth, at any rate they do not
stray so far from the truth as to let in any perceptible error — they would
otherwise be looking very poorly after their own interests. Among them, then, the
following ratio of ells is commonly held.

Twenty Antwerp ells equal twenty-one at Nuremberg [Noribergal, Magdeburg
[Magdeburgum], or Leipzig [Lipsia]; twenty-five at Frankfurt am Main
[Francofurtum ad Moenum], at Riga, and at Reval [Revalia; Tallinn] in Livonia;
twenty-four at Danzig [Dantiscum; Gdansk], Libeck [Lubeca], and Hamburg
[Hamburgum].

Again, six Antwerp ells equal ten at Erfurt [Erfordial.

And a hundred Antwerp ells equal eighty-three varas at Lisbon [Vlissipo], as they
call them there. These are the figures I judge I have been able to gather from
those men safely and reliably. The comparison of these measures with our
Rhineland foot, then, runs as follows. Of the parts of which the Rhineland foot is a
thousand:

Of such parts the Nuremberg ell is 2105.



The Magdeburg ell likewise 2105, and the Leipzig ell likewise 2105.

The ell of Frankfurt am Main, 1768 parts.

That of Riga in Livonia likewise 1768 parts.

That of Reval in Livonia likewise 1768 parts.

That of Danzig, 1842 parts.

That of Lubeck likewise 1842.

That of Hamburg also 1842.

That of Erfurt, 1326.

The vara at Lisbon, which is a measure of linen cloth only, is 2662 parts.

In these last figures, as I warned earlier, I discharge my own credit upon the
merchants' credit. If they are mistaken, let no one think that I answer for it. All
the same, I judge it useful to set them down as they stand, so that the standard of
our Rhineland foot may become known to every nation as closely as possible.

Cap. V.

Pedis Rhinlandici vel Romani modulus quam accuratissime expressus. [The
standard of the Rhineland or Roman foot expressed as accurately as possible.]

Now that I have shown above, as plainly as could be, that the standard of the
Rhineland foot is equal to the old Roman one, it is a matter of concern — and not
to us alone, but to the whole republic of letters — that its true and exactly correct
size should be known to everyone and passed down to posterity without error.
That is why I reckoned up every method with myself all the more carefully, in
case something might turn up that would get us out of this difficulty. And in the
end I judged that no surer rule [amussis] for defining this length could be devised
than the weight of coinage [pondus nummarium]. For the weight of gold coins has
in every age been fixed by such precise ordinances of princes that it is a matter of
public record how many coins of each kind

are of right to be struck from an ounce or from a pound. Gold, moreover, takes
neither rust nor verdigris, and no juice of salt or of vinegar spoils its quality or
diminishes its weight. It will therefore be easy — whether the coins are dug out of
the ground or come down to later ages in safe keeping — to recover from them
the weight of the pound or of the ounce. So today we consistently establish the



weight of the Roman pound from gold and silver coins, by an argument that is
entirely certain and not deceptive.

For this purpose a single passage of Pliny lights the way for us: book 33, chapter
3. Corrupt though it is, and restored by very learned men in one way and
another, there is nevertheless no doubt that it should be read as follows:

The gold coin was struck LXII years later than the silver, in such a way
that a scruple was worth twenty sesterces; which comes out, reckoned by
the pound and at the rate of the sesterces then current, at VM. DCCLX
sesterces. After this it was decided that XLII should be struck from each
pound of gold; and little by little the emperors reduced the weight — at
the very least to XLVIIL. For on this reading the same proportion is
maintained between the silver denarius and the gold coin, at half the
weight [podere subduplo as printed]. As long as eighty-four silver denarii
were struck from the pound, and seven from each ounce, just so long did
forty-two gold coins fill out the pound. But once the weight of the silver
coin had been reduced, so that ninety-six went to the pound, then too
forty-eight gold coins, correspondingly lighter, began to be struck from
each pound.

No one who has weighed the old silver and gold coins against one another will
ever doubt that this is Pliny's genuine reading — even though that most learned
man, the phoenix of our century, in the very learned dissertation which we
published recently, though posthumously, twists this passage with the greatest
ingenuity into a sense utterly foreign to it.

The weights of the old silver and

gold coins I shall transcribe here from the book on coinage which I published
some time ago — provided I first set out the names of the weights and their
smallest units under their proper terms.

The ancient Romans used to divide the pound into twelve ounces; today more
ounces, or fewer, are commonly reckoned to the pound, according to the custom
prevailing in each place. And since under the emperors four gold coins, or eight
silver denarii, weighed one ounce — a weight equal to four English rose nobles,
or "Edwards" — we had better make our start from there, as from a principle
OpoAoy8pévw [Greek: homologoumendi, "agreed upon"; printed with the 8 = ov
ligature].



This same weight of four Edwards is likewise called an ounce in our silversmiths'
shops. Its twentieth part they call an anglicum, and again the thirty-second part of
this anglicum a grain — which, following the Greek analogy, you would call a
oltdolov [Greek: sitarion, "a little grain, a grain of wheat"; printed with the
alternative g rho sort]. It follows that one ounce among us in Holland and the
federated Netherlands [Belgium feederatum] contains 640 such grains. And it is by
grains of this kind — they are the tiniest little leaves of brass — that all weight of
gold and of silver is defined, by statute and by the edicts of the States.

Physicians, however, reckon only 576 grains to the ounce, and Ferdinand and
Isabella [Ferdinandus & Elisabetha], sovereigns of Spain, laid down the same for
coinage grains in the year 1487; and so these sittaria, or grains, stand to ours in
the ratio of 10 to 9. Here, in setting out the weights, I shall rather follow the
custom of my own country.

The Romans, then, since at the outset they reckoned only seven silver denarii to
the ounce, thereby fixed the weight of those denarii at 91 Dutch grains. I have
seen only two extremely old coins approach that weight. One weighed 86 of our
grains; on one side it has an unkempt head engraved on it, with a shaggy,
bristling beard, and running from the crown

Sabini; on the reverse, L. Tituri, with the rape of the two Sabine women. The other
weighed eighty-four grains. On one side it has engraved a woman's head covered
with a goat's skin, the horns turned back, together with the letters S.C.; on the
reverse, L. Proculi filia, a woman riding in a two-horse chariot. All the rest
weighed only 72, 73, 74, 75, 76, 77, 78, 79, or at the most 80 grains — even those
struck under Cicero and Augustus. From this it is clear that by then the weight of
the silver denarius had already been reduced, and that eight were regularly
struck from the ounce. See my De re nummaria, pages 16 and 17.

Nor is it any wonder, of course, that the weight of these pieces [donariorum as
printed; the sense appears to require denariorum] should vary so much, since
silver is also worn down by use, or shows its age through tarnish. But the
agreement of the gold coins will resolve this difficulty for us. Three gold coins —
of Tiberius, of Drusus, and of Claudius — when weighed come to 160 grains; those
of Nero and Domitian, to 158. See the same work, pages 31 and 33.

Now the English rose noble likewise weighs 160 of our grains, and four of them
exactly fill an ounce. From this it follows quite plainly that the silversmith's or
mint ounce among us in Holland is equal, to the last fraction, to the old Roman
ounce — since those gold coins which Pliny says were struck, at the very smallest,



at 48 to the pound weigh exactly as much as our 160 grains. If the most learned
Agricola were alive, he would have no evasion left to him here.

But now, so that I may publish accurately, for every nation, the exact standard of
our ounce-weight, I shall set down here the lawful weight — as it now stands in
this century — of a number of gold coins; and that according to the ordinances
and edicts of the States of the self-governing [Greek: avTovou8, autonomou, "self-
governing, independent”] Netherlands.

The English rose noble, which they call the Edoardceus, and which we commonly
call the "old" one [vulgo vetere], weighs five anglici

—which are 160 Dutch grains. Every coin struck in these provinces to this same
weight has a rose set beside the ship. gr. 160.

The Henrician rose noble [Rosatus nobilis Henricicus] weighs only four anglici
and fourteen grains. That is, 142 grains — and the rose nobles we have here,
those with no rose set on the ship, have this same weight as well. 142

The angelot [Angelottus] — that is, the "genius-piece" [geniatus], for it takes its
name from the angel engraved on it — an English coin, weighs three anglici and
ten grains, which are grains 106

The ducat struck in the federated Netherlands [in Belgio feederato] weighs two
anglici and nine grains, which make up grains 73

The Hungarian ducat minted in the Empire weighs two anglici and nine grains,
which make up grains 73.

The single Spanish ducat weighs two anglici and nine grains, which make up
grains 73.

The French crown, which they call the solatus, and those struck under Henry IV,
weigh two anglici and seven grains, which make up grains. 71

The single Spanish pistolet (for there are also ones of double and of quadruple
weight) weighs two anglici and seven grains, which make up grains 71

The single Italian ducat weighs two anglici and seven grains (and the double one,
double that), which are grains 71

In silver, the just weight of the imperial daler is eighteen anglici and twenty-eight
grains, which fall short of a full ounce by only 36 grains. They therefore have a
weight, in grains, of 604



The Spanish silver piece they call the Dalerus Regalis weighs seventeen anglici
and twenty-five grains, which are grains 569

The Philip daler [Dalerus Philippicus] weighs one ounce, two anglici,
and thirteen grains, which are grains 717

There is one further point I think I should note. Among gold coins, a coin is still
passable without loss even when two of our grains are missing from its weight,
provided a third does not go with them; for in that case exactly as much is
knocked off the value as has been taken off the weight. Suppose, for instance, I
have a Dutch or Hungarian ducat of 71 grains, whereas the lawful weight of these
is 73 grains: no loss or damage comes to me on that account, and the coin passes
exactly as if it were of full weight. But if a third grain had gone missing besides,
so that it weighed only 70 grains, then something would be deducted from the
price on account of that third grain; and if more grains were wanting, its value
would be cut down proportionately further. This is indeed allowed by law among
us, on the ground that coins lose a little either through wear, or through the sharp
practice of money-scrapers [eeruscatorum], or finally by the regulations of the
mint-masters. For that reason coins of purer gold that match the prescribed
weight to the last scruple are rarely in circulation; on the contrary, in all of them
those two grains are readily found wanting. Any that are heavier the goldsmiths'
hands detect at once, and they are melted down for other uses. I thought this
worth pointing out so that no one should rashly pronounce straight off from the
weight of any individual coin. Suppose I weigh out nine Dutch ducats: the just
weight of them all would indeed be 657 grains, which are one ounce and 17
grains. Yet since two grains may be wanting in each of them, even by the
permission of the princes themselves, it is scarcely credible that they will be
found at that weight. I shall rather judge that 18 grains at the very least must be
deducted from that weight; and accordingly I shall lay it down that nine ducats of
this kind fill out an ounce as nearly as may be, and I shall use this weight. The
same caution is to be applied to the remaining

gold coins. Among the silver ones — the imperial daler, the royal daler and the
Philip daler — eight grains may be wanting.

In this way, then, the weights can be recovered from what survives of the
coinage. And by these traces I have shown that the old Roman ounce is equal to
our ounce — both here above, and long since in my book on coinage [in libro
nostro de re nummaria]. And so from the gold coins we establish the weight of the
ounce, and from the ounce the pound. Just as for the ancient Romans the pound



consisted of twelve ounces, so today the same pound is used in the goldsmiths'
workshops at eight ounces, which they call by the German word marca, a mark.
But just as the ounce-weight is unequal from place to place, so the mark too is
found to differ among one people and another. The Vienna mark stands to the
Nuremberg mark as twenty to seventeen. The Nuremberg mark stands to the
marks of Erfurt [Erphoridianam], Meissen [Misniam] and Cologne
[Agrippinensem)] as fifty-three to fifty-two. The Venetian mark is to the Milanese
as sixty-five to sixty-four. And the Venetian is to the Parisian as one hundred and
thirteen to one hundred and twenty-eight. The Parisian, however, is equal to the
Dutch. Let us therefore take our starting-point from it in defining the pound. For
just as in the goldsmiths' workshops the mark is the customary term, so in
ordinary usage the name and weight of the libra, the pound, is the commoner;
and you are to understand that pound as weighing two marks, or sixteen ounces.
It is by this weight that the Amsterdam pounds in Holland are reckoned — to the
last scruple double our marks — and they therefore stand to the old Roman
pound in the sesquitertian ratio, that is, as 4 to 3; and this is the only one we too
shall use from here on. All this had to be defined by us so exactly in order that we
might express precisely the weight of our cubic foot filled with water. For in this
way its measure

the more surely and easily I think I shall pass it on to posterity as well — above
all because I have here expressed the weights of so many different gold coins so
exactly, down to the smallest unit of weight [ad momentum], and because
nothing is lightly shaved off the weight of such coins. But I shall also set down
plainly here how I arranged everything that follows, and with what care I carried
it through [printed perferim [?]], so that no one may rashly suspect that anything
has been bungled by me, or handled too carelessly, in a matter of such moment.
For this subject too is one that has kept learned men very anxious, and in which
more than a few have been bold enough to lay down some conclusion out of
nothing but their own notion.

To explore this very point accurately, then, and to keep even the slightest error
from forcing itself upon us here, I had a bronze cylinder made, hollow inside, half
a foot in height and half a foot in diameter, its upper and lower rim closed off by
parallel plates. One of these plates I pierced with a circular hole whose diameter
equals one tenth of a Rhineland foot [Rhijnlandici pedis], and to it I attached a
second, smaller cylinder of that same diameter and height. Besides this I opened

a tiny hole in the corner of the same plate, so that when water poured in through
the [larger] orifice trapped air inside the cylinder — as had happened to me at the
outset — the air could be let out this way, and absolutely no empty space be left



inside. Then, once I please and water too is already running out that way, I stop
that hole with an inserted screw and go on filling the rest of the smaller cylinder
right up to its top rim. I fitted this smaller cylinder to the larger one as a
narrower neck precisely so that the swelling of the water should not defeat me.
For if the top face of the larger, half-foot cylinder were not covered over with a
brass plate [orichalcea lamina], then over so wide a surface the water would
swell into too great a dome and would bulge far beyond the true capacity,

which at the start gave me no little trouble. And so the swelling of the water had
to be reined in by these means, as if by a bridle.

Besides this, on the base — that is, the lower plate — I set three screws round the
cylinder at intervals of a third of the circumference, so that with them the vessel
itself could be brought accurately level with the horizon [printed collicari; sc.
collibrari [?]].

Having used this much care in building the instrument, I applied no less diligence
to the water itself, which I then weighed. For when at the outset I was debating
with myself which kind of water to choose, rainwater appealed to me: falling
from the sky, it brings down with it no taint of earthy dregs — and besides, it
seemed to be very nearly the same everywhere. So I decided to make a trial of the
thing; and when, in this present year 1617, on 10 May, I had weighed rainwater
and compared it with well-water, I found the rainwater in that cylinder heavier
than the well-water by one ounce and a quarter and more. At first this genuinely
astonished me. But the reason was this: the rainwater, which had run down from
the roof-tiles through the gutter into the cistern and reservoir, had come down
from the roof BoAepoc [Greek: tholeros, "turbid, muddy" — printed with the
alternative g rho sort; the small final syllable could also be read ®¢ [?], and as
printed the masculine ending agrees oddly with aqua ... turbida] — muddy, that is
— on account of the previous days' rains (indeed it had rained on that very day
besides); and it had swept along with it into the cistern below the dregs it had
rinsed off either the roof or the gutter, which for want of time had not yet settled.
And so, on this weighing at any rate, the weight of rainwater in a cubic foot was
easily found to be heavier by a full pound and a quarter than that of well-water.

I therefore had to take another course. To have water as thoroughly clarified as
possible, I decided to use in this experiment only such water as had been
gathered back into itself out of vapours and exhalations; and so I turned to what
they call the chemists' distillations,



and to that procedure which they call, in their technical language, the balneum
Mariae [the water-bath], because it is the least violent of all. Its method is this.
Into a pot of lead or of bronze, full of water, I set a glass vessel of nearly
cylindrical shape, half filled with rainwater; and on top of this I placed another
glass vessel, which they call the helmet [galea]. Then, once the water boiling in
the bronze pot had heated this water in the glass as well, the vapours rose up out
of the glass vessel, clung to the surface of the helmet, gathered little by little, and,
running together to the spout, by their dripping yielded us out of the earlier
liquid a water purer than it — because the finer, airy portion of the water darts
off very quickly, leaving behind the earthy dregs and the more impure sediment.
This I repeated until I had made up the quantity of distilled water I wanted, so as
to learn its weight too. That weight is as follows.

That whole cylinder which I described a little earlier, together with the mouth of
the smaller cylinder and the remaining fittings, when full of distilled water
weighed nine Amsterdam pounds and a half (the pounds which above we defined
as sixteen of our coinage ounces), and besides that seven eightieths of one ounce
— that is, fifty-six Dutch grains.

That same cylindrical vessel, filled with rainwater caught from the roof-tiles in
underground tanks and cisterns, and left through ten or twelve days of unbroken
fair weather so that it was by then quite clarified and perfectly limpid, weighed
nine pounds and a half and, besides that, three eighth parts of one ounce. I began
the experiment on the last day of May.

On the same day the same cylindrical vessel, full of well-water, weighed nine
pounds and a half, and on top of that five eighths of an ounce, or four hundred
grains.

But from all these the weight of the cylindrical vessel itself has to be deducted,
which was three pounds, four and a half ounces, and a further one hundred and
four grains.

What is left, then, as the net weight of the distilled water, is six pounds, six
ounces, two hundred and seventy-two grains; or, if you reduce the whole to
ounce-weight, ninety-nine ounces together with seventeen fortieths of an ounce.

And the weight of the rainwater is six pounds, seven ounces, one hundred and
thirty-six grains. Or, if you carry the whole back to ounce-weight: ninety-nine
ounces together with fifty-seven eightieths of an ounce.



And the weight of the well-water is six pounds, eight ounces, two hundred and
ninety-six grains; or, if you reduce the whole to ounce-weight: one hundred
ounces together with thirty-seven eightieths of one ounce.

And now, at last, we must track down the weight of the cubic foot by calculation.
To begin with, since that whole vessel is put together out of two cylinders, the
capacity of each must be separated out by geometrical reasoning. To make this
less troublesome, I had each of the two made similar to the other, for the
diameters of their bases are equal to their own heights; and therefore, as the
geometers say, the diameters of the bases are proportional to their axes — which
is their definition of similar cylinders. Now similar solid figures stand to one
another in the triplicate ratio of their homologous sides. The diameter of the
larger cylinder equals half a Rhineland foot [semipedem Rhijnlandicum], that of
the smaller a tenth part of a Rhineland foot. From this it follows that the diameter
of the larger cylinder is five times the diameter of the smaller, that is, of its own
mouth; and therefore that the solidity of the larger is to the solid-

ity of the smaller as 125 to 1. And, taken together, the whole vessel composed of
the two has to the larger, half-foot cylinder the ratio that 126 has to 125. But as
capacity is to capacity, so too are the homogeneous weights contained in those
same bodies. From this analogy the proportion will be set up in this way: the
capacity of the whole vessel is to the capacity of the half-foot cylinder as 126 to
125; and so the weight of distilled rainwater, 99 17/40 ounces, is to 98 [numeral: ?]
ounces. That, then, is the number of ounces of distilled rainwater contained in the
half-foot cylinder, and eight times that amount, 789 [numeral: ?] ounces, will be
contained in the one-foot cylinder. From this the weight of the cubic Rhineland
foot will not be very difficult to work out.

For a cylinder has to a cube of equal height the ratio that base has to base; but the
base of a cylinder is a circle, and the base of this cube is the square circumscribed
about that same circle. The ratio of this cylinder to the cube is therefore the ratio
of the circle to the circumscribed square. But a circle is to its circumscribed
square as a quadrant of the circumference is to its diameter; and therefore the
cylinder is to the cube that is of equal height and circumscribed about it as a
quadrant of the circumference is to the diameter — that is, as 785398 to 1000000,
or as 10000000 to 12732395. Consequently, since the one-foot cylinder holds 789
[numeral: ?] ounces of distilled rainwater, it follows that the cube contains 1004
[numeral: ?] ounces, which make 62 [numeral: ?] Amsterdam pounds of sixteen
ounces.



By the same analogy you will find that a cubic foot holds 62 [numeral: ?]
Amsterdam pounds of pure rainwater, not distilled.

Finally, of pure and utterly limpid well-water, 63 [numeral: ?] pounds.

So rainwater is heavier than distilled water, in the cubic foot, by [numeral: ?]
parts of a pound, which come to two ounces and six hundred and twelve grains.

Well-water in turn is heavier than rainwater by [numeral: ?] parts of a pound,
which make seven ounces and three hundred and seventy grains. And finally
well-water is found to be heavier than distilled water, in the cubic foot, by ten
and a half ounces. In equal bulk, therefore, the ratio of rainwater to distilled
water is as 1000000 to 997065; and that of rainwater to well-water as 1000000 to
1007522 [ad is not printed between the two numbers].

Such, so far, has been my diligence and anxious care in exploring the weight, so
that no error should force its way in, even in the smallest particulars. And from
this point on, indeed, if this labour appeals to anyone, and he would like to draw
out from the weight I have determined the modulus and the magnitude of our
Rhineland foot, it will not be at all difficult. For if the vessel in which you weigh
the water is a cube, the working will now be easy: the ratio of your weight to this
one of mine will be in the triplicate ratio of the sides. For example, suppose the
weight of pure and clear rainwater, weighed out by you in any cubic vessel
whatever, is found to be 27 pounds. Then, as the weight of your cube is to the
weight of the cube I have determined, so will solidity be to solidity. Extract,
therefore, the cube root from your own weight 27 and from mine, 62

[numeral: ?]: the roots of these numbers are 3 and 3 [numeral: ?]. And so the side
of your cube will stand to the side of mine as 3 to 3 [numeral: ?], or as 3000 to
3978. And therefore, of however many parts the side of your cube is 1000, of
those same parts the size of the Rhineland foot will be 1326. But if you set up the
measurement in a cylinder, you will work out the ratio of the diameters by the
same analogy. If, finally, you do it in a prism or in any other body whatever, its
magnitude's modulus

the standard must first be reduced by you to a cube. Since all this lies rather far
from our purpose [recte: instituto], I now stop explaining it here and hand it over
to the geometers. I think I have done enough, having expressed by these marks
and character [characte[?]] the magnitude both of our own foot and of the Roman
one. It is time, however, that I turn at last to the survey I set out to make.



Cap. VI

The first station of the survey: the distance between Leiden and the village of
Zoeterwoude [Soetervvoude] determined.

[VIT the stations, the sites of the observations and the plan of the calculation may
be understood more clearly, I here present a chorography of the whole region, so
that the positions of the places on which we took our sights can be seen all the
more easily. The first baseline and the foundation of the whole work will be the
straight line joining the town of Leiden — called Lugdunum Batavorum by
Ptolemy — to the neighbouring village of Zoeterwoude, roughly three quarters of
an hour away. I measured that distance as follows.

I chose two sites, at my own discretion, on the intervening open flat country, so
placed that the interval between them cuts transversely the line joining Leiden
and Zoeterwoude. I brought in a brass quadrant whose radius was two and one
fifth Rhineland feet. Its limb, moreover, was divided into three-minute intervals,
and beyond these it was further divided by transversal lines into twos, so that
even single minutes could be read off it without any difficulty. Let, then, the
Leiden-

—town-hall tower be i, and the tower of the village of Zoeterwoude just
mentioned — restored this same year to its former trim state by the care and
order of the city magistrates, who not long ago bought up the lordship of this
village, since through these wars it had been wrecked and displayed nothing but
bare walls and rubble, the leavings of so calamitous a war — that village's tower,
I say, let it be m. Its position with respect to the tower of the Leiden town hall
runs toward the south, so that it inclines a few degrees to the east.

Diagram. A flat lozenge (kite) figure occupying the middle of the page. A long
horizontal line runs from a point at the far left to a point at the far right; above it
lies a single point, and below it another, each joined by straight lines to both ends
of the horizontal, so that the whole forms a shallow upper triangle and a deeper
lower triangle sharing the horizontal as their common base. A line runs from the
upper point down to the lower point, crossing the horizontal near its middle, and
two dotted arcs bow out to either side of it between the same two points.

e Leida (upper left, above the left end of the horizontal): Leiden

e Soeterwouda. (upper right, above the right end of the horizontal):
Zoeterwoude

e | (left vertex of the horizontal): the Leiden town-hall tower



e m (right vertex of the horizontal): the Zoeterwoude village tower

e e (apex, above the horizontal): the northern station

e a (lowest vertex, below the horizontal): the southern station

e t(interior, between the apex and the horizontal, left of the vertical line)
e d (interior, just left of the vertical line where it meets the horizontal)

e [?] (interior, just right of the vertical line at the same level as d — a single
italic letter that will not resolve even under magnification)

The station sites which I selected on the flat open country for this first survey, a
and e, are separated from one another by three hundred and twenty-six
Rhineland perches and four feet.

But to remove every ambiguity, and to explain myself more clearly here, I shall
first indicate what notation I have used throughout this calculation. In order to
have an easy and quick reckoning, I adopted decimal numeration. Our own
surveyors [geodaetee], in laying out fields, in measuring roads and in gauging
other distances, use the perch [pertica] — they themselves call it a rod, een
Roede [Dutch, in black letter: "a rod"] — twelve feet long, which the ancients
would call two fathoms [orgyiae]. We too keep it at the same length, but divided
into only ten parts. They subdivide their foot in turn into twelve inches; we divide
our foot into only ten parts. So on their reckoning the whole perch comes to one
hundred and forty-

—four inches, while for us the same perch has only one hundred parts. Thus in
this calculation the ratio of our foot to the Rhineland foot is as 6 to 5 — the very
same, that is, as the ratio of the Alexandrian or Philetaerean foot to the Roman —
even though the perches themselves are of exactly the same magnitude. Hero:
[Greek: 6 kéhop{og) éx(et) mOSag dDAeTanpei8s t, Trahi8e 1p” (ho kalamos echei
podas Philetaireious i, Italikous ib’, "the calamus has ten Philetaerean feet, twelve
Italian"); (og) and (et) are the printed ligature sorts, expanded editorially; 8 is the
printed ov ligature; o the alternative rho sort; t = 10, \ = 12]. The calamus has ten
Philetaerean feet, twelve Italian. So our decimal foot turns out to be exactly equal
to the Alexandrian foot, just as the Rhineland foot is equal to the Roman. And yet
here too we do not depart from the customary names: we call [numeral: ?] of the
calamus, or perch, a foot, and [numeral: ?] of this foot a digit.

By that numeration and that way of stating the result we achieve this: that the
whole calculation is carried through in whole numbers alone, with no little
fractional parts running in between, and that nothing disturbs the customary
counting by whole numbers. For example: suppose it is asked how many



decempedae 1575 digits laid end to end amount to. Since there are one hundred
digits in a perch, or in our decempeda, the result will be 15 of our decempedae
and 75 digits; and these, divided by ten — for that is how many digits make a foot
— will give 7 feet and 5 digits. So all of this will be expressed by punctuation
alone, in this way: 15, 7, 5. Conversely the same number, with the sequence not
broken up, will be turned into digits in this way: 1575 digits.

In the same way I have expressed, according to this decimal measure, the interval
between the stations, which we said was 326 perches and 4 feet; and on that
reckoning it came to 3264 feet for me. But if you wish to convert the same
number into feet after the manner of the surveyors, then, although the number of
perches is exactly the same on either reckoning, nevertheless, since it will be
resolved into feet of a different size, another number will necessarily come out of
it. On this reckoning, since those 10 feet make 12 Rhineland feet, therefore

and so 3264 of our feet make 3916 [numeral: ?] Rhineland feet — which for them
is nothing other than 326 perches and 4 [numeral: ?] feet — so that the whole
difference is reduced to feet and digits. But I return to the survey I set out to
make.

I measured the interval a e between these two stations first by the rules of
triangles, and then also by laying the measure along the line, once and again. I
shall now set out the parts of that survey one by one, so as to prove to everyone
that from the very first beginning and from the foundation itself nothing has
been assumed rashly, but that everything rests on, and is secured by, the most
certain demonstrations.

To find the distance ae, then, I took a transverse base tc of 8705 digits, that is, 87
decempedae, O feet, 5 digits. I mark this number off with points thus — 87.0.5 —
so that I need not always name decempedae, feet and digits.

Next, by observation the angle etc is given as 54 gr. 0 scr., and ect as 63 gr. 52 scr.
From these the sides et 88.4.0. and ec 79.6.6. are found by calculation. Again, since
on the other side the angle atc was found by observation to be 78 gr. 30 scr., and
act 82 gr. 8% scr., calculation will give at 260.1.5. and ac 256.3.0.

And therefore, since in the triangle eta the sides et 88.4.0. and at 260.1.5. are
given, and besides that the angle eta contained by those legs is 132 gr. 30 scr., the
base ae will also be given: 326.4.3. That same base, measured once and again by
laying the measure along it, I found to be 326.9.0. By that very little, then, this
calculation will be more accurate than that direct laying-on [epharmosis]. And so,
the base ae being now settled, there follows next the finding of the distance im



between Leiden [Leida] and the village of Zoeterwoude [Soeterwoude], a
calculation altogether like the one above.

For ae is now given as 326.4.3.

And by observation there is given

Angle iea 83 gr. 20 scr.
And angle iea 67 gr. 44 scr.
Hence by calculation the side ai will be given 670 1.9.

And the side ei 624.3.0.
Moreover, in the triangle aem the base ae is given 326 4.3.

as before

Angle mae, by observation 61 gr. 38 scr.
And angle mea 81 gr. 29 scr.
Hence the side am will be given 537.9.0.

And the side me 478.5.8.

Since, then, the legs of the angle iam are now known to us from what precedes,
and the angle iam is 129 gr. 22 scr., made up of the two angles iae and eam, the
base im will thereby also be given: 1092.3.3.

And so the interval lying between the tower of the Leiden town hall and the
tower of the village of Zoeterwoude will be 109233 digits, or 1029 [recte: 1092]
decempedae, 3 feet, 3 digits. In this calculation I have admitted digits and feet as
well — not because I think this distance has been worked out so accurately as to
the measure of a single digit or foot, but so that no error, slight at the outset,
should creep on as the calculation proceeds further and end up in the
decempedae themselves; that way the measure and number of these at least
stand whole and untouched by any fault of computation. Now therefore let us
turn, with God's good help, to the rest, this base of the whole work between
Leiden and Zoeterwoude having been determined by us so accurately and so
rightly.



CAPVT VIL

Distantia inter Lugdunum Batavorum & Hagam-Comitis.

The distance between Leiden [Lugdunum Batavorum] and The Hague [Haga
Comitis].

At last we have lifted our foot from the flat of the fields and climbed to the tops of
the towers. But so that we may set out securely and reliably the intervals between
towns lying further apart, we shall now fly across to whichever neighbouring
towers suit our work. And since between The Hague [Haga] and Leiden there is a
convenient station of two towers for taking a sight-line — set crosswise, roughly
halfway along the road, in the villages of Voorschoten and Wassenaer
[Wassenaar], from which the renowned house of Wassenaar [Wassenaria] takes
its name — I shall set out first the intervals of these towers from Leiden, and then
their interval from one another as well.

I. PROBLEMA.

Distantia pagorum Wassenaer & Soeterwoude. — The distance between the
villages of Wassenaar and Zoeterwoude.

Diagram. A right-angled triangle drawn in heavy rule, with the right angle at the
lower left. The vertical side runs up the left from the lower-left vertex to the apex;
the horizontal side runs along the foot to the lower-right vertex; the hypotenuse
joins apex to lower-right vertex. Three vertex letters, each with a place-name set
beside it (the place-name above the apex, the other two below the base line):

e A (apex, upper left): Soeterwouda. — Zoeterwoude
e E (lower left, the right angle): Leida. — Leiden

e I (ower right): Wassenaria[?]. — Wassenaar (the final letter of the label
will not resolve; it is either a plain a or an )

No other lines or letters are inked inside the figure; the faint diagonal visible
within the triangle is show-through from the other side of the leaf.

To begin with, from Chapter Six the distance between Leiden and Zoeterwoude,
AE, is given as 1092.3.3.

From the observations, moreover, the angle EAI 63 gr. 57 scr.
[printed angulis, plural]



And the angle AET 84 gr. 5 scr.

And from there by subtraction — since in that 31 gr. 58 scr.
place there was no convenient station — the

angle I

Hence the side Al is found 2052. 1. 2.
And the side EI 1853. 6. 3.

II. Problema.

Distantia pagorum Soeterwoude & Voorschoten. The distance between the villages
of Zoeterwoude [Soeterwoude] and Voorschoten.

Diagram. A plain triangle with its apex at the top and its base horizontal, drawn
in heavy line. The apex is lettered A and carries a place-name set above the
figure; the two base corners are lettered E (left) and I (right), each with its place-
name set below the base.

e A (apex, place-name printed above the figure): Soeterwouda. —
Zoeterwoude

e E (left base corner, place-name below): Leida. — Leiden
e I (right base corner, place-name below): Voorschota. — Voorschoten

Once again, as before, in this triangle AE is given as 1092.3.3.

From the observations, moreover, the angle EAI 77 gr. 12 scr.
And the angle AEI 45 gr. 21 scr.

Hence, by subtracting these two from two right 57gr. 27 scr.
angles, AIE

Hence the side AI will stand at 921.9.1.
And the side EI 1263. 6. 8.

II1. Problema.

Distantia pagorum Wassenaer & Voorschoten. The distance between the villages
of Wassenaar [Wassenaer] and Voorschoten.

Diagram. A markedly oblique triangle drawn in heavy line, its vertex high on the
right-hand side of the type-page and its base running to the lower right. From the



vertex A one line drops steeply to the left-hand base corner E and a second,
longer line runs down to the right to the corner I; the base EI is nearly horizontal.
The vertex carries a place-name above it, the two base corners theirs below.

e A (top vertex, place-name printed above the figure): Leida. — Leiden
e E (lower-left corner, place-name below): Wassenaria. — Wassenaar
e I (right corner, place-name below): Voorschota. — Voorschoten

From the second problem the distance between Leiden and the village of
Voorschoten is given, that is, the side Al — 1263. 6. 8.

From the first problem the distance between Leiden and the village of Wassenaar
is given, that is, the side AE — 1853.6.3.

From the observations, the angle EAI contained 38 gr. 45 scr.
by these two legs is given as

Hence the base EI will be brought out — the 1174. 4. 1.
distance between the villages of Wassenaar and
Voorschoten

IV. Problema.

Distantia pagorum Wassenaer & Voorschoten iterata geodcesia tentata & expressa.
The distance between the villages of Wassenaar and Voorschoten, attempted and
established by a repeated survey [geodeesia].

But so that no shred of doubt should be left us on this point, I decided to test that
same distance between the villages of Wassenaar and Voorschoten over again, so
that it might be plain beyond question that we have committed no error here.
And I wanted this further point made clear as well: that this calculation, and a
distance between places derived through the roundabout course of the triangles,
comes out in numbers exactly as it would have had each line been laid out by us
by art as the starting-point of a survey.

Diagram. A long, low four-cornered figure drawn in heavy line, with an internal
division. The point i stands at the top, roughly a third of the way in from the left;
from it a long, nearly horizontal line runs to the right to E, and a shorter line runs
down and to the left to O. Below i is q, joined to i by a short vertical line, to O by a
line rising to the left, and to E by a long line rising to the right — so the whole
figure OakE is split by ai into the two triangles Oai and aiE. The lower-case letters i
and a are set beside their points; O and E are capitals, each with a place-name.



e i(top, left of centre): no place-name

e a(below i at the foot of the figure): no place-name

e O (left-hand point, place-name below it): Voorschoten. — Voorschoten
e E (right-hand point, place-name above it): Wassenaria. — Wassenaar

Let the stations be i and a, set between those villages. Their interval ai, both by
applying a measure directly and by means of euthymetric instruments [organa
euthymetrica, straight-line measuring devices], was found to be 348 decempedae
and 1 foot.

348.1.
And the angle aiE 92 gr. 10 scr.
And the angle iaE 66 gr. 5 scr.
Hence the angle aFiis given 21 gr. 45 scr.
And from these data the side Ei will be found 858.7. 3.
And the side aE 938.7.2.

Again, in the triangle Oai the side ai is given as before:

348. 1.
From the observations, moreover, the angle 59 gr. 20 scr.
Oai
And the angle aiO 60gr. 11 scr.
Hence the angle aOi will be given 60gr. 29 scr.
And from this the side Oi will be found [no value printed]
And besides that the side aO 347.0. 6.

Therefore, since in the triangle OaE there is now given

the side aO 347.0.6.

And the side AE [so printed, capital A; the same  983.7.2.
line elsewhere is aE]



And the angle OaE, made up out of Oai and iaE  125.gr. 25 scr.

there will also be given the base OE, the 1174. 4. 2.
distance between the said villages

This calculation agrees so closely with the earlier one that it might seem not to
have been recorded from observation at all, but derived from the preceding table
[abacus] — were it not that I have trustworthy witnesses to both observations,
men not unacquainted with such matters, and that more than a full year passed
between the two. Indeed, at that first observation — which, however, I carried
out most recently — I was always present in person and discharged every one of
the surveying duties myself; whereas this latest one, apart from the measurement
of the angles, which we set up together, I had carried out entirely by others, and
the stretch ai was measured with the chain by men expert in such work. Yet the
calculation in both cases gave us the same interval on the table. Let the distance
between these towers therefore stand at that figure for us. And now let us go on
from here to the interval between The Hague [Haga] and Leiden, for the finding
of which we have pursued this one so painstakingly and anxiously.

V. PROBLEMA.

The distance between The Hague [Haga] and Leiden [Leida].

Diagram. A four-cornered survey figure with its connecting lines drawn in. The
two upper vertices are Wassenaar (left) and The Hague (right); the two lower
vertices are Leiden (left) and Voorschoten (centre). Lines are visibly drawn from
the Leiden vertex to each of the other three, from the Wassenaar vertex down to
Voorschoten, and from Wassenaar across to The Hague; a further link running
from Voorschoten up to The Hague is drawn but cannot be separated with
certainty from the Leiden-The Hague line where the two converge [?].

e E (upper left, the point-letter printed immediately before the station name):
"E Wassenaer." — Wassenaar

e Haga. (upper right, above the vertex): The Hague

e O (upper right, directly beneath "Haga."): the point-letter of the The Hague
vertex

e A (lower left): with "Leida." — Leiden — printed beneath it
e I (lower centre): with "Voorschoten." — Voorschoten — printed beneath it



The towers of the villages just named did not make convenient observing
stations, so we took these angles from the tower of the church at The Hague
[templum Hage-comitanum], the one standing near the fish market, and from the
Leiden town hall; we found them of the sizes we set out here.

Measurement Value

From the Leiden town hall, angle IAO is 6 gr. 12 scr.
And angle OAE 23 gr. 36 scr.
From the tower at The Hague, AOI 15 gr. 10 scr.
And angle AOE 17 gr. 9 scr.

Moreover the length of the side AI, confirmed by so consistent a computation:

Measurement Value

Al 1263. 6. 8.
And AE 1853. 6. 3.
And EI 1174. 4. 1.

From these the angles are extracted — EAI indeed coming out just as large as it
did from observation:

Measurement Value

EAI 38 gr. 45 scr.
And angle AIE 98 gr. 55 scr.
And besides AEI 42 gr. 20 scr.

And since EAOQ is furthermore given as 23 gr. 36 scr. and AOE as 17 gr. 9 scr., the
third angle in triangle AOE will likewise be given:

Measurement Value

AEO 139 gr. 5 scr.

And from the observations the individual angles 23 gr. 36 scr.
are given: OAE

And angle AOE 17 gr. 9 scr.
Measurement Value
And the side AE 1853.6.3.



Measurement Value

From which, by the rules of triangles, OF is given as 2516.6.6.
And finally AO, the distance between The Hague and 4103.3.6.
Leiden

VI. PROBLEMA.

The same distance between The Hague and Leiden, attempted by another route.

Even so I was not satisfied with myself until I had also shown, by a different
route, that this same distance — which is to be the base of so notable and
excellent a piece of reasoning [epichrema] — agrees with the first result. I would
not have dared to pronounce on it with so much confidence had the very close
agreement of the work in hand not led me to it, as if by the hand. I shall therefore
undertake to work out the same distance from the first baseline as well, that is,
from the interval between Leiden and Zoeterwoude [Soeterwouda].

Diagram. A single tall, very narrow triangle. Its apex is at the top right and its
short base runs along the foot of the figure.

e Haga. (top, above the apex): The Hague

e I (top right, at the apex): the point-letter of the The Hague vertex

e A (lower left, at the left end of the base): with "Leida." — Leiden — printed
beneath it

e E (lower right, at the right end of the base): with "Soeterwonda." printed
beneath it — Zoeterwoude; the italic fount does not separate u from n, so
the fourth-from-last letter cannot be settled [?], and the prose on this page
spells the name Soeterwoudam | Soeterwoudce

The gap between Leiden and Zoeterwoude, AE, by the computation of the sixth
chapter, is

Measurement Value

AE 1092. 3. 3.
Measurement Value

And angle IAE, from the observations 60 gr. 32 scr.
And angle IEA 104 gr. 32 scr.

From which the third, AIE, is given as 14 gr. 56 scr.



And therefore, by the doctrine of triangles, there will be given

Measurement Value
the side Al 4103. 2. 1.
And the side EI 3690. 5. 2.

Because the angle AIE is so slender, I was certainly afraid that the computation
might be thrown off somewhere, and I would scarcely have ventured to vouch for
it to within one or two decempedae — or even a few more — had the outcome of
the work not displayed the very closest agreement between the two reckonings.
For the difference between the numbers of this problem and those of the fifth is
only a foot and a half, which it seemed shameless even to wish for. And so, since
the outcome of both operations awards us the same number, it is no longer
permissible to doubt the distance between these places. On this base the rest of
the structure of the work I have undertaken may safely be raised. Let us
therefore press on eagerly to what remains.

CAP. VIII.

The intervals of all the remaining places employed in the land-measurement
[geodcesia] undertaken, determined.

Before I pass on to what follows, and so that new figures are not needed at every
turn, I have printed here once for all a small chart in which I display the sites of
the towers and towns marked with their own letters, by which I shall always cite
them hereafter. As we go further, then, the first place we meet is Gouda: from its
tower we sighted [collineavimus] toward Leiden and The Hague, and repeatedly
observed the size of the angles...

Diagram. A full-page engraved plate, without caption or printed page number,
occupying the whole leaf: a schematic map of the triangulation network across
Holland and Brabant, drawn in an engraved calligraphic italic hand. A tall
rectangular frame encloses the field, its upper-left corner marked @® and its
lower-right corner marked W; the towns are entered as dotted stations, each with
a letter and a name. Two nearly parallel near-vertical lines run the full height of
the plate from the neighbourhood of Y (Alcmaria) at the top down to the
neighbourhood of Q (Berga ad Zomum) at the foot — the right-hand one dashed,
the left-hand one solid and slanting slightly to the left as it descends, so that the
two converge toward the bottom. The stations of the survey are distributed to left
and right of this pair of lines. Reading the plate from top to bottom:



® (upper-left corner of the frame): no town name

Y (top, right of centre): Alcmaria — Alkmaar

O (upper right): Amsterdam — Amsterdam

I [?] (upper middle, on the left-hand line): Herlemum — Haarlem (printed
thus; the book's usual Latin form is Harlemum. The station letter shows one
tall stroke plus a detached dot; I/i/1/t are the same image in this fount, so
the letter itself is not decidable — a letterform limit, not a resolution one.
The place-name resolves cleanly at native resolution.)

d (left of E): station for Wa/Jennaer — Wassenaar

E (middle left): Leyda — Leiden

¢ (below Voorsch.): station for Voorsch. — Voorschoten

g (left of the name): foeterwouda — Zoeterwoude

(no letter legible beside the name): woerda — Woerden [?]

C (below and left of Ultrajectum): no town name attached that I can read [?]
U (right): Ultrajectum — Utrecht

A (left): Haga — The Hague

¢ [?] (a small script mark on the left-hand line, immediately left of Gauda):
no town name

S [?] (right of the name): Gauda — Gouda (printed Gauda. The glyph is a
two-lobed script squiggle compatible with S but not confirmable from the
plate.)

M (above the name): Oudewatera | Veteraquinum — Oudewater (Dutch and
Latin names, one above the other)

X (left of the name): Montfortium — Montfoort (a bold capital X in the same
weight as the other capital stations, not a multiplication sign)

[?] (a small script mark immediately left of F): unresolved
F (right of the name): Roterodamum — Rotterdam

3 [?] (above the name): Schoonhoua — Schoonhoven

R (above the name): Dordracum — Dordrecht

G (above the name): Gorcom — Gorinchem

W (above the name): Worcom — Woudrichem

L (upper right): Bommelia — Zaltbommel

T (left, on the left-hand line): Willemstadt | Hermiopolis [?] — Willemstad
(Dutch and humanist-Latin names, one above the other; the initial of
Hermiopolis prints ambiguously)

H (right): Hertogenbosch — 's-Hertogenbosch



e V (above the name): Breda — Breda

e Q (bottom left, at the foot of the left-hand line): Berga ad Zomum — Bergen
op Zoom

e W (lower right, where the dashed line meets the foot of the frame): no town
name

I observed with the larger bronze quadrant mentioned above, or else with a large
semicircle three and a half Rhineland feet in diameter. But so that the treatment
of these matters may proceed in due course and order, I shall assign each triangle
its own separate problem; that way we shall be able to cite them more
conveniently whenever the need arises.

I PROBLEMA.
Triangulum AES, Leida Haga Gauda. — Triangle AES: Leiden, The Hague, Gouda.

From problems 5 and 6 of the preceding chapter we have already found the
distance to Leiden and The Hague, which will serve as the base AE of the
proposed triangle: 4103.3.

Base AE 4103.3.

From observation, angle AES 97 gr. 11 scr
And angle ASE 32 gr. 25. scr.
And finally angle EAS 50 gr. 23. scr.
All of these gathered into a single sum make 17. gr. 59. scr.

And they thereby show that our observations were set up with the utmost
diligence and recorded with the utmost accuracy. As for the single minute still
wanting to complete two right angles, let it be added to angle EAI [?], which then
becomes 50 gr. 24. scr. That makes no real difference here to the outcome. Nor
should it seem strange to anyone that things do not always come out exactly to
the minute, since towers, however far apart they stand, have a certain width, and
subtend at least some appreciable angle at the observer's eye. To make this
clearer, let us suppose a tower three decempedae wide standing at a distance of
4103 decempedae from us. Now let us imagine a right-angled triangle whose legs
are precisely these two quantities: the angle which the width of the Hague tower
subtends at the tower of the Leiden town hall will then come out at

0 gr. 2. scr. 31 seconds. And even if you take the greatest pains to direct the
sighting through the notches of the dioptras onto the middle of the towers' width,



the rays there, confined as it were in a narrow pass, wear down the image of the
visible object so much that it all but vanishes from sight, or at any rate is seen less
distinctly. If on the other hand you let your line of sight graze the edges of the
dioptras on either side, then the refraction produced by the humours of the eye
also plays no small trick on the man taking the sight. So no intelligent person
should be at all surprised that the minutes themselves do not always come out
just as one would wish, since towers give off no radiance of their own to shed any
brightness on the observers' eyes. Indeed I think the more astonishing thing is
rather that everything came out to our calculation so accurately.

For that reason I do not lightly call any very acute angle into counsel in these
reckoning-tables [abaci], unless I am forced into a corner. I am thoroughly afraid
of their tricks, and of the smallest error in them, and I keep a careful watch that
they do no damage. For in a ratio of lesser inequality, when the terms differ
widely, a slip is both easy and dangerous, since an error in the smaller term
becomes multiplied in the larger ones. When, by contrast, all the angles are fairly
large, the ratio is more suitable and less exposed to error. And so, if in such cases
the individual angles are increased or docked by a minute or two, the difference
in the computation will not be correspondingly noticeable, because the ratio of
their sines still remains very nearly the same. The difference of the opposite
sides' magnitude from the true value will therefore not be very great either —
often it comes to no more than a few feet. I thought it best to give this warning
once here, so that we should not have to repeat the same points again and again.
For many things arise at the tops of towers which you could hardly avoid, unless
for each...

you should linger a good while longer [divitiusculé [?]] at the sites, or repeat the
observations several times. Conditions of that sort are, for example, a wind
blowing rather hard high in the air, which at the foot of the towers you feel either
only faintly or — very often — not at all. Then too, the station is not always at the
centre of the tower, but now in this corner, now in that, as the convenience of the
structure allows or the position of the places to be observed requires. There are a
great many other things of the same kind that practice can teach you more easily
than I can put into words.

Nor will ignorance of the localities prove the smallest of the difficulties: the
lookouts themselves will offer you some neighbouring tower in place of the one
you asked for, so as not to appear ignorant of anything. That, above everything
else, is what compelled us to observe all the angles of each triangle, so that we
should approve an observation as sound only when the angles came out right for



us in the numbers. In short, we went through the whole of it with such care and
diligence that, worn out by so many annoyances and difficulties, I nearly resolved
to abandon the work I had begun. Only the public benefit, and the nobility of a
question over which so many centuries had already exhausted themselves,
spurred me on: it put the pen back in my hand and forced me to lift my body and
the sharpness of my eyes once more to the tops of the towers. What I bring
forward here is scarcely a hundredth part of the labour, the annoyance and the
expense we drained to the dregs. And if I had not steeled my mind against every
kind of weariness, I could never have carried it through to the end I had hoped
for. I now refrain from further cautions and return to my plan.

Given, then, the angles and the base AE, the remaining sides too are given by the
canons of triangles — that is, the distance between:

Leiden and Gouda ES 5897.8
Between The Hague and Gouda AS 7594.3

II. PROBLEMA.

Triangulum ES R. Leida, Gouda, Dordracum. — Triangle ESR: Leiden, Gouda,
Dordrecht [Dordracum].

By Problem 1 the distance between Leiden and  5897.8.
Gouda ES is given as

From the observations, moreover, the angle RES 25. gr. 49 scr.
is given as

And the angle ERS 25. gr. 50 scr.
And the angle RSE 128 gr. 22 scr.

The sum of them all is 180. gr. 1. scr., where just one minute is in excess. Let the
angle RES therefore be:

angle RES 25. gr. 49 scr.
And the angle ERS 25. gr. 49 scr.
And the angle RSE 128 gr. 22 scr.

Hence by the doctrine of triangles there will also be given:



ER, the distance between Leiden and Dordrecht 10633.1.
And SR, the distance between Gouda and Dordrecht 5897.8.

III. PROBLEMA.

Triangulum E AR. Leida, Haga, Dordracum. — Triangle EAR: Leiden, The Hague
[Haga], Dordrecht.

By chap. 6, probl. 6 the distance between The 4103.3
Hague and Leiden EA is given as

From the observations, moreover, the angle EAR 85 gr. 51 scr.
And the angle AER 71 gr 31 scr.
Hence the third angle too is given, ARE 22 gr. 38. scr.

— for I could not see The Hague from Dordrecht.

And from this, by the doctrine of triangles:

the distance between Dordrecht and The Hague AR 10112.7
And ER, the distance between Dordrecht and Leiden 10634,7
the same distance which we found by the preceding problem 10633.1

The difference is barely two perches [decempedarem, for decempedarum] — an
amount of no consequence whatever over so long an interval.

IIII. PROBLEMA

Triangulum A E F. Haga, Leida, Roterodamum. — Triangle AEF: The Hague,
Leiden, Rotterdam [Roterodamum].

By chap. 6, probl. 6 the distance between The 4103.3
Hague and Leiden EA is given as

From the observations, the angle EAF 39 gr. 53. scr.
And the angle AEF 53 gr. 40. scr.
Hence the remaining angle AFE will be given as 86 gr. 27. scr.



And from this, by the doctrine of triangles, there will also be given:

AF, the distance between The Hague and Rotterdam 5616,8.
And EF, the distance between Leiden and Rotterdam 6972.3
V. PROBLEMA.

Triangulum ESF- Leida, Gouda, Rotterodamum. — Triangle ESF: Leiden, Gouda,
Rotterdam.

By Problem 1, ES, the distance between Leiden and 5897.8.
Gouda, is given as

From the observations, moreover, the angle SEF 43 gr 36 scr.
And the angle ESF 80 gr, 0 scr.
Hence the angle EFS will be given as 56 gr 24 sc.

And from this, by the doctrine of triangles, there will also be given:

EF, the distance between Leiden and Rotterdam 4883,1,

VI PROBLEMA

Triangulum ESO. Leida, Gouda, Traiectum. — Triangle ESO: Leiden, Gouda,
Utrecht [Traiectum].

The distance between Leiden and Gouda is given 5897,8
by the first problem, ES

And from the observations the angle SEV 37 gr. 48 scr,
And the angle ESV 114 gr. 0 scr,
And the angle EVS 27gr, 26. sc.

When these are collected, four minutes are in excess, which

I shall distribute so that they disturb as little as possible:



let the angle ESV [?] be 37 gr 47 scr.
And the angle ESV 114 gr.48.scr.
And the angle EVS 27 gr 25.scr.

Hence by the doctrine of triangles there will be given EV:

the distance between Utrecht [Traiectum] and Leiden 11628,8
And SV, the distance between Gouda and Utrecht 7847,5
VII PROBLEMA

Triangulum ERV, Leida, Dordracum, Traiectum. — Triangle ERV: Leiden,
Dordrecht, Utrecht.

By problem 2 there is given ER, the distance 10633,1
between Leiden and Dordrecht

And from the observations the angle REV 63 gr,26, scr.
And the angle EVR 54,gr, 8 scr,
And the angle ERV 62 gr,28 scr.

In that sum two minutes are altogether in excess. I shall distribute them so that:

the angle REV is 63 gr,25,scr,
And the angle EVR 55 gr,8 scr,
And the angle ERV 62 gr, 27,scr,

Hence by the doctrine of triangles there will be found:

ER, the distance between Leiden and Utrecht 11631,8
And VR, the distance between Dordrecht and Utrecht 11732,5
But the distance between Leiden and Utrecht was found 11628,8

earlier, by problem 6, to be

So these figures play about on the borderline.



[Margin: Veteraquinum. — Oudewater]

VIII PROBLEMA

Triangulum EMYV, Leida, Oude Watera, Traiectum. — Triangle EMV: Leiden,
Oudewater [Oude Watera], Utrecht.

By problem 6 there is given EV, the distance 11631,8
between Leiden and Utrecht

And from the observations the angle MEV 20 gr,26, scr,
And the angle EVM 33 gr, 53 scr,
And the angle EMV 125 gr,43 scr,

Here two minutes are in excess. Accordingly let

the angle MEV be 20 gr.26. scr.
And the angle EVM. 33 gr,52 scr.
And the angle EMV 125 gr,42 scr.

Hence by the doctrine of triangles there will be found VM:

the distance between Oudewater and Utrecht 5000.6.
And EM, the distance between Oudewater and Leiden 7981.8.

IX. PROBLEMA.

Triangulum EMS Leida, Oude Watera, Gouda. — Triangle EMS: Leiden, Oudewater,
Gouda.

I should like to attempt the distance between Leiden and Oudewater a second
time, in order to test the truth of the work, and this time with Gouda taken as the
third station. Here, then, by problem 2 there is given:

ES, the distance between Leiden and Gouda 5897.8.
And from the observations the angle SEM 17 gr.23 scr,
And the angle ESM 125 gr.42 scr.



And the angle EMS 36 gr.53 scr.

In that sum two minutes are lacking. I shall make them up as follows:

let the angle SEM be 17 gr,23 scr.
And the angle ESM 125 gr,43,scr.
And the angle EMS 36 gr.53.scr.

Hence the side SM too will now be given by the doctrine of plane triangles:

SM 2934.6
And EM, the distance between Leiden and Oudewater 7975.1
But by problem 7 it was 7981.8.

The difference between these two observations therefore amounts to six and a
half perches [decempedce], which is a little more than the thickness of the two
towers taken together. And although I would rather give my verdict according to
the tables [abaci] of the fifth problem, on the ground

that the smallest angle there is 20 gr.21 scr. — still, each of the two is accurate
enough. If anyone prefers to take the mean, he has my leave to do so, and to make
ME 7978.4.

But in order to prove our industry to everyone, and to show beyond all doubt that
we have gone about this work with the greatest care and diligence, I here present
a fresh land-measurement [geeodesial, by which I may show that this is the
correct distance between Oudewater and Gouda. I have not derived it from what
precedes; I present it as established from first principles by the rules of the art, so
that from here on I may run through the remaining part with an easy mind and
without stumbling.

The most noble Austrian barons Erasmus and Caspar Sterrenberg [Erasmus &
Casparus Sterrenbergici], brothers by both parents, had by now thoroughly
mastered arithmetic and geometry, and were at work on the canons of the
straight lines inscribed in the circle — what we commonly call the doctrine of
triangles. Like Alexander the Great, they decided to test the powers of their minds
not on fine dust, but on some worthier material, one that would spread its use



and profit to a wider public. And so, when they were tired out by long and
unremitting application and toil and wanted to refresh their minds during the
dog-day vacation and to let up somewhat from their more serious studies, the
very learned Ioannes Philemon — at that time in charge of their household and of
their studies, a man great in both native talent and learning, who by then had
himself made no mean progress in these subjects — said that he was
contemplating an expedition into the neighbouring provinces, so that this leisure,
liberal enough in itself, should not run away in mere idleness. In that way they
would come to know the regions bordering on us, and at the same time would
one day be able to form a judgment of them for themselves. While I was giving
that plan my strongest approval and commending their decision, all of them at
once, with one voice, asked me to join their journey as a companion, and [would
not have] it refused them by any

— would not allow it in any way; rather they carried me off from my house and
away from my family, almost against my will. Their chief reason was that I had
once let fall a mention of this land-measurement [gaeodasia], and of how much
credit a man might hope for from a grateful posterity if he had determined by
that route the true size of a degree of the earth. For by then they had already got
more than a slight taste of spherics. And see what I was to do: what I had once
said only in passing they had now taken up in earnest.

So we set about the journey with every care, and brought out the instruments the
undertaking demanded: a semicircle three and a half Rhineland feet in diameter,
for the survey of distances and for observing the size of angles from towers; and
also a very large iron quadrant, faced with brass, of more than five and a half
feet, for determining the elevation of the pole.

And so we made first for Oudewater [Oudewatera], to spend a few days in the
country and to pick out a station during that retreat. I had two further errands
there: to salute the ashes of my father and of my forefathers, which lie buried in
that place awaiting the day when they shall be restored to themselves; and
besides that, to greet my mother, now an old woman and by this time a widow,
who, after the death of that most distinguished man Rodolphus Snellius [Rudolph
Snellius], my dearest father, had withdrawn there in the previous year, meaning
to close her own last day among the monuments of her family.

Oudewater is a town of Holland proper, lying on the border between the territory
of Utrecht [Traiectum] and Holland, on the IJssel [Isala] — the river that washes
Gouda as well. It is now thoroughly fortified on every side with ramparts and
bastions; its circuit is seven or eight hundred perches [decempede], and its



length stands to its breadth roughly as three to two. In former days it was girt
with vaulted walls. Its site is a most agreeable one, the soil all round fertile and
good, and the town was already of some standing several centuries ago; it has
always been much celebrated for the thrift and industry of its people. But it is
more famous still today for that renowned disaster —

— which Oudewater suffered precisely because it was the first of all the towns to
buy its country's freedom with its own blood: the first to set itself against the
marauding tyranny of the Spaniards, the first to be ringed by a siege and taken.
Naarden [Nardenuml], after all, passed into Alba's [Albani] power not by force but
by its own surrender.

Oudewater, I say, was the first. After a close siege of three weeks, its walls
battered night and day by the siege cannon, garrisoned by only a handful of
soldiers, it nevertheless held out — through the joined strength of its men and of
its women and viragos, who would not sit at home but stood on the walls and on
the rampart, urging their own men on and beating the raging, rabid enemy back
with liquid burning pitch, with scalding sand, with huge stones. It sustained an
assault so long that it had seemed unlikely to endure it for even one day. The
town chose rather to lay the foundations of its country's freedom at its own peril
and cost than to surrender itself into the hand of an enemy for whom nothing
was sacred and nothing holy beyond his own pleasure.

Then, once the town was taken, in that fatal and deadly hour, all were butchered,
seized, rui [?]; no respect was paid to sex or to age. Pregnant women were hung
up from the doorways of their own houses; the unborn were cut out of the womb
and — the crime is unspeakable — dashed against the mouths and faces of their
dead mothers. Elsewhere infants, or little boys of two or three years, tender in
age, calling on the good faith of men and of the gods, were spitted on pikes like
scraps of meat. No kind of cruelty was left untried, until at last the whole town
went up in embers and ash: out of so great a number only seven houses, with the
church and its tower, survived that catastrophe.

Indeed the town burned with so conspicuous a blaze that it announced the
coming of a most cruel enemy to everyone throughout the whole of Holland, as
though from some lighthouse. It is established that the fire was seen not only at
Amsterdam [Amstelodamum], but in North Holland [Northollandia] itself, at
Hoorn [Horna] and at Enkhuizen [Enchusa] too —

— which is the longest distance of all.



I shall set down the date here in my father's own words, from his most polished
commentary on the Rhetoric (Rodolphus Snellius, commentary on the Rhetorica):

Oudewater [Veteraquinum] was closely besieged, and at last taken on 7
August, Julian reckoning, in the year CIO IJ LXXV. With the sun already
marking mid-heaven, the citizens and the garrison were cut down;
neither age nor sex was spared, and very few were kept back for seed.
The town was set on fire and consumed by the flames.

But I do not know where love of country and the sweetest recollection of my own
people have carried me off to. Let me return instead to my subject.

While we were staying here, then, we decided at the outset — the place being
convenient — to lay the foundations of our survey and to establish a baseline. For
there are three neighbouring towns there, separated from one another by no
very long interval: Oudewater and Woerden [Woerda] in Holland proper, and
Montfoort [Montfortium] in the territory of Utrecht, each about an hour's journey
from Oudewater and from the others. Because they lie so close together, we
measured the interval between Oudewater and Montfoort first of all; and it is
that survey I shall set out here to begin with.

IX. PROBLEMA.
The distance between Oudewater and Montfoort sought.

Diagram. A tall, very narrow figure printed in the left margin alongside the value
list. A dotted straight line runs the full height of the figure; the point e is marked
at its head and the point i at its foot. Low down, the point a stands on that dotted
line, joined by a short horizontal solid stroke leftward to the point o, which lies
off the line. Two long solid strokes run from o: one upward to e, one downward to
i. The figure therefore shows two very acute triangles, eoa above and ioa below,
sharing the short base oa.

e e (top, at the head of the dotted line): apex of the upper triangle

¢ 0 (left, low, off the dotted line): the station at the far end of the short base
e a (on the dotted line, right of 0): the common vertex of both triangles

e i (bottom, at the foot of the dotted line): apex of the lower triangle

Item Value

The base of the survey, on the level of the 166.
open fields, was the line ao, in perches
[decempedee]



Item Value

Angle eoa 81 gr. 57 scr.
Angle oae 90 gr. 6.
Hence by the doctrine of triangles the 1185. 4.

distance oe is found to be
And the side oe

[no value printed]

Second, from the observations there is given 65 gr. 9 scr.
the angle ioa

And the angle iao 92 gr. 19 scr.
From this the angle aio becomes known 22 gr. 32 scr.
And from that the side oi is given 432.8.

And the side ai (no value printed)
Therefore in triangle eoi there are given: the 1185.4.

side eo

And the side oi 432.8.

With the angle contained by them, eoi 147 gr. 6 scr.
From this the side ei is found 1566. 5.

Such, then, will be the distance between the neighbouring church towers of
Oudewater [Oudewatera] and Montfoort [Montfortium]. From these two the
distance of Woerden [Woerda] from each of them is derived, in the following

way.

X. PROBLEMA.

Of the triangles MXC: Oudewater, Woerden, Montfoort.

By problem 7 there is given MX, the distance
between Oudewater and Montfoort

And from the observations the angle OMX
And the angle CXM
And the angle XCM

1566. 5.

57 gr. 3 scr.
71 gr. 17 scr.
51 gr. 40 scr.



And now there will be given the side XC, the 1768. 0.
distance between Montfoort and Woerden

And MC, the distance between Oudewater and 1891.4.
Woerden

XI. PROBLEMA.

Triangle MXS. Oudewater, Woerden, Gouda.

By problem 10 there is given MX, the distance 1891.4.
between Oudewater and Woerden

And from the observations the angle XMS 104 gr. 14 scr.
And the angle XSM 28 gr. 25 scr.
From this the angle SXM is given 47 gr. 21 scr.

And hence, by the doctrine of triangles, there
will be given

(table continues on the next page)

the side SX, the distance between Gouda and Woerden 3852.5.
And the side MS, the distance between Oudewater and 2423.3.
Gouda

Yet the same side was found earlier, in problem 8 2934. 6.

The difference between the two, then, is only eleven decempedae — a closeness I
would not have dared even to hope of reaching, given how slender the
beginnings were from which the first distance between Oudewater and
Montfoort was derived. For in problem 9 the distance between Oudewater and
Montfoort, namely oe, was found from the base ao of a triangle of 166
decempedae together with the very wide adjacent angle eoa of 81 gr. 57 scr.; and
at that size tangents and secants increase by very large differences, so that even a
slight error there is dangerous as well. Here an error of a single minute, worked
from so tiny a base as 166 decempedae, will add two decempedae and a half. For
if the angle eoa is there assumed to be 81 gr. 56. scr., then oe will be 1183. 0.
decempedae; if 81 gr. 57 scr., 1185.4.; if 81 gr. 58 scr., 1187. 8. And so on, further
and further, more and more. Hence that much error and more could have been



let into the interval between Gouda and Oudewater if we had gone wrong here
too by a minute or two — which, all the same, I would not have dared to allow in
this land-measurement, on account of certain obstacles that stood in our way in
the field there. But I avoided this difficulty everywhere by choosing such a
position of stations that no angle was forced into a narrow one, so that the
remaining calculation should not turn slippery on us. Even so, in this very case a
specimen of our care shines out: although the angle oea was as acute as 8 gr. 3
scr., we nevertheless sighted the truth so closely. And it was this that compelled
us to set up our first land-measurements so laboriously and to repeat them so
many times. Therefore,

since the agreement of both calculations, and of the observations as well, is so
great, no one can be left with any doubt about the reliability of the rest of the
work. But I shall now go on with confidence to finish what remains.

XII. PROBLEMA.

Triangle AEI, The Hague, Leiden, Haarlem.

By problem 6 of cap. 6. there is given AE, the 4103. 3.
distance between The Hague [Haga] and Leiden

[Leida]

And from the observations the angle AEI 147 gr. 19 scr.
Likewise the angle EAI 20 gr. 45 scr.
From this the remaining angle AIE is given 11 gr. 55 scr.

Therefore EI, the distance between Leiden and 7040. 4.
Haarlem [Herlemum], will be given as

And the side Al the distance between The 10725. 7.
Hague and Haarlem

XIII. PROBLEMA.

Triangle OEV. Amsterdam, Leiden, Utrecht.

By problem 7 there is given EV, the distance 11631.8.
between Leiden and Utrecht [Trajectum]

And from the observations the angle OEV 50 gr. 38 scr.



And the angle OVE 54 gr. 0 scr.
From this the remaining angle EOV is given 75 gr. 22 scr.

Therefore the distance OE between Amsterdam 9725.8.
[Amstelodamum] and Leiden

And OV, the distance between Amsterdam and 9201. 0.
Utrecht

XIV. PROBLEMA.

Triangle EIV. Leiden, Haarlem, Utrecht.

By problem 7 there is given EV, the distance between 11631. 8.
Leiden and Utrecht

(table continues on the next page)

(Problem XIV continues from the preceding page.)

From the observations, the angle VEI 77 gr. 50 scr.
And the angle VIE 68 gr. 4 scr.
Hence the angle EVI will be given as 34 gr 6 scr.
And from this the side IO [?], the distance 12257.7.
between Utrecht and Haarlem

And EI, the distance between Leiden and 7030.1.
Haarlem

You see, then, that the distance between Leiden and Haarlem comes out very
nearly the same in both triangles. That is proof enough that we discharged every
duty of observation properly and as accurately as we possibly could. Indeed, it
would hardly be clear which of the two observations one ought to lean toward,
were it not that in problem 12 the Haarlem angle is slender and itself a derived
quantity, whereas the station at Leiden and The Hague is the first base of them
all. In the triangle Utrecht, Leiden, Haarlem, by contrast, the Utrecht angle is of a
proper size — namely 34 gr. 5 scr. — and the distance between Leiden and
Utrecht, though it is indeed derived, is accurate in every respect. And so, although
there is scarcely any difference at all between the two computations, the



differences turning chiefly on this last point, we shall nevertheless use this most

recent one in preference.

XV. PROBLEMA.

Triangle EIO. Leiden, Haarlem, Amsterdam.

By problem 14 there is given EI, the distance 7030. 1.
between Leiden and Haarlem

By problem 13 there is given EO, the distance 9725 8.
between Leiden and Amsterdam

And from the observations, the angle contained 27 gr. 11 scr.
by these two legs, OEI

There is therefore given, by the doctrine of 4730.0.
triangles, OI, the distance between Amsterdam

and Haarlem

And the angle EOI 42 gr. 46 scr.
And the angle EIO 110 gr. 3 scr.
XVI. PROBLEMA.

Triangle I0Y. Haarlem, Amsterdam, Alkmaar.

By problem 15 there is given IO, the distance 4730. 0.
between Amsterdam and Haarlem

And from the observations, the angle IOY 67 gr. 45 scr.
And the angle OIY 77 gr. 55 scr.
And the angle OYT 34 gr. 22 scr.

Here two minutes are in excess. Let the values therefore be:

the angle IOY
And the angle OIY
And the angle OYI

Hence, by the doctrine of triangles, there will be
given OY, the distance between Amsterdam and

67 gr. 44 scr.
77 gr. 54 scr.
34 gr. 22 scr.
8193. 0.



Alkmaar

And IY, the distance between Haarlem and 7754. 2.
Alkmaar

XVII. PROBLEMA.

Triangle EOY. Leiden, Amsterdam, Alkmaar.

By problem 13 there is given EO, the distance 9725. 8.
between Leiden and Amsterdam

And by problem 16, OY, the distance between 8193. 0.
Amsterdam and Alkmaar

From observation, moreover, there is given in 67 gr. 45 scr.
problem 16 the angle I0Y

And by problem 15 the angle EOI 42. gr. 46 scr.
Hence the whole angle EQY is given as 110 gr. 31 scr.
From this, now, by the doctrine of triangles — 14750. 0.

the legs and the angle they contain being given

— there is given the base EY, the distance

between Leiden and Alkmaar

And likewise the angle OYE 38 gr. 8 %4 [?] scr.
And in the same way the angle OEY 31 gr. 21 % scr.

XVIII. PROBLEMA

Triangle MVL. Oudewater, Utrecht, Bommel [Bommelia].

By problem 7 there is given VM, the distance
between Oudewater and Utrecht

And from the observations, the angle VML
And the angle MVL
And from this the remaining angle VLM

5000.6.

65. gr. 25. scr.
82 gr. 31 scr.
32 gr. 4 scr.



Therefore, by the doctrine of triangles, there 9338. 8.
will be given LM, the distance between
Oudewater and Bommel

And VL, the distance between Utrecht and 8548. 4.
Bommel

XIX. PROBLEMA.

Triangle RVL. Dordrecht, Utrecht, Bommel.

By problem 6 there is given RL [?], the distance 11732.5.
between Dordrecht and Utrecht

And from the observations, the angle RVL 62 gr. 13 scr.
And the angle VRL 44 gr. 20 scr.
And the angle VLR 73 gr. 29 scr.

In this sum two minutes are in excess, which I distribute as follows, so that:

the angle RVL is 62 gr. 12 scr.
And the angle VRL 44 gr. 20 scr.
And the angle VLR 73 gr. 27 scr.

And from this, by the doctrine of triangles, there  10826. 0.
will be found RL, the distance between Dordrecht
and Bommel

And VL, the distance between Utrecht and 8552. 6.
Bommel

XX. PROBLEMA.

Triangle EVL. Leiden, Utrecht, Bommel.

By problem 6 there is given EV, the distance 11631.8.
between Leiden and Utrecht

By problem 19 there is given VL, the distance 8552.6.
between Utrecht and Bommel



And from the observations, the angle EVL 116 gr. 23 scr.

From this, by the doctrine of triangles, there will 17250.7.
be given EL, the distance between Leiden and

Bommel
And the angle VEL 26 gr. 25 scr.
And the angle VLE 37 gr. 12 scr.

XXI. PROBLEMA.

Triangle YEL. Alkmaar, Leiden, Bommel.

By problem 17 there is given YE, the 14750. 0.
distance between Leiden and Alkmaar
By problem 20 there is given EL, the 17250. 7.

distance between Leiden and Bommel

By problem 17, moreover, there is given 31 gr. 21 % scr.
the angle YEO

And the angle OEV, from the observation 50 gr. 38 scr.
itself, by problem 13

And the angle VEL, by problem 20 26 gr. 25 scr.
The whole angle YEL is therefore given as 108 gr. 24 Y4 scr.

And from this — the legs being given, 25996. 0.
together with the angle they contain —

the base YL will also be given by the

doctrine of triangles

And the angle ELY 32 gr. 33 % scr.
And the angle LYE 39 gr. 2 ¥ scr.

XXII. PROBLEMA.

Triangle RLV. Dordrecht, Bommel, Breda.

By problem 19 there is given RL, the distance between Dordrecht ...



... and Bommel 10826. 0.
And from the observations, the angle VRL 72 gr. 15 scr.
And the angle LVR 70 gr. 14 scr.
And so the remaining angle RVL is given as 37 gr. 31 scr.
And from this RV, the distance between 7005.7.
Dordrecht and Breda

And LV, the distance between Bommel and Breda 10956.2.
XXIII. PROBLEMA.

Triangle RSF. Dordrecht, Gouda, Rotterdam.

By problem 2 there is given RS, the distance 5897.8.
between Gouda and Dordrecht

And from the observations, the angle SRF 54 gr. 12 scr.
And the angle RSF 48 gr. 15 scr.
And so the remaining angle RFS is given as 77 gr. 33 scr.
Therefore, by the doctrine of triangles, there is 4888.8.
given SF, the distance between Gouda and

Rotterdam

And RF, the distance between Dordrecht and 4506.1.

Rotterdam

But the distance between Gouda and Rotterdam was found earlier, in problem 5,
to be 4883.1; the two values therefore agree quite closely with each other.

XXIIIT PROBLEMA.
Triangle RTF. Dordrecht, Willemstad [Willemstadium], Rotterdam.

[Margin: Ilermopolis.]

By problem 23 there is given RF, the distance 4506.1.
between Dordrecht and Rotterdam
And from the observations, the angle FRT 86 gr. 19 scr.



And the angle RTF 41 gr. 10 scr.
And so the remaining angle RFT is given as 52 gr. 31 scr.

And from this, by the doctrine of triangles, there
will also be given RT, the distance between

Dordrecht ...
... and Ilermopolis [?] 5432.0
And TF, the distance between Ilermopolis [printed here 6831.2.

Ilermoplin] and Rotterdam

XXV PROBLEMA.
Triangle RTV. Dordrecht, Willemstad, Breda.

[Margin: Ilermopolis.]

By problem 24 there is given RT, the distance 5432.0.
between Dordrecht and Ilermopolis

From the observations, moreover, the angle TRV 66 gr. 11 scr.
And the angle RTV 67 gr. 51 scr.
And the angle RVT 45 gr. 59 scr.

This sum exceeds two right angles by a single minute only; let RVT therefore be

45 gr. 58 scr.

For since the angles here are of a proper size, one minute or another cannot
introduce any very great difference in the sides. And so, from these data, by the
rules of the art, there will be found:

TV, the distance between Ilermopolis and Breda 6912.1
And RV, the distance between Dordrecht and Breda 6998.0.
which earlier, in problem 22, we found to be 7005.0.



At this late stage that difference is to be reckoned of no importance; and so let the
side RV, for the sake of a round number, be

7000.0.

XXVI PROBLEMA.

Triangle TVQ: Willemstad, Breda, Bergen op Zoom [Berga ad somum|].

[Margin: Ilermopolis.]

By problem 25 there is given VT, the distance 6912.1.
between Breda and Ilermopolis

From the observation, moreover, the angle VTQ 89 gr. 25 scr.
And the angle TVQ 43 gr. 24 scr.
And the angle VQT 47 gr. 15 scr.

Here a full four minutes are in excess. I shall take them off the angles themselves
in such a way that VTQ becomes

89 gr. 23 scr.
And the angle TVQ 43 gr 23 scr.
And the angle VQT 47 gr. 14 scr.

And so, by the rules of the art, there will be given TOQ,

the distance between Ilermopolis [?] and Bergen op Zoom 6467.2
[Berga]

And V0, the distance between Breda and Bergen op Zoom 9414.7.
XXVII PROBLEMA.

Triangle RVQ. Dordrecht, Breda, Bergen op Zoom [Berga-ad-Somum|].

By problem 25 there is given VR, the distance 7000.0
between Dordrecht and Breda



And by problem 26, QV, the distance between 9414.7
Breda and Bergen op Zoom

And from the observations, finally, there is given 90 gr. 12 scr.
the angle QVR

From this, by the doctrine of triangles — the two sides being given together with
the angle they contain — there will be given

the base QR, the distance between Dordrecht and 11751.7.
Bergen op Zoom

And the angle VRQ 53 gr. 15 scr.
And the angle VQR 36 gr, 33 scr.

XXVIII. PROBLEMA.

Triangle VLQ. Breda, Bommel [Bommelia], Bergen op Zoom [Berga-ad Somum].

By problem 22 there is given the side VL, the 10956.2.
distance between Breda and Bommel.

And by problem 26 there is given VQ, the distance  9414.7
between Breda and Bergen op Zoom

And by problem 22, from the observation itself, 70 gr 14 scr.
there is given the angle LVR

And by problem 27, from the observations
themselves, there is given ...

... the angle RVQ 90 gr. 12 scr.
And so the whole angle LVQ will be given as 160 gr. 26 scr.

From this, by the doctrine of triangles, there will be given

the base LQ, the distance between Bommel and 20076.4.
Bergen op Zoom



And the angle VLQ 8 gr, 48 scr.
And [Eta printed for Et] the angle VQL 10 gr. 46 scr.

XXIX. PROBLEMA.

Given the sides of the quadrilateral LRVQ and the diagonal RV, to find the
remaining diagonal QL without the canons of triangles.

By problem 19 there is given RL, the distance between 10826,0.
Dordrecht and Bommel

By problem 22 there is given RV, the distance between 7005.7.
Dordrecht and Breda

By problem 27 there is given RQ, the distance between 11751.7

Dordrecht and Bergen op Zoom

By [Pe printed for Per] problem 26 there is given VQ, the 9414.7.
distance between Breda and Bergen op Zoom

By problem 22 there is given VL, the distance between 10956.2.
Breda [printed Breddm] and Bommel

These being given, the diagonal QL — the distance between Bommel and Bergen
op Zoom — is to be brought out in the following way. In the triangle RLV, let a
perpendicular LV [?] be dropped from the vertex L onto the given diagonal VR;
and from Q likewise let the perpendicular onto the same line be QM. Since, then,
the three sides are given in the triangle RLV, the segments RV [?] and NV running
from the angles to the perpendicular LN will also be given. And thereupon, since
in the right triangle RNL the base of the right angle RL and the other leg RN are
given, the perpendicular LN will be given as well. By the same rules the segments
MYV and VR [?] will be found, and the perpendicular QM in the triangle RQV. But

the difference of the segments RM and RN is MN itself, the intersegment
intercepted between the two perpendiculars. Next let the perpendicular QM be
produced as far as H, equal to LM itself, and let LH be joined. LH will then be
parallel and equal to the perpendicular LM, and the angle H a right angle. But QM
and MH are given, and therefore the whole of QH is given. MN itself is also given
— that is, LH, which is parallel and equal to it. And so in the right triangle LHQ,
the two legs QH and HL being given, the base QL will also be given: the distance



sought between Bommel and Breda [printed thus]. The working-out of this
problem in numbers stands as follows.

Diagram. A tall, narrow quadrilateral figure drawn with its long axis vertical,
showing the four stations of Problem XXIX together with the auxiliary
construction. L stands at the apex at the top, Q at the bottom, and the horizontal
diagonal RV crosses the figure between them, with R at the left end and V at the
right. Solid lines join L to R and L to V, the diagonal R-V, and R to Q and V to Q;
the sought diagonal LQ is not drawn. Three construction lines are dotted: a
vertical from L down through the diagonal at N and continuing to H at the foot of
the figure; a second vertical from M on the diagonal down to Q; and a short
horizontal run of dashes from H across to Q. The place-names are engraved in
italic beside their letters.

e L (apex, top): Bommelia — Bommel

e R (left end of the horizontal diagonal): Dordra-cum — Dordrecht (set on two
lines)

e V (right end of the horizontal diagonal): Breda — Breda

e Q (foot of the figure, right): Berga — Bergen op Zoom

e M (on the diagonal, right of centre, label above the line): unlabelled by
place; the foot of the perpendicular from Q

e N (on the diagonal, left of centre, label below the line): unlabelled by place;
the foot of the perpendicular from L

e H (foot of the figure, left, joined to Q by the dotted horizontal): unlabelled

by place
If the square of RL 11720227600.
Be added to the square of RV 4900000000

(The computation of Problem XXIX continues from the preceding page.)

Step Value

The sum will be 16620227600
From this, the square of LV subtracted 12003831844
will leave the number 4616395756
Half of this 2308197878
divided by RV will give RN 3297.4

and therefore the remainder NV 3702.6



Step Value

Further, the square of NV 1370924676
Subtracted from the square of VL, it will leave the 10632907168
square of the perpendicular NL

Hence NL itself will be given 10311.6.

By no other method will RM be found 7033.3

And VM 330.[7]
Hence the perpendicular MQ itself is given 9414,6

But when the perpendiculars MQ and LN are added 19726.2.
— that is, MH itself — the whole QH will be given

Then, RN being subtracted from RV, the remainder 3735.9.
NV is given, that is LH itself

Therefore, by joining the squares of QH and HL, the 20076.8.
diagonal QL will be found, the distance between

Bergen op Zoom [Berga ad Somum] and Bommel

[Bommelia], which by Problem 28 also came out just

as great

XXX. Problem.

Triangle EIY. Leiden [Leida], Haarlem [Herlemum|], Alkmaar [Alcmaria].

Step Value

By Problem 14 is given EI, the distance between 7030.1
Leiden and Haarlem [Herlemum]

By Problem is [?] is given IY, the distance 7754 2
between Haarlem [Harlemum] and Alkmaar

From the observation itself, the angle EIY 172 gr. 11 scr.

Therefore EY, the distance between Alkmaar 14749.7.
and Leiden, will be given

And the angle IEY 4 gr, 6 scr.
And the angle EYT 3 gr.43 scr.

XXXI. Problem.

Triangle EVY. Leiden [Leida], Utrecht [Trajectum], Alkmaar [Alcmaria].



Step Value

By Problem 6 is given EV, the distance between 11631.8.
Leiden and Utrecht

By Problem 17 is given EY, the distance between  14749.0.
Leiden and Alkmaar

From the observations, moreover, there is given 77 gr. 50 scr.
by Problem 14 the angle VEI

And by Problem 30 the angle YEI 4 gr. 6 scr.
Hence the whole angle VEY is made up 81 gr. 56 scr.
And from this, the two sides being given together 17455.2.
with the angle they contain, the base VY will be

given, the distance between Utrecht and Alkmaar

And the angle EVY 56 gr. 47 scr.
And the angle VYE 41 gr. 17 scr.

XXXII. Problem.

Triangle VLY. Utrecht [Trajectum], Bommel [Bommelia], Alkmaar [Alcmaria].

Step Value

By Problems 18 and 19 is given VL, the 8550.0.
distance between Bommel and Utrecht

By Problem 31 is given VY, the 17455.2.
distance between Utrecht and

Alkmaar

From the observations, moreover, 62 gr. 12 scr.
there is given by Problem 20 the angle

LVR

From the observations likewise the 59 gr. 8 scr.
angle RVE, by Problem 19

And the angle EVY, by Problem 30 56 gr. 47 scr.
Hence the whole angle LVY is given 173 gr. 7 scr.
Therefore, the two sides being given 25963.6.

together with the angle they contain,
the base LY will be given, the distance
between Bommel and Alkmaar



Step Value

And the angle VLY 4 gr. 37 [numeral: ?] scr.
And the angle VYL 2 gr. 15 [numeral: ?] scr.

Diagram. A printed measuring scale occupies the full height of the left margin,
set vertically beside the text. It is a tall narrow rectangle divided lengthwise into
two parallel columns, both ruled across by transverse division-lines at regular
intervals; the right-hand (wider) column is the graduated one, its divisions
running the length of the bar, while the narrow left-hand column carries its own,
differently spaced set of divisions. Small numerals stand at the division-marks of
the left column; they are far too small to resolve on this copy. Three labels are set
in vertical type.

e Narrow left column, upper part (vertical, reading upward): unica [?] — the
letter order between unica and uncia does not resolve even under
magnification

e Wider inner column (vertical, reading upward, running the length of the
bar): una decima pedis Rhijnlandici — "one tenth of a Rhineland foot"

e Quter label alongside the bar (vertical, reading upward): Semipes pedis
Rhijnlandicus. — "a half-foot of the Rhineland foot"

e Division-mark numerals along the left column: [numeral: ?] (several; below
the scan floor of this witness)

XXXIII. Problem.

Triangle QLY. Bergen op Zoom [Berga-ad Somum], Bommel [Bommelia], Alkmaar
[Alcmaria].

Step Value
By Problem 29 is given the side QL, the 20076.8
distance between Bergen op Zoom and

Bommel

By Problem 21 [?], LY, the distance between 25966.0.
Bommel and Alkmaar

The angle QLY is likewise given; for by 4 gr. 36 Y2 scr.
Problem 32 there is given the angle VLY

And the angle VLR, by Problem [no number 73 gr. 28 scr
printed]

Therefore the remaining angle YLR is given 68 gr. 51 Y2 scr.



Step Value

And besides, by Problem [no number 28 gr. 10 scr.
printed], the angle RLQ is given

Hence the whole angle QLY will be given 97 gr. 1 %2 scr.

Since, then, the two sides are given together 34710.6.
with the angle they contain, the base QY will

be given, the distance between Bergen op

Zoom and Alkmaar

And the angle LQY 47 gr. 56 Y2 scr.
And the angle LYQ 35 gr. 2 scr.

I will also note here, at the very end, which towers in each town we sighted on,
and which station-sites we chose for observing — for in some towns there are
several towers, and very tall ones.

e Oudewater [Oudewateree]: the tower attached to the church.
e Woerden [Woerde]: the tower attached to the church.

e Montfoort [Montfortij]: the tower attached to the church.

e Leiden [Leide]: the tower attached to the town hall.

e Gouda [Goude]: the tower attached to the great church.

e The Hague [Hage]: the tall tower attached to the church near the fish
market.

Utrecht [Vltrajecti]: a very high tower joined to the cathedral church.
Dordrecht [Dordraci]: a tower joined to the church, lacking its spire.
Gorinchem [Gorcomij]: a tower joined to the church.

Zaltbommel [Bommeliee]: a very high tower joined to the church.

Breda [Bredee]: a lofty tower joined to the church.

Willemstad [Ilermopoli, sive Willéstadij]: a small turret above the church.

Bergen op Zoom [Berge a Zomum]: a tower joined to the front church near the
market square — the rear church now shows nothing but bare walls.

Amsterdam [Amsterodami]: a tower joined to the Old Church, as they call it.
Haarlem [Herlemi]: a small turret set on the middle of the church.

Alkmaar [Alcmarise]: a small turret set on the middle of the church.



I have observations of a good many more places besides, made for a different
purpose; but these will do for the present undertaking.

CAPVT IX.

Quantitas unius gradus in maximo Terrc circulo demum definita. The quantity of
one degree on the greatest circle of the Earth, at last determined.

Now that we have set out the distances of the places with the greatest care, it
remains at last to fix the quantity of a single degree — the end for which
everything we have so far assembled and worked out was gathered in the first
place. But before that we must find out whether the outermost places, whose
intervals we are going to use for this purpose, do in fact lie under the same
meridian. That is why I carefully noted the angle of position [angulus positionis]
that Gouda

makes with the meridian of Leiden — that is, how far it declines from our
meridian toward the east or the west. So let € be the meridian line drawn
through Leiden, with ¢ looking to the north and  to the south. Gouda [printed
Gauda] declines eastward from it in such a way that the angle &ES, which is called
the angle of position, comes to 44 gr. 49 4/7[?].

Statement Value

The angle £ES, which is called the 44 gr. 49 4/717].
angle of position, is

From the observations the angle SEO is 88 gr. 21 scr.
given as

And by problem 17 the angle OEY is 31. gr. 21 3/4 scr.

Therefore the whole angle £EY is given 164 gr. 32 scr.
as

From which the remaining angle gEY 15 gr. 28 scr.
will also be given as

And so, once the perpendicular Y¢ has 74 gr. 32 scr.
been dropped, the angle eY¢ will be

Moreover, by problem 17 the distance  14749. 0.
Ye between Leiden and Alkmaar is
given as

Therefore by the doctrine of triangles  3926.3.
the perpendicular Y@, the difference of



Statement Value

longitude, will be given as
And @g, the difference of latitude, 14214. 9.

Again, since by problem 33 the 34710.6.
distance YQ between Alkmaar and
Bergen op Zoom is given as

And by problem 33 the angle LYQ is 35 gr. 2 scr.

given as

And by problem 21 the angle LYE is 39. gr. 2 1/5[?] scr.

And so the remaining angle EYQ is 4 gr. 0 1/[numeral: ?] scr.
Which, added to ¢YE 74 gr. 33 3/4 scr.

Will make up ¢YQ, thatis YQy 78 gr. 33 scr. 58 sec.

And therefore the angle QV{ [?] 11 gr. 26 scr. 2 sec.

And so Qy, the difference of longitude 6898. 4.
between Alkmaar and Bergen op
Zoom, will be

And Yy, the difference of latitude 34018. 2.
between Alkmaar and Bergen op
Zoom,

It remains, then, for us to draw the rest of our conclusions from the elevation of
the pole, or even from the difference of latitude alone. The elevation of the pole at
Alkmaar, carefully and accurately observed, was found

[No gathering signature on this page.]

to be 52 grad. 40% scrupulorum. The elevation of the pole at Bergen op Zoom
[printed Bergee ad Somum] is 51 grad. 29 scrupulorum.

As for the private houses in which these observations were made: at Alkmaar the
house lay about 55 perches [decempedis] south of the church turret from which
we carried out our angle measurements, while at Bergen op Zoom it lay on the
near side of the church tower, roughly 33 perches [printed ducempedis], more or
less. Deducted from the difference of latitude found between Alkmaar and Bergen
op Zoom, these leave 333993. perches [decempedas].

The difference of latitude between Bergen op Zoom and Alkmaar, however, is
given as seventy-one minutes and a half. From this, by a simple proportion, you
will conclude the quantity of one degree on the greatest circle of the Earth to be



28473 perches [perticarum]. For since 71% minutes contain 33930 perches, it
follows that the sixty minutes which fill out a degree come to 28473 perches.

But let me prove this true from another quarter as well. Here, then, I shall once
more compare the difference between the Leiden and Alkmaar elevations with
the distance between the two places. The elevation of the pole at Leiden has been
found repeatedly, and by several different methods, to be 52 graduum 10%
scrupulorum. The difference is therefore thirty minutes.

Now my house lies due south of the tower of the Leiden town hall — the tower
from which, as from a watchtower, we observed the sizes of the angles and made
our land-measurements [gaeodasias] — by a full 95 perches, once you reduce it to
the same meridian, as I shall demonstrate geodetically and exactly in the next
chapter. At Alkmaar, as noted above, the corresponding spot likewise lay some 55
perches south of the church turret. The difference between the two is 40 perches
[decempedee], and these must be added to the distance between the parallels of
Alkmaar and Leiden. That distance was found above to be 14215; so once it has
been referred to the house-stations at which the pole

when it has been reduced [to the meridian] on which the elevation of the pole
was observed, it will be 14255. And that many perches [decempedea] answer to
thirty minutes. One degree on the earth's great circle is therefore owed 28510
perches. Earlier, however, from the distance between Alkmaar and Bergen op
Zoom, we concluded that one degree contains 28473 perches. Each calculation,
then, awards us the same number, as nearly as it could. And so, to round the
figure off, let the number midway between the two be taken. Let the true and
exact size of one degree on the earth's great circle be, for us, 28500 Rhineland
perches [Perticarum Rhijnlandicarum] — each of which contains twelve
Rhineland feet, even though in the calculation we rejected that partition (5t)x 10
§voxpNGov TOV popLacp®v [?] [Greek: dia to dyschréston tdon moriasmon [?],
"because of the awkwardness of the subdivisions"; the first sort is the printed Six-
ligature, expanded editorially, and ¢ is the ot ligature]; I did not want an intricate
reckoning of parts to make trouble for us. For up to this point, as I plainly warned
above in chapter 5, I have followed only the decumane [tenth-part] division of the
perch. My aim was that [numeral: ?] of a perch should likewise enter the
calculation, and that any error which might creep in as far as whole perches
through neglect of the small parts should in this way be conveniently avoided.

Nor, besides, am I unaware that if the places stood somewhat further apart, the
doctrine of spherical triangles would be required. But one degree of the
circumference — and even a little more than that — approaches a straight line as



nearly as possible, so that in this summing-up it could introduce no error at all.
For if you take the radius of the circle to be of 100000000 [?] parts, the
circumference of one degree will be 174533, and its chord that many parts:
174531. The difference between them is of no moment whatever, and amounts to
feet alone.

CAP. X.

Given the mutual distances of three places, the distance of a fourth from all of them
determined from a single station; and the position of the Leiden meridian.

I investigated the distance of my house from the tower of the Leiden town hall so
painstakingly for this reason: that I might the more easily form a conjecture
about the places where the observations at Alkmaar and Bergen op Zoom were
made. For that purpose I devised an elegant theorem, whose usefulness may from
now on be very great in our own country, since the distances between so many
notable places have been recorded so accurately. Take from this book the
distances of three places whose prospect is had from a fourth: you can then easily
determine the fourth place's distance from them too.

But before I set up this problem, I have decided to explain first a certain
topography of our city — that is, how far the more notable churches and towers
stand from one another. This will let me demonstrate accurately the position of
my house and the situation of the meridian as well, both of which we needed in
the preceding chapter. And to make the explanation of the matter clearer, I shall
distribute the whole of it into its several Problems, so that the order of what
comes first and what follows may be grasped the more easily.

We observed the position of the towers and churches from the same base by
which, in chapter 5, we derived the distance between Leiden and Zoeterwoude.
For this purpose I present this single figure. In it AE is the base — that is, the
interval between the two stations — of 326 [numeral: ?] [numeral: ?] perches.
This base I again understand to be divided into ten parts, and this tenth part into
another ten parts, so that they are —

— ...as we understand it. So that they are 326. 4.3.
Point i is the tower of the Leiden town hall.

o The tower of the Hall, in which the weavers' work, approved with the public
seal, is marked and secured.



u The turret on top of St Pancras's church, which we commonly call the
Hooglandse Kerk [Hooghlandicum].

y The turret on top of St Peter's church.

s The tower of the church assigned to the French [Walloon] congregation and
consecrated to the Blessed Virgin.

r The tower of the church of the Falied Beguines [Falebeginorum], where the
public library and the anatomical theatre are.

Diagram. Below the list of towers the page carries a very lightly printed point-
plan — the "single figure" (schema istud unicum) announced on printed p. 199.
What is inked on the page is a scatter of isolated small point-marks across the
lower two-thirds of the leaf, some of them with a small italic letter set beside
them, together with a single heavy horizontal rule low on the page carrying a
point-mark at each of its ends. No connecting lines, no frame, no division-marks
and no caption are printed. The strong show-through of printed p. 199 (its
decorated initial and its text block) crosses the same area, and most of the letter-
labels are at or below this witness's scan floor.

e Lower left of the point group: Bibliothe- / ca. ("Library") — the only fully
legible label on the figure

e Upper group of point-marks: at least three marks with an adjacent letter,
none of the letters resolvable — [?]

e Middle of the point group, beside a point-mark: [?] — a glyph with a real
left-curving descender, so the classis y/g/p/ q; the body does not resolve.

e Heavy horizontal rule near the foot of the page: a point-mark at the left
end, label [?]; a point-mark at the right end, label [?]

I. Problema. — Triangle i a e.
This too we set out above in chapter 5, and we shall therefore copy it out here.

The base ae is given — 326. 4. And from observation the angle iae — 67 gr. 44 scr.
And from observation the angle iea — 83 gr. 20 scr. From which the remaining
angle aie is given — 29 gr. 56 scr. And from this, by the doctrine of triangles, the
side ai is given — 670. 2. And the side ei — 624. 3.

II. Problema. — Triangles o a e.

The base ae is given — 326. 4. And from the observations the angle oae — 64 gr.
34 scr. And likewise the angle oea — 83 gr. 31 scr. From which the remaining



angle aoe is given — 31 gr. 55 scr. And by the doctrine of triangles there is given
the side ao — [no value printed] And the side eo — [no value printed]

III. Problema. — Triangle u a e.

The base ae is given. — 326. 4. And from the observations the angle uae — 62 gr.
29 scr. And the angle uea — 88 gr. 50 scr. From which the remaining angle aue is
given — 28 gr. 41 scr. And from this, by the doctrine of triangles, there is given
the side au — 679. 9. And the side ue — 603. 1.

IV. Problema. — Triangles y a e.

The base ae is given — 326. 4. And from observation the angle yae — 71 gr. 30 scr.
And the angle yea — 78 gr. 33. scr. From which the remaining angle aye is given
— 29 gr. 57 scr.

And from this, by the doctrine of triangles, there is given the side ay — 640. 7.
And the side ey — 620. 0.

V. Problema. — Triangle s a e.

The base ae is given — 326. 4. And from the observations the angle sae — 71 gt. 48
scr. And the angle sea — 82 gr. 8 scr. From which the remaining angle ase is given
— 26 gr. 4 scr. And from this, by the doctrine of triangles, there is given the side
as. — [no value printed] And the side es. — [no value printed]

VI. Problema. — Triangle r a e.

The base ae is given — 326. 4. And from observation the angle rae — 72 gr. 43 scr.
From which the remaining angle rea is given — 31 gr. 40 scr. From which the
remaining angle are is given — 35 gr. 37 scr. And from this, by the doctrine of
triangles, the side ar will be given — [no value printed] And the side er. — [no
value printed]

VII. Problema. — The distance between i and o.

By Problem 1 the side ai is given — 670. 2. By Problem 2 the side ao is given — [no
value printed] And from both, the angle iao — 3 gr. 10 scr. And so, the sides being
given together with the angle they contain, the base io is given. — [no value
printed]

VIII. Problema. — The distance between i and u.



By Problem 1 the side ai is given — 670. 2. By Problem 3 the side au is given —
679. 9. And from both, the angle iau — 5 gr. 15 scr. And so, the sides being given
together with the angle they contain, the base ui is given — 62. 6.

IX. Problema. — The distance between y and i.

By Problem 1 there is given ai — 670. 2. By Problem 4 there is given ay — 640 7.
And from both, the angle iay — 3 gr. 46 scr. And from this, the sides being given
together with the angle they contain, the base iy will be given — 52. 0.

X. Problema. — The distance between y and u.

By Problem 3 there is given au — 679. 9. Problem 4 gives ay — 640. 7. And from
both, the angle uay — 9 gr. 2 scr. And from this, the sides being given together
with the angle they contain, the base uy will be given — 110 9.

XI. Problema.

Given the sides of the triangle yiu, to determine from a single station of my solarium
its distance from each of aei[?],

or, as I had put it more generally in the heading of this chapter: given the
distances of three places from one another, to determine the distance of a fourth
from all of them from a single station.

Let the sides of the triangle yiu be given by hypothesis in the diagram below,
together with a fourth place o, whose distance from the given points y, i, u is to be
determined in such a way that you never leave the assigned place o. Let the
angles be observed, then, which any two of the sides subtend at o; let these be
given as you and yoi. It is therefore clear that, if on the base yi an arc is
constructed capable of the given angle you, and on the base yi an arc capable of
the angle yoi, the place sought is o, at the common intersection of the two arcs —
and that no other point can be, since a circle cannot cut a circle in more than two
points. Now, to come down to the computational tables [abaci logistici]: from the
centres of these arcs let ar and es be perpendiculars, which will bisect the
inscribed chords, and let the radii ay and ey be joined. The angle yar at the centre
will then be equal—

— equal to the angle yoi at the circumference, which rests upon a double arc. The
angle yar is therefore given; and the side yi is likewise given, and so its half yr.
And from this, in the right triangle yar, the leg yr and the angle yar being given,
the remaining leg ar will be given, and the hypotenuse ay. In just the same way,
in triangle y es, es itself and the radius ey are given.



But since the sides of triangle iuy are given, the angle iyu will also be given; and
sye is given as well, so that the whole angle iye is given, which, subtracted from
rya, will leave the angle eya. Therefore, since in triangle aye the legs ay, ae and

the angle they contain are given, the base angles yae and yea will also be given.

Now the straight line ae, joining the centres of the circles, when produced bisects
the inscribed chord yo at L. So in the right triangle yel the hypotenuse ye and the
acute angle ley are given, and hence, by the doctrine of triangles, the leg yl of the
right triangle will be given, whose double yo is the distance sought. Therefore, the
angles you and oyu being given together with the side uy, the remaining side ou
will also be given. Secondly, for finding the third distance oi: since the angle iyu is
given, and the angle uyo, the whole angle iyo will also be given; and from
observation yoi is given too. So, the leg yi and the two angles being given, the
desired side oi will be given.

It is now worth testing this by computation as well.

By Problem 8 there is given ui — 62. 6. By Problem 9 there is given yi — 52.0. By
Problem 10 there is given uy — 110.9.

Diagram. The construction for Problem XI, printed at the head of the page beside
the first eleven text lines. A large circle fills the block; a second, shorter arc cuts
across its lower left, and the two arcs meet at the bottom vertex. Three vertices sit
on the circumference — one at the top, one at the left, one at the right — and long
straight lines run from the bottom vertex up to each of them; chords join the top
vertex to the left vertex and to the right vertex. Inside the figure are the two
centres, from which perpendiculars are dropped to the chords; a fan of dotted
construction lines radiates from the left vertex into the interior.

e Top vertex: [?] (the letter here is obscured by show-through from the facing
leaf)

o Left vertex: [?] (likewise obscured; show-through of a numeral line from p.
203 falls across it)

e r:on the chord joining the left and top vertices, near its middle

e s:on the chord joining the left and right vertices, near its middle
e ¢:interior, below s — a centre

e a:interior, lower down — the other centre

e [: on the line from the left vertex down to the bottom vertex

e 0: the bottom vertex, where the two arcs meet

e u:the right vertex (the label is set out in the right-hand text margin, level
with the third text line)



Therefore the angle iyu is given — 15 gr. 56 scr. Moreover, from observation the
angle yoi is established — 32 gr.57 scr. And the angle you — 64 gr.40 scr. For
which reason the angle yar too is given — 32 gr. 57 scr. And the angle yes — 64 gr.
40 scr. And from this the radius ya — 47. 8, 0. And the radius ye — 61. 3. 5. The
angle iyu is given, moreover — 15 gr. 56 scr. And the angle eys — 25 gr.20 scr. And
therefore the whole angle eyi — 41 gr. 16 scr. The angle rya is given, however —
57 gr.3 scr. From which the remaining angle aye is given — 15 gr.47 scr. Given,
then, the angle aye and the legs containing it, the base angles will also be given,
namely the angle yae — 123 gr. 57% [?] scr. And the angle yea, in the right triangle
yel — 40 gr. 50% scr. From which the remaining angle lye is given, from ours [é
nostro — sense unclear [?]] — 49 gr. 4475 scr. And the side yl — 39. 6. 5. And the
whole yo — 79. 3. 0. There is therefore given, in triangle oyu, the angle you by
hypothesis; and the angle oyu, compounded out of three — 75 gr. 4% scr. From
which the remaining angle yuo will also be given — 40 gr. 15% scr. And the side
yu is given by hypothesis, so that the remaining side ou will be given too. — 118.2.
Finally, in triangle yoi the side yi is given by hypothesis, and the angle yoi, from
which the remaining angle yio will be given. And from this the side oi, the
distance sought —

—96.2.

And so, from a single station at the point o, we have found the intervals of that
same point from y, i and u. Which was what had to be done.

XII. Problema. — The position of the meridian expressed through the tower
of the Leiden town hall, and the angle of position of The Hague and Gouda
determined with respect to it.

It was not for nothing that I investigated so laboriously the position of my house
and its distance from the town hall: this problem will show why. Since I could not
lay out the meridian line on the town-hall tower as I would have wished, I
marked it out with the greatest care on the roof-terrace of my house; and from
that same terrace I accurately observed how far the town-hall tower deviated
from it, and in which quarter, and at the same time what angle the Hague tower
subtended together with the Leiden tower. For if one departs from the truth here
by even a single degree or two in the position of the meridian line, that error
would displace the outermost parallels through Bergen op Zoom [Berga] and
Alkmaar [Alcmaria] by more than two hundred decempedae.



Let the solarium at the top of my house, then, be u; the tower of the Leiden town
hall E; the tower of the church at The Hague A; the meridian line io, so that i faces
north and o south; and let Ey be drawn through the town hall parallel to it.

Diagram. A plan occupying the lower half of the page. A single solid vertical line
runs the height of the figure — the meridian, from i at the top to o at the foot. To
the right of it a line of small dashes runs parallel through the whole height,
carrying E at its upper end and y near its lower end. From the apex E, near the
top right, one line descends to the left, crossing the meridian just above u, and
continues to A at the bottom left; a second, slightly steeper line runs from u down
to A, so that the two converge at A. A further line descends from E to the right,
ending at S.

e [—upper end of the meridian line (north)

e [E—the apex at the upper right, on the dashed parallel

e u— on the meridian line, at the point where the line to A crosses it
e S — at the lower right end of the line descending from E

e y—lower down on the dashed parallel, to the right of the meridian
e o0 — foot of the meridian line (south)

e A — at the bottom left, where the two descending lines meet

Here, first, observation gives the angle iuE, by which the town-hall tower deviates
from the meridian line of my sundial, from north toward east — 9 gr. 3 scr. The
Hague, moreover, from south toward west, by the angle ouA — 53 gr. 18 scr. And
therefore the angle EuA is given — 135 gr. 45 scr. And from Problem 11 of this
chapter, the line ue — 96. 2. And from Problem 6 of chapter 7, ua — 4103. 3.
Therefore the angle aeu too will be given, by the doctrine of triangles — 43 gr. 18
scr. 44 sec. This, added to the angle uEy — 9 gr. 3 scr. (for since the lines iu and Fy
[recte: Ey] are parallel, the alternate angles iuE and uFy [recte: uEy] are equal),
From which the whole angle of position AEy of The Hague and Leiden is given —
52 gr. 21 scr. 44 scr. [recte: sec.] But from observation, by Problem 1 of chapter 8,
the angle AES is given — 97 gr. 11 scr. Therefore the angle of position of Gouda
and Leiden, yES, reckoned from south toward east, will be — 44 gr. 49 scr. 16 sec.

— just as we assumed it in the preceding chapter. So that if I had adopted the
angle of position of The Hague and Leiden and Gouda with nothing but rough-
and-ready skill [rudi Minerva], as far as I could have made it out from the plane of
my sundial, I should easily have gone a full degree wide of the truth. And since
everything up to this point has been gone about by us with the greatest possible



accuracy, it would have been disgraceful, at the very end, to put conjectures in
the place of demonstration. Let this, then, be the end of our observations:

CAP. XI.
How far each writer went wrong in determining the size of a single degree.

At last, now that the quantity of a single degree has been worked out no less
accurately than laboriously, it is worth testing how far each writer has gone
wrong here. And indeed, so as to begin with the most ancient, let Eratosthenes be
summoned first of all.

He assigns 700 stadia to one degree. A stadium is undoubtedly to be understood
as six hundred Greek feet, or six hundred and twenty-five Roman; the Roman foot
has been shown above to be equal to the Rhineland foot, twelve of which are
contained in one perch [partica]. It follows, then, that 28500 twelve-foot rods of
this kind (which above, for the sake of the calculation, we took to be divided into
only 10 larger parts) are equal to 342000 feet; and these, divided by 625, will give
547% [?] stadia, which fall short of 700 by 133 [?] stadia. Therefore Hipparchus,
who used to add a tenth part to that number, made the quantity of one degree

203 [?] stadia greater than it should be.

It is likely enough that all these writers understood Greek stadia, and of one and
the same size — unless perhaps you make an exception of Eratosthenes, on the
ground that he lived at Alexandria. If that is true (though I am not persuaded of
it), the effect is that they departed from the truth by so much the more, since I
have shown above that the Alexandrian foot is larger than the Greek. Ptolemy,
however, who assigns only 500 stadia to one degree, says less than the truth by 47

stadia — unless you suppose that he was using the Egyptian measure here, for on
that reckoning he comes closer to the true quantity of a degree, since the
Alexandrian foot is larger than the Greek. I showed above, in chapter two, that
125 Alexandrian feet equal 144 Greek. And therefore 500 Alexandrian stadia
must necessarily equal 576 Greek; and on that account Ptolemy's measure
exceeds the true one by only 287 stadia, that is, by 1475 Rhineland twelve-foot
rods. This would certainly have some appearance of truth, had not Marinus, the
man of Tyre, before Ptolemy, and Posidonius before Marinus (if we believe
Strabo), used the same measure, so that Ptolemy stood as its endorser rather than
its author.

I come, therefore, to the Arabs, and let us now try in their case too what we can
dig out of their records that agrees with the truth. From al-Farghani and others I



demonstrated quite plainly, in chapter 20 of Book I of this work, that 340000
Arabic feet are contained in one degree. But the whole difficulty turns on the
standard of the Arabic foot, which they defined, in order to hand it down to
posterity, in this way: they lay it down that it is filled by ninety-six barley grains
set touching one another. Now whether you place the grains so that the grooves
of all of them face upward, or all downward, or set their grooves alternately
upward and downward, experience itself teaches that this foot is much larger
than the Rhineland foot, since the latter holds at most only ninety grains. And so
96 Rhineland feet will be equal to ninety Arabic feet, and therefore 340000 Arabic
feet will be equal to 362666 Rhineland. But one degree contains only 342000
Rhineland feet. From this it follows that the Arabs, if this measure is correct,
exceed the true amount by 20666 feet, that is, by more than 33 stadia. There are,
besides, some who [hold that] the barley grains by which they [define] their own

defined the foot, they do not intend the grains to sink into the groove in that way,
nor to be tilted back on end, but hold that all of them must be laid on their sides.
On that arrangement the Arab foot will be much reduced, and will turn out
smaller than the Rhineland foot. And for that reason the degree, defined by those
men from too few feet, will fall 81 stadia short of the truth.

For when I had laid 26 grains end to end in this manner, they filled [numeral: ?]
of a Rhineland perch; again, 43 grains came to [numeral: ?], from which it follows
that 111 grains are equal to our foot. Trying again after that, I found that 79
grains make 7/10 of our foot, which yields 113 grains to our foot. Finally, at the
last trial, I found that 121 grains make up 1 [numeral: ?] of our foot. But to dwell
any longer on these things is wasted effort, since the uncertainty of the standard
of the foot does not let us establish anything certain here.

Alazenus the Arab [Alhazen], in his book on twilights, gives the circumference of
the earth as 24000000 paces, so that 66666%:; paces accordingly fall to a single
degree, and these make up 333333 feet. And yet that number differs from ours by
86667 [?] feet, which come to 722V [?] ten-foot rods. But since the standard of this
Alazenic foot is unknown to us, the difference allows us to affirm nothing with
certainty — and I have already shown above that he does not disagree with
Ptolemy.

As for Fernel [Jean Fernel], I have likewise set out above what judgment should
be passed on him. For it is established that nothing there was done accurately or
carried out with care: not the endpoints of the observations, but merely the city
as a whole, taken in the lump, was marked by him; and the length of the route
was determined as though he had measured out every ascent, every descent, and



every deviation as well. And if we examine the whole matter more carefully, it
will be clear that Fernel compiled his own figures from the Arabs, rather than
deriving them properly from observing the sky. For the number of paces which
he

assumes for a degree amounts to 340480 feet, whereas on the Arabs' reckoning it
is 340000 feet. He could never have arrived at such closeness of numbers from
that rough land-measurement [geeodaesia] which he himself puts forward. In fact
he supposed, I think, that the Roman foot was equal to the Arabic one, while
Budeus [Guillaume Budé] judged the Roman equal to the Parisian; and so the fact
that in the total of feet he departs a little from the Arabs struck Fernel —
otherwise a most learned physician — as the heart of the matter. But both
assumptions misled Fernel. I demonstrated earlier that the Parisian foot is
certainly much greater than the Roman or than our Rhineland foot, and that on
that proportion 340380 [?] would be matched by 359206 Rhineland feet. The
difference, therefore, is 17206 feet, or 27 stadia and more. But his whole
conjecture was plainly not worth so much trouble.

Regiomontanus, to be sure, and that most accurate Nonius [Pedro Nunes], are not
to be called into this reckoning, since they openly declare that they are offering
only conjectures, or the received popular opinion, and not an accurate
measurement; and so I have no quarrel with them here.

To conclude, then: neither Eratosthenes, nor Hipparchus, nor Posidonius, nor
Ptolemy had anything of the truth in this matter. As for the Arabs, everything is
uncertain because the size of their measure is unknown; and the rest are just as
doubtful, so that out of them all you could not dig out or produce a single thing
worthy of mathematical care.

CAPVT XII.

Terreni globi circuitus, diameter fuperficies, & foliditas.

Chapter XII. The circumference of the terrestrial globe, its diameter,
surface, and solidity.

Up to this point we have been occupied in refuting the errors of others and in
determining the true quantity. Now that it has at last been found, it remains for
us to explain as well how much benefit the knowledge of it brings us.

By a most accurate calculation we have fixed the size of one degree on the
greatest circle of the earth at 28500 Rhineland perches, each of which consists of



12 Rhineland feet — or Roman feet as well, for we proved above by the clearest
arguments that the two are equal to each other. From this it follows that the
circumference of the great circle is made up of 10, 260, 000 perches, or 123, 120,
000 feet.

Hence, by the most accurate ratio of circumference to diameter, the diameter of
the terrestrial globe itself will be 3265, 860 perches. For the most subtle Viete
[Francgois Viete], following in the footsteps of Archimedes, demonstrated that the
ratio of the diameter to its own circumference is that of 10,000, 000, 000 to 31,415,
926, 535 — this last taken as less than the true value; and if you set a 6 at the end,
greater than it should be. Those limits can be quite sufficient for any calculation,
since even the greatest and vastest of all, Rheticus's Palatine canon of triangles, is
contained within this radius. And yet the most learned Adrianus Romanus
[Adriaan van Roomen], following him, carried the same ratio further and set it
out within these limits: as 1000,000, 000,000,000 to 3141,592,653,589, 793 — taken
as less than the true value; and if you put a 4 at the end, greater than the true
value.

Last of all, after these men, that most accurate and thoroughly diligent calculator
Ludolphus a Ceulen [Ludolph van Ceulen] expressed the same ratio in vast
numbers. Setting the diameter at 100,000,000,000,000,000,000,000,000,000,000, he
determined the circumference to be 314,159,265,358,979,323,846,264,338,327,950
— which is too small, whereas if 1 is put in place of the 0 at the end it is too large.
He gave these limits not only in the second zetema of the second book of the
Geometrical Zetemata (which we turned out of Dutch into Latin and published),
but also wished the greatest of them to be cut on his own tomb, as the greatest of
the labours he had toiled through.

From among these values, then, let each man follow whichever he pleases. For
our part, in the land-measurement [geeodaesia] of the whole terrestrial globe we
shall use Viete's, since in measuring the whole terrestrial globe it does not miss by
so much as one thousandth of a perch. And so that the reckoning-table for this
computation may be all the readier, I also set out the ratio of the perimeter to the
diameter conversely, likewise expressed in thousandths. Thus: for a diameter of
1,000,000,000,000,000,000, the circumference is 3,141,592,653,589,793,238;
conversely, for a circumference of 10,000,000,000,000,000,000 [?], the diameter is
318,309,886,183,790,671 — too small, whereas if you set 2 at the end, too large.

From this proportion, then, given a perimeter of 10,260,000 perches, the diameter
of the Earth is also given, in the same units, as 3265859 and a little more; for the
sake of a round number let this be simply 3,265,860. And from this the volume of



the whole Earth will not be very difficult to work out. For as the square of the
diameter stands to the circle, so does the cube of the diameter stand to the
cylinder of equal height inscribed in it — that is, as 10000000000000000 [?: the
run of zeros cannot be counted with certainty on this scan] to 78,539,816,341,339,
so is the cube on the diameter 3265860 — namely 34,833,145,250,518,036,000 — to
the cylin-

—der whose base diameter and height are equal to the diameter of the sphere
proposed: 27,357,888,305,668,729,896. Moreover, Archimedes demonstrated that a
cylinder of equal height [cylindrus a&quealtus] is one and a half times its sphere.
The volume of the whole terrestrial globe is therefore given as
18,238,592,203,779,153,264 cubic perches — that is, if the Earth's diameter is
taken as 3265860 Rhineland perches. If instead its circumference is taken as
10260000 perches, then, since as I explained above the diameter of the Earth
would come out a little smaller, there can be no doubt that the volume too will be
a trifle smaller. I shall add that computation as well, although it makes very little
difference which of the two you choose; you are free to follow whichever will suit
your purpose better.

Setting the Earth's perimeter, then, at 10260000 perches, its diameter is given
from the proportion set out above as 3265859 [numeral: ?]. And so the diameter,
multiplied into the circuit of the great circle, gives the spherical surface of the
Earth as 33507717774840 [numeral: ?] square perches. That same surface,
multiplied in turn by the diameter 3265859 [numeral: ?], will give
109,431,496,147,967,278,945 cubic perches — six times the whole terrestrial globe,
whose volume accordingly comes to only 18,238,582,691,327,879,824 perches.

In this calculation we have deliberately chased down even the little fractional
appendages so carefully, so that neglecting them should not carry some error, at
this distance from the goal, into the volume we are seeking. Now that the
measure of the whole Earth has been reduced to numbers for us, I should like to
take up here the Archimedean problem that Archimedes himself put to Gelon
king of Syracuse, and to express the multitude of the sand, which people think
has no number. The measurement of a single perch will pave our way to it. For if
we assess the quantity of the grains of sand

by such a standard that 100 of them, touching and cohering with one another, fill
one tenth part of the Rhineland foot, it follows that along one foot laid out
lengthwise 1000 grains are ranged in a row, and that in a perch, which we said
contains twelve feet, there are 12000 grains.



Now the ratio of a cube to the sphere of equal height is as
1,000,000,000,000,000,000,000 to 523,598,775,598,298,873,077 — that is, as the
diameter to a sixth part of the greatest circle in the sphere. Hence conversely the
ratio of the sphere to the circumscribed cube comes out as
1000,000,000,000,000,000,000 to 1909,859,317,102,744,029,226. And since spheres
stand in the triplicate ratio of their corresponding sides, and since along a perch
of 12 feet laid out I have set 12000 grains touching in a row, it will follow that, as
the cube on the diameter of a single grain — which is one — is to the cube
1728000000000, taken from the number of grains ranged along the perch, so is
the sphere of a single grain to the sphere whose diameter equals a perch,
1728000,000,000. That sphere will therefore contain exactly that many grains.

But since I set out earlier the ratio of the sphere to the circumscribed cube, the
cube whose side equals a perch will accordingly be given as 3300236900 grains.
And the volume of the terrestrial globe has already been found above as
18,238,582,691,327,879,824 cubic perches. Hence the volume of the whole
terrestrial globe comes out as 60,191,645,401,621,578,993,930,305,600 grains.

And since no one makes the diameter of the sphere in whose circuit the Sun
revolves greater than 1200 times the Earth's diameter, and since spheres are in
the triplicate ratio of their diameters, it follows that the whole orb out to the Sun's
circuit contains 104,011,163,254,002,088,501,511,

568,076,800,000,000. And if, following Copernicus, you suppose that it is the Earth
and not the Sun that is carried in an orbit under the ecliptic, then the distance of
the starry sphere from the centre of the world will likewise come out just as great
a multiple as the Sun's distance from the Earth. So if you multiply this newest
number again by 1728000000, you will be given the number of grains of sand in
that vastest starry sphere which Copernicus has built for us — namely 179, 731,
290, 102, 915, 608, 930, 611, 989, 636, 710, 400, 000, 000, 000, 000.

See how far my pen and my counters have gradually carried me away — when
all T had set out to show, along with Archimedes, was that the number of the sand
is not innumerable. But let us come down again from the heavens to the Earth,
and set this volume, established from our own reckoning-boards, against Theon's
summary computation [epilogismus]. In Book 1 of his commentaries on Ptolemy,
following Archimedes' ratio and Ptolemy's land-measurement [geeodasia], Theon
[of Alexandria] fixes the Earth's perimeter at 180000 stadia, its diameter at 57273,
and its volume at 98, 406, 364, 469, 497 cubic stadia. So let us try that figure. I
showed above that the Rhineland foot is equal to the Roman foot; and 625 of
these feet make up the length of a stadium, whose cube is 244140625, while the



cube of the twelve-foot perch is 1728. Therefore the Earth's volume, multiplied by
the latter and divided by that former cube, will give the volume of the terrestrial
globe expressed in stadia as 129,090,645,567,957. The difference between this
figure and Theon's number is 30684281098460 cubic stadia — so that this globe of
the Earth turns out nearly a third larger than Theon and Ptolemy make it.

But Herodotus, that most diligent of writers, tugs at my ear. He reported of the
Egyptians that the very poorest go about measuring their fields and land by
fathoms [orgyiae], those less poor by stadia as well, the well-to-do by parasangs,
and

the richest of all by schoeni, that is, by doubled parasangs. Therefore we too will
set aside the AemtoA[?]ia of the sands [Greek: leptolog[?]ia — evidently
AemtoAoyia, "hair-splitting minuteness"; the one or two sorts standing between
the legible AemtoA- and the legible -icx are set as a joined ligature and do not
resolve even under magnification], and, passing over paces, ten-foot rods
[decempedae] and stadia as well, be content to have determined the diameter,
circumference, surface and volume of the terrestrial globe in our native fashion
by miles alone. The size of a mile — that is, a comfortable hour's journey — we
set at fifteen hundred Rhineland perches (each of these containing twelve of our
own, that is of the old Roman, feet). And so the Earth's circumference will
amount, in length, to 8640 miles, and its diameter to 2177 [numeral: ?] miles. Its
surface will contain 18811353 [numeral: ?] paved miles, which we call square
miles; and finally the volume of the whole Earth will comprise 40956831512
[numeral: ?] cubic miles.

Cap. XIIIL.

Quadtitas unius gradus in singulis parallelis definita. The size of one degree
determined on each several parallel.

Now that the land-measurement [geaedesia, thus printed] and the solid-
measurement [stereomotria, thus printed] of the whole Earth have been set out,
the next task is to explain the size of the parallel circles drawn degree by degree
on its surface. Its usefulness is not to be despised; and to that end I put forward
the following theorem.

One degree of the greatest circle has to a degree of a given parallel the same ratio
that the whole sine has to the sine of the complement of that same parallel.

For since all circles are similar figures, and their diameters and circumferences
are homologous sides, it will follow that as the diameter of the greatest circle is to



the diameter of the parallel, so is the circumference of the greatest to the
circumference of the parallel. But as the whole circumference is

to the whole, so a like part is to a like part: for parts, when they are equimultiples,
stand in the same ratio. Therefore it will hold that as diameter is to diameter, or
again as radius is to radius, so is degree to degree, and part to like part. Now if the
radius of the greatest circle in the sphere is taken as the sine, the radii of the
parallels will be the sines of the complement. Hence the size of each degree on
the parallels will be given by proportion, since the extent of one degree on the
greatest of the parallels has already been fixed at 28500 perches.

Let the example be this. Let it be asked how many Rhineland perches answer to
one degree at the latitude of 52 degrees 10 minutes. The complement of the given
parallel is 37 gr. 50 scr.; the sine belonging to it is 6133667. Hence the proportion:
as the radius, or whole sine, 10000000 is to 6133667, the sine of the complement
of the said parallel, so 28500 perches are to 17481 perches, the number due to one
degree under that parallel. On this plan we have constructed the table we present
here, in which we set out step by step the size of the single degrees on all the
parallels.

Here the last figure, cut off from the rest by an interposed point, signifies a tenth
part of a perch. I added these tenths so that no appreciable error in perches
should be incurred in reckoning several degrees together. But if you want the
miles matching one degree on each parallel, the number for the given parallel
divided by 1500 will answer your question. Under the 52nd parallel 17456
perches fall to one degree (for here I drop the appended figure 3, which amounts
to %0 of a perch — a perch comprising 12 Rhineland feet); divided by 1500 these
will give 11 miles, with 956 perches left over, which come to very nearly % of one
mile.

Table. The length of one degree on each parallel, in Rhineland perches, for
latitudes 0-90. Column headings as printed: parall. perticee | parall perticee |
parall perticce. The three pairs of columns run 0-30, 31-60, 61-90 and are printed
in blocks of five ruled off from one another; the blank cells in the first block are
blank in the print.

parall. perticee parall perticee parall perticee
0 28500.0 31 24429.3 61 13817.1
1 28495.7 32 24169.4 62 13379.9

2 28482.6 33 23902.1 63 12938.7



parall. perticee parall perticee parall perticee

3 28460.9 34 23627.9 64 12493.6
4 28430.6 35 23345.8 65 12044.6
5 28392.5

6 28343.9 36 23057.0 66 11592.0
7 28287.6 37 22761.1 67 11135.8
8 28222.6 38 22458.3 68 10676.3
9 28149.1 39 22148.7 69 10213.5
10 2 8067.0 40 21832.3 70 9747.6
11 27976.4 41 21509.2 71 9278.7
12 278717.2 42 21179.6 72 8807.0
13 27769.5 43 20843.6 73 8332.6
14 27653.4 44 20501.2 74 7845.8
15 27528.9 45 20152.5 75 7376.3
16 27653.4 46 19797.7 76 6894.8
17 27254.7 47 19436.9 77 6411.1
18 27105.1 48 19070.2 78 5925.5
19 26947.3 49 18697.7 79 5438.1
20 26781.2 50 18319.4 80 4949.0
21 26607.0 51 17935.6 81 4458.4
22 26424.7 52 17546.3 82 3966.4
23 26234.4 53 17151.7 83 3473.3
24 26036.0 54 16751.9 84 2979.0
25 25829.7 35 16346.9 85 2483.9
26 25615.6 56 15937.0 86 1988.0
27 25393.7 57 15522.2 87 1491.6
28 25164.0 58 15102.7 88 994.6
29 24926.7 59 14678.6 89 497.4
30 24681.2 60 14250.0 90 0

amount to. I say, then, that on the given parallel 52 one degree is equal to eleven
miles and two-thirds [undecim cum besse]. But besides this I have set out here a



second small table [canonion], in which the parts of each single degree on each
single parallel are displayed —

— parts of the kind of which the degree of the great circle is understood to
contain 10000000. My purpose is that from this table the ratio of the great-circle
degree to the degree of any given parallel can be conveniently worked out, and
that the table set out above can be checked against it.

Table. The degree of each parallel expressed in parts of which the great-circle
degree contains 10,000,000 (the cosine of the latitude to seven places). Column
headings as printed: Parall. gr. over each of the three parallel-columns; the value
columns carry no heading. Blocks of five as on the preceding page; the blank cells
in the first block are blank in the print.

Parall. gr. Parall. gr. Parall. gr.
0 10,00,00,0 31 8,571,673 61 4.848.09
0 6
1 9,998,477 32 8,480,481 62 4.694.71
6
2 9,993,908 33 8 386,706 63 4.539.90
5
3 9,986,295 34 8,290,376 64 4.383.71
2
4 9,975,640 35 8,191,520 65 4.226.18
3
9,961,947
9,945,219 36 8,090,170 66 4.067.36
6
7 9,925,461 37 7,986,355 67 3.907.31
1
8 9,902,681 38 7,880,108 68 3.746.06
6
9 9,876,883 39 7,771,460 69 3.583.67
9
10 9,848,078 40 7,660,445 70 3.420.20
1
11 9,816,272 41 7.547,095 71 3.255.68

2



Parall. gr. Parall. gr. Parall. gr.

12 9,781,476 42 7,431,448 72 3.090.17
0

13 9,743,700 43 7,313,537 73 2.923.71
7

14 9,702,957 44 7,193,398 74 2.756.37
3

15 9,659,258 45 7.071.068 75 2.588.19
0

16 9,612,917 46 6.949,584 76 2.419.21
9

17 9,563,048 47 6.819.984 77 2.249.51
1

18 9,510,565 48 6.691.306 78 2.079.11
7

19 9,455,186 49 6.560.590 79 1.908.09
0

20 9,396,926 50 6.427.876 80 1.736.48
2

21 9,335,804 51 6.293.204 81 1.564.34
5

22 9,271,839 52 6.156.615 82 1.391.73
1

23 9,205,049 53 6.018.150 83 1.218.69
3

24 9,135,455 54 5.877.852 84 1.045.28
5

25 9,063,078 55 5.7[numeral: ?]5.764 85 871.557

26 8,987,946 56 5.591.929 86 697.565

27 8,910,065 57 5.446.390 87 523.360

28 8,829,476 58 5.299.192 88 348.995

29 8,746,197 59 5.150.381 89 174524

30 8,660,254 60 5.000.000 90 0



If, however, a reader is content not to know all this down to the smallest
fractions, but only how many miles each degree of any given parallel is to be
reckoned at, he can do that too, and without difficulty, from what we have
already demonstrated. One degree on the great circle contains nineteen miles. So
let any line ae be divided into nineteen parts, and on it let the semicircle aie be
described. In that semicircle, from the other end of the diameter, inscribe the
straight line ei, so that the angle aei contains as many degrees as the latitude of
the given place. The angle iea will then be the complement of that latitude, and
consequently ae will stand to e[?]s in the same ratio as the degree of the great
circle stands to the degree of the given parallel.

Diagram. A semicircle standing on a horizontal diameter. The left end of the
diameter is lettered a, the right end e, and the apex of the arc i. The arc is divided
by short cross-strokes into ten-degree intervals and numbered along its outside
from left to right: 10, 20, 30, 40, 50, 60, 70, 80, 90 — the count running up from a
on the left to e on the right, where 90 sits just above and outside the right-hand
end. Two straight lines are drawn from i: one down to the left-hand end a, one
down to the right-hand end e. A third, visibly curved line runs from i down to a
point u on the diameter, between the divisions labelled 15 and 10. The diameter
itself is graduated by small ticks along its whole length and is numbered beneath,
from right to left, 5, 10, 15 — the count running up from e toward a.

e a (left end of the diameter): the left terminus of the base line

e ¢ (right end of the diameter): the right terminus of the base line

e [ (apex of the arc): the point on the semicircle

e u (on the diameter, left of centre): the foot of the curved line dropped from
1

e 10, 20, 30, 40, 50, 60, 70, 80, 90 (outside the arc, left to right): the degree
graduation of the arc

e 15,10, 5 (beneath the diameter, left to right): the graduation of the base line
into nineteen parts

So the line ei, laid against ea, gives the measure of ei in the same parts of which ea
is taken to be nineteen. For instance, if the angle aei is 52 degrees, then ei — or eu,
which is equal to it — will be 112%; of those parts, as you see here. I therefore state
without hesitation that on parallel 52 one degree comes to 11%; miles, exactly as
you found earlier by calculation. This shortcut is quick to use wherever only
whole miles, or half-miles, or at most quarter-miles are wanted, and it is entirely
sufficient for a rather rough determination. As for opening the angle aei out to
whatever size you want, you will find that easy —



[The sentence's main verb, printed here only as its final syllables ...cabis, begins
on the preceding page.] ...if you divide the whole semicircumference into only 90
parts, the start being made at the point a. For then each single part will contain
two degrees, and so the angle aei, since it lies on the circumference and stands on
an arc twice as great, will plainly have the magnitude required.

CAPVT XIV.

De locorum sola latitudine differentium intervallis numerandis.
On reckoning the distances between places that differ in latitude alone.

Now that the extent and the size of the degrees, both on the great circle and on
the remaining parallels, has been settled in this way, we shall go on to the
measurement of distances between places. Before we begin on it, we divide the
matter as follows: some places, we lay down, agree in meridian, others in
parallel, and others differ in both.

Places that agree in meridian have the same longitude and differ in latitude
alone. Therefore, given the difference of latitude, the distance between the places
in any given measure is also given. Conversely, given the distance between places
lying under the same meridian [printed eodm; recte: eodem], the difference of
their latitudes is also given. For the meridian is a great circle of the sphere, drawn
from pole to pole through the places themselves; and places that differ in latitude
alone lie under the same meridian. It follows that, once the segment of the
meridian between them is given, the distance between the places is given as well.

An example. Eratosthenes puts Alexandria and Syene under the same meridian,
and gives the latitude of the former

as 31 gr. 0 scr., and that of the latter as 23 gr. 50 scr.; the difference is 7 gr. 10 scr.
Hence the proportion: since one degree contains 28500 Rhineland perches
[perticae Rhijnlandicee], 7% degrees will contain 204250 perches, that is 2451000
feet, which divided by 625 (for that is the number of Roman feet that make up a
stadium) will give 39213 stadia. Yet all antiquity reckoned this distance at 5000
stadia. The error, then, is 10782% stadia, on the part of those who stretch out so
crooked a road into a straight line — since from almost every road-distance a
quarter, or at the very least a fifth, has to be cut away if you want to reduce the
windings of a route to the shortest line.

For the Nile does not run so straight from Alexandria up to Syene that it flows
without bending in many turns and meanders; and although no single one of



these is particularly large, taken together they are certainly not to be neglected.
Around the Delta, around Heraclea, and then around the islands of canis [?], the
river's bends are quite large enough — and I am leaving the remaining, more
distant stretches out of the reckoning altogether. That is why this measurement,
taken over by Eratosthenes with too little accuracy, has introduced such great
errors into geography.

For Ptolemy this same distance between Syene and Alexandria would be only
3583 stadia; the difference from our own tables is 338 stadia, and by that much it
falls short of the true value. From this it is now not particularly difficult to judge
the rest as well: how great a mistake the ancients made between Rhodes and
Alexandria; between Rhodes and Lampsacus, or the Thracian Bosporus; and from
the Bosporus onward as far as the mouths of the Borysthenes. Strabo and others
reckoned these intervals out of Eratosthenes and the rest as though seven
hundred stadia belonged to a single degree, whereas by these most exact
demonstrations it has been established that only 5475[?] stadia are owed to it.
Moreover the same holds

in reverse. Given the road-distance between two places lying under the same
meridian, the segment of the meridian in degrees and minutes answering to that
distance is also given; only the terms of the proportion are inverted. In this way:
as 28500 perches are to 1 degree, or sixty minutes, so the given interval between
the places is to the segment of the meridian answering to the given number of
measuring-rods [decempedee].

Let the example be Lugdunum Batavorum, which today we commonly call Leiden
[Leida], and Ilermopolis [?], that is Willemstad [Willemstadium] — so named
from its founder, just as Pompeiopolis, Constantinople and countless other cities
are named from theirs. For when that most prudent prince, Wilhelmus of happy
memory [William I, Prince of Orange], Prince of Orange, saw that the island was
fertile, spacious and well suited to war, he marked out the city's boundaries with
a plough; he laid it out in the form of a regular heptagon [printed ordinari
septanguli] with bastions built most exactly according to the rules of the art; and
in front, at the salient points [acroteria], he fortified it with driven piles and
stakes against the battering of the waves.

These two places, I say, lie under the same meridian as nearly as may be, and are
13819 Rhineland perches apart. The question is how great a segment of the
meridian this makes, in degrees and minutes. The terms of the proportion stand
thus: since 28500 perches are worth 60 minutes, 13819 will be worth 29 [numeral:
?] minutes. And since Willemstad lies to the south of Leiden, the elevation of the



pole there will be less than it is here by just that many minutes: namely 51
degrees [printed 51 gradium] and 41% minutes, as nearly as may be.

In the Melpomene Herodotus says that he measured the breadth of the Black Sea,
where it opens out widest, from a ship's course and a day's sail, at three hundred
and thirty thousand fathoms [orgyiae], reckoned from the opposite Scythian
[printed Schytico] shore as far as Themiscyra, once the home of the Amazons,
near the mouths of the river Thermodon; which come to

1980000 Greek [feet], and these are equivalent to 2062500 Roman — that is,
Rhineland — feet. A twelfth part of that will give 171875 Rhineland perches,
which by the ratio already set out come to 5 degrees 54'%~ minutes very nearly;
and this is a fifth part smaller in Ptolemy. For he places Themiscyra [printed
Themyscra] at latitude 43 gr. 6 scr., while the harbour of Bata, on the opposite
shore, he puts at latitude 47 gr. 40 scru. The distance between these places is
therefore only 4 gr. 34 scr., whereas on our reckoning, from Herodotus's
observations, it would be 5 gr. 55 scr.; the difference is 1 gr. 21 scr. And yet the
same distance between Themiscyra and Bata ought, in Ptolemy, to have
amounted to 6% degrees if he were following Herodotus, since with Ptolemy 500
stadia make up a single degree. He has therefore cut a full third off this sea
passage — a passage that Herodotus nevertheless appears to have committed to
writing with such accuracy. And quite a number of passages can serve as
evidence by trial that the same thing has happened at the hands of geographers
to the accounts of many other historians as well. Our own distances, which we
derived ék T®V U &TTOCNUATWV peTPBo®V Stomtp®v [Greek: ek ton di'
apostématon metrouson dioptron, "from the dioptras that do their measuring by
way of distances"; printed with the ¢ (= 07) and 8 (= ov) ligature sorts, expanded
editorially as &mootnp&Twv, petpovo®v] — that is, by euthymetric instruments —
never need to be cut short in this way. Thus from here on, following what we
shall present two chapters hence, the places of neighbouring territories can also
be readily set out with the greatest possible accuracy, both as to their latitude
from the equator [printed eqninoctiali] and as to their longitude relative to one
another.

CAP. XV.

De locorum intervallis quee sola latitudine differunt.

On the intervals between places that differ in latitude alone.



Since the intervals between places differing in latitude alone were set out in the
preceding chapter, it follows that we should explain the distance between places
differing in longitude alone. Such places, lying on the same parallel, have
different meridians, and their distance is accordingly measured by the
intercepted segment of the parallel circle. Now the little canon [canonion] set out
in chapter 13 of this book will give the size of a degree on each individual
parallel; and conversely, on a given parallel the extent of the degrees will
likewise be given according to the measure already set out. To that end I have
also drawn up a small table of a number of places lying on the same parallel, as
they are commonly recorded from Apian [Appiano] and Ptolemy:

latitudo (latitude)

Place longitudo (longitude)
App. Praga / Ptol. Cusurgis 32 gr. 0 scr.

[Apian's Prague / Ptolemy's

Cusurgis]

Mons Regius in agro Norico 2. 84. [?]

[?]

Moguntiacum [Mainz] 254

Francofurtum ad Moenum
[Frankfurt am Main]

[no value printed]

Table continues on the following page.

50 gr. 6 scr.

50.16.

50.8.
[no value printed]

latitudo (latitude)

Place longitudo (longitude)
Cracovia in Polonia 37.50 [overbar]
[Krakow]

Leopolis [Lviv] 43.15

(printed rule across the

columns)

Lintium / Ptolom. ut putatur 32 30
Aredate [Linz / Ptolemy's
Aredate, as is supposed]
Parisij [Paris] [no value printed]
(printed rule across the

columns)

Gibralter / Calpe [Gibraltar/ 7 [overbar] 30
Calpe]

50. [overbar] 12

50 33.

48 4

48 39

3615



Place longitudo (longitude) latitudo (latitude)

Alexandria ad Issum, hodie 69 30 3610
Alexandretta [Alexandria by
Issus, today Alexandretta]

Carrae Mesopotanige 73 15 36 10
[Carrhae in Mesopotamia;
printed Mesopotanice]

You will also be able to gather many more places for yourself from tables and
from geographical charts [pinacidijs gergraphicis]; these will be enough for us to
illustrate the use of our canon.

Let the distance between Mainz and Frankfurt be sought, for example. Since it is
clear from the table set out above that the two places have the same latitude, but
differ in longitude by 34 minutes, and that on the fiftieth parallel (for the few odd
minutes we here neglect...

and we take the nearest parallel) on which, by the table set out in chapter 13, one
degree corresponds to 18319 perches. The proportion follows from this: if 60
minutes correspond to 18319 perches, then 34 minutes must give 10381
Rhineland perches [perticee Rhijnlandicee], or 124572 Roman feet, which come to
about 199%; stadia; and in miles — of the kind we defined at 1500 perches — 6
[numeral: ?]. In places as close together as these, however, this calculation can be
treacherous unless the latitudes of the two agree exactly. But in places further
apart, separated by an interval of several degrees, even if the latitude differs by
half a degree or more, it will make little difference relative to the size of the
interval, and will not carry you far from the truth. These matters will be settled
more plainly in chapter 16.

In the same way, since the distance between Frankfurt [Francofurtum] and
Prague [Praga] is 6 gr. 22 scr, you will conclude a distance of 116631 perches, or
2239% stadia, or — in the miles we defined above — 77 [numeral: ?]. Again,
between Prague and Krakow [Cracovia], under the same fiftieth parallel, there lie
5 gr. 50 scr., and so the travelling interval will come out at 106861 perches, 2052
stadia, 71 [numeral: ?] miles. In the same way you will conclude that from
Krakow to Lviv [Leopolis] there run 99228 decempedas, 1905 stadia, 66 [numeral:
?] miles.

I have set these out one by one under the same parallel because it is made
illustrious not only by very great cities but also by the birthplaces — or the ashes
and the lives — of the most celebrated men of this age. Mainz [Mogontia] has



Adriaan van Roomen [Adrianus Romanus], a man of a mind as plainly fiery and
penetrating as any, and, while he lived, a very close friend of mine. He was at
Wirzburg [Herbipolis], where he held a canonry and a professorship, when,
already ailing, he set out for the waters of Spa and for Louvain [Lovanium], to his
own people, as though to greet them for the last time. On the journey his illness
grew worse, and at Mainz [Moguntia] he turned aside to the Fathers,

where he closed the last day of his life on 24 or 25 April 1615, and where he lies
honourably buried by them. Konigsberg [Mons Regius] is ennobled as the cradle
of that great man Regiomontanus, who died at Rome scarcely forty years old, not
without a suspicion of poison — because men begrudged the world so great a
light. For in the course of so few years he accomplished so much that he might be
thought to have met his end in extreme old age.

Prague has Raimarus Ursus Dithmarsus [Nicolaus Reimers Bér], who there
exchanged life for death on 15 August in the year 1600. It has too that most noble
man Tycho Brahe, the most diligent observer of the sky and the stars, whose
equal in this field no age has ever seen. If only the man in whose care and
keeping they still lie hidden would not begrudge us and posterity Tycho's
observations — so precious a treasure, the vigils of so many nights, sought at such
expense and secured by such unrelenting devotion — but would publish them
entirely as Tycho himself observed them, with no one's ingenuity interpolated.
For I scarcely know how anyone could deserve better of the mathematical
sciences.

It is no part of my plan to review everyone who has lived in distinction under this
parallel, or who lies here dead: that would be a task calling for far greater labour
and leisure. But since the occasion itself invited me here, I could not at least fail
to pay this tribute to men whose friendship I enjoyed while they lived, boy
though I then was. I pass over Heidelberg [Heidelberga] nearby, and Nuremberg
[Noribergal, celebrated for so many famous men; nor do I forget your native
Joachimsthal [vallis Ioachimica], most learned Ioachimus Preetorius [?], a valley
made famous as well by the life of the most celebrated and learned Agricola. You
will pardon me, most subtle Méastlin [Mestlinus], and you too, most ingenious
Kepler [Kepplerus], who deserve naming among the first, if I do not now come
closer to Tubingen [Tubinga]. Certainly so many traces

of famous men stand about me here on every side, and I seem so truly to be
looking on their very faces and hearing their voices, that I must tear myself away
from here at once, or a mere by-work will grow into a book — [Greek: ¢k wWey8



€oyov; printed with the abbreviating @ sort and the alternative o, expanded
editorially as €k topépyov €pyov, "a work out of a by-work"]

Let the second example be on the thirty-sixth parallel. Suppose we ask the length
of the sea that pours into the midst of the lands, beginning from the Pillars of
Hercules — Abyla in Africa and Calpe in Spain, which today they call Gibraltar.
That place is ennobled above all the foregoing by the battle in which Heemskerck
[Hemskerkius], commander of the Dutch fleet, subdued and destroyed several of
the greatest Spanish warships, the ones commonly called galleons, and
afterwards held the whole seaboard of Spain as though blockaded — though he
himself poured out his life there gloriously for his country. From here as far as
Alexandria on the river Issus [Alexandria ad Issum] runs the longest recess of the
Mediterranean; and there the great Macedonian defeated and routed the haughty
King Darius, and did not leave off pursuing him until he had stripped him of his
kingdom and his life together.

The difference of longitude between the two places is 62 degrees, on the thirty-
sixth parallel. But there, by the little table of chapter 13, 23057 perches go to a
single degree. Therefore 62 degrees will have 1429534 perches, 27447

[numeral: ?] stadia, 953 [numeral: ?] miles. Under the same parallel too lies
Carrhae [Carra] in Mesopotamia, made famous by the disaster of Cassus [printed
Cassi [?]]; and the difference between Carrhae and Alexandria, as the table set out
above shows, is 3 gr. 45 scr., to which are due 86464 decempedee, 1660 stadia, 13
gr. 5 [?] miles. Ptolemy, in the first book of his Geography, chapter 14, assigns
72000 stadia to the 180 degrees on the parallel diarhodu [61& P6Sov, "through
Rhodes"]; we, by contrast, assign 79685. The difference is 7685 stadia.

Conversely too, given the interval between two places on a given parallel, [you
may find] the distance of longitude in degrees and

and minutes may be determined from this.

Ptolemy, in the Geography, in various places throughout Book I. Thus in chapter
11 he reckons sixty degrees from the Stone Tower [Turris Lapidea] all the way to
the Seres, because that distance is twenty-four thousand stadia; for on Ptolemy's
view 404 stadia go to one degree under the thirty-sixth parallel.

Pliny, Book 6, chapter 33. Polybius reported the length from the Strait of Gades
[fretum Gaditanum], on a straight course to the mouth of the Maeotis, as
XXXIIII.XXXVII Mill. CCCCC paces. From the same starting point, eastward on a
direct course, he gave Sicily twelve times LXM.D. paces; Crete CCCLXXV paces;
Rhodes CLXXXVI.D paces; the Chelidoniae the same; Cyprus CCCXXV paces; and



from there Seleucia Pieria in Syria CXV paces. This computation yields twenty-
three times XL.m paces. Agrippa puts this same interval, from the Strait of Gades
to the Gulf of Issus along a straight length, at XXXIIII.XL thousand paces. From the
Ocean to Lilybaeum, the promontory of Sicily, Ptolemy sets 25 degrees
(Geography 1.14). You will obtain the same figure from that number of Polybius's:
for twelve hundred and sixty thousand five hundred [paces] make 14084 [recte:
10084] stadia, and these divided by 404 — for that is the number that belongs to
the thirty-sixth parallel on Ptolemy's reckoning — will likewise give 25 degrees.
So Ptolemy appears to have taken that length from this stadiasmus of Polybius as
though the course ran perfectly straight. Even if the discrepancy is perhaps not
great, there must have been some, since they had no magnetic needle for their
Eevaywyla [Greek: xenagogia, "guidance, the conducting of strangers"]. On my
own reckoning 442 stadia belong to one degree under this parallel, and so that
same interval of longitude would come out for me as 22 gr. 43 scr. If a seventh
part is then subtracted, the difference of longitude between the Strait of Hercules
and Lilybaeum in Sicily is left at 19 gr. 30 scr., which is no greater than the figure
the moderns give. The rest differ widely from Ptolemy and from the writings of
others.

Again, Agrippa reckons from the Strait of Gades to the Gulf of Issus 3460000
paces, or 27680 stadia, which on Ptolemy's reckoning make 68%. degrees. And
Ptolemy in the Geography sets that distance at very nearly as much. For me it is
only 62 gr. 31.

Again Pliny, Book 5, chapter 6. Eratosthenes reported the land route from Cyrene
to Alexandria as D XX M. Agrippa gave the length of the whole of Africa from the
Atlantic sea, together with Lower Egypt, as XXX. XL. M. paces. Polybius and
Eratosthenes, judged the most careful of authorities, made it XVI. M. paces from
the Ocean to Great Carthage, and from there to the nearest mouth of the Nile, the
Canopic, XVI. M. pass. XXX. Isidorus made it from Tingi to Canopus XXXV.XCIX. M.
paces; Artemidorus XL less than Isidorus. That the passage about Polybius has
been corruptly read is shown in Book 6 by Martianus Capella, who copied these
figures from Pliny. "The length of the whole of Africa from the Atlantic sea," he
says, "together with Lower Egypt, is thirty times forty thousand. From the Ocean
to Great Carthage eleven times a thousand; from there to the nearest mouth of
the Nile, the Canopic, sixteen times a thousand and eighty-eight thousand.”" Here
one should read simply undecies and sexdecies, dropping in both places the 10
[Greek: to, the article used to quote a word] millies. That computation fits Pliny's
own total exactly; for I shall prove at once from Polybius himself that he set
eleven hundred thousand paces from the Ocean to Great Carthage. If you then



add, for the stretch on to the Canopic mouth, sixteen hundred thousand and
eighty-eight thousand, the total 2788000 is made up. Further, Eratosthenes, as
reported in Strabo, states that the coastline from the Canopic to the Pelusiac
mouth of the Nile is 3300 stadia, that is, four hundred and twelve thousand five
hundred paces. The whole of that total will therefore be thirty-two [hundred
thousand] and five hundred

paces. That Polybius reckoned only eleven [hundred thousand] from the Ocean to
Carthage, he himself can be the proof: for he puts sixteen thousand stadia from
the Altars of the Phileni to the Ocean, and these amount in Roman measure to
two million paces. But from Strabo it is 5000 stadia from Carthage to the
promontory of the Great Syrtis; and the diameter of the Great Syrtis, under whose
farthest meridian the estate of Phileni lies, is 1500 stadia. The two totals together
come to eight hundred and twelve thousand and 500 paces, and these subtracted
from 2000000 leave 1187500 paces. That total is therefore a little fuller than
"eleven." And yet you will gather from the passage of Pliny cited above that
"eleven" alone is to be read, since there, on Polybius's view, he separates Sicily
from the Ocean by 1260 thousand and 400 paces — and Sicily lies further east,
beyond Carthage.

But let us return to our subject. To avoid disturbing anything, let us suppose a
single parallel, midway between 36 and 31, to which by Ptolemy's summary
reckoning [epilogismus] 417 stadia belong. The distance from the Ocean to the
Canopic mouth is then 22304 stadia; divided, this will give a longitude interval of
53 gr. 12 scr., which differs very little from Ptolemy's tables. On my reckoning,
456 stadia are due to one degree in that place, and therefore the difference of
longitude from the Ocean to the Canopic mouth would be 48 gr. 41 scr. So if the
measure I have laid down is the true one, an error of five degrees and more has
been committed in this longitude by Ptolemy in his Canonica tabularum expositio.
And yet no one is unaware that the greatest thanks are owed to him on that score.
He was the first, and quite alone, who — after gathering the distances of the
routes from every quarter with more accuracy — bound Geography together,
tying every place by its longitude and latitude as though to a single point. Without
him it would have been

— had that been so, Pliny, Strabo and Polybius would have helped us not at all,
nor would the whole of antiquity that survives in our age, speaking with one
voice. He set the survey of places before our eyes as accurately as he could; and if
less accurately than you would like, charge that not to him but to the errors of
others. But tell me, please: what reckless ingratitude is this, to disparage his good



name, when no amount of labour could have let a single man establish those
positions better? Why not rather go on and charge the negligence upon our own
geographers, who trade on that very title? I do not mean the ones who, knowing
no mathematics, openly declare themselves mere compilers, but those who, well
fortified by mathematics, commend their own names to posterity as well with the
utmost fidelity and care. Take Gerardus Mercator [Gerardo Mercatore], that most
diligent and most exact of men — what are you to make of him, whose diligence I
hardly know whether to admire more than his learning? With every scruple he
could bring to it, he collected and fitted together his material from the choicest
maps. And yet how great a dislocation of the meridians there is even in his work,
over the smallest distance between places! Between Cassellae [Kassel] and Goesa
[Goes] he sets an interval of six degrees, when more accurate observations have
found it to be only 4 '~ degrees; in the same way, between Hamburg
[Hamburgum] and Amsterdam [Amstelodamum] he errs by more than a whole
degree — as not only observations of eclipses but the courses of ships prove.
Indeed Werner [Wernerus] himself disagrees with Regiomontanus over the
difference of longitude between Nuremberg [Noribergam] and Rome [Romam]:
although Regiomontanus sets it at 9 degrees, Werner asserts only 8. This, then, is
what they ought to have attended to more closely, so that the latitudes and
longitudes of places might be defined more accurately — so that in each province
the reference positions [epochee] of a few of the more notable cities might be very
accurately fixed, and the position of every place not be shoved along by its
neighbours, as one wave shoves another, and so trespass on someone else's seat.
Hic Rhodus, hic saltus [Here is Rhodes, here is where you jump — make good your
claim on the spot]. For

there is no art or talent in cobbling worse maps together out of bad ones, just so
that they may look as though they had something new about them. Consider, I
beg you, by the immortal God: if in places so close at hand, and so much travelled
in our own century, error of this size has been committed now in longitude, now
in latitude, what will become of the places that lie out at the far edge of Poland
[Poloniam], or that border on Spain [Hispaniam], France [Galliam] and Italy
[Italiam]? I can readily persuade myself that between the outermost shore of the
Spanish coast and our own country the error runs to more than four or five
degrees. And even that is less astonishing than the fact that the latitude of places
should fluctuate just as much, given that latitude is reduced to numbers every
day. The upshot is that by now scarcely any true picture of places, and no
certainty in the maps, holds firm for us, since some throw everything upward
and others downward, dislodging it from its proper seat and putting it out of
joint. Look, then: for anyone who cares to follow, I have gone ahead with an



example below, and have fixed the positions of a number of places by their
longitude and latitude in such a way that no force can tear or dislodge them from
it. I shall also set out below the latitude reference positions of several places,
accurately recorded.

But there was one more thing I had to note. If the calculation just given is
examined more closely, there is a flaw underlying it, and it slips wide of the mark
— even though, over a few degrees, the difference is of scarcely any consequence
at all. For the segment of a parallel between two places having the same latitude
is a measure of the distance, or of the journey actually completed, only when you
steer your course straight east or straight west. In that case it is plain that we
always remain at an equal distance from the terrestrial equator. That is
exceedingly convenient at sea, but useless for journeys over land. And so, if the
shortest distance is sought between two places lying on the same parallel, what
will measure it is the segment of a great circle intercepted between the given
places.

For just as on a plane surface the straight line between two given points is the
shortest of all lines, so on a spherical surface the shortest of all is the arc of a
great circle; for infinitely many others can be drawn to the same points, differing
greatly among themselves. Let our example be the length of the Mediterranean
Sea which we set out above, 62 gr. 31 sct. [so printed; the abbreviation elsewhere
in this passage is scr.], to which, on the thirty-sixth parallel, there correspond
27680 stadia. That the segment of the great circle bounded by the same limits is
smaller, I show as follows.

Diagram. A plain circle with a single point marked at its centre, from which two
straight lines run down to the left and to the right, meeting the circumference
near the bottom of the circle and forming a triangle with the straight line that
joins those two meeting-points. A vertical line drops from the centre through that
base line and continues to the lowest point of the circumference. Between the two
lower meeting-points a second, shallow line is drawn just below the straight base
line, so that the two together enclose a narrow lens-shaped sliver — the straight
chord and the corresponding arc. The figure is uncaptioned. Labels, read off the
figure:

e Centre of the circle: a
e On the vertical line, set just above and to the left of the base line: o

e Lower left, outside the circumference at the left end of the base line: [?] —
the glyph reads as an italic d or e; it will not resolve at this scan resolution



e Lower right, outside the circumference at the right end of the base line: [?]
—reads as an italiccore

e Below the lowest point of the circle, outside the circumference: [?] — a
single italic minim-letter; this fount does not separate u from n

e At the crossing of the vertical line with the base line: a small mark
resembling an italic y [?] — it may be a further point-label or an artefact of
the cut; it does not resolve

Let the arc eui be 62 gr. 30 scr. on the thirty-sixth parallel, and let ai, the radius of
that parallel, be the sine of the complement. Therefore, in the units in which the
radius of the great circle is 10000000, ai will be 8090170. But since the whole of
eui is given, its half ui is given as well, namely 31 gr. 15 scr.; and therefore, in the
units in which ai is 8090170, oi will be 4196964 and the whole of ei 8393928. That
last is the chord common to this segment on the given parallel and to the great
circle drawn through the same points. Now in the units in which we assumed the
radius of the great circle to be 10000000, oi — 4196964 — is the sine of half the arc
lying within the said limits, namely of only 24 gr. 49 scr. Its double, 49 gr. 38 scr.,
will give the whole segment of the great circle, to which 27159 stadia correspond.
But 62 gr. 30 scr. on the thirty-sixth parallel are worth 27680 stadia. The segment
of the great circle is therefore smaller than the segment of the parallel within the
said limits by 521 stadia — which seemed worth putting on record.

CAPVT XVI.
The geography of places differing in longitude and in latitude.

So much, then, for longitude or for latitude taken by itself. But it is agreed that the
description of geography took its beginning from travels, and in Book I above I
have sufficiently shown that, over the expeditions of so many great men, the
journeys of heroes, kings and commanders were recorded — by ancient practice
— by their own Bnpoaticag [bematistae] and surveyors. I shall therefore now go
on to show how the positions of places have been derived from those traces, since
this is of very great use to anyone reading the ancient historians and
geographers. It was in exactly this way that Eratosthenes, Hipparchus, Marinus of
Tyre and Ptolemy long ago composed the greater part of their geography, and in
this century the more careful writers fix the positions of places from the intervals
of journeys. Since the longitude of places is hedged about with many difficulties,
these were the methods that had chiefly to be used in shaping the c®pa [Greek:
soma, "body" — the body, the overall frame of geography] of geography.



Thus, given the position of one place together with the angle of position of the
other and the itinerary distance, the position of the remaining place will be
found.

Or, given the position of one place together with the latitude of both and the
itinerary distance, the position of the second could be investigated.

Or finally, given the itinerary distance of one place from two places whose
position is given, the position of the third could be determined.

For the solution of these problems, however, it would be useful

to have the fixed data [epochas] of a number of places accurately determined,
both of longitude and of latitude. Latitude I have discussed elsewhere. But in
longitude — that is, the distance between meridians — besides the times of
eclipses, this method which I am now to propose also seems not at all to be
despised, especially if the places lie a fair way apart from one another.

Let two places, i and u, be set out on the earth, and let the difference of longitude
between them be sought. First, with the latitude of both places known, from one
of them set out on a journey running straight along that place's own meridian.
Then, once you have reached the latitude which the second place has, make
straight along that same parallel for the second place. This itinerary interval, on
that parallel, will give you the distance between the meridians. For if from i you
set out northward along the meridian ea, until at o you have reached the same
latitude as place u has, and if from there you run along the same parallel, you
must necessarily arrive at the second place, u.

Diagram. A plain outline drawing of the terrestrial globe: a heavy circle
representing the sphere, crossed by three internal arcs — an upper roughly
horizontal arc running from the left rim across to the right rim, a lower roughly
horizontal arc parallel to it in the bottom half of the disc, and a vertical arc
bulging slightly to the right that runs from the top of the circle down to the
bottom (the meridian of the text). Seven italic minuscule labels, all read off the
figure:

e a(centred just above the top of the circle, where the vertical arc meets the
rim)

e y (outside the rim, upper left, at the left end of the upper horizontal arc)

e 0 (outside the rim, upper right, at the right end of the upper horizontal arc)

e u (inside the disc, just below the upper horizontal arc and left of the
vertical arc)



e i(outside the rim, right side, below o)
e s (outside the rim, left side, below y)

e ¢ (centred just below the bottom of the circle, where the vertical arc meets
the rim)

The figure carries no caption and no lettering other than these seven labels.

And so, by the rules of chapter 13, once the parallel and the length of the journey
au [?] are known, the arc ou — the difference of longitude in degrees and minutes
— will also be given. And if you estimate the distance ou from the journey
actually completed, cut a quarter, or at the very least a fifth, off that total, on
account of the obliquity and the windings of the road; you will judge this more
easily yourself, according as one road is more or less winding than another. That
is, unless out on the open sea you happen to have been free to follow the
indications and traces of the mariner's compass [nautica pyxis]. And in this way
the distance of the Fortunate Isles from the mainland could be found and

corrected, so that the reckoning of the remaining meridians might be set up that
much more accurately. And indeed, if the positions of a number of places
scattered over different meridians and parallels were accurately determined, that
— with the itinerary distance brought in — would contribute no small weight to
the correction of the whole of geography. Ptolemy, then, complains bitterly
somewhere, and not without reason, that in his day the determination of very
few places by known longitude and latitude was to be had; that even this was not
yet accurate in every respect; and that it covered only those places which
Hipparchus had recorded as lying on the same meridian or the same parallel.
This care, therefore, ought to have been the one thing closest to the hearts of
learned men and of those who profess geography. But I return to the solution of
the problems I set out.

I. PROBLEMA.

Given the position of one place together with the angle of position of the other and
the itinerary distance, to find the latitude of the second and the difference of
longitude.

A thoroughly useful problem, and one by whose help Ptolemy long ago either
arranged or corrected the position of many places in the old geography. Its use,
however, is better applied to places close at hand, which are within sight of one
another, or at least whose position has been derived from the intervals between
known places. For if you go further afield and wish to estimate the angle of



position merely from the quarter and the run of the voyage — as he sometimes
does — Pedro Nunes, the most learned Stevinus [Simon Stevin] and others have
long since shown, amply and more than amply, that in that case the whole
journey is run not along any great circle but along a spiral rhumb line [rhumbus
helix]. And yet here Ptole-

is anything to be laid to Ptolemy's charge, since what he had put before him were
those rather rough itinerary observations, and not the recorded observations of
our own sailors. But to come to the business itself: we divide the working of the
problem into two cases, according as the places will be nearer one another or
more widely separated. By "near" I mean places that will be no more than one
degree apart, or two at the most. In these it will be permissible to use the arcs
themselves as though they were straight lines, and to work this problem out by
the calculation of plane triangles. I will call in an example of this from what has
gone before.

Let Leiden [Leida] be given us in position, and let The Hague [Haga comitis] be
compared with it. The itinerary distance is 4103 perches; the angle of position
from the meridian of Leiden toward the west is 52 gr. 21 scr. 44 sec.; and what is
sought is the elevation of the pole at The Hague and the distance between the two
meridians.

Let E be Leiden, and Ey[?] the meridian drawn through Leiden; let A be The
Hague, and AEG the angle of position, 52 gr. 21 scr. 44 sec.; and let AG be the
perpendicular. AG, then, will be the difference of longitude, and EG the difference
of latitude. Now in the right-angled triangle AEG there are given the base
subtending the right angle, AE, 4103, and the acute angle AEG; hence the leg EG
will be given as

Diagram. A right-angled figure drawn against the meridian. A heavy vertical
stroke runs down the middle of the figure, carrying the label Septent. ("North")
above its upper end and y Merid. ("South") below its lower end. The point E
stands on this vertical line at the upper part; below it, on the same line, stands G.
From G a short horizontal dotted line runs leftward to A. A straight stroke joins E
to A, closing the right-angled triangle AEG, whose right angle is at G.

e Septent. (above the top of the vertical line): "North"

e E (on the vertical line, upper part): the point E

e A (left end of the dotted horizontal line): the point A

e G (on the vertical line, at the level of the dotted line): the point G



e ) (at the foot of the vertical line, immediately before Merid.): the sort used
as the label of the meridian's southern end

e Merid. (below the foot of the vertical line): "South"

2505 perches, and AG as 2954 perches. But since the size of one degree has been
determined above at 28500 perches, EG will be given as 5 minutes 16 %, seconds;
and since The Hague lies toward the south, it follows that the pole is elevated
there 52 gr. 5 scr. 13 %o sec. Yet in that parallel only 17512 perches go to a single
degree. Accordingly, for AG, which is 2954 perches, you will conclude 10 minutes
and 7 [numeral: ?}10 seconds. And by that much The Hague lies further west than
Leiden.

The difference of longitude and of latitude between Leiden and Oudewater.

Diagram. A second right-angled figure of the same construction. A heavy vertical
stroke carries Septent. ("North") above its upper end and ¢ Meridies. ("South")
below its lower end. E stands on this line at the top; G stands on the same line
below E; from G a horizontal dotted line runs rightward, and a straight stroke
descends from the top of the vertical line to M at the dotted line's right-hand end,
giving the right-angled triangle with its right angle at G.

e Septent. (above the top of the vertical line): "North"

e E (on the vertical line, at the top): the point E

e G (on the vertical line, at the level of the dotted line): the point G
e M (right end of the dotted line, set slightly below it): the point M

e ) (at the foot of the vertical line, immediately before Meridies.): the sort
used as the label of the meridian's southern end

e Meridies. (below the foot of the vertical line): "South"

Let MEY be the angle of position between Leiden and Oudewater [Oudewatera],
reckoned from the south toward the east: 62 gr. 12 scr.

The distance ME, by Problem 9 of Cap. 8, is — 7978.
And from this, as before, GM will be given — 7058.
And the leg EG — 3721.

To which there answer — 7 scr. 50 sec.

The elevation of the pole at Oudewater, or Veteraquinum, will therefore be only
— 52 gr. 2 scr. 40 sec.



And since in that parallel only 17533 perches answer to a single degree, GM, the
difference of longitude between Oudewater and Leiden, will be given as — 24 scr.
9 2/1() SecC.

And by that much Oudewater lies further east than Leiden.

The difference of longitude and of latitude between Leiden and Amsterdam.
Let E be Leiden and O Amsterdam [Amstelodamum]; the distance

EO, by Problem 13 of Cap. 8, in perches — 9726.

Let EG be the meridian line, and the angle of position

Diagram. A third right-angled figure. A heavy vertical stroke carries Septent.
("North") above its upper end and ¢ Meridies. ("South") below its lower end. G
stands at the left of the vertical line at its upper part, where a horizontal dotted
line runs rightward; O stands to the right, at the end of a straight stroke that rises
from the foot of the vertical line; and € — the E printed as a turned sort — stands
at the lower part of the vertical line. The right angle is at G.

e Septent. (above the top of the vertical line): "North"

e G (left of the vertical line, at the level of the dotted line): the point G

e O (right, at the upper end of the rising stroke): the point O

e & (on the vertical line, at its lower part; the E is set as a turned sort): the
point E

e 1 (at the foot of the vertical line, immediately before Meridies.): the sort
used as the label of the meridian's southern end

e Meridies. (below the foot of the vertical line): "South"
from north toward the east, GE — 46 gr. 49 scr.
And therefore the remainder from the right angle, GOE — 43 gr. 11 scr.
Hence the leg GO will be given — 7092.
And the leg GE, in perches — 6656.
To which there answer — 14 scr. 0 7, sec.

And by that much will the elevation of the pole at Amsterdam be greater than
that at Leiden — namely

52 gr. 24 scr. 30 4 Sec.



And since in that parallel only 17388 perches answer to a single degree, Go, the
difference of longitude between Leiden and Amsterdam, will be given as — 24
scr. 28 %o sec.

And by that much Amsterdam lies further east than Leiden.

By the same proportion the difference of longitude and of latitude between
Leiden and Utrecht [Vltrajectum] will be found.

The difference of latitude — 3 scr. 10 %, sec.
And therefore the elevation of the pole at Utrecht, 52 gr. 7 scr. 19 %o se.

And the difference of longitude by which Utrecht lies further east than Leiden —
39 scr. 32 %o sec.

This method, indeed, holds good when the places set out are not very far apart
from one another: for then the construction of spherical triangles will have to be
called into service. For in that case the legs enclosing a given angle are given, and
the base is sought together with the adjacent angle.

Diagram. A sphere drawn as a plain circle crossed by several great-circle arcs:
one arc sweeps from the upper left down to the lower right, a second from the
upper right down to the lower left, and a third runs roughly across the lower half
from the left edge to the right, the three intersecting below the centre. Ten small
italic letters are set at points on and within the circle.

e 1[?] (upper left, at the circle's edge): the point 1 [?]

e a (upper centre, inside the circle): the point a

e e (upper right, inside the circle near its edge): the point e
e 0 (centre): the point o

e 1 (left, on the lower-left arc): the point r

e vy (right, outside the circle at its right edge): the pointy

e s (lower right, inside the circle): the point s

e u (lower centre): the point u

e i(lower right, below s): the point i

e 1[?] (bottom centre, below the circle): the point1 [?]

Let ry be the equator, a the pole, and e the place whose latitude is given; let aey
be the meridian; let o be the other place, the distance oe being given together
with the angle of position oey. Now the angle of position is the vertical circle
drawn from the given place through the position of the second. What is sought is



os, the latitude of the second place, and ys, the difference of the meridians. Here,
in the triangle

in the angle aoe three of the terms are given, known at least potentially: the side
oe is simply given, while ae is derived from its complement ye, which is given;
and finally the angle aeo is given too, because the angle of position [angulus
positionis] oey is given. Therefore in the triangle aeo the legs ae and eo are given
together with the angle they contain, and what is sought is the angle oae — that
is, the arc ys, the difference of longitude — together with the side ao, whose
complement os is the desired latitude of the place. All of this, however, can
equally well be carried out in the plane, since above, in Book I, I demonstrated
how the base is found when the legs and the angle they contain are given. As for
determining the size of the angle wanted when the sides of a spherical triangle
are given, I shall demonstrate that in the plane in the following problem.

II. PROBLEMA

Given the latitude of two places and the road distance between them, to find the
difference of longitude.

This is nothing else at all than to find any angle you please when the sides of a
spherical triangle are given. For let o be the pole, yi the equator, ai and eu the
latitudes of the given places, and ea the given road distance, reduced to degrees of
a great circle on the earth. What is sought is ui, the distance between the
meridians, which is the measure of the angle eoa.

Diagram. A plain circle representing the sphere in oblique view, crossed by a
horizontal great circle (the equator) and by two oblique great circles that meet at
the top and bottom points; a short arc cuts across the upper right quadrant.
Labels read off the figure:

e o (interior, upper left of centre — on the upper meeting-point circle): o

e e (interior, left of centre, on the short upper arc): e

e a(at the right rim, level with e, outside the ruled circle): a

e [ [?] (right rim, below a; a small single-stroke sort that does not resolve): i
y (interior, at the left end of the horizontal circle): y

u [?] (interior right of centre, just below the horizontal circle; the italic
fount does not separate u from n here): u

s (interior, at the bottom): s



Example. Let e be Nuremberg [Noriberga] and a Rome. The latitude of
Nuremberg is, according to Regiomontanus, 49 gr. 24 scr., and that of Rome 42 gr.
2 scr.; the road distance, by everyone's agreement, is 150 German miles as nearly
as may be. From this, if on account of the crookedness of the route you subtract a
quarter,

there will remain 112 German miles; and since these are half as long again as
ours, they yield 168 hour-miles [miliaria horaria], as we defined them above.
These amount to 252000 decempedae, which, reduced to degrees, make 8 gr. 50
scr. for the arc ae. The sides oe 40 gr. 36 scr. and oa 47 gr. 58 scr. are also given,
since their complements eu and ai, which are the latitudes of the places, are given
as well. From this the size of the angle eoa will be found to be exactly 7 gr. 0 scr.
Such, then, would be the difference of meridians between Rome and Nuremberg
— which for Regiomontanus is nine degrees, and for Johannes Werner eight. And
in this fashion the reckoning of longitude keeps drifting in uncertainty, until
some Atlas restores these matters whole and to their proper places.

I shall also try to explain the same problem in the plane, for the sake of the
philomath(wv) [?] [the ending is set in Greek: for giAopa®®v, "lovers of learning";
only the w is unambiguously a Greek sort, the final letter's sort and any accent do
not resolvel].

If the square on the difference — or on the sum — of the sines of the latitudes is
subtracted from the square of the chord of the base, the side (that is, the root) of
the remainder will be the base of the angle sought, provided the legs are set as
the radii of their own parallels. [The print sets aut twice across the line break:
"differentia aut / aut summa"; recte: aut.]

Diagram. A circle representing the sphere in oblique view. A horizontal great
circle (the equator) runs from the left rim to the right rim; an oblique great circle
runs from the top point to the bottom point; a dotted line descends vertically
from the top point to a point at the centre, and a second dotted line runs
horizontally from the left rim to that same centre point. In the right half a small
rectilinear figure is drawn, with a short vertical stroke and slanting lines
connecting the interior points. Labels read off the figure:

e 0 (top, on the rim): o

e a (interior, upper right): a
e e (interior, left of centre): e
e n(interior, right of e): n

e r(interior, below n):r



[ (right rim, on the horizontal circle): i

y (left rim, at the left end of the dotted horizontal): y

e m (interior, at the centre where the two dotted lines meet): m
e [(interior, immediately right of m): 1

e u [?] (interior, below [; u/n do not separate in this fount): u

e S (bottom, on the rim): s

The demonstration is perfectly plain from an inspection of the sphere itself. Let yi
be the equator, o and s the poles, a and e the places of given latitude. Let
perpendiculars then be dropped from them, to fall on ar and el, the common
section of the equator and of their respective meridians, which are for that
reason parallel to one another. Join Ir, and let er [recte: en] be drawn parallel to it
[the italic sorts r and n do not separate here; p. 245 states that en is the side equal
and opposite to Ir, which would make the reading en — a single-glyph re-look at
native resolution would settle it]. Then an will be the difference of the sines of
latitude. Accordingly, in the right-angled triangle ean, when the square on an has
been taken

away from the square on ea, the remainder will be the square on en, to which the
opposite side Ir is equal; and Ir subtends at the centre of the sphere the angle imr,
contained by the sines of the complements of the given latitude. But that angle is
measured by the arc ui, the difference of longitude. Therefore the angle Imr will
fix the desired distance between the meridians. In the plane, its representation
and measurement stand as follows. Let the arcs ar and ay be equal to the given
latitude of the places,

Diagram. Two circles side by side, each carrying the same plane construction in a
slightly different case. In each, a horizontal diameter runs from the left rim to the
right rim; chords and perpendiculars are drawn inside, one of them hatched
(drawn as a short ladder of cross-strokes), and a further arc bulges beyond the
rim at the upper right. Labels read off the figures:

Left circle:

e i(above the rim, top left): i

e [(interior, upper right): 1

e r(interior, upper left, at the head of the hatched vertical): r
e m (interior, right of the hatched vertical): m

e u [?] (interior, below m; u/n do not separate): u

e a (left rim, at the left end of the horizontal diameter): a



s (interior, below a): s

o (interior, right of centre, below the diameter): o

u [?] (interior, below o; u/n do not separate): u

y (interior, lower left): y

v (below the rim, at the bottom): v

e (right rim, at the right end of the horizontal diameter): e

Right circle:

e [(above the rim, upper right): 1

e m (interior, upper middle): m

e [ (interior, right of m): i

e u [?] (interior, below m; u/n do not separate): u

e o (interior, right of u): o

e a (left rim, at the left end of the horizontal diameter): a

e 5 [?] (interior, below a; the sort is faint): s

e n[?] (interior, lower middle; n/u do not separate): n

e e (right rim, at the right end of the horizontal diameter): e
e v (below the rim, at the bottom): v

and let the arc ei be equal to their distance; the difference of longitude of these
same places is sought. Then let rs and yu be perpendiculars to the diameter ae;
and if the places lie in the same quarter of the equator, let their difference ym be
taken, otherwise their sum. Next, on the inscribed line ie describe a semicircle, in
which let il, equal to ym, be inscribed, and join le. Then the triangle son, drawn
with the legs so and no and the base le (or sn), will make the angle aov — or the
arc av — equal to the difference of the meridians sought. The demonstration is
clear from an inspection of the preceding diagram.

III. PROBLEMA

Given the road distance of a third place from two places of given position, to
determine its situation.

This same problem is not at all hard to work out on particular chorographic
maps, and it is very useful to readers of history, provided you go about it with
judgment and care. For once the size of the great-circle degree — the size the
meridians keep — has been divided into its own stadia, you will work out the rest
with a pair of compasses. An example. Cleonae is 120 stadia distant from Argos



and 80 from Corinth, and we looked out over the city from the Acrocorinth, says
Strabo in Book Eight (Strabo, Geography VIII).

Diagram. A plain triangle set into the left margin beside the text, drawn with its
apex at the top, one vertex at the left, and one at the foot; the left and foot vertices
are joined by a straight side, and a long straight side runs from the apex down to
the foot vertex. A faint circular arc and some curved strokes cross the area; these
are show-through/offset from the other side of the leaf, not part of this figure.
Labels read:

e (immediately to the right of the top apex): A

e (left vertex): B

e (bottom vertex): C

e (above the figure, italic): Argos.

e (left of the figure, set vertically, italic): Cleone.
e (below the figure, italic): Corinthus.

Let Corinth then be C and Argos A, their position and distance being known. Next
let AB be taken as 120 stadia and Bc as 80 stadia; the triangle ACB drawn with
these intervals will give, at the vertex B, the position of Cleonae — provided it is
settled to which side of the base AC the vertex B is to be inclined. But here the
crookedness of the roads must be noted carefully. For the fact that in this figure
Cleonae looks much closer to Corinth than to Argos is perhaps[?] to be put down
to the crookedness of the roads. Paasanias [Pausanias] reports that there are two
roads for a traveller going from Cleonae to Argos[?]: one passable only for men
travelling light and more of a short cut, the other blocked by mountains but still
serviceable for carriages as well. It is clear, then, even to this reader, that the
whole interval between Corinth and Argos cannot possibly exceed 200 stadia,
even if CB and BA were stretched out into a straight line — if we are to believe
Strabo. Ptolemy, however, departs widely from this, since he records the position
of these places as follows.

Longitudo Latitudo.

Corinthus. 51 gr. 15 scr. 36 gr. 56 scr.

| Cleone | 51 gr. 30 scr. | 36 gr. 26 scr. | | Argos | 51 gr. 20 scr. | 36 gr. 16 scr. |

For if you collect the distances from the difference of longitude and of latitude as
though from a plane right-angled triangle — and with places this close together

that will not stray far from the truth — you will find the distance between Argos
and Cleonae to be 14 [numeral: ?] minutes; and if, on Ptolemy's view, you reckon



500 stadia to a single degree, these yield 117 stadia, which comes very close to
what Strabo says. But on the same reckoning the distance between Cleonae and
Corinth would be 33 [numeral: ?] minutes, that is, 279% stadia — whereas Strabo
puts it at no more than 80 stadia. Unless perhaps, in Strabo, for 6ydorkovta
[Greek: ogdoekonta, "eighty"] we should read Siakoolx kai 0ySorjkovta [Greek:
diakosia kai ogdoekonta], two hundred and eighty. The measurement of the
whole Peloponnese in Pliny and in Strabo himself, and the intervals between
other places, prove this as well. So this argument makes it plain that Ptolemy
patched together his canonical exposition of the tables in roughly this fashion.

But let us try another example, and one with a somewhat greater distance. In
Book 17 of his Geography (Strabo, Geography XVII) Strabo says that the base of
the Delta, the seaboard of Egypt from Pelusium as far as the Canopic mouth, is
1300 stadia. Then afterwards he cites Artemidorus, who puts the distance from
the vertex of the Delta to the Canopic mouth at 140[?] stadia, and from the same
vertex to the Pelusiac mouth at 730[?] stadia. Let the position of the Canopic and
the Pelusiac mouth be given, in CP, an interval of 1300 stadia. And let CV be 840
stadia and PV 760[?]. The point V will then fix the corresponding position of the
Delta's vertex with respect to both places — a vertex which here already lies to
the south of both. But let us test the matter by the numbers, taking the positions
of the places c and P from the Ptolemaic canons.

Diagram. A wide, shallow triangle drawn in solid line: a vertex at the left, a
vertex at the upper right, and a third vertex at the bottom, roughly below the
middle of the upper side. A dashed horizontal line runs from the left vertex
rightwards, ending short of the right-hand edge; from a point on that dashed line
a short dashed vertical drops to the bottom vertex. Labels read:

e (left vertex): C
e (upper right vertex): P
e (right end of the dashed horizontal): H
* (on the dashed horizontal, just right of the dashed vertical): Q
e (bottom vertex): V (the script italic sort)
e (above left, italic): Canopus
e (above right, italic): Pelusium.
e (below the figure, italic): Delta vertex.
Long. Lat.

Canopicum ostium 60 gr. 56 scr. 31 gr. 6 scr.
Pelusiacum ostium 63 gr. 15 scr. 31 gr. 15 scr.



From these you will conclude the interval CP to be plainly 1300 stadia, the same
figure Strabo sets down. Now in the triangle CVP the three sides are given, so the
angles are given too: PCV, for instance, is 32 gr. 56 scr.; and the angle PCH, 0 gr. 9
scr., deducted from it, will leave the angle CVP 32 gr. 47 scr. Further, let the
meridian through the vertex V be VQ. In the right-angled triangle, then, the base
of the right angle being CV and the angle being VCQ, VQ is given as 457 stadia, to
which 55 minutes correspond. Subtracted from the latitude of Canopus, these will
leave the latitude of the vertex V as 30 gr. 11 scr., which for Ptolemy is exactly 30
degrees; for he assumed the side VP a little too large. Indeed, from his own data
you will draw out the side AV[?] as 833 stadia and VP as 886 — which it seems
worth pointing out here. And from this the corruption in Pliny, introduced by a
copyist's hand, is proved outright, where in Book 5, chapter 9, the text reads as
follows: The measurement from the single channel, where it first splits into
branches, to the Canopic mouth is CXLVI. M., to the Pelusiac CCLVI. M. In the last
figure a second hundred is superfluous. Pliny, moreover, seems to have taken in
all the river's windings as well

also computed. For he puts the distance between the outermost mouths at 170
miles, which comes to 1360 stadia — a figure that differs very little from Ptolemy
and Strabo. Further, to find the difference of longitude, let the leg CQ [?] of the
right-angled triangle be found: 706 stadia. This is the parallel drawn through the
point C. Now on Ptolemy's reckoning 420 stadia answer to one degree on the
thirty-first parallel, so 706 stadia will amount to 1 gr. 39 sc. By that much, then, on
Artemidorus's figures, the cleft of the Nile at the apex of the Delta would lie east
of Alexandria — whereas for Ptolemy the two are only 1 gr. 15 scr. apart. Others
may judge where the truth lies; for the present it is enough that we have
illustrated our theorem with an example.

A way readier for practice could nevertheless have been devised. Suppose you
build a chart running from the pole to the equator and spanning three degrees of
longitude, on a scale large enough for the outermost degrees of the equator and
of the meridian to be divided into sixtieths. Once the given places have been
plotted on it, as I showed above, a pointer turning about the pole will easily show
at a single glance the latitude of the third place and its difference of longitude
from the other two. But if the intervals are longer, the machinery of spherical
triangles must be brought in.

Example.

Diagram. A large circle representing the globe, drawn in heavy outline. A point o
stands at the top of the circle and a point s at the bottom; several curved meridian



arcs run from o down to s across the face of the sphere. A line crosses the sphere
from the left-hand edge, labelled y, to the right, where the label u stands — the
equinoctial of the text. Two of the meridian arcs meet this line at points labelled r
and L In the upper right quadrant a small triangle is drawn, its corners lying at
the labels a (upper right), e (to the left, inside the sphere) and i (at the centre).

e 0 (top of the circle): 0 — the pole

e a (upper right, inside the circle): a

¢ ¢ (left of centre, inside the circle): e

e i(centre):i

e u (right, at the end of the horizontal line): u

e vy (left edge, at the end of the horizontal line): y
¢ 1 (lower centre, on the horizontal line): r

e 1 (right of r, on the horizontal line):

e s (bottom of the circle): s — the opposite pole

Let uy be the equinoctial, and let a and e be places of given position, whose
difference of longitude ur is given and whose latitudes are re and au. Let i further
be a third place, whose distances ei and ai from each of the other two are given
from the road-distance. The latitude il is sought, and the difference of longitude
ul. Since in triangle

eoa all the sides are given (for eo and oa are the complements of the latitudes),
the angle oae will be given as well; and for the same reason the angle eai in
triangle aei [?]. And so oai too will be given. Therefore in triangle oai, the legs oa
and ai being given together with the angle oai contained by them, the base oi will
be given; and its complement il is the latitude we were looking for. Given as well
is the angle aoi, that is, the arc ul, which is the difference of longitude we wanted.
Let this, then, stand as our exposition in this chapter of how to plot places
geographically when they differ in both longitude and latitude.

Capvt XVII.

Maurolybi [recte: Maurolyci — the correct form is set legibly a few lines below,
"Maurolyci modum"] modus in Terreni ambitus geodcesia improbatus, montium
altitudo dimensa.

Maurolico's method rejected in the measurement of the earth's
circumference; the height of mountains measured.



Now that I have determined the size of the terrestrial globe, I cannot — for the
benefit of the learned reader — pass over in silence the method that Maurolycus
[Francesco Maurolico] devised, with the greatest ingenuity, for measuring the
earth's circumference; I shall instead transcribe it here from the third dialogue of
his Cosmographia. "With this settled," he says, "I shall come to what I had
proposed and set out another way of measuring the globe. First of all, one must
pick the highest mountain there is, one from which a wide prospect of the sea lies
open. Etna I judge the best suited to the business, for from its summit the sight
reaches out over more than two hundred thousand paces of open sea, and the
whole circuit of the island can be surveyed. Accordingly

[No gathering signature on this page.]

the height of the mountain must be found by the rules given above — that is, the
perpendicular from its summit down to the level of the sea. Then, by
embadometry (euthumetricen, credo, voluit dicere — "he meant euthymetry, 1
believe," Snellius interjects), we shall measure from the mountain's very summit
whatever expanse of sea we can see, out to the arc of the farthest horizon and the
point where the line of sight touches the water. Even though that interval is not
straight, it does not differ from a straight line by any perceptible amount, since
the curvature is so slight. Once this is done, the way lies open for our geometry.

For I shall conceive four straight lines. The first is the height of the mountain
itself. The second is the visual ray from the mountain's summit to the farthest
point of contact with the sea. The third is made up of the first line and the earth's
diameter continued in a straight line with it. The fourth will be the arc of the sea,
from the point of contact as far as the third line; and although this is not straight,
it will introduce no discrepancy if it is taken as straight. For, as has been said, the
arc will be so small — an arc of the circle described on the sea's surface through
the endpoints of the diameter just mentioned — that it will look almost straight;
and indeed that very circle will be the truest circumference of the globe.

Since, then, the first and the fourth lines contain a right angle, which the second
subtends, it follows from the penultimate proposition of Book I of Euclid's
Elements [= Elements 1.47] that the squares on the first and fourth lines, which are
known, together make up the square on the second (the line that touches the
circle). But this same square is, by the penultimate proposition of Book III of the
Elements [= Elements 111.36], equal to the rectangle contained by the first and the
third. The first, however — the mountain's height — is also given; therefore the
third will be given too. And if the first is cut off from the third, the earth's



diameter is left, from which, as we have taught, the circumference itself is
derived." Thus far Maurolico.

Diagram. A circle representing the Earth, printed at the head of the page with the
text set around it to the right. A vertical straight line runs from a, a point above
and outside the circle, down through e where it meets the top of the
circumference, on through the centre i, and continues to u on the circumference
at the bottom — so that e u is the diameter and a e the portion standing above the
surface. A second straight line runs from a down to o, a point on the
circumference at the upper right, touching the circle there; a radius joins i to 0. A
short dashed line curves between the neighbourhood of e and the point o,
marking the small arc eo. All five labels are legible.

e a (top, above the circle): summit of the mountain

e e (on the circumference at the top, where the vertical line meets it): foot of
the mountain, on the Earth's surface

e 0 (on the circumference at the upper right): point of contact of the line
drawn from a

e i(centre of the circle): centre of the Earth

e u (on the circumference at the bottom): far end of the diameter through e

Let ae, then, be the height of the mountain Atne [Etna], and ao the line that
touches the sea; and let the perpendicular ae be known from observation. From
the observed angle eao the arc eo is then found by the rules for triangles. For over
so tiny a space the arc eo departs not at all from a straight line, and ae is
perpendicular to the horizon; so aeo will be a right-angled triangle, and since its
leg ae is given, the base ao is given too — the straight line that touches the great
circle of the Earth. Now the square on ao equals the rectangle contained by the
secant ua and its external segment ae. Dividing the square on ao by ae therefore
gives au itself; and when the height of the mountain ae has been subtracted from
it, the remainder is the diameter eu. Once the diameter is given, the
circumference too is given in the same units.

A genuinely ingenious line of argument [epicherema], and worthy of its inventor
Maurolycus [Francesco Maurolico]. Even so, I doubt the result will bear it out,
since a great many things get in the way of carrying the operation out accurately.
In the first place, the air is not always equally clear, so that you can fix on the
same limit each time you observe. Then too the vapours around the horizon and
the exhalations that hang perpetually over the surface of the sea do not let our
rays be drawn right up to the point of contact, nor our line of sight be pushed out



that far; they are blunted in the vapours long before. And so they would then be
longer than they should be, and would stand beyond the point of contact. But
there is perhaps a ready remedy for this: to turn the eye that way on a clear
morning before sunrise. For then the images of things flow in to us more exactly
and more accu-

rately, and the eyes as well — not overwhelmed by any stronger light, thanks to
the darkness of the night just past — take in and perceive the images of
everything more readily. Our sailors' daily experience bears this out.

I recall that Patritius [Francesco Patrizi] tells a story somewhere that is not unlike
this, though he uses the argument wrongly, trying to prove from it that the Earth
is spread out on a flat footing. I will set down the passage in his own words.

"In the year 1562 [MDLXII]," he says, "as we were about to sail for Cyprus, we saw
very clearly from a large ship still lying at anchor off the Venetian shore, at
sunrise, a mountain in Liburnia overhanging Assuerus [?] rising black above the
surface [[uperfleiem, so printed] of the sea. It lies more than 200 miles [pass. M
amplius 200 — thousands of paces] from Venice. Once the sun had risen it was no
longer visible. Now if over so great a stretch the surface of the sea had been
swollen in the middle, it would have taken the whole mountain, or the greater
part of it, out of sight. Yet at first light the whole of it could be seen, and after
sunrise none of it was seen at all. Then in the year 1574 [MDLXXIIII] we were
sailing from Genua [Genoa] to Spain. We were running under sail past Tolon
[Toulon] in Gaul at dawn. The mountains of the island of Corsica — indeed the
whole island itself, as the sailors, who know that passage well, asserted — could
be seen, and the island itself all black. It was more than 300 miles [CCC milia
passuum] away from us, by the reckoning of the length of the coasts. When the
sun rose it vanished from our eyes. And yet the sea was not flat before sunrise,
nor did it swell up in the middle after sunrise."

These trials, and many like them, are constantly before sailors' eyes; the
geographers ought to have observed and recorded them. Here, then, are two
thoroughly clear examples. The later of the two I shall examine somewhat more
closely, since that seems to be what is wanted and the passage itself invites it.
Tolon is a coastal town of Provence in the Gauls,

about one degree further east than Massilia [Marseille]. Let us suppose, then, that
Patrizi lay at anchor opposite Toulon, on the same parallel as Corsica — say the
42nd [42dus]. The longitude of Toulon is commonly put at 27 gr. 30 scr., that of
the western coast of Corsica at 31 gr. 40 scr.; or, by the more corrected tables, 27



gr. 10 scr. for the one and 30 gr. 30 scr. for the other, on the 42nd parallel [42do]
very nearly. On that parallel, by the little table in chapter 13 [ex canonio capitis
13], the size of one degree is given as 21180 perches. The difference of the
longitudes set out is 3 gr. 20 scr. The distance, therefore, from that anchorage to
Corsica comes out at the very least at 70600 perches. Now the old Italian mile is 8
stadia, or five thousand feet; so the interval works out at 167%- Italian miles. A
great distance, certainly — yet Patrizi makes it nearly twice as great, since he said
it was 300 miles.

Let us now look at the rest, and enquire into the height of those same mountains,
on the assumption that they were seen from so great an interval. In the diagram
set out above, let ae be the perpendicular of the mountain in Corsica, o the
position of Patrizi's ship lying at anchor off Toulon, and oe the arc of the great
circle answering to 70600 perches — that is, 2 gr. 29 scr. Since, then, in the right-
angled triangle ioa the leg io, the semidiameter of the Earth, is given as 1632930,
and the angle aio as 2 gr. 29 scr., the side ai is likewise given by the tables of
secants as 1634678 perches. Subtracting the semidiameter from this, the
remainder is the height of the mountain ae, 1748 perches — which is 33 stadia
and 351 feet, that is 33'2 very nearly. An immense height, truly, for the most
enormous of mountains. Theon [of Alexandria] writes that Eratosthenes himself,
measuring with instruments, made the very highest mountains rise to a height of
ten stadia. And Pliny says that Diearchum [Dicaearchus], who measured the
height of mountains at the expense of the kings, made Pelion the highest

found the highest of them to be 1250 paces measured by the plumb-line, which
comes to exactly ten stadia. Geminus reports precisely the same thing of
Dicaearchus [Dicaearcho]: that he found Cyllene, the Arcadian mountain sacred to
Mercury, to be of that same height. And the proof that these mountains rise even
above the clouds, and are not stirred by winds, is this: the ash on them lies
unmoved, and the strokes of letters traced in that ash are still unblurred and
undisturbed after a full five years [post lustrum exactum].

So if any mountain of 33 stadia stood anywhere in Corsica — that is, near enough
a sesquiquadruple of Pelion or Cyllene, some four and a half times their height [?]
— it would beyond any doubt have long since been celebrated in every writer's
account, for they would certainly not have kept silent about so astonishing a
height. If, then, what Patrizi [Patricius] reports here does sit anywhere near the
truth, we shall have to look for some quite different cause of this appearance; and
I put it down entirely to refraction. Since the island of Corsica lies 3 gr. 20 scr. to
the east of Toulon [Tolone], the sun on the day of the equinox will therefore rise



over Corsica [numeral: ?] of one hour before it rises at Toulon. [The fraction is set
as two tiny stacked vulgar fractions; the denominators appear to be 3 and 8, but
the numerals do not resolve at this scan's resolution.] And at the same time the
sun must be reckoned to have carried the image of the island and of the Corsican
mountains, refracted, to Toulon together with the rays of its own light.

For on Tycho Brahe's [Tychone] report, at the moment when the sun's uppermost
limb ought only just to be grazing the horizon at first contact, it is already seen at
that point lifted 34 scr. above it, even in the most perfectly clear air. So in this
case, if Patrizi saw not merely the ridges of the mountains but — as he himself
puts it — the shore and the land itself, that refraction must have been 1 gr. 14
scr. For since I showed earlier that the arc of the great circle between Corsica and
Patrizi's station is 2 gr. 29 scr., it follows that the angle aio at the centre of the
earth was of the same size. Subtracted from two right angles, it leaves 177 gr. 31
scr., and half of that, 88 gr. 45%, is the angle eoi; that, taken away from the right
angle aoi,

leaves aoe = 1 gt. [recte: gr.] 14 scr., as was said. And the force of the
demonstration proves that the refraction was indeed as large as that.

But there is another cause bound up with this one. The western coast of Corsica is
fringed with high mountains — a thing not only attested by our own sailors but
also recorded long ago by the ancients. Pausanias, in the Phocica (Pausanias,
Description of Greece X): "Some hold," he says, "that the island of Corsica — which
is divided from Sardinia by a sea no more than eight stadia wide — rears itself up
on every side in lofty mountains and so screens off the west wind and the north
wind, keeping their blasts from reaching Sardinia. That is why the sun lights up
the mountain ridges with its rays before it lights the coastline itself."

Our own sailors, moreover, claim that on that parallel they make Corsica out by
day from one degree closer in than Patrizi recorded, so that they too see this coast
from a distance of 49420 perches. On that reckoning the arc eo is then 1 gr. 44
scr., and from this the height of the mountains that fringe the coast comes out at
747 perches, which would be 1474 stadia. The refraction at that place would
accordingly be 45 scr. — a figure one could assert and fix far more firmly if only
the height of those mountains were accurately known to us. For I do not find it
likely that those mountains are as high as that, so it seems to follow that at that
place too some refraction is still at work, since I understand that not even
perpetual snow is kept on their summits — which is nevertheless the regular
thing on Cyllene and Olympus and other loftier mountains — whereas we proved
above, on the authority of Eratosthenes and Dicaearchus, that these rise to a



height of only ten stadia. I could certainly wish that someone in those parts might
be roused to measure the height of Etna for us, or of some other lofty mountain,
even though it could only be

accomplished at no small labour and with the utmost diligence. For if we knew
that height, and if the distance from which the mountain can be seen were fixed
by sailors' observations and estimates — which do not mislead when they hold
their course under the same parallel, or best of all along a meridian — one could
then safely pronounce on its refraction. No mountain, I believe, would suit the
purpose better than Etna, past which so many voyages are made every day and
so many galleys ply the sea, so that the trial would be easy to make. And so
refraction, more than anything else, throws all Maurolico's [Maurolyci]
reckonings into confusion.

But I think this too deserves noting: if Maurolico's account is true [printed natrat,
recte: narrat], he makes Etna by far the highest of all mountains, since he asserts
that from it the view over the sea below extends to two hundred miles. For two
hundred modern Italian miles are at the least 1600 stadia, 83333 perches, more
than 55 Dutch miles. It is worth testing this by calculation. In the preceding
diagram let the arc eo be 83333, and the earth's semidiameter oi 1632930. The
angle aio is then given as 2 gr. 55 scr. From this, make it that as the whole sine is
to the excess of the secant of the given angle over that sine, so is the earth's
semidiameter of 1632930 perches to 2118 perches, the height of Mount Etna —
which is 40%; stadia, so that Etna would be fully four times higher than Pelion or
Cyllene.

And yet the smoke which that crater vomits out at the very summit is proof that
Etna's peak is not free of winds, as are the snow and frost that cover its summit in
winter. I have certainly learned from eyewitnesses that its smoke or its cinders
can be seen at a very great distance: they told me they had often watched it from
the harbour of Malta [portu Melitensi], whose distance from Pachynus is 88 miles
according to Strabo, and 80 from Camarina according to Pliny; while Pachynus is
96 stadia distant from Catania [Catana], near which the craters of Etna lie. The
distance between Me—

interposed between Malta and Etna comes to 176 stadia, which make 73333
decempedae. From this the height of Mount Etna would be concluded to be about
31% stadia. So I now wonder rather less that Maurolico [Maurolycus] should
claim the whole island is visible from its summit — the more so since the
promontories themselves are of no contemptible height.



Strabo, Pliny and other authors have recorded that from Lilybaeum one sees not
merely Africa, but a fleet putting out from Carthage, and can count its ships.
Many have so far thought this incredible. And yet in our own century, in Spain
above the strait, near the town now called Ronda, a hermit reports from a
mountain top the number of ships lying eighteen miles off that shore in the ocean
— so that this watchman must be seeing through more than twenty-four miles.
Then too, that refraction has been of no small help here is already clear from
Patrizi's [Patritij] example given above.

Besides, the ancients set the interval between Lilybaeum and Africa larger than it
should be. Pliny puts it at 180 miles, Strabo at 1500 stadia — roughly what it
comes to in Ptolemy between Lilybaeum and the Hermaean headland [Hermaam
extremam], since that is gathered from the difference of longitude and latitude.

Longit. Latitud.
Lilybaeum 37 gr. 0 scr. 36 gr. 0 scr.
Hermea extrema 35 gt. [recte: gr.] O scr. 33 gr. 36 scr.

The difference in longitude [print: latitudinis; recte: longitudinis] is 2 gr., to which
by Ptolemy 1000 stadia are due; the difference in latitude is 2 gr. 24 scr. But under
the parallel of the Hermaean headland one degree yields 416%: stadia, so that 2 gr.
24 scr. contain likewise 1000 stadia. The whole distance, therefore, will be given
from the squares of these as 1414 stadia; on Pliny's figures 1440, on Strabo's 1500.
On the moderns' reckoning, from sailors' courses and from hydrographic charts,
it is smaller still.

Longit. Latit.
Lilybeum 38 gr. 5 scr. 37 gr. 40 scr.
Cabo bono, Hermea extrema 36 gr. 35 scr. 37 gr. 8 scr.

The difference in latitude is 292 stadia, if you allow 547 stadia to one degree; the
difference in longitude [print: latitudinis; recte: longitudinis] is 654 stadia. From
these the distance between Lilybaeum and the Hermaean headland comes out at
716 stadia — which agrees very closely with Polybius, who sailed that sea himself.
This is what he says of Lilybaeum in the first book of his Histories:

[Greek: émik(et)tan [?] 8¢ T0T¢ WEo(el)pnpeévolg [?] T (= tiig) Kapyndov{og)
akpotneiolg evkaipwce, SLEYOV wE XIAIBG cadi8g. vevel 8¢ eig y(el)pueQvig
Svoelg. — "it lies conveniently over against the aforementioned



promontories of Carthage, being about a thousand stadia distant; and it
inclines toward the winter setting."]

[The quotation is printed with the ligature sorts of this fount: @ (1p), T (the
abbreviated article, here required as tfig), the terminal-(og) sort in Kapyndov(oc),
the alternative g, 8 (ov), ¢ (o71), and the joined -e1-/-gv- sorts in wEo(el)pnuEvoLg,
x{e)pevag, vevet and dvoelg. Two words do not resolve glyph-by-glyph and are
flagged: the opening verb, where the initial letter and the joined -¢i- sort are
indistinct, and the participle after Toi¢, where the same joined sort is indistinct.
The third word from the end is printed &kpotneiolc with omicron (standard
dkpwtnpiotc), and the participle is printed Si€yov (standard &méyov); both are
transcribed as printed and not normalized.]

It is the third headland, conveniently placed for the crossing toward those
promontories of Carthage mentioned earlier. It lies a thousand stadia from them,
faces the winter sunset, and divides the African sea from the Sardinian; its name
is Lilybaeum.

The site itself, then, will have helped that watchman not a little — enabling him
(as I conjecture) to make out ships after sunset the more easily on account of
refraction. Now let us bring the height of this place too to numbers. Let the
distance be, from the moderns' observations, 716 stadia; and since we allow 547
stadia to one degree, 716 stadia amount to 1 gr. 18 scr. That, accordingly, will be
the size of the angle uio in the diagram set out above. From this the height of
Lilybaeum, or of the neighbouring mountain from which that é§véapkng [Greek:
oxydarkes, "keen-sighted"] man watched the ships, comes out at 420 perches, or 8
stadia and 40 feet — so that it could deservedly be reckoned among the highest
mountains of Greece. And yet I understand that there is no mountain of
memorable height there, unless perhaps you mean the place where Drepanum
now stands on its mountain, behind the Lilybaeum of the ancients, or Eryx
[Ericem], the highest after Etna, but on the other side of the island. From this it
follows that this Strabo — for that is the name Varro gives him —

— if he saw a fleet sailing round the Hermaean headland, saw it entirely by
refraction, and, as I judge, some while after sunset; for I have shown above that
the rays are refracted by 45 minutes. If these are subtracted from 1 gr. 18 scr., 33
scr. remain, and that would be the true angle eio with refraction removed. Hence
the true height of Lilybaeum, or of that mountain, would be no more than 903
feet — which comes to one stadium and 278 feet.



So from that procedure of Maurolico's, by the contact of optical rays, you could
dig out nothing true or exact. I take pleasure in setting this matter out, since here
we not only weigh the height and measurement of mountains, but also uncover
refraction's strange and unusual — indeed hitherto uncredited — effects.

I shall therefore add one further thing, which I see the ancients noted as a kind of
miracle: Mount Athos, which Xerxes once cut off from the mainland by driving a
canal of 1500 paces through it. I shall first set out its position in Mela's words.

"Athos is a mountain so lofty" (he says, Lib. 2. cap. 2.) "that it is believed to rise
higher than the level rain falls from. The belief won credit because the ash on the
altars it carries on its summit is not washed away, but remains in the heap where
it is left. For the rest, it is not a promontory like others, but is entire, and along its
whole ridge it runs far out into the open sea. Where it adjoins the mainland it
was cut through by Xerxes on his march against the Greeks, sailed across, and
made passable by a navigable channel. Small Pelasgian colonies hold its lower
parts. On its summit stood the town of Acroathon, in which — so they report —
the inhabitants' span of life is half as long again as in other lands."

And Pliny, Lib. 4. cap. 12: "From it Lemnos is 22 M., which is 87 m. paces from
Athos; in circumference it measures 22. m. ccccc [?] paces. It has the towns
Hiphaestia and Myrrina, in whose forum at the solstice A-"

casts its shadow. Plutarch, in that golden little book on the spots of the Moon,
adds that the limit of the shadow was marked by a bronze heifer. "Neither of us,"
he says, "has ever actually been on Lemnos; but we have often heard that iambic
line which is on everyone's lips: &0w1[?] kaAOP[?] wAevpa Afjpviag fooc.”

Athos will cover the flanks of the Lemnian heifer. For, as it appears, the
mountain's shadow ends near a certain bronze heifer, stretched out over the sea
for not less than seven hundred stadia. So let o be Myrrina, and ea Mount Athos.

Diagram. A circle representing the Earth, with a straight line descending from a
point a above the circle: it enters the circle at its upper left, passes through the
labelled point i near the centre, and continues to the bottom of the circle at u [?].
A second straight line runs from a down to the right to the point o on the circle; a
third line joins o to i. The short arc of the circle between the point where the
vertical line crosses the circumference (labelled e) and o is drawn hatched,
marking the arc eo.

e a(above the circle, at the apex of the two descending lines): the summit of
Athos



e e (inside the circle, at the upper left, beside the point where the vertical line
meets the circumference): the foot of the mountain on the Earth's surface

e 0 (on the circumference at the right, at the end of the hatched arc): Myrrina
¢ | (on the vertical line, near the centre of the circle): the Earth's centre

e u[?] (below the circle, at the foot of the vertical line): unlabelled in the text;
the letter does not resolve with certainty

Further, so that the mountain's shadow may reach the market-place itself, let us
place the Sun near setting; for then, with the Sun low, "the shadows falling from
the high mountains grow longer," as the poet says. The arc eo is 700 stadia, that is,
437500 feet, or 36458% perches, which for us make 1 gr. 16 scr. on the
circumference of a great circle. And so, if you suppose the Sun's ray to graze the
summit of the mountain a and Lemnos at o only, the height ae comes out at no
more than 400 perches, which make 7% stadia very nearly.

But optics establishes that the shadow is then infinite and bounded by no limit —
and yet they marked its limit so precisely by setting up the heifer. The Sun must
therefore still have stood two or three degrees above the horizon. Suppose you set
it three degrees up: the whole angle aoi becomes 93, while eio has already been
found to be 1 gr. 16 scr. From this the angle eoi comes out at 89 gr. 22, and aoe at 3
gr. 38 scr., and aeo at 90 gr. 38 scr.; and therefore the third angle, eao, will also be
given as 85 gr.

44 scr. The line eo itself is also given — here it differs hardly at all from the arc —
at 36458 perches. And so in the triangle aeo, with the side eo and the angles given,
the side ae is given as well: the mountain's height, which was what we wanted,
2317 perches, which make 44% stadia. If instead you want the Sun to stand only
two degrees above the horizon, the height of the same mountain comes out at 32
stadia. And if, finally, you suppose the Sun raised by one degree only — and who
could make it less? — the height of Mount Athos comes out at 20 stadia. A
prodigious elevation, by Hercules, and one that would scarcely have found belief
among the ancients. It would be easy to settle the figure with certainty if someone
would observe for us the angle at the moment when the Sun grazes the summit as
seen from Lemnos. Refraction has no place in this business and disturbs nothing,
since it makes no difference whether the ray that casts the shadow arrives direct
or refracted.

Eratosthenes and Dicaearchus held that the highest mountains rise no more than
ten stadia. Xenagoras, the son of Eumelus, measured the height of Mount
Olympus precisely and testified in an epigram that he had found it to be ten
stadia and 96 Greek feet, or 100 Roman. Papyrius Fabianus reports that the sea is



at its deepest 15 stadia. Cleomedes holds that neither the height of mountains nor
the depth of the sea exceeds fifteen stadia. Alazenius, in his Optics, holds that the
highest mountains do not exceed four miles, or 32 duo [so printed] stadia, and
that this is what the learned attest. Pliny, book 5, chapter 22, on Mount Casius:
"The circuit up to the peak is XIX. M. paces; the height, measured straight up, four
M." And Strabo, in book eleven: the rock of Sisimithres, they say, was 15 stadia in
height and 80 in circuit; and a little later he makes the rock of Sogdianani [so
printed] twice that height. Martianus Capella, book 6: "Haemus, lifting its peak six
thousand paces, is swept by the south winds of the neighbourhood." Yet even
these would seem

modest, if you set out to compare them with the Alps or with the lofty ridges of
Atlas. Polybius, at any rate, in Book 4, says of the greatest mountains of Greece —
Taygetus, Lucaeum [so printed; Lycaeum], Pannassus [so printed; Parnassus],
Olympus, Pelion, Ossa — and, in Thrace, Aemus [Haemus], Rhodope and Dunax,
that a man travelling light can climb any one of them in about a single day, and
likewise go round it in a day; but the Alps not even in five days, while their
length, as far as the level of the plains, extends over two thousand two hundred
stadia. To make this seem less incredible, the observations of our own sailors will
serve as evidence: they report that on Tenerife — the largest and richest of the
islands they call the Canaries — the mountain known as el Pico, raised to an
extreme height, is visible at a distance of four degrees to those approaching from
the south or from the north.

From this it follows that the height of that mountain must be counted among the
cases that do not easily win belief. For when a mountain is seen from the sea at a
distance of four degrees, its height will be 3988 perches, or 76% stadia. At a
distance of three degrees the height will be 43 stadia; at two degrees, 19 ¥%[?]
stadia; and with an interval of only one degree, the height will be 4 %[?] stadia.
Since, then, el Pico is seen from as far off as the fourth degree, and since we may
subtract a whole degree for refraction — which is in fact too much — it follows
that at the third degree it grazes the horizon, and that from there it is visible even
without any refraction at all; so that the height of this mountain is far greater
than 43 stadia. By that much, then, did our predecessors go wrong.

FINIS.

How far the measure of the Rhineland half-foot [semipes Rhijnlandicus] printed
on page 194 departs from the true one I shall indicate here, exactly as I received
it. The line ae, taken to the outer ends of the cross-strokes ai and oe, is Yoo less

than the true half-foot; taken to the inner ends of those same strokes, it is Yo less



than the true one. Moreover, since all paper improves with age — that is, grows
denser — it necessarily contracts into itself, and the lengths of the lines therefore
become smaller. For that reason no one should doubt that this half-foot will
afterwards be a little more contracted; and this is only the third week since that
sheet was put under the press.

Menda graviora, quee corrigentium oculos fefellerunt ista benevolus Lector ita
restituet. The more serious errors, which escaped the eyes of the correctors, the
kind reader will set right as follows.

pag. 3. v. 26. sed vias, quas ipsi invenerant. L. [= lege, "read"] sed vt vias quas ipsi
iniverant. p. 4. v. 1. perveneatur. 1. perveniatur. p. 7. v. 21. finitibus. 1. fontibus. p.
17.v. 14. elevato. L. elevatio. p. 31. v. 20. parvum. 1. parum. p. 36. v. 15.
longitudines. 1. latitudines. p. 61. v. 3. connectent. l. connectente. p. 65. v. 2.
08evBetvat. 1. 08evBfjvat. v. 23. Turbium. 1. Turnebum. p. 72. v. 2. peroposueram. L.
proposueram. p. 73. v. 16. dubitavisset. l. dubitavisse. p. 75. v. 16. £gyptica. 1.
Zgyptia. p. 103. v. 20. post praefecto, adde debemus. [after "praefecto” add
"debemus"] p. 148. v. 28. illas. 1. illos. p. 150. v. 6, perferim. 1. perfecerim. p. 151. v.
32. ad ideo. 1. atque ideo, p. 175. v. 32. quinti. 1. octavi. p. 173. v. 24. ESO. 1. ESU. &
ubique vbii [?] problematis Trajectum, pro V reponatur U litera. [and
everywhere where "Trajectum" occurs in the problems, let the letter U be put for
V] p. 177, v. 3. huic. L. hinc. p. 179. v. 26. 90 gr. 6. 1. 90 gr. 0 scr. p. 209. v. 32.
hordeaceea. 1. hordeacea. p. 223. v. 9, ctam. 1. ctum. p. 230, v. 9. omnis, 1. annis, p.
247.v.16.ut, 1. &, p. 248, v, 15, AU. L. CU.

Lugduni Batavorum, Excudebat GEORGIVS ABRAHAMI A MARSSE, Anno clo Io ¢
XVII.

At Leiden, printed by Georgius Abrahami a Marsse, in the year cIo Io ¢ XVII [=
1617].

No catchword, gathering signature or running head appears on this page. A faint
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Blank. The leaf carries no print, no manuscript marks and no stamps — only
paper texture and scattered foxing specks. Show-through of the printed page is
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Blank. As on the preceding leaf: no print, no manuscript marks, no stamps; plain
paper with light foxing. The binding's edge and the board are visible at the right
of the opening.



Rear pastedown — the leaf pasted down to the inside of the back board. It is
unnumbered and carries no printed text: no running head, no signature, no
catchword, and no library stamp. The paper is plain, laid, and cream-toned, with
light foxing specks scattered over the surface; the turn-ins of the covering
material (red leather at the spine edge, marbled paper elsewhere) overlap it
along the head, tail and fore-edge, and the edge of the last leaf of the text block
shows as a narrow strip along the gutter.

A single handwritten mark stands near the foot of the leaf, roughly centred left-
to-right and about a finger's width above the lower turn-in. It is written in a soft
dark pencil in a small cursive hand, consisting of one letter or digit, a full stop,
and two digits — apparently 6. 73, though the first character could equally be a 9,
and the final digit could be a 5 [?]. Nothing else is written on the leaf.

Back cover, seen from the outside. The boards are covered in marbled paper of
the shell or "Old Dutch" type — large rounded cells in dark reddish brown, veined
and outlined in black over a red-brown ground — and the spine is covered in red
leather, visible along the right-hand edge of the image with the raised bands and
the remains of gilt tooling in the panels between them. The paper is rubbed and
scuffed, with losses at the corners (most conspicuously at the head and tail of the
fore-edge), and there are two large black inkings or stains in the marbling near
the lower fore-edge corner and the left margin.

A rectangular paper label of modern manufacture is pasted at the tail of the
spine, wrapping around the joint so that part of it lies on the back board and part
on the spine leather. The portion on the board is blank; on the spine portion, cut
off by the curvature of the spine, stands a handwritten mark in dark ink that
appears to be two vertical strokes, i.e. 11 — but the label runs out of the field of
view at the spine, so the reading is incomplete and uncertain [?]. No other label,
stamp, bookplate, shelfmark or manuscript note appears on this cover, and there
is no armorial device.
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