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INTRODUCTION

—~r—> F philosophy, properly so called be, according to

‘ Plato, and as I am firmly persuaded it is, the great-
est good that was ever imparted by divinity to man*
he who labours to rescue it from oblivion, and trans-
mit it to posterity, must necessarily be endeavouring
to benefit his country and all mankind, in the most eminent
degree. To accomplish this grand object, has been the aim
of the greater part of my life; and the present work was solely
written with a view to promote its accomplishment.

e

In consequence of the oblivion indeed, into which genuine
Philosophy has fallen, through the abolition of her schools,

® The Pythagoreans were so deeply convinced of the truth of this assertion,
that one of them beautifully observes: tv xata qn)\ocroqnav Osﬁ)pnp.avo)v
GTOAGUGTEOY €9’ 0g0v Otov, xabamep apBpostag wat YeRTRpPOg. aXNPATOY
%5 Yap 7o an’ avtwv N3uv wat Octov: To meraAoduyov JUVETAL TE TOLELY,
xat et 1 aidoug aidiwy te emteTmpovag. Iamblic. Protrept. p. 4. i. e. “The
theorems of philosophy are to be enjoyed as much as possible, as if they were
ambrosia and nectar. For the pleasurc from them is genuine, incorruptible and
divine. They are also capable of producing magnanimity, and though they cannot
make us eternal beings, yet they enable us to obtain a scientific knowledge of
eternal patures.”

III
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the mathematical disciplines have been rather studied with a
view to the wants and conveniences of the merely animal life,
than to the good of intellect in which our very being and
felicity consist. Hence, the Pythagoric enigma “a figure and
a step, but not a figure and three oboli,” has been entirely
perverted. For the whole attention of those who have applied
to the mathematics, has been directed to the oboli, and not to
the steps of ascent; and thus as their views have been grovel-
ing, they have crept where they should have soared. Hence,
too, the greatest eye of the soul has been blinded and buried,
“though, as Plato elegantly observes, it is purified and resusci-
tated by the proper study of these sciences, and is better worth
saving than ten thousand corporeal eyes, since truth becomes
visible through this alone.”

This observation particularly applies to Theoretic Arithme-
tic, the study of which has been almost totally neglected: for it
has been superseded by practical arithmetic, which though
eminently subservient to vulgar utility, and indispensably ne-
cessary in the shop and the counting house, yet is by no means
calculated to purify, invigorate, and enlighten the mind, to
elevate it from a sensible to an intellectual life, and thus pro-
mote the most real and exalted good of man. Indeed, even
with respect to geometry itself, though the theory of it is
partially learnt from the Elements of Euclid, yet it is with no
other view than that of acquiring a knowledge of the other
parts of mathematics which are dependant on it, such as astro-
nomy, optics, mechanics, etc. or of becoming good guagers,
masons, surveyors, and the like, without having even a dream-
ing perception of its first and most essential use, that of enabl-
ing its votary, like a bridge, to pass over the obscurity of a ma-
terial nature, as over some dark sea to the luminous regions of
perfect reality; or as Plato elegantly expresses it, “conducting
them as from some benighted day, to the true ascent to incor-
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poreal being, which is genuine philosophy itself.”* I have
said, that the theory of geometry is only partially studied;
for the 10th book of Euclid, which is on incommensurable
quantities, and the 13th, 14th, and 15th, which are on the
five regular bodies, though they are replete with the most inter-
esting information, in the truest sense of the word, yet they
are for the most part sordidly neglected, in this country at
least, because they neither promote the increase of a commerce
which is already so extended, nor contribute anything to the
further gratification of sensual appetite, or the unbounded
accumulation of wealth.

If the mathematical sciences, and particularly arithmetic and
geometry, had been studied in this partial and ignoble man-
ner by the sagacious Greeks, they would never have produced
a Euclid, an Apollonius, or an Archimedes,i men who carried
geometry to the acme of scientific perfection, and whose

* 700t0 37 G EOIXEV, OUX 0GTPAXOU &V EtY KEPLTTEPY, aAAa Juyng
TEPLAYDYT, €% VURTEPIYNG TIVOG Tikepag &tg aAnbivny Tov ovrog
gwavodoy, 0y 37 gtAocogiay aAn0n ¢noopev etvae. Platonis De Repub. lib. 7.

'{‘ Plutarch, in his life of Marcellus, informs us, that the reason why Archimedes
did not vouchsafe to leave any account of the admirable machines which he in-
vented, in writing, was because “he considered the being busied about mechanics,
and in short every art which is connected with the common purposes of life, as
ignoble and illiberal; and that those things alone were objects of his ambition,
with which the beautiful .and the excellent were present, unmingled wi;h the
pecessary.” @AAG TNV TWEPL TA WMYAVINA TPATRATEIRY: KAl TACAY OAWE
TEYVNY YPELAC EPATTOUEVTY, aYevvn xat Pavavcoy nynoapmevos exetva
xotafeslat pove TNV QUTOY QLAOTUALAY: OLG TO KEAOY XAt TEPLTTOV

GRIYEG TOU GVAYXALOV KPOGEGTLy. The great accuracy and elegance in the
demonsuadions of Euclid and Archimedes, which bave not been equalled by any

of the greatest modern mathematicians, were derived from a deep conviction of
this important truth. On the other hand, modern mathematicians, through a pro-
found ignorance of it, and looking to nothing but the wants and conveniences of
the animal life of man, as if the gratfication of his senses was his only end, have
corrupted pure geometry, by mingling with it algebraical calculations, and through
cagerness to reduce it as much as possible to practical purposes, have more anxiously
sought after concisencss than accuracy, facility than eclegance of geometrical
demonstration.
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works, like the remains of Grecian art, are the models by
which the unhallowed genius of modern times has been
formed, to whatever mathematical excellence it may possess.
Newton himself, as may be conjectured from what he says of
Euclid, was convinced of this when it was too late, and com-
menced his mathematical career with the partial study only of
these geometrical heroes. “For he spoke with regret, says Dr.
Hutton,* of his mistake at the beginning of his mathematical
studies, in applying himself to the works of Des Cartes, and
other algebraic writers,} before he had considered the Ele-

ments of Euclid with that attention, which so excellent a
writer deserves.”

Having premised thus much, I shall in the next place pre-
sent the reader with some observations on the essence of math-
ematical genera and species, on the utility of the mathe-
matical science, and on the origin of its name, derived from

* See the article Newton in Hutton's Mathematical Dictionary.

+ Dr. Halley also, who certainly as a mathematician ranks amongst the greatest
of the moderns, appears to have had the same opinion of the transcendency of
the Grecian genius in the mathematcal sciences. For in the preface to his trans-
lation of Apollonius de Sectione Rationis, (for which work he conceived so great
an seteem, that he was at the pains to learn Arabic, in order to accomplish its
translation into Latin) he says: ‘“Methodus hzc cum algebra speciosa facilitate
contendit, evidentia vero et demonstrationum elegantia eam longe superare
videtur: ut abunde constabit, si quis conferat hanc Apollonii doctrinam de Sectione
Rationis cum ejusdem Problematis Analysi Algebraica, quam exhibuit clarissimus
Wallisius, tom. 2. Operum Math. cap. 54. p. 220.” ie. “This method contends
with specious algebra in facility, but seems far to excel it in evidence and elegance
of demonstrations; as will be abundantly manifest, if this doctrine of Apollonius De
Sectione Rationis, is compared with the algebraic analysis of the same problem which
the most celebrated Wallis exhibits in the second volume of his mathematical works,
chap. 54. p. 220.” And in the conclusion of his preface, he observes, “Verum
perpendendum est, aliud esse problema aliqualiter resolutum dare, quod modis
variis plerumque fieri potest, aliud methodo elegantissima ipsum efficere: analysi
brevissima et simul perspicua; synthesi concinna, et minima operosa. i.e. “It is
one thing to give the solution of a problem some how or other, which for the most
part may be accomplished in various ways, but another to effect this by the most
clegant method; by an analysis the shortest, and at the same time perspicuous;
by a synthesis elegant, and in the smallest degree laborious.”
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the admirable commentaries of Proclus on Euclid, as they will
considerably elucidate many parts of the following work, and
may lead the well-disposed mind to a legitimate study of the
mathematical disciplines, and from thence to all the sublimities
of the philosophy of Plato.

With respect to the first thing proposed, therefore, if it
should be said that mathematical forms derive their subsistence
from sensibles, which is the doctrine of the present day, the
soul fashioning in herself by a secondary generation, the circu-
lar or trigonic form from material circles or triangles, whence
is the accuracy and certainty of definitions derived? For it
must necessarily either be from sensibles or from the soul. It
is, however, impossible it should be from sensibles; for these
being in a continual flux of generation and decay, do not for a
moment retain an exact sameness of being, and consequently
fall far short of the accuracy contained in the definitions them-
selves. It must therefore proceed from the soul which gives
perfection to things imperfect, and accuracy to things inaccu-
rate. For where among sensibles shall we find the impartible,
or that which is without breadth or depth? Where the equality
of lines from a center, where the perpetually stable ratios of
sides, and where the exact rectitude of angles? Since all divis-
ible natures are mingled with each other, and nothing in these
is genuine, nothing free from its contrary, whether they are
separated from each other, or united together. How then can
we give this stable essence to immutable natures, from things
that are mutable, and which subsist differently at different
times? For whatever derives its subsistence from mutable es-
sences, must necessarily have a mutable nature. How also from
things which are not accurate, can we obtain the accuracy
which pertains to irreprehensible forms? For whatever is the
cause of a knowledge which is perpetually mutable, is itself
much more mutable than its effect. It must be admitted, there-
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fore, that the soul is the generator of mathematical forms,
and the source of the productive principles with which the
mathematical sciences are replete.

If, however, she contains these as paradigms, she gives them
subsistence essentially, and the generations are nothing else
than the projections of the forms which have a prior existence
in herself. And thus we shall speak conformably to the doc-
trine of Plato, and discover the true essence of mathematical
objects. But if the soul, though she neither possesses nor caus-
ally contains these productive principles, yet weaves together
so great an immaterial order of things, and generates such an
admirable theory, how will she be able to judge whether her
productions are stable, or things which the winds may dissi-
pate, and images rather than realities? What standard can she
apply as the measure of their truth? And how, since she does
not possess the essence of them, can she generate such a variety
of principles productive of truth? For from such an hypothe-
sis we shall make their subsistence fortuitous, and not referred
to any scientific bound.

In the second place, therefore, if by a downward process,
and from sensibles we collect mathematical principles, must
we not necessarily say, that those demonstrations are more ex-
cellent, which derive their composition from sensibles, and not
those which are always framed from more universal, and more
simple forms. For we say, in order to the investigation of the
thing sought, that the causes should be appropriate and allied
to the demonstrations. If, therefore, partial natures are the
causes of universals, and sensibles of the objects of the reason-
ing power, why does the boundary of demonstration always
refer to that which is more universal, instead of that which is
partial? And how can we evince that the essence of the ob-
jects of the reasoning power is more allied to demonstrations
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than the essence of sensibles? For, as Aristotle* says, his
knowledge is not legitimate, who demonstrates that the isos-
celes, the equilateral, or the scalene triangle, have angles equal
to two right, but he who demonstrates this of every triangle,
and simply, has essentially a sceintific knowledge of this pro-
position. And again, he says, that universals, for the purpose
of demonstration are superior to particulars; that demonstra-
tions concern things more universal; and that the principles
of which demonstrations consist, have a priority of existence,
and a precedency in nature to particulars, and are the causes of
the things which are demonstrated. It is very remote, there-
fore, from demonstrative sciences, that from converse with
things of posterior origint (votepoyevn xowa) and from the
more obscure objects of sensible perception, they should col-
lect their indubitable propositions.

In the third place, the authors of this hypothesis, make the
soul to be more ignoble than the material forms themselves.
For if matter indeed, receives from nature things which are
essential, and which have a greater degree of entity and evi-
dence, but the soul by a posterior energy abstracts the resem-
blances and images of these from sensibles, and fashions in
herself forms which have a more ignoble essence, by taking
from matter things which are naturally inseparable from it, do
they not evince the soul to be more inefficacious than, and sub-
ordinate to matter itself? For matter is the place of material
productive principles, and the soul of immaterial forms. On
this hypthesis, however, matter would be the recipient of pri-
mary; but the soul of secondary forms. The one would be
the seat of things which have a precedency among beings; but

* In his Posterior Analytics.

’{' These UGTEPOYEYT XOIVX in modern language are called abstract ideas.
Hence the doctrine of Mr. Locke on this subject was well known to Proclus; but
the hypothesis that the soul has no other ideas than these, was justly exploded
by him, and the best of the Platonists.
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the other of such as are fashioned from these. And the former
of things which have an essential subsistence; but the latter,of
such as exist only in conception. How, therefore, can the
soul which is a participant of intellect, and the first intellectual
essence, and which is from thence filled with knowledge and
life, be the receptacle of the most obscure forms, the lowest in

the order of things, and participating the most imperfect ex-
istence.*

* In addition to the above excellent arguments from Proclus, I shall present the
liberal reader with what Syrianus the preceptor of Proclus says on the same subject,
in his commentary on the 13th book of Aristotle’s Metaphysics, and which is as
follows: “We neither behold all the figures, nor all the numbers contained in sea-
sibles, nor is it possible for things derived from sensibles, to possess mathematical
accuracy and certainty. But if it should be said, that we add what is wanting,
and make the things abstracted from sensibles more certain, and after this manner
consider them; in the first place, indeed, it is requisite to say whence we derive
the power of thus giving them perfection. For we shall not find any cause more
true than that assigned by the ancients; I mean that the soul prior to the energies
of sense, essentially contains the reasons of all things. But in the next place, by
adding something to the things abstracted from sensibles, we do not make them
more certain and true, but, on the contrary more fictitious. For, if any one blames
the person of Socrates, while he accurately preserves in his imagination the image
which he has received from the sensible Socrates, he will have an accurate knowl-
edge of his person; but if he wishes to transform it into a more elegant figure,
he will rather consider the transformed figure than the form of Socrates. Nothing,
however, of this kind takes place in equal and similar numbers and figures; but
by how much the nearer we bring them to the more certain and perfect, they
become by so much the more manifest and known, in consequence of approaching
so much the nearer to their own impartible form. We may say indeed that we
are excited to the perception of mathematical truths by sensible objects; but it must
by no means be admitted that they derive their subsistence by an abstraction from
sensibles. For the forms indeed, which are transmitted to us through the senses
may proceed as far as to the imagination, in which they wish to retain an indi-
vidual subsistence, and to continue such as they entered. When intellect, however,
afterwards passes beyond these to universal, and to things which are apprehended
by scientific reasoning, it plainly evinces that it considers objects allicd to itsclf,
and which indeed are its legitimate progeny. Hence, this energy is emulous of
divine energy, and not laborious, and has a power of exciting, purifying, and
enlightening the rational eye of the soul. But how could this be effected, if it
were employed about things, which alone subsist by a denudation from sensibles?

In short, one of these two things must follow; ecither that mathematical demon-
strations are less certain than physiological arguments; or that the mathematical
siences are conversant with things which possess more reality than the objects of
physcs.  For it is not reasonable to suppose that things which have more of reality
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By no means, therefore, is the soul a smooth tablet, void of
productive principles, but she is an ever-written tablet, herself
inscribing the characters in herself, of which she derives an
eternal plenitude from intellect. For soul also is an intellect
evolving itself conformably to a prior intellect, of which it is
the image, and external type. If therefore intellect is all
things intellectually, soul will be all things psychically; (or in
a manner adapted to soul) if the former is all things paradig-
matically, the latter will be all things iconically or conform-
ably to an image; and if the former, contractedly, the latter,
with expansion and divisibly. This, Plato also perceiving, con-
stitutes the soul of the world, (in the Timaeus) from all
things, divides it according to numbers, binds it by analogies
and harmonic ratios, inserts in it the primary principles of fig-
ures, the right and circular line, and intellectually moves the
circles which it contains. Hence all mathematical forms have
a primary subsistence in the soul; so that prior to sensible she
contains self-motive numbers, vital figures prior to such as are
apparent, harmonic ratios prior to things harmonized, and in-
visible circles prior to the bodies that are moved in a circle.
Soul also is a plenitude of all things, and another order, herself
producing herself, and at the same time produced from her
proper principle, filling herself with life, and being filled by
her fabricator, incorporeally and without interval. When
therefore she produces her latent principles, she unfolds into
light all sciences and virtues.

Hence, the soul is essentialized in these forms, and neither

should be more obscurely known, nor that things which are less real should be
more manifestly known. But whenever this happens in the speculation of any
intelligible essence, it is the consequence of our imbecility, and does not arise from
the thing itself. For the assertion of Plato in this respect is most true, that every
thing participates of splendor and knowledge, in proportion as it participates of
truth and being. The same thing also is manifestly asserted by Aristotle in the
second book of his Metaphysics; for he there expressly says, “as is the being of
every thing, such also is its truth.”
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must her inherent number be supposed to be a multitude of
monads or units, nor must her idea of natures that are distend-
ed with interval, be conceived to subsist corporeally; but all
the paradigms of apparent numbers and figures, ratios and
motions, must be admitted to exist in her, vitally and intellect-
ually, conformably to the Timaeus of Plato, who gives com-
pletion to all the generation and fabrication of the soul, from
mathematical forms, and in her establishes the causes of all
things. For the seven boundaries* of all numbers, pre-exist in
soul according to cause. And again, the principles of figures,
are established in her in a fabricative manner. The first of
motions also, and which comprehends and moves all the rest,
are consubsistent with soul. For the circle, and a circular mo-
tion, are the principle of every thing which is moved. The
mathematical productive principles therefore, which give com-
pletion to the soul, are essential, and self-motive; and the rea-
soning power exerting and evolving these, gives subsistence
to all the variety of the mathematical sciences. Nor will she
ever cease perpetually generating and discovering one science
after another, in consequnce of expanding the impartible
forms which she contains. For she antecedently received all
things causally; and she will call forth into energy all-various
theorems, according to her own infinite power, from the prin-
ciples which she previously received.t

* Viz. 1. 2. 4. 8. 3. 9. 27, concerning which see the Introduction to the Timzus,
in the 2nd Vol. of my translation of Plato.

+ The sagacious Kepler has not only inserted the above extract from the Com-
mentuarics of Proclus, in his trcatisc On the Harmonse World, but alwa gives it the
following encomium: “At quod attinet quantitates continuas, omnino adsentior
Proclo; etsi oratio fluit ipsi torrentis instar, ripas inundans, et czca dubitationum
vada gurgitesque occultans, dum mens plena majestatis tantarum rerum, luctatur
in angustiis linguz, et conclusio nunquam sibi ipsi verborum copia satisfaciens,
propositionum simplicitatem excedit.” i.e. “With respect to what pertains to con-
usued quantities, I entirely assent to Proclus, though his language flows like a
toceent inundating its banks, and hiding the dark fords and whirlpools of doubt,
while his mind, full of the majesty of things of such a magnitude, struggles in
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With respect to the utility of the mathematical science
which extends from the most primary knowledge, to that
which subsists in the lowest degree, it must be observed that
Timaeus in Plato calls the knowledge of the mathematical
disciplines the path of erudition, because it has the same ratio
to the science of wholes, and the first philosophy, or meta-
physics, which erudition has to virtue. For the latter disposes
the soul for a perfect life by the possession of unperverted
manners; but the former prepares the reasoning power and
the eye of the soul to an elevation from the obscurity of objects
of sense. Hence Socrates in the Republic rightly says “that the
eye of the soul which is blinded and buried by other studies,
is alone naturally adapted to be resuscitated and excited by the
mathematical disciplines. And again, “that it is led by these to
the vision of true being, and from images to realities, and is
transferred from obscurity to intellectual light, and in short is
extended from the caverns [of a sensible life] and the bonds
of matter, to an incorporeal and impartible essence.” For the
beauty and order of the mathematical reasonings, and the sta-
bility of the theory in these sciences, conjoin us with and per-
fectly establish us in intelligibles, which perpetually remain
the same, are always resplendent with divine beauty, and pre-
serve an immutable order with reference to each other.

But in the Phaedrus, Socrates delivers to us three characters
who are led back from a sensible to an intellectual life, viz. the
philosopher, the lover, and the musician. And to the lover
indeed, the beginning and path of elevation, is a progression
from apparent beauty, employing as so many steps of ascent,
the middle forms of beautiful objects. But to the musician
who is alloted the third order, the transition is from the har-
mony in sensibles, to unapparent harmony, and the productive

the straits of language, and the conclusion never satisfying him, exceeds by the
copia of words the simplicity of the propositions.”
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principles existing in these. And to the one sight, but to the
other hearing is the organ of recollection. To him, therefore,
who is naturally a philosopher, whence, and by what means is
the recollection of intellectual knowledge, and the excitation
to real being and truth? For this character also, on account of
its imperfection, requires a proper principle; since physical
virtue is alloted an imperfect eye, and imperfect manners. He
therefore, who is naturally a philosopher, is excited indeed
from himself, and surveys with astonishment real being.
Hence, says Plotinus, he must be disciplined in the mathemat-
ical sciences, in order that he may be accustomed to an incor-
poreal nature, and led to the contemplation of the principles of
all things. From these things, therefore, it is evident that the
mathematics are of the greatest utility to philosophy.

It is necessary, however, to be more explicit, and to enumer-
ate the several particulars to which they contribute, and evince
that they prepare us for the intellectual apprehensions of theo-
logy. For whatever to imperfect natures appears difficult and
arduous in the truth, pertaining to divinity, these the mathe-
matical sciences render through images credible, manifest, and
irreprehensible. For in numbers they exhibit the representa-
tions of superessential peculiarities, and unfold in the proper
objects of the reasoning part of our nature, the powers of in-
tellectual figures. Hence Plato teaches us many admirable
theological dogmas, through mathematical froms; and the
philosophy of the Pythagoreans, employing these as veils, con-
ceals through them the mystic tradition of divine dogmas. For
such is the whole of the Sacred Discourse,* what is said by
Philolaus in his Bacchics, and the whole method of the Pytha-

¢ Concerning this valuable work entitled tepog )\o-yog sece the Bibliotheca Gr.
of Fabricius, vol. I. p. 118 and 462. In the commentary also of Syrianus on
Aristotle’s Metaphysics, p. 7, 71, 83, and 108, the reader will find some curious
extracts from this celebrated work; particularly in p. 83, Syrianus informs us,
“that he who consults this work, will find all the orders both of monads and num-
bers, without neglecting one, fully celebrated.”
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goric narration concerning the Gods. These sciences likewise,
contribute in the greatest degree to the physical theory, unfold-
ing the arrangement of those principles, according to which
the universe was fabricated; the analogy which binds together
every thing in the world, as Timaeus says, makes hostile
natures friendly, and things distant familiar, and sympathiz-
ing with each other, and causes simple and primary elements,
and in short, all things to be held together by symmetry and
equality; through which the whole universe likewise is per-
fected, receiving in its parts appropriate figures. The mathe-
matical science also discovers numbers adapted to all generat-
ed natures, and to their periods and restitutions to their pris-
tine state, through which we may collect the fecundity and
barrenness of each. For Timaeus in Plato, every where indi-
cating these particulars, unfolds through mathematical names
the theory about the nature of wholes, adorns the generation
of the elements with numbers and figures, refers to these, their
powers, passive qualities and effects, and assigns as the cause
of all-various mutation, the acuteness and obtuseness of angles,
the smoothness or roughness of sides, and the multitude or
paucity of the elements.

Must we not also say that it contributes much and in an ad-
mirable manner, to the philosophy which is called political, by
measuring the times of actions, the various periods of the uni-
verse, and the numbers adapted to generations, viz. the assimi-
lating and the causes of dissimilitude, the prolific and the per-
fect, and the contraries to these, those which are the suppliers
of an harmonious, and those which impart a disorderly and in-
elegant life, and in short those which are the sources of fertil-
ity and sterility? For these the speech of the Muses in the Re-
public of Plato unfolds, asserting that the whole geometric
number* is the cause of better and worse generations, of the

* See the 2nd book of this work, in which this whole geometric number is
unfolded.
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indissoluble permanency of unperverted manners, and of the
mutation of the best polities, into such as are irrational and
full of perturbation. Again, the mathematical science perfects
us in ethical philosophy, inserting in our manners, order, and
an elegant life, and delivering those figures, melodies, and
motions, which are adapted to virtue, and by which the Athen-
ian guest in Plato wishes those to be perfected who are design-
ed to possess ethical virtue from their youth. It likewise places
before our view the principles of the virtues, in one way in-
deed in numbers, but in another in figures, and in another in
musical symphonies, and exhibits the excesses and deficiencies
of the vices, through which we are enabled to moderate and
adorn our manners. On this account also Socrates, in the
Gorgias, accusing Callicles of an inordinate and intemperate
life, says to him, “You neglect geometry, and geometric equal-
ity.” But in the Republic, he discovers the interval between
tyrannic and kingly pleasure, according to a plane and solid
generation.*

* The passage alluded to by Proclus is in the 9th book of the Republic, and is
as follows: “What then, said I, shall we boldly say concerning all the pleasures,
both respecting the avaricious and the ambitious part of the soul, that such of them
as are obedient to science and reason, and, in conjunction with these, pursue and
obtain the pleasures of which the prudent part is the leader, shall obtain the
truest pleasures, as far as it is possible for them to attain true pleasure, and in
as much as they follow truth, pleasures which are properly their own; if indeed
what is best for every ome, be most properly his own? But surely, it is most
properly, said he, his own. When then the whole soul is obedient to the philo-
sophic part, and there is no sedition in it, then every part in other respects per-
forms its proper business, and is just, and also reaps its own pleasures, and such

as are the best, and as far as is possible, the most true. Certainly, indeed. But
when any of the others govern, it happcns that it ncither attains its own plcasurcs,

and it compels the other parts to pursue a pleasure foreign to them, and not at all
true. It does so, said he. Do not then the parts which are most remote from
philosophy and reason, most especially effectuate such things? Very much so,
And is not that which is most remote from law and order, likewise most remote
from reason? It plainly is. And have pot the amorous, and the tyrapnical desires
appeared to be most remote from law and order? Extremely so. And the royal
and the moderate ones, the least remote? Yes. The tyrant, then, I think, shall
be the most remote from true pleasure, and such as is most properly his own, and
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Moreover, we shall learn what great utility other sciences
and arts derive from the mathematics, if we consider, as Socra-
tes says in the Philebus, that all arts require arithmetic, men-
suration, and statics; all which are comprehended in the math-
ematical science, and are bounded by the principles which it
contains. For the distributions of numbers, the variety of mea-
sures, and the difference of weights, are known by this science.
To the intelligent reader, therefore, the utility of the whole of

the other shall be the least. Of necessity. And the tyrant, said I, shall lead a
life the most unpleasant, and the king the most pleasant. Of great necessity. Do
you know then, said I, how much more unpleasant a life the tyrant leads than
the king? If you tell me, said he. As there are three pleasures, as it appears, one
genuine, and two illegitimate; the tyrant in carrying the illegitimate to extremity,
and flving from law and reason, dwells with slavish pleasures as his life-guards,
and how far he is inferior is not easily to be told, unless it may be done in this
manner. How? said he. The tyrant is somehow the third remote from the
oligarchic character, for the democratic was in the middle between them. Yes.
Does he not then dwell with the third image of pleasure, distant from him with
reference to truth, if our former reasonings be true? Just so. But the oligarchic
is the third again from the royal, if we suppose the aristocratic and the royal the
same. He is the third. The tyrant then, said I, is remote from true pleasure, the
third from the third. It appears so. A plain surface then, said I, may be the image
of tyrannical pleasure, as to the computation of length. Certainly. But as to power,
and the third augment, it is manifest by how great a distance it is remote. It is
manifest, said he, to the computer at least. If now, conversely, any one shall say,
the king is distant from the tyrant as to truth of pleasure, as much as is the dis-
tance of 9, and 20, and 700, shall he not, on completing the multiplication, find
him leading the more pleasant life, and the tyrant the more wretched one, by this
same distance.”

The following numbers are employed by Plato in this passage. He considers
the royal character as analogous to unity, the oligarchic to the number 3, and the
tyrannic to the number 9. As 3 therefore is triple of unity, the oligarchic is the
third from the royal character; and in a similar manner the tyrant is distant from
the oligarchist by the triple in number. For 9 is the triple of 3, just as 3 is the
triplc of 1. But 9 is a plane number, the length of which is 3, and also its breadth.
And a tyrannic, says Plato, is the last image of a royal life. He also calls 3 a
power, because unity being multiplied by it, and itself by itself, and 9 by it, there
will be produced 3, 9, 27. But he calls the third augment 27, arising from the
multiplication of the power 3, and producing depth or a solid number. Lastly, 27
multiplied into itself, produces 729, which may be considered as a perfect muld-
plication, this number being the 6th power of 3; and 6 is a perfect number.
Hence, as the king is analogous to 1, be is said, by Plato, to be 729 times distant
from the tyrant.
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mathematics to philosophy, and other sciences and arts, will,
from all that has been said, be apparent.

Some, however, endeavour to subvert the dignity of the
mathematical science, by depriving it of beauty and good,
because it does not make these the subjects of discussion, and
others by endeavouring to evince that sensible experiments are
more useful than the universal objects of its speculation, as
for instance, geodesia than geometry, vulgar arithmetic than
that which consists in theorems, and nautical astronomy than
that which demonstrates universally. For, say they, we are not
made rich by our knowledge of riches, but by the use of them;
nor do we become happy by a knowledge of felicity, but by
living happily. Hence we must confess that not speculative
but practical mathematics contribute to human life and ac-
tions. For those who are ignorant of the reasons of things, but
are experienced in particulars, excel in every respect, in what is
useful to human life, those who are engaged in theory alone.

Against objections then, of this kind, we shall reply by
showing the beauty of the mathematical disciplines from those
arguments by which Aristotle endeavours to persuade us. For
these three things are in a remarkable degree effective of
beauty, in bodies and in souls, viz. order, symmetry, and the de-
finite. Since corporeal deformity indeed, arises from material
irregularity, privation of form, and the dominion of the in-
definite in the composite body. But the baseness of the soul
originates from its irrational part being moved in a confused
and disorderly manner, and from its being discordant with
reason, and not receiving from thence its proper limitation.
Hence beauty has its essence in the contraries to these, viz. in
order, symmetry, and that which is definite. These, however,
we may survey in the most eminent degree in the mathematical
science; order indeed, in the perpetual exhibition of things
posterior and more various, from such as are first and more
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simple. For things subsequent are always suspended from
those that precede them; the former having the relation of
a principle, but the latter, of things consequent to the first
hypotheses. But we may perceive symmetry, in the concord of
the things demonstrated with each other, and the reference of
all of them to intellect. For intellect is the measure of all sci-
ence, from which it receives its principles, and to which it con-
verts the learners. And the definite is seen in the perpetually
stable and immutable objects of its theory. For the subjects of
its knowledge, do not subsist differently at different times,
like the objects of opinion and sense, but they present them-
selves to the view invariably the same, and are bounded by
intellectual forms. If therefore these particulars are in an
eminent degree effective of beauty, but the mathematical sci-
ences are characterized by these, it i1s manifest that in these
the beautiful subsists. Indeed, how is it possible this should
not be the case with a science which is supernally illuminated
by intellect, to which it tends, and to which it hastens to trans-
fer us from the obscure information of sense?

But we ought to judge of its utility, not looking to the con-
veniences and necessities of human life. For thus also we must
acknowledge that contemplative virtue itself is useless; since
this separates itself from human concerns, to which it does
not tend, nor is in short desirous of making these the objects
of its knowledge. For Socrates in the Theztetus, speaking
of the coryphzan philosophers, or those that philosophize in
the most eminent degree, says, that through intellectual en-
ergy they are separated from all habitude to human life, and
from an attention to its necessities and wants, and that they
extend the reasoning power of the soul without impediment to
the contemplation of real beings. The mathematical science,
therefore, must be considered as desirable for its own sake, and
for the contemplation it affords, and not on account of the



XX INTRODUCTION

utility it administers to human concerns. If, however, it be
requisite to refer its utility to something else, it must be referr-
ed to intellectual knowledge. For it leads us to this, and pre-
pares the eye of the soul for the knowledge of incorporeal
wholes, purifying it, and removing the impediments arising
from sensible objects. As therefore, we do not say that the
whole of cathartic or purifying virtue is useful, or the contrary,
looking to the utility of the sensible life, but regarding the
advantage of the contemplative life; thus also it is fit to refer
the end of the mathematical science to intellect, and the whole
of wisdom. Hence, the energy about it, deserves our most
serious attention, both on its own account, and on account of
an intellectual life.

It is also manifest, as Aristotle says, that this science is desir-
able of itself to its votaries, because, though no reward was
proposed to its investigators, yet, in a short time, the mathe-
matical theory has received such an abundant increase. Besides,
all men who have in the smallest degree experienced its utility,
are willingly employed in its pursuit, and are desirous of being
at leisure for this purpose, omitting every other concern.
Hence, those who despise the knowledge of the mathematics,
have not tasted of the pleasures they contain. The mathemati-
cal science, therefore, is not to be despised, because its theo-
retic part does not contribute to human utility; for its ultimate
progressions, and such as energize in conjunction with matter,
consider as their end an advantage of this kind; but on the

contrary we should admire its immateriality, and the good
which it contains in itself alone. For in short, when men

were entirely disengaged from the care of necessary concerns,
they converted themselves to the investigation of the mathe-
matical disciplines; and this indeed, with the greatest propriety.
For things by which we are nourished, and which are connas-
cent with sensible objects, first employed the attention of man-
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kind; but afterwards, those concerns which liberate the soul
from a life of sense, and procure its recollection of real being.
After this manner, therefore, we are engaged in the pursuit of
necessaries prior to that of things honourable on their own
account, and of things connascent with sense, prior to such as
are apprechended by intellectual energy. For the life of the
human soul, is naturally adapted to proceed from the imper-
fect to perfection. And thus much in answer to those who de-
spise the mathematical science.

Again, with respect to the name mathematics, it appears to
me, says Proclus, that such an appellation of the science which
is conversant with the objects of the reasoning power, was not
like many names invented by casual persons, but, as it is also
said to have been, by the Pythagoreans. For they perceived
that the whole of what is called mathesis, is reminiscence,*
not externally inserted in souls, in the same manner as phan-
tasms from sensible objects are impressed in the imagination,
nor adventitious like the knowledge resulting from opinion,
but excited indeed from things apparent, and inwardly exerted
from the reasoning power converted to itself. They likewise
saw that though reminiscence might be shown from many par-
ticulars, yet it was evinced in a more eminent manner, as Plato
also says,T from the mathematical disciplines. For if any one,
says he, is led to the diagrams, he will from them easily prove
that discipline is reminiscence. Hence also, Socrates in the
Meno shows from this mode of arguing, that to learn is
nothing else than for the soul to recollect the productive prin-
ciples which she contains. But this is, because that which re-
collects, is the discursive energy of reason, which is essentia-
lized in the principles of the mathematics, and which causally
comprehends the mathematical sciences in itself, though it

* je. The recovery of lost knowledge, on the hypothesis that the soul is truly
immortal, and therefore had an existence prior to that of the present life.

-|- In the Meno.



XXII INTRODUCTION

may not energize according to them. It contains, therefore, all
of them essentially and occultly: but it unfolds each of them
into light, when it is freed from the impediments originating
from sense. For the senses connect the soul with divisible ob-
jects, imaginations fill her with figured motions, and appetites
draw her down to a passive life. But every thing divisible is an
impediment to our conversion to ourselves, every thing figur-
ed, obscures that knowledge which is unaccompanied with
figure, and every thing passive, is an obstacle to impassive
energy. When therefore, we have removed all these from the
discursive power of reason, then we shall be able to know by
it, the productive principles which it contains, then we shall
become scientific in energy, and exert our essential knowledge.
But while we are bound, and have the eye of the soul closed,
we shall never obtain the perfection adapted to our nature.
Mathesis, therefore, is the reminiscence of the eternal produc-
tive principles inherent in the soul; and the mathematical sci-
ence is on this account the knowledge which contributes to
our recollection of these principles. Hence the employment of
this science is evident from its name. For it is motive of know-
ledge, excites intelligence, purifies the discursive energy of
reason, unfolds the forms which we essentially contain, re-
moves the oblivion and ignorance, which we derive from the
regions of sense, and dissolves the bonds through which we
are held in captivity by the irrational nature.

The subserviency also of mathematics to philosophy, is ele-
gantly illustrated by Theo of Smyrna, who compares the tra-
dition of it, to initiation into the mysteries, and shows that
these disciplines correspond to the purification previously nec-
essary to this initiation. But what he says* on this subject, is
as follows: “Again, it may be said that philosophy is the ini-
tiation into, and tradition of real and true mysteries. But of

* In Mathemat. p. 18.
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initiation there are five parts. That which has the precedency
indeed, and is the first, is purification. For the mysteries are
not imparted to all that are willing to be initiated, but some
persons are excluded by the voice of the cryer; such as those
whose hands are not pure, and whose speech is inarticulate.
It is also necessary that those who are not excluded from initia-
tion, should first undergo a certain purification. But the sec-
ond thing after purification, is the tradition of the mystery.
The third thing is denominated (s%owntei@ or) inspection.t
And the fourth which is the end of inspection, is binding the
head, and placing on it crowns; so that he who is initiated, is
now able to deliver to others, the mysteries which he has re-
ceived, whether it be the mystery of a torch-bearer, or of the
interpretation of the sacred ceremonies, or of some other priest-
hood. But the fifth thing which results from these is the felic-
ity arising from being dear to divinity, and the associate of the
Gods. Conformably to these things likewise, is the tradition
of political doctrines. And in the first place, a certain purifi-
cation is requisite, such as that of the exercise from youth in
appropriate disciplines. For Empedocles says, “it is necessary
to be purified from defilement by drawing from five foun-
tains in a vessel of unmingled brass.” But Plato says that puri-
fication is to be derived from five disciplines; and these are,
arithmetic, geometry, stereometry, music, and astronomy. The

The word telety or imitiation, say Hermeas, in his MS. Commentary on
the Phzdrus of Plato, “was so denominated from rendering the soul perfect. The
soul, therefore, was once perfect. But here it is divided, and is not able to
cncrgize wholly by itself.” Fle adds: “But it is nccessary to know that zclese,
muesis, and epopteia, TENETT, WUNOLG and emomteiq, differ from each other.
Telete, therefore, is analogous to that which is preparatory to purifications. But
muesis which is so called from closing the cyes, is more divine. For to close
the eyes in initiation is no longer to receive by sense those divine mysteries, but
with the pure soul itself. And epopreia, is to be established in, and become a
spectator of the mysteries,” See more on this very interesting subject, in the
second edition of my Dissertation on the Eleusinian and Bacchic Mysteries, in
Nos. XV. and XVI. of THE PAMPHLETEER.
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tradition, however, of philosophical, logical, political, and
physical theorems, is similar to initiation. But Plato denomi-
nates the occupation about intelligibles, true beings, and ideas,
epopteia or inspection. And the ability from what has been
learnt of leading others to the same theory, must be considered
as analogous to binding the head, and being crowned. But the
fifth and most perfect thing, is the felicity produced from

these, and according to Plato, an assimilation as much as poss-
ible to God.”

Such then is the utility arising from the proper study of the
mathematical sciences, among which theoretic arithmetic, as is
shown in the first chapter of this work, is preeminent, and the
leader of the rest. I trust, therefore, that the liberal part of
my readers, and whose views are consequently neither directed
to the gratification of appetite, nor an immoderate accumula-
tion of wealth, will gratefully accept the present work, as
another disinterested effort of a man who has laboured beyond
any other in modern times to benefit his countrymen, by the
dissemination of the most exalted knowledge; though he has
received nothing in return from the literary censors of the age,
but gross misrepresentation and virulent abuse, whatever the
hatred of envy could administer to the purposes of detraction,
or the cunning of malignant sophistry could pervert. But as he
has elsewhere observed, he consoles himself amidst all the de-
famation which he has received, or may yet experience, with
the consciousness of the integrity of his intention, and with the
firm hope that at all times what he has written for the benefit
of others will meet with the approbation of the wise and good.
For he perfectly accords with Seneca, “that if a man wishes
to be happy, he should first consider that he must despise and
be despised.”*—In particular he trusts this work will be the
means of benefiting two young gentlemen of this country,

® Si vis beatus esse, cogita hoc primum contemnere et contemns.
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WILLIAM DAY and WILLIAM GEORGE MEREDITH,

the relatives of his much esteemed and honoured friends,
WILLIAM and GEORGE MEREDITH, Esgs. the first of
these youths being the nephew of both, and the second, the
son of the latter of his friends. From the fair hopes which
their great proficiency in learning have hitherto raised in all
that know them, there is every reason to expect that they will
eventually be no less an ornament to their country than an
honour to the family to which they belong. And he requests
they will permit him thus to dedicate this work to them, both
as a testimony of gratitude to their above mentioned relations,
and an indication of his great personal regard for them, and
his sanguine expectations of their future renown.

With respect to the work itself, in the first and second
books, and the additional notes, I have incorporated whatever
appeared to me to be most important in the arithmetical writ-
ings of Nicomachus, Theo, Jamblichus, and Boetius,* these
being the only ancient authors extant in print, that have pro-
fessedly written on Turoreric ArrraMEeTic. Indeed, I have
nearly given the whole of the last mentioned author, both
because he has written more clearly on this subject than the
others, and because, as Fabricius rightly conjectures, he ap-
pears to have availed himself of a greater arithmetical work of

* With respect to these celebrated men, the exact period in which Theo and
Nicomachus lived, is uncertain. And all the information that can at present be
obtained concerning them is, that Theo flourished, as the learned Bullialdus judi-
ciously conjectures, between the age of Tiberius Cazsar, and the times of Antoninus
Pius. He wrote An Exposition of such things in the Mathematics as are useful
to the reading of Plato; and that part of this work which relates to Arithmetic
and Music, is all that is published at present, though what he wrote on Astronomy
is extant in some libraries in manuscript, as we learn from the accurate Fabricius.
But Nicomachus who was a Pythagorean philosopher of Gerasa, a ¢ity bordering
on Bostra in Arabia, was, according to Fabricius, somewhat posterior to the age of
Antoninus Pius, as he mentions Ptolemy the astronomer who lived under the reign
of that Emperor. ‘This great man was eminently skilled in the mathematical dis-
ciplines, and particularly in theoretic arithmetic, so that his extraordinary atain-
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Nicomachus, which has not been transmitted to the present
time. The third book was added by me, in order to show how
the Pythagoreans philosophized about numbers, and to unfold
as much as possible their mystical and theological arithmetic;
conceiving that such an addition was wanting to the comple-
tion of the theory of numbers. The reader will also find some
things entirely new. And if it should any where happen that
I have ascribed to my own invention what has been discovered
by others, I trust the reader will attribute it to my having been
much more conversant with ancient than with modern writers
on this, as well as on other subjects, and not from any inten-
tion of defrauding others of their equitable claims.

In the last place, I am desirous of adding, for the sake of
the liberal reader, the following extract from the Introduction
to my translation of Aristotle’s Metaphysics. It relates to the
contemplative, or intellectual energy, the employment of the
highest part of our nature.

Aristotle denominates the metaphysical science, at one time
wisdom, at another time the first philosophy, and at another
theology, signifying by each of these appellations, that it does
not rank among those arts and sciences which are conversant

ments in this science became proverbial. Hence, the author of the dialogue among
the works of Lucian which is inscribed Philopatris, p. 468, says, wat Yap
apzﬂp,ee;g Y= Nw,op.axoe; 0 PEQGG'QVOC» “You numerate like Nicomachus of
Gerasa.” And Iamblichus in the Commentary on his Arithmetic, p. 3, says, “I
find that Nicomachus has delivered every thing pertaining to this science of arith-
metic, conformably to the doctrine of Pythagoras. For this man was great in the
mathematics, and had for his preccptors men in the highest degree skilled in these
disciplines. And independent of these things, he has delivered an admirable
order and theory, accompanied with an accurate demonstration of scientific princi-
ples.” For an account of Jamblichus, who was one of the most eminent of the
genuine disciples of Plato, and who in the opinion of the Emperor Julian was
indeed posterior in time to Plato, but not in genius, I refer the reader to the History
of the Restoration of the Platonic Theology at the end of my Proclus on Euclid.
And as to Boetius his life and works are too well known to need any discussion of

them at present.
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with the knowledge of things necessary, or which inquire into
things subservient to the advantages and conveniences of the
mortal life, but it is a knowledge and science to be pursued
for its own sake, and which speculates the first principles and
causes of things; for these are beings in the most eminent
degree. Hence, in the sixth book of his Nicomachean Ethics,
he defines wisdom to be the most accurate of sciences, the sci-
ence of things most honourable, that is, principles, and the
summit of all disciplines. With the multitude, indeed, merged
in sense, whatever does not contribute to the good of the mere-
ly animal life, is considered as a thing of no value; and hence,
by the better part of them it is regarded with indifference, and
by the greater number with contempt. It is vain to talk to such
as these of a good purely intellectual, which is independent of
chance and fortune, which is desirable for its own sake, and
which confers the most pure and permanent felicity on its pos-
sessor; for, what passion can it gratify? What sense can it
charm? Ignorant of the mighty difference between things
necessary and such as are eminently good, they mistake means
for ends, pursue the flying mockeries of being, for such are all
sensible natures, and idly attempt to grasp the phantoms of
felicity.

The conceptions of the experimental philosopher who ex-
pects to find Truth in the labyrinths of matter, are, in this re-
spect, not much more elevated than those of the vulgar: for
he is ignorant that Truth is the most splendid of all things,
that she is the constant companion of Divinity, and proceeds
together with him through the universe; that the shining traces
of her feet are only conspicuous in form, and that in the dark
windings of matter she left nothing but a most obscure and
fleeting resemblance of herself. This delusive phantom, how-
ever, the man of modern science ardently explores, uncon-
scious that he is running in profound darkness and infinite
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perplexity, and that he is hastening after an object which
cludes all detection, and mocks all pursuit.

It is well said indeed by Aristotle, that wisdom is the science
of principles and causes, since he who knows these, knows also
the effects of which they are the source. Such a one knows
particulars so far as they are comprehended in universals, and
this knowledge is superior to that which is partial, and co-ordi-
nated to a partial object: for, does not every thing energise in
a becoming manner, when it energises according to its own
power and nature? As, for instance, does not nature, in con-
formity to the order of its essence, energise naturally, and in-
tellect intellectually? For, this being admitted, it follows that
knowledge subsists according to the nature of that which
knows, and not according to the nature of that which is
known. Particulars, therefore, when they are beheld invelop-
ed in their causes, are then known in the most excellent man-
ner; and this is the peculiarity of intellectual perception, and
resembles, if it be lawful so to speak, the knowledge of Divin-
ity himself. For, the most exalted conception we can form of
his knowledge is this, that he knows all things in such a man-
ner as is accommodated to his nature, viz. divisible things in-
divisibly, things multiplied uniformly, things generated ac-
cording to an eternal intelligence, and totally whatever is
partial. Hence, he knows sensibles without possessing sense,
and, without being present to things in place, knows them
prior to all local presence, and imparts to every thing that
which every thing is capable of receiving. The unstable es-
sence, therefore, of apparent natures is not known by him in
an unstable, but in a definite manner; nor does he know that
which is subject to all-various mutations dubiously, but in a
manner perpetually the same; for, by knowing himself, he
knows every thing of which he is the cause, possessing a know-
ledge transcendantly more accurate than that which is co-
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ordinate to the objects of knowledge. Hence, in order to know
sensible natures, he is not indigent of sense, or opinion, or sci-
ence; for it is himself that produces all these, and that, in the
unfathomable depths of the intellection of himself, compre-
hends an united knowledge of them, according to cause, and
in one simplicity of perception.

Wisdom, therefore, considered as a causal knowledge of
particulars resembles the knowledge of Divinity, and conse-
quently is most honorable and most excellent. And hence, the
wise man, from resembling, must be the friend of Divinity.
Beautifully, therefore, is it observed by Aristotle, “That the
man who energises according to intellect, and is mentally dis-
posed in the best manner, is also it would seem most dear to
divinity. For if any attention is paid by the Gods to human
affairs, as it appears there is, it is also reasonable to suppose
that they will be delighted with that which is most excellent,
and most allied to themselves; but this is intellect; and like-
wise that they will remunerate those who especially love and
honour this, as taking care of that which is dear to themselves,
and acting rightly and well.*

The contemplative or intellectual energy indeed, when it is
possessed in the highest perfection of which our nature is
capable, raises its possessor above the condition of humanity.
“For a life according to intellect,” says the Stagirite, “is more
excellent than that which falls to the lot of man; for he does
not thus live, so far as he i1s man, but so far as he contains
something divine. And as much as this divine part of him
differs from the composite, so much also does this energy dif-
fer from that of the other virtues. If, therefore, intellect com-
pared with man is divine, the life also which is according to
intellect will be divine with respect to human life. It is, how-

® See my translation of the Nicomachean Ethics, Book 10, p. 598.
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ever, requisite that we should not follow the exhortations of
those who say that man should be wise in human, and a mor-
tal in mortal concerns, but we should endeavour as much as
possible to immortalize ourselves, and to do every thing which
may contribute to a life according to our most excellent part.
For this, though it is small in bulk, yet far transcends all the
other parts in power and dignity.” After this, he shows that
intellect is the true man, from its being that which is most
powerful, principal, and excellent in our nature; “so that,”
says he, “it would be absurd not to choose that which is our
proper life, but that which belongs to something different from
ourselves.”

Ridiculus, therefore, as well as grovelling are those concep-
tions which lead men to value knowledge so far only as it con-
tributes to the necessities, the comforts, and the refinements
of the merely human life; and partial and unscientific is that
definition of virtue, which makes its highest energies to be
those of morality: for moral virtue is more human, but in-
tellectual more divine. The former is preparatory to felicity;
but the latter, when perfect, is accompanied with perfect
beatitude. Virtuous, therefore, is the man who relieves the
corporeal wants of others, who wipes away the tear of sorrow,
and gives agony repose; but more virtuous he, who, by dis-
seminating wisdom, expels ignorance from the soul, and thus
benefits the immortal part of man. For it may indeed be truly
said, that he who has not even a knowledge of common things
is a brute among men; that he who has an accurate knowledge
of human concerns alone, is a man among brutes; but, that
he who knows all that can be known by intellectual energy,
is a God among men. *

* Agreeably to this, Aristotle observes in his Politics, “that if there is some one,
or more than one, who greatly surpasses in virtue, though not sufficiently numerous
to make the complement of a city, so that the virute of all the rest, or their
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Wisely, therefore, does Plato assert that the philosopher
ought not to descend below species, and that he should be sole-
ly employed in the contemplation of wholes and universals.
For he who descends below these, descends into Cimmerian
realms, and Hades itself, wanders among spectres devoid of
mind, and exposes himself to the danger of beholding the real
Gorgon, or the dire face of Matter, and of thus becoming pe-
trified by a satiety of stupid passions.

The life of the man who, possessing true wisdom, energises
according to the theoretic virtue, is admirably described by
Plato in his Theaztetus as follows:

“Socrates. Let us speak, since it is agreeable to you, about
the coryphzi. For why should any one speak of those who
are conversant with philosophy in a depraved manner? In the
first place, then, the coryphzi from their youth neither know
the way to the forum, nor where the court of justice or senate-
house is situated, or any other common place of assembly be-
longing to the city. They neither hear nor see the laws or
decrees, whether promulgated or written. And, as to the ar-
dent endeavours of their companions to obtain magistracies,
the associations of these, their banquets and wanton feastings
accompanied with pipers,—these they do not even dream of
accomplishing. But whether any thing in the city has happen-
ed well or ill, or what evil has befallen any one from his pro-
genitors, whether male or female, of these they are more
ignorant than, as it is said, of how many measures called choes
the sea contains. And besides this, such a one is even ignorant

political power, should be too inferior to be compared with theirs, if there are
more than one; or if but one, with his only; these are no longer to be considered
as a part of the city. For it would be doing them injustice to place them on a
level with those, who are so inferior to them in virtue and political power; since
it is fit to consider such a one as a God amongst men. Hence law is not for such
persons as these; for they are themselves a law. And it would be ridiculous in
any one to endeavour to subject them to the laws.”
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that he is ignorant* of all these particulars: for he does not
abstain from them for the sake of renown, but, in reality, his
body only dwells and is conversant in the city; but his dia-
noetic part (or scientifically-reasoning power) considering all
these as trifling and of no value, he is borne away, according
to Pindar, on all sides, geometrizing about things beneath and
upon the earth, astronomizing above the heavens,t and per-
fectly investigating all the nature of the beings which every
whole contains, but by no means applying himself to anything
which is near.

“Theodorus. How is this, Socrates?

“Socrates. Just, O Theodorus, as a certain elegant and grace-
ful Thracian maid-servant is reported to have said to Thales,
when while astronomizing he fell into a well, that he was very
desirous of knowing what the heavens contained, but that he
was ignorant of what was before him, and close to his feet.
In the same manner all such as are conversant in philosophy
may be derided. For, in reality, a character of this kind is not
only ignorant of what his neighbour does, but he scarcely
knows whether he is a man, or some other animal. Buz whar
man is, and what a nature of this kind ought principally to do
or suffer, this he makes the object of his inquiry, and earnestly
investigates.t Do you understand, Theodorus, or not?

“Theodorus. 1 do: and you are certainly right.

* The multitude are ignorant that they are ignorant with respect to objects of all
others the most splendid and real; but the coryphzan philosopher is ignorant that
he is ignorant with respect to objects most unsubstantial and obscure. The former
ignorance is the consequence of a defect, but the latter of a transcendency of gnostic
energy.

t i.e. Contemplating those divine forms in the intellect of the artificer of the
universe, which are paradigms of all that the heavens contain.

1 When intellectual men, therefore, are compared with such as are solely busied in
the investigation of sensible particulars, who are alone delighted with objects of
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“Socrates. For, in reality, my friend, when a man of this
kind is compelled to speak (as I said before) either privately
with any one, or publicly in a court of justice, or any where
else, about things before his feet, and in his view, he excites
laughter, not only in Thracian maid servants, but in the other
vulgar, since through his unskilfulness he falls into wells, and
every kind of ambiguity. Dire deformity too, causes him to
be considered as a rustic: for, when he is in the company of
slanderers, he has nothing to say reproachful, as he knows no
evil of any one, because he has not made individuals the objects
of his attention. Hence, not having any thing to say, he ap-
pears to be ridiculous. But, when he is in company with those
that praise and boast of others, as he is not only silent, but
openly laughs, he is considered as delirious: for, when he hears
encomiums given to a tyrant or a king, he thinks he hears
some swine-herd, or shepherd, or herdsman proclaimed hap-
py, because he milks abundantly; at the same time he thinks
that they feed and milk the animal under their command, in
a more morose and insidious manner; and that it is necessary
that a character of this kind should be no less rustic and un-
disciplined through his occupation than shepherds, the one
being inclosed in walls, and the other by a sheep-cot on a
mountain. But when he hears any one proclaiming that he
possesses ten thousand acres of land, or a still greater number,
as if he possessed things wonderful in multitude, it appears to
him that he hears of a very trifling thing, in consequence of
being accustomed to survey the whole earth. As often, too,
as any one celebrates the nobility of his family, evincing that
he has seven wealthy grandfathers, he thinks that this is en-

sense, and who do not even dream that these objects rather resemble the delusions
of sleep than the realities of visible perception, we may exclaim in Homeric
language,

The race of these superior far to those,

As he that thunders to the stream that flows.
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tirely the praise of a dull mind, and which looks to a thing of
a trifling nature; through want of discipline being incapable
of always surveying the universe, and of inferring by a reason-
ing process, that every man has had innumerable myriads of
grandfathers and progenitors, among which there has often
been an innumerable multitude of rich and poor, kings and
slaves, Barbarians and Grecians. But when any one, celebra-
ting his progenitors, enumerates five-and-twenty of them, and
refers their origin to Hercules, the son of Amphitryon, it ap-
pears to him a thing unworthy to be mentioned. For, as it is
entirely owing to fortune that any one is able to enumerate
five-and-twenty progenitors from Hercules, he would laugh,
even if any one could enumerate fifty from the same origin;
considering such as unable to reason, and liberate themselves
from the arrogance of an insane soul. But, in every thing of
this kind, the coryphzus we are describing will be ridiculed
by the vulgar, partly because he will be considered by them
as arrogant, and partly because he is ignorant of, and dubious
about, things before his feet.

“Theodorus. You speak, Socrates, of things which certain-
ly take place.

“Socrates. But when any one, my friend, draws him on
high, and is willing that he should abandon the consideration
of whether I injure you, or you me, for the speculation of jus-
tice and injustice, what each of them is, and in what they dif-
fer from all other things, or from each other; or that, dismiss-
ing the inquiry whether a king is happy who possesses abun-
dance of gold, he should ascend to the contemplation of a
kingdom, and universally of human felicity and misery, of
what kind they are to any one, and after what manner it is
proper for human nature to acquire this thing and fly from
that;—about all these particulars when that little sharp soul,
so conversant with law, is required to give a reason, then he in
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his turn is affected worse than the coryphzus; for he becomes
giddy, through being suspended from a lofty place of survey,
and being unaccustomed to look so high. He is also terrified,
is filled with uncertainty, and speaks in a barbaric manner; so
that he does not indeed excite laughter in the Thracian vulgar,
nor in any other undisciplined person (for they do not per-
ceive his condition,) but in all those whose education has been
contrary to that of slaves. And such, Theodorus, is the con-
dition of each; the one, whom we call a philosopher, being in
reality nourished in truth and leisure; and who, though he
ought not to be blamed, yet appears to be stupid and of no
value, when he engages in servile offices; since he neither
knows how to bind together bundles of coverlids, nor to make
sauce for banquets, nor compose flattering speeches. But the
other of these characters is able to accomplish all these servile
offices with celerity and ease, but knows not how to clothe
himself in a liberal manner, nor how in harmonious language
properly to celebrate the true life of the Gods and blessed

”

meil.






THEORETIC ARITHMETIC

BOOK ONE

CHAPTER .

On the priority of Arithmetic to the other mathematical
disciplines.

RITHMETIC is to be learned the first of the
mathematical sciences, because it has the relation
of a principle and mother to all the rest. For it is
prior to all of them, not only because the fabrica-
tor of the universe employed this as the first par-

adigm of his distributed intellection, and constituted all things

according to number; but the priority of arithmetic is also
evinced by this, whenever that which is prior by nature is
subverted, that which is posterior is at the same time subvert-
ed; but when that which is posterior perishes, that which is
prior suffers no essential mutation of its former condition.
Thus if you take away animal, the nature of man is immedi-
ately destroyed; but by taking away man, animal will not
perish. And on the contrary, those things are always posterior
which together with themselves introduce something else;
but those have a priority of subsistence, which when they are
enunciated, cointroduce with themselves nothing of a posterior
nature. Thus if you speak of man, you will at the same time
introduce animal; for man is an animal. But if you speak of

1
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animal, you will not at the same time introduce the species
man; for animal is not the same as man. The same thing is
seen to take place in geometry and arithmetic. For if you take
away numbers, whence will triangle or quadrangle, or what-
ever else is the subject of geometry subsist? All which are
denominative of numbers. But if you take away triangle and
quadrangle, and the whole of geometry is subverted, three
and four, and the appellations of other numbers will not par-
ish. Again, when we speak of any geometrical figure, it is at
the same time connected with some numerical appellation;

but when we speak of numbers, we do not at the same time
introduce geometrical figure.

The priority likewise of numbers to music may from hence
be especially demonstrated, that not only those things which
subsist by themselves are naturally prior to those which are
referred to something else; but musical modulation itself is
stamped with numerical appellations. And the same thing
may take place in this, which has been already noticed in ge-
ometry. For diatessaron, diapente, and diapason, are denomi-
nated by the antecedent names of numbers. The proportion
likewise of sounds to each other is found in numbers alone.
For the sound which subsists in the symphony diapason, is in
a duple ratio. The modulation diatessaron consists in the ratio
of 4 to 3. And that which is called the symphony diapente is
conjoined by the ratio of 3 to 2. That which in numbers is
sesquioctave, is a tone in music. And in short, the priority of

arithmetic to music will be indubitably demonstrated in the
course of this work. But since geometry and music are prior

to astronomy, it follows that astronomy is in a still greater
degree posterior to arithmetic. For in this science, the circle,
the sphere, the center, parallel circles and the axis are con-
sidered, all which pertain to the geometric discipline. Hence
also, the senior power of geometry may from this be shown,
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that all motion is after rest, and that permanency is always
naturally prior to mobility. But astronomy is the doctrine of
moveable, and geometry of immoveable natures. The motion
of the stars likewise is celebrated as being accompanied with
harmonic modulations. Whence also it appears that the power
of music precedes in antiquity the course of the stars. And it
cannot be doubted that arithmetic naturally surpasses astro-
nomy, since it appears to be more ancient than geometry and
music which are prior to it. For by numbers we collect the
rising and setting of the stars, the swiftness and slowness of
the planets, and the eclipses and manifold variations of the
moon.

CHAPTER Il
On the definition of number and the monad.

TuaLes* defined number conformably to the doctrine of
the Egyptians by whom he was instructed, to be a collection
of monads. But Pythagoras defined it to be the extension and
energy of the spermatic reasons contained in the monad. Or
otherwise, to be that which prior to all things subsists in a
divine intellect, by which and from which all things are co-
ordinated, and remain connumerated in an indissoluble order.
Others, however, of his followers defined it to be a progression
from unity through the magnitude of it. But Eudoxus the
Pythagorean says, that number is definite multitude, in which
definition he distinguishes the species from the genus. The
followers of Hippasus who were called Acousmatici said that
number is the first paradigm of the fabrication of the world;

® Vid. Iamblich. in Nicomach. Arithmet. p. 11.
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and again, that it is the judicial instrument of the god who is
the demiurgus of the universe. But Philolaus says that num-

ber is the most excellent and self-begotten bond of the eternal
duration of mundane natures.

But the monad is in discrete quantity that which is the least,
or it is the first and common part of discrete quantity, or the
principle of it. According to Thymaridas indeed it is bound-
ing quantity; since the beginning and end of every thing is
called a bound. In certain things however, as in the circle and
the sphere, the middle is called the bound. But those who are
more modern, define the monad to be that according to
which every thing that exists is called one.* To this defini-
tion however, the words, “however collected it may be,” are
wanting. The followers of Chrysippus assert confusedly, that
the monad is one multitude: for the monad alone is opposed
to multitude. But certain of the Pythagoreans said that the
monad is the confine of number and parts; for from it as
from a seed and an eternal root, ratios are contrarily increased
and diminished; some through a division to infinity being
always diminished by a greater number; but others being in-
creased to infinity, are again augmented. Some likewise have
defined the monad to be the form of forms, as comprehending
in capacity or power, (i.e. causally) all the reasons which are
in number. But it is considered after this manner, in conse-
quence of wholly remaining in the reason of itself; as is like-

wise the case with such other things as subsist through the
monad.

The monadt therefore is the principle and element of num-
bers, which while multitude is diminished by subtraction, is
itself deprived of every number, and remains stable and firm;

® This is Euclid’'s definition of the monad, in the 7th book of his Elements.
4 Vid. Theon. Smyra. Mathemat. p. 23.
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since it is not possible for division to proceed beyond the
monad. For if we divide zhe one which is in sensibles into
parts, again the one becomes multitude and many; and by a
subtraction of each of the parts we end in one. And if we
again divide this one into parts, the parts will become multi-
tude; and by an ablation of each of the parts, we shall at
length arrive at unity. So that ke one so far as one is imparti-
ble and indivisible. For another number indeed when divided
is diminished, and is divided into parts less than itself. Thus
for instance, 6 may be divided into 3 and 3, or into 4 and 2,
or into 5 and 1. But z4e one in sensibles, if it is divided in-
deed, as body it is diminished, and by section is divided into
parts less than itself, but as number it is increased; for instead
of the one it becomes many. So that according to this zhe one
is impartible. For nothing (in sensibles) which is divided, is
divided into parts greater than itself; but that which is divided
into parts greater than the whole, and into parts equal to the
whole, is divided as number. Thus if ke one which is in sensi-
bles, be divided into six equal parts, as number indeed, it will
be divided into parts equal to the whole, viz. into 1.1.1. 1. 1. 1.
and also into parts greater than the whole, viz. into 4 and 2;
for 4 and 2 as numbers are more than one. Hence the monad
as number is indivisible. But it is called the monad, either
from remaining immutable, and not departing from its own
nature; for as often as the monad is multiplied into itself, it
remains the monad; since once one is one; and if we multiply
the monad to infinity, it still continues to be the monad. Or it
is called the monad, because it is separated, and remains by
itself alone apart from the remaining multitude of numbers.*

® Archytas and Philolaus, as we are informed by Theo, called indiscriminately
the one, the monad, and the monad, the one. But according to the best of the
Platonists, Proclus, Damascius, & in divine natures the monad is that which con-
tains distinct, but at the same time profoundly-united multitude; and zhe ome is
the summit of zhe many, so that the one is more simple than the monad. Observe
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Since therefore number is the connective bond of all things,
it is necessary that it should abide in its proper essence, with a
perpetually invariable sameness of subsistence; and that it
should be compounded, but not of things of a different nature.
For what could conjoin the essence of number, since its para-
digm joined all things. But it seems to be a composite from
itself. Moreover, nothing appears to be composed from simi-
lars; nor yet from things which are conjoined by no analogy,
and which are essentially separated from each other. Hence it
is evident, since number is conjoined, that it is neither conjoin-
ed from similars, nor from things which mutually adhere by
no analogy. Hence the primary natures of which number con-
sists, are the even and the odd, which by a certain divine
power, though they are dissimilar and contrary, yet flow from
one source, and unite in one composition and modulation.

CHAPTER IIIL

On the division of numbers, and the various definitions of the
even and the odd.

Tue first division of number therefore is into the even and
the odd. And the even number indeed is that which may be
divided into two equal parts, without the intervention of unity
in the middle. But the odd number is that which cannot be
divided into equal parts, without unity intervening in the mid-

too, that in the sensible universe, the first monad is the world itself, which com-
prehends in itself all the multitude of which it is the cause (in conjunction with
the cause of all). The second monad is the inerratic sphere. In the third place,
the spheres of the planets succeed, each of which is also a monad, comprehending
an appropriate multitude. And in the fourth and last place are the spheres of the
elements, which are in a similar manner monads. All these monads likewise, are
denominated oA\oTm7Tig Wholenesses, and have perpetual subsistence.
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dle. And these indeed are the common and known definitions
of the even and the odd. But the definition of them according
to the Pythagoric discipline is as follows: The even number is
that which under the same division may be divided into the
greatest and the least; the greatest in space, and the least in
quantity, according to the contrary passions of these two
genera. But the odd number is that to which this cannot hap-
pen, but the natural division of it is into two unequal parts.
'Thus for instance, if any given even number is divided, there
is not any section greater than half, so far as pertains to the
space of division, but so far as pertains to quantity, there is no
division less than that which is into two parts. Thus, if the
even number 8, is divided into 4 and 4, there will be no other
division, which will produce greater parts, viz. in which both
the parts will be greater. But also there will be no other divi-
sion which will divide the whole number into a less quantity;
for no division is less than a section into two parts. For when
a whole is separated by a triple division, the sum of the space
is diminished, but the number of the division is increased. As
discrete quantity however, beginning from one term, receives
an infinite increase of progression, but continued quantity
may be diminished infinitely, the contrary to this takes place
in the division of the even number; for here the division is
greater in space, but least in quantity. In other words, the
portions of continued quantity are greatest, but the discrete
quantity is the least possible.

According to a more ancient mode likewise, there is another
definition of the even number, which is as follows: The even
number is that which may be divided into two equal, and into
two unequal parts; yet so that in neither division, either parity
will be mingled with imparity, or imparity with parity; except
the binary number alone, the principle of parity, which does
not receive an unequal section, because it consists of two uni-
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ties. Thus for instance, an even number as 10 may be divided
into 5 and 5 which are two equals; and it may also be divided
into unequal parts, as into 3 and 7. It is however, with this
condition, that when one part of the division is even, the other
also is found to be even; and if one part is odd, the other part
will be odd also, as is evident in the same number 10. For
when it is divided into 5 and 5, or into 3 and 7, both the parts
in each division are odd.* But if it, or any other even number,
is divided into equal parts, as 8 into 4 and 4, and also into un-
equal parts, as the same 8 into 5 and 3, in the former division
both the parts are even, and in the latter both are odd. Nor
can it ever be possible, that when one part of the division is
even, the other will be found to be odd; or that when one part
is odd, the other will be even. But the odd number is that
which in every division is always divided into unequal parts,
so as always to exhibit both species of number. Nor is the one
species ever without the other; but one belongs to parity, and
the other to imparity. Thus if 7 is divided into 3 and 4, or
into 5 and 2, the one portion is even, and the other odd. And
the same thing is found to take place in all odd numbers. Nor
in the division of the odd number can these two species, which
naturally constitute the power and essence of number, be with-
out each other. It may also be said, that the odd number is
that which by unity differs from the even, either by increase,
or diminution. And also that the even number is that which
by unity differs from the odd, either by increase or diminution.
For if unity is taken away or added to the even number, it
becomes odd; or if the same thing is done to the odd number,
it immediately becomes even.

Some of the ancients also said that the monad is the first of
odd numbers. For the even is contrary to the odd; but the

® But if it is divided into 6 and 4, each of the parts of the division is even.



Bookx ONE 9

monad is either even or odd. It cannot however be even; for
it cannot be divided into equal parts, nor in short does it admit
of any division. The monad therefore is odd. If also the
even is added to the even, the whole becomes even; but if the
monad is added to an even number, it makes the whole to be
odd. And hence the monad is not even, but odd. Aristotle
however, in his treatise called Pythagoric says, that the one or
unity participates of both these natures; for being added to
the odd it makes the even, and to the even the odd; which it
would not be able to effect if it did not participate of both
these natures. And hence the one is called evenly-odd. Ar-
chytas likewise is of the same opinion. The monad therefore
is the first idea of the odd number, just as the Pythagoreans
adapt the odd number to that which is definite and orderly in
the world. But the indefinite duad is the first idea of the even
number; and hence the Pythagoreans attribute the even num-
ber to that which is indefinite, unknown, and inordinate in
the world. Hence also the duad is called indefinite, because it
is not definite like the monad. The terms, however, which
follow these in a continued series from unity, are increased by
an equal excess; for each of them surpasses the former number
by the monad. But being increased, their ratios to each other
are diminished. Thus in the numbers 1, 2, 3, 4, 5, 6, the ratio
of 2 to 1 is double; but of 3 to 2 sesquialter; of 4 to 3 sesqui-
tertain; of 5 to 4 sesquiquartan; and of 6 to 5 sesquiquintan.
This last ratio, however, is less than the sesquiquartan, the ses-
quiquartan is less than the sesquitertian, the sesquitertian than
the sesquialter, and the sesquialter than the double. And the
like takes place in the remaining numbers. The odd and the
even numbers also surveyed about unity alternately succeed
each other.*

* Vid. Theo. Smyrn. Mathemat. p. 29, &.
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CHAPTER IV.

On the predominance of the monad.

Every number also is the half of the sum of the two num-
bers placed about it, in a natural series. It is likewise the half
of the sum of the numbers situated above these two; and also
of the sum of the numbers situated above these last two, and
so on till the progression is stopped by the monad or unity.
Thus about the number 5, the numbers 6 and 4 are immediate-
ly placed, the former above, and the latter below it. These
therefore, if they are added together make 10, of which 5 is
the half. But the numbers which are next situated about 6
and 4, are 3 and 7. And of these also when added together 5
is the half. Again, the sum of the numbers placed about 3
and 7 is likewise the double of 5; for these are 8 and 2. And
the like will take place in all the numbers in a natural series,
till we arrive at the boundary of the monad. For the monad
alone has not two terms situated about it, and on this account
it is the half of the number alone which is placed next to it.
Hence, it is evident that the monad is the first of all the num-
bers that are in a natural series, and also that it is deservedly
acknowledged to be the source of all multitude, however ex-
tended it may be.

CHAPTER V.

The division of the even number—And on the evenly-cven
number, and its properties.

OF the even number however there are three species. For
one species is that which is called the evenly-even, but another
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is denominated the evenly-odd, and the third is the oddly-odd.

And the species indeed which are contrary, and obtain the
place of extremes are the evenly-even, and the evenly-odd.
But the species which is a certain medium, and participates of
each of the extremes, is the number which is called oddly-odd.

Again, the evenly-even number is that which may be divi-
ded into two equal parts, and each of these parts into two
other equal parts, and each of these may be divided in a simi-
lar manner, and the division of the parts may be continued
till it is naturally terminated by indivisible unity. Thus the
number 64 has for its half 32, but the half of this is 16, the
half of 16 is 8, the half of 8 is 4, of 4, two, and the half of 2
is 1, which naturally does not admit of division.

To this number it happens that whatever may be its part is
found to be evenly-even both in denomination and quantity.
And it seems that this number was called evenly-even, because
all its parts are found to be evenly-even both in name and
quantity. We shall however hereafter show how this number
has even parts both in quantity and appellation.

But the generation of these numbers is as follows: All num-
bers in a duple ratio from unity, will always be found to be
evenly-even; and it is not possible that they should be produc-
ed in any other way. Thus for instance, the numbers in a
duple ratio from unity are 1. 2. 4. 8. 16. 32. 64. 128. 256. 512. and
so on ad infinitum; for they are all evenly-even, and the ratio
of their progression is duple.

It is remarkable in this series, that if the number of terms
is even, the two middle terms correspond to each other, and
this also will be the case with the terms above these, and so on
till each term meets with the extremities. Thus for instance,
let there be given a series of evenly-even numbers from 1 to
128. In this series therefore, because the number of terms is -
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even, one medium cannot be found. Hence there are two
media 8 and 16, which mutually correspond to each other.
For of the last term 128, 8 is the sixteenth part, and 16 is the
eighth part. Again, the terms above these will be found
to correspond to each other. For 32 is the fourth part of 128,
and 4 is the thirty-second part of it. Of the terms likewise
which are above these, 64 is the second part of 128, and 2 is
the sixty-fourth part of it: 128 also is once 128, and 1 is the
one hundred and twenty-eighth part of 128. But if the num-
ber of terms is odd, one medium only can be found, from the
nature of the odd, and this corresponds to itself. For if this
series be given 1.2.4.8. 16. 32. 64, there will be one medium
only which is 8, and this is the eighth part of 64, and thus is
converted to itself both in denomination and quantity. After
the same manner also as above, the terms, which are about it,
confer on each other mutual appellations according to their
proper quantities. For 4 is the sixteenth part of 64, and 16 is
the fourth part of it. And again, above these terms, 32 is the
second part of 64, and 2 is the thirty-second part of it. 1 also
is the sixty-fourth part of 64, and 64 is once 64. Hence as we
have said, all the parts of this series are found to be evenly-
even both in appellation and quantity.

This also is admirable that in any number of terms in this
series, the sum of all the terms but the last, is equal to the last
term less by one. Thus when the number of terms is 3, the
sum of 1 and 2 is 3 which is less than 4 by 1. In four terms,
likewise, the sum of 1, 2 and 4 is 7 which is less than 8 by 1.
In five terms 1+2+4-44-8=15, which is less than 16 by 1;
and so in any other finite number of terms. The first progeny
of numbers also preserves and guards this property; for unity
is less than the following number 2 by unity alone. And
hence, it is by no means wonderful that the sum of the other
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terms should accord with its proper principle.* We shall like-
wise find this property to be of the greatest advantage in ascer-
taining those numbers which are called superfluous, diminish-
ed,t and perfect.

This also must not be passed over in silence, that in this
series when the number of terms is even, the rectangle under
the extremes is equal to the rectangle under the two means;
for when the series is even the media are two. Thus in that
disposition of evenly-even numbers in which the last term is
128, the two means are 8 and 16, which multiplied by each
other produce 128, equal to 1X128. The numbers likewise
which are above these, if they are multiplied, will produce the
same number. For 4X32 is equal to 1>X128. But if the num-
ber of terms is odd, one middle term is found, and this mul-
tiplied into itself will be equal to the product of the two ex-
tremes. Thus in that series of terms, in which the extreme is
64, one middle term alone is found, and this is 8, which mul-
tiplied into itself is equal to 1X64. The terms also which are
above this medium will, when multiplied into each other,
give the same product; for 43X 16=—64. Thus also 32 multiplied
by 2 and 1 multiplied by 64, produce the same number with-
out any variation.

* It occurred to me that a similar property might be found in the series whose
terms are in a triple, quadruple, quintuple &c. ratio. And I discovered that if
in the series whose terms are in a triple ratio, each of the terms is doubled, the sum
of all the terms but the last will be equal to the last term less by 1. Thus in the
series 1. 3. 9. 27. 81, 243. 729, &c. if each term is doubled, the series will be 2.
6. 18. 54. 162. 486, &c. And 2-}6==8, which is less than 9 by 1. Again, 2-}6-4
18=26, which is less than 27 by 1. And 2-46+18+54=80, which is less than 81
by 1. And so in other instances. But in a series whose terms are in a quadruple
ratio, each of the terms must be tripled. In a quintuple series, the terms must be
made quadruple; in a sextuple, quintuple, and the same property will take place.

4 It is evident that each of the terms in the duple series is diminished or defec-
tive, for the sum of its parts is less than the whole. And from what we have
shown, this is evident a fortiori in the triple, quadruple &c. series.
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CHAPTER VI
On the evenly-odd number, and its properties.

The evenly-odd number however is that which is itself in-
deed allotted the nature and essence of parity, but is opposed
in a contrary division to the nature of the evenly-even number.
For it will be shown that it is divided in a very dissimilar way.
For because it is even, it receives a section into equal parts, but
the parts of it immediately become indivisible. And such are
the numbers, 6.10. 14.18.22 and others similar to these. For
in dividing these numbers into equal parts, we are immediate-
ly stopt by the odd number which cannot be divided equally.

But it happens to these numbers that all their parts have
denominations contrary to the quantities of the parts that are
denominated; nor can it ever be possible that any part of an
evenly-odd number should receive a denomination and quan-
tity of the same kind. For always, if the denomination is even,
the quantity of the part will be odd. Thus for instance, in the
number 18 the half of it, which term half is the appellation of
parity, is 9, which is odd in quantity. But its third part, which
is an uneven denomination, is 6, which is even in quantity.
Again, by conversion, the sixth part which is an even denomi-
nation is 3, but the ternary is odd. And the ninth part, which
is an uneven appellation, is 2 which is an even number. And
the same thing will be found to take place in all other evenly-
odd numbers. Nor can it ever be possible that the name and
number of any part are of the same kind.

These numbers are produced by disposing from unity all
the numbers that differ from each other by 2, viz. all the odd
numbers in a natural series. For if each of these is multiplied
by 2, all the evenly-odd numbers will be generated. Let there
be given then the following odd numbers from unity in a nat-
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ural order, 1.3.5.7.9.11.13.15. 17. 19. These, if each of them
is multiplied by 2, will form the series 2. 6. 10. 14. 18. 22. 26. 30.
34.38. And each of these if divided will only receive one
section, a second division being excluded by the intervention
of imparity.

These numbers also differ from each other by 4: and this
arises from the mode of their generation. For the odd num-
bers which are the foundation of them, exceed each other by

2; and because each of these is multiplied by 2, the progression
receives a four-fold increase.

But these species of numbers, the evenly-even, and the even-
ly-odd, are said to be contrary, because in the evenly-odd
number, the greater extremity alone receives division,* and the
less term is in this alone liberated from section; and because in
the form of the evenly-even number, the product of the ex-
tremes is equal to the product of the means, as far as to the
two media, if the number of terms is even; but if the number
of terms is odd, the square of the medium is equal to the pro-
duct of the extremes. In the evenly-odd number however, if
the number of terms is odd and there is therefore only one
middle term, this term will be the half of the sum of the terms
placed about it. It will also be the half of the sum of the terms
placed above these; and this will be the case as far as to the
extremes of all the terms. Thus in the series of evenly-odd
numbers 2. 6. 10., the middle term 6 is the half of 104-2. And
if there are two media, the sum of these will be equal to the
sum of the terms placed above them. Thus in the series 2.6.
10. 14, the sum of the media 6410 is equal to 214 the sum
of the extremes.

* Viz. In the evenly-even number, it is the least part alone, i.c. unity which
receives no division; but on the contrary in the evenly-odd numbers, the greater
extremity alone receives division, i.c. the whole number. Thus 10 can be divided
into two equal parts, but in these parts the division stops; so that in this number
the section is stopped in the greatest part, while on the contrary, in the evenly-even
numbser, it is stopped in the least part, unity.
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CHAPTER VII.
On the unevenly-cven number, and its properties, etc.

THE unevenly-even number is composed from both the
evenly-even, and the evenly-odd number, and is a medium be-
tween both. But this number is such as may be divided into
equal parts, and each of these into other equal parts, and some-
times the parts of these parts may again be divided, but this
equable division does not proceed as far as to unity. And of
this kind are the numbers 24 and 28. For each of these may
be divided into two equal parts, and also the parts of these
parts, and again the parts of these, but the division does not
extend as far as to unity. Hence, because this number receives
more than one division, it resembles the evenly-even, and is
separated from the evenly-odd number. But because the sec-
tion does not proceed as far as to unity, it associates with the
evenly-odd, but is separated from the evenly-even number.

It happens however to this number, that it possesses that
which both the above-mentioned numbers have not, and ob-
tains that which both of them receive. And it as that indeed
which both do not possess; for in the evenly-odd number, the
major term alone is divided into two equal parts; but in the
evenly-even number on the contrary, the minor term alone is
deprived of this division. In the unevenly-even number how-
ever, neither the major term alone admits of this section, nor
the minor alone is deprived of such a division; for the parts
also are divided, and the section does not arrive as far as to
unity, but prior to unity a term is found which cannot be di-
vided. It also obtains what both the others receive; for some
of its parts are of the same quantity and denomination, accord-
ing to a similitude of the evenly-even number; but other parts
of it receive a denomination contrary to their proper quantity
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agreeably to the form of the evenly-odd number. Thus in the
number 24, the quantity of the part is even, being denominat-
ed from the even number. For the fourth part of it is 6, the
second part is 12, the sixth part is 4, and the twelfth part is 2,
which appellations of parts are not discordant from parity of
quantity. The parts however 8, 3, and 1 do not correspond in
denomination to the quantities; for 8 is the third part, 3 is the
eighth part, and 1 is the twentyfourth part. Hence in this in-
stance, when the denominations are even, the quantities are
found to be odd, and when the quantities are even, the denom-
inations are odd.

But these numbers are produced in such a way as to desig-
nate their essence and nature even in their very generation;
for they are the progeny of the evenly-even, and the evenly-
odd numbers. For the evenly-odd are produced, as we have
shown from the series of odd numbers; but the evenly-even
from the duple progression. Let all the numbers therefore,
that are naturally odd, be disposed in order, and under these

all the numbers in a duple progression beginning from 4 as
follows:

35 7 9 11 13 15 17 19 etc
4 8 16 32 64 128 256 512 1024 etc.

If therefore the first number in one series, is multiplied by
the first in the other, viz. if 3 is multiplied by 4, or if the same
first 1s multiplied by the second number in the second series,
i.e. if 3 is multiplied by 8, or the first by the third, i.e. 3 by 16,
and so on as far as to the last term; or if the second term in
the first series is multiplied by the first, or second or third, or
in short, by any term in the second series; or the third term in
the first series, by any term in the second, and so of the fourth,
fifth etc. terms in the first series, all the numbers thus pro-
duced will be unevenly-even. Thus 3X4=12, 5%4=20,
7% 4=28, and so on. Again, 3X8=24, 5X8=40, 7XX8=56.
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And after this manner, if all the numbers in the duple series
are multiplied by those in the upper series, the products will
be found to be unevenly-even numbers.

This also is admirable in this species of numbers, that if the
disposition and description of them according to breadth is re-
garded, the property of the evenly-odd numbers will present
itself to the view, but the property of the evenly-even, if the
disposition of them is regarded according to length. For ac-
cording to breadth, the two extremes are equal to the two
media, or if there is but one medium, the double of it is equal
to the extremes. But according to length, the property of the
evenly-even number will be discovered; for here the product
of the extremes is equal to that of the two media, or if there is
but one medium the square of it is equal to the product of the
extremes. The description of them however, according to
length and breadth, is as follows; The products arising from
the multiplication of evenly-even numbers in an orderly series
by 3, are to be placed in the first row. Again, the products
arising from the multiplication of the same evenly-even num-
bers by 5, are to be placed in the second row. Those arising

from the multiplication by 7, are to be placed in the third row,
and so of the rest.

3 5 7 9 etc. Odd numbers.
4 8 16 32 etc. Evenly-even numbers.
Length.
12 24 48 96
20 40 80 160
Breadth, Breadth,
28 56 112 224
36 72 144 288
Length.

Here in the breadth, if three terms are taken, as for instance
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12, 20, and 28, the sum of the extremes is double the middle
term; for 12-+428—40. Thus also 204-36==56 equal twice 28.
But where there are two media, the sum of the extremes will
be equal to the sum of the means. Thus 12+ 36—=48—20-28.
Thus also 24+72—=96—40-56; and so of the other parts of
the breadth. This however takes place according to the form
of the evenly-odd number, in which, as we have before ob-
served, this property is found. Again, if we direct our atten-
tion to the length, where two terms have one medium, the
product of the extremes is equal to the square of the medium
or middle term; for 12X48=576—=24<24. Again, 24X 9%6—
2304—48 % 48. But where two terms include two media, the
product of the extremes will be found to be equal to the pro-
duct of the means. Thus 12)X96—=1152—=2448. And this
is according to an imitation of and alliance with the evenly-
even number, from the participation of which these numbers
acquire this property. The same thing also takes place in the
other rows of the length. Hence it is manifest that this num-
ber is produced from the two former numbers, because it in-
variably retains their properties.

CHAPTER VIIL
On the odd number, and its division.

THE odd number also is that which is separated from the
nature and essence of the even number; since the latter can be
divided into two equal parts, but the former is prevented from
this equality of division by the intervention of unity. In a simi-
lar manner also it has three subdivisions; one of these, being
the number which is called first and incomposite; another,
that which is second and incomposite; and the third, that
which subsists as a medium between these, and naturally de-
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rives something from both through its alliance to each; which
is of itself indeed second and composite, but with reference to
others is found to be first and incomposite.

CHAPTER IX.

On the first and incomposite number.

Anp the first and incomposite number indeed, is that which
has no other part except that which is denominated from the
whole quantity of the number; so that the part itself is no
other than unity. And such are the numbers 3.5.7.11.13.17.
19.23.29.31. In each of these numbers therefore, no other
part can be found except that which is denominated from
them, and this, as we have before observed, is unity alone. For
in 3 there is only one part, i.e. a third, which is denominated
from 3, and this third part is unity. After the same manner in
5 there is only one part which is a fifth, and this is unity. And
the same consequence will be found to take place in the rest.
This number however, is called first and incomposite, because
no other number measures it than unity, which is the mother
of all number. And this is owing to its not being composed
from any other numbers, and to its being generated from uni-
ties alone multiplied into themselves.* For thrice one is three,
five times one is five, seven times one is seven, and so of the

rest. But these being multiplied into themselves produce other
numbers like themselves. Being allotted also a primary es-

sence, they will be found to be as it were certain elements of
all the numbers generated from them; because they are in-
composite, and formed by a simple generation; and all the

* viz. From unities when added together forming a number, and this number
being multiplied by unity.
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numbers proceeding from them are resolved into them, but
they are neither produced from others, nor resolved into other
numbers.

CHAPTER X.

On the second and composite number.

THE second and composite number, is indeed itself odd,
because it is formed by the same property of the odd number,
but it retains in itself no principal essence; is composed from
other numbers; and has parts which are denominated both
from itself and a foreign word; but the part alone which is de-
nominated from itself, will always in these numbers be found
to be unity. The parts however, which are denominated from
a foreign word, are sometimes many, and sometimes only one.
Of this kind are the numbers 9.15.21.25.27.33.39. Each
of these therefore has parts denominated from itself, viz. its
proper unities. Thus 9 has a ninth part which is 1; 15 has a
fifteenth part, which is also 1; and the like takes place in the
rest. But they have also a part denominated from a foreign
word. Thus 9 has a third part which is 3; and 15 has a third
part which is 5, and also a fifth part, 3. Thus too, 21 has a
third part, i.c. 7, and a seventh part which is 3; and there is
the same consequence in all the rest. This number however,
is called second, because it is not only measured by unity, but
also by another number, by the conjunction of which it is
formed. Nor does it contain anything in itself of a principal
nature; for it is generated from other numbers; 9 indeed from
3; 15 from 3 and 5; 21 from 3 and 7; and the rest after the
same manner. But it is called composite, because it may be
resolved into those numbers from which it is said to be com-
posed, viz. into those which measure a composite number.
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Nothing however which can be dissolved is incomposite, but is
by every necessity a composite.

CHAPTER XI.

On that number which is of itself second and composite, but
with reference to another first and incomposite.

THeseE numbers therefore, i.e. the first and incomposite and
the second and composite being separated from each other by
a natural diversity, another number presents itself to the view
in the middle of these, which is indeed itself composite and
second, receives the measure of another, and is therefore capa-
ble of a part with a foreign appellation, but when it is compar-
ed with another number of the same kind, is conjoined with it
by no common measure; nor will these numbers have equivo-
cal parts. Numbers of this description, are such as 9 and 25;
for these have no common measure, except unity, which is the
common measure of all numbers. They likewise have no equi-
vocal parts. For that which in 9 is the third part is not in 25,
and that which in 25 is the fifth part is not in 9. Hence both
these numbers are naturally second and composite, but when
compared with each other, they are rendered first and incom-
posite, because each has no other measure than unity, which is
denominated from each; for in 9 it is the ninth, and in 25, the
twenty-fifth part.

CHAPTER XII.

On the generation of the first and incomposite, of the second
and composite numbers, and of that number which is of itself
second and composite, but with reference to another first and
tncomposite.
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THE generation however and origin of these numbers is ob-
tained by the following method, which Eratosthenes denomi-
nates a sieve; because all the odd numbers being placed in the
middle by the art which we shall shortly unfold, those num-
bers which are of the first, or second, or third kind are distin-
guished. For let all the odd numbers in an orderly series be
disposed from 3, to any extent whatever, viz. 3. 5. 7. 9. 11. 13.
15. 17.19. 21. 23. 25. 27. 29. 31. 33. 35. 37. 39. 41. 43. 45. 47. 49.
These therefore, being thus disposed, it must be considered
what is the first number of the series which 3 will measure.
And it will be found, that two numbers being omitted, it will
measure that number which immediately follows them, viz. it
will measure 9. If also after 9 two others are omitted, it will
measure the following number 15. Again, if beginning from
15 two numbers are omitted, it will measure the following
number 21. And thus it will be found ad infinitum, that the
first number 3, by omitting two numbers will measure all the
following numbers posterior to itself, according to the quan-
tity of the orderly series of odd numbers. But in order to find
the numbers of which 5 the second odd number is the meas-
ure, four terms must be omitted, and the number that imme-
diately follows will be measured by 5. Thus by omitting the
four odd numbers 7. 9. 11. 13, the next term will be 15, which
5 measures according to the quantity of the first odd number
3; for the fifth part of 15 is 3. But if after this, the four fol-
lowing numbers are omitted, viz. 17. 19. 21. 23. the number

five will measure by its plurality the next number 25. And if
after this four numbers are omitted, the same constancy of or-

der being preserved, 5 will measure 35 which is the next fol-
lowing number. And this is the infinite procession.

If again, it is inquired what the third number is which may
be measured, six terms must be omitted, and that which is the
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seventh term in order is to be measured by the quantity of the
first number i.e. by three. And after this six other terms being
omitted, the number which immediately occurs will be meas-
ured by the third number, and will have for its quotient the
second number. Thus after 7, omitting six numbers, the num-
ber 21 which immediately occurs will be mieasured by 3; and
after 21, six numbers being omitted, the next number 35 will
be measured by 7 five times. But if again other six terms are
omitted, the number which next occurs viz. 49, will be meas-
ured by the same 7 seven times, which is the quantity of the
third term. And this established order will proceed to the
most extended number of terms. Hence, they will receive a
vicissitude of measuring; just as they are naturally constituted
odd numbers in an orderly series. But they will be measured
by the intermission of terms according to an even number,
beginning from an intermission of two terms. Thus the first
odd number will measure the odd numbers that follow after
an omission of two terms; the second, those that follow after
an omission of four terms; the third, when 6, the fourth, when
8§, and the fifth when 10 terms are omitted, will measure the
numbers that follow in an orderly series. And so of the rest
ad infinitum. This will also be effected if the terms double
their places, and numbers are omitted conformably to the du-
plication. Thus 3 is the first term and one, for every first is
one. If therefore this multiplies its own place twice, it will
produce twice one. And since twice one is two, two terms
must be omitted. Again, if the second term which is 5 doubles
its place, it will produce 4, and four terms must be omitted. If
7 likewise, which is the third term, doubles its place, it will
produce 6; and therefore six terms are to be omitted in an or-
derly series. The fourth term also, if it doubles its place, will
produce 8, and 8 terms must be omitted. And the like will
be found to take place in all the other terms. The series how-
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ever will give the mode of measuring according to the order
of collocation. For the first term numbers according to the
first, 1.e. according to itself, the first term which it numerates;
but it numbers the second, which it numerates, by the second,
the third, by the third; and the fourth by the fourth. When
the second however begins to measure, it measures the first
which it numerates according to the first; but it measures the
second which it numerates by itself, i.e. by the second term;
and the third by the third; and so of the rest. Thus 3 meas-
ures 9 by 3; 15 by 5; 21 by 7; 27 by 9, and so on. But 5 meas-
ures 15 by 3; 25 by 5; 35 by 7; 45 by 9, and so of the rest. If
therefore we direct our attention to the other terms, either
those that measure others, or that are themselves measured by
others, we shall find that there cannot be at one and the same
time a common measure of all of them, nor that all of them
at the same time measure any other number; but it will appear
that some of them may be measured by another number, so as
only to be numbered by one term; others, so as to be number-
ed by many terms; and some, so as to have no other measure
than unity. Hence, those that receive no measure besides uni-
ty, are said to be first and incomposite numbers; but those that
receive a certain measure besides unity, or are allotted the ap-
pellation of a foreign part, these are said to be second and com-
posite numbers.

The third species however, which is of itself second and
composite, but when one number is compared to the other is
first and incomposite, is obtained by the following method:
The squares of the first and incomposite numbers, when com-
pared to each other will be found to have no common meas-
ure. Thus the square of 3 is 9, and the square of 5 is 25.
These therefore have no common measure. Again, the square
of 5 is 25, and of 7 is 49: and these compared to each other
will be found to be incommensurable. For there is no com-
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mon measure of these except unity which is the generator and
mother of all these.

CHAPTER XIII
On the method of discovering the commensurability, or incom-
mensurability of these numbers.

THE art however of discovering whether such numbers are
commensurable by some number besides unity, or whether
cach of them is measured by unity alone, is as follows: Two
unequal numbers being given, it will be requisite to take the
less from the greater, and if that which remains is still greater
to take from it again the less, but if it is less to take it from
the remaining greater number. And this must be done till uni-
ty at last prevents any farther subtraction, or till some odd
number necessarily effects this, if both the proposed numbers
are odd; and this number which remains will be the common
measure of both. Thus for instance, let there be two numbers
9 and 29, of which it is proposed to investigate the common
measure. From the greater let the less be taken, and there will
remain 20. From this therefore let the less be again taken, and
11 will remain. From this again take 9, and 2 will remain. Let
2 then be taken from 9, and 7 will remain. From 7 let 2 be
taken, and there will remain 5. Again, from 5 let 2 be taken,
and 3 will remain. And farther still, if 2 be taken from 3,
there will remain 1. And in the last place, if 1 be taken from
2, the subtraction will terminate in unity, which will alone be
the measure of the two numbers 9 and 29. These numbers
therefore, are called with reference to each other prime num-
bers.

Let it, however, be proposed to investigate the common
measure of two other numbers 21 and 9, that it may be ascer-
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Eratosthenes appears, very properly, to have called the above invention a sieve; for in it the composite are separated from the incomposite numbers, just as in a
sieve, the pure is separated from the impure, and that which is subtile from that which is dense and gross.
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tained of what kind they are when compared with each other.
Again therefore, from the greater number 21 let the less num-
ber 9 be taken, and 12 will remain. From 12 let 9 be taken,
and there will remain 3. But if 3 be taken from 9, 6 will re-
main; from which if 3 be taken, 3 will be the remainder. And
from this 3 cannot be taken so as to leave any remainder.
Hence these numbers are commensurable, and 3 is their com-
mon measure.

CHAPTER XIV.

Another division of the even number according to the perfect,
deficient, and superperfect, or superabundant.

AcalN, of even numbers a second division is as follows. Of
these, some are superperfect, and others are deficient, accord-
ing to each habitude of inequality. For all inequality is con-
sidered either in greater or less terms. But the superperfect
numbers are such as by an immoderate plenitude, exceed, as
it were, by the numerosity of their parts, the measure of their
proper body. On the contrary, the deficient numbers being as
it were, oppressed by poverty, are less than the sum of their
parts. And the superperfect numbers indeed, are such as 12
and 24; for these will be found to be more than the aggregate
of their parts. For the half of 12 is 6; the third part is 4; the
fourth part is 3; the sixth part is 2; and the twelfth part is 1.

And the aggregate of all these parts is 16, which surpasses the
multitude of its whole body. Again, of the number 24, the

half is 12; the third 8; the fourth 6; the sixth 4; the eighth 3;
the twelfth 2; and the twenty-fourth 1; the aggregate of all
which 1s 36. And it is evident in this instance also, that the
sum of the parts is greater than, and overflows as it were, its
proper body. And this number indeed, because the parts sur-
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pass the sum of the whole number, is called superabundant.
On the contrary, that number is called deficient, the parts of
which are surpassed by the multitude of the whole; and such
are the numbers 8 and 14. For the half of 8 is 4; the fourth
is 2; and the eighth is 1; the aggregate of all which is 7; a sum
less than the whole number. Again, the half of 14 is 7; the
seventh is 2; and the fourteenth is 1; the aggregate of which
is 10; a sum less than the whole term. Such therefore are these
numbers, the former of which in consequence of being sur-
passed by its parts, resembles one born with a multitude of
hands in a manner different from the common order of na-
ture, such as the hundred-handed giant Briareus, or one whose
body is formed from the junction of three bodies, such as the
triple Gerion, or any other production of nature which has
been deemed monstrous by the multiplication of its parts. But
the latter of these numbers resembles one who is born with a
deficiency of some necessary part, as the one-eyed Cyclops,
or with the want of some other member.

Between these however, as between things equally immode-
rate, the number which is called perfect is alloted the tempera-
ment of a middle limit, and is in this respect the emulator of
virtue; for it is neither extended by a superfluous progression,
nor remitted by a contracted diminution; but obtaining the
limit of a medium, and being equal to its parts, it is neither
overflowing through abundance, nor deficient through pover-
ty. Of this kind are the numbers 6 and 28. For the half of 6
is 3; the third is 2; and the sixth is 1, which if reduced into one
sum, the whole body of the number will be found to be equal
to its parts. Again, the half of 28 is 14; the seventh is 4; the
fourth is 7; the fourteenth is 2; and the twenty-eighth is 1; the
aggregate of which is 28.

Nor must we omit to observe, that all the multiples of a
perfect number are superabundant, but on the contrary all the
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submultiples deficient. Thus, for instance, 3 the subduple of
6 is a deficient, but 12 the double of 6 is superabundant. Thus
also 2 which is subtriple of 6 is a deficient, but 18 which is
the triple of it is a superabundant number. And the like will
take place in other multiples, and submultiples. Hence also it
is evident that a perfect number is a geometric medium be-
tween the superabundant and the deficient number. Thus in
the three numbers 3. 6. 12, 6 is the geometrical mean between
3 and 12; for as 3 is to 6, so is 6 to 12. Thus, too, 28 is the geo-
metric mean between 14 and 56, the former of which is a de-
ficient, and the latter a superabundant number.

Perfect numbers therefore, are beautiful images of the vir-
tues which are certain media between excess and defect, and
are not summits, as by some of the ancients they were sup-
posed to be. And evil indeed is opposed to evil, but both are
opposed to one good. Good however, is never opposed to
good, but to two evils at one and the same time. Thus timid-
ity is opposed to audacity, to both which the want of true
courage is common; but both timidity and audacity are op-
posed to fortitude. Craft also is opposed to fatuity, to both
which the want of intellect is common; and both these are op-
posed to prudence. Thus too profusion is opposed to avarice,
to both which illiberality is common; and both these are op
posed to liberality. And in a similar manner in the other vir-
tues; by all which it is evident that perfect numbers have a
great similitude to the virtues. But they also resemble the vir-
tues on another account; for they are rarely found, as being
few, and they are generated in a very constant order. On the
contrary, an infinite multitude of superabundant and dimin-
ished numbers may be found, nor are they disposed in any
orderly series, nor generated from any certain end; and hence
they have a great similitude to the vices, which are numerous,
inordinate, and indefinite.
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CHAPTER XV.

On the gencration of the perfect number, and its similitude to
virtue.

ON account of the paucity, therefore, of perfect numbers,
there is only one between 1 and 10, viz. 6; one only between
10 and 100, viz. 28; between 100 and 1,000 only one, 496;
and between 1,000 and 10,000 the only perfect number is
8,128. These numbers likewise, are always terminated by the
two even numbers 6 and 8;* as is evident in those already ad-

duced.

But the generation of them is fixed and firm, and can only
be effected in one way. For evenly-even numbers being dis-
posed in an orderly series from unity, the first must be added
to the second, and if a first and incomposite number is pro-
duced by that addition, this number must be multiplied by the
second of the evenly-even numbers, and the product will be a
perfect number. If, however, a first and incomposite number
is not produced by the addition, but a composite and second
number, this must be passed by, and the number which fol-
lows must be added. And if this aggregate is not found to be
a first and incomposite number, another must be added, and
this must be done till a first number is found. When therefore
this is found, it must be multiplied into the last of the added

evenly-even numbers, and the product will be a perfect num-
ber. Thus for instance, in the evenly-even series of numbers

1. 2. 4. 8. 16. 32. 64. 128, if 1 is added to 2 the sum is 3, and
because 3 is a first and incomposite number, this multiplied
by 2 will produce the perfect number 6. But 28 the next per-

* Boetius asserts, that perfect numbers always alternately end in 6 and 8; but
this is only true of the four first, and not of the rest.
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fect number is produced as follows: from the addition of 1, 2
and 4 arises 7, which is a first and incomposite number, and
this being multiplied by 4 the last of the evenly-even numbers,
the perfect number 28 is produced. Since therefore these two
perfect numbers 6 and 28 are found, others must be investi-
gated after the same manner. Thus, in order to find the next
perfect number, add 1, 2, 4, and 8 together; but the sum of
these is 15. This however is a second and composite number;
for it has a third and a fifth part, besides a fifteenth part, uni-
ty, which is denominated from itself. This therefore must be
passed by, and the next evenly-even number, viz. 16, must be
added to it, and the sum will be 31, which is a first and incom-
posite number. Let this then be multiplied by 16 the last of
the evenly-even numbers, and the product will be 496 the next
perfect number after 28. The monad therefore is in power
though not in energy itself a perfect number. For if it is first
assumed in the order of numbers, it will be found to be pri-
mary and incomposite, and if multiplied by itself, the same
unity is produced. But this is equal to its parts in power alone.
Hence the monad is perfect by its own proper virtue, is first
and incomposite, and preserves itself unchanged when mul-
tiplied by itself.

The way however in which perfect numbers are generated,
will immediately become manifest by the following table.

Evenly-evennumbers 1 2 4 8 16 32 64 128 256 S12 1024 2048 4096
R
icion of thewt 3 7 15 31 68 127 255 SI1 1023 2047 4095 8191
evenly-even
numbers
Perfectnumbers . . . 1 6 28 ® 496 * 8128 * . . . * 33550336

The asterisks in this table signify that the odd numbers
above them produced by the addition of the evenly-even num-
bers, are composite, and therefore unfit to form perfect num-
bers.
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CHAPTER XVL

On relative quantity, and the species of greater and less in-
equality.

THe first division of relative quantity is twofold: for what-
ever is measured by comparison with another quantity, is ei-
ther equal or unequal. And that indeed is equal which when
compared to something else is neither less nor greater. This
part however, of relative quantity, viz. equality, is naturally
indivisible: for it cannot be said that one portion of equality
is different from another. For all equality in its proper meas-
urement preserves one measure. The quantity too which is
compared, has not an appellation different from that to which
it is compared. For as a friend is the friend of a friend, and a
neighbour is the neighbour of a neighbour, so the equal is
said to be equal to the equal. But of unequal quantity there is
a twofold division: for that which is unequal mav be cut
into the greater and the less, which have a denomination con-
trary to each other. For the greater is greater than the less,
and the less is less than the greater. Hence both have not the
same appellations as was observed to be the case with equal
quantity, but they are distinguished by different names, in the
same manner as those of teacher and learner, or of any other
relatives which are compared to contraries that are differently
denominated.

Of greater inequality however, there are five parts. For one
part is that which is called multiple; another is superparticu-

lar; a third superpartient; a fourth multiple-superparticular;
and a fifth multiple-superpartient. To these five parts, there-
fore, of greater inequality, other five parts of less inequality
are opposed, just as the greater is always opposed to the less.
These species also of less inequality have the same appellations
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as those of greater inequality, with the addition of the pre-
position su#b. For they are denominated submultiple, subsuper-
particular, subsuperpartient, multiple-subsuperparticular, and
multiple-subsuperpartient.

CHAPTER XVIIL
On multiple inequality, its species, and the generation of them.

Acain, the multiple is the first part of greater inequality,
being more ancient than all the others, and naturally more ex-
cellent, as we shall shortly demonstrate. This number how-
ever is such, that when compared with another, it contains the
number with which it is compared more than once.

This multiple inequality also is first seen in the natural ser-
ies of number. For all the numbers that follow unity have the
relation of multiples to it. Thus 2 with relation to unity is
duple; 3 is triple; 4 quadruple; and thus proceeding in order,
all multiple quantities are produced.

The inequality however, which is contra-distinguished to
this, is called submultiple, and this also is the first species of
less quantity. But this number is such that when compared
with another, it measures the sum of the greater number more
than once. If therefore, the less number measures the greater
only twice, it is called subduple: but if three times, subtriple:
if four times, subquadruple; and so on ad infinitum. And
they are always denominated with the addition of the pre-
position sub.

Since, however, multiplicity and submultiplicity are na-
turally infinite, the proper generations of the species also ad-
mit of infinite speculation. For if numbers are arranged in a
natural series, and the several even numbers are selected in a
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consequent order, these even numbers will be double of all
the even and odd numbers from unity, that follow each
other, and this ad infinitum. For let this natural series of
numbers be given, viz. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13,
14. 15. 16. 17. 18. 19. 20. If therefore, in this series, the first
even number is assumed, ie. 2, it will be the double of the
first, ie. of unity. But if the following even number 4 is
assumed, it will be the double of the second, ie. of 2. If the
third even number 6 is assumed, it will be the double of the
third number in the natural series, i.e. of 3. But if the fourth
even number is assumed, ie. 8, it will be the double of the
fourth number 4. And the same thing will take place with-
out any impediment in the rest of the series ad infinitum.

Triple numbers also are produced, if in the same natural
series two terms are always omitted, and those posterior to the
two are compared to the natural number, 3 being excepted,
which as it is triple of unity passes over 2 alone. After 1 and
2 therefore, 3 follows which is triple of 1. Again, 6 is imme-
diately after 4 and 5, and is tripie of the second number 2. The
number 9 follows 7 and 8, and is triple of the third number 3.
And the like will take place ad infinitum.

But the generation of quadruple numbers begins by the
omission of 3 terms. Thus after 1. 2. and 3, follows 4, which
is quadruple of the first term 1. Again, by omitting 5, 6, and
7, the number 8, which is the fourth following term, is quad-
ruple of the second term 2. And after 8, by omitting the thres
terms 9, 10, and 11, the following number 12, is quadruple of
the third term 3. This also must necessarily be the case in a
progression to infinity: and if the addition always increases
by the omission of one term, different multiple numbers will
present themselves to the view in admirable order. For by the
omission of four terms a quintuple multiple, of five a sextuple,
of six a septuple, of seven an octuple, and so on, will be pro-
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duced, the name of the multiple being always one more than
that of the terms which are omitted.

And all the double terms indeed are always even. But of
the triple terms, one is always found to be odd, and another
even. Again, the quadruple terms always preserve an even
quantity; and they are formed from the fourth number, one
of the prior even numbers being omitted in order; first the
even number 2; then 6 being omitted, 8 follows as the next
quadruple term; and after 8, the quadruple number 12 fol-
lows, the even number 10 being omitted. And so on in the
rest. But the quintuple resembles the triple multiple; for in
this the even and odd terms have an alternate arrangement.

CHAPTER XVIIL

On the superparticular number, its species, and the generation
of them, etc.

WHEN one number contains the whole of another in itself,
and some part of it besides, it is called superparticular. And
if the part of the less which it contains is the half, it is called
sesquialter; if the third part, sesquitertian; if the fourth, ses-
quiquartan; if the fifth, sesquiquintan. And the like names
being employed to infinity, the form of superparticular num-
bers will also proceed infinitely. And the greater numbers,
indeed, are thus denominated. But of the less, the wholes of
which are contained in the greater, and a certain part of them
besides; one is called subsesquialter; another subsesquitertian;
another subsesquiquartan; another subsesquiquintan; and so
on according to the rule and multitude of the greater num-
bers. The greater numbers also are called leaders, but the less
attendants.

Of superparticular numbers likewise, the multitude is in-
finite; because the progression of their species is boundless.
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For the sesquialter has for its leaders all the numbers that are
naturally* triple after 3; but for its attendants, all the num-
bers that are naturally even after 2. For let the series of nat-
ural, of triple, and of double numbers be described in three
rows as follows:

1 2 3 4 5 6 7 8 910
3 6 9 12 15 18 21 24 27 30
2 4 6 8 10 12 14 16 18 20

The first row therefore contains the series of natural numbers;
the second the triple; and the third, the double of them.
Hence, if 3 is compared to 2, or 6 to 4, or 9 to 6, or if all the
superior triple are opposed to all the inferior double numbers,
sesquialter ratio will be produced. For 3 contains in itself 2,
and 1 the half of two. Six also contains in itself 4, and 2 the

half of 4. And 9 contains in itself 6, and the half of 6 which
is 3. And in a similar manner in the rest.

It is likewise requisite to show the method of discovering
the sesquitertian, or second species of the superparticular num-
ber. And the definition indeed of this comparison is as fol-
lows: the sesquitertian is that which when compared to the
less number, contains it once, and a third part of it besides.
But these numbers are found, if all the terms in a continued
series from 4 being made quadruple, are compared with all
the numbers that are made triple from 3. And the leaders in
this case will be quadruple; but the attendants triple. For let
there be a series of numbers in a natural order, and under
these a quadruple, and under the quadruple a triple series.
Let the first triple therefore, be placed under the first quadru-
ple number; the second under the second; the third under the

* By numbers naturally triple, the triples of the natural series 1. 2. 3. 4. 5, &c.
must be understood. And in a similar manner numbers naturally duple, quadruple,
&c, are such as are duple, quadruple, &c. of that series.
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third; and let all the triples be arranged under all the quad-
ruples after the same manner, as follows:

1 2 3 4 5 6 7 8
4 8 12 16 20 24 28 32
3 6 912 15 18 21 24

Hence, if the first number is compared with the first, a sesqui-
tertian ratio will be formed. For 4 contains the whole of 3 in
itself, and a third part of 3 besides, i.e. 1. In a similar man-
ner 8 contains the whole of 6, and a third part of 2. And the
same consequence will take place in the rest ad infinitum. Tt
must also be observed, that 3, 6, 9, 12, etc. are attendants, and
4, 8, 12, 16, etc. leaders; and that the ratio of the former to
the latter is subsesquitertian, but of the latter to the former ses-
quitertian.

This also is admirable and most profound in the orders of
these numbers, that the first leader and the first attendant are
conjoined to each other without the intervention of any other
number. But between the seccond leader, and the second at-
tendant, one number intervenes. Between those in the third
rank, two numbers intervene. Between those in the fourth,
three. And the intervening numbers are always less by one
than the rank of the numbers themselves. But it is necessary
that this should take place in sesquialter, sesquitertian, or other
superparticular parts. ‘Thus when 4 is compared to 3, no
number intervenes; for 4 succeeds immediately to 3. But
when 8 is compared to 6, which forms the second sesquiter-
tian ratio, one number intervenes; for 7 comes between 6 and
8. Again, when 12 is compared to 9, which forms the third
sesquitertian ratio, two numbers intervene, viz. 10 and 11.
After the same manner, between those in the fourth order,
three numbers intervene; between those in the fifth, four num-
bers; and so on ad infinitum.
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CHAPTER XIX.

That the multiple is more ancient than the other species of in-
equality.

To demonstrate this, let there be first a series of numbers in
a natural order as far as to 10. In the second row let the duple
order be arranged. In the third row, the triple order. In the
fourth, the quadruple; and so on as far as to the decuple order.
For thus we shall know how the species of the multiple pre-
cedes the superparticular, superpartient, and all the other spe-
cies of inequality. We shall also at the same time perceive
other things, which are exquisitely subtile, most useful in a
scientific point of view, and which afford a most delightful
exercise to the mind.

This Table is called Pythagorean, from Pythagoras, who is said
to be the author of 1t.

Length.
2134|5167 |8]9]10
416 |8 (10|12|14|16| 18|20
619 |12|15|18(21 (24|27 30
8 [12§16 |20 |24 |28 |32 | 36|40
15120125(30(35]40|45|50
1211812413036 | 42|48 |54 | 60
1421|283 |42§49|56|63]|70
16 |24 | 32 |40 |48 |56 )64 | 72 | 80
18127136 |45 |54|63|72}81 ]9

30 (40|50 | 60| 70|80 | 90 J100
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4, and terminate in 20, are compared to these, the double, i.e.
the first species of multiplicity will be exhibited. Hence, the
first will surpass the first by unity alone, as 2 surpasses 1. The
second will exceed the second by 2, as 4 exceeds 2. The third
will exceed the third by 3, as 6 exceeds 3 by 3. The fourth
will surpass the fourth by 4, and in this way 8 surpasses 4.
And after a similar manner in the rest. But if the third angle
is considered, which begins from 9, and which extends both in
length and breadth as far as to the number 30, and if this is
compared with the first length and breadth, the triple species
of multiplicity will present itself to the view, so that the com-
parison will take place through the black angle. And these
numbers will surpass each other according to the natural pro-
gression of the even number. For the first number will surpass
the first by 2, as 3 surpasses 1. The second surpasses the second
by 4, as 6 surpasses 2. The third surpasses the third by 6, as 9
surpasses 3. And after the same mode of progression the rest
are increased. If again, the boundary of the fourth angle is
considered, which is distinguished by the quantity of the num-
ber 16, and which terminates its length and breadth in the
number 40, here also a similar comparison being made with
the preceding, will unfold the quadruple species of multipli-
city. Hence, the first will surpass the first by 3, as 4 surpasses
unity. The second will surpass the second by 6, as 8 surpasses
2. The third will exceed the third by 9, as 12 exceeds 3. And
after a similar manner in all the following numbers. If the
remaining angles likewise are considered, the same thing will
take place through all the species of multiplicity, as far as to
the decuple species.

If however, in this description, the superparticular species
are required, they may be found by the following method.
For if we direct our attention to the second angle, the begin-
ning of which is 4, and above which is 2, and if the row in
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which 4 is, is compared with the row immediately under it,
sesquialter ratio will be unfolded. Thus 3 to 2, or 6 to 4, or
9 to 6, or 12 to 8, is a sesquialter ratio. And in a similar man-
ner in the rest. Nevertheless, one number here exceeds another
by the same quantity as in the naturally double species. For
the first surpasses the first, i.e. 3 surpasses 2 by 1. The sec-
ond surpasses the second by 2. The third surpasses the third
by 3, and so on. But if the fourth order is compared to the
third, as 4 to 3, 8 to 6, 12 to 9, etc. in all these the sesquiter-
tian ratio will present itself to the view.

This too is divine in the table, that all the angular numbers
are squares. But a square number in short, is that which is
produced by the multiplication of a number into itself. Thus
in this table, one multiplied by itself is one, and this is in
power or capacity a square. Also, twice 2 is 4, thrice 3 is 9,
four times 4 is 16; and so of the rest. But the numbers which
are placed about the angular numbers, are longilateral. These,
however, are such as are produced by the multiplication of two
numbers that differ from each other by unity. Thus 2 and 6
are situated about 4; but 2 is produced by the multiplication
of 1 by 2, and 2 differs by 1 from 1. But 6 is produced by the
multiplication of 2 by 3; and these differ from each other by
unity. Again, 6 and 12 are situated about 9: and 12 is formed
from 3 multiplied by 4, and 6 from 2 by 3. All which are pro-
duced from sides that differ from each other by unity. And in
a similar manner in the other angular numbers, the numbers
which are situated about them will be found to be longilateral.

Again, from the aggregate of two longilateral numbers, and
twice the square which they surround, a square number will
be formed. Thus 246 added to twice 4 is equal to 16. Thus,
too, 6-+12 added to twice 9 is equal to 36. And so of the rest.

A square number also will be formed from the aggregate of
two proximate square numbers together with the double of the
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intermediate longilateral number. Thus in the following series,
1. 2. 4. 6.9. 12. 16. 20. 25. 30. 36. 42. 49.

in which between two proximate squares there is a longilateral
number, if 4 is added to 1 and to twice 2 the sum will be 9.
Thus, too, 4 added to 9, added to twice 6, is equal to 25. And
thus also, 9 added to 16, added to twice 12, is equal to 49. And
so of the rest. From this aggregation likewise, it is evident that
the squares thus formed are odd numbers; but those arising
from the former aggregation are even numbers. For 9, 25, 49,
etc. are odd, and 16, 36, 64, etc. are even numbers.

Moreover, of the monads or unities at the four corners of
the table, the first and the third are squares, viz. 1 and 100;
but the other corners have the two other monads 10 and 10.
Farther still, the product arising from the multiplication of the
two squares 1 and 100, is equal to that of the two other mo-
nads multiplied into each other, viz. is equal to 10X 10. These
squares too, cut the table into two equal triangles. They also
become, as it were, the diameter of the figure; and hence they
are called diametral.

CHAPTER XX.

On the third species of inequality, which is called superpart-
tent:—lIts species, and the generation of them.

ArTER the two first habitudes therefore, the multiple and
the superparticular, and those habitudes which are under
them, viz. the submultiple and the subsuperparticular, the third
species of inequality presents itself to the view, which we have
already denominated superpartient. But this takes place when
one number on being compared to another contains the whole
of it in itself, and certain parts of it besides, such as two, three,
or four parts, or any other that may arise from the comparison.
This habitude also begins from two third parts: for if one



42 THEORETIC ARITHMETIC

number besides containing the whole, contained two halves of
the other, the ratio would be duple instead of superpartient.
And if the greater, besides containing the whole, has only two
third parts of the less, the greater will surpass the less by odd
numbers. For if it contained the whole and two fourths of it,
the ratio would necessarily be superparticular; since two fourths
are the same as half, and the comparison will be sesquial-
ter. But if it contained two sixths, again the ratio is superpar-
ticular; for two sixths are the same as a third part. And this
in the comparison will produce the form of the sesquitertian
habitude. After these, the attendants arise which are called
subsuperpartient. These, however, are such as are contained in
another number, and two, three, four, or any other parts of
them besides. If, therefore, a number containing another num-
ber in itself, has also two parts of it, it is called superbipartient;
if three, supertripartient; if four, superquadripartient, and so
on ad infinitum.

But the order of them 1s natural, as often as all the even and
odd numbers naturally constituted, are disposed from 3; and
under these others are adapted, which are all odd numbers be-
ginning from 5. These, therefore, being thus disposed, if the
first is compared to the first, the second to the second, the
third to the third, and the rest to the rest, a superpartient
habitude will be produced; as is evident from the following
arrangement:

3 4 5 6 7 8 910
5 7 9 11 13 15 17 19

If, therefore, the comparison of 5 to 3 is considered, it will be
that superpartient which is called superbipartient; for 5 con-
tains in itself the whole of 3, and two parts of it besides, viz.
2. But if 7 is compared to 4, the ratio will be supertripartient;
for 7 contains in itself the whole of 4, and three parts of it be-
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sides. And in the following numbers, all the species of super-
partient ratio will be found in an orderly progression.

The manner however in which each of them is produced
ad infinitum, is as follows: If each of the terms that form the
superbipartient habitude is doubled, superbipartient ratio will
always be generated. Thus by doubling 3 and 5, 6 and 10 will
be produced, and these numbers will form a superbipartient
ratio. And if these again are doubled, the same order of ratio
will arise. By thus proceeding also ad infinitum, the states of
the former habitude will not be changed.

Again, in order to find supertripartient habitudes, the first
supertripartients 7 and 4 must be tripled, and numbers of this
kind will be generated. And if those that are produced from
these are also tripled, the same ratio will be formed.

Thus, too, in order to produce superquadripartient habitudes
ad infinitum, the first roots of them, i.e. 9 and 5, must be mul-
tiplied by 4, and the products of this multiplication must be
also quadruplicated, and the same ratio will present itself to
the view. The other species likewise will be generated by
causing the roots always to increase by one multiplication. But
the numbers in the above table are called roots, because all the
before-mentioned habitudes are derived from them. In the
superbipartient ratio also, because the greater contains the less,
and two thirds of the less, the habitude is called superbipar-
tient-tertian. Thus, too, the supertripartient ratio is denomi-

nated supertripartient-quartan, because the greater contains
the less, and three fourths of it besides. Thus again, the super-

quadripartient is denominated superquadripartient-quintan.
And after a similar manner in the rest. Hence the ratio which
is called superbipartient, may also be called superbitertian.
That which is denominated supertripartient, may also be call-
ed supertriquartan. And that which has the appellation of
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superquadripartient, may likewise be denominated superquad-
riquintan. And names maybe produced ad infinitum accord-
ing to the same similitude.

CHAPTER XXI.

On the multiple superparticular and superpartient ratio.

THEsE, therefore, are the simple and first species of relative
quantity. There are, however, two other species which are
composed from these as from certain principles. And these
are, the multiple superparticular, and multiple superpartient;
and the attendants of these the submultiple superparticular,
and the submultiple superpartient. For in these, as in the be-
fore-mentioned ratios, the less numbers and their species are
denominated with the addition of the preposition sxb. But the
definition of them is as follows: Multiple superparticular ratio
is produced, when one number being compared to another,
contains it more than once, and one part of it besides; viz. it
contains either the double, or triple, or quadruple, or some
other multiple of it, and a certain part of it besides, as the half,
third, fourth, or some other part. Hence this ratio consists
both of multiple and superparticular. The number, therefore,
which contains another number twice, and the half of it be-
sides, is called duple sesquialter. That which contains the
double and a third, is duple sesquitertian. But that which con-
tains the double and a fourth, is duple sesquiquartan, and so
on. If also, one number contains the whole of another thrice,
and its half, third, or fourth part, it is called triple sesquialter,
triple sesquitertian, triple sesquiquartan, and after the same
manner in the rest. And as often as it contains the whole of
the less number in itself, it is denominated by the species of
multiple number; but from the part of the compared number
which it contains, it will be denominated according to a super-
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particular comparison and habitude. Examples of these are
as follow: Duple sesquialter ratio is such as that of 5 to 2; for
5 contains 2 twice, and the half of it, which is 1. But duple
sesquitertian ratio, is such as that of 7 to 3. Duple sesquiquar-
tan ratio is such as that of 9 to 4. And duple sesquiquintan,
such as that of 11 to 5.

These ratios too will always be produced, if the numbers
which are naturally even and odd, being disposed in order
from 2, the odd numbers beginning from 5 are compared to
them; viz. if the first is compared to the first, the second to
the second, the third to the third, and so on, as in the follow-
ing table:

2 3 4 5 6 7 8 9 10 11 12
5 7 911 13 15 17 19 21 23 25

But if even numbers being disposed from 2 are compared to
those which, beginning from 5, surpass each other by 5, duple
sesquialter ratios will be produced, as will be evident from the
following diagram.

2 4 6 8 10 12
5 10 15 20 25 30

If the series begins from 3, and the numbers that follow sur-
pass each other by 3, and if those that begin from 7, and ex-
ceed each other by 7, are compared to them, duple sesquiter-
tian ratios will be formed, as below:

3 6 912 15 18 21
7 14 21 28 35 42 49

If also the quadruplicates of the natural numbers 1, 2, 3, 4,
etc. beginning from 4 are disposed in order, and numbers be-
ginning from 9, and surpassing each other by 9, are compared
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to them, duple sesquiquartan ratios will be produced, as is evi-
dent from the following diagram:

4 8 12 16 20 24
9 18 27 36 45 4

But the species of this number which is triple sesquialter, is
generated, if even numbers are disposed in order from 2, and a
series of numbers beginning from 7, and surpassing each other
by 7, are compared to them, as in the following diagram:

2 4 6 8 10 12 14
7 14 21 28 35 42 49

And if to the triples of the natural numbers beginning from
3, a series of numbers beginning from 10 and exceeding each
other by 10, are compared, the species which is triple sesqui-
tertian will be produced, as below:

3 6 91215 18 21
10 20 30 40 50 60 70

By directing our attention however, to the Pythagorean table
in chapter 19, we may perceive examples of all these species.
For all the rows after the first will produce when compared to
the first, all the species of multiple ratio. The numbers in the
third row when compared to those in the second, will exhibit
a species of superparticular ratio. Those in the fifth row com-
pared to those in the third, present to the view a species of
superpartient ratio. But multiple superparticular ratio will be
produced when those in the fifth row, or those in the 7th or
9th are compared to those in the second. And thus, if the
table is extended ad infinitum, infinite species of this ratio will
be produced. It is likewise manifest that the attendants of
these ratios are always expressed with the preposition sub; as
for instance, subduple sesquialter, subduple sesquitertian, sub-
duple sesquiquartan; and after the same manner in all the rest.
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Multiple superpartient ratio however is, when one number
on being compared to another, contains the whole of it more
than once, and two, three, or some other number of parts,
according to the species of the superpartient number. Here
too, from the cause before mentioned, there will not be two
halves, nor two fourths, nor two sixths; but there will be two
thirds, or two fifths, or two sevenths. Nor will it be difficult
according to the examples before adduced, to discover these
numbers also. These are denominated according to their pro-
per parts, duple superbipartient, or duple supertripartient, or
duple superquadripartient, and so on. And again, they are
called triple superbipartient, triple supertripartient, triple su-
perquadripartient, and the like. Thus 8, compared to 3, pro-
duces a duple superbipartient ratio. This is also the case with
16 compared to 6; and with all those numbers that beginning
from 8, and surpassing each other by 8, are compared to those
that begin from 3, and surpass each other by 3. It will likewise
be easy to find other parts of these numbers according to the
before mentioned mode. Here too, the less numbers are not
denominated without the preposition sub, as subduple super-
bipartient, subduple supertripartient. And after a similar man-
ner in the rest.

CHAPTER XXII

A demonstration that all ineqality proceeds from equality.

IT now remains for us to deliver a certain profound disci-
pline, which especially pertains to all the power of nature and
integrity of things. For it is highly advantageous in this sci-
ence, not to be ignorant that the nature of good is definite, but
that of evil indefinite. That the more indefinite the nature of
evil is, the worse it is; and that it is goodness alone, which by
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the impression of itself, defines and bounds that which is of it-
self indefinite. Hence in the human soul, there is a certain
vestige of divine goodness, which moderates the inequality of
its motions. This vestige is the rational power, by which we
restrain the inordinate tendencies of desire, and the efferves-
cence of anger, both which partake of the nature of inequality.
This however will be evident, if we demonstrate that all the
species of inequality originate from equality; so that obtain-
ing as it were, the power of a mother and a root, she pours
forth with primordial exuberance, all the species and orders of
inequality. Let there be three equal terms, therefore, i.e. three
unities, or three of the number 2, or of 3, or of 4, or of any
other number. For that which takes place in one three terms,
will happen in the rest. From the three rules therefore, that
will be given, it will be seen, that in the first place multiples
will be produced, first duple, then triple, then quadruple, and
so on. Again, if the multiples are converted, from these super-
particulars will arise. And from such as are duple indeed, the
sesquialter ; from such as are triple, the sesquitertian; from the
quadruple, the sesquiquartan; and the rest after the same man-
ner. But from the conversion of superparticulars, it is necessa-
ry, that superpartient ratios should be produced; so that the
superbipartient will originate from the sesquialter; the super-
tripartient from the sesquitertian; and the superquadripartient
from the sesquiquartan. From the former superparticulars
however, remaining in a direct position, and not being con-

verted, multiple superparticulars will arise; but multiple su-
perpartients will be preduced, from the position of the form-
er superpartients remaining unchanged.

The three rules however, are as follows: The first number
must be made equal to the first; but the second, to the first
and second; and the third, to the first, to twice the second,
and the third. When this is effected therefore, in equal terms,
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the numbers produced from these will be duple. And if the
same thing is done with these duples, triple numbers will be
generated. From the triple, quadruple numbers will arise.
And thus ad infinitum, all the multiple forms of number will
be unfolded. Let there be, therefore, three equal terms, viz.
1. 1. 1. Let the first therefore be placed equal to the first,
ie. to 1. But let the second be equal to the first and the
second, viz. to 2. And the third, to the first, to twice the
second, and to the third, viz. to 4. And the order of the terms
will be woven together in a duple ratio, as below.

1 1 1
1 2 4

Again, let the same thing be done with the duple numbers.
And let the first be equal to the first, viz. to 1. But let the
second be equal to the first and second, viz. to 1 and 2, which
make 3. And let the third be equal to the first, to twice the
second, and to the third, which together make 9; and this
form will be unfolded, viz.

1 2 4
1 3 9

viz. the terms produced will be in a triple ratio.

Farther still, if the same thing is done with the triple num-
bers, quadruple terms will be immediately produced. For let
the first be equal to the first, ie. to 1. Let the second be
equal to the first and second, i.e. to 4. And let the third be
equal to the first, to twice the second, and to the third, viz. to
16, as below:

1 3 9
1 4 16

And in the rest, these three rules must be used according to
this form.
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If, however, the multiples which are produced from the
equal terms are disposed in a converse order, and the same
rules are employed, sesquialter ratio will be generated from
the double terms; sesquitertian from the triple; sesquiquartan
from the quadruple, etc. For let there be three double terms
which are generated from equals, and let that which is the
last be placed as the first, viz.

4 2 1

Let the first therefore be made equal to the first, i.e. to 4. But
let the second be equal to the first and second, viz. to 6. And

let the third be equal to the first, to twice the second, and to
the third, viz. to 9.

4 2 1
4 6 9

And it is evident, that sesquialter ratio will be produced
from the double terms.

Again, let the former triple terms be disposed in a converse
order, viz. 9. 3. 1. Let the first therefore be equal to the first,
ie. to 9. But let the second be equal to the first and second,
ie. to 12. And the third to the first, to twice the second,
and the third, viz. to 16.

9 3 1
9 12 16

And thus the second species of the superparticular number,
ie. the sesquitertian is generated.

By the same process also with the quadruple numbers, the
sesquiquartan ratio will be immediately produced, as is evident
from the subject description:

16 4 1
16 20 25

And if the same thing is done with all the parts multiplied ad
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infinitum, the order of superparticularity will be appropriate-
ly discovered.

If, likewise, the superparticulars which were formed by con-
version, are themselves converted according to these rules, su-
perpartient ratios will be immediately produced. And from
the sesquialter indeed, the superbipartient, but from the sesqui-
tertian, the supertripartient ratio will be generated. The rest
also will be produced according to the common species of de-
nomination without any innovation of order. Let the super-
particulars, therefore, be disposed as follows:

9 6 4

Let the first therefore be equal to the first, ie. to 9. But the
second, to the first and second, i.e. to 15. And the third, to
the first, to twice the second, and to the third.

9 6 4
9 15 25

And superbipartient ratio will, as is evident, be produced.

But if after the same manner the sesquitertian ratio is
changed, the superpartient order will present itself to the view.
Let the converted sesquitertian terms therefore be:

16 12 9

Let the first therefore be equal to the first, i.e. to 16. But the
second to the first and second, i.e. to 28. And the third, to
the first, to twice the second, and to the third, i.e. to 49. And
the ratio, as is evident, will be supertripartient:

16 12 9
16 28 49

Again, by converting after the same manner the sesquiquar-
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tan, the superquadripartient ratio will immediately be gener-
ated, as is evident from the subject description:

25 20 16
25 45 81

It now remains therefore, to show how from superparticu-
lar and superpartient, multiple superparticular, and multiple
superpartient ratios are produced. Of these, however, we shall
only make two descriptions. For from the sesquialter in a di-
rect, and not in a converted position, duple superparticular
ratio will be generated. Let the direct sesquialter terms there-
fore be:

4 6 9

And then according to the former mode, let the first be equal
to the first, i.e. to 4. But let the second be equal to the first
and second, ie. to 10. And the third, to the first, to twice
the second, and to the third, i.e. to 25:

4 6 9
4 10 25

And duple sesquialter ratios will be produced.

But from the sesquitertian ratio, the terms not being trans-
posed, the duple sesquitertian will be produced, as is evident
from the subject description:

9 12 16
9 21 49

If, however, we direct our attention to superparticular ratios,
and dispose the terms of them according to the former rules,
we shall find multiple superpartients produced in an orderly
series. For by proceeding according to the rules in this formu-
la of the superpartient, viz. in 9. 15. 25. the duple superbipar-
tient ratios 9. 24. 64. will be generated. But from the super-
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tripartient ratios 16. 28. 49. the duple supertripartient will be
produced, viz. 16. 44. 121.

And thus multiple superparticulars, or multiple superpar-
tients arise from superparticular, or superpartient ratios. Hence
it is evident that equality is the principle of all inequalities;
since all unequals are generated from it.






BOOK TWO

CHAPTER L
How all snequality may be reduced to equality.

== N the former book we have shown how the whole
essence of inequality proceeds from equality as the
principle of its nature. From those things however

which are elements, all things are principally com-

posed, and by analysis are resolved into the same.

Thus because letters are the elements of speech, the conjunc-
tion of syllables proceeds from them, and are again terminated
in the same as in bounding extremes. Sound also obtains the
same power in music. And every one knows that four ele-
mentary bodies constitute the world. But an ultimate analy-
sis is again effected into these four elements. Hence, because
we see that all the species of inequality proceed from the
bounding nature of equality, it is requisite that inequality
should be again resolved by us into equality, as into a certain
clement of its proper genus. This, however, is again cffected
by a triple rule; and the art of analyzation is as follows: Three
terms being given, which are unequal indeed, but proportion-
ally constituted, viz. so that the middle may have the same
ratio to the first term, which the last term has to the middle,
in every ratio of inequality, either in multiple, or superparticu-

55
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lar, or superpartient ratios, or in those which are generated
from these, i.c. in multiple superparticulars, or multiple super-
partients;—three terms therefore being given with these con-
ditions, one and the same indubitable method must be ob-
served. For the first term must be placed as the first. The
second term must be that which remains from the subtraction
of the first from the middle term. But the third term must
be obtained by subtracting the first term from the third, and
also twice the second term that remained from the former sub-
traction; for then the remainder will be the third term. By
this process the proportion will be reduced; so that if the pro-
portion is quadruple, it will first be reduced to a triple, then
to a duple proportion, and last of all to equality. We shall
only demonstrate that this will be the case in multiple pro-
portion, as it will be easy to apply the same process to the
other species of inequality also.

Let there be three terms therefore quadruple of each other,
viz. 8. 32. 128. From the middle term, therefore, 32, let the
first term 8 be taken, and 24 will remain. Let 8 then be placed
as the first, and 24 as the second term. But from the third
term 128, take away the first term 8, and twice the remaining
second, i.e. twice 24, and 72 will remain. Hence, the three
terms will be 8. 24. 72; and the quadruple will be reduced to
a triple proportion.

Again, by the same process with these three terms, the triple
will be reduced to a duple proportion. For, let the first be
equal to the first, i.e. to 8. And from the second take away
the first, and 16 will remain. But from the third 72, take
away the first, i.e. 8, and twice the remaining second, i.e. 16,
and 32 will remain. So that the three terms will be 8. 16. 32;
and the habitude will be reduced to a duple proportion.

By the same process however with these terms, they will be
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reduced to equality. For let the first be equal to the first, i.e.
to 8. And from 16 subtract 8, and 8 will remain. But from
the third term 32, take away the first 8, and twice the remain-
ing second, i.c. twice 8, and 8 will remain. So that the three
terms will become by reduction, 8. 8. 8.

The other species of inequality also, will, by the same pro-
cess be brought to equality. Hence, it may be indubitably as-
serted, that as unity is the principle and element of quantity
that subsists by itself, so equality is the mother of relative

quantity.

CHAPTER IL

On discovering in each number, how many numbers of the
same ratio may precede—description of them and an exposi-
tion of the description.

In this affair however, there is a certain profound and admir-
able speculation, and as Nicomachus says, svvoioeatoy fcwprpz,
or, a theorem replete with intellectual conception, useful
for the purpose of understanding the Platonic generation of
the soul in the Timaeus, and the intervals of the harmonic
discipline. For in the Timaeus we are ordered to produce and
extend three or four sesquialter, or a certain number of sesqui-
tertian ratios, and sesquiquartan comparisons. But lest this,
which is always indeed attended with the greatest labour,
should frequently be done without advantage, it is now re-
quisite to investigate how many superparticulars every mul-
tiple has for its attendants. For all multiples will be the lead-
ers of as many proportions similar to themselves, as they them-
selves are distant from unity. But similar proportions are those
which are of the same ratio and denomination. The mean-
ing however, of multiples, being the leaders of proportions
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similar to themselves, is as follows: The multiplicity of the
duple, as we have before observed, always produces sesquialter
ratios; and the triple is the leader of sesquitertian; but the
quadruple of sesquiquartan ratios.

The first duple, therefore, will only have one sesquialter;
the second will have two; the third three; the fourth four;
and according to this order, there will be the same progression
ad infintium. Nor can it ever be possible, that the equable
location from unity, should either surpass or fall short of the
number of the proportions. The first duple, therefore, is the
binary number, i.e. 2, which receives one sesquialter alone, i.e.
3. For 2 when compared to 3, produces a sesquialter ratio.
The number 3, however, because it has not a half, cannot be
compared to any other number in a sesquialter ratio. But 4 is
the second double. This therefore is the leader of two sesqui-
alter numbers. For 6 compared to it is sesquialter; and to 6
because it has a half, 9 is sesquialter. Hence, there are two
sesquialters, to 4 indeed 6, but to 6, 9. But 9, because it
wants a half, is excluded from this comparison. The third
double is 8. This therefore is the leader of three sesquialters.
For the number 12 is compared to it in this ratio; but to 12
18; and again to 18, 27. But 27 wants a half. The same
thing will also necessarily happen in other numbers, as is evi-
dent in the following table:

1 2 4 8 16 32
3 6 12 24 48

9 18 36 72

27 54 105

81 162

243

For this always occurs by a certain divine, and no human
ordination, that the last sesquialter number is among sesqui-
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alters as much distant from its leader, as its leader is among
doubles from unity. Thus 9 is the second sesquialter from 4;
and 4 is the second double from 1. Thus too, 27 is the third
sesquialter from 8; and 8 is the third double from 1. And so
of the rest. This last sesquialter likewise, is always incapable
of being divided into two equal parts.

The same thing also takes place in triple numbers; for from
them sesquitertians are generated. Thus, because 3 is the first
triple number, it has one sesquitertian, i.e. 4; of which a third
part cannot be found, and therefore it is deprived of a sesqui-
tertian number. But the second triple number which is 9, has
for a sesquitertian number 12. And 12 because it has a third
part, has also a sesquitertian 16, which is excluded from a third
part. The number 27, however, because it is the third triple,
has for a sesquitertian 36; and this again is compared in the
same ratio to 48; and 48 has also for a sesquitertian, 64. But
64 has no sesquitertian, because it has no third part. And thus
it will be found in all triple numbers, that the last number of
the same ratio has, preceding it, as many numbers, as the first
of them is distant from unity; and that it is incapable of being
divided into three equal parts:

1 3 9 27 81 243
4 12 36 108 324

16 48 144 432
64 192 576

256 768
1024

The description of quadruple numbers is according to the
following scheme, which will be immediately obvious to those
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who understand what has been already delivered. And the
same thing will take place in all the other multiples.

1 4 16 64 256 1024
5 20 80 320 1280
25 100 400 1600

125 500 2000

625 2500

3125

Hence also it is evident, as was before shown, that multiples
precede all superparticulars, since they produce duple sesqui-
alters, triple sesquitertian, etc.; and all the multiples generate
all the superparticulars in an orderly series. This likewise is
admirable in these numbers, that where, as in the first scheme,
the first row consists of numbers that are double, those in the
second and following rows will also be double. But if those
in the first row are triple, as in the second scheme, those in the
following rows will also be triple. And if they are quadruple
in the first row, as in the third scheme, those in the other rows
will be quadruple; and so of the other multiples ad infinitum.
All the angular numbers likewise are necessarly multiples.
And of the double series indeed, the angular numbers will be
triple; but of the triple, quadruple; of the quadruple, quintu-
ple. And thus all things will accord with themselves, accord-
ing to one invariable order.

CHAPTER III.

The method of finding the superparticular intervals from
which the multiple interval is produced.

IF, therefore, the two first superparticular species are con-
joined, the first species of multiplicity arises. For every duple
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ratio is composed from the sesquialter and sesquitertian; and
all sesquialter and sesquitertian ratios from a duple ratio. For
3 is sesquialter of 2; but 4 is sesquitertian of 3; and 4 is the

double of 2.
2 3 4
J

u A

sesquialter. sesquitertian.

And thus the sesquialter and the sesquitertian compose one
duple ratio. In short, if there are two numbers, one of which
is the double of the other, between the two, one such medium
may be found, which is sesquialter to the one extreme, but
sesquitertian to the other. Thus if 4 is placed between 6 and
3, i.e. between a double and a half, when compared to 3, it
contains a sesquitertian, but to 6 a sesquialter ratio.

3 4 6

|

A J

sesquitertian.  sesquialter.

Rightly therefore, is it said that the duple ratio is conjoined
from the sesquialter and the sesquitertian, and that these two
species of superparticular ratio, generate the duple ratio, i..
the first species of the multiple.

Again, from the first species of the multiple, and from the
first superparticular, i.e. the sesquialter, the second species of

the multiple, i.e. the triple number is formed. For 12 is the
double of 6; but 18 is sesquialter to 12, and is the triple of 6.

6 12 18

(§ A J

double. sesquialter.

If also between the same numbers 6 and 18, 9 is placed as a
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medium, it will be sesquialter to 6, and subduple to 18; and 18
is triple of 6.

18

9
A J

-

sesquialter. double.

From the duple and sesquialter therefore, triple ratio arises;
and into them is again by analysis recalled. But if the triple
number, which is the second species of the multiple, is adapted
to the second species of the superparticular, i.e. to the sesqui-
tertian, the form of the quadruple will be immediately pro-
duced, and will be again dissolved by a natural separation into
the same parts, according to the mode which has been before
demonstrated.

9 12

AL J

W

triple. sesquitertian.

But from the quadruple and the sesquiquartan, the quin-
tuple ratio will immediately be formed.

4 16 20
y,

\ Al

quadruple. sesquiquartan.

And from the quintuple and the sesquiquintan, the sextuple
ratio will arise.

5 25 30

. A J

quintuple. sesquiquintan.

And thus, according to this progression, all the species of mul-
tiplicity, without any variation of established order, will be
produced.
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CHAPTER IV.

On the quantity subsisting by itself, which is considered in
geometrical figures, etc.

Anp thus much may suffice at present, respecting relative
quantity. In what follows, we shall discuss certain particulars
pertaining to that quantity which subsists by itself, and is not
referred to any thing else, which may be profitable to what we
shall afterwards again unfold about relative quantity. For the
speculation of mathesis loves in a certain respect to be convers-
ant with alternate demonstration. Our business however, at
present, is with the numbers which subsist in geometrical fig-
ures, and their spaces and dimensions, viz. with linear, triang-
ular, or square numbers, and with others which superficies
alone unfolds, as also with those that are formed by an unequal
composition of sides. We have likewise to discuss solid num-
bers, viz. such as are cubical, spherical, and pyramidal, and
such as have the form of tiles or beams, or wedges; all which
indeed, properly pertain to the geometric speculation. But as
the science of geometry is produced from arithmetic, as from
a certain root and mother, so likewise we find the seeds of its
figures in the first numbers.

Unity therefore, or the monad, which is in arithmetic what
a point is in geometry, is the principle of interval and length;
but itself is neither capacious of interval nor of length; just as
a point is the principle of a line and of interval, but is itself
neither interval nor line. For a point placed on a point, does
not produce any interval. Between things also that are equal
there is no interval. Thus, if three sixes are placed after this
manner, 6. 6. 6. as is the first to the second, so is the second
to the third; but between the first and second, or the second
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and third, nothing intervenes; for no intervals of space disjoin
6 and 6. Thus also unity multiplied into itself, generates
nothing but itself. For that which is without interval does
not possess the power of generating interval. But every num-
ber multiplied into itself, produces another number greater
than itself, because intervals when multiplied, distend them-
selves by a greater length of space. That, however, which is
without interval, has not the power of generating more than it
is itself. From this principle, therefore, i.c. from unity, the
first extension into length proceeds, and which unfolds itself
into all numbers from the duad; because the first interval is a
line; but two intervals are length and breadth, i.e. a super-
ficies; and three intervals, are length, breadth, and depth, i.c.
a solid. But besides these, no other intervals can be found; so
that the six species of motion subsist conformably to the na-
tures and number of the intervals. For one interval contains in
itself two motions. Thus in length there is before and behind;
in breadth, the right and the left; and in depth, upward and
downward. But it is necessary that every solid body should
have length, breadth, and depth; and that whatever contains
these three dimensions in itself, should be a solid. Since there-
fore, a line surpasses a point by one dimension, viz. by length,
but a superficies surpasses it by two dimensions, i.e. by length
and breadth, and a solid surpasses it by three dimensions, i.c.
by length, breadth, and depth, it is evident that a point itself is
without any corporeal magnitude, or dimension of interval; is
the principle of all intervals; and is naturally incapable of be-
ing divided. Hence a point is the principle of the first interval,
yet is not itself interval; and is the summit of a line, but is not
yet a line. Thus too a line is the principle of a superficies, but
is not itself a superficies; and is the summit of the second in-
terval, yet retains no vestige of the second interval. And thus
also a superficies is the principle of a solid, but is itself neither
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distended by a triple dimension, nor consolidated by any crass-
itude.

Thus also in numbers, unity indeed is not itself a linear num-
ber, yet it is the principle of number extended into length.
And linear number being itself void of all breadth, is the ori-
gin of number distended into breadth. Superficial number
likewise, is itself deprived of all solidity, yet being added to
depth is the summit of a numerical solid. This however we
shall render more manifest by examples. But linear number
begins from 2; and the series of such numbers is formed by
the continual addition of unity; as in the following example:

11, 111. 1111. 11111.

CHAPTER V.

On plane rectilinear figures—T hat the triangle is the principle
of them. And on the distribution of triangles, their sides, and
generation.

A rLaNE superficies however, is found in numbers to have
its beginning from 3, and with the addition of breadth the an-
gles are dilated in the multitude of numbers that follow each
other in a natural order. Hence the first plane superficies in
numbers is a triangle; the second is a square; the third, a pen-
tagon; the fourth, a hexagon; the fifth, a heptagon; the sixth,
an octagon; and the rest after the same manner increase their
angles, in the plane description of figures, according to the
order of the natural numbers.

But these begin from the number 3, because the ternary alone
is the principle of breadth and superficies. The same thing
also, i1s more evidently found to take place in geometry. For
two right lines do not contain space. And in every multangu-
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lar figure, whether it be square, pentagon, or hexagon, etc.
lines drawn from the middle of it through the several angles,
will divide it into as many triangles, as the figure has angles;
as is evident in the following diagrams:

X &

If the triangular figure however, is divided after this manner,
it will not be resolved into any other than itself; for it will
be divided into three triangles, as is evident from the follow-
ing diagram:

Hence this figure is the principle of breadth, so that all other
superficies are resolved into this; but because it is not itself
derived from other principles, and does not assume its begin-
ning from any other breadth, it is resolved into itself. But that
the same thing takes place also in numbers, will be shown in
the course of this treatise.

The first of all triangular numbers therefore, is that which
is formed from unity. But this is first in capacity or power,
and not in energy. For if it is the mother of all numbers,
whatever is found in those numbers that proceed from it,
must necessarily be contained in it by a certain natural power.
The first triangular number however in energy is 3; and this
has for its side the binary, or as it is called by the Greeks, the
duad. But the second triangle in energy is 6; and this has for
its side the ternary. The third triangle is 10, the side of which
is 4. The fourth is 15; and the side of it is 5; and so on ad in-
finitum, as in the following diagrams:
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These triangular numbers are generated from the addition
of the natural series of numbers; viz. from the addition of the
series 1. 2. 3.4.5. 6. 7. 8. 9, etc. If unity therefore is assumed,
it will be the first triangle in capacity. 14+2—=3 will be the
second triangle in order, but the first in energy. 14-2-+43=6
will be the third triangle. 1+4+2+43-+4=—10 will be the fourth,
and so of the rest. As many units likewise, as there are in the
last number which is added to the rest, so many will the tri-
angle which is produced contain in its side. Thus 3 which is
the first triangle in energy, is generated by adding 2 to 1; and
therefore it has two units in its side. Thus too, 6 is produced
by the addition of 3 as the last number; and it has three units in
its side. And the like will be found to take place in the rest.

This also deserves to be remarked, that in a continued series
of triangular numbers, two even and two odd numbers alter-
nately present themselves to the view. For 1 and 3 which are
the two first triangles, are odd; but 6 and 10, the two follow-
ing triangles, are even. Again, 15 and 21 are odd; but 28 and
36 are even; and so of the rest.

If there be a series likewise of triangular numbers, omitting
unity, and a series of numbers in a natural order, the several
triangles separately taken will correspond in proportion to the
numbers of the natural order continually assumed. So that the
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first and second of the one, will correspond to the first and
second of the other; but the third and fourth of the one, to the
second and third of the other; and the fifth and sixth of the
one, to the third and fourth of the other; and so on. Thus let
there be a series of numbers in the natural order, viz. 1. 2. 3.
4.5.6.7.8.9. And under it a series of triangles, viz. 3. 6. 10.
15.21.28.36.45. Then as 1 isto 2,s0is 3to 6. And as 2 is to
3,50 1s 10 to 15. Likewise as 3 is to 4, so is 21 to 228; and so of
the rest.

Triangular numbers also are obtained after the following
manner. For in the natural series of numbers from unity, by
first omitting one term, then two terms, afterwards three, then
four, and so on, triangles will be formed in a continued series:

The series
ofnatural }1 2345678910 1L 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
numbers

The serics
of trian- ¢ 1 3 6 10 15 21 28
gles

Here it is evident, that between the first and second triangle,
in the natural order of numbers, one number intervenes;
between the second and third triangle, two numbers; between
the third and fourth, three; and so on in the rest.

CHAPTER VI.
On square numbers, their sides, and generation.

A souare number is that which does itself indeed unfold
breadth, yet not in three angles, as the preceding number, but
four. It likewise is extended by an equal dimension of sides
But such numbers are as follows:

1111

111 1 111

11 111 1111
1 11 111 1111
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But in these numbers also the sides increase according to the
natural series of numbers. For the first square in power and
capacity, 1.e. unity, has 1 for its side. But the second square,
which is the first in energy, ie. 4, has 2 for its side. And the
third, which is 9, and is the second square in energy, has 3 for
its side. And after the same manner all the rest proceed.

Such numbers however, are generated from the series of
natural numbers, not indeed after the same manner as tri-
angles, but by the continual omission of one number, in the
addition of the terms to each other. For in the natural series
of numbers from unity, 1. 2. 3.4.5. 6. 7. 8. 9. 10. 11, etc. 1 is
the first square in power. Then 14-3—4, the second square.
143+4-5=9, the third square. 143-+45-+47=16, the fourth
square. And thus by continually omitting one term, and add-
ing the rest, the whole series of squares will be produced.

In these numbers likewise, there is this subtilty of nature, and
immutable order, that each square retains as many units in
its side as there are numbers by the aggregation of which it is
formed. Thus in the first square, because it is produced from
1, the side is 1. In the second square, i.e. 4, because it is gen-
erated from 1 and 3, which are two terms, the side is 2. In
9 because it is generated from three numbers, the side is 3.
And so of the rest.

CHAPTER VIIL
On pentagons, their sides, and generation.

A PENTAGON is a number which being expressed by its units,
exhibits the form of a quinquangular figure; and which when
thus described, has five angles, and five equal sides. But pen-



70 THEORETIC ARITHMETIC

tagonal numbers are such as the following, viz. 1. 5. 12. 22. 35.
51. 70. Their sides also increase after the same manner. For
in every pentagon, the units that form its side, correspond in
number to the class of the pentagon. Thus 1 which is the first
pentagon in power, has 1 for its side. But 5 which is the sec-
ond pentagon has 2 for its side. The third pentagon which i1s
12, has 3 for its side. The fourth which is 22, has 4. And so
on, according to the progression of the series of natural num-

bers:

But these numbers which being extended into breadth un-
fold five angles, are also generated from the addition of the
natural series of numbers, so that two terms being continually
omitted, and the posterior added to the prior, the several pen-
tagons are formed, as below:

The series of nat-
ural numbers, two

being continually 14 71013161922 25 28 31 34
omitted.

The series of pen- | | 515 95 35 51 70 92 117 145 176 210
tagons. S

Pentagons also are produced from squares and triangles, after
the following manner. The second square added to the first
triangle, will produce the second pentagon. The third square
added to the second triangle, will produce the third pentagon.
The fourth square added to the third triangle, will produce
the fourth pentagon. And so on; each square being added to a
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triangle of a class immediately antecedent to it. Thus for in-
stance, the second square 4 being added to the first triangle 1,
produces the second pentagon 5. Thus too, the third square 9
added to the second triangle 3, forms the third pentagon 12.
And so of the rest.

CHAPTER VIIL

On hexagons and heptagons, and the generation of them.
A general method of discovering the generation of all fig-
ures, etc.

THE sides of hexagons and heptagons increase after the fol-
lowing manner. In the generation of triangular numbers,
those terms were added together which followed each other in
a natural order, and surpassed each other by unity alone. But
the generation of squares was from numbers which were add-
ed together, one term being omitted, and which surpassed
each other by 2. In the generation of pentagons two terms
were omitted, and the number by the addition of which they
were formed, surpassed each other by 3. Thus also in the
generation of the hexagon, three terms being omitted, those
are added together that surpass each other by 4;and these
terms indeed, will be the roots and foundations, from the
aggregation of which all hexagons will be produced. These
roots therefore are the numbers 1. 5. 9. 13. 17. 21, etc. and from
the addition of these, hexagons will be formed, viz. 1. 6. 15.
28. 45. 66, etc.

But in the generation of heptagons, four terms being omit-
ted, those are to be added that surpass each other by 5; and
these numbers, as was before observed, will be the roots and
foundations of them:

1. 6. 11. 16. 21.
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The heptagons formed from the addition of these are, 1. 7. 18.
34. 55.

The forms of an octagon of an enneagon, or figures of eight
and of nine angles, are generated according to the same order,
so that the first numbers, or roots of them, are distant from
cach other conformably to an equal progression. For in the
generation of octagons five terms are omitted; but in that of
enneagons, six terms. And in short, the number of omissions
continually increasing by 1, the series of plane numbers will be
formed by the addition of the remaining terms.

CHAPTER IX.

On the figurate numbers that are produced from figurate

numbers; and that the triangular number is the principle of

all the rest—A speculation pertaining to the description of
figurate numbers.

PrLane numbers thus subsisting, let us in the next place in-
vestigate what is consequent to their subsistence. All the
squares which are disposed under triangles in a natural ar-
rangement are generated from triangular numbers. Thus the
square 4 is formed from the addition of 1 and 3, i.e. from two
triangular numbers. Thus too, 9 is formed from 3 and 6; and
both of these are triangles. But 16 is from the triangles 6 and

10; and 25 is from the triangles 10 and 15. And the same thing
in the following order of squares will be found to take place

perpetually without any variation. But pentagons are gener-
ated from the aggregation of squares and triangles. Thus the
pentagon 5 is generated from the addition of the square 4 and
the triangle 1. Thus too the pentagon 12 is formed from the
aggregation of the square 9, and the triangle 3. The pentagon
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22 is formed from the square 16, and the triangle 6; and the
pentagon 35, from the square 25, and the triangle 10. And in
a similar manner all other pentagons are formed.

If also we direct our attention to hexagons, we shall find that
they are generated from the aggregation of triangles and pen-
tagons. Thus the hexagon 6 is formed from the addition of
the pentagon 5, and the first triangle in power 1. Thus too, the
hexagon 15 is generated from the aggregation of the pentagon
12, and the triangle 3. Again, the hexagon 28, is formed from
the pentagon 22, and the triangle 6. And in a similar manner
the rest are formed.

Thus too in heptagons. For the heptagon 7 is generated
from the hexagon 6, and the triangle 1. The heptagon 18,
from the hexagon 15, and the triangle 3. And the heptagon
34, from the hexagon 28, and the triangle 6. And this will be
found to take place in all multangular numbers. It is evident
therefore that the triangular number is the principle of all
figurate numbers.

All these, however, if they are composed with each other, i.e.
triangles with squares, or squares with pentagons, or pentagons
with hexagons, or these again with heptagons, will indubitably
surpass each other by triangles. For if the triangle 3 is com-
pared to the square 4, or the square 4 to the pentagon 5, or 5
to the hexagon 6, or 6 to the heptagon 7, they will surpass each
other by the first triangle, i.e. by unity alone. But if 6 is
compared to 9, or 9 to 12, or 12 to 15, or 15 to 18, they will
surpass each other by the second triangle, 1.e. by 3. Again, if
10 is compared to 16, or 16 to 22, or 22 to 28, or 28 to 34,
they will surpass each other by the third triangle, i.e. by 6.
And this will be the case with all other figurate numbers; for
all of them will surpass each other by triangles. Hence, it is
perfectly evident that the triangle is the principle and element
of all forms.
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CHAPTER X.

On solid numbers.—On the pyramid, that it is the principle of
all solid figures, in the same manner as the triangle, of plane
figures; and on its species.

Hence, however, the way becomes easier to the contempla-
tion of solid figures. For by foreknowing what the power of
quantity naturally effects in the plane figures of numbers,
there will be no impediment in the transition to solid numbers.
For as we add to the length of numbers another interval, i.e.
superficies, in order that breadth may be exhibited, so now by
adding to breadth that which is called depth, the solid body of

number will receive its completion.

It appears, however, that as in plane figures the triangular
number is the first, so in solids that which is called the pyr-
amid, is the principle of depth. For it is necessary to find the
primordials of all the established figures in numbers. But one
kind of pyramid is that which raises itself into altitude from a
triangular base. Another kind is that which raises itself from
a square base; another, from a pentagonal base; and others,
from other multangular bases; as may be seen in the following
diagrams:

These pyramids also are denominated from their bases; so
that the first is called a triangular; the second, a square; the
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third, a pentagonal; the fourth, an hexagonal pyramid; and so
of the rest.

CHAPTER XI.
The generation of solid numbers.

As linear numbers are those which proceeding from unity
extend to infinity, such as 1. 2. 3. 4. 5. 6, etc. and as superficial
numbers are formed from the addition of these, in a similar
manner solid are generated from the junction of superficial
numbers. Thus, triangular pyramids are formed from the
addition of triangular numbers; square pyramids from the
addition of squares; pentagonal, from the addition of penta-
gons; and so of the rest.

The first triangle therefore, in power or capacity, is unity,
and unity is also the first pyramid. But the second triangle is
3; and this added to 1 the first triangle, forms the second pyra-
mid 4. If to these the third triangle 6 is added, the third pyra-
mid 10 will be generated. And if to these, the fourth triangle
10 is added, the fourth pyramid 20 will be formed. In all the
rest likewise, there will be the same mode of conjunction.

Triangles.
136101521 28 36 45 55

Pyramids from Triangles.
141020 35 56 84 120 165 220

In this conjunction therefore, it is necessary that the last of the
conjoined numbers should always be as it were the base of the
pyramid. For it is found to be broader than all the rest; and
all the numbers that are conjoined prior to it are necessarily
less, till we arrive at unity, which in a certain respect obtains
the place of a point and a vertex.
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The pyramids also which are from the square, are gener-
ated by the addition of squares to each other, as will be evi-
" dent from an inspection of the following schemes.

Squares.

14916 25 36 49 64 81 100

Pyramids from Squares.
1514 30 55 91 140 204 285 385

And after the same manner all the forms that proceed from
the other multangles are produced. For every multangular
form proceeds ad infinitum from unity, by the addition of
unity to a figure of its own kind. Hence it necessarily appears,
that triangular forms are the principles of the other figures;
because every pyramid from whatever base it may proceed;
whether from a square, or pentagon, or hexagon, or heptagon,
etc. is contained by triangles alone, as far as to the vertex.

CHAPTER XIIL
On defective pyramids.

As the pyramid is perfect which proceeding from a certain
base arrives as far as to unity, which is the first pyramid in
power and capacity; so the pyramid whose altitude does not
reach to unity, is called defective. Thus, if to the square 16,
the square 9 is added, and to this the square 4, but unity is
omitted to be added, the figure indeed is that of a pyramid, but
because it does not arrive as far as to the summit, it is called
defective, and has not for its summit unity, which is analogous
to a point, but a superficies. Hence if the base is a square, the
ultimate superficies will be a square. And if the base is a pen-
tagon, or hexagon, or heptagon, etc. the ultimate superficies
will be of the same form as the base. If however, the pyramid
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does not only not arrive at unity and the extremity, but not
even at the first multangle in energy, which is of the same
kind as the base, it is called twice defective. Thus, if a pyra-
mid proceeding from the square 16, should terminate in 9, and
not arrive at 4, it will be twice defective; and in short, as many
squares as are wanting, so many times is the pyramid said to be
deficient. And all pyramids will be denominated in a similar
manner, from whatever multangular base they may proceed.

CHAPTER XIII.
On the numbers called cubes, wedges, and parallelopipedons

Anp thus much concerning the solid numbers which have
the form of a pyramid, equally increasing, and proceeding
from a proper multangular figure as from a root. There is
however another orderly composition of solid bodies, such as
cubes, wedges, and parallelopipedons, the superficies of which
are opposite to each other, and though extended to infinity
will never meet. Squares therefore, being disposed in an or-
derly series, viz. 1. 4. 9. 16. 25, etc. because these have alone
length and breadth, but are without depth; if each is multi-
plied by its side, it will have a depth equal to its breadth or
length. For the square 4 has 2 for its side, and is produced
from twice two. From the multiplication therefore of the
square 4 by its side 2, the form of the cube 8 is generated. And
this is the first cube in energy. Thus also the square 9 multi-
plied by its side 3, produces the cube 27. And the square 16
multiplied by its side 4 generates the cube 64. And after a
similar manner the other cubes are formed. Every cube also,
which is formed by the multiplication of a square into its side,
will have six superficies, the plane of each of which is equal to
its forming square. It will likewise have twelve sides, each of
them equal to the side of the square by which it is produced;
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and eight angles, each of which is contained under three such
angles as those of its producing square.

Because also every cube proceeds from equilateral squares,
it is equal in all its parts. For the length is equal to the
breadth, and the depth, to each of these. It is likewise neces-
sarily equal to itself according to six parts, viz. upward, down-
ward, on the right hand, on the left hand, behind and before.

But it is requisite that the solid which is opposite and con-
trary to this, should be that which has neither the length equal
to the breadth, nor the depth to either of these, but has all these
unequal. Solids of this kind are such as thrice four multi-
plied by 2, or thrice four multiplied by 5, and the like, which
unequally proceed through unequal degrees of spaces. Solids
of this form are called in Greek scaleno: scalene, but in Latin
gradati, because they increase like steps from the less to the
greater. Certain Greeks also called them spheniscor; i.e. little
wedges. By some of the Greeks likewise they were called
bomiscoi, i.e. certain little altars, which in the lonic region of
Greece, as Nicomachus says, were fashioned after this manner,
so that neither the depth corresponded to the breadth, nor the
breadth to the length. Between cubes therefore, extending
themselves in equal spaces, and those solids which increase
gradually from the less to the greater, those subsist as media,
which are neither equal in all their parts, nor unequal in all;
and these are called parallelopipedons.

CHAPTER XIV.

On the numbers called HETEROMEKEIS, 07, LONGER IN THE
OTHER PART;—and on oblong numbers, and the generation of
them

Tue numbers which are longer in one part than in the other
when they are considered according to breadth, will be found
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to have four angles and four sides. They are not however all
equal, but are always less by unity. For neither are all the
sides equal to all, nor is the breadth equal to the length; but
as we have said, one part being greater, it precedes and sur-
passes the less part by unity alone. If therefore the series of
natural numbers is disposed in order, and the second is multi-
plied by the first, or the second by the third, or the third by the
fourth, or the fourth by the fifth, and so on, the numbers call-
ed heteromekeis will be produced:

1. 2.3.4. 5. 6. 7.

Hence 21, 2)X3, 3X4, 4X5, etc. ie. 2, 6, 12, 20, etc. will
be numbers longer in one part.

If therefore the numbers that are multiplied differ only from
each other by unity, the above mentioned numbers will be pro-
duced. But if they differ by any other number, as thrice seven,
or thrice five, etc. and their sides do not differ by unity alone,
these numbers are not called Aezeromekeis, or longer in the
other part, but oblong. For Pythagoras, and the heirs of his
wisdom, ascribed other or the different to the binary or duad
alone. And this they asserted to be the principle of difference.
But they said that the primaeval and unbegotten monad was
the principle of a nature always the same, and which is similar
to, and in concord with itself. The duad however, is primari-
ly dissimilar to the monad, because it is first disjoined from it;
and therefore is the principle of a certain difference, because it

is only dissimilar by unity to that primary essence which pos-
sesses an invariable sameness of subsistence. These numbers

therefore, are deservedly called longer in the other part, be-
cause their sides precede each other by unity alone.

This however is an argument that difference is justly consti-
tuted in the binary number, that the term ozher or different, is
only asserted of two things, by those who are not negligent in
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speaking accurately. Farther still, it has been shown that the
odd number derives its completion from unity alone; but the
even number from the duad alone. Hence, it must be said,
that, the odd number participates of the essence which posses-
ses an invariable sameness of subsistence, because it is formed
by unity; but that the even number is full of the nature of dif-
ference, because it derives its completion from the duad.

CHAPTER XV.

That squares are generated from odd numbers; but the HETE-
ROMEKEIS from even numbers.

Ir all the odd numbers are arranged from unity, and under
these are placed the even numbers from the duad, the coacerva-
tion of the odd numbers forms squares, but the coacervation of
the even numbers produces the above mentioned numbers
called heteromekeis. Hence, because this is the nature of
squares, that they are generated from odd numbers, which
participate of the monad, i.e. of an essence invariably the same,
and because they are equal in all their parts, angles being equal
to angles, sides to sides, and breadth to length, it must be said
that numbers of this kind participate of the immutable essence.
But we must assert that those numbers which parity or even-
ness generates longer in the other part, participate of the na-
ture of difference. For as 1 differs only from 2 by 1, so the
sides of these numbers differ only from each other by unity.

Let therefore all the odd numbers be disposed in order from
unity, and under these all the even numbers from 2, viz.

1. 3.5 7.9 11. 13
2. 4 6. 810. 12. 14

The leader therefore of the odd series is unity, which is itself
the efficient cause, and after a manner a certain form of im-
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parity. Hence, in consequence of its sameness and immutable
nature, when it mutiplies itself, either in breadth or depth, it
still retains its own form, or if it multiplies any other number
by itself, the number which it multiplies does not recede from
its own quantity;—a property which cannot be found in any
other number. But the duad is the leader of the even series,
and is likewise the principle of all difference. For if it multi-
plies itself either in breadth or depth, or any other number, a
number different from itself immediately produced. Squares
however are produced by adding the terms in the above series
of odd numbers to each other. Thus 143=—4, (1 being the
first square in power), 1+3+4-5=9, 14-3+5+7=16, 143
+-5474+9=25, and so of the rest. But from the addition of
the terms in the series of even numbers, the heteromekeis are
produced. For the first term of the series 2 is produced from
twice one. But 24-4=F6, and 6 is produced from 3 multiplied
by 2. Again 24+4-+6=12, and 12 is produced from 4 multi-
plied by 3. And after a similar manner all the rest are pro-

duced.

CHAPTER XVL

On the generation of the numbers called LaTercULL or tyles,
and of those denominated asseres or planks—T heir definition;
and, On circular or spherical numbers.

Tue numbers called laterculi, which are also themselves
solids, are generated after the following manner. When spaces
are equally extended in length and breadth, but have a less
depth, the solid produced from these is a laterculus. Of this
kind are 3)X3X2=18, or 4X4X2=32, or any other of a
similar formation. But they are defined to be solids produced
by the multiplication of equal numbers equally into a less
number. The solids however called asseres or planks, are pro-
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duced from equal terms multiplied equally into a greater term,
such as 4X4X9=144. But the spheniscos, or little wedges
are such as are multiplied by unequal numbers into unequal
numbers. And cubes are produced from equal numbers
equally through such as are equal.

Those cubes however, which are of such a kind that the ex-
tremity of their depth terminates in the same number as that
from which the side of the cubic quantity began, are denomi-
nated spherical; and such are the multiplications which pro-
ceed from the numbers 5 and 6. For 5X5=25, the multipli-
cation beginning from 5 and ending in 5. And again 25X5
=125. And if this again is multiplied by 5, the extremity will
be terminated by 5. Nor will there be any variation in the
terminating number, though the multiplication should be con-
tinued ad infinitum. The same thing also will take place in
the involutions of 6.* But these numbers are called circular or
spherical, because in the same manner as a circle or sphere,
they terminate in the principle from which they originated.
The monad also, is in capacity or power a circle and a sphere;
because in all the multiplications of itself, it terminates in itself
from whence it began. If there is only one multiplication
therefore, a plane is produced, and it becomes a circle; but by
a second multiplication, a sphere is formed. For the second
multiplication is always effective of depth.

CHAPTER XVIIL

On the nature of sameness and difference, and what the num-
bers are which participate of these.

Anp thus much may suffice at present concerning solid fig-
ures. But those who have been most skilful in investigating

* The number 5 in all the multiplications by itself has always 2 preceding the
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the principles of things, and who have given a twofold divi-
sion to the nature of all beings,—these assert that the essences
of all things consist of sameness and difference, the former of
which is the cause of an immutable, and the latter of a variable
mode of subsistence. These two principles likewise, pertain to
the monad and the duad, the latter of which being the first
number that departs from the monad, becomes on this account
different. And because all odd numbers are formed according
to the nature of the monad, and the numbers arising from the
addition of these are squares, hence squares are said to be
participants of sameness in a twofold respect, because they are
formed from equality, each being produced by the multipli-
cation of a number into itself, and both angles and sides being
equal to each other, and because they are generated from the
coacervation of odd numbers. But even numbers, because
they are the forms of the binary number, and the aggregates of
these form the numbers that are longer in the other part, are
said, through the nature of the duad to depart from the na-
ture of sameness, and to be participants of difference. Hence,
since the sides of squares proceeding from equality tend to
equality, the numbers that are longer in the other part, by the
addition of unity depart from the equality of sides, and on
this account are conjoined from sides that are dissimilar, and
in a certain respect different from each other. Every thing
incorporeal therefore, form its immutability participates of the
nature of sameness, and every thing corporeal, from its mut-
able and variable essence, participates of the nature of differ-

ence.

It must now therefore be shown, that all the species of num-
bers, and all habitudes, whether of relative discrete quantity,

final number; but 6 in the multiplications by itself, has either 1, 3, S, 7, or 9,
preceding the final number, as is evident in the following numbers, 36, 216, 1296,
7776, 46656, 279936, 1679616, &c.
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such as those of multiples, or superparticulars, etc., or of dis-
crete quantity considered by itself, are comprehended in this
twofold nature of numbers, viz. of squares, and numbers longer
in the other part. Hence as the world consists of an immutable
and mutable essence, so every number is formed from squares
which partake of immutability, and from numbers longer in
the other part, which participate of mutability. And in the
first place, the numbers that are promekess or oblong, must
be distinguished from those that are Aeteromekeis, or longer
in the other part. For the latter is produced by the multiplica-
tion of two numbers that differ from each other by unity, such
as 6 which is produced by 2 multiplied by 3, or 12 which is pro-
duced by 4 multiplied by 3. But the oblong number is pro-
duced by the multiplication of two numbers that differ from
each other by more than unity, such as thrice five, or thrice six,
or four times seven. Hence, because it is more extended in
length than in breadth, it is very properly called promekes, or
longer in the anterior part. But squares, because their breadth
is equal to their length, may aptly be denominated of 2 proper
length, or of the same breadth. And the heteromekeis because
they are not extended in the same length, are called of another
length, and longer in the other part.

CHAPTER XVIII.

That all things consist of sameness and difference; and that
the truth of this is primarily to be seen in numbers.

Every thing, however, which in its proper nature and es-
sence is immoveable, is terminated and definite; since that
which is changed by no variation, never ceases to be, and
never can be that which it was not. The monad is a thing of
this kind: and those numbers which derive their formation
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from the monad, are said to be definite, and to possess a same-
ness of subsistence. These, however, are such as increase from
equal numbers, as squares, or those which unity forms, i.e. odd
numbers. But the binary, and all the numbers that are longer
in the other part, in consequence of departing from a definite
essence, are said to be of a variable and infinite nature. Every
number, therefore, consists of the odd and the even, which are
very remote from and contrary to each other. For the former
1s stability; but the latter unstable variation. The former pos-
sesses the strength of an immoveable essence; but the latter is
a moveable permutation. And the former is definite; but the
latter is an infinite accumulation of multitude. These, how-
ever, though contrary, are after a manner mingled in friend-
ship and alliance; and through the forming power and do-
minion of unity, produce one body of number. Those, there-
fore, who have reasoned about the world, and this common
nature of things, have neither uselessly, nor improvidently
made this to be the first division of the essence of the universe.
And Plato, indeed, in the Timaeus, calls every thing that the
world contains the progeny of sameness and difference; and
asserts, that there is one thing which is always real being, and
indivisible without generation, but another which is generated,
or continually rising into existence, and divisible, but never
truly is. But Philolaus says, it is necessary that whatever exists
should be either infinite or finite; for he wished to demon-
strate that all things consists of either infinites or finites, ac-
cording to the similitude of number. For this is formed from
the junction of the monad and duad, and from the odd and
the even; which evidently belong to the same series as equality
and inequality, sameness and difference, the definite and the
indefinite. Hence, it is not without reason asserted, that all
things that consist of contraries, are conjoined and composed
by a certain harmony. For harmony is a union of many
things, and the consent of discordant natures.
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CHAPTER XIX.

That from the nature of the numbers which are characterized
by sameness, and from the nature of those which are charac-
terized by difference, viz. from squares, and numbers LONGER
IN THE OTHER PART, @l the habitudes of proportions consist.

Ler there be now therefore disposed in an orderly series, not
even and odd numbers, from which squares and numbers
longer in the other part are produced, but the two latter
species of numbers themselves. For thus we shall see a certain
consent of them, in the production of the other species of num-
ber. Let there be two series, therefore, the one of squares from
unity; but the other of numbers longer in the other part from

the duad, viz.

1. 4. 9. 16. 25. 36. 49.
2. 6.12. 20. 30. 42. 56.

If, therefore, the first term of the one series is compared with
the first term of the other, the quantity of the duple will be
found, which is the first species of multiplicity. But if the
second term of the one is compared with the second term of
the other, the habitude of the sesquialter quantity is produced.
If the third is compared with the third, sesquitertian ratio is
generated. If the fourth with the fourth, sesquiquartan; and
if the fifth with the fifth sesquiquintan ratio. And thus pro-
ceeding ad infinitum, superparticular ratio will be invariably
produced. In the first ratio, however, which is that of the du-
ple, the difference between the two terms is only 1; but in the
sesquialter ratio, the difference is 2. In the sesquitertian ratio,
the difference is 3. In the sesquiquartan it is 4. And thus, ac-
cording to the superparticular form of numbers, the difference
continually increases by 1. If again, the second square is com-
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pared with the first number longer in the other part, the third
with the second, the fourth with the third, and the fifth with
the fourth, etc. the same ratios will be produced as those above
mentioned. Here, however, the differences do not begin from
unity, but they proceed from the binary number through the
same terms ad infinitum. And the second term of the one
series will be double the first term of the other. The third of
the one will be sesquialter of the second of the other. The
fourth will be sesquitertian of the third; and so on according
to the concord above demonstrated.

Again, squares differ from each other by odd numbers; but
the heteromekeis by even numbers.

Odd differences.
3. 5 7. 9. 11. 13.

. 4 9. 16 25 36. 49
Squares.

Even differences.
4, 6. 8. 10. 12. 14.

2. 6. 12. 20. 30. 42, 56.
Heteromekeis.

But if the first number longer in the other part, is placed
between the first and second square, it is conjoined to both of
them by one ratio; for in each of the ratios, the multiplicity of
the duple is found. If also the second number longer in the
other part, is placed betw€en the second and third square, the
form of the sesquialter ratio to both terms will be produced.
And if the third of these numbers is placed between the third
and fourth square, the sesquitertian ratio will be generated.
And by proceeding in this way in the rest, all the superparticu-
lar species will be found to be produced.

Again; if two of the above squares are added together, and
the number longer in the other part which is a medium be-
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tween them, is multiplied by 2, and added to the sum of the
two squares, the aggregate will be a square number. Thus 1
+4-4=5, and 5 added to twice 2 is equal to 9. Thus too 449
=13, and 13 added to twice 6, is equal to 25; and so of the
rest. But if the process is converted, and between the two first
terms longer in the other part, the second square is placed,
which is in order the second, but in energy the first; and if this
square is doubled, and is added to the sum of the two other
terms, the aggregate will again be a square. Thus 2 added to
6, added to twice 4, is equal to the square 16. Thus too, if
the second and third terms longer in the other part are added
together, and to their sum the double of the third square is
added, viz. if to 12-+6=18 the double of 9 is added, the
aggregate will be the square 36. And thus also, 12+20=32,
added to twice 16, is equal to the square 64; and so of the rest.

This too, is no less admirable, that when a number longer in
the other part is placed as a medium between two squares, and
a square by the above process is produced from the three terms,
the square so produced has always an odd number for its side.
Thus from 144 and twice 2 the square 9 is produced, the side
of which is the odd number 3. And the square 25 which is
produced from 449, and twice 6, has for its side the odd num-
ber 5. Thus likewise, the square 49, arising from the addition
of 9, 16, and twice 12, has for its side the odd number 7. And
the like will be found to take place in the rest.

But when one square subsists between two numbers longer
in the other part, all the squares produced from them will have

even numbers for their sides. Thus the square 16, produced
from the addition of 2, 6, and twice 4, has for its side the even
number 4. Thus too, the square 36, arising from the addition
of 6, 12, and twice 9, has for its side the even number 6. And
thus also the square 64, produced by the addition of 12, 20,
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and twice 16, has for its side the even number 8; and so of the
rest.

CHAPTER XX.

That from squares and numbers LONGER IN THE OTHER PART,

all numerical figures consist—How numbers LONGER IN THE

OTHER PART, are produced from squares and vice versa, the lat-
ter from the former, etc.

Nor does it less deserve to be considered, that from these
two, all figures are produced. For triangles which are the ele-
ments of all the other arithmetical forms, as we have before
shown, arise from the aggregates of these. Thus from 1 which
is the first square in power or capacity, and 2 which is the first
number longer in the other part, the triangle 3 is formed.
Thus also from 2, and 4 the second square, the triangle 6 is
generated. From 4 likewise and 6, the triangle 10 arises; and
so of the rest. For let squares and numbers longer in the other
part, be arranged alternately, and let the triangles produced by
the addition of them, be placed under them as follows.

Squares and heteromekeis alternately arranged.
I. 2 4 6. 9. 12. 16. 20. 25 30. 36. 42

3. 6. 10. 15. 21. 28. 36. 45. 55. 66. 78.
Triangles.

But every square, if its side is either added to, or taken from
it, becomes a number longer in the other part. Thus, if to the
square 4 its side 2 is added, the sum is 6, and if 2 be taken
from 4, the remainder is 2, and both 6 and 2 are numbers
longer in the other part. Thus too, by adding 3 to 9, and by
taking 3 from it, 12 and 6 are produced; and these are num-
bers longer in the other part. This, however, arises from the
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great power of difference. For every finite and definite
power, when it departs from the nature of equality, and from
an essence which contains itself within its own bounds, either
becomes exuberant or deficient, verges to the greater, or de-
clines to the less. And, on the contrary, by taking the side of
the square from the greater, or adding it to the less number
longer in the other part, the intermediate square will be pro-

duced. Thus 6—2, or 242 is equal to 4.

Hence it appears in the first place, that the monad is the
principle of an essence which is properly immutable and the
same; but that the duad is the principle of difference and mu-
tation. In the second place it appears that all odd numbers on
account of their alliance to the monad, participate of the es-
sence which is invariably the same; but that even numbers
on account of their alliance to the duad, are mingled with
difference. Thus too, squares, because their composition and
conjunction is from odd numbers, participate of an immutable
essence; but numbers longer in the other part, because they
are generated from the conjunction of even numbers, are never
separated from the variety of difference.

CHAPTER XXI.

What agreement there is in difference and in ratio, between

squares and numbers LONGER IN THE OTHER PART, when they
are alternately arranged.

Ir, therefore, squares and numbers longer in the other part,
are arranged in an alternate order, there is so great a conjunc-
tion between these, that at one time they accord in the same
ratios, but are discordant in their differences; and at another
time they are equal in their differences, but discordant in their



Book Two 91

ratios. Let them, therefore, be alternately arranged from unity
as follows: 1. 2. 4. 6. 9. 12. 16. 20. 25. 30. In this arrangement
we shall find, that between 1 which is the first square in capa-
city, and 2, there is a duple ratio; and that between 2 and 4,
the ratio is also duple. Here, therefore, a square is joined to
a number longer in the other part, and this to the following
square, in the same ratio, but not with the same differences.
For the difference between 2 and 1 is unity alone, but between
4 and 2 the difference is 2. Again, if 4 is compared to 2 the
ratio is duple, but if 6 is compared to 4 the ratio is sesquialter.
Here then, the terms are discordant in ratios, but equal in
differences. For the difference between 4 and 2 is 2, and there
is the same difference between 6 and 4. In the following also,
after the same manner as in the first numbers, the ratio is
the same, but the differences are not the same. Thus 4 is
joined to 6, and 6 to 9 by a sesquialter ratio; but 6 surpasses
4 by 2, and 9 surpasses 6 by 3. In the terms that follow like-
wise, at one time the ratios are the same, but the differences
not the same; and at another, vice versa, the differences are
the same, but the ratios are different. The squares too, and
numbers longer in the other part, surpass each other in their
differences according to the series of natural numbers, but
with a duplication of the terms, as is evident from the follow-
ing scheme.

1. 2 4 6. 9. 12. 16. 20. 25. 30. 36.
. 2 2 3 3 4 4 5 5 6

Differences.

That the agreement and difference however, of these two
species of numbers may become more apparent, let there be
two series of them, in the former of which numbers longer in
the other part come between the squares, and in the latter
squares, between numbers longer in the other part as below:
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Unequal differences.| 1. 2. 2. 3. 3. 4. 4. 5. 5. 6,

Numbers longer inl
the other part, be- +1. 2. 4. 6. 9. 12. 16. 20. 25. 30. 36,

tween squares. J
Equal differences. 2.2 3. 3. 4 4 5 5 6. 6,

Squares between

numbers longer in 2. 4. 6. 9. 12. 16. 20. 25. 30. 36. 42,
the other part.

In the first of these series it is evident that the numbers longer
in the other part, accord in ratio with the squares between
which they are inserted; but are discordant in differences.
Thus2istolas4to2. And6isto4as9to6. And 12 is
to 9 as 16 to 12. And so of the rest. But the difference be-
tween 1 and 2 is 1; but between 2 and 4 is 2. The difference
between 4 and 6 is 2; but between 6 and 9 is 3. The differ-
ence between 9 and 12 is 3; but between 12 and 16 is 4.
And so of the rest. But in the second of these series the
differences are equal; but the ratios are discordant. For 4 is
notto2as6to4 Noris9tobasl2to9. Noris 16 to
12 as 20 to 16. Hence it is evident that squares when they
come between numbers longer in the other part, preserve an
arithmetical mean; but that numbers longer in the other part,
when they come between squares preserve a geometrical mean.
Thus 4 is an arithmetical mean between 2 and 6. Thus too 9
is an arithmetical mean between 6 and 12. And this is the
case with 16 between 12 and 20. And so of the rest. But

in the other series 2 is a geometrical mean between 1 and 4;
6 between 4 and 9; 12 between 9 and 16. And so on.

In the first series also, the differences are unequal in quant-
ity, but equal in denomination. Thus the difference between
1 and 2 is 1, but between 2 and 4, the difference is 2. In quant-
ity, however, 1 and 2 are unequal, but in appellation equal. For
each is the whole of the less, and the half of the greater quant-
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ity. For 1 is the whole of 1 to which it is equal, and is the
half of 2. Thus also the difference 2 is the whole of 2 to
which it is equal, and the half of 4. Again, 2 is the difference
of 4 and 6, and 3 is the difference of 6 and 9. And these are
unequal in quantity, but equal in denomination. For in each
the difference is the half of the less, and the third of the great-
er number. For 2 is the half of 4, and the third of 6. And
3 is the half of 6, but the third of 9. After the same manner
3 is the difference between 9 and 12, and 4 is the difference
between 12 and 16; and these are unequal in quantity, but
equal in denomination; since each is the third part of the less,
and the fourth part of the greater. And so of the rest. Hence
it is evident that the differences proceed from the whole
through every part. For the first and second differences are
the whole and the second part. The third and fourth differ-
ences are the second and third parts. The fifth and sixth dif-
ferences, are the third and fourth parts. And in a similar
manner in the rest.

On the contrary, in the second series, the differences are
equal in quantity, but unequal in denomination. For of the
two first terms 2 and 4, the difference is 2, and this is also the
difference of 4 and 6. These differences, therefore, are equal
in quantity. The difference 2, however, though it is the whole
of the less of the terms, is only the half of the less of the
second terms. And though it is the half of the greater of the
first terms, it is only the third part of the greater of the second
terms. Thus also the difference between 6 and 9 is 3, and the
same likewise is the difference between 9 and 12. But this
difference is the second part of the less of the first, but the
third part of the less of the second terms. The same also is
the third part of the greater of the first, but is only the fourth
part of the greater of the second terms. And so of the rest.
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CHAPTER XXIIL

A demonstration that squares and cubes partake of the nature
of sameness.

It is a2 most evident sign that all squares are allied to odd
numbers, because in every arrangement of them, whether in a
duple or triple series of terms, from unity, they are never
found but in the place of an odd number according to the
natural series of numbers. And they will also be found to be
in the place of odd numbers in a quadruple, quintuple, etc.
series, though it is not true in these series, that they are found
in these places alone. For let numbers be disposed in an
orderly series, first the duple, then the triple, etc. as follows:

The places of odd

numbers. 1 3 5 7
The duple series. 12 4 8 16 32 & 128
The triple series. 13 9 27 81 243 729 2187

The quadruple series. 1416 64 256 1024 409 16384
The quintuple series. 1525125 625 3125 15625 78125
The sextuple series. 1 6 36 216 1296 7776 46656 279936

Here in the duple and triple series, it will be found that all the
squares are in the places of the odd numbers. Thus 4 and 9
are in the place of 3; 16 and 81 are in the place of 5; and
64 and 729 are in the place of 7. And so of the rest. But in
the quadruple series, the numbers which are in the second and

fourth places (and these are the places of even numbers) viz. 4
and 64 are also squares, as well as those which are in the third,
fifth, etc. places.

Cubes also, though they have three intervals, yet on account
of the equal multiplication by which they are produced, par-
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ticipate of an immutable essence, and are the associates of
sameness; for they are generated by the coacervation of odd,
but never by that of even numbers. For if all the odd numbers
are disposed in an orderly series from unity, viz.

1 35791 131517 19 21

the addition of these will form cube numbers. Thus, since 1
is the first cube in power or capacity, if the two following
numbers, i.e. 3 and 5, are added together, their sum will be the
second cube, which is 8. If the three numbers also that follow
these are added together, viz. 7. 9. 11. their sum 27 will be the
third cube. And the four following numbers, 13, 15, 17, 19

will, when added together, produce the fourth cube, viz. 64.
And so of the rest.

CHAPTER XXIII.
On proportionality, or analogy.

Anp thus much may suffice concerning these particulars.
It is now requisite that we should discuss what pertains to
ratios, so far as may be necessary to a knowledge of the theo-
retic part of music, astronomy, and geometry, and of the phil-
osophy of Plato and Aristotle. Proportionality, therefore, is the
collection into one, of two, or more than two ratios.* Or ac-
cording to a more common definition, it is the similar habitude
of two or more ratios, though they arc not constituted in the
same quantities and differences. But difference is the quantity
between numbers; and ratio is a certain habitude, and as it
were, connexion of two terms to each other; the composition

¢ Analogy is most accurately defined by Proclus on the Timaus of Plato, to be,
identity of ratio, and the most beautiful of bonds.
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of which produces that which is proportional or analogous. For
proportionality arises from the junction of ratios. The least
proportionality, however, is found in three terms, such as 4, 2,
1. For as 4 is to 2, so is 2 to 1; the proportionality consist-
ing of two ratios, each of which is a duple ratio. Proportion-
ality, however, may consist in any number of terms greater
than three. Thus in the four terms 8,4, 2, 1, as 8 is to 4, so is 4
to 2, so is 2 to 1; and in all these the proportionality consists of
duple ratios. This will also be the case in the five terms 16,
8,4, 2, 1; and in the six terms 32, 16, 8, 4, 2, 1, and so on
ad infinitum. As often, therefore, as one and the same term so
communicates with two terms placed about it, as to be the
antecedent to the one, and the consequent to the other, this
proportionality is called continued, as in the instances. above
adduced. But if one term is referred to one number, and
another to another number, it is necessary that the habitude
should be called disjunct. Thus in the terms 1, 2, 4, 8, as 2
is to 1, so is 8 to 4, and conversely as 1 is to 2, so is 4 to 8.
And alternately as 4 is to 1, so is 8 to 2.

CHAPTER XXIV.

On the proportionality which was known to the ancients, and

what the proportions are which those posterior to them have

added —And on arithmetical proportionality, and its proper-
ties.

TuEe three middles which were known to the more ancient
mathematicians, and which have been introduced into the phi-
losophy of Pythagoras, Plato, and Aristotle, are, the arithmeti-
cal, the geometrical, and the harmonic. After which habitudes
of proportions, there are three others without an appropriate
appellation; but they are called the fourth, fifth, and sixth, and
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are opposite to those above mentioned. The philosophers how-
ever, posterior to Plato and Aristotle, on account of the perfec-
tion of the decad according to Pythagoras, added four other
middles, that in these proportionalities a decad might be form-
ed. It is indeed in conformity to this number, that the former
five habitudes and comparisons, which we have discussed, are
described; where to the five greater proportions, which we
called leaders, we adapted other less terms which we called
attendants. Hence it is evident, that in the description of the
ten predicaments by Aristotle, and prior to him by Archytas
(though it is considered as dubious by some, whether these
predicaments were invented by Archytas), the Pythagoric de-
cad is to be found.

Let us now, however, direct our attention to proportionali-
ties and middles. And, in the first place, let us discuss that
middle which preserves the habitudes of terms according to
equality of quantity, neglecting similitude of ratio. But with
these quantities that middle is conversant in which there is an
equal difference of the terms from each other. What the dif-
ference of terms is, however, has been before defined. And
that this middle is arithmetical, the ratio itself of numbers will
evince, because its proportion consists in the quantity of num-
ber. What then is the reason that the arithmetical habitude
is prior to all other proportionalities? In the first place, it is
because the natural series of numbers in which there is the
same difference of the terms, comprehends this middle. For
the terms differ from each other by unity, by the fecundity of
which the nature of number is first unfolded. In the second
place, it is because, as was observed in the first chapter of the
first book, arithmetic is prior both to geometry and music; the
two latter cointroducing at the same time the former; and the
former when subverted, subverting the two latter. The dis-
cussion, therefore, will proceed in order, if we first begin from
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that middle which is alone conversant with the difference of
number.

That is called an arithmetical middle, therefore, when three
or more terms being given, an equal and the same difference is
found between all of them; in which the identity of ratio
being neglected, the difference only of the terms is considered.
Thus in the natural series of numbers 1. 2. 3. 4. 5. 6. 7. 8. 9.
10, the differences are equal, but there is not the same ratio
and habitude. If, therefore, three terms are given, the propor-
tionality is said to be continued. But if there are four or more
terms, the middle is called disjunct. Whether, however, the
terms are three or four, or any other number, there will always
be the same difference of the terms, the ratios only being
changed. Thus the differences of the terms 1. 2. 3. are the same,
but the ratios are different. For 2 to 1is a duple,but3to2isa

sesquialter ratio. And the same thing will take place in the
other terms.

If, also, an equal number of terms are omitted, the differ-
ences will be equal, but the ratios different. Thus if one term
is omitted, the difference will be 2; for then the terms will be
1. 3. 5. the difference between which is 2. But the ratio of 3
to 1 is very different from that of 5 to 3. If two terms are
omitted, the difference will be 3; if three terms are omitted,
it will be 4; and so of the rest, both in continued and disjunct
proportions. But the quality of the ratio will not be the same,
though the terms are distributed by equal differences. If, how-
cver, conversely, there should be the same quality of ratio, but
not the same differences, such proportionality is called geo-
metrical, but not arithmetical.

It is the peculiarity of this middle, that in three terms, the
sum of the extremes is double the mean; as in 1. 2. 3, 14-3=
4—=22. But if there are four terms, the sum of the extremes
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is equal to the sum of the two means. Thus if the terms are 1.
2.3. 4, 14+4=243.

This also is a very subtile property of this proportion, which
no one of the ancients who were skilled in the mathematical
disciplines discovered, except Nicomachus, that in every con-
tinued arrangement of terms, the rectangle under the ex-
tremes, is less than the square of the middle, by the product
arising from one difference multiplied by the other. Thus in
the three terms, 3, 5, 7, 3)X7=21, and 5X5=25. And 21 is
less than 25 by 4, which is equal to the difference between 3
and 5 multiplied by the difference between 5 and 7, viz. is
equal to 2)X2. But if there are four terms, the rectangle under
the extremes is less than the rectangle under the means by the
product arising from the difference between the greatest of
the terms, and one of the means, multiplied by the difference
between the same mean and the least term. Thus in the four
terms 12. 10. 4. 2., 12)X2=24, and 10X4=—40, and 24 is less
than 40 by 16, which is equal to the difference between 12 and
10, i.e. 2 multiplied by the difference between 10 and 2, ie.
8; for 2X8=16. And it is also equal to the difference be-
tween 12 and 4. i.e. 8 multiplied by the difference between 4
and 2, i.e. 2. And so in other instances.

Another peculiarity likewise of this proportionality, which
was known to those who were prior to Nicomachus is this,
that in less terms a greater ratio, but in greater terms a less
ratio, is necessarily found. Thus in the numbers 1. 2. 3., the

ratio of the less terms, i.e. of 2 to 1 is double; but the ratio
of the greater terms, 1.e. of 3 to 2 is sesquialter. And a duple

is greater than a sesquialter ratio. Thus too, in four terms 12.
10. 8. 6., the ratio of 8 to 6 is greater than the ratio of 12 to
10. For the ratio of 12 to 10 is sesquiquintan, but that of 8 to 6
is sesquitertian. In harmonic proportionality, on the contrary,
in less terms there is a less, but in greater terms a greater ratio,
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as will be hereafter shown. But of these middles, viz. the
arithmetical and the harmonic, the geometric proportionality
is the medium; for this preserves both in greater and less terms
an equality of ratio. And equality is the medium between the
greater and the less.

CHAPTER XXV.
On the geometrical middle and its properties.

It is now requisite to discuss the geometrical which follows
the arithmetical middle, and which alone or principally, may
be called proportionality or analogy; because both in the great-
er and the less terms of which it consists, there is found to be
the same ratio. For here the same ratio is always preserved,
and contrary to the arithmetical middle, the quantity of the
number is neglected. Thus, in the duple series, 1. 2. 4. 8. 16.
32. etc. or in the triple series, 1. 3. 9. 27. 81. etc. or in any other,
whether quadruple or quintuple, etc. the prior to the following
number, will always be in the same ratio as the following to
another number that is immediately consequent to it. Thus, if
there are three terms 2. 4. 8. it will be 2:4::4:8, and con-
versely 8 :4::4:2. And in four terms 2. 4. 8. 16, it will be
2:4::8:16, and conversely 16 :8::4:2. And in a similar
manner in all the rest.

The peculiarity of this middle is, that in every arrangement
of the terms, the differences are in the same ratio to cach other,
as the terms of which they are the differences. For if the
terms are double of each other, the differences also will be
double; if the former are triple, the latter will be likewise
triple; if the one is quadruple, the other also will be quadru-
ple. And whatever the multiplicity of the terms may be, there
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will be the same multiplicity in the differences, as will be evi-
dent from an inspection of the following schemes:

Duple differences.
1. 2 4 8 16 32. 64 128

1. 2. 4 8 16. 32. 64 128
Duple terms.

Triple differences.
2. 6. 18. 54. 162. 486. 1458.

1. 3. 9. 27. 8. 243, 729. 2187.
Triple terms.

Quadruple differences.
3. 12. 48. 192. 768. 3072.  12288.
1. 4 16. 64 256. 1024.  409%. 16384.

Quadruple terms.

There is also another peculiarity of this middle, that where
the ratios are duple, every greater term compared to the less
has for its difference the less term. Thus 2 compared to 1 dif-
fers from it by 1. Thus 4 compared to 2 differs from it by 2.
And thus 8 compared to 4 differs from it by 4. And so of the
rest. But if the ratios are triple, the greater term differs from
the less by the double of the less term. Thus 3 differs from 1
by 2 the double of 1. Thus 9 differs from 3 by 6 the double

of 3. And thus 27 differs from 9 by 18 the double of 9. And
in all the rest the same property will be found. If also the
ratios are quadruple, the greater term will differ from the less
by the triple of the less term. Thus 4 differs from 1 by 3 the
triple of 1. Thus 16 differs from 4 by 12, the triple of 4.
And thus 64 differs from 16 by 48, the triple of 16. And so

of the rest. Thus likewise, if the ratios are quintuple, sextuple,
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etc. the greater term will always be found to differ from the
less by the quantity of the ratio less by unity.

In continued geometrical proportionality also, the rectangle
under the extremes is equal to the square of the mean. Thus
in the three terms 2. 4. 8. which are in geometrical proportion,
2X8—4X4=16. The same thing will also take place though
there should be a greater number of terms than three, if the
number of terms is odd. Thus in the five terms 16. 8. 4. 2. 1,
the rectangle under the extremes, i.e. 16X1 is equal to the
square of the middle term 4. Thus too in the seven terms 64.
32.16. 8. 4. 2. 1., 64X1=8X8. But where the terms are not
continued, the rectangle under the extremes is equal to the rec-
tangle under the means; as is evident in the terms 2. 4. 8. 16;
for 2)X16=4<8=32. And if the terms are more than four,
if only they are even, the same thing will take place. Thus in
the six terms 2. 4. 8. 16. 32. 64, 2X64—=128—4X 32=8X 16.

Another property of this middle is, that there is always an
equal ratio both in the greater and the less terms. Thus in all
the terms 2. 4. 8. 16. 32. 64, there is a duple ratio. This is
likewise the case in the terms, 3. 9. 27. 81. 243. 729. And in
a similar manner in others.

And in the last place, it is peculiar to this middle, squares
and numbers longer in the other part, being alternately ar-
ranged, to proceed from the first multiple into all the habi-
tudes of superparticular ratios, as will be evident from the fol-
lowing scheme.

Squares and numbers longer in the other part, alternately arranged.

1 2 4 .6 .9 12 16 20 25 37
Duple Duple Sesqui- -Sesqui- Sesqui- Sesqui- Sesqui- Sesqui- Sesqui- Sesquiquintan
| | alter | alter I tertian | tertian Iquartan | quatan I gintan |

Hence the arithmetical middle is compared to an oligarchy,
or the republic which is governed by a few, who pursue their
own good, and not that of the community; because in its less
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terms there is a greater ratio. But the harmonic middle is said
to correspond to an aristocracy, because there is a greater ratio
in its greater terms. And the geometric middle is analogous to
a popular government, in which the poor as well as the rich
have an equal share in the administration. For in this there is
an equality of ratio both in the greater and the less terms.*

CHAPTER XXVI

That plane numbers are conjoined by one medium only, but
solid numbers by two media.

IT is now time, however, that we should discuss certain
things very uscful to a knowledge of the fabrication of the
world, as delivered in the Timaeus of Plato, but not obvious to
every one. For all plane figures are united by one geometrical
medium only; and hence in these there are only two intervals,
viz. from the first to the middle, and from the middle to the
third term. But cubes have two media according to a geome-
trical ratio; whence also solid figures are said to have three in-

* With respect to these three middles, the arithmetic, the geometric and the har-
monic, Proclus in Tim. p. 238. observes “that they pertain to the three daughters
of Themis, viz. Eunomia, Dice, and Irene. And the arithmetic middle indeed
pertains to Irenc or peace, which surpasses and is surpassed by an equal quantity,
which middle we employ in our contracts during the time of peace, and through
which likewise the elements are at rest. But the geometric middle pertains to
Eunomia or equitable legislation, which also Plato denominates the judgment of

Jupiter, and through which the world is adorned by geometrical analogies. And
the harmonic middle pertains to Dice or Juctice, through which greater terms have

a greater; but less, a less ratio.”

The geometric middle also comprchends the other two. For let there be any
three terms in arithmetical proportion, for instance 1. 2. 3, and let a fourth term
be added which shall cause all the four to be in geometrical proportion. ‘This
fourth term will be 6. For 1:2::3:6. ‘This analogy therefore, will comprehend
both arithmetical and harmonical proportion. For 2. 3. and 6 are in harmonic, and
1. 2 and 3 in arithmetic proportion.
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tervals. For there is one interval from the first to the second,
another from the second to the third, and another from the
third to the fourth, which is the ultimate distance. Plane fig-
ures, therefore, are very properly said to be contained by two,
and solid, by three intervals. Let there be two squares, there-
fore, viz. 4 and 9. Of these, therefore, there can only be one me-
dium constitated in the same ratio; and this medium is 6.
For 6 is sesquialter to 4, and 9 is sesquialter to 6. This, how-
ever, takes place, because the side of the one square, multiplied
by the side of the other, produces the middle term 6. For the
side of 4 is 2, and of 9 is 3, and these multiplied together pro-
duce 6. Hence, in order to find the medium of two squares,
their sides must be multiplied together, and the product will be
the medium that is sought. But if two cubes are given, as 8
and 27, two media only can be constituted between these in the
same ratio, viz. 12 and 18. For 12 to 8, and 18 to 27 are con-
joined by a sesquialter ratio alone.

These two media also are found as follows: If the side of
the greater cube is multiplied by the side of the less, and after-
wards the product is multiplied by the less, the less of the two
media will be obtained. But if the square of the side of the
greater cube, is multiplied by the side of the less cube, the
product will be the greater medium. Thus in the two cubes 8,
and 27. The side of the greater cube is 3, and the side of the
less is 2, and 3)X2X2=12, the less medium. And 3X3X2
—18, the greater medium. Thus too in the cubes 27 and 64.
The side of the greater cube is 4, and the side of the less is 3,
and 4X 3 3=36, the less medium. And 4)4X3=—48, the
greater medium. Hence the less medium derives two sides
from the less cube, and one side from the greater cube. And
after the same manner the greater medium derives two sides
from the greater cube, and one side from the less cube. Thus
12 the less medium between the cubes 8 and 27, has two sides
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from 8, and one side from 27; for 2)X2X3=12. And 18, the

greater medium, has two sides from 27, and one side from 8;

for 3X3X2=18.

It is also universally true, that if a square multiplies a square,
the product will be a square.* But if a number longer in the
other part, multiplies a square, or vice versa, an oblong num-
ber, and not a square, will always be produced.t Again, if
a cube multiplies a cube, the product will be a cube;} but if
a number longer in the other part, multiplies a cube, or vice
versa, the product will never be a cube.§ And this happens
from a similitude to the even and the odd. For if an even
multiplies an even number, the product will always be an even
number.** And if an odd multiplies an odd number, an odd
number will be immediately produced.tt+ But if an odd mul-
tiplies an even, or an even an odd number, an even number
will always be produced.if This, however, will be more easily
known, by consulting that part of the eighth book of the Re-
public of Plato, in which the Muses are introduced by the
philosopher speaking of the geometric number, which is the
source of better and worse generations, and which will be
hereafter explained.

* Thus 4)X9=36, which is a square number. Thus also 9X16—144, which 1s
also a square number.

4 Thus 2X4=8 an oblong number. Thus also 6 which is a number losger in
the other part, multiplied by 9, is equal to 54, an oblong number.

1 Thus 8X27=216 a cube number, the root of which is 6. Thus too, 8XX64=
$12, a cube number, the root of which is 8.

§ Thus 2X8=16 which is not a cube. Thus also 6X27=162, a non-cubic
number,

** Thus 6X6=36 an even number. Thus too, 8X8—=64, which is an even
number,

++ Thus 3X5=15; and 7X9=63, both which arc odd numbers.
11 Thus 5X4=20; and 6X9=54, both which are even numbers.
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CHAPTER XXVII
On the harmonic middle and its properties.

Tae harmonic middle is neither constituted in the same
differences, nor in equal ratios; but in this, as the greatest
term is to the least, so is the difference of the greatest and the
middle, to the difference of the middle and the least term: as
in the numbers 3. 4 6, and 2. 3. 6. For as 6 is to 3, so is
the difference between 6 and 4, i.e. 2, to the difference be-
tween 4 and 3, ie. 1. And as 6 is to 2, so is the difference
between 6 and 3, i.e. 3, to the difference between 3 and 2, i.e.
1. Hence in this middle, there is neither the same ratio of the
terms, nor the same differences.

But it has a peculiarity, as we have before observed, con-
trary to the arithmetical middle. For in that, there is a greater
ratio in the less, but a less ratio in the greater terms. On the
contrary, in the harmonic middle, there is a greater ratio in the
greater, but a less in the less terms. Thus in the terms 3. 4. 6.
if 4 is compared to 3, the ratio is sesquitertian, but if 6 is com-
pared to 4, the ratio is sesquialter. But sesquialter is as much
greater than sesquitertian ratio, as % is greater than 5. With
great propriety therefore, is geometrical proportionality said to
be a medium between that in which there is a less ratio in the
greater, and a greater in the less terms, and that in which there
is a greater ratio in the greater, and a less in the less terms.
For that is truly proportionality or analogy, which obtaining as
it were the place of a medium, has equal ratios both in the
greater and the less terms.

This also is a sign that geometrical proportion is a medium
in a certain respect between two extremes; that in arithmetical
proportion the middle term precedes the less, and is preceded
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by the greater, by the same part of itself, yet by one part of
the less, and a different part of the greater term. Thus in the
three terms, 2, 3, 4, the term 3 precedes 2, by a third part of
itself, i.e. 1. and is preceded by 4 by the same part of itself.
But 3 does not surpass 2 by the same part of 2, nor is sur-
passed by 4, by the same part of 4. For it surpasses 2 by 1,
which is the half of 2, but it is surpassed by 4, by 1, which is
the fourth part of 4. The ratios, however, in the harmonic
middle, have a contrary mode of subsistence. For the middle
term in this ratio, does not surpass the less, nor is surpassed by
the greater, by the same part of itself; but it surpasses the less
by the same part of the less, as is that part of the greater, by
which it is surpassed by the greater. Thus in the harmonic
arrangement, 2. 3. 6., the term 3 surpasses 2 by the half of 2,
and the same 3 is surpassed by 6, by 3 which is the half of
6. But in the geometric proportionality, neither does the mid-
dle surpass the less term, nor is it surpassed by the greater
term, by the same parts of itself, nor does it surpass the less
term by the same part of the less, nor is surpassed by the
greater by the same part of the greater; but by that part
of itself, by which the middle surpasses the less term, by the
same part of itself the greater surpasses the middle term.
Thus in the three terms 4. 6. 9, the middle term 6 surpasses 4
by a third part of itself, and 9 also surpasses 6 by a third part
of itself. The harmonic proportion also has another property,
that if the two extremes are added together, and multiplied by
the middle, the product will be double that of the extremes
multiplied by each other. Thus in the terms 3. 4. 6, 34-6—=9,
and 9X4=36, which is the double of 3 multiplied by 6. Thus
too, in the terms 2. 3. 6., 2-}-6—=8, and 8X3=—=24, the double
of 2XX6=12.

In the harmonic proportionality likewise, the sum of the ex-
tremes is always more than double of the middle term. Thus
in the numbers above adduced 6-+3 is more than twice 4.



108 THEORETIC ARITHMETIC

And 62 is more than twice 3. The extremes also multiplied
by each other, exceed the square of the middle term by the
product arising from the difference between one extreme and
the middle, multiplied by the difference between the middle
and the other extreme. Thus 3X6=18, which exceeds 16, the
square of the middle term 4 by 2. And 2 is equal to the
difference between 6 and 4, multiplied by the difference be-
tween 4 and 3. Thus too 2X6 exceeds 9 the square of 3, by 3.
And 3 is equal to the difference between 6 and 3 multiplied by
the difference between 3 and 2.

CHAPTER XXVIII

Why this middle is called harmonic, and on geometrical har-
mony.

THE reason, however, why this middle is called harmonic is
this, that an arithmetical arrangement of terms, divides the
quantities by equal differences only; but a geometrical ar-
rangement conjoins the terms by an equal ratio. The har-
monic arrangement, however, being more amply conversant
with relation than the other middles, neither speculates ratio
solely in the terms, nor solely in differences, but is in common
conversant with both. For it shows that as the extreme terms
are to each other, so is the difference between the greater and
middle term, to the difference between the middle and last

term. But that the consideration of what is relative, is peculiar
to harmony, has been shown by us before.

The proportions also of the musical concords which are de-
nominated symphonies, are frequently found in this middle
alone. For the symphony diatessaron which is the principal,
and after a manner possesses the power of an element with
respect to the other symphonies, being constituted in a sesqui-
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tertian ratio, or that of 4 to 3, is found in harmonic middles of
this kind. For let the terms of harmonic proportion be of
such a kind as that the extremes are in a duple ratio, and again
let there be other terms, the extremes of which are in a triple
ratio, viz. let them be

3.4.6.and 2. 3. 6.

In the first arrangement, therefore, 6 is double of 3, and in the
second, 6 is triple of 2. If the differences then of these are
collected and compared to each other, a sesquitertian ratio will
be produced, whence the symphony diatessaron is formed. For
the difference between 6 and 3 is 3, and between 6 and 2 is 4,
and 4 compared to 3, produces a sesquitertian ratio.

In the same middle also, the symphony diapente is formed
from the sesquialter ratio. For in the first of the above ar-
rangements, 6 to 4 is sesquialter, and in the second, 3 to 2.
From each of which the symphony diapente is formed. In the
next place, the symphony diapason which consists in a duple
ratio, is formed in the first of these, viz. in the ratio of 6 to 3.
In the second of the arrangements also, the symphonies dia-
pente and diapason are formed, which preserve a sesquialter
and a duple ratio. For of the terms 2. 3. 6., 3 to 2 is dia-
pente, and 6 to 3 diapason. And because the extreme terms
in this arrangement, which contains two symphonies, are in a
triple ratio, the differences likewise of the terms will be found
to be triple. For the difference between 3 and 2 is 1, and
between 6 and 3, the difference is 3. But in the first of these
arrangements, viz. 3. 4. 6., the greater term 6 is triple of the
difference between it and the middle term, viz. is triple of 2.
And again, the less term is also triple of the difference between
it and the middle term, viz. 3 is triple of 1. The greatest
symphony likewise which is called bis diapason, or as it were
twice double, because the symphony diapason is collected
from a duple ratio, is found in this harmonic middle. For in
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the arrangement 3. 4. 6., the middle term 4 is quadruple of 1,
the difference between it and the less extreme. In the arrange-
ment also, 2. 3. 6., the difference of the extremes 6 and 2 is
quadruple of the difference between the middle and the less
term; for the former difference is 4, but the latter 1. And the
ratio of 4 to 1 forms the symphony bis diapason.

Some, however, call a middle of this kind harmonic, because
it is allied to geometric harmony. But they denominate the
cube geometric harmony. For its extension into length, breadth,
and depth is such, that proceeding from equals, and arriving at
equals, the whole increases equally, so as to accord with itself.
The harmonic middle, however, is beheld in all cubes, which
constitute geometric harmony. For every cube has 12 sides,
or bounding lines, eight angles, and six superficies. But this
arrangement is harmonic; for 6. 8. 12. are in harmonic pro-
portion. For as 12 is to 6, so is the difference between 12
and 8 to the difference between 8 and 6. Again, 8 which is
the medium, precedes the less term 6 by one part of itself, and
is preceded by the greater term by another part of itself. But
it surpasses the less term by the same part of the less, as is
that part of the greater by which it is surpassed by the greater.
Again, if the extremes are added together, and their sum is
multiplied by the middle term, the product will be double the
product arising from the multiplication of the extremes by
each other. For 124-6=18, and 18X8=—144. But 144 is the
double of 12XX6=72.

All the musical symphonies, likewise, may be found in this
arrangement. For the diatessaron, indeed, is the ratio of 8 to
6, because it is a sesquitertian ratio. But the diapente is the
ratio of 12 to 8, because what is called sesquialter ratio, is
found in that symphony. The diapason which is produced
from a duple ratio, is found in the ratio of 12 to 6. But the
diapason and at the same time, diapente, which is in a triple
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ratio, arises from a comparison of the difference of the ex-
tremes with the difference between the middle and the less ex-
treme. For the difference between 12 and 6 is 6, and the differ-
ence between 8 and 6 is 2; and 6 is triple of 2. And the greater
symphony which is the bis diapason, and consists in a quadru-
ple ratio, is beheld in the comparison of 8 with the difference
between 8 and 6, viz. in the comparison of 8 with 2. Hence =
proportionality of this kind, is properly and appropriately called
an harmonic middle.

CHAPTER XXIX

How two terms being constituted on either side, the arithmetic,
geometric, and harmonic middle i1s alternately changed be-
tween them,; and on the generation of them.

We ought, however, to show, that as when in musical pipe,
the extreme holes remaining, it is usual, by changing the mid-
dle hole, and opening one and shutting another with the fin-
gers, to cause them to emit different sounds; or as when two
chords being extended on each side, the musician causes the
sound of the intermediate chord to be either sharp or flat, by
stretching or relaxing it; thus also, two numbers being given,
we may insert between them, at one time an arithmetical, at
another a geometrical, and at another an harmonic middle.
We may, however, be able to change this middle, when placed
between two terms that are either odd or even, so that when
the middle is arithmetical, the ratio and equability of the dif-
ferences only is preserved; but when it is geometrical, the con-
junction of the ratios will remain firm; and if there is an har-
monic comparison of the differences, it will not be discordant
with the ratio of the terms. In the first place, therefore, let the
extremities be the even numbers 10 and 40, between which it 1s
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required to insert all these middles. Let the arithmetical mid-
dle then be first inserted. And this will be effected, if 25 is
placed between these numbers; for 10, 25, and 40, are in arith-
metical proportion. Again, if between 10 and 40, the number
20 is inserted, the geometric middle, with all its properties, will
be immediately produced; for as 10 1s to 20, so is 20 to 40. But
if 16 is inserted between 10 and 40, the harmonic middle will
be produced; for as 10 is to 40, so is the difference between 16
and 10, i.e. 6, to the difference between 40 and 16, i.e. 24.

If odd numbers, however, are proposed as the two extremes,
such as are 5 and 45, it will be found that 25 will constitute
the arithmetical, 15 the geometrical, and 9 the harmonic mid-

dle.

It is necessary, however, to show how these middles may be
found. Two terms being given, if it is required to constitute
an arithmetical middle, the two extremes must be conjoined,
and the sum arising from the addition of them must be divided
by 2, and the quotient will be the arithmetical mean that was to
be found. Thus 10+4-40=50, and 50 divided by 2 is equal to
25. This, therefore will be the middle term, according to
arithmetical proportion. Or if the number by which the
greater surpasses the less term, is divided by 2, and the quotient
is added to the less termy, the sum thence arising, will be the
arithmetical mean required. Thus the difference between 40
and 10 is 30, and if this is divided by 2 the quotient will be 15.
But if 15 is added to 10, the sum will be 25, the arithmetical
mean between 10 and 40. Again, in order to find the geome-
trical mean, the two extremes must be multiplied together, and
the square root of the product will be the required mean. Thus
10X40—=400, and the square root of 400 is 20. Hence 20
will be the geometrical mean between 10 and 40. Or if the
ratio which the given terms have to each other is divided by 2,
the quotient will be the middle that was to be found. For 40
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to 10 is a quadruple ratio. If this, therefore, is divided by 2,
it will become duple, which is 20; for 20 is the double of 10.
This, therefore, will be the geometrical mean, between the two
given terms. But to find the harmonic middle, the difference
of the terms must be multiplied into the less term; then the
product must be divided by the sum of the extremes; and in
the last place, the quotient must be added to the less term, and
the sum will be the mean required. Thus the difference be-
tween 40 and 10 1s 30; but 30)<10==300; and 300 divided by
40-10=50, gives for the quotient 6; and 64 10=16, the
harmonic mean between 10 and 40.

CHAPTER XXX

On the three middles which are contrary to the harmonic and
geometric middles.

Tue middles which we have now discussed, were invented
and approved of by the more ancient mathematicians; and we
have more largely unfolded them, because these are especially
found in the writings of the ancients, and are most useful to a
genuine knowledge of them. We shall therefore mention the
other middles with brevity, because they are scarcely of any
other use than that of giving completion to the duad. But
these middles appear to be contrary to the former, from which
they nevertheless originate. The fourth middle, however, is
that which is opposite to the harmonic. For in the harmonic,
as the greatest is to the least term, so is the difference between
the greatest and the middle, to the difference between the mid-
dle and the least term, as in the terms 3. 4. 6; but in this
fourth proportionality, three terms being given, as is the great-
est to the least, so is the difference between the middle and
least, to the difference between the greatest and middle terms;
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as in 3. 5. 6. For as 6 is to 3, so is the difference between 5
and 3, 1e. 2, to the difference between 6 and 5. i.e. 1. But
it appears that this middle is opposite, and after a manner con-
trary to the harmonic middle, because in the latter, as is the
greatest to the least term, so is the difference of the greater to
the difference of the less terms; but in the former, as is the
greatest to the least term, so is the difference of the less to
the difference of the greater terms. It is the peculiarity of this
middle, that the rectangle under the greatest and middle terms,
is double the rectangle under the middle and least terms. Thus
5X 6=30; but 3)<5=15. But the two other proportionalities,
viz. the fifth and sixth, are contrary to the geometric propor-
tionality, and appear to be opposite to it.

For the fifth is when in three terms, as is the middle to the
less term, so is their difference to the difference between the
middle and greater terms; as in the terms 2. 4. 5. For as 4 is
to 2, so is the difference between 4 and 2, ie. 2, to the
difference between 5 and 4, ie. 1. But this is contrary to
geometric proportion, because there, as is the ratio of the
greater to the less, i.e. to the middle, and of the middle to the
least term, so is the difference of the greater to the difference
of the less terms, as in 8. 4. 2. For the ratio of 8 to 4, and
of 4 to 2, is the same as the ratio of 8—4, to the ratio of
4—2. But in the fifth proportionality, as is the ratio of the
greater to the less term, so is the ratio of the difference of the
less, to the difference of the greater terms. The peculiarity
also of this proportionality is, that the rectangle under the
greater term and the middle, is the double of the rectangle
under the two extremes. Thus in the terms 2. 4. 5. 5X4=20,
and 20 is the double of 5X2.

The sixth proportionality is when in three given terms, as is
the greater to the middle term, so is the difference of the less,
to the difference of the greatest terms; as in the terms 1. 4. 6.
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For here the greatest is to the middle term in a sesquialter ra-
tio; and the difference between 4 and 1, i.e. 3. is in the same
ratio to the difference between 6 and 4, i.e. 2. For as 6:4::3:2.
After the same manner also as the fifth, this proportionality is
contrary to the geometrical, on account of the converse ratio of
the differences of the less to the greater terms.

CHAPTER XXXI

On the four middles which the ancients posterior to those
before mentioned, invented for the purpose of giving comple-
tion to the decad.

AnD these indeed are the six middles, three of which re-
mained from Pythagoras as far as to Plato and Aristotle. But
those that followed them inserted in their commentaries the
three others, which we discussed in the preceding chapter.
And the following age, as we have said, added four other mid-
dles, in order to the completion of the decad. What these are,
therefore, we shall briefly relate. The first of them, which is
in order the seventh, is when in three terms, as the greatest is
to the last, so is the difference of the greatest and least term, to
the difference of the less terms; as in the terms 6. 8. 9. For
9 to 6 is sesquialter, the difference of which is 3. But the
difference of the less terms, 1.e. of 8 and 6, 1s 2, which com-
pared to the former 3 produces a sesquialter ratio.

Again, the second proportionality of the four, but the eighth
in order is, when in three terms, as the extremes are to each
other, so is their difference to the difference of the greater
terms; as in 6. 7. 9. For 9 to 6 is sesquialter, and their differ-
ence is 3, which compared to the difference of the greater
terms, ie. to the difference of 9 and 7 which is 2, produces
also a sesquialter ratio.
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The third proportion among the four, but the ninth in order
is, when three terms being given, as is the middle to the least
term, so is the difference of the extremes to the difference of
the less terms; as in 4. 6. 7. For 6 to 4 is sesquialter, the
difference of which is 2. But 7 differs from 4 by 3, which is

sesquialter to 2.

And the fourth proportion, but which is in order the tenth,
is when in three terms, as is the middle to the least term, so is
the difference of the extremes to the difference of the greater
terms; as in 3. 5. 8. For 5 the middle term is to 3 in a super-
bipartient ratio. But the difference of the extremes is 5, which
to the difference of the greater terms 8 and 5, i.e. 3, is also
superbipartient.*

CHAPTER XXXII

On the greatest and most perfect symphony, which is extended
in three intervals;—and also on the less symphony.

IT now remains for us to speak of the greatest and most
perfect harmony, which subsisting in three intervals, obtains
great power in the temperaments of musical modulation, and in
the speculation of natural questions. For nothing can be found
more perfect than a middle of this kind, which being extended
in three intervals, is allotted the nature and essence of the
most perfect body. For thus we have shown that a cube,
which possesses three dimensions, is a full and perfect har-
mony. This, however, may be discovered, if two terms being
given, which have themselves increased by three intervals, viz.

* Jordanus Brunus has added an eleventh to these proportions; and this is whea
in three terms, as is the greatest to the middle term, so is the difference of the
extremes to the difference of the greater terms; as in 6. 4. 3. For as 6 is to 4;
so is the difference of 6 and 3, i.e. 3, to the difference of 6 and 4, ic. 2.7
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by length, breadth, and depth, two middle terms of this kind
are found, which having three intervals, are either produced
from equals, through equals equally, or from unequals to un-
equals equally, or from unequals to equals equally, or after
some other manner. And thus, though they preserve an har-
monic ratio, yet being compared in another way, from the
arithmetical middle; and to these, the geometric proportional-
ity which is between both, cannot be wanting.

Let the following, therefore, be an instance of this arrange-
ment, viz. 6. 8. 9. 12. That all these then are solid quantities,
cannot be doubted. For 6 is produced from 1X2X3; but 12
from 2X2X3. Of the middle terms, however, between these,
8 is produced from 1X2X4; but 9 from 1X3X3. Hence
all the terms are allied to each other, and are distinguished by
the three dimensions of intervals. In these, therefore, the geo-
metric proportionality is found, if 12 is compared to 8, and 9
to 6; for 12:8::9:6. And the ratio in each is sesquialter.
But the arithmetical proportionality will be obtained, if 12 is
compared to 9, and 9 to 6; for in each of these the difference
15 3, and the sum of the extremes is the double of the mean.
Hence we find in these, geometrical and arithmetical propor-
tion. But the harmonic proportionality may also be found in
these, if 12 is compared to 8, and again 8 to 6. For as 12 is to €,
so is the difference between 12 and 8, i.e. 4, to the difference be-
tween 8 and 6, i.e. 2. We may likewise here find all the mu-
sical symphonies. For 8, when compared to 6, and 9 to 12,
produce a sesquitertian ratio, and at the same time the sympho-
ny diatessaron. But 6 compared to 9, and 8 to 12, produce a
sesquialter ratio, and the symphony diapente. If 12 also is
compared to 6, the ratio will be found to be duple, but the
symphony diapason. But 8 compared to 9, forms the epogdous,
which in musical modulation is called a tone. And this is the
common measure of all musical sounds; for it is of all sounds
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the least. Hence a tone is the difference of the symphonies
diatessaron and diapente;* just as the epogdous alone is the
difference between the sesquitertian and sesquialter ratio.

Moreover, the less harmony is when in an arrangement of
solid numbers, two proportionalities only are assumed, as the
arithmetical and geometrical, or the geometrical and harmonic,
or lastly, the arithmetical and harmonic; as in the terms 5. 15.
25. 45. For in these numbers, the arithmetical and geometri-
cal proportionalities alone are found; the geometrical in 5. 15.
and 45, since 5:15::15:45; and the arithmetical in 5. 25.
and 45, since there is the same difference between 25 and 5, as
between 45 and 25. There is a less harmony also in the num-
bers 40. 25. 16. 10. For 40. 16 and 10 form an harmonic pro-
portion, since as 40 is to 10, so is the difference between 40
and 16, to the difference between 16 and 10. But 40. 25. and
10 form an arithmetical proportionality, since the difference
between 40 and 25, is the same as the difference between 25
and 10. And lastly, there is a less harmony in the terms 80.
40. 32. 20, which comprehend in themselves geometric and
harmonic proportionalities. For 80. 40. 20. are in geometrical;
but 80. 32. and 20 in harmonic proportion. The following
scheme however will facilitate the comprehension of all that
has been said in this chapter.

* For 8 to 12 which is diapente, is compounded of 8 to 9, and 9 to 12; so
likewise %=%+%
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The greatest Proportionalities. Differences and habitudes. Tone and Symphonies.
harmonies.

12. 9. 8. 6. Geome. 12. 9. 8. 6. Sesquitertian when disjoined. | Sesquioct-

ave. . . . 9.8 Tone.
Arithm. 12. 9. 6. Difference 3. 3. Sesquiter- [aron.

tian . . . 8. 6 Diatess-
Harmo. 12. 8. 6. Duple. Difference 4. 2. Sesquial- [te.

ter . . . 9.6 Diapen-

Duple 12. 6.

Triple 12. 4 Diapen-
te Dia-
pason.

Quadru- [pason.

ple . . . 12. 3 Disdia-
Geome. 24. 18. 16. 12. | Sesquitertian when disjoined. | Sesquioct. 18. 16 Tone.
Arithm. 24. 18. 12. Difference 6. 6. Sesquiter. 16. 12 Diatess.
Harmo. 24. 16. 12. Duple. Difference 8. 4. Sesquialt. 18. 12 Diapen.
24. 18. 16. 12. Duple 24. 12 Diapa.
Triple 18. 6 Diapen. }
Diapa.
Quadru. 12. 3 Disdia-
[pa.
Less harmonies. Proportionalities. Habitudes and differences.
45. 25. 15. 5. | Geome. 45. 15, 5. Triple proportion.

Arithm. 45. 25. 5 Difference 20. 20.

40. 25. 16. 10. | Harmo. 40. 16. 10. Quadruple. Difference 24. 6.
Arithm. 40. 25. 10. Difference 15. 15.

80. 40. 32. 20. | Geome. 80. 40. 20. Duple proportion.
Harmo. 80. 32. 20. Quadruple. Difference 48. 12.

CHAPTER XXXIII
On amicable numbers.

IamsLicHUs in his treatise On the Arithmetic of Nicoma-
chus observes p. 47. “that certain numbers were called amica-
ble by those who assimilated the virtues and elegant habits to
numbers.” He adds, “that 284 and 220 are numbers of this
kind; for the parts of each are generative of each other accord-
ing to the nature of friendship, as was shown by Pythagoras.
For some one asking him what a friend was, he answered, ano-
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ther I (£7¢pos eY0) which is demonstrated to take place in these
numbers.” And he concludes with informing us, “that he
shall discuss in its proper place what is delivered by the Pytha-
goreans relative to this most splendid and elegant theory.” Un-
fortunately, he has not resumed this subject in the above men-
tioned treatise, nor in any work of his that is extant. And the
only writer I am acquainted with, who has written more fully
concerning these numbers, is Ozanam, who in his Mathemati-
cal Recreations p. 15. observes of them as follows: “The two
numbers 220 and 284 are called amicable, because the first 220
is equal to the sum of the aliquot parts of the latter, viz. 12
+4+-71+142=220. And reciprocally the latter 248 is equal
to the sum of the aliquot parts of the former, viz. 14245

+104-114-22-+4444-55-+110=284.

“To find all the amicable numbers in order, make use of
the number 2, which is of such a quality, that if you take 1
from its triple 6, from its sextuple 12, and from the octodecu-
ple of its square, viz. from 72, the remainders are the three
prime numbers 5, 11 and 71; of which 5 and 11 being multi-
plied together, and the product 55 being multiplied by 4, the
double of the number 2, this second product 220 will be the
first of the two numbers we look for. And to find the other
284, we need only to multiply the third prime number 71, by
4, the same double of 2 that we used before.

“To find two other amicable numbers, instead of 2 we make
use of one of its powers that possesses the same quality, such as
its cube 8. For if you subtract an unit from its triple 24, from
its sextuple 48, and from 1152 the octodecuple of its square 64,
the remainders are the three prime numbers viz. 23, 47, 1151;
of which the two first 23, 47 ought to be multiplied together,
and their product 1081 ought to be multiplied by 16 the dou-
ble of the cube 8, in order to have 17296 for the first of the
two numbers demanded. And for the other amicable number
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which is 18416, we must multiply the third prime number 1151
by 16, the same double of the cube 8.

“If you still want other amicable numbers, instead of 2 or its
cube 8, make use of its square cube 64; for it has the same
quality, and will answer as above.”

Thus far Ozanam. But the two amicable numbers produced
from 64, which he has omitted in this extract are, 9363584, and
9437056. And the three prime numbers which are the remain-
ders are 191, 383, and 73727.

CHAPTER XXXIV
On lateral and diametrical numbers.*

As numbers have trigonic, tetragonic, and pentagonic reasons,
(or productive principles) and the reasons of all other figures
in power (i.e. causally) so likewise we shall find lateral and
diametrical reasons, spermatically as it were presenting them-
selves to the view in numbers. For from these, figures are ele-
gantly arranged. As therefore, the monad is the principle of all
figures, according to a supreme and seminal reason, thus also
the reason of a diameter and a side, are found in the monad or
unity. Thus for instance, let there be two units, one of which
we suppose to be a diameter, but the other a side; since it is
necessary that the monad which is the principle of all figures,
should be in power, or causally both a side and a diameter.
And let the diameter be added to the side, but two sides to the
diameter; since the diameter is once in power what the side is
twice.t The diameter therefore will be made more, but the

* Vid. Theon. Smyrn. Mathemat. p. 67.

T For in a square figure, the square of the diagonal is twice the square of one
of the sides, by 47. 1, of Euclid.
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side less. And in the first monadic side and diameter indeed,
the square in power of the diametrical monad, will be less by
one monad, than the double of the square of the side produced
by the monad. For the monads or units are in equality. But
1 is less than 2 by 1. Let us therefore add one to the side in
power, i.e. to the monad. Hence the side will be two monads.
And let us add to the diameter two sides, i.e. to the monad two
monads. The diameter therefore will consist of three monads.
And the square indeed, which is made from the side, i.e. from
2 is 4. But the square which is made from 3 is 9. Hence 9
exceeds the double of the square, which is made from 2 by 1.

Again, let us add 3 in power to the side 2. The side there-
fore will consist of 5 monads. But to the triad in power, let
us add two sides, i.e. twice two, and the aggregate will be 7
monads. Hence, the square from the side will be 25; but the
square from 7 will be 49. The square 49 therefore is less by
the monad than the double of the square 25. Farther still, if to
the side you add 7, the sum will be 12. And if to the diameter
7 you add twice the side 5, the square from 17, viz. 289, will
exceed the double of the square from 12, i.e. the double of 144,
by 1. And thus successively, an addition being similarly made,
there will be an alternate analogy, the square from the dia-
meter being sometimes less by 1, and sometimes more by 1,
than the double of the square from the side. And such sides
and diameters are effable.* But the diameters alternately some-
times exceed by 1 the double in power of the sides, and are
sometimes less by 1 than the double of them. All the dia-
meters therefore will become double in power of all the sides,
by an alternate excess and defect, the same monad in all of
them producing equality, so that the double in all of them
neither exceeds, nor is deficient. For what was deficient in the

* Effable quanities are such as can be expressed either in whole numbers
or fractions.
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former diameter, exceeds in power in that which follows.
These numbers therefore are as follow:

The double of the The squaresof
Sides. Diameters. squares of the sides. the diameters.

1 1 2 1

2 3 8 9

5 7 50 49
12 17 288 289
29 41 1682 1681
70 9 9800 9801
169 239 57122 57121

The sides are composed from the addition of the preceding
diameter and preceding side. Thus 29 is formed from the side
12 and the diameter 17. The diameters are composed from
the preceding diameter, and the double of the preceding side.
Thus 41 consists of 17 and twice 12. And 99 consists of 41
and twice 29, i.e. —41--58.

CHAPTER XXXV

On arithmetical and geometrical series.

In the preceding part of this work, what has been delivered
is almost wholly derived from the ancients; in what follows,

the observations are I believe, for the most part, if not entirely,
new.

In the arithmetical series 14+2-4-3-+4+45, &c. when the
number of terms is even and finite, the sum of the two middle
terms multiplied by the number of terms, is equal to twice the
sum of the series. Thus in 4 terms 342=5, and 5X4=20,
which is the double of 10, the sum of the series.

In the geometrical series 142444816432, &c. when
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the number of terms is finite, the sum of the series added to
unity, is equal to the double of the last term. Thus the sum of
1424-1 is the double of 2. The sum of 1424441 is the
double of 4, and so of the rest.

In the geometrical series 14349427481, &c. the triple
of the last term exceeds the double of the sum of the series by
unity. Thus in two terms the triple of 3, i.e. 9, exceeds the
double of the sum 1+43, ie. 4, by 1. Thus the triple of 9,
1e. 27, exceeds the double of the sum, 14349, i.e. 13 by 1,
and so of the rest.

In the geometrical series 14416464256, &c. the quad-
ruple of the last term exceeds the triple of the sum of the
series by unity.

And in the geometrical series 1454254125625, &c. the

quintuple of the last term exceeds the quadruple of the sum of
the series by unity.

Again, in the series 1+2+444-8-16, &c. when the number
of terms is finite, the last term added to the last term less by
unity, is equal to the sum of the series. Thus 2 added to 2 less
by 1=1+2. 4 added to 4 less by 3=1-+42-}4, &c.

In the series 14-3+94274-81, &c. if unity is subtracted
from the last term, and the remainder divided by 2 is added to
the last term, the sum is equal to the sum of the series. Thus
3—1=2 this divided by 2=1 and 1+43=4= the sum of the
two first terms; 9—1—8 and 8 divided by 2—4, and 4+9
=13=1-43+49, &c.

In the series 1+4-+16464+4256, &c. if unity is subtracted
from the last term, and the remainder divided by 3 is added to
the last term, the sum is equal to the sum of the series.

In the series 145-425+4125-+4625, &c. if unity is subtracted
from the last term, and the remainder divided by 4 is added to
the last term, the sum is equal to the sum of the series.
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In the geometrical fractional series 1 +3+ ¢ + & &c.
t+3+ 3+ 37 &
t+i+&%+ 30 &c
1+ +35+ 135 &

the last term multiplied by the sum of the denominators is
equal to the sum of the series, when the number of terms is
finite.

Thus 3 X1+2+4+8= the sum of 1 4+ 3 + + 4+ 3. Thus
37X 143494-27—42, and so of the rest. And this will be

the case whatever the ratio of the series may be.

And in the first of these series if unity be taken from the de-
nominator of the last term, and the remainder be added to the
denominator, the sum arising from this addition multiplied by
the last term will be equal to the sum of the series. Thus 8—

1=7 and 7-4-8=15, and 3X15=%", the sum of the series.
In the second of these series, if umty be subtracted from the
denominator of the last term, the remainder be divided by 2,
and the quotient be added to the said denominator, the sum
multiplied by the last term will be equal to the sum of the
series. In the 3rd series after the subtraction the remainder
must be divided by 3: in the 4th by 4: in the fifth by 5: in the
6th by 6, and so on.

In the series 1 + 3 + § + % + 1%, &c. which infinitely con-
tinued is equal to 2, an infinitesimal excepted, if any finite
number of terms is assured, then if the denominator of the last
term be added to the denominator of the term immediately
preceding it, and the sum of the two be multiplied by the last
term, the product will be equal to the sum of the series. Thus
in two terms 14-3X3=%=— the sum of 1-|—3 If there arc
three terms, then 3+ 6 X+ =% =14 § + . If there are four
terms, then 6 + 10 X 10—-{‘2 1+ 3+ %+ 1%, and so of the
rest.

Il
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If the half of each term of this series is taken, so as to pro-
duce the series 3 + § + 15 + 35 + 3%, &c. then the half of the
sum of the denominator of the last term, and the denominator
of the term immediately preceding the last, multiplied by the
last term, will be equal to the sum of the series. If the 3rd of
each term is taken, the sum of the two denominators must be
divided by 3. If the 4th of each term is taken, the division
must be by 4; and so of the rest.

If the half of each term of the series 1 + 3+ + + § + &, &c.
is taken, so as to produce the series 3+ + 1 + 3 + 7 + 35, &c.
and if the sum of the denominators is divided by 2, the quo-
tient multiplied by the last term is equal to the sum of the ser-

2 oy TSSO 0y
2 2
+ %+ %+ 16, and so of the rest.

But if the third of each term of this series is taken, the di-
visor must be 3; if the 4th is taken, the divisor must be 4; if
the 5th, is must be 5; if the 6th, 6; and so on.

1es. Thus

CHAPTER XXXVI

On imperfectly amicable numbers.

IMPERFECTLY amicable numbers are such as 27, and 35, 39
and 55, 65 and 77, 51 and 91, 95 and 119, 69 and 133, 115 and
187, 87 and 247. For the parts of 27=—=3X9 are 1, 3, 9, the
sum of which is 13; and the parts of 35=5X7 are 1, 5, 7, the
sum of which is also 13.

The parts of 39—=3X 13, are 1, 3, 13, and the sum of these is
17. And this is aso the sum of 1, 5, 11, the parts of 55=511.

The parts of 65=13X5 are 1, 5, 13. The parts of 77 are
1, 7, 11; and the sum of each is 19.



Book Two 127

The parts of 51=17X8 are 1, 3, 17. The parts of 91—
13X 7 are 1, 7, 13; and the sum of each is 21. And so of the
rest.

The sums of the numbers from the multiplication of which
these imperfectly amicable numbers are formed, are 12, 16, 18,
20, 24, 26, 28, 32, of which the first differs from the second by
4, the 2nd from the 3rd, and the 3rd from the 4th by 2. And
again the 4th differs from the 5th by 4, the 5th from the 6th by
2, the 6th from the 7th by 2, and the 7th from the 8th by 4.
Hence the differences are 2, 2, 4, 2, 2, 4, and so on ad infin.

Numbers of this kind are not noticed by writers on arith-
metic that I am acquainted with. I call them imperfectly ami-
cable numbers; because in two perfectly amicable numbers,
the aggregate of the parts of the one is equal to the other; but
in these the aggregate of the parts of one number is equal to
the aggregate of the parts of the other, but the sum of each is
less than the whole number. In perfectly amicable numbers
therefore, the parts of the one embosom as it were the whole
of the other; but in these, the parts of the one do not embosom
the whole, but only a part of the other, because the aggregate
of the parts falls short of the whole.

Hence, in numbers that are deficient, or the sum of whose
parts is less than the numbers themselves, there is a great abun-
dance of numbers, the sums of the parts of two of which are
equal to each other. But in super-perfect numbers, or such
the sum of whose parts exceeds the numbers of which they are
the parts, the numbers are very rare that have the above men-
tioned property of deficient numbers. Thus between 12 and
144, there are only two numbers, the sums of the parts of which
are equal to each other, and these are 80 and 104. For the
sum of the parts of each is 106.

As perfectly amicable numbers also adumbrate perfect
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friendship, and which consequently is founded in virtue, so
these numbers are perspicuous images of the friendship sub-
sisting among vicious characters; such of them whose parts are
less than the whole, adumbrating the friendship between those
who fall short of the medium in which true virtue consists;
and those whose parts are greater than the whole, exhibiting
an image of the friendship of such as exceed this medium. As
likewise, of the vicious characters situated on each side of the
medium, those that exceed it are more allied to virtue, than
those that fall short of it, and being more allied to virtue are
more excellent, and being more excellent, are more rarely to be
found;—thus also in these numbers, the pairs whose parts are
less than the whole numbers, are far more numerous than those
whose parts are greater than the wholes of which they are the
parts.

CHAPTER XXXVII
On the series of unevenly-even numbers.

THE series of these numbers is as follows: 12, 20, 24, 28, 36,
40, 44, 48, 52, 56, 60, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108,
112, 116, 120, 124, 132, 136, 140, 144, 148, 152, 156, 160, 164,
168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216,
220, 224, 228, 232, 236, 240, 244, 248, 252, 260, &c.

In this series, it is observable in the first place, that the dif-
ference between the terms is every where either 8 or 4. Thus
the difference between 12 and 20 is 8; but between 20 and 24,
and 24 and 28 is 4. Again, the difference between 28 and 36
is 8; but between 36 and 40, 40 and 44, 44 and 48, 48 and
52, 52 and 56, 56 and 60, is 4. And again the difference be-
tween 60 and 68 is 8; but between 68 and 72 is 4, and so on,
till we arrive at 124 and 132, the difference between which is 8.



Boox Two 129

In the second place, it is observable, that the difference be-
tween 12 and 20 1s 8; between 20 and 36 i1s 16; between 36
and 68 is 32; between 68 and 132 is 64, and so on, which dif-
ferences are in a duple ratio.

In the third place, if the number which exceeds its preceding
number by 8, is added to the number immediately preceding
that which is so exceeded, the sum will be the following num-
ber, immediately preceding that which exceeds by 8. Thus
36+24—060, the number immediately preceding 68. Thus too
68+56—124, which immediately precedes 132. And 1324
120—=252. And so of the rest. From all which it is evident,
that the series of unevenly-even numbers ad infinitum may
be easily obtained.

CHAPTER XXXVIII
On the aggregate of the parts of the terms of different series.

THE sum of the parts of each term of the duple series, 2, 4,
8, 16, 32, 64, &c. is equal to the whole of the term less by
unity. Thus the part of 2 is 1; the parts of 4 are 2 and 1,
the sum of which is 3; the parts of 8 are 4, 2, and 1, the aggre-
gate of which is 7; and the parts of 16 are 8, 4, 2, 1, the sum
of which is 15. And so of the rest.

But each of the terms of the triple series 3, 9, 27, 81, 243,
&c. exceeds the double of the sum of its parts by unity. Thus
the only part of 3 is 1; and 3 exceeds 2 by 1. The parts of 9
are 3 and 1; and 9 exceeds the double of the aggregate of
these, i.e. 8 by 1. Thus teo 27 exceeds the double of 13,
the aggregate of its parts 9, 3 and 1 by 1. Thus also, 81 ex-
ceeds the double of 40 the sum of its parts, 27, 9, 3, and 1, by
1. And thus 243 exceeds twice 121, the aggregate of its parts,
81,27,9,3 and 1 by 1. And so of the rest.
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In the quintuple series, 5, 25, 125, 625, &c. it will be found
that each term of the series exceeds the quadruple of the sum
of its parts, by unity.

In the septuple series, each term exceeds the sextuple of the
sum of its parts, by unity.

In the noncuple series, each term exceeds the octuple of the
sum of its parts, by unity. And thus in all series formed by
the multiplication of odd numbers, each term will exceed the
sum arising from the multiplication of its parts by the odd
number, by unity.

If to each term of the

series . 12 4 816 32 64 128 256
6 is added, viz. ... 66 6 6 6 6 6 6 6
the sums will be . 78101422 38 70 134 262
And if to the series .. 1 3 9 27 81 243 729 2187 6561
be added 36 6 66 6 6 6 6
the sums will be ______ 4915 33 87 249 735 2193 6567, &c.

In which it is remarkable, that the aggregates of the parts of
the five sums 8, 10, 14, 22, 38, are 7, 8, 10, 14, 32; and of the
parts of the five sums 9, 15, 33, 87, 249, are 4, 9, 15, 33, 87.
The aggregates also of the parts of the sums 134, 262, are 70,
134; but this will not be the case with the sums beyond 262,
if the terms of the duple series are continued, and 6 is added
to them. Nor will it be the case with the sums of the triple
series beyond 249.

CHAPTER XXXIX

On the series of terms arising from the multiplication of even-
ly-even numbers, by the sums produced by the addition of
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them; (see Chap. 15, Book I) in which series perfect num-
bers also are contained.

THis series consists of the terms 1, 6, 28, 120, 496, 2016,
8128, 32640, 130816, &c. the aggregate of which series is the
1
1—6-4-8;
1-+6-+284120-4496, &c. in which all the prefect numbers

likewise are contained.

If therefore to the series 6, 28, 496, 8128, 130816, 2096128,
33550336, 536854528, &c. viz. if to the terms of the above series,
omitting every other term after 28, and beginning from 6, the
numbers 2, 4, 16, 64, 256, &c. are added as below:

2 4 1l6 64 256 1024 4096 16384
6 28 496 8128 130816 2096128 33550336 536854528

1 8 32 512 8192 131072 2097152 33554432 536870912

for this when expanded gives the series

expression

then, the first sum will be equal to the 3rd power of 2, the
second to the 5th power of 2, the third to the 9th, the fourth to
the 13th, the fifth to the 17th, the sixth to the 21st, the seventh
to the 25th, the eighth to the 29th, and so on, there being
always an interval after the first and second sums of 4 powers.
1—8—96
1—16

1+8+324+512+8192-+131072, &c. ad infin. And the ex-

But the expression when evolved, gives the series

pression - gives the series 14244416+ 64-}256, &c.

ad infin. But this latter subtracted from the former, viz.
1—8—9%6 1—2—4 .  6—924320 .

hich wh -

16 14 &ves 120164 which when evolv

ed, is the series 6-28-4-496--8128-130816, &c.

The terms which being multiplied by numbers in a duple
ratio produce the series, 1, 6, 28, 496, 8128, &c. are 1, 3, 7, 31,
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127, 511, 2047, 8191, &c. And the series equal to the last term
of these numbers is 14+2-+4+244-96-+384, &c. For 1=1,
1+2=3, 142+4=7, 14+2+4+24=31; and so of the rest.
In which series it is remarkable, that each term after the first
three terms, viz after 1, 2, 4, is the § of the following term.
Thus 24 is the 3 of 96; 96 is the ; of 384; and 384 is the %
of 1536; and so on.

After the first three terms likewise, if each term is multiplied
by 4, and 3 is added to the product, the sum will be the follow-
ing term. Thus 31X4=124, and 124+4-3=127. Thus too,
127 X4=508, and 508-43=511. And again, 511 X4==2044,
and 20444-3=2047. And so of the rest.

It is also remarkable, that the sum of the divisors consisting
of 2 and its powers, is always equal with the addition of unity,
to the last quotient of the division. Thus 2-41=3, the quo-
tient in the division of 6. Thus too, 2-+4+41=7, the last
quotient in the division of 28. And 24+4+48+16+1=31, the
quotient of 496. And so of the rest.

It is likewise possible to find an expression which when
evolved will give the series 143474314127, &c. For this
1—2—448

1—54+4 °

As perfect numbers are resolved into their component parts
through a division by 2 and its powers, so that the sums aris-
ing from these as divisors, and from the quotients, together
with unity, are respectively equal to the perfect numbers them-
selves, thus also the sum arising from a similar division of any
term in the scries 628149618128 1-130816-4-2096128, &c.
that is not a perfect number, will be equal to that term, though
such division will not resolve it into all its parts.

expression will be

But that the reader may more clearly apprehend my mean-
ing, and be fully convinced of the truth of this assertion, the
following instances are subjoined of a distribution of ten terms
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of this series into their parts by these divisors; among which
terms, four are perfect numbers:

(D). (2). 3).
26 3 2)28 14 2)496 465
~ 2 — 7 — 2
3001 D14 4 2)248 4
_ _ 2 - 8
6 7 1 2)124 16
— — 1
28 262  —
4%

31

465

(4). (5). (6).

2)8128 8001 2)130816 130305 2)2096128 2094081
— 2 2 2
2)4064 4 2)65408 4 2)1048064 4
— 8 8 8
2)2032 16 2)32704 16 2)524032 16
_— 3 kY, 2
2)1016 64 2)16352 64  2)262016 64
— 1 — 128 128
2)508 —  2)8176 256  2)131008 256
— 8128 —— 1 512
2)254 2)4088 ——  2)65504 1024
- 130816 —_— 1

127 2)2044 2)32752
— 2096128

8001 2)1022 2)16376

511 2)8188

130305 2)4094

2047

2094081



(7).
2)33550336

2)16775168
2)8387584
2)4193792
2)2096896
2)1048448

2)524224

2)262112

2)131056

2)65528

2)32764

2)16382

8191

33542145
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33542145
2

4

8

16
32
64
128
256
512
1024
2048
4096
1

33550336

(8).

2)536854528

2)268427264

2)134213632

2)67106816
2)33553408
216776704
2)8388352
2)4194176
22097088
2)1048544

2)524272

2)262136

2)131068

2)65534

32767

536821761

536821761
2

4

8

16

32
64
128
256
512
1024
2048
4096
8192
16384
1

536854528



(9).
2)8589869056

2)4294934528

2)2147467264

2)1073733632

2)536866816

2)268433408

2)134216704

2)67108352
2)33554176
2)16777088
2)8388544
2)4194272
2)2097136
2)1048568
2)524284

2)262142

131071

8589737985

Book Two
(10).

8589737985
2

4 2)68719345664
8

16 2)34359672832
32

64 2)17179836416
128

256 2)8589918208
512

1024 2)4294959104
2048

4096 2)2147479552
8192

16384 2)1073739776
32768

65536 2)536869888
1

- 2)268434944
8589869056

2)134217472

2)67108736

2)33554368

2)16777184

2)8388592

2)4194296

2)2097148

2)1048574

524287

137438167041

135

2)137438691328 137438167041

2

4

8

16

32

64

128
256
512
1024
2048
4096
8192
16384
32768
65536
131072
262144
1

137438691328
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Here it is evident in the first instance, that 3, 2, and 1, are
all the possible parts of 6. For 3 is the half, 2 the third, and 1
the sixth part of 6. And it is likewise manifest that 14, 7, 4, 2,
and 1, are all the parts of 28. Thus too, in the division of 496
into its parts, 465 is the sum of the parts that are the quotients
arising from the division by 2 and its powers. And as the half
of 496 is 248, it is the same thing to divide 248 by 2, as to di-
vide 496 by 4. For the same reason it is the same thing to
divide 124, the half of 248, by 2, as to divide 496 by 8. And
to divide 62, the half of 124, by 2, as to divide 496 by 16.
Hence the divisors of 496 are 2, 4, 8, 16, and the sum of these
added to 1 and to 465, is 496. In a similar manner in the
fourth instance, 8001 is the aggregate of the parts that are the
quotients arising from the division by 2 and its powers. And
the divisors of 8128 are 2, 4, 8, 16, 32, 64, the sum of which
added to 1, and to 8001, is equal to 8128. And so in the other
instances.

Only eight perfect numbers have as yet been found, owing to
the difficulty of ascertaining in very great terms, whether a
number is a prime or not. And these eight are as follow,
6, 28, 496, 8128, 33550336, 8589869056, 137438691328,
2305843008139952128. By an evolution of the expression
6—92+320
1—20+4 64
tance these perfect numbers are from each other. But these
twenty terms are as follow, those that are perfect numbers be-
ing designated by a star:

6, 28, 496, 8128, 130816, 2006128, 33530336, 536854528,

8589869056, 137438691328, 2199022206976, 35184367894528,
562949936644096, 9007199187632128, 144115187807420416,

230584300§139952128, 36893488143124135936,
590295810341525782528, 9444732965670570950656,
151115727451553768931328.

to twenty terms, the reader will see at what dis-



Booxk Two 137

Hence it appears that the eighth perfect number is the 16th
6—92-4-320

1—20-4 64.

As however there are only eight perfect numbers in twen-
ty terms of this series, it is evident that Ruffus in his Commen-
tary on the Arithmetic of Boetius, was greatly mistaken in
asserting that every other term in the series is a perfect number.

term of the series produced by the expansion of

It 1s remarkable in this series that the terms alternately end
in 6 and 8. This is also true of the four first perfect numbers;
but the other four end indeed in 6 and 8, yet not alternately.

The other terms also of this series, from their correspondence
with perfect numbers, may be called partially perfect. For
both are resolved by 2 and its powers into parts, the aggregates
of which are equal to the wholes; and both are terminated by

6 and 8.

Again, in the series 1-}8+432-5124-8192, &c. produce
by the expansion of 1= 18 1696 the half of each of the terms
after the first is a square number. Thus the half of 8, of 32, of
512, &c. viz. 4, 16, 216, are square numbers. And if each of the
terms of the series 6-+28-4496-}8128-130816, &c. is doubled,
the sum of the parts of each is a square number. Thus the sum
of the parts of 12, the double of 6 is 16; the sum of the parts
of 56, the double of 28, is 64; the sum of the parts of 992, the
double of 496, is 1024, the root of which is 32; of the parts of
16256, the double of 8128, is 16384, the square root of which
is 128; and of the parts of 216632, the double of 130816, is
262144, the square root of which is 512. And so of the rest;
all the roots after the second increasing in a quadruple ratio.
As this property also extends to the terms that are not perfect
numbers as well as to those that are, it shows in a still greater
degree the correspondence of what I call the partially perfect,
with the completely perfect numbers.
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Farther still, if 2 be subtracted from the number of the rank
which any number after 28, holds in the series 6, 28, 496, 8128,
130816, &c. and the remainder be added to the number of the
said rank, the sum will be the index of that power of 2 which
by multiplication with its corresponding number in the series
3,7, 31, 127, 511, &c. produced the perfect or partially perfect
number. Thus if from 3, we subtract 2, and add 3 to the re-
mainder 1, the sum 4 will indicate that the fourth power of 2,
viz. 16 multiplied by the third term 31, will give the third
term, viz. 496, in the series 6, 28, 496, 8128, &c. Thus also, if 2
be subtracted from 4, and 4 be added to the remainder, the
sum 6 will indicate that the sixth power of 2, viz. 64, multiplied
by the 4th term 127, will produce the 4th term 8128, of the
series 6, 28, 496, 8128, &c. And so of the rest.

The rule for obtaining a number which is either perfect or
partially perfect in the series 6, 28, 496, 8128, 130816, &c. any
term in this series being given, in the most expeditious man-
ner, is the following. Multiply the given perfect, or partially
perfect number by 16, and add to the product twelve times
the number in the duple series, from the multiplication of
which with a corresponding number in the series 3, 7, 31, 127,
511, &c. the perfect, or partially perfect number is produced,
and the sum will be the next number in order in the series 6,
28, 496, &c. Thus 28X 16=—=448, and 448 added to 12 times 4,
ie. to 48, is equal to 496. Thus too 496 X 16=7936, and 7936
+12X16(=192)=8128. And so of the rest.

Lastly, all the perfect numbers arc found in the series of
hexagonal numbers; which numbers are 1, 6, 15, 28, 45, 66,
&c.; and the expression which is the aggregate of them and
when evolved gives all of them in order ad infinitum is

143
1—3+3—1.
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CHAPTER XL
On another species of imperfectly amicable numbers.

As Ozanam in his Mathematical Recreations, does not men-
tion what numbers are to be employed in order to find other
amicable numbers after 9363584, and 9437056,* after various
trials to accomplish this, I found that if any number by whick
two amicable numbers are obtained, is multiplied by 8, the pro-
duct will be a number by which either two numbers may be
obtained, the aggregate of all the parts of one of which is equal
to the other, or two numbers the aggregate of the parts of one
of which only arising from a division by 2 and its powers, will
be equal to the other. Thus if 64 is multiplied by 8, the pro-
duct will be 512. The three numbers formed in the same way
as the primes that produce amicable numbers, will be 1535,
3071, and 4718591. And two numbers 4827120640, 4831837184,
will be produced, the sum of the parts of the latter of which
arising from a division by 2 and its powers with the addition
of unity, will be equal to the former.

Again, if 512 is multiplied by 8, the product will be 4096.
The three numbers corresponding to primes will be 12287,

* “Schooten gives the following practical rule from Descartes, for finding
amicable numbers, viz. Assume the number 2, or some power of the number 2,
such that if unity be subtracted from ecach of these three following quantities, viz.
from 3 times the assumed number, also from 6 times the assumed number, and
from 18 times the square of the assumed number, the three remainders may be
all prime numbers; then the last prime number being multiplied by double the
assumed number, the product will be one of the amicable numbers sought, and
the sum of its aliquot parts will be the other.”—Hutton’s Mathem. Dict.

This also is Ozanam’s method of finding amicable numbers, which we have
already given and illustrated by examples. Mr. John Gough shows, that if a pair
of amicable numbers be divided by their greatest common measure, and the prime
divisors of these quotients be severally increased by unity, the products of the two
sets thus augmented, will be equal.
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24575, and 301989887. And the two imperfectly amicable
numbers will be 2473599180800, and 2473901154304, the sum
of the parts of the latter of which arising from a division by
2 and its powers with the addition of unity will be equal to the
former.

Farther still, the product of 4096 multiplied by 8 will be
32768. The three numbers which are either primes or corres-
ponding to primes, will be 98303, 196607, and 19327352831.

And the two imperfectly or perfectly amicable numbers will be
1266618067910656, and 1266637395132416.

And in the last place if 32768 is multiplied by 8, the product
will be 262144. The three numbers which are either primes or
corresponding to primes, will be 786431, 1572863, and
1236950581247. And the two imperfectly or perfectly amicable
numbers will be 648517109391294464, and 648518346340827136.

In order that the reader may become acquainted with the
method of obtaining the parts of perfectly amicable numbers,
I shall give an instance of it in the two numbers 9363584 and
9437056. Let the first of these numbers then be divided by 2
and the powers of 2, viz. by 4, 8, 16, 32, 64, &c. till the division
is stopped by a remainder which is a prime number. These
quotients with the indivisible remainder will be as below,
4681792, 2340896, 1170448, 585224, 292612, 146306, 73153. In
the next place, as the two prime numbers 191 and 383, are
multiplied together in order to produce the number 9363584,
it is evident that these also are parts of it, and consequently
they must be employed as the divisors of it. The quotient
therefore of 9363584 divided by 191 is 49024; and the quotient
of the same number divided by 383 is 24448. Each of thesc
quotients also may be divided by 2 and its powers. The quo-
tients therefore arising from the division of 49024 by 2 and
its powers are 24512, 12256, 6128, 3064, 1532, 766; and the
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remainder is 383. But the quotients arising from a similar
division of 24448 are 12224, 6112, 3056, 1528, 764, 382; and
the remainder is 191. The sum therefore of all these quotients
will be as below:

4681792
2340896
1170448
585224
292612
146306
73153
49024
24448
24512
12256
6128
3064
1532
766
383
12224
6112
3056
1528
764
382

191

9436801

And if to this sum, the sum of 2 and its powers are added,
together with unity, viz. if 142-+4+4484-16+432+64-}128
=255 be added, the aggregate will be 9437056, the second of

the amicable numbers.
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In like manner if 9437056 be divided by 2 and its powers,
the quotients and their aggregate will be as below:

4718528
2359264
1179632
589816
294908
147454
73727

9363329

And if to this sum 255 be added, as in the former instance, the
aggregate will be 9363584, the first of the amicable numbers.

The first thing remarkable in these perfectly amicable num-
bers is, that the number 2 and its powers are employed in the
production of all of them, and that they cannot be produced by
any other number and the powers of it. For as these amicable
numbers are images of true friendship, this most clearly shows
that such friendship can only exist between two persons.

In the next place, the numbers 3, 6, and 18, which are used
in the formation of these numbers, perspicuously indicate per-
fection; and are therefore images of the perfection of true
friendship. For 3 and 6 are the first perfect numbers, the
former from being the paradigm of tAe all, comprehending in
itself beginning, middle and end, and the latter from being

equal to all its parts: and 18 is produced by the multiplication
of 6 by 3.

In the third place, the paucity of these numbers most beauti-
fully adumbrates the rarity of true friendship. For between 1
and 1000 there are only two. In like manner between 284 and
20000 there are only two. And between 18416 and ten millions
there are only two.
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In the fourth place the greater the numbers are in the series
of perfectly and imperfectly amicable numbers the nearer they
approach to a perfect equality. Thus for instance, the exponent

of the ratio of 220 to 284 is 1355 and by reduction 133. But
the exponent of the ratio of 17296 to 18416 is 175555, and by
reduction lyssr. And 1os7 is much less than 2. Again,
the exponent of the ratio of 9363584 to 9437056 is lqu‘éfﬁb
and by reduction 173155. And 75175 is much less than 7537.

In a similar manner it will be found that the exponents of the
ratios of the succeeding amicable numbers will continually de-
crease; and consequently that the greater two amicable num-
bers become, the nearer they approach to an equality with each
other. Indeed, in the amicable numbers after the first three,
this is obvious by merely inspecting the numbers themselves.
For in the amicable numbers 4827120640 and 4831837184, the
first two numbers from the left hand to the right are the same
in each, viz. 4 and 8. In the two amicable numbers
2473599180800 and 2473901154304, the first four numbers
2473 are the same in each. In the two amicable numbers
1266618067910656 and 1266637395132416, the first five num-
bers are the same in each. This is also the case with the
two amicable numbers which immediately succeed these, viz.
648517109391294464 and 648518346340827136. And in the
two amicable numbers which are next but one to these
last, viz. in the numbers 170005188316757680455680 and
170005193383307194138624, the first seven numbers from the
left hand to the right are the same in each; by all which it
appears that the greater two amicable numbers are, the more
figures in the one are the same as those in the other, and con-
sequently that their approximation to a perfect equality is
greater.

The following are the remarkable properties of the prime
numbers and the numbers corresponding to prime, from
which both species of amicable numbers are produced.
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These numbers are as follows:

5 11 7
23 47 1151
191 383 73727
1535 3071 4718591
12287 24575 301989887
98303 196607 19327352831

In the first place 2X5 and +1=11, 2X23 and +1=47,
2% 191 and +1=383, 2X1535 and —+1=3071, 212287
and +1=24575, and 298303 and +1=196607. And thus
the double of the first number in each rank added to unity is
equal to the second number in the same rank.

In the next place, the first number of the first rank multi-
plied by 4 and added to 3, will be equal to the first number of
the second rank. Thus also the second number 11 X4 and add-
ed to 3=47 the second number of the second rank. But 23X 8
and +7=191, 47X 8 and -+7=—383, 191 X8 and +7=1535,
3838 and +7=3071, 15358 and }+7=12287, 30718

and +7=24575, 122878 and -+7=98303, and 245758
and +7=196607.

Again, 47X4 and +3=191, 383X4 and +3=1535, 3071
X4 and +3=12287, and 245754 and -} 3=98303.

Again, 1:31=16, with a remainder 15. =64, with a

remainder 63. *373y-—64, and the remainder is 63. And
301989887 —64, with the same remainder 63. And so of the
rest ad infin. the quotient and remainder being always 64
and 63.

Hence infinite series of all these may easily be obtained, viz.
of the two first terms in each rank, the first rank excepted, and

of the third term in each rank the two first ranks excepted. For
23474747, &c. ad infin.
1—8 = 23-4+19141535-4-12287, &c.
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47474747, &c. ad infin.

1—8 — 47-+4383+4-3071+4-24575, &c.
And 7372746346363, &c.
1—64 — 7372744718591, &c. But
these expressions when reduced will be B16 4740 and
1—9+4-8, 1—9--8,
73727—73664
1—65--64.

Another remarkable property of these numbers is this, that
the product of the two first in each rank subtracted from the
third number in the same rank, leaves a remainder equal to
the aggregate of those two first. Thus 5 11-=55, and 71—55
=—16. But 16=5-11. Thus too, 23X47=1081, and 1151—
1081=70, =—=23-+47. And thus 191 < 383=73153, and 73727
—73153=574—191+383. And so of the rest. Hence the
third less by the sum of the two other numbers, will be equal
to the product of the two first. From the expressions there-
fore before given, and from what is now shown, it will be
easy to find an expression which when evolved will give an infi-
nite series of the products of the two first numbers in each rank.
And this expression, (the first term of it being the product of the
two first numbers, in the third rank, in order that it may be

72737—73664

in the same rank with the expression ) will be

1—65-+64,
73153—699337-+1179656—503472
1—741+657—1096+512.

All these amicable numbers therefore in order after 17296,
18416, may be found, if the first term of the infinite series
arising from the expansion of each of these expressions is mul-
tiplied by 128, the second term of each by 1024, the third term
by 8192, and so on, the multipliers always increasing in an
octuple ratio.
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That the reader may see the truth of what we have asserted
concerning this species of imperfectly amicable numbers, exem-
plified, the following instances are added of the resolution of
two of them into parts by 2 and its powers.

In the first place the sum of the parts of the number
4831837184 is equal to 4827120640, as is evident from the

following division:

2)4831837184  Divisors by 2 and its powers
with the addition of unity.

2)2415918592 1

2

2)1207959296 4

8

2)603979648 16

k)

2)301989824 4

128

2)150994912 256

512

2)75497456 1024

2)37748728 2047 Total.

2)18874364
219437182
4718591
4827118593
+ 2047
4827120640

The next instance is in the two numbers 2473901154304,
2473599180800, as below:
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2)2473901154304  Divisors, with the addition

of unity.

2)1236950577152 1

2

2)618475288576 4

8

2)309237644288 16

32

2)154618822144 64

128

2)77309411072 256

512

2)38654705536 1024

2048

2)19327352768 4096

8192

2)9663676384 —

16383 Total.

2)4831838192
2)2415919096
2)1207959548
2)603979774
301989887
2473599164417
+ 16383
2473599180800

The most extraordinary circumstance attending this series of
numbers is, that the greater any pair of them is, the more
they approximate to a perfect equality; so that if the series
could be extended to infinity, the last pair of numbers would
be equal to each other.

It is likewise evident from the formation of this series, that
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all perfectly as well as all imperfectly amicable numbers, are
contained in it; so that it corresponds in this respect, to the
series before delivered, in which all perfect and partially per-
fect numbers are contained.

CHAPTER XLI

On the geometric number, in the eighth book of the Republic
of Plato.

THE obscurity of what Plato says respecting the geometric
number, is so great, as to have become proverbial among the
ancients; and it is not elucidated in any of those invaluable
remains of Grecian philosophy, which have been transmitted
to the present time. What follows, is an attempt to remove the
veil, in which it has been so long concealed.

In the first place, the whole passage in the Republic respect-
ing this number is as follows: “It is indeed difficult for a city
thus constituted, to be changed; but as every thing which is
generated 1s obnoxious to corruption, neither will such a con-
stitution as this remain for ever, but be dissolved. And its dis-
solution is this. Not only with respect ta terrestrial plants, but
likewise in terrestrial animals, a fertility and sterility of soul as
well as of body takes place, when the revolutions of the hea-
venly bodies complete the periphery of their respective orbits,
which are shorter, to the shorter-lived, and contrarywise to
such as are the contrary. And with reference to the fertility
and sterility of our race, although those are wise that you have
educated to be governors of cities, yet will they never by reason
in conjunction with sense, observe the proper seasons, but over-
look them, and sometimes generate children when they ought
not. But the period to that which is divinely generated, is
that which the perfect number comprehends; and to that which
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is generated by man, that period in which the augmentations
surpassing and surpassed, when they shall have received three
restitutions, and four boundaries of things assimilating and
dissimilating, increasing and decreasing, shall render all things
correspondent and effable; of which the sesquitertian progeny
when conjoined with the pentad, and thrice increased, affords
two harmonies. One of these, the equally equal, is a hundred
times a hundred; but the other, of equal length indeed, but
more oblong, is of a hundred numbers from effable diameters
of pentads, each being deficient by unity, and from two num-
bers that are ineffable, and from a hundred cubes of the triad.
But the whole geometric number of this kind, is the author of
better and worse generations; of which when our governors
being ignorant, join our couples together unseasonably, the
children shall neither be of a good genius, nor fortunate.”

In the second place, with respect to the meaning of what is
here said by Plato, as to the periodical mutation of things in
the sublunary region, it must be observed, that all the parts of
the universe are unable to participate of the providence of
divinity in a similar manner, but some of its parts enjoy this
eternally, and others temporally; some in a primary, and others
in a secondary degree. For the universe being a perfect whole,
must have a first, a middle, and a last part. But its first parts,
as having the most excellent subsistence, must always exist
according to nature; and its last parts must sometimes sub-
sist according to, and sometimes contrary to nature. Hence
the celestial bodies, which are the first parts of the universe,
perpetually subsist according to nature, both the whole spheres,

and the multitude coordinate to these wholes; and the only
alteration which they experience, is a mutation of figure, and
variation of light at different periods. But in the sublunary
region, while the spheres of the elements remain on account of
their subsistence as wholes, always according to nature, the
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parts of these wholes have sometimes a natural, and sometimes
an unnatural subsistence; for thus alone can the circle of gene-
ration unfold all the variety which it contains.

The different periods in which these mutations happen, are
called by Plato, with great propriety, periods of ferzility and
sterility. For in these periods, a fertility or sterility of men,
animals, and plants, takes place; so that in fertile periods, man-
kind will be both more numerous, and upon the whole, su-
perior in mental and bodily endowments, to the men of a bar-
ren period. And a similar reasoning must be extended to ani-
mals and plants. The so much celebrated heroic age, was the
result of one of these fertile periods, in which men transcend-
ing the herd of mankind, both in practical and intellectual
virtue, abounded on the earth.

With respect to the epithet divinely generated, it is well ob-
served by the Greek scholiast, “that Plato does not mean by
this either the whole world, though the epithet is primarily
applicable to it, nor the celestial regions only, nor the sublunary
world, but every thing which is perpetually and circularly
moved, whether in the heavens, or under the moon; so far as
it is corporeal calling it generated, (for no body is self-subsist-
ent), but so far as it is perpetually moved, divine. For it imi-
tates the most divine of things, which possess an ever-vigilant
life. But with respect to the perfect number mentioned here
by Plato, we must not only direct our attention to a perfect
number in vulgar arithmetic—for this is rather numbered
than number, tends to perfection and is never perfect, as being
always in generation,—but we must survey the cause of this
number, which is indeed intellectual, but comprehends the
definite boundary of every period of the world.”

In the third place, let us consider what Plato means by aug-
mentations surpassing and surpassed; things assimilating and
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dissimilating, increasing and decreasing, correspondent and

effable.

Augmentations surpassing, are ratios of greater inequality,
viz. when the greater is compared to the less, and are mul-
tiples, superparticulars, superpartients, maltiple super-particu-
lars, and multiple-superpartients. But multiple ratio 1s, as we
have before shown, when a greater quantity contains a less
many times; superparticular ratio is when the greater con-
tains the less quantity once, and some part of it besides; and
superpartient ratio is when the greater contains the less quant-
ity once, and certain parts of it likewise. Again, multiple-
superparticular ratio is when the greater contains the less
many times, and some part of it besides; and multiple-super-
partient ratio, is when the greater contains the less many times,
and also some of its parts. But augmentations surpassed, are
ratios of less inequality, viz. when the less is compared with the
greater quantity; as for instance, submultiples, subsuperpar-
ticulars, subsuperpartients, and those which are composed from
these three. Those numbers are called by Plato assimilating
and dissimilating, which are denominated by arithmeticians
similar and dissimilar. And similar numbers are those whose
sides are proportional, but dissimilar numbers those whose sides
are not proportional. Plato also calls those numbers increasing
and decreasing, which arithmeticians denominate superperfect,
and deficient, or more than perfect and imperfect.

Things correspondent and effable, are boundaries which
correspond in ratio with each other; and can be expressed in
numbers either integral or fractional,—such as these four terms
or boundaries 27, 18, 12, 8, which are in sesquialter and sub-
sesquialter ratios; since these mutually correspond in ratio, and
are cffable. For effable quantities are those which can be ex-
pressed in whole numbers or fractions; and in like manner,
ineffable quantities are such as cannot be expressed in either of
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these, and are called by modern mathematicians surds.

In the fourth place, let us consider what we are to under-
stand by the sesquitertian progeny when conjoined with the
pentad, and thrice increased, affording two harmonies. By the
sesquitertian progeny, then, Plato means the number 95. For
this number is composed from the addition of the squares of
the numbers 4 and 3, (i.e. 25) which form the first sesquiter-
tian ratio, and the number 70 which is composed from 40 and
30, and therefore consists of two numbers in a sesquitertian
ratio. Hence, as 95 is composed from 25 and 70, it may with
great propriety be called a sesquiterian progeny. This number
conjoined with 5, and thrice increased, produces ten thousand
and a million. For 100X 100=10,000, and 10,000 100=
1,000,000. But it must here be observed, that these two num-
bers, as will shortly be seen, appear to be considered by Plato
as analogous to two parallelopipedons, the former viz. ten
thousand, being formed from 1010100, and the latter
from 100010 100. These two numbers are called by Plato
two harmonies, for the following reason:—Simplicius, in his
commentary on Aristotle’s treatise De Coelo, informs us that
a cube was denominated by the Pythagoreans Aarmony,* be-
cause it consists of 12 bounding lines, 8 angles, and 6 sides;
and 12, 8, and 6 are in harmonic proportion. As a parallel-
opipedon, therefore, has the same number of sides, angles, and
bounding lines as a cube, the reason is obvious why the num-
bers 10,000, and 1,000,000 are called by Plato harmonies. Hence
also, it is evident why he says, “that the other of these harmon-
ies, viz. 2 million is of equal length indeed, but more oblong.”
For if we call 100 the breadth, and 10 the depth, both of
ten thousand and a million, it is evident that the latter num-

ber, when considered as produced by 1000< 10X 100 will be
analogous to a more oblong parallelopipedon than the former.

* See chap. XXVII. of this book.
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Again, when he says, “that the number 1,000,000 consists
of a hundred numbers from effable diameters of pentads, each
being deficient by unity, and from two that are ineffable, and
from a hundred cubes of the triad,” his meaning is as follows.
The number 1,000,000 consists of a hundred numbers (i.e. of
a hundred such numbers as 10,000,) each of which is composed
from effable diameters of pentads, &c. But in order to under-
stand the truth of this assertion, the reader must recollect what
has been delivered in Chap. xxxiv. of this book, viz. that
there are certain numbers which are called by arithmeticians
effable diameters. These also are twofold; for some are the
diameters of even, and others of odd squares. And the diame-
ters of effable even squares, when multiplied into themselves,
produce square numbers double of the squares, of which they
are the diameters, with an excess of unity. Thus, for instance,
the number 3 multiplied into itself, produces 9, which is dou-
ble of the square number 4, with an excess of unity; and there-
fore 3 will be the diameter of the even square 4. But the
diameters of effable odd square numbers, are in power double
of the squares of which they are the diameters by a deficiency
of unity. This being premised, it follows that the number
10,000 will consist of a certain number of heptads; for 7 is
the effable diameter of the square number 25. And from what
follows it will be found that this number is 989.

But the number 10,000, not only consists of 989 heptads,
but Plato also adds, “from two numbers that are ineffable,”
viz. from two numbers, the roots of which cannot be exactly
obtained nor expressed, either in whole numbers or fractions,
such as the roots of the numbers 2 and 3. The numbers 300
and 77 are also of this kind; and as we shall see appear to be
the numbers signified by Plato. In the last place, he adds,
“and from a hundred cubes of the triad,” viz. from the number
2700; for this is equal to a hundred times 27, the cube of 3.
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The numbers, therefore, that form 10,000, are as below:

989
7
6,923
300
77
2700

——n

10,000

viz. 989 heptads, two ineffable numbers 300 and 77,* and a
hundred times the cube of 3, ie. 270. And the whole geo-
metric number is a million.

All that Jamblichus says concerning this, which he calls the
nuptial number, in his commentary on the Arithmetic of Nico-
machus, is as follows: “This example will be useful to us for
the purpose of understanding the nuptial number in the Re-
public of Plato. For he there says, that from two parents
who are good, a good ofispring will entirely be born; but the
contrary, from two of a contrary character. And that from a
mixture of good and bad parents, the progeny will be in every
respect bad, but never good. For from the conjunction of odd
numbers by themselves, with the addition of unity, which in
the composition precedes them, square numbers are produced,
which from such numbers have the nature of good. But the
cause of this is equality, and prior to this #4is one. From a
conjunction, however, of even numbers, the duad being the
leader, numbers longer in the other part are produced, which

* The reader, who may have my Plato and Aristotle in his possession, is requested
to correct, by the above numbers, an error in the developement of this geometric
number, which is given in the Republic of the former, and the Politics of the latter.
This error originated from mistating the product of a hundred times 27 to be 270,
instead of 2,700.
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have a contrary nature, because this is also the case with their
generators. But again, the cause of this is inequality, and
prior to this, the indefinite duad. And if a mixture should be
made, and as I may say, a marriage of the even and the odd,
the offspring will partake of the nature of each of these,
whether their generators differ by unity, or by some greater
number. For the numbers produced, are either such as are
longer in the other part, or such as are oblong. And again,
from squares mingled with each other, squares are generated;
from numbers longer in the other part, such as resemble them
are produced; but from such as are mixed, squares are never
generated, but numbers that are entirely heterogeneous. And
this is what the most divine Plato says respecting the male
and female governors of his Republic, when they have not
been nourished in the mathematical disciplines, or though
they have been nurtured in them, yet have engaged in wedlock
in a confused and disorderly manner, from which the progeny

being depraved, will be the principle of sedition and discord
to the whole polity.”

Let there be given a series of square numbers from unity,
and under them a series of numbers longer in the other part,
from the duad or two, as below:

1 4 9 16 25 36 499 64 81 100
2 6 12 20 30 42 56 72 90 110

Then, if 2 is compared to 1, the ratio is duple, and is the root
of the duple ratio. But 6 to 4 is sesquialter, and 12 to 9 ses-
quitertian, and by thus procceding, the superparticular ratio,
the sesquiquartan, sesquiquintan and others will be found, the
differences exceeding each other by unity. For the difference
between 2 and 1 is 1, between 6 and 4 is 2, between 12 and 9
is 3, and so on, the excess being always unity.

In the next place, the terms of one series being compared
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with each other, it will be found, that the square numbers dif-
fer from each other, when assumed in a continued series, by 3.

‘But the difference between the numbers longer in the other
part, is 4.

The difference of two numbers longer in the other part, to
the difference of two squares, is superpartient; but those ratios
have only the appellations pertaining to odd numbers. Thus,
for instance, the difference between 6 and 2 is 4, but the differ-
ence between 4 and 1 is 3, therefore, the difference 4 to the
difference 3 is sesquitertian. Again, the difference between 12
and 6 is 6, but between 9 and 4 is 5, therefore the ratio of the

difference 6 to the difference 5, is sesquiquintan, and so of the
rest.

The numbers which are generated from the first similar, or
the square 4, are all similars and squares. Thus 4 times 4 is
16, four times 9 is 36, four times 16 is 64; all which are
square numbers, and of a similar nature. But the numbers
which are generated from dissimilar terms, are all dissimilar, as
12 which is generated from 2 and 6, and 72 which is generated
from 6 and 12, and so of the rest. And the number produced
by the multiplication of a dissimilar number 6, with a similar

number 4, will be the dissimilar oblong 24, and will be in the
rank of evil numbers.*

In the gnomons of squares, and the gnomons of numbers
longer in the other part, the following analogy occurs.

* Good numbers, according to Plato, are such as always subsist after the same
manner, and preserve equality; and such are square numbers which are generated
from odd gnomons, and are placed by the Pythagoreans in the series of things that
are good. But evil numbers are those that are longer in the other part, and
oblongs. From good numbers, therefore, good numbers are produced. Thus from
3 muldplied into itself, the square number is generated; from 4 the squarc 16;
and from 5 the square 25, which are also generated from the circumposition of
odd gnomons. But from the multiplication of 3 and 4, i.e. from the conjunction
of good and evil, 12 is produced, which is longer in the other part, and is there-
fore evil. And so in other instances.
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1 357 911 1315
2 46 8 10 12 14 16

If three gnomons of squares are assumed, 1, 3, 5, the sum
of them is 9, and the sum of the gnomons 2 and 4, of two
numbers longer in the other part, is 6, which is subsesquialter
to 9. If four gnomons of squares are assumed, 1, 3, 5, 7,
the sum of them is 16, and the sum of the three gnomons
2, 4, and 6 of numbers longer in the other part is 12; but 16
to 12 is a sesquitertian ratio. And by proceeding in this way,

the other ratios will be found to be sesquiquartan, sesquiquin-
tan, &c.

If squares are compared, and the numbers longer in the
other part which are media between them, the ratio of the first
analogy is duple, i.e. of 1, 2, 4; of the second analogy 4, 6, 9, is
sesquialter; of the third 9, 12, 16, is sesquitertian, and so on.

But if numbers longer in the other part are compared with
squares as media, the ratios will be found to be allied and con-
nected, viz. the duple with the sesquialter, as in 2, 4, 6; the
sesquialter with the sesquitertian, as in 6, 9, 12; the sesquiter-
tian with the sesquiquartan, as in 12, 16, 20, and so on. More-
over, every square and similar number, with a subject number
longer in the other part, and dissimilar, produces a triangular
number. Thus 142=3, 44+6=10, 9-}12=21, &c. all which
sums are triangular numbers. Likewise, if the first dissimilar
is added to the second similar number, or the second dissimilar
to the third similar number, the sums will also be triangular
numbers. Thus 24-4=6, 6+4-9—15, 12+4+16=28, &c. And
thus much respect to what Jamblichus says concerning the
nuptial number.
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BOOK THREE

CHAPTER 1

On the manner in which the Pythagoreans philosophized
about numbers.

HE Pythagoreans, turning from the vulgar paths,
and delivering their philosophy in secret to those
alone who were worthy to receive it, exhibited

(Y it to others through mathematical names. Hence

5 they called forms, numbers, as things which are

the first separated from impartible union; for the natures

which are above forms, are also above separation.* The all-
perfect multitude of forms, therefore, they obscurely signified
through the duad; but they indicated the first formal princi-
ples by the monad and duad, as not being numbers; and also
by the first triad and tetrad, as being the first numbers, the
one being odd, and the other even, from which by addition
the decad is generated; for the sum of 1, 2, 3, and 4, is ten.

But after numbers, in secondary and multifarious lives, intro-

ducing geometrical prior to physical magnitudes; these also

they referred to numbers, as to formal causes and the princi-

-

* Forms subsist at the extremity of the intelligible triad, which triad consists of
being, life, and intellect. But being and life, with all they contain, subsist here
involved in impartible union. See my Proclus on the Theology of Plato.

159
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ples of these; referring the point indeed, as being impartible
to the monad, but a line as the first interval to the duad; and
again, a superficies, as having a more abundant interval to the
triad; and a solid to the tetrad. They also called, as is evident
from the testimony of Aristotle, the first length the duad; for
it is not simply length, but the first length, in order that by
this they might signify cause. In a similar manner also, they
denominated the firsz breadth, the triad; and the firsz depth
the tetrad. They also referred to formal principles all psychi-
cal knowledge. And intellectual knowledge indeed, as being
contracted according to impartible union, they referred to the
monad; but scientific knowledge, as being evolved, and as
proceeding from cause to the thing caused, yet through the
inerratic, and always through the same things, they referred
to the duad; and opinion to the triad, because the power of it
1s not always directed to the same thing, but at one time in-
clines to the true, and at another to the false. And they re-
ferred sense to the tetrad, because it has an apprehension of
bodies; for in the duad indeed, there is one interval from one
monad to the other; but in the triad there are two intervals
from any one monad to the rest; and in the tetrad there are
three. They referred, therefore, to principles every thing
knowable, viz. beings, and the gnostic powers of these. But
they divided beings not according to breadth, but according
to depth; into intelligibles, objects of science, objects of opin-
ion, and sensibles. In a similar manner, also they divided
knowledge into intellect, science, opinion, and sense. The
extremity, therefore, of the intelligible triad, or animal itself,
as it is called by Plato in the Timzus, is assumed from the
division of the objects of knowledge, manifesting the intel-
ligible order, in which forms themselves, viz. the first forms
and the principles of these, are contained, viz. the idea of the
one itself, of the first length, which is the duad itself, and also
the ideas of the first breadth and the first depth; (for in com-
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mon the term first is adapted to all of them), viz. to the triad
itself, and the tetrad itself.

Again, the Pythagoreans and Plato did not denominate idea
from one thing, and ideal number from another. But since the
assertion is eminently true, that all things are similar to num-
ber, it is evident that number, and especially every ideal num-
ber, was denominated on account of its paradigmatic peculiar-
ity. If any one, however, wishes to apprehend this from the
appellation itself, it is easy to infer that idea was called, from
rendering as it were its participants similar to itself, and im-
parting to them form, order, beauty, and unity; and this in
consequence of always preserving the same form, expanding its
own power to the infinity of particulars, and investing with
the same species its eternal participants. Number also, since it
imparts proportion and elegant arrangement to all things, was
allotted this appellation. For the ancients, says Syrianus,* call
to adapt or compose %% arsai, whence is derived @ptpog
arithmos number. Hence @vapooy gnarsion among the Greeks
signifies incomposize. Hence too, those Grecian sayings, you
will adapt the balance, they placed number together with
them, and also number and friendship. From all which num-
ber was called by the Greeks arizhmos, as that which measures
and orderly arranges all things, and unites them in amicable
league.

Farther still, some of the Pythagoreans discoursed about
inseparable numbers alone, i.e. numbers which are inseparable
from mundane natures, but others about such as have a sub-
sistence separate from the universe, in which as paradigms they
saw those numbers are contained, which are perfected by
nature. But others, making a distinction between the two,
unfolded their doctrine in a more clear and perfect manner.

* In Aristot. Metaphys. Lib. 13.
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If it be requisite, however, to speak concerning the difference
of these monads, and their privation of difference, we must say
that the monads which subsist in quantity, are by no means to
be extended to essential numbers; but when we call essential
numbers monads, we must assert that all of them mutually
differ from each other by difference itself, and that they possess
a privation of difference from sameness. It is evident also,
that those which are in the same order, are contained through
mutual comparison, in sameness rather than in difference, but
that those which are in different orders are conversant with
much diversity, through the dominion of difference.

Again, the Pythagoreans asserted that nature produces sensi-
bles by numbers; but then these numbers were not mathemati-
cal but physical; and as they spoke symbolically, it is not im-
probable that they demonstrated every property of sensibles by
mathematical names. However, says Syrianus, to ascribe to
them a knowledge of sensible numbers alone, is not only ridic-
ulous, but highly impious. For they received indeed, from the
theology of Orpheus, the principles of intelligible and intellec-
tual numbers, they assigned them an abundant progression,
and extended their dominion as far as to sensibles themselves.
Hence that proverb was peculiar to the Pythagoreans, that a//
things are assimilated to number. Pythagoras, therefore, in
THE SACRED DISCOURSE, clearly says, that “number is the ruler
of forms and ideas, and is the cause of gods and demons.”
He also supposes that “¢o the most ancient and artificially
ruling deity, number is the canon, the artificial reason, the in-
tellect also, and the most undeviating balance of the compo-
sition and generation of all things.” avvog pev wlayopag ev T¢
tep AoYo, Stappndny popewy xat dewv xpaviopa Tov aptbuoy eheyay
cvar, xat fcwv xat JapoveY QIToVT Rat TQ TPEoPuTaT XAt RpA-
TioTEvoYTt TEXVT Bed xavova, wat AOYOY TEXVIXNOV, VOUV TE a
oTaluay axAtvesTaTay TOv aptOuov UTELRE CUTTATIOG XAl YEVESEWS TOY
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zavtwy, Syrianus adds, “But Philolaus declared that number
is the governing and self begotten bond of the eternal perma-
nency of mundane natures.” ¢tAOA®IG 3e, TMG TGV KOGUIXWY
QLOVIEAG 8:ap.ovn<; TNV APATICTEVOYCAY RAL XITOYEVY, GUYOYTNY Elval
ameeryvato tov apibpov. “And Hippasus, and all those who were
destined to a quinquennial silence, called number the judicial
instrument of the maker of the universe, and the first paradigm
of mundane fabrication.” ot 9¢ TEpt (TTATOY AROVGRLETLXOL ELTIV
RELTINOY ROCLOVPYOU Oeou OPT“VOV, KA wapaéec“{p.awpmtov IOU‘LO‘EOCEZQ.
But how is it possible they could have spoken thus sublimely
of number, unless they had considered it as possessing an
essence separate from sensibles, and a transcendency fabrica-
tive, and at the same time paradigmatic?

CHAPTER 11
On mathematical and physical number.

As in every thing, according to the doctrine of Aristotle, one
thing corresponds to matter, and another to form, in any num-
ber, as for instance the pentad, its five monads, and in short its
quantity, and the number which is the subject of participation,
are derived from the duad itself; but its form, i.e. the pentad
itself, is from the monad: for every form is a monad, and
unites its subject quantity. The pentad itself, therefore, which
is a monad, proceeds from the principal monad, or that which
ranks as the highest principle after the ineffable one, forms its
subject quantity, which is itself formless, and connects it to its
own form. For there are two principles of mathematical num-
bers in our souls, the monad which comprehends in itself all
the forms of numbers, and corresponds to the monad in intel-
lectual natures, and the duad which is a certain generative
principle of infinite power, and which on this account, as being
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the image of the never-failing and intelligible duad, is called
indefinite. While this proceeds to all things, it is not deserted
in its course by the monad, but that which proceeds from the
monad continually distinguishes and forms boundless quantity,
gives a specific distinction to all its orderly progressions, and
incessantly adorns them with forms. And as in mundane
natures, there is neither any thing formless, nor any vacuum
among the species of things, so likewise in mathematical num-
ber, neither is any quantity left innumerable, for thus the form-
ing power of the monad would be vanquished by the indefinite
duad, nor does any medium intervene between the consequent
numbers, and the well-disposed energy of the monad.

Neither, therefore, does the pentad consist of substance and
accident, as a white man; nor of genus and difference, as man
of animal and biped; nor of five monads mutually touching
each other, like a bundle of wood; nor of things mingled, like
a drink made from wine and honey; nor of things sustaining
position, as stones by their position complete the house; nor
lastly, as things numerable, for these are nothing else than par-
ticulars. But it does not follow that numbers themselves,
because they consist of indivisible monads, have nothing else
besides monads; (for the multitude of points in continued
quantity is an indivisible multitude, yet it is not on this account
that there is a completion of something else from the points
themselves) but this takes place because there is something in
them which corresponds to matter, and something which cor-
responds to form. Lastly, when we unite the triad with the
tetrad, we say that we make seven. The assertion, however, is
not true: for monads conjoined with monads, produce in-
deed the subject of the number 7, but nothing more. Who
then imparts the heptadic form to these monads? Who is it
also that gives the form of a bed to a certain number of pieces
of wood? Shall we not say that the soul of the carpenter,
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from the art which he possesses, fashions the wood, so as to
receive the form of a bed, and that the numerative soul, from
possessing in herself a monad which has the relation of a prin-
ciple, gives form and subsistence to all numbers? But in thic
only consists the difference, that the carpenter’s art is not natu-
rally inherent in us, and requires manual operation, because it
is conversant with sensible matter, but the numerative art is
naturally present with us, and is therefore possessed by all men,
and has an intellectual matter which it instantaneously invests
with form. And this is that which deceives the multitude, who
think that the heptad is nothing besides seven monads. For
the imagination of the vulgar, unless it first sees a thing una-
dorned, afterwards the supervening energy of the adorner, and
lastly, above all the thing itself, perfect and formed, cannot be
persuaded that it has two natures, one formless, the other
formal, and still further, that which beyond these imparts
form; but asserts that the subject is one, and without genera-
tion. Hence, perhaps, the ancient theologists and Plato ascribed
temporal generations to things without generation, and to
things which are perpetually adorned, and regularly disposed,
privation of order and ornament, the erroneous and the bound-
less, that they might lead men to the knowledge of a formal
and effective cause. It is, therefore, by no means wonderful,
that though seven sensible monads are never without the hep-
tad, these should be distinguished by science, and that the
former should have the relation of a subject, and be analogous
to matter, but the latter should correspond to species and form.

Again, as when water 1s changed into air, the water does not
become air, or the subject of air, but that which was the sub-
ject of water becomes the subject of air, so when one number
unites itself with another, as for instance the triad with the
duad, the species or forms of the two numbers are not mingled,
except in their immaterial reasons, in which at the same time
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that they are separate, they are not impeded from being united,
but the quantities of the two numbers which are placed togeth-
er, become the subject of the pentad. The triad, therefore, is
one, and also the tetrad, even in mathematical numbers: for
though in the ennead or number nine, you may conceive a
first, second, and third triad, yet you see one thing thrice as-
sumed; and in short, in the ennead there is nothing but the
form of the ennead in the quantity of nine monads. But if you
mentally separate its subjects, (for form is impartible) you will
immediately invest it with forms corresponding to its division;
for our soul cannot endure to see that which is formless, un-
adorned, especially as she possesses the power of investing it
with ornament.

Since also separate numbers possess a demiurgic or fabrica-
tive power, which mathematical numbers imitate, the sensible
world likewise contains images of those numbers by which it
is adorned; so that all things are in all, but in an appropriate
manner in each. The sensible world, therefore, subsists from
immaterial and energetic reasons,* and from more ancient
causes. But those who do not admit that nature herself is full
of productive powers, lest they should be obliged to double
things themselves, these wonder how from things void of mag-
nitude and gravity, magnitude and gravity are composed;
though they are never composed from things of this kind
which are void of gravity and magnitude, as from parts. But
magnitude is generated from essentially impartible element;
since form and matter are the elements of bodies; and still
much more is it generated from thase truer causes which are
considered in demiurgic reasons and forms. Is it not therefore
necessary that all dimensions, and all moving masses, must
from these receive their generation? For either bodies are
unbegotten like incorporeal natures, or of things with inter-

* j.c. Productive principles.
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val things without interval are the causes, of partibles im-
partibles, and of sensibles and contraries, things insensible
and void of contact: and we must assent to those who assert
that things possessing magnitude are thus generated from
impartibles. Hence the Pythagorean Eurytus, and his follow-
ers, beholding the images of things themselves in numbers,
rightly attributed certain numbers to certain things, according
to their peculiarity. In consequence of this, he said, that a
particular number is the boundary of this plant, and again,
another number of this animal; just as of a triangle 6 is the
boundary, of a square 9, and of a cube 8. As the musician
too, harmonizes his lyre through mathematical numbers, so
nature through her own natural numbers, orderly arranges,
and modulates her productions.

Indeed, that numbers are participated by the heavens, and
that there is a solar number, and also a lunar number, is mani-
fest according to the adage, even to the blind. For the restitu-
tions of the heavenly bodies to their pristine state (@xoxatasza-
oetg) would not always be effected through the same things,
and in the same manner, unless one and the same number had
dominion in each. Yet all these contribute to the procession of
the celestial spheres, and are contained by their perfect num-
ber. But there is also a certain natural number belonging to
every animal. For things of the same species would not be dis-
tinguished by organs after the same manner, nor would they
arrive at puberty and old age about the same time, or generate,
nor would the foetus be nourished or increase, according to
regular periods, unless they were detained by the same measure
of nature. According to the best of the Pythagoreans also,
Plato himself, number is the cause of better and worse genera-
tions. Hence though the Pythagoreans sometimes speak of
the squares and cubes of natural numbers, they do not make
them to be monadic, such as the number 9, and the number
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27, but they signify through these names from similitude, the
progression of natural numbers into, and dominion about,
generations. In like manner, though they call them equal or
double, they exhibit the dominion and symphony of ideas in
these numbers. Hence different things do not use the same
number, so far as they are different, nor do the same things use
a different, so far as they are the same.

In short, physical numbers are material forms divided about
the subject which receives them. But material powers are the
sources of connection and modification to bodies. For form is
one thing, and the power proceeding from it another. For
form itself is indeed impartible and essential; but being ex-
tended, and becoming bulky, it emits from itself, as if it werc
a blast, material powers which are certain qualities. Thus, for
instance, in fire, the form and essence of it is impartible, and
is truly the image of the cause of fire: for in partible natures,
the impartible has a subsistence. But from form which is im-
partible in fire, and which subsists in it as number, an extension
of it accompanied with interval, takes place about matter, from
which the powers of fire are emitted, such as heat, or refrigera-
tion, or moisture, or something else of the like kind. And
these qualities are indeed essential, but are by no means the
essence of fire. For essences do not proceed from qualities,
nor are essence and power the same thing. But the essential
every where precedes power. And from this being one the
multitude of powers proceeds, and the distributed from that

which is undistributed; just as many energies are the progeny
of one power.

CHAPTER III
On the monad.

THe monad, as we learn from the extracts preserved by
Photius from Nicomachus, was called by the Pythagoreans
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intellect, male and female, God, and in a certain respect mat-
ter. They also said, that it in reality mingled all things, is the
recipient and capacious of all things, is Chaos, confusion, com-
mixtion, obscurity, darkness, a chasm, Tartarus, Styx, and
horror, and void of mixture, a subterranean profundity, Lethe,
a rigid virgin, and Atlas. It is likewise called by them the axis,
the Sun, and Pyralios, Morpho, the tower of Jupiter, and sper-
matic reason. Apollo likewise, the prophet, and ambiguous.

With respect to the first of these appellations, intellect, the
reason why the Pythagoreans thus denominated the monad
will be evident if it is considered that forms or ideas were
called by them numbers, and that as the monad contains in it-
self the cause of numbers, so intellect is the source of all ideas.
As the monad too comprehends in itself the multitude which
it produces, and with which it accords, so intellect compre-
hends in itself all the forms which proceed from it, and with
which it is coordinate. But they appear to have called the mo-
nad male and female, from containing in itself causally, the
odd and the even, the former of which corresponds to the
male, and the latter to the female, or according to the anony-
mous author in Theologumenis Arithmeticis, it was so called
as being the seed of all things. Hence we are informed by Theo
of Smyrna, (p. 30) that Aristotle in his treatise called Pytha-
goric, said, “that the one partakes of both these natures; for
being added to the odd it makes the even number, and to the
even, the odd number, which it could not do, if it did not

participate of both these.” And he further informs us that
Archytas also was of the same opinion. As God too is the cause

of all multitude, the reason is obvious why they called the mo-
nad God. They also very properly denominated it in a certain
respect, and not wholly matter, from its similitude to divinity.
For God is the first, and matter the last of things, and each
subsists by a negation of all things. Hence matter is said to be
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dissimilarly similar to divinity. It is similar, so far as it alone
subsists by a negation of all things. But it is dissimilarly simi-
lar, because divinity is better and beyond all things, but matter
is worse than, and below all things.

Again, when they said that the monad in reality mingled
and is the recipient of all things, this likewise was asserted by
them from the analogy of the monad to deity; for all things
are mingled by and comprehended in the ineffable nature of
divinity. But they called it chaos from resembling the infinite,
for chaos, according to Pythagoras,* is analogous to infinity, in
the same manner as ether is said by him to correspond to
bound. And bound and infinity are the two great principles of
things immediately posterior to the ineffable. For the same
reason they called it a chasm. But they called it confusion,
commixture, obscurity, and darkness, because in the ineffable
principle of things of which it is the image, all things are pro-
foundly one without any separation or distinction, as being all
things prior to all, and in consequence of being involved in un-
fathomable depths, are concealed in unknown obscurity and
darkness. Hence, as we are informed by Damascius in his ad-
mirable MS. treatise mept apywy, the Egyptians asserted nothing
of the first principle of things, but celebrated it as a thrice un-
known darkness transcending all intellectual perception. avouy-
LOTLY TPOTNV GEYMY CROTOG UTEQ TATCKY VOMTLY, TROTOG AYVWSTOV, TPLG
T0uTe emgntovres, As Tartarus too subsists at the extremity
of the universe, in a descending series, it is dissimilarly similar
to the ineffable which is the extremity of things in an ascend-
ing serics. But when they called the monad Styx, it was in
consequence of looking to its immutable nature. For Styx, ac-
cording to its first subsistence, is the cause by which divine na-
tures retain an immutable sameness of essence; for this is the
occult meaning of the fabulous assertion, that the Gods swear

* See the notes to my translation of Aristotle’s Metaphysics.
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by Styx, viz. they continue through this invariably the same.
They appear to have called the monad, horror, from consider-
ing that the ineffable is perfectly unknown, and unconnected
with our nature; for the perception of any sensible thing of this
kind, is attended with terror. But they denominated it void of
mixture, from the simplicity of the nature of the ineffable and
a subterranean profundity from its unfathomable depths, which
are beyond all knowledge. As with respect to the ineffable
likewise, knowledge, as Damascius beautifully observes, is re-
funded into ignorance, the monad, which is the image of it, is
very appropriately called Lethe or oblivion. But from the
purity of its nature, the monad is denominated a rigid virgin.
And it is called Atlas, because the ineffable supports, connects,
and separates all things; for of this the fabulous pillars of
Atlas are an image.

Besides these appellations, the Pythagoreans also called the
monad Apollo, as we are informed by Plutarch and Plotinus,
from its privation of multitude. They likewise denominated it
Prometheus, according to the anonymous author of Theolo-
gum. Arithmet. because it in no respect runs to the anterior
part, amo Tov mpose pydeve Tpomey Berv; for there is nothing beyond
the ineffable. The same author, likewise, informs us that they
called it “essence, the cause of truth, the simple paradigm, the
order of symphony; in the greater and the less, the equal; in
intension and remission, the middle; in multitude the moder-
ate; in time the present now. And besides these, a ship, a
chariot, a friend, life, and felicity.” For as zhe one is all things
prior to all, it is preeminently the most excellent of things, but
this, according to zhe one, i.e. without departing from the in-
effable simplicity of its nature. They also denominated it form,
because, as Simplicius observes (in Phys. lib. 1.) form circum-
scribes and bounds every thing to which it accedes. But they
called it Proteus, as we are informed by the above mentioned
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anonymous author, in consequence of comprehending the pe-
culiarities of all things in itself, ovx axt8avag 3¢ xat mpwTea TpoTy-

YOpEVOY QUTNY, TOV €V ALTUTTE TARLOPPOY NPWE, TA TAVTOY LIIOPATE
mepiexovoay, They also denominated it Jupiter, because what
the one, or the ineffable principle of things is to all the orders
of the Gods, that Jupiter is to all the divine orders posterior
to him, as is beautifully observed by Proclus in Theol. Plat.
lib. 5. They likewise called it Mnemosyne the mother of the
Muses, because as the Muses generate all the variety of reasons
with which the world is replete, and are the causes of the
perfection of the universe, Mnemosyne will be analogous to
the one which is the source of all multitude. It may also be
said that as Mnemosyne is memory, and memory is stability of
knowledge, the monad is thus denominated, as being the im-
age of zhe one which is the stable root of all knowledge, and of
all things. But they called it Vesta, or the fire in the centre of
the earth, which as Simplicius observes (de Czlo lib. 2.) pos-
sesses a fabricative power, nourishes the whole earth from the
middle, and excites whatever in it is of a frigid nature. So
that as a producing centre it is analogous to the one.* On this
appellation, there is the following remarkable passage in the
before mentioned anonymous author. “In addition to these
things, also, they say, that a certain fiery cube of the nature of
unity, is situated about the middle of the four elements, the
middle position of which Homer also knew, when he says,

As far beneath the unseen region hurl’d,
As earth is distant from the etherial world.

Empedocles, Parmenides, and nearly most of the ancient wise
men, appear to accord in these things with the Pythagoreans;

* From this passage of Simplicius, it is evident how much they are mistaken,
who suppose that by the fire at the centre, the Pythagoreans meant the sun, and
who in consequence of this ascribe the system of Copernicus to Pythagoras, as the
author. See my Introduction to the Timzus in vol. II. of my translation of Plato,
and the note on the Hymn to Vesta, in my translation of the Orphic hymns.
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for they say that the monadic nature, after the manner of Vesta,
is established in the middle, and on this account preserves that
seat in equilibrium.” wpog T0I70LG QUTL TEPL TO UEGOY TWY TETTAPWY
ororystwy xewobar Tiva evadixov Stamupov xofov, ou TNV pesotnTa TNg
beag (lcge fesewrq) etdevar xat Oumpov Aeyovra

T0050v evepd’ a'c'Bog, 0G0V DVPAVOG 0T A0 YALNG,

sotkact 3¢ xata Ye TauTa xa&TARoAoOMxevar Toig mubayopetotg ou e
wept Epmedoniea xat [appevidny, xat oyedov ot TAetoTol TOY TAAAL
cogwy, gapevor Ty povadixny guaty, Eetiag tpomov, ev pese dpushar
%Gt Sto TOUTO LGOPPOTOY PUAGGEELY TNV autny &dpav,

In the last place, they called the monad multinominal, as we
are informed by Hesychius; and this with the greatest pro-
priety, because the ineffable one, of which the monad is the
image, is, as we have observed, all things prior to all.

CHAPTER 1V
On the duad.

THe duad was called by the Pythagoreans, as we learn from
Nicomachus, “audacity, matter, the cause of dissimilitude, and
the interval between multitude and the monad. This alone
produces equality from composition and mixture, on which
account also it is equal. But it is likewise unequal, defect, and
abundance, and is alone unfigured, indefinite, and infinite. It
is also alone the principle and cause of the even, yet is neither
evenly-even, nor unevenly-even, nor evenly-odd. But many of
these things are proximate to the physical peculiarity of the
duad. It is likewise the fountain of all symphony, and among
the Muses is Erato. It is also harmony, patience, and a root,
though not in a certain respect in energy. It is power too, the
feet of Ida abounding with fountains, a summit and Phanes.
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It is also Justice, and Isis, Nature and Rhea, the mother of
Jupiter, and the fountain of distribution. It was likewise
called by them Phrygia, Lydia, Dindymene, Ceres, and Eleu-
sinia, Diana and Cupid, Dictynna, Aeria, Asteria, Disamos,
and Esto. Also Venus, Dione, Mychza, Cytherea, ignorance,
ignobility, falsehood, difference, indistinction, strife, dissension,
Fate and Death.”

Prior, however, to a development of these appellations, it
will be requisite to observe concerning the duad, that the Py-
thagoreans, before they evinced the multitude subsists in intel-
ligibles, necessarily investigated the cause of the multitude
which is there, and found that among the genera of being it is
difference, which subsists according to non-being; but that in
causes most eminently the first, it is the indefinite duad, which,
says Syrianus, Pythagoras in the Sacred Discourse calls Chaos,
and which he associates with intellect; for he assigns this ap-
pellation to the monad, which is the first of the two great
principles* after zhe ineffable one.

This duad is indeed every where the cause of multitude, so
far as it produces things from the one with their proper differ-
ences. But so far as it is a principle, there is also in the
several orders of beings a proper monad; and a duad connate
to this found, and which generates a number accommodated
to itself.

Every number too, subsists from these two principles, the
monad and duad; but the odd number is rather characterized
by the property of the monad, but the even by the property of
the duad. In angles, also, the right angle subsists rather accord-
ing to the monad, but the acute and obtuse, according to the
indefinite duad, in which exuberance and defect are most ap-

* These two great principles are not only called the monad and duad, but also
bound and infinity.
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parent. Of figures, likewise, those which are characterized by
equality, sameness, and similitude, have greater relation to the
monad; but those in which inequality, difference, and dissimi-
litude are predominant, are more allied to the duad. In short,
every figure subsists from these two principles: for the sphere,
circle, equilateral triangle, square and cube, participate of the
duad by their quantity, and their possession of interval. And
again, beams of timber, altars, scalene triangles, and oblong

figures accord with the monad, from which they receive their
form.

Again, the Pythagoreans, says Syrianus, considered accidents,
and saw that the same principles had an analogous subsistence
in these; and that they had their proper monad and duad; the
former being the cause of identity to them, and the latter of
difference and multitude. In natural reasons also, or produc-
tive seminal principles, they placed effective causes. There is
therefore, in nature, one productive principle generative of all
colours, and another which is indeed primarily perfected from
this, but which produces together with it the multitude and
diversity of colours: and these are the monad and duad of
colours. In other accidents also, which are perfected through

natural reasons, there will be found a monad and duad analo-
gous to these.

Having premised thus much, let us direct our attention in
the next place, to the appellations of the duad. With respect
to the appellation audacity, therefore, we are informed by the
anonymous author that the duad was so called “because it first
separated itself from the monad.” For as the descent of the
soul into body, and her abandoning an intellectual and divine
life, for an irrational and mortal condition of being may be
called audacity, as being in a certain respect an improper bold-
ness, so with reference to the transcendant excellence of the
monad, a departure from it as the paternal profundity and the
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adytum of god-nourished silence, as it is called in the Chaldean
oracles, may be said, metaphorically speaking, to be an auda-
cious undertaking. But the duad was called matter, as being
indefinite, and the cause of bulk and division, as Simplicius
observes in his comment on the Physics. And it is the cause of
dissimilitude, as being in its first subsistence zhe infinite, from
which dissimilitude is suspended, in the same manner as simili-
tude is suspended from bound. But it is the interval between
multitude and the monad, because it is yet perfect multitude,
but is as it were parturient with it, and almost unfolding it into
light. Of this we see an image in the duad of arithmetic.
For as Proclus beautifully observes in his Comment on the
20th &c. definition of the first book of Euclid’s Elements:
“The duad is the medium between unity and number. For
unity, by addition, produces more than by multiplication; but
number, on the contrary, is more increased by multiplication
than by addition; and the duad, whether multiplied into, or
compounded with itself, produces an equal quantity.” The
duad was also called equal, because, says the anonymous au-
thor, “two and two are equal to twice two:” that is, the addi-
tion of two to itself, is equal to the multiplication of it by itself.
But it is unequal, defect and abundance, as the same author
observes, according to the conception of matter. For he adds,
the Pythagoreans call matter homonymously with this, the in-
definite duad, because so far as pertains to itself, it is deprived
of morphe, form, and a certain definition, and is defined and
bounded by reason and art. It is likewise alone unfigured,
because, as the anonymous writer observes, “From the triangle
and the triad polygonous figures proceed in energy, ad infini-
tum; from the monad all figures subsist at once according
to power; but from two things, whether they are right lines,
or angles, a right-lined figure can never be composed.”* But

* The latter part of this extract in the original is defective; for it is ywo S¢
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the duad was called indefinite and infinite, because in its first
subsistence it is infinity, and therefore has no appropriate
bound. And as we have shown that it was called equal, it is
not wonderful that it was denominated the cause of the even,
and consequently as the cause of it, was said to be neither
evenly-even, nor unevenly-even, nor evenly-odd.

Again, it was called the fountain of all symphony, because
the symphony diapason, which is most harmonic, is formed
from a duple ratio. But is was denominated Erazo, “because,
says the anonymous author, it attracts to itself through love
the accession of the monad, as of form, and thus generates the
remaining effects,” v Yap g wovadog, g edoug mpogodov Bt
LPWTG ETITWWEVT, Ta Aotma amoteheopata vewa, As the fountain
of all symphony, it is evident why it was called harmony. But
it was denominated patience, because, says the anonymous
writer, it is the first multitude that sustains or endures separa-
tion, viz. a separation from the adytum of the monad. It is also
a root, though not in a certain respect in energy, because it is
the mother of number with which it is parturient, but is not
number in perfect energy. It was likewise denominated power,
because the first infinity is the first power. But it is the feet of
Ida abounding with fountains, because it is the root of the
region of ideas, or an intelligible essence. For the foot of a
mountain is the same as the root of it; and mount Ida, as
Proclus observes in his Apology for Homer, signifies the region
of ideas. It is also called Phanes, or intelligible intellect, as

being the occult power of it. But it may be said generally,
that it is Justice, Isis, Nature, Rhea, &c. because, as being of
a feminine nature, it is the fountain of all the divinities that
are of a female characteristic. It likewise appears that it was

300 ovteg evletwy ToTE: £1Te YOViwY, uluvpaupoy cuvicTaTal GYNMPA-
Instead of which it is necessary to read, as in my translation, ywe 3¢ Jvo ovteg

stre cubetwy, ctte yoviwy, ov ®oTe cvbuypaupov cuvisTATAL CYMUA-
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called Cupid for the reason above assigned, for its being de-
nominated Erato, viz. from desiring the accession of the mo-
nad. But it is ignorance, from its subsistence as infinity, about
which there is an all-perfect ignorance. And it is ignobility,

falsehood, difference, &c. as being the leader of the worse
co-ordination of things.

CHAPTER V
On the triad.

NicomacHus, in the extracts from him preserved by Pho-
tius, observes of the triad conformably to the Pythagoreans, as
follows: “The triad is the first odd number in energy, is the
first perfect number, is a middle and analogy. It causes the
power of the monad to proceed into energy and extension. But
it is also the first of numbers, and is properly a system of mo-
nads. Hence afterwards, the Pythagoreans refer this number
to physiology. For it is the cause of that which has triple di-
mensions, gives bound to the infinity of number, is similar and
the same, homologous and definite. The triad also is intellect,
and is the cause of good counsel, intelligence, and knowledge.
It is also the most principal of numbers, and is the mistress and
composition of all music. It is likewise especially the mistress
of geometry, possesses authority in whatever pertains to astro-
nomy and the nature and knowledge of the heavenly bodies,
and connects and leads them into effect. Every virtue also is
suspended from this number, and proceeds from it. In the next
place with respect to its mythological appellations, it is Saturn
and Latona, and the horn of Amalthea. It is also Ophior,
Thetis, and Harmony, Hecate, Erana, and Charitia, and among
the Muses, Polymnia. It is likewise Pluto and Loxia, the bear,
and Helice, and the constellation which is never merged in
the deep. It is Damatrame and Dioscoria, Metis and Trigem-
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ina, Triton, and the perfect of the sea, Tritogeneia and
Achelous, Naetis and Agyiopeza, Curetide and Cratzide, Sym-
benia and marriage, Gorgonia and Phorcia, Trisamos and Ly-
dios.”

Thus far Nicomachus. That the triad then is the first odd
number in energy, will be evident from considering that it is in
reality the first number; for number is more increased by mul-
tiplication than by addition, as we have before observed from
Proclus, and this is the case with the triad, but is not so with
the duad or the monad. That it is also the first perfect number
is evident from this, that three things, as Aristotle* observes,
are all, and the all is perfect from having a beginning, middle,
and end. But the triad is a middle and analogy, because all
analogy or proportionality consists of three terms at least, and
analogies were by the ancients called middles. It also causes
the power of the monad to proceed into energy, and extension,
because the monad considered as unproceeding is hyparxis, or
the summit of essence, but it is prolific through power, and in
the third place, it unfolds multitude into light through energy.
That it is likewise the first of numbers we have before shown.
And it appears to me that it was said to be a system of monads,
because every system has a first, middle, and last. But it gives
bound to the infinity of number, because it is all-perfect.
Hence too, from its all-perfect nature, it is similar and the
same, homologous and definite. As energy also it is intellect;
for intellect is the first energy. But it is the cause of good coun-
sel, intelligence, and knowledge, “because,” as the anonymous
author observes, “men correctly employ present circumstances,
foresee such as are future, and acquire experience from such as
are past.” It is also the most principal, because it is the first
of numbers. And it is the mistress and composition of all mu-
sic, because harmony contains three symphonies, the diapason,

* De Coelo. lib. i. cap. 1.
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the diapente, and the diatessaron. It may likewise be said to
be especially the mistress of geometry, because the triangle is
the principle of all figures. With respect to the triad possessing
authority in whatever pertains to astronomy and the nature
and knowledge of the heavenly bodies, and that it connects and
leads them into effect, this will be evident from considering
that there are three quaternions of the celestial signs, viz. the
fixed, the moveable, and the common. In every sign also,
there are three faces and three decans, and three lords of
every triplicity. And among the planets there are three for-
tunes. According to the Chaldeans likewise, there are three
etherial worlds prior to the sphere of the fixed stars. And
we are informed by the anonymous author, “that every tra-
duction of divine and mortal natures is effected by emission,
reception, and restoration; etherial natures after a certain man-
ner disseminating; the region which surrounds the earth as
it were receiving; and restoration taking place through things
which have an intermediate subsistence.

O7t xat 1 ovuraca SieEayoyn fetwvte rat Ovntey ex TERPOECEWG, XaL
om030YNG, RAL TPLTOV AVTATOS00EWG RPUTUVETAL, OTEPUALVOVTLY eV
Tpomov Tiva Twv atbeptwv, vmodeyopevwy B woavEL TOV TEPLYELWY, AV
Tamolosews e Sta TWY AVAUETHLY TEAOUREVWY,

With respect to the mythological appellations of this num-
ber, as no author that is extant has unfolded their recondite
meaning, I shall only observe, that the several divinities by the
names of which it is celebrated, were doubtless referred to it
so far as each of them is of a perfective nature.

CHAPTER VI
On the tetrad.

THE tetrad, as we learn from Nicoméchus, was called by the
Pythagoreans, “the greatest miracle, a God after another man-
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ner (than the triad,) a manifold, or rather, every divinity. It is
also the fountain of natural effects, and is the key-bearer of na-
ture. It is the introducer and cause of the constitution and
permanency of the mathematical disciplines. It is likewise the
nature of Aeolus, Hercules, and elevation, most robust, mascu-
line, and virile. It is Mercury and Vulcan, Bacchus and Sori-
tas, Maiadeus or Maiades. For the tetrad is the son of Maia,
ie. of the duad. It is also Eriunius, Socus, and Dioscorus,
Bassareus and Bimater, having the duad for its mother. It is
also of a feminine form, is effective of virility, and excites Bac-
chic fury. It is likewise Harmonita or Harmonia, and among
the Muses, Urania.”

With respect to the first of these appellations, “the greatest
miracle,” it is necessary to observe, that the tetrad in its first
subsistence is the extremity of the intelligible triad, which is
called by Orpheus Phanes and Protogonus, and by Plato
animal itself (@uvotwov). In this the first ideas of all things are
contained; and this, as we are informed by Proclus, is the first
effable deity, all beyond it being perfectly ineffable. Hence all
the intellectual orders of Gods are said by Orpheus to have
been astonished on surveying this deity unfolding himself into
light from mystic and ineffable silence;

BOavpatov xafopwvteg ev atbept geyrog aekxtov,
T pey anestiABe Ypoog xBavatoio @avnTog,

Procl. lib. 2. in Tim.

Hence as an astonishing, admirable, and unexpected deity, the
tetrad may be mythologically said to be the greatest miracle.
But it is a God after another manner than the triad, because in
the triad the first perfect is beheld, but in the tetrad all mun-
dane natures are comprehended according to the causality of
principle. From its all-comprehending nature likewise, it is a
manifold, or rather, every divinity. As too, it causally contains
all mundane natures, it may very properly be called the foun-
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tain of natural effects. Because likewise it opens and shuts the
recesses of generation, it is denominated, as the anonymous
author observes, the key-bearer of nature, as is also the mother
of the Gods who is represented with a key. But it is the intro-
ducer and cause of the constitution and permanency of the
mathematical disciplines, because these are four in number,
viz. arithmetic and geometry, music and astronomy; and also
because the first numbers and the first forms subsist in the in-
telligible tetrad. It is likewise said to be the nature of Aeolus,
on account of the variety of its peculiarity, according to the
anonymous writer, and because without this it would be im-
possible for the orderly and universal distribution of things to
subsist. With respect to the other appellations of the tetrad, as
Meursius in his Denarius Pythagoricus has given but few ex-
tracts from the anonymous writer, though his treatise pro-
fessedly contains an explanation of these names, and as I can-
not find a satisfactory development of them in any ancient
writer, the appellation Harmonia excepted, I shall not at-
tempt any elucidation of them. But the tetrad was very pro-
perly called by the Pythagoreans harmony, because the quad-
ruple ratio forms the symphony disdiapason.

They also called the tetrad the first depth, because they con-
sidered a point as analogous to the monad, a line to the duad,
a superficies to the triad, and a solid to the tetrad. They like-
wise denominated it justice, because, as we are informed by
Alexander Aphrodisiensis (in Metaphys. major. cap. 5.) they
were of opinion that the peculiarity of justice is compensation
and equability, and finding this to exist in numbers, they said
that the first evenly-even number is justice. For they asserted
that which is first in things which have the same relation, to be
especially that which it is said to be. But the tetrad is this
number, because since it is the first square, it is divided into
even numbers, and is even. The tetrad also was called by the
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Pythagoreans every number, because it comprehends in itself
all the numbers as far as to the decad, and the decad itself; for
the sum of 1. 2 3. and 4, is 10. Hence both the decad and
the tetrad were said by them to be every number; the decad
indeed in energy, but the tetrad in capacity. The sum likewise
of these four numbers was said by them to constitute the te-
tractys, in which all harmonic ratios are included. For 4 to 1,
which is a quadruple ratio, forms, as we have before observed,
the symphony disdiapason; the ratio of 3 to 2, which is ses-
quialter, forms the symphony diapente; 4 to 3, which is sesqui-
tertian, the symphony diatessaron; and 2 to 1, which is a duple
ratio, forms the diapason.

Having however mentioned the tetractys, in consequence of
the great veneration paid to it by the Pythagoreans, it will be
proper to give it more ample discussion, and for this purpose
to show from Theo of Smyrna,* how many tetractys there are:
“The tetractys,” says he, “was not only principally honoured
by the Pythagoreans, because all symphonies are found to exist
within it, but also because it appears to contain the nature of
all things.” Hence the following was their oath: “Not by him
who delivered to our soul the tetractys, which contains the
fountain and root of everlasting nature.” But by him who de-
livered the tetractys they mean Pythagoras; for the doctrine
concerning it appears to have been his invention. The above
mentioned tetractys therefore, is seen in the composition of the
first numbers 1. 2. 3. 4. But the second tetractys arises from
the increase by multiplication of even and odd numbers begin-
ning from the monad. Of these, the monad is assumed as the
first, because, as we have before observed, it is the principle of
all even, odd, and evenly-even numbers, and the nature of it 1s
simple. But the three successive numbers receive their compo-
sition according to the even and the odd; because every num-

* In Mathemat. p. 147.
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ber is not alone even, nor alone odd. Hence the even and the
odd receive two tetractys, according to multiplication; the even
indeed, in a duple ratio; for 2 is the first of even numbers, and
increases from the monad by duplication. But the odd number
is increased in a triple ratio; for 3 is the first of odd numbers,
and is itself increased from the monad by triplication. Hence
the monad is common to both these, being itself even and odd.
The second number however, in even and double numbers is
2; but in odd and triple numbers 3. The third among even
numbers is 4; but among odd numbers is 9. And the fourth
among even numbers is 8; but among odd numbers is 27.

{ 1. 2. 4 8. }
1. 3. 9. 27.

In these numbers the more perfect ratios of symphonies are
found; and in these also a tone is comprehended. The monad
however, contains the productive principle of a point. But the
second numbers 2 and 3 contain the principle of a side, since
they are incomposite, and first, are measured by the monad,
and naturally measure a right line. The third terms are 4 and
9, which are in power a square superficies, since they are equal-
ly equal. And the fourth terms 8 and 27 being equally equally
equal, are in power a cube. Hence from these numbers, and
this tetractys, the increase takes place from a point to a solid.
For a side follows after a point, a superficies after a side, and a
solid after a superficies. In these numbers also, Plato in the

Timaus constitutes the soul. But the last of these seven num-
bers, i.e. 27, is equal to all the numbers that precede it; for
14-2+3+4+4+4-8+4-9=27. There are thercfore, two tetractys
of numbers, one of which subsists by addition, but the other by
multiplication, and they comprehend musical, geometrical, and
arithmetical ratios, from which also the harmony of the uni-
verse consists.

But the third tetractys is that which according to the same
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analogy or proportion comprehends the nature of all magni-
tude. For what the monad was in the former tetractys, that a
point is in this. What the numbers 2 and 3, which are in
power a side, were in the former tetractys, that the extended
species of a line, the circular and the right are in this; the
right line indeed subsisting in conformity to the even num-
ber, since it is terminated* by two points; but the circular in
conformity to the odd number, because it is comprehended by
one line which has no end. But what in the former tetractys
the square numbers 4 and 9 were, that the twofold species of
planes, the rectilinear and the circular are in this. And what
the cube numbers 8 and 27 were in the former, the one being
an even, but the other an odd number, that the two solids, one
of which has a hollow superficies, as the sphere and the cylin-
der, but the other a plane superficies, as the cube and the pyra-
mid, are in this tetractys. Hence, this is the third tetractys,
which gives completion to every magnitude, from a point, a
line, a superficies, and a solid.

The fourth tetractys is of the simple bodies fire, air, water
and earth, which have an analogy according to numbers. For
what the monad was in the first tetractys, that fire is in this.
But the duad is air. The triad is water. And the tetrad is
earth. For such is the nature of the elements according to
tenuity and density of parts. Hence fire has to air the ratio of
1 to 2; but to water, the ratio of 1 to 3; and to earth, the ratio
of 1 to 4 In other respects also they are analogous to each
other.

The fifth tetractys is of the figures of the simple bodies. For
the pyramid indeed, is the figure of fire; the octaedron of air;
the icosaedron of water; and the cube of earth.

The sixth tetractys is of things rising into existence through

* Instead of TEPLTTOUTAL, it is necessary to read TEPATOVTAL, the necessity
of which emendation, I wonder the learned Bullialdus did not observe.
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the vegetative life. And the seed indeed is analogous to the
monad and a point. But if it increases in length it is analogous
to the duad and a line; if in breadth, to the triad and a super-
ficies; but if in thickness, to the tetrad and a solid.

The seventh tetractys is of communities; of which the prin-
ciple indeed, and as it were monad is man; the duad is a house;
the triad a street; and the tetrad a city. For a nation consists
of these. And these indeed are the material and sensible te-
tractys.

The eighth tetractys consists of the powers which form a
judgment of things material and sensible, and which are of a
certain intelligible nature. And these are, intellect, science,
opinion and sense. And intellect indeed, corresponds in its
essence to the monad; but science to the duad; for science is
the science of a certain thing. Opinion subsists between science
and ignorance; but sense is as the tetrad. For the touch which
is common to all the senses being fourfold, all the senses ener-
gize according to contact.

The ninth tetractys is that from which the animal is com-
posed, the soul and the body. For the parts of the soul indeed,
are the rational, the irascible, and the epithymetic, or that
which desires external good; and the fourth is the body in
which the soul subsists.

The tenth tetractys is of the seasons of the year, through
which all things rise into existence, viz. the spring, the sum-
mer, the autumn, and the winter.

And the eleventh is of the ages of man, viz. of the infant,
the lad, the man, and the old man.

Hence there are eleven tetractys. The first is that which
subsists according to the composition of numbers. The second,
according to the multiplication of numbers. The third subsists
according to magnitude. The fourth is of the simple bodies.
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The fifth is of figures. The sixth is of things rising into exist-
ence through the vegetative life. The seventh is of communi-
ties. The eighth is the judicial power. The ninth is of the
parts of the animal. The tenth is of the seasons of the year.
And the eleventh is of the ages of man. All of them however
are proportional to each other. For what the monad is in the
first and second tetractys, that a point is in the third; fire in the
fourth; a pyramid in the fifth; seed in the sixth; man in the
seventh; intellect in the eighth; and so of the rest. Thus for
instance, the first tetractys is 1. 2. 3. 4. The second is the mo-
nad, a side, a square, and a cube. The third is a point, a line,
a superficies, and a solid. The fourth is fire, air, water, earth.
The fifth the pyramid, the octaedron, the icosaedron, and the
cube. The sixth, seed, length, breadth and depth. The seventh,
man, a house, a street, a city. The eighth, intellect, science,
opinion, sense. The ninth, the rational, the irascible, and the
epithymetic parts, and the body. The tenth, the spring, sum-

mer, autumn, winter. The eleventh, the infant, the lad, the
man, and the old man.

The world also which is composed from these tetractys is
perfect, being elegantly arranged in geometrical, harmonical,
and arithmetical proportion; comprehending every power, all
the nature of number, every magnitude, and every simple and
composite body. But it is perfect, because all things are the
parts of it, but it is not itself a part of any thing. Hence, the
Pythagoreans are said to have first used the before mentioned

oath, and also the assertion that “all things are assimilated to
number.”

The Pythagoreans likewise, as we learn from the anonymous
author, gave a fourfold distribution to the goods both of the
soul and the body. For those of the former are prudence, tem-
perance, fortitude, and justice; but those of the body which
correspond to these, are, acuteness of sensation, health, strengtn
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and beauty. And in external things, prosperity, renown, power
and friendship, are the objects of desire.

The celebrated four causes also of Aristotle, are referred to
the tetrad, divinity as the cause by which v9’0, or the efficient
cause, matter from which €& o, form through which ¥ oy, and
the effect with reference to which meos o,

The anonymous author further observes, that in the tetrad
accumulation and abundance are considered, in the same man-
ner as multitude in the triad, and hence, says he, we proclaim
the living thrice blessed on account of their felicity, but the
dead who have exchanged this life for the next in the best
manner, four times blessed. And thus much for the tetrad.

CHAPTER VII
On the pentad.

THEe pentad, as we learn from the Nicomachean extracts,
was called by the Pythagoreans the privation of strife, and the
unconquered, alliation or change of quality, light and justice,
and the smallest extremity of vitality. Likewise Nemesis and
Bubastia, vengeance and Venus, Gamelia and Androgynia,
Cythereia and Zonza, circular and a demigoddess, the tower
of Jupiter, Didymza, and a stable axis. They likewise mag-

nificently celebrate it as immortal and Pallas, Cardiatis and the
leader, Acreotis and equilibrium, unmarried and Orthiatis, and
of the Muses Melpomene.

Of these names the four first are thus explained by the anon-
ymous author. “The pentad,” says he, “is change of quality,
because it changes that which is triply extended or which has
length, breadth and depth into the sameness of a sphere, in
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consequence of moving circularly* and producing light.
Whence also it is called light. But it is the privation of strife,
because it constitutes and unites all things which were before
separated by interval, and on account of the association and
friendship of the two forms (of numbers, i.e. of the even and
the odd, the pentad consisting of 3 and 2). And it is justice,
because the pentad in the most eminent degree unfolds justice
into light.” But Alexander Aphrodisiensis in his Comment on
the 7th chapter of the first book of Aristotle’s Metaphysics,
assigns the following reason why the pentad was called by the
Pythagoreans the unconquered. “Because,” says he, “in the first
right-angled triangle whose sides are effable, one of the sides
is 3, another is 4, and the base is 5, and the base is in power
equal to both the other sides; hence is was said by the Pytha-
goreans that it was victorious, and the two other sides were
conquered. The pentad therefore, was denominated by them
unconquered as not being surpassed, and as being superior.”
The anonymous author too, unfolds the meaning of this ap-
pellation as follows: “The Pythagoreans,” says he, “called the
pentad unconquered, not only because the fifth element, ether,
which is arranged analogous to the pentad, and which has an
invariable sameness of subsistence, terminates the strife and
mutation of the elements which subsist under it as far as
to the earth, but also it amicably connects and unites the
first two differing, and not similar species of numbers, the odd
and the even (i.e. 2 and 3.) becoming itself the system of their
association.”

The same author likewise thus explains the reason why the
pentad was called the smallest extremity of vitality. “Since,”
says he, “according to physiologists there are three things

* For 5 is eminently a circular and spherical number, in every multplication
terminating in, or restoring itself.

+ Sec this explained in the chapter on the properties of the heptad.
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which are productive of life after corporification, viz. the vege-
table, the psychical, and the rational power; and the rational
indeed, is arranged according to the hebdomad, but the psychi-
cal power according to the hexad, the vegetable power necessa-
rily falls under the arrangement of the pentad; so that the pen-
tad is a certain least extremity of vitality.”

He also informs us that the reason why the Pythagoreans
called the pentad Nemesis, was because it distributes in an ap-
propriate manner things celestial and divine, and the natural
elements. The pentad was likewise called Justice by the Pytha-
goreans for two reasons, as we are informed by Proclus on
Hesiod, because it pertains to justice either to punish trans-
gression, and take away inequality of possession, or to equalize
what is less, and to benefit. But they denominated it Venus,
according to the anonymous author, because the male and the
female numbers are complicated with each other. And after
the same manner, he adds, they called it Gamelia, because the
pentad first comprehends the form of every number, viz. 2 the
first even, and 3 the first odd number. Hence it is denominat-
ed marriage, as consisting of the male and the female. And
they doubtless called it Androgynia, because being an odd
number it is of a masculine characteristic. But they called it
circular, because, as we have before observed, it is eminently a
circular and spherical number. They likewise denominated it
a demigoddess, as the anonymous writer informs us, not only
because it is the half of the decad which is a divine number,

but also because in its proper diagram it is arranged in the
middle.* And Didymus, or Didymza, double, because it di-

vides the decad, which is otherwise indivisible, into two parts.
But they called it, he adds, immortal and Pallas, from contain-
ing a representation of the fifth essence (ether, over which
Pallas presides).

* Viz. it is in the middle of the series 1. 2. 3. 4. 5. 6. 7. 8. 9.
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He further informs us, that they denominated it Cardiatis,
or Cordialis, according to a similitude of the heart in animals,
which is arranged in the middle. But they called it, he adds,
Providence and Justice, because it equalizes things unequal;
justice being a medium between excess and defect, just as 5 is
the middle of all the numbers that are equally distant from it
on both sides as far as to the decad, some of which it surpasses,

and by others is surpassed, as may be seen in the following
arrangement:

1 4 7
2 58
3609
For here, as in the middle of the beam of a balance, 5 does not

depart from the line of the equilibrium, while one scale is
raised, and the other is depressed.

In the following arrangement also, viz. 1. 2. 3. 4. 5. 6. 7. 8.
9, it will be found that the sum of the numbers which are pos-
terior, is triple the sum of those that are prior to 5; for 647
+8+49=30; but 14-2+3+4=10. If therefore the numbers
on each side of 5 represent the beam of a balance, 5 being the
tongue of it, when a weight depresses the beam, an obtuse
angle is produced by the depressed part with the tongue, and
an acute angle by the elevated part of the beam. Hence, it is
worse to do than to suffer an injury: and the authors of the
injury verge downward as it were to the infernal regions; but
the injured tend upward as it were to the Gods, imploring the
divine assistance. Hence the meaning of the Pythagoric sym-
bol is obvious, “Pass not above the beam of the balance.” Since
however injustice pertains to inequality, in order to correct this,
equalization is requisite, that the beam of the balance may re-
main on both sides without obliquity. But equalization is cf-
fected by addition and subtraction. Thus if 4 is added to 5,
and 4 is also taken from 5, the number 9 will be produced on
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one side, and 1 on the other, each of which is equally distant
from 5. Thus too, if 3 is added to 5, and is also subtracted
from it, on the one side 8 will be produced, and on the other 2.
If 2 is added to 5, and likewise taken from it, 7 and 3 will be
produced. And by adding 1 to 5 and subtracting 1 from it, 6
and 4 will be the result; in all which instances the numbers
produced are equidistant from 5, and the sum of each couple
is equal to 10.

We are likewise informed by Plutarch in his treatise On the
Generation of the Soul according to Plato, that the Pythago-
reans called the pentad 7po90¢, which signifies a sound, because
they were of opinion that the first of the intervals of a tone
which is capable of producing a sound is the fifth.

The same Plutarch also in his treatise On Et at Delphi, far-
ther informs us that the pentad was called by the Pythagoreans
nature, “because,” says he, “by the multiplication of itself, it
again terminates in itself. For as nature receiving wheat in the
seed, and becoming expanded in the middle produces many
figures and forms, through which she brings her work to the
(desired) end, but at last exhibits wheat, restoring the princi-
ple at the end of the whole mutation, thus also, while other
numbers, when multiplied into themselves, terminate by in-
crease in other numbers, five and six alone as often as they are
multiplied into themselves, exhibit and preserve themselves.”

CHAPTER VIII
On the hexad.

Tue Pythagoreans, as we learn from the extracts from Nico-
machus, denominated the hexad, “the form of form, the only
number adapted to the soul, the distinct union of the parts of
the universe, the fabricator of the soul, and the producing
cause of the vital habit. Hence also, it is harmony, the perfec-
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tion of parts, and is more properly Venus herself. It is also
Zygia and nuptial, and Androgynza. It is likewise Zygitis,
benevolence, peace, friendship, health, Acmon, and truth.
Among the Fates likewise they make it to be Lachesis; and
they call it the principle, and the half of the whole. They also
denominate it fardarting and Trivia, pertaining to two times,
and Persea, triformed, Ampbhitrite and Anchidice, among the
Muses Thalia, and Panacea.”

With respect to the first of these appellations the form of
form, Meursius has unfortunately omitted to assign from the
anonymous author, the reason of its being so called, in the true
spirit of a mere verbalist contenting himself with extracting
from that author the words, €t8og 0uv e1doug cun av StapapTotsey
wrry myovpevor e, “We shall not therefore err in conceiving
that the hexad is the form of form.” Perhaps however, it was
thus denominated because the perfect is that which character-
izes all forms or ideas, and 6 is the first perfect number in en-
ergy. But the hexad was said by the Pythagoreans to be the
only number adapted to the soul, because soul from being the
connecting medium or bond of intelligibles and sensibles is
most eminently allied to Venus, who, as we are informed by
Proclus in his MS. Commentary on the Parmenides, “imparts
communion in multitude to intelligibles and all beings,” v cv
TR W)\'f]est ROLYWYIAY TOAPEYOQUEYT) TOLG T VO'T]TOIQ, AAL TACL TOLG QUTLY,
From the anonymous author also we learn that the hexad was
called the distinct union of the parts of the universe, because
soul is as it were the animated form of formless matter. He
adds, that no number can be more adapted to soul than the
hexad, or can more properly be said to be the fabricator of
soul, because it is found to be effective of the vital Aabiz, from
whence also it derives its appellation, evptoxopevn xat ¢ {oTiung
edewg epmornTeny, wap o eag, And that it is called harmony, be-
cause every soul is harmonic.



194 THEORETIC ARITHMETIC

The same writer also observes, “that the hexad was called
the perfection of parts by the Pythagoreans, who in thus denc-
minating it followed Orpheus, whether because six alone of all
the numbers within the decad is equal to its members or parts;
or because the whole and the universe is divided according to
this number, and is through it elegantly arranged.” With re-
spect to its being denominated Venus herself, we learn from
Martianus Capella lib. 7. that it was thus called, “because it
may be shown that it is the source of harmony. For 6 to 12,
says he, forms the symphony diapason; 6 to 9 the symphony
diapente; and 6 to 8 the symphony diatessaron; whence it is
said to be Venus the mother of harmony.”

Again, with respect to the epithets nuptial (rvewnii¢) and
Androgynza, these in the anonymous author are Ye®es mar-
riage, and @ppevodniug; and concerning these he observes “that
the hexad is generated by the power and multiplication of the
first odd and the first even number which are male and fe-
male; and hence it is called appevedndug, ie. male and female.
It is likewise called marriage, because it is itself equal to its
parts. But the work of marriage is to produce offspring simi-
lar to the parents.” The epithet 9tAotnsta benevolence, is in
the anonymous author ¢tAwwsig friendship and love, “which,”
says he, “it is appropriately called, because it connects together
the male and the female.” The anonymous author further in-
forms us, “that the hexad was called health and beauty on ac-
count of the entireness and symmetry of its parts.” For health

is symmetry and a subsistence according to nature of the parts
of the body.

From the same author likewise we learn, “that it was called
Acmon, viz. as it were unwearied, (0 0wy axapatov) because
the most principal triangles of the mundane elements partici-

pate of it, each of them becoming six, if they are distributed by
three perpendiculars.”
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With respect to the appellation zruth, perhaps it was so
called because truth is the harmonious conjunction of that
which knows with that which is known; and the hexad, as
we have before shown, is most eminently harmonic.

Again, according to the anonymous author it was called far-
darting sxawnBehens, Trivia, and pertaining to two times; the
first of these because the triad which is Hecate being hurled
forth (Boknoasav) and as it were composed (i.e. joined with
another triad) generates the hexad. “But it was called Trivia,”
says he, “perhaps from the nature of the goddess. And it is
probable that it was thus denominated, because this number is
first ailotted the motions which take place in the three intervals
(length, breadth and depth,) each of which receives a twofold
division from circumstances; (viz. motion according to length,
is either backwards or forwards, according to breadth, is either
on the right hand or the left, and according to depth, is either
upwards or downwards.) But it was denominated pertaining
to two times, from the distribution of the whole of time being
effected by six signs of the zodiac above, and six under the
earth. Or it was thus called, because time is allied to the triad,
since it consists of three parts, and the hexad is formed from
two triads.”

With respect to the epithets Persea and triformed, the hexad
appears to have been thus denominated for the same reason
that it was called Trivia; for it is well known that Diana is tri-
formed, and this goddess is called Persia by Orpheus in the in-
troduction to his hymns. But we are informed by the anony-
mous writer that the hexad was called Amphitrite, because it
has a triad on each side of it; and Anchidice, because it is es-
pecially proximate to the pentad, which as we have before
shown was called by the Pythagoreans 31 dice, or Justice.

Lastly, the same author informs us, that it was called Thalia
and Panacea, the former on account of the harmony of its com-
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position; for I conjecture this to be the meaning of the words
3 Ty Ty etepwy appoviav, “through the harmony of the other,”
since the same author adds, “that much prior to this it was
called »ospog the world, because the world, in the same man-
ner as 6, is often seen to consist of contraries according to an
harmonious arrangement.” And six consists by multiplication
of the two contrary numbers 2 and 3, one of which is even and
the other odd, and one of which is analogous to the male, but
the other to the female. But is was called Panacea, on account
of what has been before said of it under the appellation of
health, or because it is as it were Tavapreta panarcea, all-suffici-
ency, being sufficiently supplied with parts to the perfection of
its whole.

CHAPTER IX
On the heptad.

THe heptad, as we are informed by the anonymous writer,
and Etymologici Auctor, was so called from the verb sebo de-
noting veneration (%0 7ov oclw) being a certain septas, as di-
vine, and motherless, and a virgin, sentag g ovoa, g feta xat
apmtwp, xat mapdevog. And the appellations given to it by the
Pythagoreans, as we learn from the extracts from Nicomachus
are as follow: “Fortune and opportunity, Minerva, Mars and
Acreotis, Agelia and Atrytone, Phylacitis, and Obrimopatra, or
sprung from a powerful father, Tritogenia and Glaucopis or
azure-cyed, Alalcomenia and Panteuchia, Ergane and Polyarete
or much-implored, integrity of parts, and the horn of Amal-
thea, Aegis and Osiris, dream and voice, sound, and of the
Muses Clio. To which may also be added judgment and
Adrastia.”

Of these epithets, Fortune, opportunity, Minerva, Tritogenia
and voice, are explained as follows by the anonymous writer:
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“The heptad is called Minerva, because similar to what is said
of the goddess in fables, it is a certain virgin and unmarried;
being neither begotten from a mother, which is the even num-
ber, nor by a father which is the odd number; except, that as
Minerva was produced from the summit of the father of all
things, so the heptad proceeds from the monad which is the
head or summit of number. And it is as it were a certain virile
Minerva. But the number which may be easily divided is
feminine. It is also called opportunity, because its energies in
decision with respect to health or disease, generation or corrup-
tion, are accomplished in a short time. And it is Fortune, be-
cause similar to what is said in fables of that goddess, it governs
mortal affairs, and after a certain manner casually and oppor-
tunely occurs and decides. It is likewise denominated voice, be-
cause there are seven elementary sounds not only of the human
voice, but also of every instrumental, mundane, and harmonic
sound. And this not only because the first harmonic sounds
arc emitted, as we learn, by the seven planets, but also because
the first diagram with musicians is the heptachord. But it is
denominated Tritogenia, because the forms or parts of the soul
being three, viz. the intellective, the irascible and the epithy-
metic, four most perfect virtues are produced belonging to these
parts, just as of the three intervals (length, breadth and depth,)
there are four boundaries in corporeal increase, (viz. a point, a
line, a superficies and a solid).”

With respect to the epithet Agelia, the same anonymous
writer likewise informs us, “that the heptad was thus called
from being collected and congregated, (@70 Tov suvetdnebar wat
ouvnybat) the nature of it being uniform, since it is entirely in-
dissoluble except into that which is homonymous.* Or it is

so called because all physical effects are /ed through it to per-
fection. (7 amo Tov TavTa ayayEval 3t AUTNG TA PUAIRE AXOTEAETRRTA

* Viz. Except into a seventh part which is 1.
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eig tehetwary,) Or rather, which is more Pythagoric, it is thus
denominated, because the most celebrated of the Babylonians,
together with Ostanes and Zoroaster, very properly call the
starry spheres herds, (xvehat); whether because these alone
among corporeal magnitudes are perfectly carried about a cen-
tre, or in conformity to the Oracles because they are considered
by them as in a certain respect the bonds and collectors of phy-
sical reasons, which they likewise call in their sacred discourses
herds, and by the insertion of a gamma angels. Hence, in a
similar manner, they denominate the stars and demons which
rule over each of these herds (or starry spheres) angels and
archangels: and these are seven in number.”

The same author further informs us that the heptad was
called Phylacitis, or of a guardian nature, not only because the
above mentioned angels and archangels are seven leaders, but
also because the stars which guard the universe and preserve it

in a connected and perpetual permanency are seven in num-
ber.”

With respect to the epithets Obrimopatra and Glaucopis, it
is evident that the heptad was thus called from its alliance to
Minerva. This is also the case with the epithets Panteuchia
and Ergane. For Minerva considered as one of the Curetes
was celebrated by the former of these appellations, which signi-
fies that she is furnished with every kind of armour. Hence the
epithet wavtevxos panteuchos is given to her by the Chaldzan
Oracles, and by Plato in the Laws she is said to be adorned
with every kind of armour, mavorhwx mavtehet xoopmdeisa, And
Ergane or the artificer is well known to be an epithet of Mi-
nerva.

Again, the heptad perhaps as well as the triad was called
the horn of Amalthza, from its alliance to the monad, as being
the source of every divine good. But it appears to have been
called Aegis, because Minerva is celebrated as the ®gis-bearing
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goddess, and this, as Proclus informs us On the Timaus, be-
cause the all-connecting chain of Fate is moved by this goddess,
from whom also its plastic energies proceed. Lastly, the hep-
tad was called, as we are informed by the anonymous writer,
Telesphoros and judgement, the former because the seventh
month is prolific, and the latter because a judgment is formed
of diseases on the seventh day.

CHAPTER X
On the ogdoad.

“The number eight,” says the anonymous writer, “is the
first cube in energy, and is the only evenly-even number with-
in the decad.” The power of this number also is so great, that,
according to the Grecian proverb, “All things are eight;”
which proverb according to the above mentioned author origi-
nated from all things being comprehended in the eighth celes-
tial sphere.

According to the extracts from Nicomachus, the names given
to this number by the Pythagoreans are as follows: “Universal
harmony and Cadmeia, mother and Rhea, the producing cause
of females and Cybele, Cybebe and Dindymene, and the tutelar
goddess, love and friendship, Metis, conception, and Oreia,
Themis, law, immature, and of the Muses Euterpe.”

With respect to the first of these epithets universal harmony,
Camerarius* informs us, (from the anonymous author above
quoted I have no doubt) that the Pythagoreans distinguished
musical ratios by this number, and explained the mundane sys-
tem according to those ratios as follows: The ratio of 9 to 8 is
sesquioctave. This forms a tone, and is attributed to the moon.

* In Nicomach. Arithmet.
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The ratio of 12 to 9 is sesquitertian, and the ratio of 12 to 8 is
sesquialter. These ratios are given to the planet Mercury. In
like manner 16 to 12 is sesquitertian, and 16 to 8 is duple.
These ratios they attribute to Venus. The ratio of 18 to 12 is
sesquialter, and of 18 to 9 is duple. These are ascribed to the
sun. The ratio of 21 to 9 which is duple sesquitertian, is attri-
buted to the planet Mars. The ratios of 24 to 18 which is
sesquitertian, of 24 to 12 which is duple, of 24 to 8 which is
triple, of 18 to 12 and also of 12 to 8, each of which is sesqui-
alter, are ascribed to Jupiter. The ratios of 32 to 24 which is
sesquitertian, and of 32 to 8 which is quadruple, are attributed
to Saturn. And in the last place, the ratios of 36 to 24 which
is sesquialter, of 36 to 18 which is duple, of 36 to 9 which is
quadruple, and of 24 to 18 which is sesquitertian, are ascribed
to the eighth or inerratic sphere, which comprehends all the
rest. Hence the ogdoad was called by the Pythagoreans Cad-
meia, because Harmony is said to have been the wife of Cad-
mus. And Cadmus, as we learn from Olympiodorus, is the
sublunary world.

With respect to the epithets mother, Rhea, Cybele, and Din-
dymene, the ogdoad was doubtless thus denominated from be-
ing the first cube, and a cube is the element of earth which is
participated by Rhea who is the same divinity as Ceres, and
was called Cybele and Dindymene. As Rhea too is the vivific
goddess, the life of which she is the source must be of a femi-
nine characteristic; and hence the reason is obvious why the
ogdoad is celebrated as the producing cause of females. As to
the epithet Cybele, the mother of the gods was called from
being the cause of divine inspiration to mystics.* The anony-
mous writer likewise informs us, that this number was called
Euterpe, because it is the most mutable (rahsta evtpentos) of
all the numbers within the decad, being evenly-even, and this

* Etymologici Auctor.



Boox THREE 201

as far as to the monad which is naturally indivisible.*

From Macrobius too we learn that “the ogdoad was called
by the Pythagoreans justice, because it is the first number that
is so resolved into evenly-even numbers, viz. into two fours,
that each of these can nevertheless be divided into numbers
equally evenly-even, i.e. into two twos. Its composition also is
of the same quality as its analysis; for it is twice two twice.
Since therefore its composition proceeds by an even equality,
and its analysis equally returns as far as to the monad, which
does not receive division in an arithmetical ratio, the ogdoad
deservedly obtains the appellation of justice on account of its
equal division.”

CHAPTER XI
On the ennead.

AccorpiNG to the extracts from Nicomachus, the ennead
was celebrated by the Pythagoreans as “flowing round the
other numbers within the decad like the ocean. It was also
called by them the horizon, Prometheus and Concord, Perseia
and Halios, freedom from strife and similitude, Vulcan and
Juno, the sister and wife of Jupiter, Hecaergus and Pzan,
Nysseis and Agyica, Enyalius and Agelia, Tritogenia and Per-
suasion, Curetis and Proserpine, Hyperion, and of the Muses
Terpsichore.”

Of these appellations, ocean and the horizon are unfolded as
follows by the anonymous writer: “That there can be no num-
ber beyond the ennead, but that it circulates all numbers within
itself, is evident from the regression of numbers. For the na-
tural progression of them is as far as to 9, but after it their
retrogression takes place. For 10 becomes as it were again the

* Viz. It can be divided by 2 as far as to unity.
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monad. Thus if from each of the numbers 10, 11, 12, 13, 14,
15, 16, 17, 18, and 19, the number 9 is subtracted, the numbers
that remain will be 1,2, 3,4, 5,6, 7, 8,9, 10. And vice versa
the progression will receive an increase by the addition of 9.
For if to each of the numbers 1, 2, 3, 4, 5, &c. 9 is added, the
numbers produced will be 10, 11, 12, 13, 14, &c. Likewise
by subtracting from 20, twice 9, from 30, thrice 9, from 40,
four times 9, from 50, five times 9, &c. the numbers 2, 3, 4, 5,
6, &c. will be produced. By taking likewise from 100, eleven
times 9, we again return to the monad. And after the same
manner we may proceed to infinity. Hence it is not possible
there should be any elementary number beyond the ennead.
Hence the Pythagoreans called it ocean and the horizon, be-
cause all numbers are comprehended by and revolve within
it. Hence too, it was called by them Halios, (7apa t0 ahilew)
concord, and Perseia, because it congregates all numbers, and
collects them into one, and does not permit the conspiration of
the numbers beyond it to be dissipated.”

With respect to the appellation Prometheus, we are informed
by the anonymous writer, that the ennead was thus called,
“from not suffering a number to proceed in the anterior part
of it.” (viz. from not suffering any number besides the nine
that are in the place of units to be anterior to it.) @m0 tov v eav
TV Tpoow vt Ywpety aptbpov, He adds: “And this reasonably;
for being triply perfect, it does not admit of any increase; but
consisting of two cubes, viz. 1 and 8, and being also a square,
it is the only number as far as to itself that has a triangle* for
its side.”

The same author likewise informs us, that the ennead was
called freedom from strife, on account of the retribution and
permutation of numbers from it as far as to the monad. By

* J.e. a triangular number.
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this I suppose he alludes to the equalization by addition and
subtraction mentioned in the chapter on the pentad. But he
says, it was perhaps denominated similitude, because 9 is the
first odd square number. For the form of the odd number is
said to be assimilative through the whole of itself; but the form
of the even number is dissimilar. And again, the square num-
ber is assimilative; but that which is longer in the other part is
dissimilar. Perhaps also it was thus denominated, because it is
especially similar to its side. For as its side has the third place
in the natural series of numbers, so likewise the ennead is the
third number in a progression according to analogy.* He far-
ther observes, that it was called Vulcan because the ascent of
numbers is as far as to 9, in the same manner as the ascent of
things which are decomposed by fire is as far as to the sphere
of fire (i.e. the summit of the air.) But it was denominated
Juno, because the sphere of air is arranged according to this
number. And it was called the sister and wife of Jupiter, on
account of its conjunction with the monad; but Hecaergus or
far-darting, from preventing the farther progression of num-
ber. (@m0 Tov etpyety TV exag wpoBacty tov apiBuov.) The epithet
Nysseis is with the anonymous writer Nysseiotas; and he in-
forms us the ennead was thus denominated from piercingt
(@mo tou emwsoav) and from being arranged as a certain bound-
ary of the progression of number.

With respect to the appellation Enyalius, which signifies
Mars, we are informed by Martianus Capella, that the ennead
was thus called because it is the extremity of the first series of
numbcers (i.c. of the numbers within 10); and that the cnd of
all things is from Mars. As to the epithets Curetis and Pro-
serpine, we learn from the anonymous author, that the ennead

* Viz. in the triple progression 1, 3, 9, 27, 81, &c.

' Nugca signifies a2 goal, and therefore the verb gxivuggew alludes here to an
arrow or dart having arrived at its destined boundary by piercing the mark.
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had these appellations in consequence of consisting of three
triads; the triad harmonizing both with the Curetes and Pro-
serpine. From the same author also we learn that it was called
Hyperion, from having proceeded into a magnitude transcend-
ing the other numbers (within the decad); and Terpsichore
from turning, and causing the retrogression and convergency
of productive principles to circulate like a dance. (@m0 wov Tpeme-
IV XL O (0POY AVARIRAGUY TNV TWY AOYWY TAMUTETELRY XAt GUVEUTLY,)
This author likewise informs us, that it was called Telesphor-
us, or bringing to an end, because it gives perfection and
consummation to the offspring that are produced in nine
months; and also that it was denominated perfect because it
is generated from the triad which is perfect. The ennead
likewise may be said to be the perfector as we learn from
Proclus in Tim. p. 298, “because it gives completion to the
fabrication of generation.” For, says he, “this number is adapt-
ed to generation (i.e. the sublunary region); since it proceeds
from the monad as far as to the last numbers without retro-
gresion; and this is the peculiarity of generation.” And thus
much for the appellations of the ennead.

CHAPTER XII
On the decad.

THE decad according to the extracts from Nicomachus was
denominated by the Pythagoreans “the world, heaven, fate,

eternity, strength, faith, necessity, Atlas, unwearied, God,
Phanes, the sun, Urania, memory and Mnemosyne.”

The anonymous author informs us that the first of these ap-
pellations zhe world, was given to the decad, “from all things
being arranged according to it both universally and partially.”
But as Protospatharius observes (in Hesiodi Dies) it was called
the decad, from containing every number in itself, (@ Sexomevny
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wavra apbpov e’ eavton)) Proclus likewise informs us, “that
the decad, as the Pythagorean hymn says, in mundane; and
that divine number proceeds from the undecaying retreats of
the monad, till it arrives at the divine tetrad which generated
the mother of all things, the universal recipient, venerable, the
boundary of all things, immutable and unwearied, and which
both the immortal Gods and earth-born men denominate the
sacred decad.” Proclus adds, “that by the monad and its un-
decaying retreats in these verses, that uniform and occult cause
the one being, (i.e. being characterized by the one, and which
is the summit of the intelligible order) is signified; but that
the divine tetrad is the evolution into light of intelligible mul-
titude, which the duad that is between the monad and tetrad
unfolds; and that the decad is the world, which receives the

images of all the divine numbers, which are supernally im-
parted to it.”*

The decad was called heaven, as we learn from the anony-
mous writer, “from being the most perfect boundary of num-
ber, whence also it was denominated the decad, being as it
were 3€)aS, the recipient, just as heaven is the receptacle of all
things.” With respect to the epithet fate, we are informed by
the same author, “that the decad was thus called, because
there is no peculiarity either in numbers, or in things that exist
according to the composition of number, which is not sper-
matically contained in the decad and in the numbers within it.
But it extends connectedly and consecutively to the numbers
posterior to itself. Hence it is fate, as being a certain connected

* ITpoetar yap o Betog apibpog: wg enatv o Ilubayopetog etg avtov vuves,
povadog ex nevbu@vog axnpaAToY €0T @V IXNTAL
tetpada emt Gabeny, m 3n Texe PMTEPA TAVIWY:
wavdeyea, wpesletpay, opov wept wast Tbetcay,
ATPOTOV, GRALATOV, SEXAZA NAELOUTL WALV GYYNV
xBavator te Osot wat yryeveeig avlpwwor.
Procl. in Tim. p. 269.

But the last line is from Syrianus in Aristot. Metaphys.
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and well-ordered digression (from the monad).” As the decad
likewise contains every number in itself, and number is infi-
nite, perhaps it was on this account called eternity; for eternity
is infinite life. I say perhaps, for Meursius stupidly omits the
reasons assigned by the anonymous writer for these appella-
tions, as well as for those of faith and necessity. As to the epi-
thet Atlas, the anonymous writer observes, “that the decad is
so called in allusion to the Titan Atlas, who is fabled to bear
the heavens on his shoulders. For Homer says of him,

And the long pillars which on earth he rears,
End in the starry vault and prop the spheres.

But the decad preserves the reason or productive principle of
the spheres, being as it were a certain diameter, and convolv-
ing and enclosing these in the most connected manner.”

With respect to the epithet Phanes, as the decad is denomi-
nated the world, and as Phanes who subsists at the extremity of
the intelligible order is the paradigm of the world, the reason
1s obvious why the decad is thus called. To which we may add
that Phanes who is the avtotwov or animal itself of Plato, con-
tains in himself the first ideas, which are four, and 4 is para-
digmatically or causally 10. From the anonymous writer we
learn that it was called strength, because mundane natures are
corroborated by it, and because it appears to rule over other
numbers. It is also a certain defensive enclosure and receptacle
of all reasons or productive principles, whence it is called the
key-bearer, (#hedouxog). According to Cedrenus likewise “it
was denominated *Aadouxos, or the branch-bearer, because all
the numbers (posterior to it) germinate from it as certain
branches.” Again, according to Anatolius, as we learn from
the anonymous writer, “the decad was denominated strength
and all-perfect, because it bounds every number, comprehend-
ing within itself every nature of the evem and the odd, the
moveable and the immoveable, the evil and the good.” And
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lastly, according to Chalcidius on the Timzus of Plato, the de-
cad was called by the Pythagoreans the first square, because it
consists of the first four numbers, 1, 2, 3, and 4.

We have already observed that all numbers revolve within
the number 9, and that on this account it was called by the
Pythagoreans the ocean and the horizon; so that it is in reality
paronymous to the monad. This being the case, it may seem
wonderful that the decad also should be considered as analo-
gous to the monad. The reason however of this is, that the
first offspring of a monad is likewise a monad, which contains
in a more expanded manner all that subsists more contractedly,
and as it were spermatically in the prior monad. Hence both
the ennead and the decad are monads; but in the former all
numbers subsist more unitedly, and the latter with more
abundant diffusion and separation.

CHAPTER XIII
On the properties of the monad.

Having thus unfolded the meaning of most of the appella-
tions given by the Pythagoreans to numbers as far as to the de-
cad, I shall in the next place present the reader with such pro-
perties of these numbers as have been discovered partly by the
ancients and partly by myself; and shall begin as order requires
with the properties of the monad. |

We have shown then from Aristotle in his Pythagorics that
the monad is virtually i.e. causally, both odd and even; for
added to the odd it produces the even number, and to the even
the odd number. In the next place, Plutarch in his Platonic
Questions observes, that the monad is a triangular number (in
power); for if any triangular number is multiplied by 8, and
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unity is added to the product, the sum will be a square num-
ber. Thus 3)X8=24, and 24+4-1=25, a square number. Thus
too, 6X8—48, and 484-1—49. But this likewise happens to
the monad; for 8 X 1=8, and 8-} 1=9, which is a square num-
ber.

Again, it is well known to mathematicians, that if any penta-
gonal number is multiplied by 24, and unity is added to the
product, the sum will be a square number. Thus 5X24=—120,
and 1204-1=121, the square of 11. Thus too, 12X24=288,
and 288-}1=—=289, the square of 17. And so in other instances.
And this also happens to the monad; for 24X 1=24, and 24-}
1=25, the square of 5. The monad therefore is also virtually
in power or causally a pentagonal number.

Thus too, I have found it may be shown that the monad is a
triangular, quadrangular, pentagonal &c. pyramid. Thus for
instance, the numbers 1, 4, 10, 20, 35, &c. are triangular pyra-
mids.* The numbers 1, 5, 14, 30, 55, &c. are quadrangular
pyramids. The numbers 1, 6, 18, 40, 75, &c. are pentagonal;
and the numbers 1, 7, 22, 50, 95, &c. are first hexagonal pyra-
mids.

But 4X 1 and +1= 5 the second
4% 4 and +1=17 the 5th hexagonal gnomon.
410 and 4-1=41 the 1lth
&ec.

5% 1 and +1= 6 the second

5X 5 and +1=26 the 6th heptagonal gnomon
5X14 and +1=71 the 15th
&c.

7X 1 and +1= 8 the second
7X 6 and +1= 43 the 7th enneagonal gnomon.
7X18 and +4-1=127 the 17th

&c.

¢ See the Table in the first book of the Arithmetic of Maurolycus.



Booxk THREE 209

8% 1 and +1= 9 the second )
8% 7 and +1= 57 the 8th  } decagonal gnomon.
8X22 and +1=177 the 23rd |

&c.

Again, the numbers 1, 2, 3, 4, 5, 6, &c. are triangular gno-
mons, and I have found it may be demonstrated that the mo-
nad is virtually each of these. For,

2X1 and +1= 3]
2X2 and +1=5
2X3 and +1=7 T the gnomons of squares.
2X4 and +1=9
2X5 and +1=11 |
&c.

3X1 and +1= 4]
3X2 and +1=7
3% 3 and +1=10 { the gnomons of pentagons.
3X4 and +1=13
3)(5 and —I—-I:].G )
&c.

4%1 and +1= 5"
4%2 and +1=—= 9
4% 3 and +1=13 Jr the gnomons of hexagons.

4%4 and +1=17
4%5 and +1=21
&c.

5%1 and +1= 6 ]
5X2 and +1=11
5%3 and +1=16 } the gnomons of heptagons.
5% 4 and +1=21
5%5 and 4-1=26 |
&c.
6X1 and +1= 7]
6X2 and +1=13
6x3 and +1=19 ; the gnomons of octagons.
6X4 and +1=25
6X5 and +1=31
&c.




210 THEORETIC ARITHMETIC

And so of the rest, which abundantly proves that the monad
is causally every number.

CHAPTER XIV
On the properties of the duad, and triad.

THE duad, as it is beautifully observed by Proclus in his
Commentaries on Euclid, is the medium between the monad
and number. For unity, says he, by addition produces more
than by multiplication; but number, on the contrary, is more
increased by multiplication than by addition; and the duad,
whether multiplied into, or added to itself, produces an equal
quantity. Hence some of the ancients derive its appellation
from vov duvat, because number begins from hence to enter into
multitude. Hence too, it was called Rhea, which signifies a
certain flux, because from hence the streams, i.e. the progres-
sions of multitude are derived. Again, the duad, as Martianus
Capella observes, is the mother of the elements; for 4 is the
offspring of 2. And it is also the first form of the even num-
ber. The hebdomad likewise 64 which is both a square and a
cube, is produced by a continued multiplication by 2 from un-
ity, as we shall show when we discuss the properties of the
number 7. As Theo of Smyrna also observes,* matter, every
sensible nature, generation, motion, increase, composition, as-
sociation and relation, subsist according to the duad. And last-
ly, as is evident from the preceding chapter, if 2 is multiplied

by any triangular gnomon, and unity is added to the product,
the sum will always be the gnomon of a square.

Again, from the junction of the duad with the monad the
triad is generated, which says Theo of Smyrna, is the first
number that has a beginning, middle and end. He adds,

* Mathemat. p. 156.
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“Hence it is the first number of which the word 4/ is enuncia-
ted. For we do not enunciate e all of the numbers less than
three, but we say one, and both. By this number also we make
compacts, manifesting by this that we request every good. We
likewise call those that are in every respect miserable, thrice-
wretched, and those that are in every respect blessed, thrice-
blessed. The first origin also of a superficies is from this num-
ber. For the first subsistence of it is in a triangle; and on this
account there are three genera of a triangle, viz. the equilat-
eral, the isosceles, and the scalene. There are likewise three
species of angles, the right, the acute, and the obtuse. And the
right angle indeed is defined by the nature of unity, and con-
sists of the equal and the similar. Hence all right angles are
equal to each other, being media between the acute and obtuse,
the surpassing and the surpassed. But the other angles are infi-
nite and indefinite; for they consist from excess and defect. The
triad also from the composition of the monad and duad with
itself produces 6, which is the first perfect number, being equal
to its parts. And this perfect number when added to the first
square, which is 4, produces the decad.”

According to the Pythagoreans likewise, as we have before
observed,* every transmission of divine and mortal concerns is
accomplished through emission and reception, and in the third
place is strengthened through restoration. Thus after a certain
manner the etherial bodies disseminate; but terrestrial natures
receive as it were (the etherial effluxions); and a restorationt
is effected through the intermediate natures.

* Sece chap. 5.

'f' Bullialdus, from whom this information is derived, and who obtained it
from the anonymous author of Theologum. Arithmet. is very much mistaken in
the meaning of the word avytanodogig restoration, in this place. For he says,
“per aytanodosty intelligere oportet effectus productos a causis.” So far how-
ever is this word from signifying in this passage cffects produced by causes, that
it signifies the restoration of parts to the wholes from which they were derived.
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Again, of any two numbers whatever, either one of the two,
or their sum, or their difference is divisible by 3. Thus of the
two numbers 6 and 5, 6 is divisible by 3; of 11 and 5 the dif-
ference 6 is divisible by 3; and of 7 and 5 the sum 12 is divisi-
ble by 3. The square of 3 also, viz. 9, has this property, that 4,
the sum of its aliquot parts 1, 3, is the square of 2.

Farther still, if any triangular gnomon is multiplied by 3 and
unity is added to the product, the sum will be the gnomon of
a pentagon, as is evident from what is delivered in the 13th
chapter. And lastly, if any gnomon of a square, viz. if any one
of the numbers 1, 3, 5, 7, 9, &c. is multiplied by 3, and unity is
added to the product, the sum will be a pentagonal gnomon, as
we have before shown in the chapter on polygonous numbers.
Thus for instance,

3X1 and 1= 4 the 2nd ]

3% 3 and +1=10 the 4th { pentagonal gnomon.
3X5 and -+1=16 the 6th

3X7 and +1=22 the 8th

CHAPTER XV
On the properties of the tetrad, pentad, and hexad.

Having already said so much about the tetrad in the chapter
on its appellations, there remains but little more to observe
concerning it from the ancients; Theo in the extract we have
given from him respecting the tetractys having nearly exhaust-
ed the subject. I have therefore only to add farther, that the
square of this number has a space equal to the length of the
sides. For the sides are 4 in number, each of which is 4, and
the square of it is 16. It is also produced as well by the addi-

For in every order of things there are povy, wpooao;, and ETGTPOPY), ic. per-
manency in, progression from, and a return to causes
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tion of 2 to itself, as by the multiplication of 2 into itself, and
on both these accounts, as we are informed by Camerarius, and
as we have before observed, it was called by the Pythagoreans
justice; the essence of justice consisting in equality. I have
also found that if 4 multiplies any one of the series of squares
1,4, 9,16, 25, &c. and unity is added to the product, the sum
will be an hexagonal gnomon. For,

4%1 and +1=5 the 2nd |
4% 4 and +1=17 the 5th ; hexagonal gnomon.
4% 9 and +1=37 the 10th

&c.

Likewise, that if 4 multiplies any gnomon of a square, and
unity is added to the product the sum will be also an hexagonal
gnomon. For,

4%1 and 1= 5 the 2nd )
4% 3 and -+1=13 the 4th } hexagonal gnomon.
4%5 and +1=21 the 6th

&c.

And again, that if 4 multiplies any pentagon, and unity is
added to the product the sum will likewise be an hexagonal
gnomon. Thus,

4% 1 and +1=5 the 2nd )
4% 5 and +1=21 the 6th f hexagonal gnomon.
4% 12 and +1=49 the 13th
4%22 and +1=89 the 23rd |
&c.

Farther still, that if 4 multiplies any gnomon of a pentagon,
and unity is added to the product, the sum will also be an
hexagonal gnomon. For,

4% 1 and +1= 5 the 2nd h
4% 4 and +1=17 the 5th ; hexagonal gnomon.
4% 7 and 41=29 the 8th
4>10 and 41=41 the 11th

&c.
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Again, if 4 multiplies any triangular number, and unity is add-
ed to the product, the sum will be an hexagonal gnomon. For,

4% 1 and +1= 5 the 2ndl

4% 3 and +1=13 the 4th ; hexagonal gnomon.

4% 6 and +1=25 the 7th J

4% 10 and +1=41 the 11th

&c.

And in the last place, if 4 multiplies any one of the numbers in
a natural series 1, 2, 3, 4, 5, &c. and unity is added to the pro-
duct, the sum will likewise be an hexagonal gnomon, as is evi-
dent from what is delivered at the end of the 13th chapter.

With respect to the pentad, in the first place, as Martianus
Capella observes, whether it is associated with other odd num-
bers, or with those of its own kind, it always presents itself to
the view. Thus 5X5=25; 3X5=15; 7X5=35; and 9X5
—45; in all which products the terminating figure is 5. He
adds, “There are five zones of the earth. In man also there
are five senses. And there are five species of inhabitants of the
earth, viz. men, quadrupeds, reptiles, flying and swimming
animals.” There are likewise five descending (*@%a9op2t) me-
teors; viz. snow, dew, hail, rain, and frost. And there are as
many ascending (*vegopat) from the earth and water; viz.
vapour, smoke, clouds, mists, and the wind called typhon, or
a whirlwind.

Again, from what I have shown in the 13th chapter, it is evi-
dent that if 5 multiplies any quadrangular pyramid, and unity

is added to the product, the sum will be an heptagonal gno-
mon. For,

5% 1 and 41= 6 the 2nd
5X 5 and +1=26 the 6th ; heptagonal gnomon.
5% 14 and +1=71 the 15th

&c.

From what is there shown also it follows, that if 5 multiplies
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any triangular gnomon, and unity is added to the product, the
sum will be an heptagonal gnomon. For,

5%1 and +1= 6 the 2nd ]
5%2 and +1=11 the 3rd

5X3 and +1=16 the 4th ; heptagonal gnomon.
5%X4 and +1=21 the 5th

5X5 and +1=26 the 6th

&c.

Farther still, I have found that if 5 multiplies any hexagonal

gnomon, and unity is added to the product the sum will also be

an heptagonal gnomon. For,

5% 1 and -+1= 6 the 2nd
5X 5 and -}1=26 the 6th ; heptagonal gnomon.
5X 9 and +1=46 the 10th
5% 13 and -1=66 the 14th |
&c.
Likewise, if 5 multiplies any hexagon, and unity is added to the

product, the sum will be an heptagonal gnomon. Thus,

5X 1 and +1= 6 the 2nd
5X 6 and +1=31 the 7th ; heptagonal gnomon.
5% 15 and +41=76 the 16th |
&c.
Again, if 5 multiplies any one of the squares 1, 4, 9, 16, &c.
and unity is added to the product the sum will also be an hep-

tagonal gnomon. For,

5%1 and +1= 6 the 2nd ]
5X4 and +1=21 the 5th } heptagonal gnomon.
5X9 and +1=46 the 10th
&c.
And in the last place, if 5 multiplies any gnomon of a square,
and unity is added to the product, the sum will be an hepta-

gonal gnomon. For,

5%1 and 1= 6 the 2nd ]
5% 3 and +4-1=16 the 4th i heptagonal gnomon.
5X5 and +1=26 the 6th

&e.
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With respect to the hexad, it is the first perfect number in
energy, being equal to the sum of its parts. Hence, it after a
manner comprehends in itself 3 which is prior to it, and is re-
markable also for its perfection. For 2-+2+2=—6. The sum
likewise of any three numbers that surpass each other by unity,
may be divided by 3 or 6. The area also of the first rectangu-
lar triangle whose sides are commensurable is 6, as will be
shown in the next chapter, On the hebdomad. For the sides of
this triangle are 3, 4, and 5; by which numbers the Pythago-
reans demonstrate as follows among other things, that the off-
spring of nine and seven months are vital, but not those of
eight months. If 4 is multiplied by 5 the product is 20. Five
also multiplied by itself is 25. The sum of these two numbers
added together is 45; which sum being multiplied by the num-
ber of the space 6, produces 270. This number, if it is consi-
dered as so many days, and is reduced to months by dividing it
by 30, will give 9 months. Again, if 5 is multiplied by 4 the
product is 20, and the product of 5 by 3 is 15. But the sum
of these two is 35; which sum multiplied by 6 the number of
the triangular area produces 210. This number also being con-
sidered as so many days, and divided by 30, will be reduced to
7 months.* Farther still, if 5 is multiplied by 3 the product is
15; and 5 multiplied by itself is 25. The sum of these two is
40; and this multiplied by 6 is 240. But this divided by 30
will be reduced to 8 months, when the number 240 is consid-
ered as days. The offspring however of 8 months are not vital,
because 8 consists of the two odd numbers 5 and 3, which

* It may also be shown as follows, that the times of a vital birth depend on
the hexad. Let 6 and 12 be taken, which are in a duple ratio, and let there also
be assumed the two harmonic media 8 and 9. 'The sum of these four numbers is
35, which multiplied by 6 produces 210, the time of scven months. Again, let 6
and 18 be taken, which are in a triple ratio, and let the two harmonic media like-
wise, 9 and 12, be assumed. The sum of these four is 45, which multplied by 6
exhibits the sum of 270 days, the time of nine months.
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have a masculine property.* The male however by itself, or
the female by itself, is unable to generate. But in the numbers
9 and 7, the odd and the even are mingled together, viz. the
male and the female. For 5+4=—=9, and 4-+43="7.1+ The hexad
likewise is a certain foundation or root of arithmetical propor-
tion. For the least numbers in which arithmetical proportion
consists are 1, 2, 3, and the sum of these is 6.

The hexad also in the same manner as the pentad, always re-
stores itself in the multiplication of itself by itself, but unlike
the pentad it has not the same number always preceding. Thus
for instance in all the multiplications of 5 into itself, 2 always
precedes the last number. Thus 5 multiplied into itself as far
as to the 5th power, produces the series 5, 25, 125, 625, 3125.
And so in other instances ad infinitum. But 6 in the multipli-
cations of itself by itself, always has either 1, or 3, or 5, or 7,
or 9, viz. it always has some one of the odd numbers within

the decad preceding the last term, as is evident in the follow-
ing series 6, 36, 216, 1296, 7776, 46656.

According to the Pythagoreans likewise, after 216 years,
which number is the cube of 6, there is a regeneration of
things; and this is the periodic time of the metempsychosis.

In the hexad too, as Theo of Smyrna observes, the harmonic
medium first consists. For the sesquitertian of it, viz. 8, being
assumed, and also the double of it 12, the numbers 6, 8, and
12, will be in harmonic proportion; for as 6 is to 12 so is the
difference between 8 and 6, to the difference between 8 and 12,
viz. so is 2 to 4. If likewise, the sesquialter of it 9 is assumed,

* Any two numbers likewise of which 8 consists, are either both of them odd,
or both of them even. Thus 1 and 7, and 5 and 3 are both of them odd; but 2
and 6, and 4 and 4, are both of them even.

';- In like manner of any two numbers of which 9 and 7 consist, one is odd and
the other even. Thus 14+8=9, 24+7=9, 34+6=9, and 445=9. And again
146=7, 24+5=7, and 344=7.
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and the double of it 12, the numbers 6, 9, and 12, will be in
arithmetical proportion. And if the half of it is taken, and
afterwards the double, the numbers 3, 6, and 12, will be in
geometrical proportion. The four numbers themselves like-
wise, 6, 8, 9, and 12, are in geometrical proportion; for 6X12
=72—=8X9. The hexad also, says Martianus Capella, is the
number that generates harmonies. For 6 to 12 is the sym-
phony diapason; 6 to 9 is the symphony diapente; and 6 to 8 is
the symphony diatessaron. He adds, “The hexad likewise as-
sociated with the square and solid quaternary, ie. with 4,
measures the hours of the day and night; for 6X4=—=24."

Farther still, from what I have shown in the 13th chapter, it
is evident that if 6 multiplies any triangular gnomon, and unity
is added to the product, the sum will be an octagonal gnomon.
And I have also found that if 6 multiplies any heptangular
gnomon, and unity is added to the product, the sum will be an
octangular gnomon. For,

6X 1 and +1= 7 the 2nd
6X 6 and +1=37 the 7th } octangular gnomon.
611 and 41=67 the 12th
6X 16 and +1=97 the 17th |
&c.

And by a similar process with the squares 1, 4, 9, 16, &c. the
gnomons of squares 1, 3, 5, 7, &c. and the heptagons 1, 7, 18,
&c. octangular gnomons will be produced. For,

6X1 and +1= 7 the 2nd

64 and -} 1=25 the 5th } octangular gnomon.

6X9 and +1=55 the 10th
&c.

6X1 and +1= 7 the 2nd

6X3 and +1=19 the 4th } octangular gnomon.

6X5 and +1=31 the 6th |
&c.




Book THREE 219

6X 1 and +1= 7 the 2nd
6X 7 and +1= 43 the 8th | octangular gnomon.
6X18 and +1=109 the 19th |

&c.

CHAPTER XVI
On the properties of the hebdomad.

THE hebdomad possesses many admirable properties, and is
of a venerable nature as its name implies. Concerning these
properties much has been transmitted to us by the ancients, but
they have been discussed by none so copiously as by Philo the
Jew, who in his treatise De Mundi Opificio, has written the
following eulogium on this number:

“I know not whether any one can sufficiently celebrate the
nature of the hebdomad, which is too excellent to be described
by the power of words; yet it is not proper to be silent though
what is said about it is of the most wonderful nature, but we
should endeavour, if we cannot relate all and its most princi-
pal excellencies, to render manifest at least such of its proper-
ties as are accessible by our reasoning power. The hebdomad
then, is spoken of in a twofold respect; one indeed, subsisting
within the decad, which is seven times measured by the monad
alone, and consists of seven monads; but the other is external
to the decad, of which the principle is entirely the monad, ac-
cording to double, or triple, or in short, analogous numbers;
and such are the numbers of 64 and 729; the former indeed in-
creasing by a duplication from unity, but the other by a tripli-
cation. Each species however ought not to be negligently con-
sidered. The second species indeed, has a most manifest pre-
rogative. For the hebdomad which is compounded from dou-
ble, or triple, or analogous numbers from the monad, is both
a cube and a square, comprehending both species, viz. of the
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incorporeal and corporeal essence; the species of the incorp-
oreal indeed, according to the superficies which is formed by
squares; but of the corporeal according to the other dimension
(depth) which is formed by cubes. But the credibility of what
is said is most manifest in the above mentioned numbers. For
the hebdomad 64 which is immediately increased from unity
in a duple ratio, is a square produced by the multiplication of
8 by 8; and it is also a cube, the side or root of which is 4. And
again, the hebdomad which is increased in a triple ratio from
the monad, viz. 729, is a square indeed, formed by the multi-
plication of 27 by itself, and is also a cube, the side of which
is 9.* By always making too a hebdomad the principle instead
of the monad, and increasing according to the same analogy as
far as to the hebdomad, you will always find that the increased
numbers is both a square and a cube. The hebdomad therefore
compounded in a duple ratio from 64, will be 4096,T which is
both a square and a cube; a square indeed, having for its side
64; but a cube, the side of which is 16.

Let us now pass to the other species of the hebdomad which
is comprehended in the decad, and which exhibits an admir-
able nature no less than the former hebdomad. This therefore
is composed of one, two and four, which possess two most har-
monic ratios, the duple and the quadruple; the former of
which forms the symphony diapason, and the latter the sym-
phony disdiapason. This hebdomad also comprehends other
divisions, consisting after a manner of certain conjugations.

For it is in the first place indeed, divided into the monad and
hexad, afterwards into the duad and pentad, and lastly into

the triad and tetrad. But this analogy or proportion of num-

* Thus 1X2X2X2X2X2X2=64; and 1X3X3X3X3X3X3=729.

+ For 64X2X2X2X2X2X2=4096. And thus also the hebdomad compounded
in a triple ratio from 64 will be 46656, which is both a square and a cube; for
the square root of it is 216, and the cube root is 36.
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bers is also most musical. For 6 has to 1 a sextuple ratio; and
the sextuple ratio produces the greatest interval in tones, by
which the most sharp is distant from the flattest sound, as we
shall demonstrate when we make a transition from numbers
to harmonies. Again, the ratio of 5 to 2 exhibits the greatest
power in harmony, nearly possessing an equal power with the
diapason, as is most clearly exhibited in the harmonic canon.
But the ratio of 4 to 3 forms the first harmony the sesquitertian,
which is diatessaron.

Another beauty likewise of this hebdomad presents itself to
the view, and which is to be considered as most sacred. For
since it consists of the triad and the tetrad, it exhibits that
which is undiverging and naturally in a direct line in things.
And it must be shown after what manner this is effected. The
rectangular triangle which is the principle of qualities, con-
sists of the numbers 3, 4 and 5.* But 3 and 4 which are the
essence of this hebdomad, form the right angle. For the obtuse
and the acute exhibit the anomalous, the irregular and the un-
equal; since they admit of the more and the less. But the right
angle does not admit of comparison, nor is one right angle
more right than another, but it remains in the similar, and
never changes its proper nature. If however the right angled
triangle is the principle of figures and qualities; but the essence

* Viz. The first rectangular triangle whose sides are commensurable consists of
the numbers 3, 4, and 5. For the area of such a triangle is 6, being equal to half

3x4
the product of the two sides 3 and 4, i.. to X .

But the sides of any rec-

tangular triangle, whose area is less than 6, will be incommensurable. Thus, if

2X5 1x10
5 is the area of a rectangular triangle, it will be equal to >2< or to >§ . Hence

the two least sides will be cither 2 and 5, or 1 and 10; and the hypothenuse will
cither be 24/29, or 24/101, each of which is incommensurable. ‘This also will be
the case if the area is 4, or 3, or 2. And as the commensurable is naturally prior
to the incommensurable, the rectangular triangle, whose sides are 3, 4, and 5, will
be the principle of the rest. Hence too, it is evident why 3 and 4 form the right
angle.
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of the hebdomad 3 and 4 necessarily impart the right angle,
this hebdomad may justly be considered as the fountain of
every figure and of every quality. To what has been said also,
it may be properly added, that 3 is the number of a plane fig-
ure, since a point is arranged according to the monad, but a
line according to the duad, and a superficies according to the
triad. But 4 is the number of a solid, by the addition of unity
giving depth to superficies. Hence it is manifest, that the ess-
ence of the hebdomad is the principle of geometry and stere-

ometry: and in short, it is the principle of incorporeal and cor-
poreal natures.

There is also naturally so much of what is adapted to sacred
concerns in the hebdomad, that it has a pre-eminence with ref-
erence to all the numbers that are within the decad. For of
these some beget, not being themselves begotten; but others are
begotten indeed, but do not beget; and others both beget and
are begotten. The hebdomad however alone is beheld in no
part of these; which may be confirmed by demonstration as
follows: Unity therefore generates all the numbers that are pos-
terior to it, but is by no means generated by any number. Eight
is indeed generated by twice four, but generates no number
within the decad. Again, 4 ranks among those natures that
both beget and are begotten. For it generates 8 by being mul-
tiplied by 2, and is generated by twice two. But 7 alone, as I
have said, is neither naturally adapted to generate, nor to be
generated. Hence other philosophers indeed assimilate this
number to Victory, who is motherless and a virgin, and who is
said to have sprung to light from the head of Jupiter. But the
Pythagoreans assimilate it to the leader and ruler of all things.
For that which neither generates nor is generated, remains im-
moveable; for generation subsists in motion, since that also
which is generated is not without motion. For that which
generates is in motion, in order that it may generate, and also
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that which is generated, in order that it may be generated. But
the most ancient principle and leader of things, of whom the
hebdomad may appropriately be said to be the image, alone
neither moves nor is moved. Philolaus bears testimony to the
truth of what I say in the following words: “God,” says he,
“is the leader and ruler of all things, being always one, stable,
immoveable, himself similar to himself, and different from
other things.” In intelligibles therefore, the hebdomad exhibits
the immoveable and the impassive; but in sensibles it evinces a
mighty and most connective power, by which and by the pet-
iods of the moon, all terrestrial things are naturally adapted to
be benefited. The manner however in which this is effected
must be considered.

The number 7 being added to unity, and the numbers that
follow it, generates 28, a perfect number, and equal to its
parts.* But the number thus generated is apocatastatic of the
moon, i.e. has the power of restoring it to its pristine state, at
the time in which the moon begins to receive a sensible increase
of its figure, and to which by decreasing it returns. It increases
indeed, from the first lunarform illumination till it is bisected,
during seven days. Afterwards, in the same number of days it
becomes full-orbed. And again, running back as it were from
the goal through the same path, from being full-orbed, it be-
comes again bisected in seven days, and from this, in the same
number of days it acquires its first form, and thus gives com-
pletion to the number 28.-

The hebdomad also is called by those who employ names
properly zelesphoros, or the perfector, because all things acquire
perfection through this number. The truth of this however,
may be inferred from every organic body employing three in-
tervals or dimensions, i.e. length, breadth and depth, and four
boundaries, a point, a line, a superficies, and a solid, from the

® For 142+434-4454-6-47=28.
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composition of which the hebomad is formed. It would how-
ever be impossible for bodies to be measured by the hebdomad,
according to the composition of three dimensions and four
boundaries, unless it happened that the ideas of the first num-
bers, viz. of one, two, three and four, in which the decad is
founded, comprehended the nature of the hebdomad. For
these numbers have indeed four boundaries, the first, the sec-
ond, the third, and the fourth; but three intervals; the first in-
terval being from 1 to 2, the second from 2 to 3, and the third
from 3 to 4. Independent also of these things, the ages from
infancy to old age, most clearly exhibit the perfective power of
the hebdomad, since they are measured by it. In the first seven
years therefore, the teeth shoot forth. In the second is the time
in which there is an ability of emitting prolific seed. In the
third there is an increase of the beard. And in the fourth there
is an accession of strength. The season of marriage is in the
fifth. But in the sixth is the acme of intelligence. In the sev-
enth there is an amelioration and an increase both of intellect
and reason. But in the eighth, perfection in each. In the ninth
there is equity and mildness, the passions for the most part be-
coming gentle. And in the tenth age, is the desirable end of
life, the organic parts being still entire. For extreme old age
is wont to supplant and afflict. Solon also the Athenian legis-
lator, enumerates human life by the above mentioned hebdo-
mads. But Hippocrates the physician says there are seven ages,
viz. of the infant, the child, the lad, the young man, the man,
the elderly man, and the old man; and these are measured by
hebdomads, but do not extend beyond seven. His words how-
ever are as follow: “In the nature of man there are seven sea-
sons, which they call ages, the infant, the child, the lad, &c.
And infancy indeed continues to the shedding of the teeth; but
the child, to the generation of the seed which extends to twice
seven years. The lad continues till the beard becomes rough
with hairs; but the young man, as far as to the increase of the
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whole body, which extends to four times seven years. The
man continues as far as to fifty years wanting one, i.c. to seven
times seven years; but the elderly man as far as to fifty-six
years, i.e. to seven times eight years. And all the years that
follow this pertain to the old man.”

It is also said with respect to the peculiar composition of the
hebdomad, as having an admirable order in its nature, since it
consists of three and four, that the third number from the mo-
nad in a duple ratio is a square, but the fourth number in the
same ratio is a cube, and that the seventh is a cube and at the
same time a square.* Hence the seventh number is truly per-
fective, announcing both equalities, the superficial through a
square, according to an alliance with the triad, and the solid
through a cube, according to an alliance with the tetrad. But
the hebdomad consists of the triad and the tetrad. The hebdo-
mad however is not only perfective, but, as I may say, is most
harmonic, and after a certain manner is the fountain of the
most beautiful diagram which comprehends all harmonies, i.e.
the diatessaron, the diapente, and the diapason; and likewise
all analogies, viz. the arithmetical, the geometrical, and besides
these, the harmonic. But the plinthiont consists of the num-
bers 6, 8, 9, and 12. And 8 is indeed to 6 in a sesquitertian
ratio, according to which the harmony diatessaron subsists.
But 9 is to 6 in a sesquialter ratio, according to which the har-
mony diapente subsists. And 12 is to 6 in a duple ratio, which
forms the harmony diapason. It contains likewise, as I have
said, all analogies; the arithmetical indeed, in the numbers 6,
9, and 12; for as the middle number surpasses the first by 3,

* Thus in the numbers 1, 2, 4, 8, 16, 32, 64, which are in a duple ratio, 4 is
a square, 8 is a cube, and 64 is both a square and a cube. Thus also in the num-
bers 1, 3, 9, 27, 81, 243, 729, which arc in a triple ratio, 9 is a square, 27 a
cube, and 729 is both a square and a cube. And this will also be the case with
numbers in a quadruple, quintuple, &c. ratio.

+ See chap. 32, of the 2nd book.
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it is also surpassed by the last number by 3. But it contains the
geometrical analogy in the four numbers 6, 8, 9, and 12. For
as 8 is to 6, so is 12 to 9; the ratio being sesquitertian. And it
contains the harmonic analogy in the three numbers 6, 8, and
12. There is however a twofold criterion of harmonic analogy;
one indeed, when as is the last term to the first, so is the dif-
ference between the last and middle, to the difference between
the middle and first term. Of this, the most evident credibility
may be derived from the proposed numbers 6, 8, and 12. For
the last is double of the first term; and 12 exceeds 8 by 4, and
8 exceeds 6 by 2. But 12:6::4:2. The other criterion how-
ever of harmonic analogy is, when the middle term by an
equal part surpasses and is surpassed by the extremes. For 8
being the middle term, surpasses the first by a third part of the
first term; for 8—6=2 the third part of 6; but it is surpassed
by the last term by an equal part of the last; for 12—8—4,
which is the third of 12. These things indeed necessarily thus
subsist with respect to the venerable nature of this diagram,
whether it may be proper to call it plinthion, or to give it some
other appellation. So many ideas, and still more than these,
does the hebdomad exhibit in things incorporeal and intelli-
gible.

But the nature of it likewise extends to every visible essence,
pervading through heaven and earth, which are the boundaries
of the universe. For what part of the world is there, which is
not enamoured of the hebdomad, being tamed by the love and
desire of it? They say therefore, in the first place, that heaven
is begirt with seven circles, the names of which are, the arctic,
antarctic, the summer tropic, the winter tropic, the equinoctial,
the zodiac, and besides these, the galaxy. For the horizon be-
longs to us; according to the acuteness of our vision, or the
contrary, our sensible perception being circumscribed by it in a
greater or less degree. The planets indeed, an army proceed-
ing in a course contrary to that of the fixed stars, being ar-
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ranged in seven orders, exhibit an abundant sympathy with
the air and the earth. For these they vary by what are called
the annual seasons, producing infinite mutations in each of
them, by serene and cloudy weather, and by violent storms of
wind. Again, they cause rivers to overflow, and to be dimin-
ished, plains to become stagnant water, or on the contrary, to
have a squalid appearance. They likewise produce the muta-
tions of the sea, its fluxes and refluxes. For sometimes the gulfs
of the seca when it resounds through its reciprocations form
profound shores; and a little after, the sea returning becomes
most deep and navigable not by bearing small burdens, but an
innumerable multitude of large ships. The planets likewise
generating all terrestrial animals, plants and fruits, increase
and bring them to perfection, preparing the nature in each to
run its course; so that new flowers may succeed the old, and
may arrive at their acme; in order to supply animals that are
in want with an exuberant abundance. Moreover, the bear
which is said to be the precursor of sailors consists of seven
stars; to which pilots looking out through ten thousand paths
in the sea, attempting a thing incredible, and greater than hu-
man judgment could expect to accomplish. For by looking to
the above mentioned stars as leading lights, regions have been
discovered unknown before, islands indeed, by the inhabitants
of the continent, and continents by islanders. For it was nec-
essary that the profound recesses both of the earth and sea,
should be unfolded by the most pure essence of the heavens to
the animal which is dear to divinity.

In addition also to what has been said, the choir of the pleia-
des derives its completion from a hebdomad of stars, the risings
and occultations of which become the causes of mighty goods
to all things. For when these set furrows are cut for the pur-
pose of semination; and when they are about to rise, they be-
come the joyful messengers of harvest. But when they rise, they
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excite the glad husbandmen to the collection of necessary
aliment; who well pleased deposit the food they have collected
for diurnal use. The sun too, the leader of the day, by produ-
cing two equinoxes in every year, in spring and in autumn; the
vernal in Aries, but the autumnal in Libra, procures the most
manifest credibility of divine majesty about the hebdomad.
For each of the equinoxes takes place in the seventh month, at
which times the law orders the greatest and most public festi-
vals to be celebrated; since in both these, the fruits of the
earth arrive at perfection; in spring indeed, corn and other
seminations; but in autumn the produce of the vine, and of
most other trees. Since also terrestrial are suspended from ce-
lestial natures according to a certain physical sympathy, the
productive principle of the hebdomad originating supernally
descends as far as to us, that mortal genera may be partakers of
its advent.

Our soul also, the ruling part excepted, is divided into seven
parts, viz. the five senses, the vocal organ, and the generative
power; all which as in admirable machines, being drawn by
the ruling part as if by secret strings, at one time are at rest,
and at another time, in motion, and each according to appro-
priate habitudes and motions. In a similar manner likewise, if
any one endeavors to explore the internal and external parts of
the body, he will find that in each of these there are seven.
The parts therefore, that are obvious are these, the head, the
breast, the belly, the two hands and the two feet. But the
internal parts which are called the viscera are, the stomach, the
heart, the lungs, the spleen, the liver, and the two kidneys.
Again, the most ruling part in the animal, the head, employs
seven most necessary parts, two eyes, an equal number of ears,
two nostrils, and in the seventh place the mouth, through
which, as Plato says, there is an ingress of mortal, but an
egress of immortal natures. For meat and drink indeed enter
into it, which are the corruptible nutriment of the corruptible
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body; but from the reason of the immortal soul, there is an
egress of immortal laws, through which the rational life is
governed. The subjects also of the judicial power of the sight,
the most excellent of the senses participate according to genus
of the number seven. For there are seven things that are seen,
body, interval, magnitude, colour, motion, and permanency;
and besides these, nothing else. It happens likewise, that all the
mutations of voice are seven, the acute, the grave, the circum-
flex, in the fourth place, the rough, in the fifth, the smooth, in
the sixth the long, and in the seventh the short sound.

Moreover, it happens that there are seven motions, the up-
ward, the downward, to the right hand, to the left hand, be-
fore, behind, and the circular, which becomes in the highest
degree manifest from leaping. It is also said, that the secre-
tions through the body are subject to this number. For tears
indeed are poured forth through the eyes; the purifications
from the head through the nostrils; but the saliva which we
eject, through the mouth. There are also two evacuations for
carrying off superfluities; the one before, but the other behind.
The sixth secretion, is the effusion of the sweat through the
whole body. And the seventh is the most natural emission of
the seed through the genitals. Again, the menstrual purgations
in women, are for the most part supplied in seven days; and the
infant in the womb is naturally adapted to be animated in
seven months, as an event most paradoxical. For offspring that
are born in the seventh month live; but those that are born in
the eighth month for the most part di¢. Severe diseases of our
body likewise, and especially when from the bad temperature
of the corporeal powers, we are afflicted with continued fevers,
are principally decided on the seventh day. For this day forms
a judgment of the contest about the soul, to some decreeing
safety, but to others death.

But the power of this number not only extends to the above
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mentioned particulars, but also to the best of the sciences, to
grammar and music. For the lyre indeed consisting of seven
chords, analogous to the choir of the seven planets, produces
the most noble harmonies, and is nearly the leader of all instru-
mental music. Among the elements also of the grammatical
art, the vowels truly so called are seven, since they are seen to
produce a sound from themselves, and when they are conjoined
with other letters, they form articulate sounds. For they sup-
ply indeed, what is wanting in the semivowels, by furnishing
entire sounds; but they turn and change the natures of the
mutes, by inspiring them with proper power, in order that
things which were before ineffable may become effable. Hence
those who first gave names to letters, as being wise men, appear
to me to have denominated this number €=« from the venera-
tion and inherent sanctity pertaining to it, (%0 7ov %ept autoy
ceBaopou xat TNG mpocovang oewvettog.) But the Romans adding
the letter ¢, which is wanting in the Greek, more clearly ex-
hibit its origin, by calling it septem, from, as I have said, ven-
eration and sanctity.”

Again, according to Herophilus, as we are informed by Theo
of Smyrna,* the human intestine is 28 cubits long, ie. four
times seven; and 28 is a perfect number. The moon also is
said to impart from the etherial to the sublunary regions celes-
tial powers while she uses the tetrad and the hebdomad. The
increase likewise and decrease of things, and especially of such
as are humid, follow the phases of the moon. Hence, a Greek
poet cited by Baptista Camotius, in his Comment on the Me-
taphysics of Theophrastus, says of the moon, “that when she
increases she augments, and when she decreases, injures all
things.”

This number too is the shortest boundary of the birth of
children. And according to the Theban Hephzstion, the long-

* Mathemat. p. 162.
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est boundary of the duration in the womb of those children
that are born in the tenth month is 288 days and 8 hours. The
mean duration is 273 days and 8 hours. And the shortest dura-
tion is 258 days and 8 hours. But of those that are born in the
seventh month, the longest duration in the womb is 206 days
and 8 hours; the least duration is 176 days and 8 hours; and
the mean duration is 191 days and 8 hours. The ancient physi-
cians likewise, as we learn from the anonymous writer, observe,
that seven hours prior to the birth the navel of the foetus is
spontaneously separated from the mother; within which space
of time the foetus is able to support life, without receiving any
nutriment from the mother.*

Again, Plato, says Theo Smyrnzus, following nature con-
stitutes the soul from seven numbers. These numbers are 1, 2,
3,4, 8,9, 27, concerning the remarkable properties of which, I
refer the reader to Plutarch’s treatise On the Generation of the
Soul according to Plato in the Timzus.

Farther still, conformably to what I have shown in the pre-
ceding numbers, if 7 multiplies a triangular gnomon, and unity
is added to the product, the sum will be an enneagonal gno-
mon. For,

7X1 and +1= 8 the 2nd
7X2 and +1=15 the 3rd ; enneagonal gnomon.
7% 3 and +1=22 the 4th
74 and +1=29 the 5th
&c.

By a similar process likewise with octagons, with squares, with
pentagonal column. triang. pyramids, with square gnomons,
and with the gnomons of octangles, enneagonal gnomons will

be produced. Thus,

* Vid. Notas Bulliald. in Theon. Mathemat. p. 284.
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7% 1 and 4-1= 8 the 2nd
7% 8 and +1= 57 the 9th : enneagonal gnomon.
7% 21 and +1=148 the 22nd
&c.

7% 1 and 1= 8 the 2ndl
7% 4 and +41=29 the 5th } enneagonal gnomon.
7%9 and +1=64 the 10th |

&ec.
7% 1 and +1= 8 the 2nd
7% 6 and 1= 43 the 7th }; enneagonal gnomon.
7% 18 and +1=127 the 19th

&c.

7% 1 and 4+1= 8 the 2nd
7X3 and +1=22 the 4th } enneagonal gnomon.
7%5 and +1=36 the 6th

&c.
7X 1 and +1= 8 the 2nd
7X 7 and +1=50 the 8th } enneagonal gnomon.
7% 13 and +1=92 the 14th

&c.

CHAPTER XVII
On the ogdoad, ennead, and decad.

THE ogdoad, says Martianus Capella, is perfect, because it
is covered by the hexad;* for every cube has six superficies.
Likewise it derives its completion from odd numbers in a fol-
lowing order. For the first odd number is 3 and the second 5,
and 3+45=8. Thus also the cube which is formed from the
triad, viz. 27, is composed of three odd numbers in a follow-
ing order, viz. of 7, 9, and 11. Thus too, the third cube which
is formed from the tetrad, viz. 64, derives its completion from
four odd numbers in a following order, viz. from 13, 15, 17,

* In my edition which is Lugd. 1619, the original is, ‘“Perfectus item quod 2
septenario tegitur;” but instead of seprenario, it is evident it should be senarso.
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19; for the sum of these is 64. And thus all cubes will be
found to consist of as many odd numbers as there are unities in
its root. Moreover, this octonary cube is the first of all cubes,
in the same manner as the monad is the first of all numbers.”
Thus far Capella.

Again, in the chapter On the properties of the monad, we
have shown from Plutarch that if 8 multiplies any triangular
number, and unity is added to the product, the sum will be a
square number. And we have also shown that if the triple of
8, i.e. 24, multiplies any pentagonal number, and unity is added
to the product, the sum will also be a square.

Farther still, conformably to what we have shown of the
former numbers within the decad, if 8 multiplies any triangu-
lar or enneangular gnomon, or any gnomon of a square, or any
square, or first hexangular pyramid, or any enneagon, and
unity is added to the product, the sum will be a decagonal

gnomon. For,

8% 1 and +1= 9 the anl
8X2 and -+1=17 the 3rd ; decagonal gnomon.
83 and +1=25 the 4th ]

&c.

8X 1 and +1= 9 the 2nd
8X 8 and +1= 65 the 9th } decagonal gnomon.
815 and +1=121 the 16th |

&c.

8%1 and +1= 9 the 2nd1
83 and +1=—=25 the 4th }; decagonal gnomon.
85 and +1=41 the 6th |

&c.

8X1 and +41= 9 the 2nd
8X4 and +1=33 the 5th ; decagonal gnomon.
8X9 and +1=73 the 10th

&c.
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With respect to the properties of the ennead, in the first
place it consists of the three numbers 2, 3, and 4, which are in
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8X 1 and 4+1= 9 the an]r
8% 7 and +1= 57 the 8th } decagonal gnomon.
8%22 and +1=177 the 23rd |

&e.

8% 1 and +1= 9 the 2nd
8X 9 and +1= 73 the 10th { decagonal gnomon.
8% 24 and +1=193 the 25th

&c.

a natural order, and in which the ratio of symphonies are con-

tained. For the ratio of 4 to 3 is sesquitertian, and forms the

symphony diatessaron. The ratio of 3 to 2 is sesquialter, and

forms the symphony diapente. And the ratio of 4 to 2 is duple,

in which the diapason consists.

Again, if 9 multiplies any triangular, square, or decagonal

gnomon, or any square or decagon, and unity is added to the

product, the sum will be an endecagonal gnomon. For,

91 and +1=10 the 2nd )
92 and +1=19 the 3rd } endecagonal gnomon.
9% 3 and +1=28 the 4th |

&c.

9%1 and +1=10 the 2nd
9% 3 and +1=28 the 4th ; endecagonal gnomon.
9X5 and +1=46 the 6th ]

&c.

9% 1 and +1= 10 the 2nd
9X 9 and 1= 82 the 10th ¢ endecagonal gnomon.
9% 17 and +1=154 the 18th

&c.

9%1 and +1=10 the 2nd
94 and -1=37 the 5th { endecagonal gnomon.
99 and +1=82 the 10th |

&c.
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9% 1 and +1= 10 the 2nd](
9% 10 and +1= 91 the 11th ; endecagonal gnomon.
9% 27 and -+1=244 the 28th |

&c.

In the next place, with respect to the properties of the decad,
it must be observed, that though the monad is the form of all
arithmetical forms, yet it is chiefly the form of the decad. For
what the monad is simply to all the series of numbers, that the
decad is to the following hundreds, thousands, and millions;
whence according to a secondary progression, it is denominated
unity. Again, as this number is the ultimate perfection of be-
ings, it contains all things in its omniform nature. For all pro-
portion subsists within this number; the arithmetical in a
natural progression of numbers from unity; the geometrical in
the numbers 1, 2, 4, and 1, 3, 9; and the harmonical in the
numbers 2, 3, 6, and 3, 4, 6.

Again, it will be found that if 10 multiplies any gnomon of
a triangle, square, or endecagon, or any square, or endecagon,
and unity is added to the product the sum will always be a
duodecagonal gnomon. For,

101 and +1=11 the 2nd
10X2 and +1=21 the 3rd { duodecagonal gnomon.
10X3 and +1=31 the 4th

&c.
101 and 4+1=11 the 2nd |
103 and +1=31 the 4th } duodecagonal gnomon.
10X5 and +1=51 the 6th

&e.
10X 1 and 4+1= 11 the 2nd
10X10 and 4-1=101 the 11th ¢ duodecagonal gnomon.
1019 and +1=191 the 20th

&c.

10X1 and +1=11 the 2nd
104 and +1=41 the 5th } duodecagonal gnomon.
10X9 and +1=91 the 10th

&c.
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10X 1 and +1= 11 the 2nd |
1011 and +1=111 the 12th ; duodecagonal gnomon.
10330 and +1=301 the 31st

&c.

CHAPTER XVIII

Additional observations on numbers.

Tue Pythagoreans, says Plutarch, in his treatise On Isis and
Osiris, adorned numbers and figures with the appellations of
the Gods. For they called indeed an equilateral triangle Mi-
nerva Coryphagenes, (or born from the summit) and Tritoge-
neia, because it is divided by three perpendiculars drawn from
the three angles. But they called unity or zAe one, Apollo, be-
ing persuaded to give it this appellation for an obvious reason,
{1.e. because Apollo signifies a privation of multitude, and from
the simplicity of the monad.*) They also denominated the
duad, strife and audacity; but the triad, justice. For since in-
juring and being injured, subsist according to excess and de-
fect, justice through equality obtains a middle situation. But
what is called the tetractys, being the number 36, was accord-
ing to common report the greatest oath among them, and was
denominated the world, in consequence of being composed of
the first four even, and the first four odd numbers.t

Again, in the same treatise he says, “It is fabled by the

* In the original 7etovoca wpogaset, xat SimAotatotg povadog, which
is evidently erroneous and unintelligible, owing to the word SixAotatotg. Hence
Baxter, not being able to correct this passage, does not attempt to wuanslatc it, but

merely says, “he restores it to the margin whence it was taken.” The whole how-
ever will be intelligible, if for ixAotatotg we read, as in the above translation,
GTAOTNTL TNG-

+ Baxter, who is always a bad translator and critic where philosophy and science
are concerned, absurdly translates what is here said by Plutarch of the number 36,
as follows, “Because it is made up of the cven number 4, and of four odd numbers
summed up together.” And then adds in a note, “i.e. four times 9.”
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Egyptians that the death of Osiris happened on the 17th day of
the month, at which time it is especially evident that the moon
is at the full. Hence the Pythagoreans call this day anziphraxis,
obstruction, or opposition, and utterly abominate this number.
For 17 falling as a middle number, between the square 16, and
18 an oblong number, (which are the only plain numbers that
have their ambits equal to the spaces contained by the ambits)
it opposes and disjoins them from each other, and being divid-
ed into unequal portions forms the sesquioctave ratio;” (viz.
by a division into 9 and 8.)

But that the ambits of these two numbers 16 and 18 are
equal to their areas is evident. For 16 is a square each side of
which is 4, and the number of the sides is 4. And 18 may be
conceived to be a parallelogram the four sides of which are 6,
6, 3, 3, the sum of which is 18.

It is observed by Martianus Capella, that if the number 5
either multiplies itself, or any odd number, the product always
ends in 5. And I have observed of 6, which when multiplied
by itself always ends in 6, that if it multiplies an even number,
the product will always end in that even number itself, which
it multiplies, or the final number of it. Thus 2)X6=12; 4X6
—=24; 6X6=36; 8X6=—48; 10XX6—=60; 12XX6=72; 14X6
—=84; 16X6=96; 18 X6=108, &c. And this shows the su-
periority of the odd to the even number. For 5 vanquishes
the odd number which it multiplies, by causing it to terminate
in itself; but 6 is vanquished by the even number which it
multiplies, and terminates in it.

Jamblichus in his Commentary on the Arithmetic of Nico-
machus, p. 47, observes of the number 6, “that besides being
a perfect number, it is the first evenly-odd number, and the
first of the numbers that are longer in the other part. He adds,
that it was called marriage by the Pythagoreans, because the
first conjunction of the male and female subsists from mix-



238 THEORETIC ARITHMETIC

ture* according to this number. In consequence also of the
entireness and symmetry which it contains, they called it health
and beauty.”

The following properties of 6 and 8 are remarkable, and
have I believe escaped the notice of both ancient and modern
mathematicians. They respect the formation of squares by the
continual addition of these numbers to themselves, together
with unity.

Thus for instance 1+6-+6-4+6-+6=25, ie. 14+6X4=25,
and 25+6X16=121, 121+6X28=—289, and 289-+6X 40=
529. And so of the rest. That is, 1 added to four times 6 is
equal to 25; this added to 16 times 6 is equal to 121; and 121
added to 28 times 6 is equal to 289, &c. In which it is observ-
able, that the square roots of the numbers thus produced differ
from each other by 6. For the roots are 5, 11, 17, 23, &c. But
the difference of the multiplying numbers is always 12. Thus
the first multiplier is 4, the second 16, the third 28, and the
fourth 40, the difference between each of which is 12.

Again, with respect to 8, 1-+8=—=9-48X2=—=25, 48X 3=—49,
8% 4—==81, +8X5=121, +8X6=169. Here the roots of
the squares are the odd numbers 3, 5, 7, 9, 11, 13, &c. which

differ from each other by 2; and the multiplying numbers are
2,3,4,5, 6, &c.

14444, &c. will likewise produce the same square numbers
as 14+8-48, &c.

* In the original REATAPATED G, but is should evidently be as in my translation
REATARPATEWG: Tenellius, from not seeing this error, has made nonsense of the
passage. For his translation is: “Item connubium- vocari a Pythagorzis, quia per se
primum fit conjunctio maris et feminz ex conflictu.”



ADDITIONAL NOTES

P. 3. The motion of the stars likewsse is celebrated as being
accompanied with harmonic modulations—“The Pythagor-
eans,” says Simplicius, in his Commentary on the 2nd book of
Aristotle’s treatise On the Heavens, “said, that an harmonic
sound was produced from the motion of the celestial bodies,
and they scientifically collected this from the analogy of their
intervals; since not only the ratios of the sun and moon, of
Venus and Mercury, but also of the other stars, were discovered
by them.” Simplicius adds, “Perhaps the objection of Aristotle
to this assertion of the Pythagoreans, may be solved according
to the philosophy of those men, as follows: All things are not
commensurate with each other, nor is every thing sensible to
every thing, even in the sublunary region. This is evident from
dogs who scent animals at a great distance, and which are not
smelt by men. How much more, therefore, in things which
are separated by so great an interval as those which are incor-
ruptible from the corruptible, and celestial from terrestrial na-
tures, is it true to say, that the sound of divine bodies is not
audible by terrestrial ears? But if any one like Pythagoras,
who is reported to have heard this harmony, should have his
terrestrial body exempt from him, and his luminous and ccles-
tial vehicle,* and the senses which it contains purified, either

* The soul has three vehicles, one etherial, another aerial, and the third this
terrestrial body. The first which is luminous and celestial is connate with the
essence of the soul, and in which alone it resides in a state of bliss in the stars.
In the second it suffers the punishment of its sins after death. And from the third
it becomes an inhabitant of carth.

239
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through a good allotment, or through probity of life, or
through a perfection arising from sacred operations, such a
one will perceive things invisible to others, and will hear things
inaudible by others. With respect to divine and immaterial
bodies however, if any sound is produced by them, it is neither
percussive nor destructive, but it excites the powers and ener-
gies of sublunary sounds, and perfects the sense which is co-
ordinate with them. It has also a certain analogy to the sound
which concurs with the motion of terrestrial bodies. But the
sound which is with us in consequence of the sonorific nature
of the air, is a certain energy of the motion of their impassive
sound. If then air is not passive there, it is evident that neither
will the sound which is there be passive. Pythagoras however,
seems to have said that he heard the celestial harmony, as un-
derstanding the harmonic proportions in numbers, of the hea-
venly bodies, and that which is audible in them. Some one
however may very properly doubt why the stars are seen by
our visive sense, but the sound of them is not heard by our
ears? To this we reply that neither do we see the stars them-
selves; for we do not see their magnitudes, or their figures, or
their surpassing beauty. Neither do we see the motion through
which the sound is produced; but we see as it were such an
illumination of them, as that of the light of the sun about the
carth, the sun himself not being seen by us. Perhaps too, neith-
er will it be wonderful, that the visive sense, as being more im-
material, subsisting rather according to energy than according
to passion, and very much transcending the other senses, should

be thought worthy to receive the splendour and illumination
of the celestial bodies, but that the other senses should not be

adapted for this purpose. Of these however, and such like par-
ticulars, if any one can assign more probable causes, let him be
considered as a friend, and not as an enemy.”

P. 3. And it cannot be doubted that arithmetic naturally
surpasses astronomy, since it appears to be more ancient than
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geometry and music, which are prior to it.—This also was the
opinion of the Pythagoreans, whose doctrine concerning the
division of these four mathematical sciences was, according to
Proclus in his Commentary on Euclid, p. 10, as follows: “The
Pythagoreans gave a fourfold division to the whole mathe-
matical science, attributing one of its parts to the how-many,
but the other to the how-much. They also gave to each of these
parts a twofold division. For they said that discrete quantity,
or the how-many, either has a subsistence by itself, or is sur-
veyed according to habitude to something else. And that con-
tinued quantity, or the how-much, is either stable, or in mo-
tion. They likewise said that arithmetic surveys the discrete
quantity which subsists by itself, but music that which subsists
with reference to something else. And that geometry considers
the continued quantity which is immoveable, but spherics (or
astronomy) that which is of itself, or essentially, moveable.
They affirmed besides, that discrete and continued quantity,
did not consider either magnitude or multitude simply, but
that which in each of these is definite. For sciences alone spec-
ulate the definite, rejecting as vain the apprehension of infinite
quantity. When however these men who were universally
wise, assigned this distribution, we must not suppose they di-
rected their attention to that discrete quantity which is found
in sensibles, or to that continued quantity which appears to
subsist about bodies; for it is the business of physiology, I
think, to survey these, and not of the mathematical science.
But since the demiurgus assumed the union and division of
wholes, and the sameness together with the difference of them,
for the purpose of giving completion to the soul, and besides
these, permanency and motion, and as Timzaus teaches us, con-
stituted the soul from these genera, we must say, that the dis-
cursive energy of reason abiding according to its diversity, its
division of productive principles, and its multitude, gives sub-
sistence to arithmetic; but that according to the union of mul-
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titude, and communion with itself, it produces geometry. Un-
derstanding itself likewise to be both one and many, it pro-
duces numbers, and the knowledge of these. But it procures
for itself music, according to the bond by which it is held to-
gether. Hence arithmetic is more ancient than music, since
the soul was first divided in a fabricative way, and afterwards
was bound together by harmonic ratios, as Plato narrates in
the Timaus. And again, the discursive energy of reason being
established according to a permanent energy in itself, unfolds
from itself geometry, and the fabricative principles of all fig-
ures.* But according to its inherent motion, it produces the
spheric science. For it also is moved according to circles; but
is established in invariable sameness, according to the causes
of circles. On this account, here also geometry precedes
spherics, just as permanency is prior to motion.

“Since however the scientifically-reasoning power generates
these sciences, not by looking to its evolution of forms which
possesses an infinite power, but to the generic comprehension
of bound, hence the Pythagoreans say that the mathematical
sciences taking away the infinite, are now conversant with
finite quantity. For intellect has established in the scientifical-
ly-reasoning power all the principles both of multitude and
magnitude; since this power wholly consists with reference to
itself of similar parts, is one and indivisible, and again divisible.
Unfolding into light likewise the world of forms, it participates
of bound and infinity essentially from intelligibles. But it per-
ceives intellectually indeed from its participation of bound, and
generates vital encrgices, and various productive principles from
the nature of infinity. The intellections therefore of the rea-
soning power, constitute these sciences according to the bound
which they contain, and not according to the infinity of life.
For they bring with them an image of intellect, but not of life.

® lLc. a right and circular line.
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Such therefore is the doctrine of the Pythagoreans, and their
division of the four mathematical sciences.”

P.11. Again, the evenly-even number is that which may be
divided into two equal parts, and each of these parts into two
other equal parts, and each of these may be divided in a simi-
lar manner, and the division of the parts may be continued
ll 1t 15 naturally terminated by indivisible unity.

Euclid is blamed by Asclepius in his MS. Commentary on
the first book of Nicomachus, for his definition of the evenly-
even number, as follows: &vrevbey zowuy eleyyetar o Euxieidng
RARWG OPLoAPREVeg eV T¢) efSopep BifAip tov apriaxig aprtiov apifpoy,
@MNCL YAP OTL EPTLARIG APTLOG aptep.oc; ECTLY 0 UTO @pTIOV aptOp.ou
WETPOVLEVGE RATA APTIOV GPIOHOV. TRUTY Yap TR )\0’{(’) AL O apTiot
ROVOG, ®kat 1 OVTEG apTiantg apTiot cvpelnoovrar, je, “Hence there-
fore Euclid is reprehended, who badly defines the evenly-even
number in his 7th book. For he says that the evenly-even
number is that which is measured by the even number, accord-
ing to the even number. For by this definition, even numbers
alone, and not such as are evenly-even will be found.” In like
manner Euclid is blamed by Jamblichus, for the same defini-
tion. And indeed justly. For as Bullialdus observes in his
Notes on Theo, p. 232, 6 for instance measures 24, by the even
number 4. But 24 is not an evenly-even number. For the divi-
sion is terminated before it arrives at unity; since 24 is divided
into 12, 12 into 6, and 6 into 3; but here the division ends, and
can proceed no farther. Euclid therefore, he adds, is deserved-
ly blamed, because his definition is imperfect, and more con-
fined than it ought to be.

P. 16. The unevenly-even number 1s composed, &.—Jam-
blichus, a man of a most acute genius, as Bullialdus justly calls
him, again blames Euclid in his Commentaries on the Arith-
metic of Nicomachus, for confounding evenly-odd with un-



244 THEORETIC ARITHMETIC

evenly-even numbers, and for not distinguishing one of these
from evenly-even numbers. And certainly, as Bullialdus ob-
serves, Euclid ought to have distinguished odd numbers from
the unevenly-even, and these again from the evenly-even,
which are confounded by him.

P. 68. Chap.6 A square number, &c.—In this and the two
following chapters, the generation of squares, pentagons, hexa-
gons, &c. is delivered. And in the first place it is necessary to
observe, that another generation of squares is delivered by an-
cient authors, and is called by them 2tavkeg or, a circuitous
course from the same to the same. For in this method, says
Jamblichus on Nicomachus, “the monad becomes both the
barrier and the goal in each composition. For from it the pro-
gression begins in the generation of every square, from the
barriers as it were, as far as to the goal, which is the side of the
square.” Thus for instance in order to produce a square whose
side is 4, let numbers be disposed from unity, as from the bar-
riers of a Circus, as far as to 4, and from 4 again in a retro-
grade order as far as to unity, as below:

1 234321

For the sum of all these is 16, a square number, the side of
which is 4. Thus too, in order to produce a square whose side
is 5, numbers must be disposed from unity in a similar man-
ner as follows:

123454321

For the sum of these is 25, and consequently the side is 5. And
so in all other instances.

But numbers will be thus disposed, if a number is distribu-
ted into units, and in this distributed form multiplied into it-
self, as may be seen below:



1 +1 4141
1 4141 +1

1 4141 41
+1 41 +1 41
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+1 41 41 +1
+1 41 1 41
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1 +2 +3 +4 +3 +2 +1

1 41 +1 41 41
1 +1 41 +1 +1

T 41 1 +1 41
+1 41 +1 41 +1

41 41 41 1 41
41 41 41 41 41

41 +1 41 +1 41

FT 2 43 +4 45 +4 13 +2 +1

For the purpose of facilitating the knowledge of the genera-
tion of polygonous numbers, the following Table is added:

A Table of Polygons

The Gnomons of Triangles . .
Triangles collected . . . . . .
The Gnomons of squares . . . .
Squares collected . . ., . . ...
The Gnomons of Pentagons . . .
Pentagons collected . . . . . .
The Gnomons of Hexagons . . .
Hexagons collected . . . . . ..
The Gnomons of Heptagons . . .

Heptagons collected . . . . . .
The Gnomons of Octagons . . . .

Octagons collected . . . . . . .
The Gnomons of Enncagons . . .
Enncagons collected . . . . . .
The Gnomons of Decagons . . .
Decagons collected . . . . . ..

10 1

w W © Wt

4
0
7
6 2
01
2

[\SERN SRV IRV, I« Ny UN}

1
1
22 35
913 17
15 28 45
11 16 21
18 34 55
13 19 25
1 8 21 40 65
1 8152229
1 9244675
1 917 25 33

2
3
3
4
4
1 51
5
6
6
7
7

6
21
11
36
16
51
21
66
26
81
31
96
36

111
41

7
28
13
49
19
70
25
91
31

112
37
133
43

8§ 9 10 11 12
36 45 55 66 78
15 17 19 21 23
64 81 100 121 144
22 25 28 31 34
92 117 145 176 210
29 33 37 41 45

120 153 190 231 270
36 41 46 51 56
148 189 235 286 342
43 49 55 61 67
176 225 280 341 408
50 57 64 71 78

154 204 261 325 396 474

49

57 65 73 81 89

1 10 27 52 85 126 175 232 297 370 451 540

Jamblichus has extracted the following particulars respect-
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ing this table from the Epanthemata or Arithmetical Flowers
of Thymaridas:

Polygons are formed from triangles. The first triangle in
power 1, is the difference of the first polygons in energy in
the descending series in the table. Thus for instance, the first
triangle in energy is 3, the first square is 4, the first pentagon
is 5, the first hexagon is 6, &c. and the difference between these
is 1. Likewise the first triangle in energy 3, is the difference of
the second polygons in energy 6, 9, 12, 15, &c. in the descend-
ing series. And all the gnomons of heptagons have the same
final numbers, as the first and second have, viz. 1 and 6.

In the series of hexagons, all the perfect numbers are found,
as 6, 28, &c. Likewise, all hexagons are triangles, one triangle
in the series of triangles being alternately omitted, as 1, 6, 15,
28, 45, &c. The perfect numbers also contained in the series of
hexagons are triangular, as 6, 28, &c. In the series of pentagons,
two of them are alternately even numbers, and two are odd.
And of the even one number is evenly-odd, but the other is
unevenly-even. Thus 1 and 5 are odd, but 12 and 22 even. And
afterwards alternately 12 is unevenly-even, but 22 is evenly-odd.

In the descending series of these numbers, after the series of
units, the first polygons differ by unity, as 3, 4, 5, 6; the second
by 3, as 6, 9, 12, &c.; the third by 6, as 10, 16, 22, &c.; the fourth
by 10, as 15, 25, 35, &c.; and the fifth by 15, as 21, 36, 51, &c.;
so that all these differences are in the series of triangles.

All the second and third polygons from unity, have super-
particular ratios, as 3, 4, 5, 6, and also 6, 9, 12, 15. But the
fourth polygons from unity have superpartient ratios as 10, 15,
22, 28.

Every square is composed from the triangle above it, and the
next antecedent triangle, as 9 from the triangles 6 and 3. Every
pentagon is composed from the triangle above it and twice the
antecedent triangle, as 12 from 6 and twice 3. Every hexagon
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from the triangle above it, and thrice the antecedent triangle,
as 15 from 6 and thrice 3. And so on, the number of the pre-
ceding triangle being increased by unity. The pentagon 12 is
composed from the square 9 and the preceding square 4, the
first triangle unity being subtracted from the sum. The hexa-
gon 15 consists of the pentagon 12 placed above it, and the
antecedent pentagon 5, the two triangles of unity being sub-
tracted from the sum. The heptagon 18 consists of the hexa-
gon 15 placed above it, and the preceding hexagon 6, the three
triangles of unity being subtracted from the sum. The square
16 consists of the triangle 10 and 6. The pentagon 22 consists
of the square 16 and the triangle 6. The hexagon 28, of the
pentagon 22, and the triangle 6. The heptagon 34, of the hexa-
gon 28, and the triangle 6. The square 16 consists of the tri-
angles 10 and 6, precisely and entirely. But the pentagon 22
consists of the squares 16 and 9, less by once the first triangle
in energy 3. The hexagon 28, consists of the pentagons 22 and
12, less by twice the first triangle in energy, i.e. less by 6. And
the heptagon 34, consists of the hexagons 28 and 15, less by
thrice the first triangle in energy, i.e. less by 9.

P. 79. The numbers called heteromekeis, &c.—Because these
numbers depart from that equality which is in squares, the
Pythagoreans arranged them in the co-ordination of things
evil; but they arranged squares in the co-ordination of things
good. The reason however of this arrangement is, that all
square numbers or figures are similar to themselves, and have
equal sides, which are in the same ratio to each other. Hence

they are at rest, and do not depart from unity. But numbers
and figures longer in the other part, are dissimilar to each

other, and have also a dissimilar ratio of their sides. For as in
the natural series of numbers 1, 2, 3, 4, 5, 6, &c. the ratio of the
last to the next antecedent term, becomes by proceeding less
and less, so in numbers longer in the other part, the more they
increase the less is the ratio of the greater side to the less. Thus
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for instance, 12 is a number longer in the other part, the great-
er side of which is 4, but the less 3. Hence the former has to
the latter a sesquitertian ratio, which is less than a sesquialter
ratio, because 1 is less than 7. Euclid never distinguishes num-
bers longer in the other part from such as are oblong, and
comprehends all the species of them under the general name
of planes; for which he is reprehended by the acute Jamblichus
as follows: “This again Euclid not perceiving, confounds the
diversity and variety of explanation. For he thought that the
number which is longer in the other part, is simply that
which is produced by the multiplication of two unequal num-
bers, and does not distinguish it from the oblong number. If
any one however should grant him this, it would happen that
contraries which are naturally incapable of subsisting together,
would be found in the same subject. For his definition com-
prehends both square numbers and such as are longer in the
other part.”

P. 131. Perfect numbers—As every perfect is a triangular
number, the side of which is the prime number from which
the perfect number is formed; if that prime be squared, it will
be equal to the sum of the perfect number itself, and the tri-
angular number immediately preceding it. Thus 77=49,
and 49—=21+428. Thus too 31X31=961, and 961=—465-+}496.
And so of the rest.

P. 125. In the series 1 +++ ¢+ 15+ 1% &c—It is re-
markable likewise, that the sum of any finite number of terms
in the series 3+ + ¢ + 1% + 15, &c. may be obtained by multi-
plying the last term by the denominator of the term next to
the last. Thus the sum of 3+ + % is equal to 3X+=%=1
Thus too the sum of § + ¢ + % is equal to 6 X 5 =1%. And
thus also the sum of § + ¢+ % + 3% is equal to 15. And so
of the rest.

FINIS.




