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TRANSLATOR’S INTRODUCTION

Francois Viéte was born in 1540 in Fontenay-le-Comte, which lies in
what is now the department of the Vendée and in the historical province of
Poitou.' He was a son of Etienne Viéte, a lawyer and a first cousin by
marriage of Barnabé Brisson, who for a while was president of the
Parlement de Paris. The younger Viéte studied first with the Franciscans at
their cloister in Fontenay—the same place in which, fifty years earlier,
Francois Rabelais had lived and studied for 15 years—and then, when he
was 18, at the University of Poitiers. Returning to Fontenay in 1559 with
his bachelor’s degree in law, he began the practice of that profession. His
practice appears to have flourished—he numbered among his clients, we
are told, Mary Stuart and Queen Eleanor of Austria—and he acquired the
title of Sieur de la Bigotiere. More important for his future, however, was
his taking on the legal affairs of the Soubise family in 1564 and, as a
consequence of that, his becoming private secretary to Antoinette d’ Aube-
terre, a member of that family. Antoinette had married Jean de Parthenay-
I’Archeveque in 1553 and he, a staunch Huguenot, had been in command
at the time Lyon was besieged by the Catholic forces. The loss of Lyon led
to strong recriminations against him. One of the things for which Antoi-
nette particularly wanted the services of Viéte was as an advocate to help
her husband defend himself against these recriminations. Another was as a
tutor to her eleven-year-old daughter, Catherine de Parthenay, who, we are

"There is no full-scale biography of Viéte of which I am aware. This and what follows are
pieced together largely from the sketches by Frederic Ritter, Francois Viete, Inventeur de
I'’Algebre Moderne (Paris, 1895) and Joseph E. Hofmann’s introduction to the facsimile
reprint of Viéte’s Opera Mathematica (Frans van Schooten, originally Leyden, 1646; reprint
Georg Olms Verlag, Hildesheim, 1970). A note appended to the Ritter piece says that he had
prepared a complete biography, intended to accompany a translation into French of Viete’s
complete works, which would run to 350 pages. The whereabouts of this manuscript is
unknown.



2 THE ANALYTIC ART

told, was particularly interested in astrology and, therefore, in astronomy,
with which Viéte had to acquaint himself thoroughly.?

Four years after Viéte’s employment with the Soubise family began,
Catherine (then fifteen years old) married a nobleman. Trouble developed
between him and his mother-in-law, who packed up and took her whole
household, including Viéte, to La Rochelle. Here Viéte became acquainted
with Jeanne d’Albret, a first cousin of Francoise de Rohan, who was Henri
IIl’s aunt and a sister of René de Rohan, whom Catherine married after
her first husband was killed in the St. Bartholomew’s Massacre. Viéte left
La Rochelle in 1570 to go to Paris, where the next year, he became legal
adviser to the Parlement de Paris. Paris was home for a number of then
prominent mathematicians and, says Ritter, Viéte soon became acquainted
with them.

From Paris, Viéte moved to Brittany in 1574, where he became an
adviser to the Parlement which sat at Rennes. The work there was light,
and being, so to speak, next door to Poitou, he no doubt spent a good deal of
time in his native stamping grounds tending to his outside interests, among
them mathematical studies. He had, however, attracted the attention of
Henri I1I, who came to the throne in 1574 upon the death of Charles IX.
Viéte was recommended to Henri by such personages as Barnabé Brisson
(then the avocat géneérale of the Parlement de Paris), Francoise de Rohan,
and Henri de Navarre. Within a short time, Henri III was calling upon
Viéte for private advice and for confidential missions and negotiations.
This, and Viéte’s success in finding a way out of an unhappy dispute
between Francoise de Rohan and Anne de Ferrara, otherwise Anne d’Esté,®
led to Viéte’s appointment as maitre des réquetes at the court and a
member of the privy council in 1580. This, of course, brought him back to
Paris where he stayed until the end of 1584 or the beginning of 1585, when
he was dismissed through the machinations of the Guise and Nemours
families, whom he had offended by his handling of the Frangoise de
Rohan-Anne de Ferrara affair. He returned first to Garnache for a short
while, and then to Fontenay and his nearby place at Bigotiére. In April

2Viéte remained a friend and adviser to Catherine throughout his life. The 1591 edition
of his Introduction to the Analytic Art carries a glowing dedication to her.

3Francoise had been engaged to Jacques de Savoy, the duke of Nemours. An illegitimate
son was born to them, but Nemours refused to marry her and instead married Anne d’Esté, the
widow of Francois de Guise. Frangoise demanded that this marriage be declared illegal, that
Anne’s children be declared bastards, and that she be held to be the wife of Jacques de
Nemours. Both parties had powerful friends at court, so Henri I11, doing all he rould to escape
the unpleasantness, called on Viéte to solve the problem. In 1580 the Parlement de Paris found
Francoise to have been the rightful wife of Nemours and awarded her the title of duchess of
Loudinois. The marriage of Jacques to Anne, however, was explained away as having been
dissolved, so that Anne’s honor and the honor of her children were not impaired.
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1589, Henri III moved his seat of government from Paris to Tours. Viéte
was recalled to the court but, because Tours is not far from Fontenay, he
could still spend a good deal of time at the latter. One of his tasks at Tours
was that of acting as a cryptanalyst of messages passing between the
enemies of Henri I1I. He was so successful at this, we are told, that there
were those, particularly in Rome, who denounced him by saying that the
decipherment could only have been the product of sorcery and necroman-
cy.

On 31 July 1589 Henri I1I was killed. He was succeeded on the throne
by Henri IV. Viéte’s negotiating abilities and his prior acquaintance with
Henri made him one of the most influential men at court, but he did his best
to remain in the background. (It was at Tours, says Ritter, that Viéte
probably married at a no longer youthful age.)* The court returned to Paris
in 1594 and Viéte, called upon to be a privy councillor, went there with it.
Apparently, ill health overtook him and the story closes with his being given
a delicate mission in Poitou, which enabled him to live in Fontenay. In 1602
he retired, and he died the next year.

Such, in brief, was Viéte’s professional life. If this were all that he
accomplished, his name would long since have disappeared from all the
books except those that deal with the minutiae of local and family history.
But alongside his professional life he led another—a contemplative life, if
you will.® It was this life that produced his mathematical works, both those
that are contained in this translation and others besides, and thus assured
him a lasting name.

His life as a mathematician falls, as nearly as we can judge today, into
two fairly distinct periods. The first probably began with or shortly after his
full-time employment by the Soubise family in 1564, and ended in 1571
when Jean Mettayer, the royal printer, made his press available for
publication of the Canon Mathematicus and the Universalium Inspectio-
num Liber Singularis, both published in Paris in 1579. These works, two of
a projected four, consisted primarily of tables of the trigonometric func-

*Francois Viete, op. cit., p. 31. Ritter also thinks that Viéte had only one child, a
daughter, who died without having been married (p. 5). Hofmann belives that he married
twice and that he had three children by his first wife and another by his second (in Opera
Mathematica).

8Contemplative, indeed, it must have been, unless Jacques de Thou was indulging a
completely wild excess of imagination in his Historiarum Sui Temporis, vol. 5, 1060 (Geneva,
1620), where he says: “So profound was his meditation that he was often seen fixed in thought
for three whole days in a row, seated at his lamp-lit dining room table, with neither food nor
sleep except what he got resting on his elbow, and not stirring from his place to revivify himself
from time to time.” This passage, along with its context, is also set out at the head of the Opera
Mathematica of 1646.
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tions on an ambitious scale, for Viéte made his computations for every
minute of arc and to one part in 10,000,000. His computation for the sine of
one minute of arc was based on an inscribed polygon of 6,144 sides and a
circumscribed polygon of 12,288 sides. The value he derived was
29.083,819,59 on a base of 10,000,000. Though he speedily tried to
withdraw his work from circulation because, he said, of its many errors,
parts of it, particularly those dealing with spherical triangles, were
reprinted in his Variorum de Rebus Mathematicis Responsorum Liber
VIIL®

Viéte’s second active mathematical period began, as nearly as we can
surmise, about 1584. It was during this period that the greater part of the
works contained in this volume, plus some others, were produced. Their
publication came piecemeal, in spite of Viete’s apparently thinking of them
as a whole. The earliest was published in 1591, again by Jean Mettayer,
and the latest were posthumous.

Both in reading these works and in assessing Viéte’s contributions to
the development of mathematics, it is good to remember that, as his dates
(1540-1603) indicate, he comes one generation after Girolamo Cardano
(1501-1576) and little more that a generation before René Descartes
(1596-1650) and Pierre de Fermat (1601-1665).”

Clearly his best-known contribution to the development of algebra

®Tours, 1593, ch. XIX. Also to be found in the Opera Mathematica, p. 400ff.

"Though Viéte is quite explicit about his indebtedness to the Greek writers on
mathematics, particularly Diophantus, he leaves to surmise the answer to the question of how
fully acquainted he was with the works of Cardano, Lodovico Ferrari, Nicolo Tartaglia,
Simon Stevin, and others of their time. We find, in the works included in this volume, only two
references to Cardano’s Practica Arithmeticae (Milan, 1539) and none at all to the vastly
more important 4rs Magna (Niirnberg, 1545; 2d ed., Basel, 1570). Yet it seems entirely likely
that he was acquainted with at least some of their works. Ritter (Francois Viéte, p. 11), for
instance, mentioned among the names of a number of prominent mathematicians living in
Paris while Viéte was there that of Georges Gosselin, who translated Tartaglia’s works into
French. If, as Ritter believes, Viéte became acquainted with Gosselin, an altogether likely
event, he could hardly have failed to know about Tartaglia’s work and, knowing about this,
could hardly have failed to know about Cardano’s Greatr Art, since Tartaglia and Cardano
were rivals and, indeed, upon the publication of the Great Art, enemies, and Tartaglia did not
spare himself in heaping aspersions on Cardano. Moreover, Moritz Cantor concludes
(Vorlesungen iiber Geschichte der Mathematik, 2d ed., Leipzig, 1900, vol. I, p. 636) that
Viéte’s solution of cubic equations from a four-part proportion so closely resembles that of the
Italian school that he must have been familiar with their work and (ibid., p. 638) that his
working out of the solution of the biquadratic betokens the same, with particular reference to
the Ferrari-Cardano exposition of it. (Cf. J. F. Montucla, Histoire de Mathematiques, vol. |
[New printing Paris, 1960, from nouvelle edition of Paris, 1796}, p. 601: ‘A I’égard des
équations cubiques, M. Viéte les resoud d’'une maniére différente de celle de Cardan et de
Bombelli.”) Yet Viéte so completely overlooks some of Cardano’s contributions (cf. p. 6 infra)
that one is led to wonder how thorough his acquaintance with the latter’s works was.
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was his espousal and consistent utilization of the letters of the alphabet—he
called these species—to represent both the constant and the variable terms
in all equations. Though, as Cardano had demonstrated, it was not
impossible to state the formulae for solving cubic and biquadratic equations
with the older nomenclature, Viéte’s new way of doing it had the great
advantage of making more visible the operations which went into building
up or solving a complex series of terms. This is due more to his substitution
of letters for the givens—a substitution which, as far as is known, was
Viéte’s own contribution—than to the use of letters to represent the
variables. (After all, Cardano’s res, positio, and quantitas, all of which he
used to represent the first power of the unknown or unknowns, are quite
simple and not much less economical than Viete’s 4, £ or O.) But
numerical coefficients tend, first, to obscure the generality of what is being
proposed and, second, to merge with each other as letters do not when a
given expression is subjected to processing.®

Yet still another step had to be taken before the full economy of
Viete’s lettering system could be fully realized. For although in Viéte such
a term as the quadrato-quadratum in A quadrato-quadratum-—or, as he
frequently abbreviated it, 4 quad-quad or even Agq or, as we might
abbreviate it, 4—had become for all intents and purposes an exponent, a
pure number, it still retained something of the flavor of a multidimensional
object it had in Cardano and others of his time, where it was not the
exponent alone but the unknown-cum-exponent. As we look back on it, we
wonder that Viéete did not himself take the next step—that of converting his
verbal exponents into numerical exponents, or even (though this would
have been, perhaps, too radical a step) into letters analogous to those he
used for the basic terms of his operations. The fact that he did not do so may
well indicate that he was not familiar with the works of Raffaello Bombelli
and Simon Stevin, his near-contemporaries, for both of them, in works
antedating Viete’s (except for his Canon Mathematicus and Universalium
Inspectionum), used superior figures attached to coefficients to show the
powers of the unknown to which the coefficients belonged.®

®To use the language of John Wallis in his Treatise of Algebra, Both Historical and
Practical (London, 1675): The advantage of symbolic algebra over numerical is this, “that
whereas there [i.e., in numerical algebra] the Numbers first taken, are lost or swallowed up in
those which by several operations are derived from them, so as not to remain in view, or easily
be discerned in the Resuit: Here [i.e., in symbolic algebra] they are so preserved, as till the
last, to remain in view with the several operations concerning them, so as they serve not only
for a Resolution of the particular Question proposed, but as a general Solution of the like
Questions in other Quantities, however changed.”

®See David Eugene Smith, History of Mathematics (Boston, Ginn & Co. 1925), vol. 11,
pp. 428, 430 for examples. See also Viéte’s Ad Problema Quod Omnibus Mathematicis
Totius Orbis Construendum Proposuit Adrianus Romanus (Paris, 1795) reprinted in the
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In addition to this, another important advance that Viéte made on his
predecessors flowed from, or was made feasible by, his adoption of the
species as the primary means of expressing himself. That is, he was able to
free himself almost entirely from the geometric diagrams on which
Cardano’s proofs of almost every algebraic proposition hinged. In fact,
Viéte does not use such diagrams even as illustrative matter except where
he is dealing with triangles. Reliance on diagrams for proof was not only
awkward—see, for instance, the Ferrari-Cardano solution for the biqua-
dratic in The Great Art'®—but it could and would be inhibiting for
progress in the higher powers.

A third point of interest in his work is his insistence that the key to
knowing how to solve equations is to understand how they are built up in
the first place''—an idea that, looked at through today’s eyes, would seem
to be so obvious as not even to need stating. But his insistence on it and his
constant practice of it loom large in his works, and undoubtedly led him to
many of his most important results.

A subsidiary to this insistence and practice was his attempt, in the
cases of quadratic and cubic equations, to state their components—the
unknown, the affecting parts, and the given, in terms of the components of
a proportion.' Though the possibility of converting proportions to equa-
tions and vice versa was not original with him, he regarded the equation-
proportion relationship as fundamental. It was an interesting exercise, but
not one that bore much fruit.

These methodological advances, particularly the first two, were
accompanied by a striving for generalizations that frequently exceeded
Viéte’s reach but that, given the further developments of the next genera-
tion, were very fruitful. Three examples will make this clear. The first is his
near approach to the biquadratic formula as Descartes developed it. We
can see this in the Preliminary Notes."® This, in turn, led him, we may
believe, to his method—again almost generalized, but not quite—set out in
his Amendment of Equations** for getting rid of the next-to-highest power
in any equation. The third example, which also comes from the Preliminary
Notes," is that of the rules for multiplying an angle of a right triangle and

Opera Mathematica, pp. 305ff.), in which Adriaen van Roomen used circled superior figures
in setting out his problem and Viéte his familiar Q, C, QQ, QC, etc., in his response.

©Girolamo Cardano, The Great Art, trans. T. Richard Witmer (Cambridge, Mass.,
M.LT. Press, 1958), pp. 237f1.

"See p. 159.

2See pp. 161-70

YPproposition X1, p. 39

“Chapter L.

®Propositions XLVIII-LI, pp. 72-74.
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for finding the functions of the new angle that results. Thus, putting his
conclusions into modern terms, he almost, but not quite, reached the
formulae

n n(” - 1) n-2 )
cos na = cos"a HT—Z—cos a sin’a
—1 -2 -3
+ nn | )(; 3 )2” )cos"“‘a sin* — . . .
: n-1 . n(n - 1)(” - 2) n-3 .3
sin na = n cos" 'a sina — cos" a sin‘a
1.2-3
+ nn — D(n = 2)(n - 3)(n — 4) cos" Sasin’a — - - -
1.2-3-4.5

Beyond these rather general contributions to the study of mathemat-
ics, the historians and others who have written about Viéte have singled out
a number of specific outstanding contributions of his. If he himself were
asked what he considered the most important, he would probably point (as
he did toward the end of the Introduction to the Analytic Art'®) to his
methods of trisecting an angle,"” of finding two or more proportionals
between given quantities,’® and of discovering the value of a regular
heptagon inscribed in a circle.'® Another great mathematician, comment-
ing on his contributions, laid particular stress on his application of algebra
to geometry, thus reversing the historic role of geometry as the mother of
algebra and its great nurturer.?® And Henry Percy, Earl of Northumber-
land, a student of his works, who edited and brought out Thomas Harriot’s
Artis Analyticae Praxis,®' a direct descendant of Viéte’s work, was
particularly impressed with the Viéte’s method for the numerical solution
of equations.?® Others have pointed to his discovery of the solution of the

'®Introduction, p. 28.

Supplement to Geometry, Proposition IX, p. 398.

**Ibid., Propositions V-VII, p. 392-96.

*Ibid., Proposition XXIV, p. 413.

*Said Joseph Fourier of Viéte: “‘He resolved questions of geometry by algebraic analysis
and from the solutions deduced geometric problems. His researches led him to the theory of
angular sections and he formulated general rules to express the values of chords. . . .” Quoted
in La Grande Encyclopedie, vol. 31, p. 972 (Paris, Societé Anonyme de la Grande
Encyclopedie, 1901).

'L ondon, 1631.

2The connecting link between Viéte and Henry Percy, and hence Thomas Harriot,
appears to have been Nathaniel Torporley, a student of Viéte’s who, upon his return to
England, was employed by Percy.
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“irreducible case” of the cubic, to his statement of the law of tangents,

a+b tan'h(a+b) 4
a—b tan'h(a—b)’

to his demonstration that

2fm =\l x b+ ol x o+ o+ o

to his exposition of the various ways in which given equations can be
transformed into more usable forms,?® and to his tour de force in providing
almost overnight twenty-three answers to the equation posed for solution by
Adriaen van Roomen:?®

45x — 3795x® + 95,634x° — 1,138,500x" . ..
4+ 945x* — 45x8 + x¥ = N

To say all this is, however, not enough. Not everything that Viete
proposed has stood the test of time. One item in particular in his insistence
on endowing coefficients with dimensions such that all terms in any given
equation will be of the same degree.?” Though he lays great store by this, it
quickly became merely an unnecessary encumbrance and was dropped.

In addition, the one great lack in Viéte’s work is his disregard for the
possibility of negative solutions for equations. Though he recognized that
equations, or at least certain types of equations, may have multiple
solutions, he gives no hint as to why he disregarded or overlooked or
rejected—choose whichever verb you will—the possibility of negative
solutions and, except in one or two instances which seem to have been
inadvertent, he studiously avoids cases which clearly lead to them, and
eschews any discussion of them. This makes one wonder, other evidence to
the contrary notwithstanding, how carefully he had studied Cardano, for in
this regard he obviously fell several steps behind his great predecessor and
fell far short of contributing to the theory of equations as much as he was
capable of contributing.

BIn the Canon Mathematicus. 1 owe this reference to Morris Kline, Mathematical
Thought from Ancient to Modern Times (New York, Oxford University Press, 1972), p. 239.
I cannot, however, supply a page reference since Kline does not do so and no copy of the Canon
is available to me.

24See Chapter XVIII, Proposition 11, of the Variorum de Rebus Mathematicis Respon-
sorum Liber VIII (Tours, 1593); reprinted in the Opera Mathematica, pp. 400.

#This is the subject of the book on the Understanding and Amendment of Equations, pp.
159-311.

28GSee the Ad Problema Quod Omnibus Mathematicis Totius Orbis Construendum
Proposuit Adrianus Romanus, supran. 9, p. 5.

#7See particularly Chapter 111 of the Introduction to the Analytic Art, pp. 15-17 infra.
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All of the works contained in this volume are included in the Opera
Mathematica of Viéte, edited by Frans van Schooten and published in
Leyden in 1646.2% In addition to the van Schooten edition, there are the
following prints of the individual works contained in this volume:

Isagoge in Artem Analyticem®® (Introduction to the Analytic Art)—
Tours, 1591; Paris, 1624; Paris, 1631, with extensive notes by Jean de
Beaugrand, many of which were carried into van Schooten’s edition;
Leyden, 1635.%°

Ad Logisticem Speciosam Notae Priores (Preliminary Notes to
Symbolic Logistic)—Paris, 1631, with notes by Jean de Beaugrand.

Zeteticorum Libri Quinque (Five Books of Zetetica)—Tours, 1591 or
1593.%"

De Aequationum Recognitione et Emendatione Tractatus Duo (Two
Treatises on the Understanding and Amendment of Equations)—Paris,
1615, with an introduction by Alexander Anderson.

De Numerosa Potestatum ad Exegesin Resolutione (On the Numer-
ical Resolution of Powers by Exegetics)—Paris, 1600, with an afterword
by Marino Ghetaldi.

Effectionum Geometricarum Canonica Recensio (A Canonical Sur-
vey of Geometric Constructions)—Tours, 159332

Supplementum Geometriae (A Supplement to Geometry)—Tours,
1593.

Ad Angularium Sectionum Analyticen Theoremata®® (Universal
Theorems on the Analysis of Angular Sections)—Paris, 1615, with proofs
supplied by Alexander Anderson.

In preparing this translation, I have seen and used all the above
editions with the exception of the Supplementum Geometriae, which was
not available to me. References in the footnotes to the translation to these
editions as well as to the Opera Mathematica are by date alone.

In addition, there have been four translations of the Introduction into

8 A facsimile reprint was published in Hildesheim in 1970.

*®As noted at the heads of the text of the translation of this work and the next, the title
varies slightly from one edition to another.

39The copy of this edition that I have seen lacks the first four chapters.

311593 is the date given by both Ritter and Hofmann. The copy that I have seen from the
Harvard University Library lacks a title page, but the library catalog lists it as 1591. So also
for the listing in the catalog of the Bibliotheque Nationale, Paris. In the introduction to his
translation of Diophantus, Les Six Livres Arithmétiques (Bruges, Desclee, De Brouwer et
Cie, 1926), Paul Ver Ecke gives 1591 as the date on p. Ixxix and 1593 as the date on p.
XXXViil.

32The copy I have seen lacks a title page with place and date; these have been supplied
from other sources.

33Title varies slightly from one edition to another.
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French: those of Jean-Louis Vaulezard,** Antoine Vasset,®® Nicholas
Durret,? and Frederic Ritter.?” Ritter also published a French translation
of the Preliminary Notes;*® Vaulezard and Vasset translations of the
Zetetica;*® and Durret a translation of the Geometric Constructions and
part of the Numerical Resolution.*

Except for the Introduction, there have been no translations into
English of which I am aware. The Introduction was translated by J.
Winfree Smith and published as an appendix to Jacob Klein’s Greek
Mathematical Thought and the Origin of Algebra.*'

These French and English translations are referred to in the footnotes
in this book by the name of the translator alone.*?

In addition to the above, I have occasionally found helpful Carlo
Renaldini’s Opus Algebricum,*® a work which contains generous chunks of
Viéte practically intact, but with occasional explanatory interpolations,
and James Hume’s Algebre de Viete, d’'une Methode Nouvelle, Claire et
Facile.** These are referred to by the authors’ names.

This translation was begun many years ago at the suggestion of the
late Professor Frederic Barry of Columbia University. Its initial stage was
supported by a grant from the Columbia University Council for Research
in the Humanities.

% Introduction en I’Art Analytic, ou Novelle Algebre (Paris, 1630), with annotations by
the translator.

331’ Algébre Nouvelle de M" Viete (Paris, 1630), with a lengthy introduction (which
includes many criticisms of Vaulezard’s translation) by the translator.

381’ Algebre, Effections Geometriques et Partie de I’Exegetique Nombreuse de Viete
(Paris, 1694), with accompanying notes.

¥ Introduction a I'Art Analytique, in Bullettino di Bibliographa e di Storia delle
Scienze Matematiche e Fisiche, vol. 1, pp. 228 (Rome, 1868).

38 premiere Série de Notes sur la Logistique Spécieuse, in ibid p. 245ff.

39See nn. 34 and 35 above.

“°See n. 36 above.

4'Cambridge, Mass., M.1.T. Press, 1968.

“?In the case of Ritter, references to his sketch of Viéte's life are distinguished from his
translation by appending “biog.” to his name.

“3Ancona, 1644,

“Paris, 1636.



INTRODUCTION TO THE
ANALYTIC ART

CHAPTER 1

On the Meaning and Components of Analysis and
on Matters Useful to Zetetics

There is a certain way of searching for the truth in mathematics that
Plato is said first to have discovered. Theon called it analysis, which he
defined as assuming that which is sought as if it were admitted [and
working] through the consequences [of that assumption] to what is
admittedly true, as opposed to synthesis, which is assuming what is
[already] admitted [and working] through the consequences [of that
assumption] to arrive at and to understand that which is sought.?

Although the ancients propounded only [two kinds of] analysis,
zetetics'and poristics,® to which the definition of Theon best applies, I have

"The title varies slightly in the different editions of this work: 1591, 1624, and 1631 have
In Artem Analyticem Isagoge, 1635 has In Artem Analyticam Isagoge, and 1646 has In
Artem Analyticen Isagoge.

*T. L. Heath, in vol. II1, p. 442, of his second edition of Euclid’s Elements (Cambridge,
The University Press, 1925) points out that these definitions were interpolated in Book XIII
before Theon’s time and have been variously attributed to Theaetetus, Eudoxus, and Heron.
See also the definitions of the same terms by Pappus as translated by Heath in his essay on
“Mathematics and Astronomy” in The Legacy of Greece, ed. R. W. Livingstone (Oxford
University Press, 1921), p. 102.

Styrarup ke wopoTwciw. Viéte apparently borrowed these two terms, but not the
meanings he attributes to them, from Pappus who, in The Treasury of Analysis, said: “Now
analysis is of two kinds, one, whose object is to seek the truth [{nryrwdv], being called
theoretical, and the other, whose object is to find something set for finding [ropioTiov], being
called problematical. . . .” Quoted in Selections Ilustrating the History of Greek Mathemat-
ics, tr. Ivor Thomas (Cambridge, Mass., Loeb Classical Library, 1941), p. 599. Compare
Beaugrand’s notes to his edition of this work of Viéte’s (1631, p. 25): “Porro Analysis veterum
duplex, una theorematica, qua Theorematis oblati veritas examinatur. Altera Problematica,
cuius dua sunt partes; prior qua propositi Problematis solutio inquiritur Zetetice vocatur;
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added a third, which may be called rhetics or exegetics.* It is properly
zetetics by which one sets up an equation or proportion® between a term
that is to be found and the given terms, poristics by which the truth of a
stated theorem is tested by means of an equation or proportion,® and
exegetics by which the value of the unknown term in a given equation or
proportion is determined. Therefore the whole analytic art, assuming this
three-fold function for itself, may be called the science of correct discovery
in mathematics.

Now whatever pertains to zetetics begins, in accordance with the art
of logic, with syllogisms and enthymemes the premises of which are those

posterior quae determinat quando, qua ratione, et quot modis fieri possit Problema Poristice
dici potest.” This definition is picked up and followed by Durret in the notes to his translation
(p. 6), by Jacques Ozanam in his Dictionaire Mathematique (Amsterdam, 1691) and, as far
as it concerns poristics, by Alexandre Saverein in his Dictionnaire Universel de Mathemati-
que et de Physique (Paris, 1753), vol. I1, p. 314.

*The vagaries of sixteenth-century punctuation and the ambiguity of the word constitui
make the reading of the end of this sentence and the beginning of the next uncertain. In the
Latin we have constitui tamen etiam tertiam speciem, quae dicitur pruh 7 €Synriky
consentaneum est, ut sit Zetetice qua invenitur, etc. An alternative reading to the one adopted
above, would be, “. . . it is proper to add a third type which may be called rhetics or exegetics.
Hence it is zetetics by which. . . .” Ritter, Vasset, and Smith so read the passage; Vaulezard
and Durret read it as given above.

81624 has aequalitas proportione, an error for aequalitas proportiove.

®Poristice, qua de aequalitate vel proportione ordinati Theorematis veritas examinatur.
The question arises whether Viéte is speaking of testing a theorem derived from an equation or
proportion or of testing a theorem by means of an equation or proportion. Either fits his
language and its context. Vaulezard translates this passage, “Le Poristique, par lequel est
enquis de la verité du Theoreme ordonné, par I’egalité ou proportid”’; Vasset, “La Poristicque
est celle par laquelle on examine la verité d’un Theoreme déja ordonné, par le moyen de
I’égalité ou proportion’; Durret, “La Poristique, celle par le moy€ de laquelle on examine la
verité du Theoréme ordonné touchant I'egalité, ou proportion™; Ritter, “par la méthode
Poristique on examine, au moyen de 1'égalité ou de la proportion, la verité d’un théoréme
enoncé”; and Smith, “a poristic art by which from the equation or proportion the truth of the
theorem set up is investigated.” Vaulezard offers a further explanation that the task of
poristics is to “examiner & tenter si les Theoremes & consequences trouvées par le Zetetique
sont veritables.” Compare the passage from Beaugrand, n. 3 supra, and the illustrations he
gives on pp. 75fT. of his edition of Viéte's work.

Thomas Harriot, in his Artis Analyticae Praxis (London, 1631), p. 2, throws a little
further light on his century’s understanding of the difference between the zetetic and the
poristic processes: “Veteres Analystae practer Zeteticen quae ad problematum solutionem
proprie pertinet aliam Aanlycices [sic] speciem fecerunt poristicen. ... Methodus enim
utriusque Analytica est, ab assumpto probando tanquam concesso per consequentia ad verum
concessum. In hoc tamen inter se differunt, quod Zetetice quaestionem deducit ad aequale
datum scil. quaesito, poristice autem ad idem, vel concessum. . .. Unde et altera inter eas
oritur differentia quod in poristice, cum processus eius terminetur in identitate vel concesso,
ulterior resolutione non sit opus (ut fit in Zetetice) ad propositi finalem verificationem.”

No work of Viéte’s on poristics is extant and there is no certainty that he ever wrote one.
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fundamental rules” with which equations and proportions are established.
These are derived from axioms and from theorems created by analysis
itself. Zetetics, however, has its own method of proceeding. It no longer
limits its reasoning to numbers, a shortcoming of the old analysts, but
works with a newly discovered symbolic logistic® which is far more fruitful
and powerful than numerical logistic for comparing magnitudes with one
another. It rests on the law of homogeneous terms first and then sets up, as
it were, a formal series or scale of terms ascending or descending
proportionally from class to class in keeping with their nature® and, [by this

At two places in his work on 4 Supplement to Geometry, however, (p. 388ff. infra) he uses the
expression inventum est in Poristicis with the possible implication that there was once such a
work. It is not out of the question that he treated of poristics at length in the now-lost 4d
Logisticem Speciosam Notae Posteriores.

Tsymbola

8per logisticem sub specie. In Chapter 111 this becomes Logistice speciosa (algebra) in
contrast to Logistice numerosa (arithmetic). On the history of the word “logistic,” see David
Eugene Smith, History of Mathematics (Boston, 1925), vol. II, pp. 7, 392, and Jacob Klein,
Greek Mathematical Thought and the Origin of Algebra, tr. Eva Brann (Cambridge, Mass.,
1968), passim.

Viéte’s curious words sub specie and speciosa have called forth a variety of comments
and explanations: One, by John Wallis in his Treatise of Algebra (London, 1685), p. 66, is to
the effect that Viéte's use of species reflects his familiarity with the civil law where the word,
Wallis says, is used to designate unknown or indefinite defendants in what we today would call
“John Doe” cases; Wallis’s view appears to be an expansion of that of Harriot, op. cit., supra n.
6, p. 1, that the meaning of the phrase in specie derives ex usu forensi recepto speciei
vocabulo. Another, by Samuel Jeake in his Aoyisriknhoyia (London, 1696), p. 334, has it that
this “name . . . with the Latins serveth for the Figure, Form or shape of any thing” and that,
accordingly, “Species are Quantities or Magnitudes, denoted by Letters, signifying Numbers,
Lines, Lineats, Figures Geometrical, &c.” Alexandre Saverein’s Dictionnaire Universel de
Mathematique et de Physique (Paris, 1753), vol. I, p. 17, says that the expression *‘algébre
spécieuse” derives from that fact that quantities are represented by letters which designate
“leur forme et leur espece,” adding “d’ou vient le mot spécieuse.” Ritter (p. 232, n. 3), on the
other hand, thinks Viéte coined a new meaning for an old word, the new meaning having no
connection with its meanings in Latin or French. Still another explanation is offered in such
modern French dictionaries as Littré’s, for example, where the word “spécieux” is said to
come directly from the Latin speciosa with its meaning of “beautiful in appearance” and the
phrase “Arithmétique spécieuse” is explained by saying that it is ““ainsi dite & cause de la
beauté de I’algébre par rapport 4 I'arithmétique.” Smith thinks Diophantus “‘the most likely
source for Vieta’s use of the word ‘species’ ” and that it is, in effect, his substitute for
Diophantus’ eidos. I am inclined to believe that Viéte chose to give the noun species, with its
meanings of “appearance,” “semblance,” “likeness,” etc. and no doubt with an appreciation
of its ancillary overtones, the somewhat enlarged meaning of a representation or symbol and
have translated accordingly.

Sex genere ad genus vi sua proportionaliter. The phrase vi sua proportionaliter in this
context is troublesome. Vaulezard translates it as “de leur propre puissance,” Vasset as
“d’elles-meme proportionellement,” Durret as “proportionellement par leur force,” Ritter as
“proportionellement pour leur propre puissance,” and Smith as “‘by their own nature.”

LIS
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series,] designates and distinguishes the grades and natures of terms used
in comparisons.

CHAPTER 11

On the Fundamental Rules of Equations and
Proportions

Analysis accepts as proven the well-known fundamental rules of
equations and proportions that are given in the Elements. They are these:

1. The whole is equal to [the sum of] its parts.

Things equal to the same thing are equal to each other.

If equals are added to equals, the sums are equal.

If equals are subtracted from equals, the remainders are equal.
If equals are multiplied by equals, the products are equal.

If equals are divided by equals, the quotients are equal.

7. Whatever are in proportion directly are in proportion inversely and
alternately.

8. If similar proportionals are added to similar proportionals, the
sums are proportional.

9. If similar proportionals are subtracted from similar proportionals,
the remainders are proportional.

10. If proportionals are multiplied proportionally, the products are
proportional.

11. If proportionals are divided proportionally, the quotients are
proportional.

12. An equation or ratio is not changed by common multiplication or
division [of its terms].

13. The [sum of the] products of the several parts [of a whole] is
equal to the product of the whole.

14. Consecutive multiplications of terms and consecutive divisions of
terms yield the same results regardless of the order in which the multiplica-
tion or division of the terms is carried out.'

A sovereign rule,"" moreover, in equations and proportions, one that is
of great importance throughout analysis, is this:

Sk W

°Facta continue sub magnitudinibus, vel ex iis continue orta, esse aequalia quocumque
magnitudinum ordine ductio vel adplicatio fiat.
Yxbpwov . . . symbolum.
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15. If there are three or four terms such that the product of the
extremes is equal to the square of the mean or the product of the means,
they are proportionals. Conversely,

16. If there are three or four terms and the first is to the second as the
second or third is to the last, the product of the extremes will be equal to the
product of the means.

Thus a proportion may be said to be that from which an equation is
composed and an equation that into which a proportion resolves itself.'?

CHAPTER 111

On the Law of Homogeneous Terms and on the
Grades and the Kinds of Magnitudes of Comparison

[1] The prime and perpetual law of equations or proportions which,
since it deals with their homogeneity, is called the law of homogeneous
terms, is this:

Homogeneous terms must be compared with homogeneous terms,'®

for, as Adrastos said,' it is impossible to understand how heterogeneous
terms [can] affect each other. Thus,

If one magnitude is added to another, the latter is homogeneous with
the former.

If one magnitude is subtracted from another, the latter is homoge-
neous with the former.

If one magnitude is multiplied by another, the product is heteroge-
neous to [both] the former and the latter.

2 Itaque proportio dici costitution aequalitatis. Aequalitas, resolutio proportionis. This
cryptic sentence summarizes a good deal of Viéte's approach to algebra, as will become
apparent later on. In addition, the word constitutio is one of his favorites. Vasset and Ritter
translate it in this place by *“établissement” or “establissement,” Vaulezard and Durret by
“constitution,” and Smith by *“‘composition.” In many other places in this book, I have
rendered it by “structure” or the like.

* Homogenea homogeneis comparari.

“Viete’s source for Adrastos’s dictum was probably Theon’s Euclid. It is quoted by Jacob
Klein, op. cit. supra n. 8, p. 276, n. 253. See p. 173 for Klein’s appraisal of the use Viéte makes
of it. On Adrastos himself—he lived in Aphrodias in the first half of the second century—see
George Sarton, Introduction to the History of Science (Baltimore, 1927), vol. I, p. 271.
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If one magnitude is divided'® by another, [the quotient] is heteroge-
neous to the former [i.e., to the dividend].

Much of the fogginess and obscurity of the old analysts is due to their not
having been attentive to these [rules].

2. Magnitudes that ascend or descend proportionally in keeping with
their nature from one kind to another are called scalar terms.

3. The first of the scalar magnitudes is the side or root.' [Then
follow:]

2. The square

The cube

The square-square

The square-cube

The cubo-cube

The square-square-cube
The square-cubo-cube
9. The cubo-cubo-cube

Sl ARG

and so on, naming the others in [accordance with] this same series and by
this same method."

4.'® The kinds of magnitudes of comparison,' naming them in the
same order as the scalar terms, are:

1. Length or breadth
2. Plane

3. Solid

4. Plano-plane

”

“adplicatur, Viéte’s usual term for the verb “divide,” though he sometimes uses
dividere. Durret (p. 14) comments on the difference between “application” and “division”
thus: “car I'application differe de la division, en ce que le genre de la grandeur engendrée, ou
quotient, est tousiours heterogene au genre de la grandeur appliquée; mais au contraire le
qubtient de la division est tousiours homogene au genre de la grandeur divisée.” In the latter
case, for instance, the division of a line into, say, three parts, gives three lines that are
homogeneous with the original line, whereas the “application” of a plane by a length gives
another length which is not homogeneous with the plane.

'®Latus, seu Radix. Viéte’s more usual term is /atus. Elsewhere he uses radix with a
somewhat different meaning; see n. 54 infra.

In most places in this transiation, I have replaced Viéte's nomenclature by the more
familiar terms “first power” . .. “fourth power,” “fifth power,” etc., or, when his terms are
attached to letters, by the use of numerical exponents in the modern form.

'®In the text this and the next three paragraphs are misnumbered 7, 8, 9 and 10.

®magnitudinum comparatorum. Viéte usually uses homogeneum comparationis for the
singular form of this expression. In either case it means the purely numerical terms with which
the variable terms are equated or compared. The same length-plane-solid-etc. terminology
that Viéte uses here is also used by him for his coefficients, but he calls these subgraduales.
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Plano-solid
Solido-solid
Plano-plano-solid
Plano-solido-solid
9. Solido-solido-solid

0 - O W

and so on, naming the others in [accordance with] the same series and by
the same method.?°

5. Inaseries of scalar terms, the highest, counting up from the root, is
called the power. The term of comparison [must be] consistent with this.
The other lower scalar terms are [referred to as] lower-order terms.'

6. A power is pure when it lacks any affection. It is affected when?? it
is associated [by addition or subtraction} with a homogeneous term that is
the product of a lower-order term and a supplemental term [or] coeffi-
cient.®

7. A supplemental term the product of which and a lower-order term
is homogeneous with the power it [i.e., the product] affects is called a
coefficient.*

CHAPTER I1I1*®

On the Rules of Symbolic Logistic

Numerical logistic is [a logistic] that employs numbers, symbolic
logistic one that employs symbols or signs for things® as, say, the letters of
the alphabet.

*Later on it will often be convenient to abbreviate these rather clumsy terms by showing
them as exponents. For instance B plano-solidum will appear as B” and X solido-solidum as
X*, and so forth.

B gradus parodici ad potestatem.

#2The text has cui, which I read as a misprint for cum.

Badscita coefficiente magnitudine. Ritter translates this as “une grandeur étrangére
coefficiente,” Vasset as “une grandeur coéfficiente empruntée,” Vaulezard as “une grandeur
adscitice coeficiente,” and Durret as “la grandeur coeficiente adiointe.”

2 Subgraduales. | take it that, rather than using sub to indicate that the “subgradual” is
of lower degree than the “gradual,” Viéte here uses it to indicate multiplication (cf. n. 29
infra)—that is, a “subgradual” is a multiplier of a “gradual,” i.e., of a degree of the unknown
lower than the power.

251591 and other early editions of Viéte’s works use this form of the Roman numeral.

28 ogistice numerosa est quae per numeros, Speciosa quae per species seu formas
exhibitur. The translations of this passage vary greatly. Vasset has “La Logistique nombreuse
est celle qui s’exerce par les nombres. Et la specieuse est celle qui se pratique par les especes ou
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There are four basic rules for symbolic logistic just as there are for
numerical logistic:

RULE 1

To add one magnitude to another

Let there be two magnitudes, A and B. One is to be added to the
other.

Since one magnitude is to be added to another, and homogeneous and
heterogeneous terms do not affect each other, the two magnitudes proposed
are homogeneous. (Greater or less do not constitute differences in kind.)
Therefore they will be properly added by the signs of conjunction or
addition and their sum will be A4 plus B, if they are simple lengths or
breadths. But if they are higher up in the series set out above or if, by their
nature, they correspond to higher terms, they should be properly designated
as, say, A” plus B?, or A° plus B*, and so forth for the rest.

Analysts customarily indicate a positive affection by the symbol .

RULE 11

To subtract one magnitude from another

Let there be two magnitudes, 4 and B, the former the greater, the
latter the less. The smaller is to be subtracted from the greater.

Since one magnitude is to be substracted from another and homoge-
neous and heterogeneous magnitudes do not affect one another, the two
given magnitudes are homogeneous. (Greater or less do not constitute
differences in kind.) Therefore the subtraction of the smaller from the
larger is properly made by the sign of disjunction or subtraction, and the
disjoint terms will be 4 minus B if they are only simple lengths or breadths.
But if they are higher up in the series set out above or if, by their nature,
they correspond to higher terms, they should be properly designated as, say,
A? minus B?, or A’ minus B°, and so forth for the rest.

The process is no different if the subtrahend is affected, since the
whole and its parts ought not to be thought of as being subject to different

formes, mesmes des choses™; Vaulezard has “Le Logistique Numerique est celui qui est
exhibé & traité par les nombres, le Specifique par especes ou formes des choses™; Durret has
“La logistique nombreuse est celle, qui se fait par les nombres; la specieuse, par les especes, ou
formes des choses”; Ritter has “Logistique numérale est celle qui est exposée par des nombres.
Logistique spécieuse est celle qui est exposée par des signes ou de figures”; and Smith has
“The numerical reckoning operates with numbers; the reckoning by species operates with
species or forms of things.”
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rules. Thus if B plus D is to be subtracted from A, the remainder will be 4
minus B minus D, the terms B and D having been subtracted individually.

But if D should be subtracted from this same B and B minus D is to be
subtracted from A, the remainder will be A minus B plus D, since in
substracting the magnitude B, more than enough, to the extent of D, has
been taken away and compensation must therefore be made by adding it.

Usually analysts indicate a negative affection by the symbol —. And
this is what Diophantus calls Aeiy’s, as he calls the affection of addition
Urapt's®

If, however, it is not stated which term is greater and which smaller
and yet a subtraction is to be made, the sign of difference is =, i.e., an
undetermined negative. Thus supposing we had 4° and B, the difference
would be 4> = B?, or B” = A4*2®

RULE III

To multiply one magnitﬁde by another

Let there be two magnitudes, 4 and B. One is to be multiplied by the
other.

Since one magnitude is to be multiplied by another, they will produce
a magnitude heterogeneous to themselves. The product may conveniently
be designated by the word times or by, as in A times B which means that
the latter is multiplied by the former or, otherwise, that the result is 4 by
B.

[The magnitudes are stated] simply if 4 and B are simple lengths or
breadths, but if they are higher up on the scale or if, by their nature, they
correspond to higher terms, it is well to give them the proper designations of
the scalar terms or of those of corresponding nature, as, say, A? times B or
A’ times B’ or B*, and so on for the others.

The operation is no different if the magnitudes to be multiplied or
either of them consist of two or more terms, since the whole is equal to [the
sum of] its parts and, therefore, the [sum of the] products of the parts of
any magnitude is equal to the product of the whole.

If a positive term of one quantity is multiplied by a positive term of

#These two Greek terms have been variously translated as “defection” and “existence”
(Vaulezard), “diminution” and *“adionction” (Vasset), “diminution” and “augmentation”
(Durret), “soustraction” and “addition” (Ritter), “defect” and “presence” (Smith), and
“deficiency” and “forthcoming” or “‘minus” and “plus” (Ivor Thomas, op. cit., supra n. 3).

In order to avoid confusion hereafter, the symbol = will be used as it is normally
used today (Viéte had no sign for equality) and the modern symbol ~ will be substituted for
Viéte's =.

*The Latin terms are in and sub.
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another quantity, the product will be positive and if by a negative the result
will be negative. The consequence of this rule is that multiplying a negative
by a negative produces a positive, as when 4 — B is multiplied by D — G.*°
The product of + A4 and — G is negative, but this takes away or subtracts too
much®! since A is not the exact magnitude to be multiplied. Similarly the
product of — B and + D is negative, which takes away too much since D is
not the exact magnitude to be multiplied. The positive product when — B is
multiplied by —G makes up for this.

The names of the products of the magnitudes ascending proportionally
from one kind to another are these:

x times itself yields x*
x times x? yields x°
x times x° yields x*
x times x* yields x°
x times x° yields x°.

Likewise the other way around: That is, x* times x produces x’; x’ times x
produces x*; and so forth.
Again,

x* times itself yields x*
x? times x? yields x°
x* times x* yields x°

and likewise the other way around.
Again,

x* times itself yields x°
x* times x* yields x’
x* times x° yields x®
x* times x° yields x°

and likewise the other way around, and beyond this in the same order.
Similarly with the homogeneous terms:

A breadth times a length produces a plane

A breadth times a plane produces a solid

A breadth times a solid produces a plano-plane

A breadth times a plano-plane produces a plano-solid
A breadth times a plano-solid produces a solido-solid

and likewise the other way around.

%1646 has A ~ Band D ~ G.
311624 has quod est minus negare minuereve; 1591, 1631, and 1646 have quod est
nimium negare minuereve.
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A plane times a plane produces a plano-plane
A plane times a solid produces a plano-solid
A plane times a plano-solid produces a solido-solid

and likewise the other way around.

A solid times a solid produces a solido-solid

A solid times a plano-plane produces a plano-plano-solid
A solid times a plano-solid produces a plano-solido-solid*?
A solid times a solido-solid produces a solido-solido-solid

and likewise the other way around, and beyond this in the same order.

RULE 1111

To divide one magnitude by another.

Let there be two magnitudes, 4 and B. One is to be divided by the
other.

Since one magnitude is to be divided by another and higher terms are
[always] divided by lower and homogeneous by heterogeneous, the magni-
tudes are heterogeneous. Let 4 be a length and B a plane. Accordingly, it is
convenient for a line to be drawn between B, the higher term, which is to be
divided, and A, the lower, by which the division is to be made.

These magnitudes should be labeled in accordance with their grades
or the grades to which they are carried either on the scale of proportionals
or on that of the homogeneous terms, as B?/A4. This symbol identifies the
breadth that results from dividing the plane B by the length A. If B were
given as a cube and A as a plane, it would be shown as B’/ 4”, which symbol
indicates the breadth that results from dividing the cube B by the plane A.
And if B were assumed to be a cube and A a length, it would be shown as
B’/ A, which symbol indicates the plane that results from dividing the cube
B by A. And so on in this order to infinity.

Nothing different will be observed for binomial or polynomial magni-
tudes.

The names of the quotients derived from dividing the magnitudes
ascending proportionally from one kind to another are these:

x* divided by x yields x
x’ divided by x yields x
x* divided by x yields x
x° divided by x yields x
x* divided by x yields x

2
3
4
S

321624 has “solido-solid”; 1591’s similar error is corrected in its errata notes. 1624 also
omits the next line completely.
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and the other way around. That is, x* divided by x? yields x, x* divided by x*
yields x, and so on.
Again,

x* divided by x? yields x*
x® divided by x? yields x*
x® divided by x? yields x*

and the other way around.
Again,

x'% divided by x° yields x*
x® divided by x° yields x°
x° divided by x* yields x°

and the other way around, and so on in the same order.
Likewise in the homogeneous terms,

A plane divided by a breadth yields a length

A solid divided by a breadth yields a plane

A plano-plane divided by a breadth yields a solid

A plano-solid divided by a breadth yields a plano-plane
A solido-solid divided by a breadth yields a plano-solid

and the other way around.

A plano-plane divided by a plane yields a plane
A plano-solid divided by a plane yields a solid
A solido-solid divided by a plane yields a plano-plane

and the other way around.

A solido-solid divided by a solid yields a solid
A plano-plano-solid divided by a solid yields a plano-plane
A plano-solido-solid divided by a solid yields a plano-solid

A solido-solido-solid** divided by a solid yields a solido-solid

and the other way around, and so on in the same order.

Division does not foreclose the addition or subtraction of magnitudes
or their multiplication or division in accordance with the foregoing rules.
But notice that when the upper and lower magnitudes in a division are
multiplied by the same magnitude, nothing is added to and nothing is taken

331591, 1624, and 1646 have x° 1631 is correct and also inserts another line reading *x*
divided by x* yields x*.”
341624 has “plano-solido-solid.”
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away from the kind or value of the quotient since division resolves what
multiplication effects, as BA/B equals 4 and BA”/B equals 4”.

Thus in the case of addition: Suppose Z is to be added to 4”/B; the
sum will be (4” + ZB)/B. Or if Z*/G is to be added to 4°/ B, the sum will
be (GA” + BZ*)/BG.

In subtraction: Z is to be subtracted from 4”/B; the remainder will be
(4° — ZB)/B. Or Z*/G is to be subtracted from 4"/ B; the remainder will
be (4G — Z’B)/BG.

In multiplication: 4°/B is to be multiplied by B; the result will be A4°.
Or A4?/B is to be multiplied by Z; the result will be 47Z/B. Or, finally 4°/B
is to be multplied by Z?/G; the result will be 4°Z%/BG.

In division: 4’°/B is to be divided by D; having multiplied both
magnitudes by B, the quotient will be 4°/BD. Or BG is to be divided by
AP/D; both magnitudes being multiplied by D, the quotient will be
BGD/ AP. Or, finally, B’/ Z is to be divided by 4°/ D”;*® the quotient will be
BD?|ZA .

CHAPTER V
On the Rules of Zetetics

The manner of working in zetetics is, in general, contained in these
rules:

1. If it is a length that is to be found and there is an equation or
proportion latent in the terms proposed,®® let x be that length.

2. If it is a plane that is to be found and there is an equation or
proportion latent in the terms proposed, let x* be that plane.

3. If it is a solid that is to be found and there is an equation or
proportion latent in the terms proposed, let x* be that solid.

What is to be found will, in short, rise or fall, in keeping with its
nature, through the various grades of the magnitudes of comparison.

4. Magnitudes, both given and sought, are to be combined and
compared, in accordance with the given statement of a problem, by adding,
subtracting, multiplying and dividing, always observing the law of homoge-
neous terms.

Hence it is evident that in the end something will be found that is

351624 has 4°/ 4%
3)ateat autem aequalitas vel proportio sub involucris earum quae proponuntur.
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equal to the unknown or one of its powers. This may be made up entirely of
given terms or it may be the product of given terms and the unknown or of
those terms and a lower-order grade.

5. In order to assist this work by another device, given terms are
distinguished from unknown by constant, general and easily recognized
symbols, as (say) by designating unknown magnitudes by the letter 4 and
the other vowels E, I, O, U and Y and given terms by the letters B, G, D and
the other consonants.

6. Terms made up exclusively of given magnitudes are added to or
subtracted from one another in accordance with the sign of their affection
and consolidated into one. Let this be the homogeneous term of comparison
or the constant® and put it on one side of the equation.

7. Likewise, terms made up of given quantities and the same lower-
order grade are added to or subtracted from one another in accordance with
the sign of their affection and consolidated into one. Let this be the
homogeneous term of affection or the lower-order homogeneous term.®

8. Keep these lower-order homogeneous terms with the power they
affect or by which they are affected and place them and the power on the
other side of the equation. Hence the constant term will be designated in
keeping with the nature and order of the power. It will be called pure if [the
power] is free from affection. But if [the power] is accompanied by
homogeneous terms of affection, show this by the [proper] symbols of
affection and of degree along with any supplementary terms that are their
coefficients.®®

3 homogeneum comparationis, seu sub data mensura. Cf. Hume p. 36: “La partie de
Fequation sans voyelles est appellee par Viete I’Homogene de comparaison, ou contenu sous la
grandeur donnee, parce que toutes les grandeurs signifiees par les consones sont cognués; et
partant toute ceste partie de I’equation est cognué.”

38homogeneum adfectionis, seu sub gradu.

3 Atque ideo homogeneum sub data mensura de potestate a suo genere vel ordine
designata enuncietur, puro si quidem ea pura est ab adfectione, sin eam comitantur
adfectionum homogenea indicat tum adfectionis, tum gradus symbolo, una cum ipsa, quae
cum gradu coefficiet, adscititia magnitudine. This passage is not without its difficulties. 1
think that what Viéte is saying is that if, for instance, x* = N, N will be known as a pure cube
and that if x* + a*x = N, N will be known as a cube affected positively by a linear term with a
coeflicient of the second degree. This is borne out by the phraseology he employs in the books
on the Numerical Resolution of Pure and Affected Powers. Smith, however, reads the
passage this way: “And thus, the element that is homogeneous under a given measure will be
equated to a power designated in its own genus or order; simply, if that power is free from all
conjunction with other magnitudes, but if magnitudes homogeneous in conjunction accom-
pany it, which magnitudes are indicated both by the symbol of conjunction and by the rung of
the lower ladder magnitudes, then the magnitude homogeneous under a given measure will be
equated not only to it, but to it along with the magnitudes that are products of rungs and
coeflicient magnitudes.” Cf. the French translators. Vasset puts it thus: “& partant
I"'Homogene produict soubs la mesure donnee, sera énoncé de la puissance, laquelle puissance
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9. If the constant happens to be associated with a subordinate
homogeneous term, carry out a transposition.*

Transposition is a removal of affecting or affected terms from one side
of an equation to the other with the contrary sign of affection. That an
equation is not altered by this operation is now to be demonstrated:

PROPOSITION [

An equation is not changed by transposition.

Let
A - D’ = G* - BA.
I say that
A* + BA=G* + D’

and that the equation is not changed by this transposition with contrary
signs of affection. For since*'

A* - D" = G* - BA,
add D? + BA to both sides. Then by common agreement
A* -~ D” + D’ + BA=G* — BA + D* + BA.

The negative affection on each side of this equation cancels a positive: on
one side the affection D? vanishes, on the other the affection BA. This

prendra sa designation de son gendre, ou ordre purement, si elle est sans affection ou
meslange; autrement si elle est affectee par des Homogenes d’affection, il la faudra designer,
tant elle, que le genre de I’affection, qui pareillement le degré, que la qualité de la grandeur,
qui sert de coéfficiente au degré.” Vaulezard has: “C’est pourquoy I’'Homogene sous la mesure
donnee sera enoncé de la puissance de son genre ou ordre, s¢avoir, purement si elle est pure et
exempte d’affection, si elle est affectee, lors seront indiquees tant les Homogenes d’affection
que les degrez, par les symboles d’iceux, ensemble ceste grandeur laquelle avec le degre faict
Padsitice.” Durret translates this way: “Et partant ’homogene sous la mesure donnée sera
énoncé de la puissance designée par son genre, ou par son ordre, sgavoir purement, si la
puissance est pure, ou exépte d’affectid; si ce n’est que les homogenes des affections
'accompagnent, étant indiquée, tant par la marque d’affection, que du degré avec la mesme
grandeur adiointe, laquelle coaffecte avec le degré.” And Ritter has: *“et par conséquent
’homogeéne sous la mesure donnée sera énoncé de la puissance désignée par son genre ou ordre,
purement si elle est pure d’affection, et, si elle n'est pas pure, les homogénes d’affection
'accompagneront et on indiquera le symbole soit de I'affection, soit du dégré avec la grandeur
étrangére qui est coefficiente avec le dégré.”

““fiar Antithesis.

“11591, 1624, and 1631 have Quoniam cum; 1635 has simply Quoniam; 1646 has
Quoniam enim.

“?1591, 1624, and 1635 have B?; 1631 and 1646 have D*.
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leaves
A® + BA = G? + D°*.

10. If it happens that all the magnitudes given are multiplied by a
grade and that, therefore, no pure constant term is immediately apparent,
carry out a depression.*?

Depression is an equal lowering of the power and the lower-order
terms in the observed order of the scale until the lowest variable term
becomes a pure constant to which the others can be compared. That an
equation is not changed by this operation is now to be demonstrated:

ProproOSITION 11

An equation is not changed by depression

Let
A+ BA* = Z°A.
I say that by depression
A+ BA =27,

for all of these solids have been divided by a common divisor, [a process]
that, it has been settled, does not change an equation.

11. If it happens that the highest grade of the unknown does not stand
by itself but is multiplied by some given magnitude, carry out a
reduction.**

Reduction is a common division**of the homogeneous magnitudes
making up an equation by the given magnitude by which the highest grade
of the unknown is multiplied so that this grade may lay claim to the title of
power by itself and that from this an equation [in proper form] may finally
remain. That an equation is not impaired by this operation is now to be
demonstrated:

PrOPOSITION III

An equation is not changed by reduction

Let
BA* + D?A = 7°.

“fiat Hypobibasmus

“fiat Parabolismus.

51624 and 1635 have “multiplication.” The same error occurs in 1591 but is corrected in
its errata notes.
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I say that by reduction
Dra 7

A2
+B B

for all the solids have been divided by a common divisor, {a process] which,
it has been settled, does not change an equation.

12. Following all this, an equation may be said to be clearly expressed
and in proper order. [It may be] restated, if you wish, as a proportion, but
with this particular warning: the product of the extreme terms [of the
proportion] corresponds to the power plus the homogeneous terms of
affection and the product of the mean terms corresponds to the constant.

13. Hence a properly constructed proportion may be defined as a
series of three or four magnitudes so expressed in terms, either pure or
affected, that all of them are givens except the one that is being sought or
its power and its lower-order grades.

14. Finally, when an equation or proportion has been set up, zetetics
may be said to have fulfilled its task.

Diophantus used zetetics most subtly of all in those books that have
been collected in the Arithmetic. There he assuredly exhibits this method in
numbers but not in symbols, for which it is nevertheless used. Because of
this his ingenuity and quickness of mind are the more to be admired,* for
things that appear to be very subtle and abstruse in numerical logistic are
quite familiar and even easy in symbolic logistic.

CHAPTER VI
On the Examination of Theorems by Poristics

Zetetics having completed [its work], the analyst moves from hypoth-
esis to thesis and presents the theorems derived from his discovery in the

““Eam vero tanquam per numeros, non etiam per species, quibus tamen usus est,
institutam exhibuit, quo sua esset magis admirationi subtilitas & solertia. Smith translates
this, “But he presented it as if established by means of numbers and not also by species (which,
nevertheless, he used), in order that his subtlety and quickness of mind might be the more
admired. . . .” The French translations are as follows: “Il I'a toutesfois laisee, comme P'ayant
exercee par nombres, (encores qu'il se soit servy de la specicuse) affin de rendre sa subtilité
plus recommendable. . . .” (Vasset); “mais comme il a donné son institut par les nombres et
non par especes; (desquelles toutefois il s’est servi:) c’est en quoy la subtilité et ingeniosité de
son esprit est grandement a admirer. . . .” (Vaulezard); “Il 1a instituée comme par nombres, &
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form prescribed by the art comformably to the laws*’ kér& mavros, kad
avtd, kaBohov TpdyTow.*®

Such [theorems], although they are demonstrated by and grounded in
zetetics, are still subject to the rules of synthesis, which is rated the most
rational method of demonstration.*® If necessary, they are confirmed by it,
this being a great miracle of the inventive art. So the footsteps of analysis
are retraced. This is itself [a form of] analysis and, thanks to the
introduction of symbolic logistic, is no longer difficult. But if some
unfamiliar discovery is presented or has been stumbled on fortuitously and
its truth must be weighed and inquired into, the poristic way should first be
tried. It will be easy to return to synthesis later on. Examples of this are
given by Theon in the Elements, by Apollonius of Perga in the Conics, and
by Archimedes in his various books.

CHAPTER VII

On the Function of Rhetics

An equation having been set up with a magnitude that is to be found,
rhetics or exegetics, which is the remaining part of analysis and®® pertains

non par les especes, desquelles toutesfois il s'est servy, pour faire admirer d’avantage

I'industrie et subtilité de son esprit. . . .”” (Durret); “Cependant il I’a représentée établie par
des nombres et non par espéces, dont cependant il a fait usage, ce qui doit faire admirer
d’avantage sa subtilité ct son talent. .. .” (Ritter