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Triangles,” 1579). In both, mat‘r;ﬁvm;;—_
ics is closely connected Wi 25
tronomical and cosrnploglo‘a, e
search. nterestingly, Viéte accep ed
Ptolemaic rather tuanb(;‘?sfégfs:t as-
my because nNe d that th

tlraﬁ{‘; V&Yas not valid geometr.lcall[y..tH;i
Canon was probably the first tex o
Wastern- Europe t0 develop eystelm ot
cally plane and sphenca! triangle S

i all six tngpfnoré\te(‘;;]lso
.o which later became functions.
|\‘/?éise, based his trigonometrlo_tﬁblgz
largely on the chords and hal;o O—ﬁ‘s
of Ptolemy’s Almagest and al- arqfahis
Canones. He divi(()jed tthe ‘r_‘aech;‘sécp i

o gircle: into: 60 parts. e
:relntg:j decimal fractions, mdeptehr;?r—‘
ently of Stevin atnd hghpggemake J
d in western . .

StaEr)]Sr?':’rng‘theﬂ second -period, V%e;;e
prepared ‘most of the In artem anal

yticem isagoge (“lntroduction to the -

4591). In this-—his

nalytical’ Art, | :
rpnostyimportant book—he brought tc;‘l
gether the -.ancient ‘geometric

’ ] i i Apol-
ds-of Euclid, Archimedes, AL
mﬁng, and Pappus-with the nurnencal

57. From In artem
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of Diophantus, Cerdano! \Ta’r—
?;%leizr,aBombelli, and Stufel.»V|g’geliz
Isagoge, the first book "on symrnbles
algebra.in Western Europe, reseé nbles
a modern algebra text. It uses Ct't'es
nants to denote known quar(;lhuse,1
vowels to denote unknowns, an . ?e 2
syncopated form kf)or'spower?,eF\:\;eiems
us, « - - )
igai\r"atué'.».AFg? his pioneering work_
on, syrnpolism Vigte is often_ca||ed tne
tather of modern algebralC .notetlon. o
~ Viste made other cont‘rlbutlonsthé
algebra. In 1615, he _oontnbuted. to ne
theory of equations_|ni}2reetre;?tlsre7,en_
tionum recognil t eme
ilz%ie (“Concerning the Recognltperr\]
and Emandation of Equatlonsl.).r‘ed
1646, Franz van schooten-publis e
Viete's collected works, but they \gar
already relegateq to a seconf chz
status in mathematics beoause ci i
appearance‘*of Certesuan '(ana y ©)
geometry with its more felicitous ﬁhis
bols. All of Viete's books e'x_oepb e
last one were printed and dIStI’-I“U .

at his expense.

analyticem isagoge”

(The New Algebra)
FRANCQ!S VIETE

CHAPTER . DEFINITION
APTER 1. ON THE DE
C:ND PARTITION OF ANALYI:ICS;‘
AND ON THOSE THINGS W
" ARE OF USE TO ZETETICS

In fhis éhapter viete refers to Pap-

i ! lysis an
e dictinction between analys
s O en -zetetic and

referring also to Eu-
clid and Theon. There also should be,

synthesis, an(! betwe
. poristic analysis,

eprinte ission of th
* ource:rReprmted by permissio !
12()50-1800, edited by D. J. Struik, Cambri

t flows of Harvard College. Regu

i dFe
1969 by the President an Ic
Struik's. Headings are from Viete.

he writes, a third kind of analysis, the
rhetic or exegetic; -
so that there is 2 zetetic art

tween th . that
sought and the given things; 2

portion the tru
theorem is investigated,

blishers from A Source !
?ig%l,i Mass.: Harvard University P

by which is
i sroportion be-

found the equation? or propor .
onitude that is being
e magnitud it
ohich from the equation of pro-
art by when uth of the requnre.d
and an exegetic

urce Book in Matherna_tics,
fess, Copyright ©
lar text is Viete's; bold face textis
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art by which from the constructed equa-
tion or proportion there is produced the
magnitude itself that is being sought.
And the whole threefold analytical art
may be defined as the science of finding
the truth in mathematics. But what truly
belongs to the zetetic art is established
by the art of logic .through syllogisms
and enthymemes,® of which the founda-
tions' are. those very symbols* by which
equations and proportions are obtained
... The zetetic art,. however, has its
own form of proceeding, since it applies
its logic not to numbers—which was the
boring habit of the ancient analysis—
but through a logistic  which in a new
way has to do with species.® This logis-
tic is much more successful and power-
ful than the numerical one for compar-
-ing magnitudes with one another 'in
- equations,-once the law of homogeneity
has been established-and there has been
constructed; for that purpose, -a tradi-
tional series or scale of magnitudes as-
cending or descending by their own na-
ture from genus to genus, by which
scale the degrees and genera of mag-
nitudes in equations may be designated
and distinguished.

CHAPTER II. ON THE SYMBOLS
FOR EQUATIONS AND
PROPORTIONS

Here Viéte takes a number of postu-

lates and propositions from Euclid,
such as: ‘

- 1. The whole is equal to the sum. of
its parts; :

.2. Things that are equal to the same
thing are equal among themselves;

3. If equals are added to equals, the

sums are equal; . . .

8. If like proportionals are added to

- like proportionals, then the sums are
proportional;é . . .

.15.‘If there are three or four mag-
nitudes, and the product of the extreme
terms is equal to either that of the mid-
dle one by itself or that of the middle

terms, then these magnitudes -are pro-
portional.”

CHAPTER IIl. ON THE LAW OF
HOMOGENEOUS QUANTITIES,
AND THE DEGREES AND GENERA
OF THE MAGNITUDES THAT ARE
COMPARED

The first and supreme law of equa-
tions or of proportions, which is. called
the law of homogeneity, since it is con-
cerned with homogeneous quantities, is
as follows: : .

1. 'Homogeneous quantities ‘must be
compared to homogeneous quantities
 [Homogenea homogeneis comparari].

Indeed, it cannot be known how

. heterogeneous quantities can be affected
among themselves, as Adrastus says.®

Hence: ‘

If a magnitude is added ladditur] to a
maghnitude, it is homogeneous with it.

If a magnitude is subtracted [subdici-
tur] from a magnitude, it is homogene-
ous with it. ‘ o T

If a magnitude is multiplied [ducitur]
by a magnitude,:the result.is hetero-
geneous with both, o

Since they did not, these ancient
Analysts, attend to this, the result was
‘much obscurity and blindness.

2. Magnitudes which by their own na-
fure -ascend or descend proportionally
from genus to genus are called scalars.®

The first of the scalar magnitudes is
side or root [latus seu radix].’

“The second is square [quadratum].

The third is cube.
The fourth is squared square

lquadrati-quadratum]. e

The fifth is squared-cube ... .*
... The ninth.is cubed-cubed-cube. |,
And the further ones can from here be
named by this sefiés’and method . . .
The genera of the magnitudes that we
have to compare so that-they may be
named in the order of the scalars are:
(1) Length and breadth: [longitudo,
latitudo], S
(2) Plane,
(3) Solid,.
(4) Plane-plane,
(5) Plane-solid . ..
(9) Solid-solid-solid.
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And the further ories can be named
from here by this series and tnethod.

ftext omitted}

5. In a series of scalars, the degree in
which the magnitude stands compared t0
the side is called the power {potestasl. The
other inferior scalars are called parodic™
grades to this power. . :

6. The power is-pure when it is free
from affection. BY affection is meant that a
homogeneous agnitude is mixed with a
magnitude of lower power together with @
coefficient."?

To this Van schooten adds: “A pure
power is a square, cube ... Butanar
fected power is in the second_grade: a
square together with a plane compose
of a side and a length or preadth;™ in
the third grade: 2 cube together with a
solid composed of a square and
length or latitude.”

7. Adjunct magnitudes which multipty
scalars lower in relation to @ certain power
and thus produce homogeneous mMag-
nitudes are call subgradual.

Van Schooten adds: #gubgraduals
are length, breadth, plane, solid,
plane-plane, etc. Thus if there be a
squared square with which is mixed a
plane-plane which is the side multiplied
with a solid, then the solid will be a
subgradual magnitude, and in relation
to the squared square the side will be a

lower scalar.”’

CHAPTER IV. ON THE RULES FOR
THE CALCULATION BY SPECIES
. [logistica speciosa)

Numerical calculation llogistica
numerosal proceeds by ‘means of num-
bers, reckoning by species by means of
species OF forms of things, a5 for in-
stance, the letters of the alphabet.

van Schooten adds: #piophantus
operates with numerical calculation in
the thirteen pooks of his ‘Arithmetica,
of which only the first six are extant,
and are now available :in Greek and
Latin, illustrated by the commentaries
of the very erudite Claude Bachet."
But the calculation by species has been

' speciﬁcally certain

explained by Viete in the five books of
his Zetetics," which he has chiefly ar-
ranged from selected questions 0

Diophantus, some of ‘which he solves
by his own peculiar method. Where-
fore, if you wish to understand with
profit the distinction between the two
logistics, you must consult Diophantus

and Viete together.” He then compares
problems o
‘Diophantus with his and with Viete's
solutions. '

There are four canonical rules for the
calculation by species.

RULE !
To add a magnitude t0 2 magnitude.
Take two magnitudes A and B. We wish’
to add the one to the other. But, since
homogeneous magnitudes cannot be af-
fected 1o heterogeneous ONES, those
which we wish to add must be homo-
geneo‘us»magnitudes. That one is greater
than the other does not constitute div-
ersity of genus. Therefore, they may be
fittingly added by means of a coupling
or addition; and the aggregate will be A
plus B, if they are simple lengths or
breadths. But if they stand higher in the
scale, or if they share in genus Wit
those that stand higher, they will be de-
noted in the appropriate; way, say
square plus B. plane, Of A cube plus B
solid, and cimilarly in further cases.
However, the Analysts are accus-
tomed to indicate the affection of sum-
mation by the symbol +.

RULEN

To subtract a magnitude from a mag-
nitude. This leads in an analogous way
toA — B A square — B square, A is
larger than B, also to rules such as A —

B +D= A—B-—-D; viete writes =
instead of our —« ‘
RULE Il

To multiply a magnitude by 2 mag-
pitude. Take two magnitudes A and B.
We wish to multiply the one by the
other. S ' ‘

Since -then a magnitude has to be
multiplied by 2 magnitude they will by
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thew multiplication produce a mag-
nitude heterogeneous with respect to
each o.f them; their product will rightly
be (Ij,e5|gnated by the word "“in”” or “un-
der’’ [subl, e.g., A in B, which will
mean that the one has been multiplied
by the other, or, as others say, under A
and B, and this simply whenIA and B
are snmple lengths or breadths.'®
But if the magnitudes stand higher in
the scale, or if they share in genus with
these magnitudes, then it is convenient
to add 'the names themselves, e.g., A
square in B, or A square in B pl.:lme
solid, and similarly in other cases.
K however, among magnitudes that
have to be multiplied, two or more are
of dlfferent names, then nothing hap-
pens in the operation. Since the whole
is equal to its parts, the products under
the segments of some magnitude are
equal to the product under the whole
An(_j when the positive name [nomenl
ad‘f:rmatum] of a magnitude is multi-
plied by a magnitude also of positive
:(aamaet,. the product will be positive, and
tivg.wlve [negatum]:when it is nega-
From yvhich precept it follows that by
the multiplication of negative names the
prod}JcF is positive, as when A — B is
multiplied by D — G; since the product
of thg positive A and the negative Gis
negative, which means that too much is
Faken away land similarly negative B
into positive]. Therefore, in compensa-
ttl)int,h\évhen the negative B is multiplied
o i negative G the product is posi-
asI(P;::ddenommaltions of the factors that
proportionally from genus to

genus in magnitude beha
. ve,
in the following way: therefore

A side multipli ;
square, multiplied by a side produces a

A side inli
e 'mu|t|p||ed by a square produces a

And conversel i
i y, a square m i
a s/l\de produces a cubg. : ultiplied bY
_ A solid ‘multiplied b a‘ i i
_ ‘ solid- -
»du/(A:\es a sohd-solid-soliZiI, solid pro
: nq conversely, and so on in that order.

RULE IV
_Tr?].divide a magnitude by a magnitude
is leads in an analogous way to sucﬁ
B plane B cube
A ' Aplane
and so forth. Furthermore to add
Z plane toA plane, |, .
= LT : the sum will be
G in Aplane + B in Z plane
BinG '

expressions as

oo Apl
To multiply __pB_an_e by Z; the result

will be A Plane in Z
o

CHAPTER V. CONCERN
- ING THE
LAWS OF ZETETICS

.The way to do Zetetics is, i
directed by the followincgS II;(NI: eneral
. 1. 1f we ‘ask for a length '

tion or proportion is hgitdtli::tut:Zeiqn?-

cover of the data of the problem, let the

unl;n(;;/vn to bI:e ;‘ound be a side. I ©

. we ask tor
known to be foundabglsr:q‘je{ré.let the ur-
o [text omitted]
. If the element that i

»under. a given measuite l;ahp?;;?:z%e?soﬁz

Egﬁblned with the element that is

antitﬁg;r;.eous in conjunction, there will be

These laws amount to in i
1 x, (2') x2, (3) x3, (4) the I;l;(\:d(:"c;:)g
mogenelty, as in x = ab; and to (5) de-
noting the unknown by vowels A, E, .
and the given magnitudes by ’co’n's;)-
n_ants, B,G D,..., (6 constructing x2
= ab + cd, or, as Viete writes it: A
square equal to B in C + D in F-‘(7)
forr!ung ax + bx (“homogeneou's in
lc)o:l]unctlon"); (8)_forming x* + ax*> —

x2 = c2d + e3; (9) passing from x* +
ax +2 bx? — cd + e* = g3 tox® + ax?
Thbx = cid — g’f + g? (“antithesis’).

en Viéte continues with Propositions
marked (!0) to (12), which state that
an e(!uatlon is not changed by an-
tlthes.|5, by hypobibasm, and by pa-
rabolism. Hypobibasm means divid?ng
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by the unknown, as passing from x* +
axt=bxtox* tax = b2, parabolism is
dividing by a known magnitude. Nos.

(13) and (14) deal with the relation of

equations to proportions.
These are the titles of the next chap-
ters:

V1. Concerning the examination of
theorems by means of the poristic art.

VII. Concerning the function of the *

rhetic art.
VIIL. The notation of equations and the
epilogue to the art.”
This chapter ends as follows:
29: _Finally, the analytic art, now having
_ been cast into the threefold form.of zetetic,
.poristic, and exegetic, appropriates t0 itself
by right the proud problem of problems,
which is
THERE IS NO PROBLEM THAT CANNOT BE
’ SOLVED.?®

- NOTES

1. Footnote omitted. .

2. Viéte writes aequalitas, equality, -but
the term “equation,”’ NOW used, seems to fit
_ the meaning better. The stress on proportion
is.due to the respect in which Book V of Eu-
clid’s Elements was. held as a model whereby
the contradiction between arithmetic and
geometry could be overcome by rigorous
m'athematical reasoning.

3, An enthymeme is a syllogism incom-
pletely stated,” perhaps' by leaving out the
.major or the minor premise; for example, in
“John:is a liar, therefore he is a coward,” the
premise; ‘every liar is a coward,”" is omitted.

4. Symbols, symbola, had here more the
meaning of typical rules or stipulations. -

5. Hence the name “|ogistica speciosa”’
for Viéte's new type of calculation. The term
logistike was used by the Greeks for the art of
calculation, in contrast to arithmetike,
number theory. Viete's term “species’’ is
probably -the’ translation of Diophantus’
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eidos, the term in a particular expression,
primarily in reference to the specific power
of the unknown it contains. See further the J.
Winfree Smith translation of the Isagoge, ppP-
21-22. : B -
6. |fa:b=c:d,then(a+c):(b+d)
—a:b=c:d

7. \fa b, c dare such that either
ac = b? orad = bc, then eithera :b=b: ¢

Cora:b=c:d

5. Reference to a reference in Theon:
#Eor Adrastus says that it is impossible to
know how heterogeneous magnitudes may
be in a ratio to one another.” Who Adrastus
was does not seem to be known.

9. Scalares means jadder magnitudes,”
literally, steps or rungs of a ladder. Viete fol-
lows Diopharitus in the naming of the pow-
ers. The term scalar, of vector-analysis fame,
is due to W..R. Hamilton (1853).

10. This is the cosa, or res, of the cossists,
hence x in-our notation. The next scalars are
x? (square),.x*, x*, and. so forth. In Viéte these
quantities have dimensions,’

11. Parodic is from Greek para, hodas, on
the way, coming up. :

12, %5 is pure, x* + ax* is affected.

13. x? is pure, x> + ax is affected.

14, Bachet's edition of Diophantus, is of
1621, and was the inspiration of Fermat's
work on numbers (see selection 1.6).

15. In this work of 1593 Viéte gives many
examples. of his logistica speciosa-

16. In arithmetic the custom was to use
win’": ducta in; in geometry, “under’': a rec-
tangle is “under” its sides.  °
- 17. +in+is+;+in—is—.

18. (A —BXD —CG) = AD — AG-— BD +

19, ‘Chapter VI mentions the retracing of
the zetetic -process by synthesis; Chapter Vil
the special application of the analytic art,
after solution, to special arithmetic and
geometric problems. Here Vitte speaks of the
'exegetic art.”’ Chapter VIII is the discussion
of different possible expressions and equa-
tions, stressing hormogeneity. There are 29
rules. c '

20. Quod est, Nullum non problema.sol-
vere. - o



