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The solution of the cubic equation
(synopsis) (1/8)

Fra Luca Pacioli noted in 1494 that there was not yet an algebraic solution to the general cubic
equation, but throughout the fifteenth and early sixteenth centuries many mathematicians
were working on this problem. Finally, sometime between 1500 and 15135, Scipione del Ferro
(1465-1526), a professor at the University of Bologna, discovered an algebraic method of
solving the cubic equation x* + cx = d. Recall that, since most mathematicians still did not
deal with negative numbers even as coefficients of equations, there were 13 different types
of mixed irreducible cubic equations depending on the relative positions of the (positive)
quadratic, linear, and constant terms. So del Ferro had only begun the process of “solving”
the cubic equation with his solution of one of these cases.
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The solution of the cubic equation
(synopsis) (2/8)
ax + b
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The solution of the cubic equation
(synopsis) (3/8)

In modern academia, professors announce and publish new results as quickly as possible
to ensure priority, so it may be surprising to learn that del Ferro did not publish, nor even
publicly announce, his major breakthrough. But academic life in sixteenth-century Italy
was far different from that of today. There was no tenure. University appointments were
mostly temporary and subject to periodic renewal by the university senate. One of the ways
a professor convinced the senate that he was worthy of continuing in his position was by
winning public challenges. Two contenders for a given position would present each other with

Fa
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The solution of the cubic equation

(synopsis) (4/8)

a list of problems, and, in a public forum some time later, each would present his solutions
to the other’s problems. Often, considerable amounts of money, aside from the university
positions themselves, were dependent on the outcome of such a challenge. As a result, if a
professor discovered a new method for solving certain problems, it was to his advantage to
keep it secret. He could then pose these problems to his opponents, secure in the knowledge
that he would prevail.
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The solution of the cubic equation
(synopsis) (5/8)

Before he died, del Ferro disclosed his solution to his pupil, Antonio Maria Fiore (first
half of the sixteenth century), and to his successor at Bologna, Annibale della Nave (1500-
1558). Although neither of these men publicized the solution, word began to circulate among
Italian mathematicians that this old problem had been, or soon would be, solved. Another
mathematician, Niccolo Tartaglia of Brescia (1499-1557), in fact, boasted that he too had
discovered the solution to a form of the cubic, x> + bx? =d. In 1535, Fiore challenged
Tartaglia to a public contest, hoping to win on the strength of his knowledge of the earlier
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The solution of the cubic equation
(synopsis) (6/8)

case. Each of his thirty submitted problems dealt with that class of cubic equations. For
example, one of the problems read, “A man sells a sapphire for 500 ducats, making a profit
of the cube root of his capital. How much is this profit?” [x? + x = 500].1° But Tartaglia,
the better mathematician, worked long and hard on that case, and, as he later wrote, on the
night of February 12, 1535 he discovered the solution. Since Fiore was unable to solve many
of Tartaglia’s questions covering other areas of mathematics besides the cubic, Tartaglia was
declared the winner, in this case of 30 banquets prepared by the loser for the winner and
his friends. (Tartaglia, probably wisely, declined the prize, accepting just the honor of the
victory.)

H AAyeBpa tng AvayEvvnong
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The solution of the cubic equation
(synopsis) (7/8)

Word of the contest and the new solutions of the cubic soon reached Milan, where
Gerolamo Cardano (1501-1576) was giving public lectures in mathematics, supported by
a grant from the will of the scholar Tommasso Piatti for the instruction of poor youths.
Cardano wrote to Tartaglia, asking that Tartaglia show him the solution so it could be
included, with full credit, in the arithmetic text Cardano was then writing. Tartaglia initially
refused, but after many entreaties and a promise from Cardano to introduce him and his new
inventions in artillery to the Milanese court, he finally came to Milan in early 1539. Tartaglia,
after extracting an oath from Cardano that he would never publish Tartaglia’s discoveries—
Tartaglia planned to publish them himself at some later date—divulged the secrets of three
different forms of the cubic equation to Cardano in the form of a poem. Here is the verse
explaining x> + cx = d:

H AAyeBpa tng AvayEvvnong
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The solution of the cubic equation
(synopsis) (8/8)

When the cube and its things near
Add to a new number, discrete,
Determine two new numbers different
By that one; this feat

Will be kept as a rule

Their product always equal, the same,

To the cube of a third

Of the number of things named.
Then, generally speaking,

The remaining amount

Of the cube roots subtracted
Will be your desired count.'

¢ HAAyeBpa tng AvayEvvnong
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Gerolamo Cardano (1/5)

 Gerolamo Cardano (1501-1576)

 Cardano was trained as a physician, but was denied admission to
the Milan College of Physicians because of his illegitimate birth. For
several years, therefore, he practiced medicine in a small town near
Padua, returning to Milan in 1533, where he treated occasional
private patients as well as lectured in mathematics and wrote a
textbook on arithmetic.

* Finally, he convinced the College of Physicians to change its mind.
Cardano soon became the most prominent physician in Milan and
in great demand throughout Europe. His most important patient
was probably John Hamilton, the Archbishop of Scotland, who in
1551 requested Cardano’s services to help him overcome steadily
worsening attacks of asthma.

¢ HAAyeBpa tng AvayEvvnong
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Gerolamo Cardano (2/5)

e Cardano, after spending a month observing the
archbishop’s symptoms and habits, decided he had a severe
allergy to the feathers in the bed he slept in.

* Thus, Cardano recommended that the bedding be changed
to silk and the pillow to linen. The archbishop’s health
improved immediately, and he remained extremely grateful
to Cardano for the rest of his life, offering money and other
assistance whenever Cardano might need it.

e Cardano was not so successful in his attempt to cast a
horoscope for the young king Edward VI on his return from
Scotland through England. He predicted a long life, but
unfortunately, the sixteen-year-old king died shortly
thereafter.

: “@‘ H AlyeBpa tng Avayévvnong
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Gerolamo Cardano and the Ars Magna

e Cardano’s own life was filled with many
tragedies, including the death of his wife in
1546 and the execution of his son for the
murder of his own wife in 1560. The final blow
came in 1570 when he was brought before the
Inquisition on a charge of heresy. Fortunately,
the sentence was relatively lenient. Cardano
spent his last few years in Rome, where he
wrote his autobiography De Propria Vita.
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Gerolamo Cardano (3/5)

Yuveyilou e tnv Lotopia TnS Avong

Cardano kept his promise not to publish Tartaglia’s result in his
arithmetic book, which soon appeared. In fact, he sent Tartaglia a
copy off the press to show his good faith.

Cardano then began to work on the problem himself, probably
assisted by his servant and student, Lodovico Ferrari (1522—-1565).
Over the next several years, he worked out the solutions and their
justifications to all of the various cases of the cubic.

Ferrari managed to solve the fourth-degree equation as well.
Meanwhile, Tartaglia still had not published anything on the cubic.
Cardano did not want to break his solemn oath, but he was eager
that the solutions should be made available.

g , ,
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Gerolamo Cardano (4/5)

e Acting on rumors of the original discovery by del
Ferro, he and Ferrari journeyed to Bologna and
called on della Nave.

* The latter graciously gave the two permission to
inspect del Ferro’s papers, and they were able to
verify that del Ferro had discovered the solution
first.

e Cardano no longer felt an obligation to Tartaglia.
After all, he would not be publishing Tartaglia’s
solution, but one discovered some 20 years
earlier by a man now deceased.

2o N ,
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Gerolamo Cardano (5/5)

So in 1545 Cardano published his most important
mathematicalwork, the Ars magna, sive de requlis algebraicis (The
Great Art, or On the Rules of Algebra), chiefly devoted to the
solution of cubic and quartic equations (Fig. 12.4).

Tartaglia, of course, was furious when Cardano’s work appeared. He
felt he had been cheated of the rewards of his labor, even though
Cardano did mention that Tartaglia was one of the original
discoverers of the method. Tartaglia’s protests availed him nothing.

In an attempt to recoup his prestige, he had another public contest,
this time with Ferrari, but was defeated. To this day, the formula
providing the solution to the cubic equation is known as Cardano’s
formula.

a5 ) ,
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Ars Magna, e€wdpuAro

H AAyeBpa tng AvayEvvnong

HIERONYMI CAR

DANI, PRESTANTISSIMI MATHE

MATICI, PHILOSOPHI, AC MEDICI,

ARTIS MAGN A,

SIVE DE REGVLIS ALGEBRAICIS,
Lib.unus. Qui & totius operis de Arithmetica, quod
OPVS PERFECTVM
infcripfit,eftin ordine Decimus,

Abesin hoclibro, ftudiofe Ledtor,Regulas Algebraicas (Ttali, dela Cof
fa uocant) nouis adinuentionibus ,accggmonﬁrationibus ab Authore ita
locupletatas,ut pro pauculis ancea uulgg tritis.iam {eptuaginta euaferine, Nes
¢ folum , ubi unus numerus alteri,aut duo uni,uerum etiam,ubiduo duobus,
aut tres uni ¢quales fuerint,nodum explicant.  Huncadtlibrumideo feors
fim edere placuit,ut hoc abftrufifsimo, & plané inexhaufto totius Arithmeri
cz thefauroinlucem eruto, & quaff in theatro quodam omnibus ad fpectan
dum expofito, Lectores incitaretur,ut reliquos Operis Perfeilibros, qui per
Tomos edentur,tanto auidiusamplectantur,ac minore faftidio perdifcant

Ewova 1.
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Ars Magna, eriikedpaiida

 THE GREAT ART’ or The Rules of Algebra by
Girolamo Cardano

* Qutstanding Mathematician, Philosopher and
Physician

* In One Book, Being the Tenth in Order of the
Whole Work on Arithmetic Which is called the
Perfect Work

21



Ars Magna, tr. Witmer, p. 1

In this book, learned reader, you have the rules of algebra (in
Italian, the rules of the coss ). It is so replete with new discoveries
and demonstrations by the author - more than seventy of them -
that its forerunners [are] of little account or, in the vernacular, are
washed out. It unties the knot not only where one term is equal to
another or two to one but also where two are equal to two or three
to one.

It is a pleasure, therefore, to publish this book separately so that,
this most abstruse and unsurpassed treasury of the entire [subject
of] arithmetic being brought to light and, as in a theater, exposed 4
to the sight of all, its readers may be encouraged and will all the
more readily embrace and with the less aversion study thoroughly
the remaining books of the Perfect Work which will be published
volume by volume.

¢ HAAyeBpa tng AvayEvvnong
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Ars Magna, adiepwon (1/2)
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Ars Magna, adiepwon (2/2)

* Ars Magna, tr. Witmer, p. 2

* | have considered nothing so deeply, learned Andreas, as the names
of those who, by their writings, deserve to be commended to
posterity. | have especially asked whether they combine liberal
learning with erudition. Hence, since | know that you have a far
from mediocre knowledge not only of Hebrew, Greek, and Latin
letters but also of mathematics and since, moreover, [you are] the
most humane man | have ever encountered, it seemed to me that
this, my book, could be better dedicated to no one than you by
whom it may be corrected (if my pen has gone further than the
power of my mind), read with pleasure, understood, and, indeed,
recommended authoritatively. ...

e ..Farewell. Pavia, the 5th of the Ides of January, 1545.

¢ HAAyeBpa tng AvayEvvnong 24




Ars Magna, Osiander (1/4)

 Andreas Osiander (19 December 1498 — 17 October
1552) was a German Lutheran theologian.

* De revolutionibus orbium coelestium (On the
Revolutions of the Heavenly Spheres) is the seminal
work on the heliocentric theory of
the Renaissance astronomer Nicolaus
Copernicus (1473—1543). The book, first printed in
1543 in Nuremberg, Holy Roman Empire, offered an
alternative model of the universe
to Ptolemy's geocentric system, which had been widely
accepted since ancient times.
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Ars Magna, Osiander (2/4)

* Rheticus left Nirnberg to take up his post as professor
in Leipzig. The Lutheran preacher Andreas Osiander
had taken over the task of supervising the printing and
publication. In an effort to reduce the controversial
impact of the book, Osiander added his own unsigned
letter (titled Ad lectorem de hypothesibu huius operis)
printed in front of Copernicus' preface which was a
dedicatory letter to Pope Paul Ill and which kept the
title "Praefatio authoris" (to acknowledge that the
unsigned letter was not by the book's author).

e Osiander's letter stated that Copernius' system was
mathematics intended to aid computation and not an
attempt to declare literal truth:

h @‘ H AAyeBpa tng AvayEvvnong
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Ars Magna, Osiander (3/4)

* itis the duty of an astronomer to compose the history of the celestial
motions through careful and expert study.

* Then he must conceive and devise the causes of these motions or
hypotheses about them. Since he cannot in any way attain to the true
causes, he will adopt whatever suppositions enable the motions to be
computed correctly ...

* The present author has performed both these duties excellently. For these
hypotheses need not be true nor even probable. On the contrary, if they
provide a calculus consistent with the observations, that alone is enough

* For this art, it is quite clear, is completely and absolutely ignorant of the
causes of the apparent [movement of the heavens]. And if any causes are
devised by the imagination, as indeed very many are, they are not put
forward to convince anyone that they are true, but merely to provide a
reliable basis for computation.

H AAyeBpa tng AvayEvvnong 27




Ars Magna, Osiander (4/4)

 However, since different hypotheses are sometimes
offered for one and the same ... the astronomer will
take as his first choice that hypothesis which is the
easiest to grasp.

 The philosopher will perhaps rather seek the
semblance of the truth. But neither of them will
understand or state anything certain, unless it has been
divinely revealed to him ...

* Let no one expect anything certain from astronomy,
which cannot furnish it, lest he accept as the truth
ideas conceived for another purpose, and depart this
study a greater fool than when he entered.

" “@‘ H AAyeBpa tng Avayévvnong 28



Ars Magna. Preface, Ore.

* Ars Magna, tr. Witmer, p. vii, Preface by Oystein Ore,
New Haven, Connecticut, July, 1968

* |t has often been pointed out that three of the greatest
masterpieces of science created during the
Rinascimento appeared in print almost simultaneously:
Copernicus, De Revolutionibus Orbium Coelestium
(1543) ; Vesalius, De Fabrica Humani Corporis (1543),
and finally Girolamo Cardano, Artis Magnae Sive de
Regulis Algebraicis (1545).

e OXOALOOUOC TOU pthooodLkol {nTAHATOoC: saving the
phenomena, cwlelv Ta Ppalvopeva
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Ars Magna, Archimedes translation

e http://www.historyofinformation.com/expand
ed.php?id=328, Survival of the Works of
Archimedes.

* The key event, however, in the further spread
of Archimedes was the aforementioned editio
princeps of the Greek text with the
accompanying Latin translation of James of
Cremona at Basel in 1544 ..." Clagett, op. cit.,
228-229).
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Ars Magna, Commandino

Frederico Commandino, (1506 - 1575 )

It would appear that Commandino was never that enthusiastic
about being a medical advisor. His true love was the study of the
mathematical classics and he had the mathematical knowledge, as
well as language skills, to edit and to translate these books.

Already when he lived in Rome he had begun the task of editing
Ptolemy's Planisphere and from that point on he spent the rest of
his life publishing translations (mostly Greek into Latin), with
commentaries, of the classic texts of Archimedes, Ptolemy, Euclid,
Aristarchus, Pappus, Apollonius, Eutocius, Heron and Serenus. His
first published work was an edition of Archimedes, dedicated to
his patron Cardinal Farnese, which he published in 1558.

SR .
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Ars Magna, Chapter |

 Chapter |, On Double Solutions in Certain Types of Cases

e This art originated with Mahomet the son of Moses the Arab. Leonardo
of Pisa is a trustworthy source for this statement. There remain,
moreover, four propositions of his with their demonstrations, which we
will ascribe to him in their proper places. After a long time, three
derivative propositions were added to these.

 They are of uncertain authorship, though they were placed with the
principal ones by Luca Paccioli. | have also seen another three, likewise
derived from the first, which were discovered by some unknown person.
Notwithstanding the latter are much less well known than the others, they
are really more useful, since they deal with the solution of [equations
containing] a cube, a constant, and the cube of a square.

 Abu ‘Abdallah Muhammad ibn Musa al-Khwarizmi, (780 — c. 850)
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Ars

Magna, kevtpikn tdea pac Avong

onuePNC AUKELAKNC PLAoocodLac

x>+px+q=0

¢ (s -

t3)

-t)3 —3st(s+t)-(s3 +t3) =0

Av Bpw s, t TéTola wote —3st = p kat - (s3> +

= q,

TOTE YW TNVAvon x = s + t 1!
Opwc, TOTE TA S, t LKAVOTIOLOUV
st =—p/3kaLs? +t3 =—q,n
s3t3 = —p/3 kaLsd +t3 = —q
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Ars Magna, Keviplkn LOga pLac AUoNC ONUEPLVAC
Avkelakne pthocodiac. ALSAKTIKOC OXOALAOUOC

e Inuoaoia tnc cupBoAkne AABeBpac

H AAyeBpa tng AvayEvvnong
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Meplexoueva tou Ars Magna, trl.
Witmer, p. 3

Chapter

II
111
IIII

VI
VII
VIII

Index to the Matters
Contained in this Book'

On Double Solutions in Certain Types of Cases

On the Total Number of Rules

On Solutions in Simple Cases

On the General and Particular Solutions That Follow

On Finding the Solution for Equations Composed of
Minors

On Methods for Solving New Cases

On the Transformation of Equations

On the Solution {General) for a Middle Power Equal to
the Highest Power and a Number?

IX

Xl

XII

XI11

L L L T

On a Second Unknown Quantity, Not Multiplied
On a Second Unknown Quantity, Multiplied

On the Cube and First Power Equal to the Number,
Generally

On the Cube Equal to the First Power and Number,
Generally

On the Cube and Number Equal to the First Power,
Generally

H AAyeBpa tng AvayEvvnong
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Meplexoueva touv Ars Magna, trl.

Witmer, p. 4

XIIII
XV

XVI1
AVII

XVIII

XIX

XXI

XXII

XXIII

On the Cube Equal to the Square and Number, Generally

On the Cube and Square Equal to the Number,

Generally

On the Cube and Number Equal to the Square, Generally

On the Cube, Square, and First Power Equal to the
Number, Generally

On the Cube and First Power Equal to the Square and
Number, Generally

On the Cube and Square Equal to the First Power and
Number, Generally

On the Cube Equal to the Square, First Power, and
Number, Generally

On the Cube and Number Equal to the Square and First
Power, Generally

On the Cube, First Power, and Number Equal to the
Square, Generally

On the Cube, Square, and Number Equal to the First
Power, Generally

H AAyeBpa tng AvayEvvnong
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H AAyeBpa tng AvayEvvnong

Ars Magna Ch. 11

CarveT XL
De Cubo & rebus equalibus Numero.

Crt o Ferreus Bononienfis iam an-

nis ab hinc triginta fermé capitulum
hoc inuenit , tradidit verd’ Anthonio Ma-
riz Flotido'Veneto ;' qui climin; certamen
cum Nicolao Tartalea Brixellenfe aliquan-
do veniffet; occafionem ‘dedir ; vr Nicolaus
inuenetit-& ipfe , qui cum ‘nebis ropanti-
bus tradidiffec , fupprefls demonftratione
freti hoc aux#lio, demonfiritionem quzfiui-
mus , eAmqae in modos; quod difficillimum
fuit, redaGtam fic fubiiciemus.

- DEMONSTRATIO

: T S U BT
ck latus,, fit 2, ertiw fcilicet mumerizrerum
pats, & abfcindam ¢'b, zqualem ¢ x'; di-
co, quod fiita fuerit, lineam a b refiduom,
efle zqualem g b, & ideorei &ftimationem,
nam'de ghiam fupponebatrs quodira el
fets -perﬁgci:m' igitur pe miodum primi furv-_

PU 1t
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Ars Magna, Epilogue

* Written in five years, may it last as many
thousands (omit 1570 and 1663) the end of
the great art on the rules of algebra by
Girolamo Cardano

* Printed in Nurnberg by Joh. Petreius in the
year 1545,
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Ars Magna, trl. T. Richard Witmer, p.
96 (1/3)

CHAPTER XI

On the Cube and First Power Equal
to the Number

Scipio Ferro of Bologna well-nigh thirty years ago discovered this
rule and handed it on to Antonio Maria Fior of Venice, whose contest
with Niccolo Tartaglia of Brescia gave Niccolo occasion to discover it.
He [Tartaglia] gave it to me in reponse to my entreaties, though with-
holding the demonstration. Armed with this assistance, I sought out
its demonstration in [various] forms. This was very difficult. My
version of it follows.

H AAyeBpa tng AvayEvvnong
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Ars Magna, trl. T. Richard Witmer, p.
96 (2/3)

DEMONSTRATION
For example, let GH?®
plus six times its side GH
equal 20, and let AE and
CL be two cubes the differ-
ence between which is 20
and such that the product g G E H
of AC, the side [of one], and
CK, the side [of the other],
is 2, namely one-third the
coefficient of x. Marking off
BC equal to CK, I say that,
if this is done, the remaining D L
line 4B is equal to GH and
is, therefore, the value of x,
for GH has already been A B C K
given as [equal to x].

H AAyeBpa tng AvayEvvnong
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Ars Magna, trl. T. Richard Witmer, p.
96 (3/3)

In accordance with the first proposition of the sixth chapter ot this
book, I complete the bodies DA, DC, DE, and DF; and as DC repre-
sents BC3, so DF represents AB3® DA represents 3(BC x AB?) and

H AAyeBpa tng AvayEvvnong
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Ars Magna, trl. T. Richard Witmer, p.
97 (1/2)

Cube and First Power Equal to Number 97

DE represents 3(AB x BC?).' Since, therefore, AC x CK equals 2,
AC x 3CK will equal 6, the coefficient of x ; therefore AB x 3(AC x CK)
makes 6x or 6AB,2 wherefore three times the product of AB, BC, and
AC is 6AB. Now the difference between AC?® and CK?® — manifesting
itself as BC3, which is equal to this by supposition — is 20, and from
the first proposition of the sixth chapter is the sum of the bodies DA,

DE, and DF. Therefore these three bodies equal 20.

a5 ) ,
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Ars Magna, trl. T. Richard Witmer, p.
97 (2/2)

Now assume that BC is negative:
AB3® = AC® + 3(AC x CB?) + (—BC3) + 3(—BC x AC?),

by that demonstration. The difference between 3(BC x AC?) and
3(AC x BC?), however, is [three times] the product of 4B, BC, and

25 H AAyeBpa tng Avayévwnong
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—eKwvape ano eélowon x3 +cx =d

7 7 o 7 7

get Cardano’s formula for this case:

=) 5 ) -

Cardano proved his result by a geometric argument involving cubes applied to a specific
example. The essence of his proof can be seen more easily through the following algebraic
argument: If x = u — v, where w3 — v3=d and 33 = (%)3, then

x3+cx=(u—v)3—|—c(u—v)

=u’ = 3u’v +3uv® — v + 3uv(u — v)

=’ — v} = Buv(u — v) + 3uv(u — v)

=d.

To clarify his rule, Cardano presented the example x> + 6x = 20. The formula tells us, since
¢ =2and § = 10, that

H AAyeBpa tng AvayEvvnong




[ott bev amedelée otL to 2 lval pida?

xzi/«/l_()S—l—IO— i/«/W—lo.

(In this formula, the square and cube root symbols as well as the operation symbols are
modern. Cardano himself wrote thisas St v: cubX 108 p: 10 m : R v: cub R 108 m : 10.)
There 1s an obvious question about the answer given here. It is clear to us that the solution
to the equation x> + 6x = 20 is x = 2. The answer given by the formula is in fact equal to
2, but that is certainly not evident. Cardano himself noted this a few pages later, but did not
show how to transform the answer given by the formula into the value 2.
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Mia tpaypotiknn SUo ULYoOLKEC PLLEC

e — e —— e I —

<
><'3_(, L% =%X-= B+ GCX’i) =
(%-2) (xZJr vx+4) + 6 Cx-ﬁ):(x/ﬁ) (XZfQXHO)

apa O P’ﬁ& e U 9,) —'QJI/'B’

4 H AlyeBpa tng Avayévvnong
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Euler, Elements of Algebra, Ch. 7, art.
744 (1/2)

CHAP., XII. OF ALGEBRA. 265

744, 1t often happens, however, that though such an
equation has a rational root, that root cannot Ee found by
the rule which we are now considering.

Let there be given the equation z*=6z 440, in which
x=4% is one of the roots. We have here f =6 and g=40;
farther, g*=1600, and -% f*=32; so that

——‘*?f3=]aﬂﬁ and /(g° ﬁﬁ]_qlﬁﬁﬁ_—”...
J 1[141] 4,49 .2)=28,/2; consequently one of the roots
will be

m=$(4ﬂ+§8¢2)+ﬂ(4ﬂ—§ﬁqﬁ)nr

H AAyeBpa tng AvayEvvnong



Euler, Elements of Algebra, Ch. 7, art.

744 (2/2)

" = 7 LY 3 F 4
r=3%(20+14/2) +3/ (20—14./2);
which quantty is really =4, although, upon inspection, we

20+ 14 /2, we have, reciprocally, the cube root of 20+
14./2 equal to 24 /2; in the same manner, /(20—
14 /2)=2 — /2; wherefore our root =24 /2 +

22— /2=4%

= N o S B ) LI L

1 1 °* i 1 | i *a 1

should not suppose it. In fact, the cube of 2+ /2 being

H AAyeBpa tng AvayEvvnong
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[MpOoyUOTIKOL LECW HULYAOIKWV!
x3 = 6x + 40, pilloo4

Similarly, in the chapter “On the Cube Equal to the Thing and Number,” that is, x° =

cx + d, Cardano presented and proved a rule differing little from his rule for cube and thing
equal to number:

N ORCENEONGE

After presenting as examples the equations x° = 6x + 40 and x* = 6x + 6, he noted the
difficulty here if (%)3 > (%)2. In that case, one could not take the square root. To circumvent
the difficulty, Cardano described other methods for special cases. As we will see later, it was
Rafael Bombelli who showed how to deal with the square roots of negative numbers in the
Cardano formula.
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«Z0yxpovn» dlaxeiplon eélowoswv Babuou 3
2. I. Manootavpidng, Eloaywyn otnv cuyxpovn
AlyveBpa kal TLc epappoyeC Ttne, Topoc B



Elcaywyn otnv cuyxpovn AAyeBpa Ko
TIC edpappoyeC TNG, Topoc B, oeA. 85

A.7.EEITQZEIZ TPITOY... - -85~

A.7.EEIZQZEIZ TPITOY BA®MOY

ITO HEPdAaLo avtd da Sodue mwg PBplonovue tTLg plleg evédg
ToLToR&ASULOL ToALwVOLOL. H Sewpla upag elval SLaTumouévn yLo
TMoAvdVLUA LE TTPpayuaTLroUS nal MLyYodLrolg IZUVTEAECTES, QAAQ
LoxVEL YLa uLo evplTEPN HATNYOPLA ZWUATWV. .

2To uepdiaro avtd, R elvatL oL Ipayuatiuol aptduol uat

c elvaoL oL Miyadiuol aptduol. 'ta Ta R,C, 6exduoote OTL LOYXV-

OUV TA TIOPAUATW Sewpnuata.

H AAyeBpa tng AvayEvvnong




«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBuou 3 (1/4)

A.7.1.8empnua. To R elvatl Iphua pe Aivdtagn, omov, yia

udde aer, a>0, vndpxouvv B,YER, WOTE

62=a, Y3=0L-
(Znuelwon. AnAadh, ud9e 9eTLud otoLxelo Tou R, €XEL ULA TOULAG-

XLOTOV "Tetpaywvinh PlTa" (Square Root), AL HLO TOLVAAXLOTOV

"RuBiuny PLTa" (Cubic Root)).

A.7.2.0e0pnua. TI'ta ndde oaeC, vndpxeL YeC,

Y3=CX..

£TOL OOTE

(Znuefwon. AnAadh, UAde MLyadiudc apLIUdg €XEL ULLA TOUAAXLOTOV

Miryaduiury KuBiun PLTa) .

To Tapandve Gswpruato anodetxviovrtal o BiLBAla Madnuatiung

Avalvong.

H AAyeBpa tng AvayEvvnong




«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBuou 3 (2/4)

Ipocoxr. 'OAc Ta TOAUMVLUA TOU KEPAAALOL ALTOU EXOLV
MoayRaTLUOoOS N MLYadinolC CUVTEAECTEC.
2TO HEEAAALO aLuTO, JewPoVLUE TO IMOALOVLULO

AT 3. Elx)=6+vxiBxtax"

e a#0. Iuomdg uag
elvalL va Bpovue tTOMouvg yia TLg plleg touv £. Ta a,B,Y,5, elval
lMpayuatixrol 1N Miryadiuol.

OEWPOVUE TO TIOAUVWVULUO, f(x-é%). Kavovtag TiLg mMPdEeLg,

H AAyeBpa tng AvayEvvnong

54



«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpuov 3, oeA. 86

_86_

Bplonouvpe OTL f(x—§%)=ax3+rx+A

bnov, T=p2/3a2-28/3a+y), 8=(-8/27a°+8%/9a%-B/3a+6).

E(vatL apretd va Bpodue tTLg pLTEC TOUL: f(x-§% ), S5LéTL av

X X5 %5, elvar oL plTegc TOUL f(x—é% b rérs

-2y, @), ;=) elval ou pileg Tov £(x),
(Pvaet ). To f(x—f%) eflval aniovotepo and to £ (x), SLOTL
Sev €xel SeLTEPORASULO SUVTEAECTH. ONdTE TEALUA, EXOULUE VO

Bpoolue TLSg PLTEC TOU TMOALWVOUOUL.
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBuou 3 (3/4)

A.7.4. g(x)=i'f(x'§%)=9<3+9x+q, 4mov p=§' q=§.

A.7.5. OpLoudgc. ‘EOTO Q;/P5sP3 elvalL pllec evédg mo-

Avwvdupov £, Tpltou Ba&uoé; Téte opllovue

AE)=( (p,=p,) (p,=p5) (P5=0;)) %
To A(f) ovoudletar Arauplvouoa (Discriminant) Tou TMOALWVO~
wov £f.

OplTovue, A=-4p3—27q2. AnodeiLuvdetar &t  A=A(g},
(BAéne "Aounon A.7.5.).

Me to ovupoio -3A, evvoolue €vav uLyadiud apLdud

mou €xel TNV LéLdTNTA (V=34 )2 = = FN

H AAyeBpa tng Avayévvnong




«To cUBoAo -3A», To 0pBOV €lval n
plla Tou

duoLud, CLVIHIdWE LTEPXOLV 8VO uLYaSLuol aPLIUOL TOV VA EXOLV
aprﬁ Tnv LéLdtnTa, (BAéne ‘Aounon A.7.2.) To oVuBoOAO -3A ,
SnAGVEL TOV évav and avTtolg, TOoU TOV SLAAEYOUUE en’ anaE yia
1o ueEdiatro avtd. TTNV ocuvéxeiLa oplToLNE TLG TMOOOTNTEG

A= ?rq¥§\r_*— : naL

B=-2lg -2\ -3a.

N

Kdvovtac tie mpdEerg elvar eduoro va 84§ unavelc OTL

A.7.6.Afuppa. Elvai, A- B--—33;p3

To TEONYOVUEVO ANuua pag Seiyvel OTL UMOPOVUE VA KAVOUUE

H AAyeBpa tng AvayEvvnong
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 87

A.7.EEIZQZEIZ TPITOY...

uLa ETMLAOYH TLUOV YLa Ta

MTOU UTIAPXOLV YLO KADE uLa.

walalov elval

1 e

emLAOYH HUBLUOV pLTdv, (BAEme "Aounon BT 6% Y4
L 3 3
Wa, B ove (A )-(YB)=-3
(dvoLud Sa elvar ( %}A )3=A ;7o | P ¢ %rg')3=B). Kdvouvue AoLmdv

%IK wat Y B amd tic TEElS TLMEC

To UOPLO O'U'LLTtéOClO"I.LG. aUTOU TOUL UE-

H AAyeBpa tng AvayEvvnong
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, tumot twv puwv

A.7.7.0cmpnua. (TOmMoL ToL Cardano) .

x3+PX+q

éyelL Tic €Enc pllec:

Ed

»%

(Znu.

"

Wi W= W+

( ¥2 +\B)

(w.3 A +w2-%J§ )

ot

N

3 3

(wz- A +w:\ B )

w

® €Cval uLe uryadiun wuBuuy plla touv 1.

e A S T

TO TIOAVWVULO

(BAETE

"Aounon

H AAyeBpa tng AvayEvvnong
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBuou 3 (4/4)

AndSeLEn. Apnel va anodeLxdovv oL oxéoeig, (Tomor Vieta),

x1+x2+x3=0

X Xy XX+ X X, =P
g s =
ALTS amodeLuviovTal xdvoviag TLe TEAEelg. Mpdyuatl

1 2 3 2 3
x1+x2+x3=§ (1+0+w™) - \fl_’; +(1+w+w”) -« \/’5 =0,

oTnV CULVEXELQ
x1x2+x2x3+x3x1=xl(x2+x3)+x2x3
2
=~x1+x2x3

=L B 2 V- B ) ¢
(YR - B+ Y2 - YB+> (VB 2+ (B H)
=-?2)-(-3p) +-3-(w2+w) - (=3p)

=P

H AAyeBpa tng Avayévvnong




«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpuov 3, oeA. 88

-88~

TEAOC
e | 25 3 3 SiE = 3 3 I3
X 4X 5X 3= 5500 ( A + \]—g) ( A +w \/—E ) A +m \}—B‘)

= (atBt(@%or1) A B ) 2Pty - 3B (YA)?)

1
A

1
=55 (-27q)

o

H AAyeBpa tng AvayEvvnong
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBuou 3, oxoAloopoc (1/2)

Inuelwon. IIOAAEC WOPEC OTA MadnTLUA, SLOTLXOC, N AVAYHN TING
anpLBoroylagc maL avotnedInTag YLVETOL aLTLO VO UPULOTH N HEV—
ToLU LE&Ea pLog anddeLEng. H mponyoduevn anddeLEn eslvatr €va
TETOLO TOPASELYHO. 60 CUUTMANPWOOULUE AVTO TO KHEVO UE UEPLUA
oxdAra mouv da aroiouvdiocouvv. H Alon tng eElowong telTtouv Baduovd
SNUOCLEVINUE YLO TPOTN @opd oTo olyypappa Ars Magna (1545) tou
G.Cardano (1501-1576). H xevrpirn 18€a Btav n Sedpnon Tng TAL-
TéTNTAC

(s+t) >-3st (s+t)- (s3+t>)=0.
Ac ovyuplvovpe Tnv napandve tTavToTnTa, UE TNV eElowon mouv €-
XOUULE Vva AVCOUUE

>y x3+px+q=0

H AAyeBpa tng AvayEvvnong




«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBuou 3, oxoAloopoc (2/2)

BAEtovpE ATL av uUnopoLUE va Bpolue apLduolec S umat t dote

st=—%p naL S3+t3=-q,

téte 0o s+t elvar Adon Tng TeLToBdduLagc eElowong. To mnapand-
vw obotnua, odnyel oTo
C o | R e

: ” 3
ondte ,0mwg elvalr yvwotd unat and to NupvdoLo, TA S

,t3 elval
ptlec tng SevtepoBddurag eElowong
2
y“+Py-g=0

Tnv onola AVvouvpe. OVOLACTLUA, aLTH TNV anddeLEn Sdoaupe, uaL

H AAyeBpa tng AvayEvvnong

63



«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 89

A.7.EEIZQSEIX TPTETOY v o s -89-
otnv JY€on Twv s3,t3 noav Ta f% - %%

H enduevn mpdtaon xapanwtnellel Tnv noLdTnTa TWV PLThv
TOU TMOALWVOUOL g,

A.7.8.0c0pnua. 'Eotw ATL TO g €XEL TMPAYUATLHOUC OCUVTE-

AeoTé€g. Tédte Loyxdouv
() —Av: -AZ0, TéTe To g EXEL TPelg dvioceg plleg, mov
elVaL N ULO TPAYHATLKA uat oL dAAec 800 €lval uLyaduueg ocvluyelg.
(B) Av A=0, téte dAeg oL pllec ToOUL g elVvalL TPAYUATLHEC
nat uLa and avtég elvalL TOAAATAN.

(Y) Av A>0 téTe TO g éxeL TEelC TMPAYHATLHEC StaneunpLug-

veg pllecg.

H AAyeBpa tng AvayEvvnong




YrievOupon:
«To cUPoAo -3A», To 0pOOV €lval n pila Tou

duvoLud, cvvidwg vndpxouvv Suvo pLyadinol apLduol TOU va EYXOUV
avth TNV L&LédTnTa, (BAéme ‘Aownon A.7.2.) To oLuBOAO -3A ,
SNAGVEL TOV Evav and avtolg, TOU TOV SLAAEYOULE e Anag yira

10 UEQPAAGLO aUTSO. ZTNV CUVEXELQ oplLlovue TLG MecdTNTEC

A:—%;q+%\)-3A ‘ UL
27, 3

B=--7q 5 -3A.

Kévovtac tLe mpedEerg elvatr edunoro va 89 unavelg OTL

A.7.6.Afppa. Elvac, A-B=-—33p3

To mponyovuevo Afpuc pag dcilyxvel OTL UNOPOVUE VA KAVOUUE

H AAyeBpa tng AvayEvvnong




YrtevOupion

A.7.7.8edpnue. (TOmotL tTov Cardano). To TIOAVOVULLO

x3+PX+q

éyxer TLe €Enc pllec:

LYz +\B)

1
3
L
3

Lt UK soon

3 B)

(

® €lval pLa pLryadiun nuBuuy plla touv 1. (BLETE

(Znu.
N s Sy 1 &

"Aounom

H AAyeBpa tng AvayEvvnong
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Yrievlupion: «Zuyxpovn» dlaxeiplon
eélowoewv Babpou 3, oeA. 89

To mMEONYOVUEVO JedPNuUa EMLONUALVEL ULO neplepyn uatdoto-~
on. AnAadr, Stav A>0, evd elvar OSiec ov pllec TIOAYUATLKEC
EV TOUTOLE QUTEC euwoaviZovTal ue TOMoug Touv €xouv eEaywyég
PpLCwv eml uLyadiudv apLtdudv, Twv A xoL B. Ac TO 60UVULE HAAAL-
TEPQA AUTO Ot €va TAPASELYUX.

A.7.9.Mapdderypa. Na Audel n eElswon

o = eie=p

H AlyeBpa tng Avayévvnong
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Napadeypa kot Avon (1/4)

A.7.9.Mapdberyua. Na Audel n eElswon

»x3-7x+6=0

-90~-

Abon. Av EexdGoouvue, TEOC oTLYufv, TOug TUTMOULG ToL BpPrKa-
IE OTO WORMATL QUTO, WMOPOUUE VA 8O% L UGOOULE Vo BPOVUE TLG PNTEGS
Moewe Tne eElowong avtig, av Bepata UTAEXOUY, XOENOLUOTOLMVTOG
v 1€9080 TOL OTOBE LKVUE TAL amd v ‘Aownon A.5.9. TétE PAE-
movue OTL N mopandve €Elowon EXEL olTec toug apLduovg 1,2,-3.
Ac Sodue Aolmdv thoa, Tu Sa uoag Sdoouvv ol TOMOL TOV TIAPATAVEL

SewORUATOC. ITO TOPASELYUQ HAG, EXOULE p=-7 waL =6, OMOTE

1=400 war A=-81+303 i, B=-81-30\3 i
3 —

H AAyeBpa tng Avayévvnong




MNapadeypa kat Avon (2/4)

O™ VU 7mNAT IF A T 7

T

3
ondTE MPOUVUNTEL TO epdTtnua: Ti elvat TO %(X =\Jk—81-30V§--i
Kot Twe odnyovueda otig plleg 1,2,-3 and Toug TUTMOUG TOU TAPA—

dve Sewpnuatoc. H amdvinon elvat amin uot QATMOYONTEVTLUN:

Aev uvndpxeL TEdmog va "Soldue" TLS PLLES 1,2,-3 upéoa and TOLC
MOAGTIAOKOUC TUMOUC TOU JEWPNUATOS UOC. BéRaLa oL TUMOL TOL JE-—
woruatog avtod &lvouvv TLg plleg 1,2,-3, aild LECW TOAULTIAOKWV

enepdoewv €EQYWYNC HUBLUAOV pLThY eml ULYASLUAOV OPLIUDY, WOTE

va unv elvat speoavég 6tL oL piLleg elval amiol anéparoL apLduol.
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Napadeypa kot Avon (3/4)

Kadodnyoduevolr and to yeyovdg OTL EEPOULLE ?6n TMoLeEg elval oL
ollec, noL TMeLPouaTLTOUEVOL ALYAKL UE optLouéveg SonLuégc TMEAEEwV,
BAénovue OTL <3+2Q§ -i)3=-81+30 3 -1

., ‘ 2
OndTE UNOPOVUE VA ETLAE EOVUE

YA =3+2\3-1 war 3B =3-2\3 -i

H AAyeBpa tng Avayévvnong
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Napadeypa kat Avon (4/4)

ondTe oL TUTMOL TOoL Jewpruaroc 3 étvouv_
0 35 )=
xl_3( A + B )=2

(rtal pvouvue w=li¥§:;i
—1.2 3 3 — 2
x3—3(w A +w \’B )==3

To 9¢ua elvatr OTL, ©OACAUE OTLG ol TEC TOU MOALWVUULOU UOC, HECW

H AAyeBpa tng AvayEvvnong
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 91 (1/3)

A.7.EE8IZQZEIZ TPITOY... o Bl

Ty TOMWYV Tou dewpiuatog HAg BaoLTéuevoL otnv Siralodnon wal
GTnV MOAN uag ToYXn. To yeyovoég OTL oL TUMOL TOUL Cardano uog
S{VoUV TLC TEAYUATLHUES AVOELC TpLTORASULOV EELOWOEWS UECW

OV Tou eugavilouv KLBLUA pLTiLunéd emdl ULYAS LUGOV apLSPDV ,

e9ewERIM PEYAAO UELOVEXTNUA TNV emoxi exelvn yia 800 Adyoug:
Tpowtov: OL OnoL - autol Aoav TmAgov, TOAL ALYO YPioLUOL YLa TLG
e@aPNOYES (TmM.X. ToLYWVORETPLA) . AEVUTEPOV UL ®OpLOV, OL uadn-
paTtLrol TOou 16°° aidva moAd Alyn mioTn €ixav GTOULG pLyodLuote
apLduove. "EyLvav TPOOTASELES VA Bpedo0V &AAOL TOMOL TOUL VA

unv €yxovv autd TO pELOVERTNLA, Sniadh va UTOPOVV VA EXPOATOUV

H AlyeBpa tng Avayévvnong
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 91 (2/3)

TiLc mpayupatireéc PpLTES ueow AAYEBPLUOV nedEev noL EEAYWYRDV

oLTdV enl TEAYUATLUOV cpLdudv. OL TPooTAdELEC QUTEC OTETUXAV

wat ofhuepo Eépouvue OTL NTAV poLrpalo va anoTiXoLV SLOTL TETOLOL
ool 8ev umdpyxouvv. H anddelEn QUTOU TOU TEAYUATOC XPELALETAL
Alyo . mpoxwenuévn Sewpia oLUATOV Kol EE@eVYEL Twv oplwv QUTOU
Tou BLBALOL. I'La va KATAAGBOLUE udmwe raAAlTEPQ TO TMPEOBANUA, OC
sovue To eEfg &Vo emi uépouvg mpEoBANiuaTa.

A.7.10. HOpdBinua. Eotw a,B noayuaTLxrol apLduol xat SE~-

ACULULE V& Bpolue MEAYUATLHOUE aplLIUoVS U, A WOTE

a+Bi=(u+Ai)3

H AlyeBpa tng Avayévvnong
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 91 (3/3)

(AnAadh, vo Bpolue TNV wuBLuf plTa pLyadiuot aptducv) . Kavovtag
AoLTidV TLC TiPpdEelg nat ota 600 uéAn Tng LodTnTag, TALOVOULUE

= =N e e

Av AoLmov elvat B#C, (n mepintwon B=0 elvat TETEPLUHEVN) , TOTE

g = 53HA3 nat SfTwvTag
3T A=A
K & ’
x=5 3 oLl OVOULE
3
u=x 23x A
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«Zuyxpovn» dlaxeiplon eELOWoEWV
BaBpou 3, oeA. 92 (1/3)

-92-

(a) x3-3ux2—3x+u=0
"Towe QUTH TN OTLYUN EXEL HAVELS TNV amaTnAn evtinwon OTL PO&-
CQUE OTO TEAOC TOU oromoU uag, S5LOTL O LMOAOYLOUOC TOL X AVA-
vyeTaL otnv Abon tpLToB&duLov egtcqug, mov uddoue va AVVOULUE
Topa pdAiig, ondte av BpoVupe TO x ULETA Sa Bpolue umar TA k .
AvoTux®he 8ev elvalL €ToL Ta mMEdyuata, SLdTL N TELTOoRASuULa eE(-
cwomn oTnVv onola uaralﬁgaue elvaL and erelvec Tov €xovv Tpelg

npayuatireég pllec uatL oL omnoleg SnuLovpyolv To MPdBAnua. ALTO,

H AAyeBpa tng AvayEvvnong
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 92 (2/3)

eE dAlov, avapevoTav 6LéfL Eépovue, (and Tnv Avdivon) OTL UASE
pLyadiude apLduds #0, €xeL Teelg nvBiLreg plleg dpa da TPETIE L
VO UTIAPXOULVY TPELC MPAYUATLHKES TLUEC TOUL x=%. Ag Sovue Onwg
EMOUPLBOC SLaTtl n €Elowon auth éxéu TPelC mpayuaxTLreg PLLlEGQ.

KAVOUUE TOV UETACYXNUHATLONO
xX=y+u
SLa va anailolyovue Tov SevtepoBdSuio dpo, ondte n e€Elowon

(a) avdyetoL oTnv

H AAyeBpa tng AvayEvvnong
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«Zuyxpovn» dlaxeiplon eELOWoEWV
BaBpou 3, oeA. 92 (3/3)

yo=3 m2+1) y=2u (u*1)=0.

H Siaxplvovoa avtig Tng TeAsvtalag csElowong elval

3.32(u2+1)2>0’

A=2
doa n (a) éxer tTpelc mpayupoatireg pllec. AnAadn, @adilog uOKMAOG.

A.7.11.0p6BAnua. Av 9 elval pra ywvia va Bpedel to oLV

6tav yvwptlTouue tO ouv 39.

(Znuelwon. IoctopLud,To TMEIRANUE avTtd €naLEe ueydio pdAo OTO
va Snutouvpyndi evdiLagepov wat va ueietnd) to SEua Tng Adong
TpLToRBadutlwy eELowocEwVY) .

Abon (;) E€pouvue and TNV TELYWVOUETPLQ

cUV39=40UV>9-30UVI.

8¢Tw x=0vvd wuaL oa=cvv3d, ondte €yxovue mpoc AVoOn TNV TELTO-
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 93 (1/2)

A.7.EEIZQIEIZ TPITOY..., - -93-

BaduLa eElowon

4x3-3x-d=0
1 x3-%x-%=0.

H eElowon avth éxer SiLauplvouoa
A=%%(l—az)>0
Ankaéﬁ,lndAL Sev €xovue YEVLHOUC "mpayuaTLrolg" TOMOUC Tov va
EXPPATOLY TO CUVY CUVAETNON TOL CULUV3S.
Ag Sovpe naL €va dAAo TaPdSELYLUO..
A.7.12.NapdSeLypa. Na Bpedodv ov plleg Tng €Elowong

Wb lreu—e=0
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 93 (2/2)

KoL Ja TMPEMEL VA YPAPOULUE

3
\/26+15{3 . WekoTe

ELéuud €d®, mopatnpolduc OtL

(2+\3 )3=26+15 3
2=\3 ) =153

"Apa., UTOPOVUE va emLALEoUuE

Ja =2+V§‘, %J§_=2—V3‘.
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeA. 94 (1/2)

-94-

Oondte ot TUMOL TOUL Cardano, S6Lvouv TLg plLleg

4 Lo ek
Simeds ot Ta e

"Apa oL plTec Tng apxiung eElowong elvat ot
x1=yl+%=3, x2=y2+%=2+i naL x3=2-i
To mapandve nmoapddetyua pag delyvetr 6t oauduo xaL oTnv
neplntwon mov dev esupavilovtal KuBLureEg plleg Miyadiuov apldudv,
andua nat TOTE, EVOEXOUEVWE, N AanAoVoTEPENn uHopdhn Twv pLldv,
elval Suvatdv, Vo pac SLaEOYEL.
Ag Solbue €va andua mapadelyuo.

A.7.13.0apddeLypa. Na Bpedolv ot plTec TOL TMOALWVOLOU,

%>-9x%+28.
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«ZUyxpovn» dLaxeiplon €ELOWOEWV
BaBpou 3, oeh. 94 (2/2)

Abon. ©a EQAPUAOCOVUE TOUC TUTMOUC TOUL Cardano. Elval

A=-4(=9)3-27-28%=-18252

Goo \3a =234, A=-27, B=-729, /A =-3, 3/B=-9. ‘apa
x.=-4, x.=2+\3i , x =2—V§i :
1 2 3
ZTnv "Aounon A.7.8. mepLYpdPETAL EVAC AAAOC TEoOTMoC AvoNng
ToLToRAduLag €Elowong, mov owelAetal otov J.Lagrange
(1736-1813), not @uoLnd, odbnyel ota (Sia anoTeAéocuaTa.
|« Agc Solue TOPA pLa AAAN mEdTAon TOoUL aPopd To £ldOC TwV

pLToOV £vog moAvwviuov telTtouv Baduol.
)
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Teloc Yrmogvotntag

EntiAvon eélowonc tpitov Babuou



Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTtaLOEVTIKOU €pyou Tou dtdbdokovta.

* To £pyo «Avoikta Akadnpaika Madnipata oto Naveniotipio ABnvwv»

EXEL XpNUaTodOTACEL LOVOo TNV avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

* To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol MpoypapaToq
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital amo tnv

Evpwnaikn Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo eBVIKoug
TTOPOUC.

EMIXEIPHZIAKO MPOrPAMMA
EKI'IAIAEYZH KAI AIA BIOY MAGHZH & Ez rIA

YNOYPIFEIO MAIAEIAX KAl BPHIKEYMATAQON

E iiko6 K 6 Tapei
SRRSO SGRImNAaT Me tn ouyxpnpatrodoétnon tn¢ EAAGadag kat tn¢ Evpwnaikig Evwong
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2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amotelel tnv €kdoon 1.0.

ggk
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>NUElwpa Avodopac

Copyright EBvikov kat Kamodiotplakov Mavemniotipwov ABnvwy,
Nanaotaupidng Ztavpoc. «lotopia Neotepwv MabBnuatikwy, H AAyveBpa tng
Avaygvvnonc». Ekdoon: 1.0. ABriva 2015. AwaBgotpo amo tn Stktuokn
SdtevBuvon: http://opencourses.uoa.gr/courses/MATH113/.
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>NUElwpa Adetodotnong

To tapov LVALKO SlatiBetal pe toug 0poug tng adeslac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] R petayevéotepn, AleBvng
‘Exkboon. E&atlpolvtal ta autoteAn €pya Tplitwy m.x. dwroypadiec, Staypappota
K.A.TT., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall e Toug
OpPOUC XPNOoNC Toug oto «XZnueiwpa Xpriong Epywv Tpitwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xpnon:

* 1ou 6ev mePAOPPAVEL AUECO 1] EUECO OLKOVOLLKO OPEAOC Ao TNV Xprion Tou €pyou, yLa
TO SlovopEa Tou €pyou Kot adelodoyo

* 1ou 6ev meplAapPaveL olkovouLKr) ouvaAlayn we npolnoBeon yla tn xpnon n npooBaocn
OTO £pyO

* 1ou 6ev nmpoomopilel oto SLavopEa Tou £pyou Kal adelod0X0 ELUECO OLKOVOULKO OPEAOC
(rt.x. Stapnuioelc) arod tnv npoPfolr Tou €pyou o SLASLKTUAKO TOTIO

O Swaovyo¢ pmopel va rapexel otov adelodoyo Eexwplotr adeLa va XpnOLLLOTIOLEL TO €pYO yLa
EUTTOPLKNA Xpnon, epocov auto tou {ntnbeLl.
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatnpnon ZNUELWHATWY

Ornoladnmnote avamapoywyn N dSlookeun Tou UALKOU Ba TtpeETmeL
va cUUTTEPLAQLUBAvVEL:

" 10 2nueilwpa Avadopadc

" 10 2nueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2nueilwpa Xpriong Epywv Tpitwv (edodoov umdpxel)

noll pe touc cuvodEUOUEVOUC UTIEPOUVOECHOUC.
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>NUelwpa Xpnong Epywv Tpltwv

To Epyo auTO KAVEL Xprjon Twv aKOAoUuBwv £pywv:
Ewkoveg/Zxnuata/Awaypappato/Dwrtoypadieg

Ewkdova 1: "ArsMagna" by JCSantos. Licensed under Public Domain via Wikimedia
Commons.

https://commons.wikimedia.org/wiki/File:ArsMagna.jpg#/media/File:ArsMagna.jpg
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