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					ΠΡΟΛΕΓΟΜΕΝΑ, 
	Θα κανουμε ισως 2 εξτρα μαθηματα
	Επαναληξις κεντρικου σημειου
«ΛΥΣΗ ΕΞΙΣΩΣΗΣ ΤΡΙΤΟΥ ΒΑΘΜΟΥ, (CARDANO)»,
	BOMBELLI , kεφαλ  28, 29, . ΠΑΛΑΙΟΤΕΡΗ ΓΡΑΦΗ ΔΥΝΑΜΕΩΝ
	ΝΕΑ ΑΛΓΕΒΡΑ, βλεπε «ΝΕΑ ALGEBRA του 16ου αιωνα», κεφαλαιο 30, 

				ΛΥΣΗ ΕΞΙΣΩΣΗΣ ΤΡΙΤΟΥ ΒΑΘΜΟΥ, (συγχρονη ΑΥΣΤΗΡΗ ΑΠΟΔΕΙΞΗ, κειμενο ΣΓΠ), 

		
		Υπαρξη κυβικης ριζας μιγαδικου
Για το θεματα των ΜΙΓΑΔΙΚΩΝ μια αναφορα είναι το
MerkourakhsSΣημειώσειςΜιγαδικής Ανάλυσης.pdf, 
Στα ΕΓΓΡΑΦΑ της eclass. 
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		ΤΥΠΟΙ CARDANO, 
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		Τα παραπανω μεταξυ αλλων μας δειχνουν ότι αν 
 οι 3 ριζες της εξισωσης είναι πραγματικες, τοτε το Δ είναι θετικος, αρα το (-3Δ)1/2 δεν υπαρχει.   
Αρα αν οι 3 ριζες της εξισωσης είναι πραγματικες, τοτε η πορεια του CARDANO δεν μπορει να τις εκφρασει Με τις τοτε γνωσεις. 
		Η «ευνοικη» περιπτωση για τον CARDANO ηταν οι συντελεστες της εξισωσης είναι πραγματικοι και Δ<0 η 0. 
Βλεπε κατωτερω, «ΣΥΓΚΕΚΡΙΜΕΝΑ ΠΑΡΑΔΕΙΓΜΑΤΑ ΛΥΣΕΩΝ τριτοβαθμιων εξισωσεων»
		ΣΧΟΛΙΟ ΤΗΣ ΑΠΟΔΕΙΞΗΣ, 
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		ΡΟΛΟΣ ΔΙΑΚΡΙΝΟΥΣΑΣ, 
[image: SGP089]

		ΠΟΙΟΤΙΚΗ ΔΙΑΦΟΡΑ ΜΕΤΑΞΥ β/θμιων και τριτο/βαθμιων Εξισωσεων
Η αναγκη υπαρξης ευρυτερου «κοσμου», για τις τριτο/βαθμιεσ Εξισωσεισ


		Αναγκη εκφρασης Πραγματικων ριζων, μεσω πραξεων επι μιγαδικων. 
	
[image: SGP090]







				ΣΥΓΚΕΚΡΙΜΕΝΑ ΠΑΡΑΔΕΙΓΜΑΤΑ ΛΥΣΕΩΝ τριτοβαθμιων εξισωσεων, 

		Ο 2 και δυο μιγαδικοι, x3 + 6x=20, einai πιο πανω, 
Βλ. CARDANO Ars Magna p. 99, 
Είναι (x-2)(x2 +2x+10)=, x3 + 6x-20, 
Η εξισωση αυτή εχει την πραγματικη ριζα 2 και δυο μιγαδικες τις ριζες του 
(x2 +2x+10), 
	(x-2)(x2 +2x+10), 
Opote oi rizes einai 2, 1+i31/2 ,  1-i31/2 ,  
	Ο ΙΕΡΩΝΥΜΟΣ ΚΑΡΔΑΝΟΣ, CardanoArsMagnaTranWitmerS p. 99, γραφει 
[image: x3 + 6x=20]

Ας δουμαι τι δινουν οι τυποι του CARDANO. 
	



ΣΓΠ Srinivasa Ramanujan, Srinivasa Ramanujan, 

Συνεχιζουμε το παραπανω
[image: C:\Users\user\dwhelper\Downloads\χχ103.jpg]
Ώστε εδώ απεδειχθη ότι αυτό του βρισκει και o CARDANO, einai ontωs h riza 2, που το ξεραμε από την αρχη.
Όμως …επρεπε να δουλεψουμε και άλλο σε «θολα» νερα !
	


			ΑΝΑΛΥΣΙΣ του ζητηματοσ
		Παρακατω το αποδεικνυουμε στην μορφη «ψαχνοντας» και δινοντας μια ιδεα για το «ψαξιμο». ΣΓΠ
[image: cardano]
ΟΥΦ !, στην τελευταια γραμμη ξεχασα το 1 στο (1-31/2 )
Επισης ξεχασα τον εκθετη 3 στο, (1-31/2 )
		ΣΧΟΛΙΟ ΣΓΠ, .
	Οι τυποι του ΙΕΡΩΝΥΜΟΥ, ενιοτε δινουν πραγματικες ριζες σε ΠΟΛΥΠΛΟΚΗ ΜΟΡΦΗ,



		Ριζες 1, 2, -3, x3 -7x+6=0

Θεωρουμε την ως ανω εξισωση. Την φτιαξαμε από το γινομενο
(x-1)(x-2)(x+3)= x3 -7x+6, ριζες 1, 2, -3.
	Κατά την ως ανω μεθοδο του CARDANO, οι ριζες περιγραφονται ως κατωτερω. 
Κανοντας τις πραξεισ 
Α=-81+30(31/2 )i, Β==-81-30(31/2 )i, 
	ΘΕΤΟΝΤΑΣ ω=(1+(31/2 )i)/2, και ξερουμε ότι ω και ω2 είναι κυβικες ριζες του 1, και φυσικα ω3 =1.
	H πορεια του CARDANO (με μεταγενεστερες βελτιωσεις), δινει τις τρεις ριζες
ρ1 =(1/3)(Α1/3 +Β1/3 )
ρ2 =(1/3)(ωΑ1/3 +ω2Β1/3 )
ρ3 =(1/3)( ω2Α1/3 +ωΒ1/3 )
	Κανοντας απλα τις πραξεις, όπως καταλαβαινουμε τους μιγαδικους σημερα, διαπιστωνουμε τις ισοτητες
((3+ 2(31/2)i)3 =A kai ((3- 2(31/2)i)3 =B
οποτε
  ρ1 = (1/3) ((3+ 2(3 1/2)i+ ((3- 2(3 1/2)i ) )=2
ρ2 =(1/3)(ωΑ1/3 +ω2Β1/3 )=1
ρ3 =(1/3)( ω2Α1/3 +ωΒ1/3 )=-3
Η ΑΠΟΔΕΙΞΗ ΤΕΛΕΙΩΣΕ, 


		πως όμως «μαντεψαμε» ?, στα νερα θολα., 

	πως όμως «μαντεψαμε» το ((3+ 2(31/2)i) και 
(3- 2(31/2)i) είναι οι κυβικες ριζες των Α και Β,  ?
		Ας δουμε πως βρισκουμε την «κυβικη» ριζα του 
Α=-81+30(31/2 )i,
Ξεκιναμε με την ελπιδα; Ότι υπαρχουν ακεραιοι α, β, ώστε
 (α + β31/2i )3 =-81+30(31/2 )i, 
Μετα από καποια αναζητηση, διαπιστωνουμε ότι τα α=3 και β=2, είναι λυσεις, και προχωρουμε με αυτές.
	Τα παραπανω λιγο-πολύ με πολυ δισταγμο ηταν το στυλ του BOMBELLI (όχι του CARDANO)
Παρεμφερει υπολογισμους κανει και ο ΚΑΤΖ p. 406.

		Η ΣΚΙΑ των ΜΙΓΑΔΙΚΩΝ, 
		CARDANO CardanoArsMagnaTranWitmerS p. 219 (242 pdf).
… The second species of negative assumption involves the square root
of a negative. I will give an example: If it should be said, Divide 10
into two parts the product of which is 30 or 40, it is clear that this case
is impossible. Nevertheless, we will work thus: We divide 10 into two
equal parts, making each 5. These we square, making 25. Subtract 40,
if you will, from the 25 thus produced, as I showed you in the chapter
on operations in the sixth 3 book, leaving a remainder of -15, the
square root of which added to or subtracted from 5 gives parts the
product of which is 40. These will be 5 + (-15)1/2  and 5 -  (-15)1/2  . ‘’’
… So progresses arithmetic subtlety (λεπτοτητα, επιδεξιοτητα), the end of which, as is said, is as refined (εκλεπτυσμένος, εξευγενισμένος), as it is useless.
[image: ]
		CARDANO CardanoArsMagnaTranWitmerS  p. 250 (274 pdf).
…250 (274 pdf) If this operation delights you, you may go ahead and inquire into this for yourself.
		ΣΧΟΛΙΟΝ ΣΓΠ. 
Ενιοτε οι τυποι του ΙΕΡΩΝΥΜΟΥ δινουν πραγματικες ριζες με πραξεις μεσω ΜΙΓΑΔΙΚΩΝ.
Εδώ εμφανιζεται συγκεκριμενα η ΠΟΙΟΤΙΚΗ ΔΙΑΦΟΡΑ μεταξυ β/βαθμιων και τριτοβαθμιων εξισωσεων
	Συγκρισης με δευτεροβαθμια εξισωση, 
ΜΕΤΑΞΥ β/θμιων και τριτο/βαθμιων Εξισωσεων
Η αναγκη υπαρξης ευρυτερου «κοσμου», για τις τριτο/βαθμιεσ Εξισωσεις. Τετοιος είναι ο κοσμος των ΜΙΓΑΔΙΚΩΝ. 
		ΜΑΘΗΜΑΤΙΚΑ ΣΥΜΠΑΝΤΑ, 
	Οι παρακατω χαρακτηρισμοι είναι μια καπως απλουστευμενη προσεγγιση
ΒΑΒΥΛΩΝΙΟΙ. Πραγματικοι ΘΕΤΙΚΟΙ
ΕΥΚΛΕΙΔΗΣ. ΓΕΩΜΕΤΡΙΚΑ ΜΕΓΕΘΗ, Κατασκευες ΚΑΝΟΝΑΣ-ΔΙΑΒΗΤΗΣ, 
ΔΙΟΦΑΝΤΟΣ, ΡΗΤΟΙ-ΘΕΤΙΚΟΙ
ΧΟΡΑΣΜΙΟΣ, Πραγματικοι ΘΕΤΙΚΟΙ
ΚΑΡΔΑΝΟΣ-ΜΠΟΜΠΕΛΙ, ΜΙΓΑΔΙΚΟΙ



					Rafael Bombelli, ΜΙΓΑΔΙΚΟΙ, ΑΛΓΕΒΡΙΚΟΙ ΣΥΜΒΟΛΙΣΜΟΙ, 

	(Rafael Bombelli (baptised on 20 January 1526; died 1572)) 

				ΜΙΓΑΔΙΚΟΙ κατα BOMBELLI, 
	
			Crossley, John N. Growing ideas of number, 
		p. 46. It is important to note that Bombelli had no clear idea of what complex numbers might be. He simply followed the rules
		https://en.wikipedia.org/wiki/Rafael_Bombelli, 
	In the book that was published in 1572, entitled Algebra, Bombelli gave a comprehensive account of the algebra known at the time. He was the first European to write down the way of performing computations with negative numbers. The following is an excerpt from the text:
"Plus times plus makes plus
Minus times minus makes plus
Plus times minus makes minus
Minus times plus makes minus
Plus 8 times plus 8 makes plus 64
Minus 5 times minus 6 makes plus 30
Minus 4 times plus 5 makes minus 20
Plus 5 times minus 4 makes minus 20"
	As was intended, Bombelli used simple language, as can be seen above, so that anybody could understand it. But at the same time, he was thorough


		ΕΡΩΤΗΜΑ: Γιατι (-)(-)=+   ?
	[image: ]


		ΣΧΟΛΙΟ, Brahmagupta
	https://en.wikipedia.org/wiki/Brahmagupta, 
	Brahmagupta (c. 598 – c. 668 CE) was an Indian mathematician and astronomer who is credited as the first person to understand and formalize the concept of the number zero for nothing in mathematics. He is the author of two early works on mathematics and astronomy: the Brāhmasphuṭasiddhānta (BSS, "correctly established doctrine of Brahma", dated 628),
	18.33. The product of a negative and a positive is negative, of two negatives positive, and of positives positive; the product of zero and a negative, of zero and a positive, or of two zeros is zero, 
	
		https://mathshistory.st-andrews.ac.uk/Biographies/Bombelli/, 
Bombelli was the first person to write down the rules for addition, subtraction and
 multiplication of complex numbers. 
He writes  as "plus of minus", και  as "minus of minus", 
and gives rules such as (see [2] or [3]):- 
	Εστω α, β πραγματικοι. Τοτε  «Plus of minus α», είναι 
Το 
	Οι κανονες του πολ/σμου είναι: 
Plus of minus times plus of minus makes minus [] 
Plus of minus times minus of minus makes plus [] 
Minus of minus times plus of minus makes plus []
Εστω  α  β πραγματικοι, οι μιγαδικοι του BOMBELLI είναι ολοι της μορφης α+. κλπ

	Crossley, John N. p. 47, είναι μια ισοδυναμη καπως διαφορετικη διατυπωσις. 
	[image: ]
	
				ΣΥΜΒΟΛΙΣΜΟΙ ΔΥΝΑΜΙΣ κλπ, κατα BOMBELLI, 
	
			ΠΑΛΑΙΟΤΕΡΗ ΓΡΑΦΗ ΔΥΝΑΜΕΩΝ, 
			KatzHistoryOfMathematics3rdS, 12.1.1. p.386 
		Algebraic Symbolism and Techniques (ΑΝΑΓΕΝΝHΣΗ), 
Algebraic Symbolism and Techniques
Recall that Islamic algebra was entirely rhetorical. There were no symbols for the unknown or
its powers nor for the operations performed on these quantities. Everything was written out in words. 
The same was generally true in the works of the early abacists and in the earlier Italian work of Leonardo of Pisa (Fibonacci).. 
Early in the fifteenth century, however, some of the abacists (Arabic numerals), began to substitute abbreviations for unknowns. For example, in place of the standard words cosa (thing), censo (square, απογραφη), cubo (cube), and radice (root), some authors used the abbreviations c, ce, cu, and R. Combinations of these abbreviations were used for higher powers. 
Thus, 
	ce di ce or ce ce stood for censo di censo,  or fourth power (x2x2); 
	ce di cu,  ce cu or cu ce, designating censo di cubo and cubo di censo, respectively, stood for fifth power (x2x3); And
	cubo di cubo, designating cu cu, stood for sixth power (x3x3). 

Η επαναληψη δηλωνε γινομενο.

	By the end of the fifteenth century, however, the naming scheme for higher powers had changed, and authors used 
ce cu or censo di cubo to designate the sixth power ((x3)2) and 
cu cu or cubo di cubo to represent the ninth power ((x3)3). 
Εδώ Η επαναληψη δηλωνε «δυναμη εις την δυναμη». 
	The fifth power was then designated as p.r. or primo relato and the seventh power as s.r. or secondo relato..etc 
	ΠΑΡΑΔΕΙΓΜΑ, 
ΔΩΔΕΚΑΤΗ ΔΥΝΑΜΙΣ. 12 είναι 4χ3 και 4 είναι 2χ2, αρα x12 =x4x3
		GLOSSARY, 
	RELATO, σχετιζομενος, συγγενης, 
	Coss was simply the German form of
the Italian cosa, or thing, the name usually given to the unknown in an algebraic equation.
Two of the most important Cossists in the first half of the sixteenth century were Christoff
Rudolff (sixteenth century) and Michael Stifel (1487–1567).
	Piu, πλεον, (+ συν)
The most important (and obvious) meaning of più is as an adjective meaning “more” 
Più bella cosa, (πιο όμορφο πράγμα),  Eros Ramazzotti 
“to pio ομορφο plasma”
https://lyricstranslate.com/el/piu-bella-cosa-pio-omorfo-pragma.html, 
	Meno, less, (-, μειον)
	
SGP, koinonikh adraneia, 
	
	
			ΔΙΑΦΟΡΟΙ ΣΥΜΒΟΛΙΣΜΟΙ του BOMBELLI, 
		https://mathshistory.st-andrews.ac.uk/Biographies/Bombelli/, 
	Finally we should make some comments on Bombelli's notation. Although authors such as Pacioli had made limited use of notation, others such as Cardan had used no symbols at all. Bombelli, however, used quite sophisticated notation. It is worth remarking that the printed version of his book uses a slightly different notation from his manuscript, and this is not really surprising for there were problems printing mathematical notation which to some extent limited the type of notation which could be used in print.
	
	Here are some examples of Bombelli's notation.
	[image: ]
	Ποιο είναι το σημαντικο σημειο ?
Ισως η εννοια του εκθετη-ΑΡΙΘΜΟΥ, στην δυναμη και στο ριζικο. 
			ΕΡΩΤΗΜΑ: ΠΟΙΑ η ΑΞΙΑ του ΑΝΩΤΕΡΩ.
Ax xAy =Ax+y , (Ax )y =Ax y, 

			ΣΧΟΛΙΑ για τον BOMBELLI, 
	https://mathshistory.st-andrews.ac.uk/Biographies/Bombelli/, 
	Despite the delay in publication, Bombelli's Algebra was a very influential work and led to Leibniz praising Bombelli saying he was an:- 
... outstanding master of the analytical art.
Jayawardene writes in [1] that in his treatment of complex numbers Bombelli:- 
... showed himself to be far ahead of his time, for his treatment was almost that followed today.
Crossley writes in [3]:- 
Thus we have an engineer, Bombelli, making practical use of complex numbers perhaps because they gave him useful results, while Cardan found the square roots of negative numbers useless. Bombelli is the first to give a treatment of any complex numbers... It is remarkable how thorough he is in his presentation of the laws of calculation of complex numbers...
It seems to be quite fair to describe Bombelli as the inventor of complex numbers. Nobody before him had given rules for working with such numbers, nor had they suggested that working with such numbers might prove useful. Dieudonné does not appear to agree with this assessment, however, for in his review of [5] and [6], he writes:- 
... imaginaries had been used long before Bombelli's book, and it is therefore not quite justified to call him the "first discoverer" of complex numbers.
I [EFR] feel that Dieudonné is wrong here as I believe he is when he writes that Bombelli's Algebra 
... did not sell very well, nor apparently did it have much influence on later developments.
I think that Bombelli's Algebra is one of the most remarkable achievements of 16th century mathematics, and he must be credited with understanding the importance of complex numbers at a time when clearly nobody else did.
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Inuelwon. MoAAéc wopéc ota MadnTiud, SuoTuxdE, N avdyun Tng
aupLBoroylag umal avotnedtntog YLveTaL artia va UPLOTH N uev-
Towuf Lééa uLac anddelEnc. H mponyoduevn anddeLEn elvar éva
TETOLO TMAPESELYUR. 80 CULNANPOOOLLE AUTS TO HEVO uE UEPLUE
oxdéAita mou Yo anoAoudhcouv. H Alon e eElowong tpltouv Baduov
SnuocLEVTNXE Yia TPOTN @opd OTO oUYyypauuo Ars Magna (1545) tou
G.Cardano (1501-1576). H xevtpLufl L6éa ATav n edpnon tng Tav-
TédTnTOag

(s+ty3-3st (s+t) - (s3+£3) =0,
Ag OUYKP(VOULE TNV Napamdve TALTATNTA, WE v eElowon mov é-
XOUUE va Aloouvue
x3+px+q=0
BAénouvpe 4TL av umopodue va, Bpodue apLduodc s uaL t dote
st=—%p nat 53+t3=-q,
T6Te 0 s+t elvalr Abon Tng TPpLToBAduLag eElowong. To mapand-
v ocbotnua, oényel oto
s3t3=-2—17- s3+t3=-q
ondte ,6nwg elval yvwotd uair and to Fvuvdoiro, ta s7,t> elval
pilec Tng SeutepoBdduLac eElowong
v +Ry-a=0

NV onola Abvouue. OvoLaotLud, avth v andSeLEn Sdoaue, uat
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3.3 A B
otnu 9on Twv s7,t7 foav Ta 5%, 33

H enduevn npdtaon xapartnpllet Tnv moidinta Twv pLidv
TOU TOALWVOUOL g.

A.7.8.6sdpnua. 'ECT®w OTL TO g €XEL TPAYUGTLUOUS CUVTE-
Aeotég. TétTE Loyxbouv

(a) Av A<0, téte To g €xeL TPelc dvioeg plleg, mouv
elvalL n uLa mpayuatikd wal ov diiec Svo elval uryadiuég ouvluyelg.

(B) Av A=0, téte SAec oL pllec Tou g elvalL TPEAYUATLHEC
uar pia and avtég elval ToAlamAn.

(Y) Av A>0 Tt6TE TO g €XEL TPelg TMpayuatLuég 5L0.‘M.EH.DL1.L¢-
veg plleg.

AndSeLEn. Av A<O TéTE Ta A Mat B elval GviooL TPAYMHATL-
wol apLduol. To ovunépacuc Byalvel and Toug TUMOULC TOL TEONYOU-—
pevou Sewphuatog naL tTnv ‘Aounon A.7.5.

(B) Elvar ednoro

(y) Av A>0 t6TEe 9o elvar p<0 uat ta A,B elvaL &vioot
ovluyelg utyadinol. Ondte TO %JZ B 3[B sa etvar dvicoL ou-
Tuyelg uryadiuol (Crati;). KaL To ouunépacuo EMeTat €VKOAQ.

. H ovouacla Aiaxpivouoa, yiLa TOo A, TPonAde awplLBwg and
To YEYOVSS OTL N A xapautnplletr to eldog Twv pLldv tng eElow-
ong. g

To nponyoVuevo dempnua entonualvel uLa neplepyn watdoto-
on. AnAadh, étav A>0, evd elvalr OSAeg oL plLEC TMPAYUATLUES
ev ToVTOoLg autég eupavilovtal ue tTVMoug mou éxouv eEaywyég
ptTodv enl uLyadiudv apLdudv, Tev A nat B. Agc To SOUVUE HAAAL-
TEPQ AUTO O éva TapPddelyua.

A.7.9.Mapdberypa. Na Auvdel n eElswon

x3—7x+6=0
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AYon. Av Eexdoouue, mpoc oTLywdiv, Toug TUmoOug Tou PBerina-
UE OTO KOUUATL aUTS, UNOPOUUE VO SOKLUACOULE Vo BPOVUE TLC PNTEC
AboeLg Tng eElowong avthc, av BéRaiLa LTAPXOUV, XPNOLUOTOLWVTAC
v uédoso mou amnodeinvietal ond Tnv "Aounon A.5.9. TOTE BAE-
novue 4TL n mapandve €Eflowon €xetr plleg toug apLduovg 1,2,-3.
Ac SoUpe Aolmdv Tdpa, TL 90 pog Sdoouv oL TOMOL TOU TMAPATAVW®
Sewprinatoc. ITO MAPASELYUO UAC, EXOLUE p=-7 naL g=6, omndte
A=400 uou A=-81+30\3 -i, B=-81-30\3 -i

3
ondTE TMEOWVNTEL TO EPGTNUA: TL elval To %(X =V -81-30(3 -i

Kal mwg oényolueda otig pileg 1,2,-3 and Toug TUMOUG TOL mMaAPA-
ndve dewpiuatog. H andvinon elval anif xol anoyonTteuvTiun:
Aev unidpxet TEOMOg va. "&olue" tig pllec 1,2,-3 uéoa and ToUC
noA¥nAokoug TUMOULC TOU JEWPHUATOC MHag. BéBaia oL TdMOL Tou Je-
wpriuatog avtod &lvouv Tig plTec 1,2,-3, AAAL PECW TOALTIAOHWY
EUPPAOEWY EEAYWYHC KUBLUGOV PLTdV el ULYASLUOV aplLdudv, KOTE
va unv elvatr eugavéc 6tL ou pllec elvar antol auépaiol aptduol.
KadoényolbuevoL and 1o yeyovdg &tL Eépoune 116n morég elval oi
plTeg, naL meLpapatiTOuevoL ALydul ue optopéveg Souluég mpdEewv,
BAénovpe 6Tt (3+2\3 -1)3=-g1+30\3 -i
OWBTE unopoVue va emntAédEovue

Y7 =3+2\31 war B =3-2\3 -i

Ondte oL TOMOL Tou dewpiuatog 3 Slvouv
it 3 3 =
x=t( Yx+ V5)=2
e e 3 23 o
xz_i(m \}A + \}B )=1

(ma.l pvovue w=li¥§;—£

il 5 )-- ~
x3-3(m A +o B )=-3

To 8¢pa elvat &1L, @ddoaue oTLg PLTEC TOU MOALWVOLOL HAC, UECW
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Cube 2, one-third of 6, making 8; square 10, one-half the constant;
100 results. Add 100 and 8, making 108, the square root of which is
V/108. This you will duplicate: to one add 10, one-half the constant,
and from the other subtract the same. Thus you will obtain the
binomium V108 + 10 and its apotome V'I08 — 10. Take the cube
roots of these, Subtract [the cube root of the] apotome from that of the
binomium and you will have the value of x:

For example,

VVI08 + 100 — V VI
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Bombelli’s rules for addition and subtraction are simple and obvious: like goes with
like. His rules for multiplication are as follows:

Plus of minus times plus of minus makes minus [+ Ve 4+ /= = ,]
Plus of minus times minus of minus makes plus [+/=. =vV==4]
Minus of minus times plus of minus makes plus [,

Minus of minus times minus of minus makes minus [, Ve === ,]

Figure 4.1. Bombelli's rules for multiplication of imaginary numbers
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A.7.EEIZQTEIX TPITOY BABMOY

ITo nepdAaLo avtd da Sovue nwc Bplowovpe TLg PLlEC evdg
TPLTORGSULOL ToALwVONOU. H Sewpla pag eivail Siatunwuévn yia
noAvGVLLA HE TpaypoaTLKovS nat Muyadiwoldg TuvieAeoTég, aAld
LoYVEL YLO pLa eUPVTEPN xatnyopla ZWUATGV. ‘

£T0 HEPAAaLO auTd, R elval oL Ipayuatikol aptduol uat
C elvaL 6L Miuyasiuol opLSuot. I'ta ta R,C, 6exduaoTe 6TL LOXU-
ouV Ta TaPAKATY JewpfuaTa.

A.7.1.8cdpnua. To R elvaL Ifhua ue AldtagEn, omovu, yLa
udde aeR, a>0, undpxouv B,YER, GOTE

BZ=0., Y3=a.
(Enuelwon. AnAadh, udde deTind oTOLXELO TOL R, €XEL HLQ TOUVAG-
XLOTOV "Tetpaywvirh PLTa" (Square Root), oL ULA TOLAGXLOTOV
"KuBiufy PiZa" (Cubic Root)).
A.7.2.8empnpa. Tia udde aeC, undpxeL. YEC, ¢€ToL OOTE
Y3=o..
(Znuelwon. Aniadh, udde MuLyadiudg apLdudc €XeL uLa TOUAAYXLOTOV
MiuyaSuui KuBuuh P(CTa).

Ta mapandve Bewpiuata amodeilrvdovtal o BiLBAla Madnuatiung
AvdAuvong.

TIpogoxri. ‘OAa Ta ToALGVLLO, TOU UEPAAAlOU auTol €xouv
MpayuaTtLrode f MLyYaduuols CUVTEAECTEG.

TTo ®e@dAaLo avtd, SeEwPoVUE TO ﬁolud)vuuo

3 pe a#0. Iuondg uag

A.7.3. £(x)=6+yx+Bxtax
elval va BpoGue tovmoug yia Tig pileg Tou f. Ta a,B,Y,5, €lval
Opayuatikol 1B Miyadiuol.

BEWPOVUE TO TOAVMVUUO, f(x-%) % Kdvovtag TLe mpdEelg,
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Bplonouvue OtTL £ (x-é%) =0.x3+I‘X:+A

énov, r=p?/3a2-28/3a+y), A=(-83/27a3+82/902-B/3a+5) .

Elvat apretd va Bpolue TiLg plleg Tou- f(x—% ), 8L6TL av
ek

XXy Xq, elvaLr oL pllegc Ttou f(x—3a )ir Tére
(xl-%)' (xz-%), (x3—35—a elvat oL pllegc tou £ (%),

(Fiatl;). To f(x-%) elvaL anlovotepo and to £ (x), SLdTL
8ev €xelL SeLTEPOPBAIULO GUVTEAECTH. ONSTE TEALUd, €XOUME va
Bpodue tTLg PLllEC TOU MOALWVOUOU.

B

A.7.4. g(x)=éf(x—3-a—)=x3+px+q, ) p:&, q=§,

A.7.5. Opioudg. ‘ECT® 0;,0,,03 €lvaL pileg evég mo-
Avwvouou £, tpltou Bc.efuox').» Téte opllouue

A(f)=((p;-p,) (Py=P3) (p3-pl))2.
To A(f) ovoudZetar Araupivouvoa (Discriminant) TOU TOALVWVO-
wov f.

OplCouue, A=—4p3-27q2. AnodeiLuvietal 6tL  A=A(g),
(BAéne ‘Aounon A.7.5.).

Me to olbuBoio \(\-—3{8\)\)001’)115 évav  uryadiud apLdud
nou €xeL Tnv L&LéTnTA (V32 )2 = = 3A,
duoLud, ouviidwg uvndpxouv Suo uLyadiuol apLduol mouv va. €xouv
avth TNV L&LétnTa, (BAéne ‘Aownon A.7.2.) To m’JuBvo\y’-?,/
SnAdVEL Tov €vav and autolg, mov Tov Sitaréyovue €o’dnaf yia

To EQPdAaLO avTd. EZTnV cuvéxera oplfouvue TLE MoodTNTEC

A=-277q+—g~v =-3A nai

-2 3\ Ton,

Kdvovrac tic mpdEerc elvar eVuoro va 64 uavelg btTuL

A.7.6.AMupa. Elval, A-B=—33p3

To mponyoluEVO Afuua uag SelXvel OTL UTOPOVUE Va HEAVOLUE
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enLAoyh uUBLUOY PLTOV, (BAéme ‘Aownon A.7.6.),
3 A, 3\)’1; WOTE (3\/7\‘)' (3\J_§J=—3p
(duoLud o elvar ( ifi')3=A wot V7§)3=B). Kdvouue AoLTov
ULO. EMLAOYH TLUGV YLO. TQ %IX noL %fg and TLg TPELC TLHEC
nou undpyouv Yia dde uia. To WOPLO CLUUTEPACUA AUTOU TOU KE=
@alalouv elval

A.7.7.6edpNuo.. (TOnoL tTou cardano). To TLOAVOVULO

x3+PX+q

éxeL TLg €Bfic pllec:

1 3 3

=§ VA +7\B)

1 3 23

=§ \ /B )

L 23 3
x3_3( A +0:3B)

(2nu. o elval uLa uLyadLun wuBLrl plCa Tov 1. (BAéme ‘ Aounon
A.7.4.)). ]
AndSeLEn. Apnel va amodeLxdovv oL oxéoeig, (Tomou Vieta),
x1+x2+x3=0

2+xx+xx =p

21 Za a3l

Stole!
AuTé amoSELKVOOVTAL Mdvovtag Tig TPdEeLg. TMpdywati
x PRy txgmh  (ore?) - Y +(eered) . VB =0,
oTNnV CUVEXELO
x1x2+x2x3+x3x1 X, (x +x )+x 3
=-x2+x2x3
L VB R E 2 Ya - B ) -
1 2 3 =) 4-3 3 3 3
+-9-(w \]:-\,Bﬂn Ja - B+m(\[—)+m(\r' ))
=-2(-3p)+§ (6P 40) - (-3P)

=P




