The Treasure of Polynomials
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Negatives were considered less than nothing XV1

Imaginary numbers are recognized Decartes XVII
a<0= % > % = negatives > oo Wallis  XVII
(=)(=)=+ Unclear explanation Fuler XVIII

Master use of complex numbers Gauss XIX
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X +px=q (p,q>0)

X=u+v = u3+v3+(3uv+p)(u+v)=q
Now,
3uwv+p=0 & u’+v> =g

give

3 2 3
u6—qu3—p—:O &u3=gi\/q + L
27 2

Thus,
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Scipione del Ferro 1465 —-1532
Antonio Maria Fior
Niccolo Fontana (Tartaglia) 15001577

Girolamo Cardano 1501—-1576
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' —1=(r-g)lr-g2) - (x—g7)

) (27zkj . (27zkj
¢* =cos| —— |+isin|
n n

where

(cos(27£ / n), sin(27[ / n))
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wo( ) E>(D2
F+vi)=+vi)* +@+vi)’ +@+vi)* +@+vi)+1
6™+ 4 30 v
+[4y — 4y #3020 =03+ 2uv +v)i
= Re(u,v) + Im(u, v)i

So, it will be enough if Re(u,v)=1Im(u,v)=0
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1.0 1
0.31+0.95;
y 0.5+
—0.814+0.59;
- i.o —6.5 0] 0.'5 1.'0
X
—0.81+0.59; .
~0.5 1
1.0- 0.31~0.95i
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XX =y =(x=y)(x—y)

(x3 —3x)— (y3—3y)= (x— y)(x2 +xy+y° —3)

F— £ == £y
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J2a+1(0) = o001 (¥) = (x— y)O(x, y)H other factors

Q(x,y) = product of xy — quadratic irreducibles
(x= 00y = @ - ] [0 ~aay+3* +5,)= D) - D(y)
k=1

J(x)=h(D(x))

[d/2]
d (d—k k _d-2k
D xaa — ) X
1 (x,0) ggd_k( . } )



fra(X) = fra () = (x* = y*)O(x, y)H other factors

Q(x,y) = product of xy—quadratic irreducibles

(x2 — yz)Q(x, y)= (x* — yz)ILI (x2 —a.xy+ y2 +bl.): D(x)—D(y)



! : % % (/2

¥ —1=(x—g} Jr—g2)- - (x—g¢)

. (2721{) s (27zk
gd = COS +1S1n
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xd—lz(x—giz)(x_gc%)"'(x_gj)

where

gk _ cos( Z”kj +isin 2k
d d d

d

x¢ —1=H(x_§di ):l:ldICe(x)

i=1
where

C (x)= H(X— Q/ei )

(i,e)=1



Q(gp) fgp(JC)=Cp(x)=1+x+x2+...+x1"1

0

\Q(Gp)ﬁA =7l¢ | & disclg,)=%p"
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fgp(x):Cp(x):1+x+xz+...+xp_l

Q(gp )m A= Z[gp] & disc(gp): +p”

0lg, +¢; )nAa=zlg, +¢'| & disclg,)=2pr"

ONA=Z7
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Ry (x) = (=)" R, (—x)

R, (X)=fu (O + fu3,,(0) if d=23and odd.

fo) =1, fi(x)=x,and f,(x)=xf, (x)— f,,(x) for d 22.
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