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Abstract

Relationships between the coefficients of polynomial equations and the pa-
rameters that define their roots are stablished. A process is made to resolve
polynomial equations with rational coefficients.
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1 Introduction

The Ruffini-Abel theorem says that polynomial equations of degree 5 or
higher cannot be solved by algebraic operations and radical solving. But it is
possible to solve polynomial equations of any degree with a finite procedure us-
ing identities of the coefficients of the equation as a function of parameters that
define the roots of the equation. These identities and the resolution procedure
are proposed here.

2 Theory

For: Foa™ — Py ' 4+ Foax™ 2 — Fya" 3 4 Fya" 4 — . £ F, 12" " V+F, =0
(Equation 1)

With roots in:

c1,C,C3,...,cp €C
b17b27b37"'ab’rb eC

It holds that:
Foy = cieacseqcs . .. cp,



Fy = bicacscycs . .. cptcibacscacs . .. cpt+cicabseacs ... cpt. . . c1cac3cacs . .. Cpu—obp_1Cn+
C1C2C3C4C5 . . . .Cnflbn

Fy = bibacseycs . .. c+bicabsceycs . .. cp+bicacsbacs . .. cpt. . . +bicacscy ... Cp—1bp+
Clb26364C5 . Cn+016263b465 .. Cpte .+Clb26364 e Cn—lbn+~ . .+61026364C5 e Cn—an—lbn

F3 = b1b2b3640566 ...Cp T+ b1b203b40506 ...Cp T+ b1b263C4b566 ceCp oo+
bibacscacscg . . . Cp—1bp+bicabsbacscg . .. cpt. . Fbicabscycscs . . . cp—1by+bicacsbabscs . . .t
...+bicacsbycscg . . . Cp—1bp+. . .Abicacscacsce . . . Cr—2by—1b,+C1bobsbycscs . . . cpt
..t e1bacgescscg .. Cp_oby_1by, ...+ Cc1Cac3C4C5CE - . . Cr_3bp _2by_1by,

... Fy_1 = c1babsbybs . . . b, +b1cobsbabs .. by +b1bacsbabs .. by . . +b1bobsbabs .. by_oc,_1b,+
b1b2b3b4b5 . bn_lcn

F,, = b1babsbybs ... by,

It also holds that:

n

(1 + bl)(Cg + bg)(03 +b3)... (Cn +b,) = ZFZ

0
(Equation 2)
If
Fox™ — Fa™ ' 4+ Foa™2 — 4+ F,_z™ "D+ F, m=n—k
GozF — GiF 1 + Gozh—2 — .. £ Graa D £ Gy H1 (CmT — by)
Then

3 Application

Resolution of grade n polynomial equations whose coefficients are rational
numbers. The roots of equation 1 are calculated through the (1, b1), (ca, b2),. . .,
(¢n, by) pair of values that check with equation 2 or the Fy, Fy, Fy, F3,..., F,_1,
F,, identities, in a finite process that starts with candidates obtained through
the decomposition in n multiples (positive or negative) of the Fy and F;, values.

To resolve equation 1: Fy, F;, and Zg F; are decomposed into prime factors.
With the prime factors of Fj it is calculated all sets of n elements whose product
would be equal to Fy (which we will call sets ¢). With the prime factors of F,, it
is calculated all sets of n elements whose product would be equal to F,, (which
we will call sets b). With the prime factors of > F; it is calculated all sets of n
elements whose product would be equal to > F; (which we will call sets c+b).

Then a set ¢ and a set b are chosen. Each element of each permutation (n
of n) of the set c is assigned a different nomination from among c1, ca, cs,. ..,
Cn, always in the same sequence, achieving n! configurations of ci, ¢o, c3,..., ¢,



values. Each element of the set b is assigned a different nomination from among
b1, ba, bs3,..., by, then a ¢, ¢, c3,..., ¢, configuration and the by, by, b3,. ..,
b, values are chosen, and the values of ¢; + by, ¢ + ba, c3 + b3,..., ¢, + b, are
obtained. It must be corroborated if these values coincide with the values of any
of the sets c+b; if there is no coincidence, the operation repeats with a different
c1, Co2, C3,..., ¢, configuration, until a coincidence is found or there are no
more configurations available. Then if there is still no coincidence the operation
repeats with a different pair of ¢ and b sets, until there is a coincidence. Then
each value of x is calculated using the (¢1,b1), (¢2,b2),. .., (¢n, b,) pair of values
for which there was coincidence. If there is no coincidence with all possible pairs
of sets ¢ and sets b, then the Equation has complex roots Z + Y4 with Y # 0.

Another way to calculate equation 1: A ¢y, ¢, ¢3,. .., ¢, configuration and
the by, ba, b3,. .., b, values are chosen, and the values of F}, F5, F3,..., F},,_1 are
calculated. It must be corroborated if the values of Fy, Fs, F3,..., Fj,_1 match
those in equation 1. If there is no coincidence, the operation repeats with a dif-
ferent c1, ca, cs,. . ., ¢, configuration, until a coincidence is found or there are no
more configurations available. Then if there is still no coincidence the operation
repeats with a different pair of ¢ and b sets, until there is a coincidence. Then
each value of x is calculated using the (¢1,b1), (¢2,b2),. .., (¢n, b,) pair of values
for which there was coincidence. If there is no coincidence with all possible pairs
of sets ¢ and sets b, then the Equation has complex roots Z + Y4 with Y # 0.

4 Examples

Example 1:

2% — 6,522 + 13,52 —9 =0

223 — 1322 4+ 272 — 18 =0

Fo ZQ,FO = 1*1*2,F0 = —1*1*—2,,F3 = 18(2,3,3),F3 :2*3*3,F3 =
1%6x3;F3 =1%x2%9;F; = —2*—3*3;...;23Fi = 60(2,2,3,5);23Fi
A% 3% 550 F; = 1xdx 1550 F = 1% 125,50 F; = 16 % 10; 30 F,
2% 65,5 0 F =1%2%30;3 0 F;, =2#3%10; 30 Fi = 1% 3%20;...

The values ¢; = 1,¢c0 = 1,¢c3 = 2,b; = 2,b, = 3,b3 = 3 that correspond to
Fy=1%1%2and F3 = 2% 3 x* 3, are corroborated for Zg F;, =4 % 3%5. Then:
T :bl/Cl :2/1 :2; X9 :b2/c2 :3/1 23; I3 :b3/C3 :3/2: 1,5

Example 2:
2% — 192* + 13323 — 42122 + 5862 — 280 = 0

Beingn =5

Fo — C1C2C3C4Cs

F1 = b16203C4C5 + Clb203C4C5 + 0102b36465 -+ 016263b405 + 61020364b5

F2 = blszgC4C5+b1€2b3€4C5+b10263b4C5+b10263C4b5+Clb2bgc465+01b203b465+
c1bacscabs 4 c1eabsbacs + c1cabscabs + c1cac3b4bs



F3 = b1babzcycs+bibacgbycs+b1baczcabs+bicabsbycs+bicabscabs+bicacsbsbs+
c1b2b3bycs + c1b2b3cybs 4+ c1b2¢3b4b5 + ¢102b304b5

F4 = b1b2b3b4C5 + b162b304b5 + b1b263b4b5 + b102b3b4b5 + Clb2b3b4b5

F5 = bi1babsbsbs

Fo=1;Fy=1x1x1x1x1;...;F5 =280(2,2,2,5,7); F5 = 1%2%4x5x7; F5 =
—1#2% 4% 5% —T;.. ;30 Fy = 1440(2,2,2,2,2,3,3,5); S0 Fy = 1% 2% 4% 12 %
15;5 0 F; =2%8%6%3%5;. ..

The values ¢y = 1,c0 = 1,c3 = 1,c4 = 1,c5 = 1,b; = 1,by = 2,b3 = 4,by =
5,b5 = 7 that correspond to Fy = 1x1x1x1*x1and Fs = 1%x2%x4%x5x%7,
corroborates the Fy, Iy, F3, F, values according to the proposed formulas. Then:

xr1 = b1/01 = 1/1 = 1; ro = bQ/CQ = 2/1 = 2; r3 — b3/03 = 4/1 = 4;
T4 = b4/C4 = 5/1 = 5, Is = b5/C5 = 7/1 =7

Also, the values ¢; = 1,c0 = 1,¢c3 = 1,¢4 = 1,¢5 = 1,0y = 1,by = 2,b3 =
4,by = 5,bs = 7 that correspond to Fy = 1x1x1x1x1and F5 =1%2+«4%x5x%7
are corroborated for 2(5) F;=2%8%6%3x%5



