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Abstract

Identities of the coefficients of the polynomial equations are created in func-
tion of the parameters that define their roots, and with their application it is
created a process to solve polynomial equations with rational coefficients.

Introduction

The roots of the equation Fya"—Fya" 14+ Fox™ 2—Fya" 3 4. . +F, 2" ("Dt
F,, = 0 are defined in this paper as the result of the division of one of the mul-
tiples of F),, between one of the multiples of Fj. The sets of multiples of F,, y
Fy are determinable and of finite amount.

Proposal of Theory

Being 7 = %,xg = %,’Jjg = %,...,xn = ﬁ—" the roots of the equation
2 = Cn
Fox" — By Y 4 Fox™ 2 — Fag" 3+ Fya™ 4 — . £ F, 2" "D+ F, = 0, where
€1,C9,C3,...,Cn and by, bo, b3, ..., b, €C.

Then we will have:

Fy = cieacseqcs ... cp

Fy = bicacscycs . .. cptcibacscacs . .. cpt+cicabseacs ... cpt. . . c1cac3cacs . .. Cu—obp—10n+
C1C2C3C4yCs . . . -Cn—lbn

Fy = bibacgeycs . .. cp+bicobsceycs . .. cp+bicacsbacs . .. cpt. . . +bicacscy ... Cp_1bp+
Clb2b304C5 N Cn+61b263b465 L. Cpte .+Clb20364 e Cn—lbn+- ..FcC1cac3CyCs . .. cn—2bn—1bn

F3 = b1b2b3640506 ...Cp T+ b1b203b4C566 ...Cp T+ b1b20364b566 coiCp o+
bibacscacscg . . . Cp—1bp+bicabsbacscg . .. cp+. . .4+bicabscacscs . . . Crp—1b,+b1cac3bsbscs . . . Cpt
...Fbicacsbacscs . .. Cr—1bpt. . . +bicacscacscs . . . Cu—2by—1bptc1babsbycscs . . . cpt
...+t ecibacsegesce ... Cp—obp_1b, + ...+ c1Cac3C4C5C6 - . . Cr—3bp_2b,_1by,

. Fn—l = Clbgb3b4b5 N bn+b16263b4b5 e bn+blb263b4b5 N bn+ . .+blb2b3b4b5 e bn—QCn—lbn+
b1b2b3b4b5 . bnflcn

F,, = b1babsbybs ... b,

And also have the equation:

Application



Resolution of polynomial equations with rational coefficients. The coeffi-
cients of the equation are converted to whole numbers with a greatest common
divisor of 1. Then we will have Fyz™ — Fiz™ ! + Foa™ 2 — Fyz" 3 + Fya™? —
o £ Fy 2™V 4 F, =0, where Fy, Fy, Fy, Fs,..., F, are whole numbers.

We will call sets ¢ to all sets of n elements whose product would be equal to
F, (without obviating elements of the type [Z + Y], with Y # 0).

We will call sets b to all sets of n elements whose product would be equal to
F,, (without obviating elements of the type [Z + Y], with Y # 0).

Being the case that (Z+Yi)(Z—Yi) = Z2+Y?, it is useful for this procedure
to make a table of Z2 + Y2 values, as big as needed, and then make a list with
of those values ordered from lowest to highest alongside their associated Z and
Y values.

A set ¢ and a set b are chosen. Each element of each permutation (n of n) of
the set ¢ is assigned a different nomination from among c1, co, cs,. . ., ¢,, always
in the same sequence, achieving that way n! configurations of values of ¢, ¢o,
C3,- .., Cp- Each element of the set b is assigned a different nomination from
among by, ba, bs,. .., b,. A configuration of ¢y, co, c3,. .., ¢, and the values of by,
b, b3,. .., b, are chosen, and the values of Fy, Fy, F3,..., F,,_1 are calculated. It
must be verified if the values of Fy, Fs, F3,. .., F,,_1 coincide with the coefficients
of the equation. If there is no coincidence, the operation repeats with a different
c1, €2, C3,. .., Cp configuration, until a coincidence is found or there are no more
configurations available. 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 z is calculated using the (¢1,b1), (c2,b2),. .., (¢n,by) pair of values for which
there was coincidence.

For higher degree equations, it may be convenient to filtrate all the sets of
values of ¢1, co,c3, ..., ¢, and by, ba, bs, ..., b, through the following equation:

n

Hj:l(ci —+ bl) = Z Fl

=0

The sets of values of ci,cs,cs,...,c, and by, bs, b3, ..., b, that do not verify
this equation can be discarted as candidates to be verified in the Fy, F5,....F,,_1
identities.

Examples of Equation Resolution
1) 2° — 192 + 13323 — 42122 + 5862 — 280 = 0

Being n =5

Fy = cicacseqcs

Fy = bicacscacs + c1bacscacs + c1cabscacs + cicacsbacs + creaczeabs

Fy = byibacscyes+bicabgescs+bicacsbics+bicaczcabs+cibabscacs+cibaczbycs+
c1bacscabs + cicabsbacs + crcabscabs + cicacsbabs



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

F4 = b162b3b465 + b162b304b5 + b1b263b4b5 + b102b3b4b5 + Clb2b3b4b5

F5 = b1bab3bybs

Fp=1
Fo=1x1x1x1x1;Fp=—1x—1x1x1x%x1;Fog=—1*xi*xix1lx1;..

Fs = 280 (2,2,2,5,7)

Fs =1%2x4x5x7; F5 = —1x2x4x5x—7; F5 = (1+4)« (1 — i) x4 5% T;
Fs=2%4%(14+20)% (1 —20)%7; F5 = (1 +4) % (1 — @) * (14 27) = (1 — 27) % 28;
Fs=(14d)*x(1—d)*x(2+14)*«(2—14)%28; ...

The values c1 = 1,02 = 1,03 = 1,04 = 1,05 = 1,b1 = 1,b2 = 2,()3 = 4,b4 =
5,b5 = 7 that correspond to Fy = 1x1x1x1x1 and F5 = 1%2x4 x5 %7 verify
the values of Fi, F5, F3, Fy according to the proposed formulas. Then:

r1 = bl/Cl = 1/]. = 1, To = b2/CQ = 2/1 = 2, I3 — 63/03 = 4/]. = 4,
Xy =0byfes =5/1=5;25=b5/c5=T/1=7

2) 212° — 8382° + 107992* — 6998823 + 23189122 — 367190z + 217833 = 0

Being n =6

Fy = cieacsescscs

Fy = bicaczeqescetcrbacacacscetcreabseacscetceicacsbycscetcrcacscabsce+
c1cac3c4C5bg

Fy = bibacscycsce+bicabzcacsce+bicacsbacsce+bicacscabsce+bicacscacsbe+
Clbgb304C5Cﬁ+01b263b4C566+C1bQCgC4b506+61b2636485b6+6102b3b46586+6162b464b566+
c1cabzcacebstcicacsbabscs + crcaczbacsbs + crcaczcabsbe

F3 = bibabzcacsce+brbacsbacsce+bibacscybsce+bibaczcacsbe+bicabsbycscs+
bicabzcabsce+bicabscacsbs+bicacgbabsce+bicaczbacsbs+bicacscabsbs+c1babsbacsce+
c1bobscabscgtc1babscacsbg+c1bacsbabscg+c1bacsbycsbg—+c1bacscabsbg+cqcabsbibsce+
c1¢2b3bscsbg+c1cabscabsbs + c1cac3b4bs5bg

Fy = b1babzbscsce+b1babscabsce+b1babscycsbs+b1baczbabsce+bibacsbycsbg +
b1baczcabsbg+bicabzbibsce+bicabsbycsbe+b1cabzcabsb+bicaczbibsbs+c1babsbybsce+
c1bab3bycsbg+c1babscabsbs + c1bac3babsbs + c1203b4bsbg

F5 = b1babsbsbscg+b1babsbycsbg+b1babscabsbg+b1boc3babsbe+b1cabsbsbsbe+

C1bgb3b4b5b6
Fg = b1bab3bybsbe
Fy=21(3,7)

Fo=1%1x1x1%x7%3; Fp=1x1x1x1x1%2]; Fp=1*1%1x1%x—7x%—3;
Fo=1%1x1x—1*xT+x—=3; Fo=1*x1*x1x—1%x—T7Tx*3; Fp =1x1x—1%x—1%7x%3;
Fo=1x1*x1x1x—1%—=21; Fhp=1x1*x1%x—1x—1x21; ...

Fs = 217833 (3,7,11,23,41)

Fg = 1%x3%T+11%23%41; Fg = 1 1% 1% 1%x1%217833; Fs = 1x1x1%x1%x3%72611;
Fs = 1x1x1x3x7x10373; Fg = 1x1%x3%7x11x943; Fg = 3xTx11x23x(5+44)x(5—44);
Fo =3+ Tx11%23% (4+ 5i) * (4 — 57); ...



The values c; =7, ca =3, cs=1,cs =1, c5=1,c6 =1,b1 =11, by =17,
bs = 3, by = 23, b5 = (5+41), bg = (5—44) that correspond to Fy = 1x1x1#1%3%7
and Fg = 3+ 7% 11 %23 (54 4i) * (5 — 44) verify the values of Fy, Fy, F3, Fy, F5
according to the proposed formulas. Then:

__ by __ 11, _ b _ 7. _ b3 _ 3 _ 9. _ ba _ 23 _ .
mlfclf7,x27C2f3,x3f03f1f3,x4fc4f1—23,
_ by _ (5+4d) _ -\ _ bg _ (5=4i) _ ;

rs =2 =72 =0+4di) e =2 =7 =(5-4)



