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Abstract

We present a novel decomposition method to decompose an eighth-degree polynomial equation, into its two
constituent fourth-degree polynomials, as factors, leading to its solution. The salient feature of the octic equation
solved here is that, the sum of its four roots being equal to the sum of the remaining four roots. We derive the
condition to be satisfied by coefficients so that the given octic is solvable by the proposed method.
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1. Introduction

It is well known from the works of Ruffini, Abel and Galois that the general polynomial
equations of degree higher than the fourth cannot be solved in radicals [1 — 4]. This does not
mean that there is no algebraic solution to these equations. The algebraic solutions to the general
quintic have been obtained with symbolic coefficients. Hermite solved the Bring-Jerrard quintic
using elliptic functions, and Klein gave a solution to the principal quintic using hypergeometric
functions [5, 6]. The general sextic can be solved in terms of Kampe de Feriet functions, and a
restricted class of sextics can be solved in terms generalized hypergeometric functions in one
variable, using Klein’s approach to solving the quintic equation [7]. There is not much literature
on the solution to polynomial equations beyond sixth-degree, except in the form of numerical
methods. We hope this paper will fill this gap to some extent.

In this paper we present a novel technique of decomposing a solvable octic equation into
constituent fourth-degree polynomial factors, thereby facilitating the determination of all of its
roots. The salient feature of the octic solved here is that, the sum of its four roots is equal to the
sum of its remaining four roots. The condition required to be satisfied by the coefficients, in
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order that the given octic is solvable in radicals with the proposed technique, is derived. At the
end of the paper we solve some numerical examples illustrating the applicability of this method.

2. Formulation of equations for solving the octic equation:

Let the octic equation for which the solution is sought be:

X8 + 217X7 + 36X6 + a5x5 + 214X4 + 213X3 + 8.2X2 +ax+ay= 0 (1)

where ao, a;, a5, a3, a4, as, a6, and a; are the real coefficients. In the method proposed here, we
attempt to represent the octic (1), in the form as shown below.

[(x* + bsx® + box? + byx + bg)? — pA(x* + 3% + eox* + c1x + ¢o)* J(1 —p?) =0 )

where by, by, by, bs, and ¢y, ¢, c,, c3 are the unknown coefficients of the respective fourth-degree
polynomials in the above equation. The parameter, p, is also an unknown to be determined. The
merit of representing the octic (1) in the form of (2) is obvious: notice that (2) can be easily
factorized as:

{[(x* + b3x” + byx” + byx + bg) — p(x* + ¢3x” + c2x” + ¢1x + ¢o)]/(1 — p)}

{[(x* + b3x> + bax® + bix + bg) + p(x* + c3x° + x> + cx + co)J/(1 +p)} =0 (3)
When each factorial term is equated to zero, we obtain the following two fourth-degree
polynomial equations.

[(x* + b3x’ + box” + bix + bo) — p(x* + c3x” + ex” + e1x + ¢) /(1 —p) = 0 (4)

[(x* + bsx® + box” + bix + bg) + p(x* + ¢3x° + cox® + ¢ix + ¢o)]/(1 +p) =0 (5)
The solution to the above quartic equations can be obtained easily by the Ferrari’s method. The
roots of the quartic equations, (4) and (5), will be the roots of the given octic (1), when it gets
represented in the form of octic (2). To achieve this the coefficients of octic (1) should be same
as that of octic (2). However notice that the coefficients of octic (2) are not explicitly written.

Therefore we expand and rearrange (2) in descending powers of x as shown below in order to
expose the coefficients for comparison.
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X"+ [2(bs — e3p”)/(1 = p)Ix + {[(bs + 2bs) — (c5> + 2e2)pJ(1 — p*)}x°
+ {2[(b1 + bsbs) — (c1 + caca)p’J/(1 - p?)}x°
+ {[(b% + 2by + 2byb3) — (c2> + 2¢o + 2¢1c3)p (1 — pO)ix*
+ {2[(bobs + bibs) — (cocs + c1e)p’}/(1 = p*)}x° + {[(br” + 2boba) — (¢1” + 2coc2)pJ(1 — )}’
+ [2(bob1 — coe1p*)/(1 = p*)]x + [(bo” — co’p*)/(1 —p*)] = 0 (6)

Equating the coefficients of (1) and (6), we obtain the following eight equations as given below.

[2(bs — csp®)/(1 —p))] = & (7
{[(bs” + 2b2) - (c® + 2c2)p”V(1 — p*)} = a6 (®)
{2[(b1 +babs) — (c1 + c2e5)p’ V(1 — p*)} = ©)
{[(b2® + 2bg + 2b1b3) — (c2* + 2¢0 + 2¢1e3)p)/(1 — p2)} = a4 (10)
{2[(bobs + bibs) — (cocs + cic)p’ /(1 = p*)} = a3 (11)
{[(bs® + 2bbs) — (¢1” + 2coe2)p’J(1 — p°)} = a2 (12)
[2(bobs — cocip®)/(1 —p*)] = & (13)
[(bo® = co’p)/(1 = p)] = o (14)

There are nine unknowns (by, b;, ba, bs, ¢y, ¢1, €2, c3, and p), but only eight equations [(7) to (14)]
to solve. Therefore one more equation has to be introduced so that all the nine unknowns can be
determined. However introducing an equation (involving the unknowns) imposes certain
condition on the roots (and hence the coefficients) of the octic equation (1). The equation chosen
will dictate the type of solvable octic. The equation, we are introducing here is as follows:

b = a+/2 (15)

As we notice from our further analysis given in this paper, the above equation leads to a solvable
octic in which the sum of its four roots is equal to the sum of its remaining four roots. Observe
that the equation as given by (15) is not the only equation (or condition) to be introduced to solve
the octic by this method. There are several ways of choosing the equation, like b, = ¢;, or by = ¢y,
or, by = cp, etc. However the equation introduced will decide the type of solvable octic.
Substituting the value of b; [using (15)] in equation (7), c; is evaluated as:

c3=ay/2 (16)
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The values of b; and c; are substituted in equations, (8) to (11), resulting in expressions, (8A) to
(1T1A), respectively, as given below.

by = cap” + Fa1 —p%) (8A)

where F; is given by:

F,= (4a6 - a72)/8

by =cip” + (as/2)(1 —p°) — (a7/2)(b2 — c2p”) (9A)
bo = cop” + (as/2)(1 —p°) — [(b2” — ¢2°p)/2] — (a7/2)(b1 — c1p”) (10A)
bo = cop” + (as/ar)(1 — p*) — (2/a7)(bibas — c1cop?) (11A)

Now we have seven equations, (8A), (9A), (10A), (11A), (12), (13), and (14), with seven
unknowns, by, by, by, ¢, ¢, ¢ and p, to be determined from them. We attempt to determine these
unknowns through the process of elimination. Using the expression (8A), we eliminate b, from
the equations, (9A), (10A), (11A), and (12), resulting in the following expressions, (9B), (10B),
(11B), and (12A), respectively.

by =cip’ + Fi(1 - p’) (9B)

where F; is:

F1 = (8.5 — a7F2)/2

bo = cop” — (a7/2)(b1 — c1p’) + [as — F2* + (2 — F2)’p’I[(1 — p*)/2] (10B)
bo = cop” + (as/a7)(1 — p°) — (2/a7){[cap” + Fa(1 — p*)]by — cicap’} (11B)
b2 + 2bg[cap® + Fa(1 — pH)] — (c12 + 2coc2)p” = ax(1 — p?) (12A)

Using (9B) we now eliminate b; from equations (10B), (11B), (12A), and (13), resulting in
expressions (10C), (11C), (12B), and (13A) respectively as shown below.

bo = cop” + Fo(1 —p?) + [(c2 = F2)* (1 = p*) p*/2] (10C)
where F is given by:

F() = (a4 — a7F1 - Fzz)/z, and
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bo = cop” + [(a3 — 2F 1 Fa)/as](1 — p) + (2/a7)(1 — p*)(c1 — F1)(c2 — Fa)p? (11C)
2bo(cz — F2)p? + 2F,bg — 2cocap” = [a2 — F12 + (¢1 — F1)*p*1(1 — p?) (12B)
bo(ci — F1)p* + Fibg — cocip” = (a1/2)(1 — p?) (13A)

We are left with five equations, (10C), (11C), (12B), (13A), and (14), involving five unknowns
namely by, co, ¢, ¢z, and p. Using (10C) we eliminate by from equations (11C), (12B), (13A),
and (14), resulting in the expressions, (11D), (12C), (13B), and (14A) as shown below.

{p’[(ar/4)(c2 — F2)* — (c2 = Fa)(e1 — F1)] - F3}(1 = p’) =0 (11D)

where F3 is given by:

F3 = (a; — a;Fy — 2FF»)/2.

{p’[p*(c2— F2)’ + Fa(ca — F2)’ = 2(c2 — Fa)(co — Fo) — (1 = F1)’] - Fa}(1-p) =0 (120

where F4 is given by:

Fs = (a2 — F12 — 2F(F,)

{(c1 = FD[p*(c2 — F2)* = 2p°(co — Fo)] + p’Fi(c2 — F2)* — 2Fs}(1 - p*) =0 (13B)

Where Fs is defined as:

Fs = (a; — 2F(F)/2

[p*(co — Fo)> = p*(co— Fo)(c2 — F2)’ = p’Fo(ca — F2)> = (p*/4)(1 — p*)(c2 — F2)* + Fe](1 - p*) = 0
(14A)

where Fg is given by:

Fo=a— Fo’

We observe that the term (1 — p2) emerges as a factor in the above equations [(11D), (12C),

(13B), and (14A)]. However we cannot equate (1 — p*) to zero, since this term appears in the

denominator in equation (2), and subsequently in many equations also. Therefore factoring out

this term from the equations, (11D), (12C), (13B), and (14A), we obtain following expressions
respectively.
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p’[(ar/4)(c2 = F2)’ = (c2 = Fo)(c1 = F1)] = F3 =0 (15)
p’[p*(c2 — F2)’ + Fa(ca — F2)* = 2(c2 — F)(co — Fo) = (c1 = F1)*] = Fa =0 (16)
(c1 = F)[p*(ca — F2)* = 2p*(co — Fo)] + p’Fi(c2 — F2)’ = 2F5s = 0 (17)
p’(co— Fo)* = p'(co— Fo)(ca — F2)’ = pFo(ca — F2)’ = (p"/4)(1 = p*)(c2 — F)' + Fs = 0 (18)

At this stage we have four equations [(15), (16), (17), and (18)] involving four unknowns, ¢y, ¢,
¢y, and p. Continuing the process of elimination, we now eliminate (c; — F;) from equations, (16)
and (17), using equation (15). The equations, (16) and (17), get transformed into equations,
(16A) and (17A), respectively as shown below.

2p*(co — Fo)(ca — F2)’ = p°(c2 — F2)’ + p*F7 (c2 — F2)* + p’Fy(ca — Fo)* — F3 (16A)
where F7 and Fg are given by:

F7 = (16F2 — 372)/16,

Fg = (a7F3 — 2F4)/2

[8F; — 2a;p*(c2 — F2)*](co — Fo)

= 8Fs(cy — F2) + 4p°Fi(cz — F2)* — 4p°Fi(c2 — F2)’ — pas(c, — Fo)? (17A)

Now there are three equations [(16A), (17A), and (18)] containing three unknowns, ¢y, c,, and p.
Using equation (17A), we eliminate (cy — Fy) from equations, (16A) and (18), to obtain the
equations, (16B) and (18A), respectively as given below.

p6(C2 — F2)6 + F9p4(02 — F2)4 + F10p2(02 — F2)2 + F11 = O (16B)
Where Fo, Fyo, and Fy; are given by:

Fo = (a7F8 + 8F5 — 4F3F7)/(a7F7 — 4F1)

F]() =— [(a7F32 + 4F3F8)/(a7F7 — 4F1)]

F11 = 4F33/(a7F7 — 4F1)

pS(Cz — F2)8 + F12 p6(Cz — F2)6 + F13 p4(02 — F2)4 + F14 pZ(Cz — F2)2 + F15 = 0 (18A)
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where Fi,, Fi3, F14, and Fy5 are given by:

Fi, = (4a,°Fo — 16F,* — 8a;F3)/a;

Fi3 = (16F5* + 64F Fs — 4a,"F¢ — 32a;F F3)/a;*
Fis = (32a;F3Fs + 64FF5° — 64F5%)/a;*

Fis =— 64F;’Fg/a;’

We are left with two equations, (16B) and (18A), involving two unknowns, ¢, and p. However
since these unknowns (c; and p) occur only as a inseparable product term [p(c; — F,)] in both the
equations [(16B) and (18A)], it will not be possible to determine them separately. This situation
can be illustrated more clearly by observing the following simple example.

Let us attempt to determine the two variables, u and v, from the following two equations.

uv+k=0,
W+ muv+n=0

where k, m, and n are coefficients in the above equations. Notice that the variables, u and v,
occur as an inseparable product, uv, in these equations. By substituting the value of uv from the
first equation in the second equation, we obtain following expression.

K -mk+n=0

Thus instead of getting values for u and v from the above two equations, what resulted is a
relation among the coefficients. In a later section of the paper we use this technique to derive the
condition to be satisfied by the coefficients of the given octic equation (1), so that the octic is
solvable through the proposed method.

The above example illustrates that, we cannot determine c, and p from equations, (16B) and
(18A), instead we can get an expression relating the coefficients (of the given octic) from these
equations. Since we are left with no further equation, determining c, and p (separately) appears
to be an impossible task. In the next section, we describe a technique by which the unknowns, ¢,
and p, are successfully evaluated.

At present let us observe the equations (16B) and (18 A) more closely. The equation (16B) is a
sixth-degree polynomial equation in p(c; — F,), while equation (18A) is a eighth-degree
polynomial equation in p(c, — F»). However since both of these equations contain only even
powers of p(c, — F,), the degrees of these equations can be reduced to half by the following
variable transformation.

g=pi(c; - Fo)’ (19)
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Thus the equations (16B) and (18A) are transformed into cubic and quartic equations
respectively as shown below.
g3+F9g2+F10g+F11 =0 (20)

g4+F12g3+F13g2+F14g+F15=0 (21)

The cubic equation (20) yields three roots of g, while the quartic equation (21) provides four
roots of g. The root, which is common to both the equations, (20) and (21), is the desired value
of g, we are looking for. In the next paragraph, we describe a method to extract this common
root.

The equations, (20) and (21), are rewritten as follows for our convenience.

g’ = (Fog’ + Fiog + F1) (20A)

(g+F)g =— (Fi3g° + Flag + Fis) (21A)

Using (20A), we substitute the value of g3 in (21A) to obtain following expression.

Fog’ + (Fio + FoF 12 — Fi3)g” + (F11 + FioF 12— Fia)g + FiF 12— Fi5 =0 (21B)
Again using (20A), g’ is eliminated from (21B), resulting in the following quadratic equation.
(Fio + FoF 12 — F13 — Fo’)g” + (Fy1 + F1oF 12— Fi4 — FoF1g)g + F11Fo — Fis —FoF; =0 (21C)
For the sake of convenience, the above quadratic is rearranged as follows.

g’ +hig+hy=0 (21D)
where hy and h; are given by:

ho = (F11F12 — Fis — FoF11)/(F1o + FoF 12 — F13 — Fo?)

h; = (F1; + F1oF12 — F14 — FoF10)/(F10 + FoF 15 — F13 — Fo®)

Using (21D), the value of g is substituted in the cubic equation (20A), to obtain the following
quadratic equation.

hig” + (ho + Fohy — Fig)g + Fohg — F1 =0 (20B)
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Again using (21D), we eliminate g” from (20B) to obtain a linear equation in g as follows.
(ho + Fshy — Fjo— hy?)g + Foho — F; — hoh; = 0

From the above linear equation the common root of g is found out as:
g =hy/hs (200)

where h, and h; are given by:
hy = hoh; + Fy; — Fohyg
hs = ho + Foh; — Fip— hy’

Once g is determined, the product, p(c, — F»), can be evaluated from (19). However to determine
¢, and p separately in the absence of any further equation requires some novel technique, which
will be presented in the next section.

3. A discussion on the value of p’

From equations (11D), (12C), (13B), and (14A), we notice that the term (1 — p’) emerges as a
factor in these equations. However we were constrained not to equate p” to unity, as it amounts
to division by zero in equation (2). Instead let us examine the consequences, when p” approaches
unity, but will not attain unity value. In other words we are applying the limiting process and
evaluating the expressions (that contain p), when p® tends to unity. Thus as a first step, let us
evaluate ¢, in the limit as p° tends to unity, by rearranging the expression (19) and applying the
limit as shown below.

¢, = lim [Fa £ (g/p*)" ] (22)
p2 -1

Simplifying (22) results in two values of ¢, as:
co1 = Fs + (2)2

Cn=F)— (g)l/2 (23)

Consider the expression (15). After rearranging (15) and substituting for (c, — F,) by utilizing
(19), we apply the limit as p” tends to unity to determine ¢, as shown below:

ci=lim  {F+(a/dp)[£ (2)""] - (Fs/p)[ £1/(2)"*1}
p2 -1

After simplifying, the above expression yields two values of ¢; (corresponding to two values of
c, respectively) as:

cii =Fi + {(a/4)(2)"? - [F3/(2)"1}
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ci2=Fi — {(ar/4)(2)"” - [F3/(g)"*1} (24)

In the same manner, the expression (17A) is rearranged and the term, (c; — F»), is eliminated
using (19), and then limit as p® approaches unity, is applied as shown below, to facilitate
evaluation of c.

co=lim  {Fo+ [(4Fsg- a7¢”)/(8F3 — 2a7)] + [(% )(8Fs — 4F1g)(g)"*/[p(8F3 — 2a7g)]}
p-—1

Simplifying the above expression, we obtain two values for ¢, (corresponding to two values of ¢,
respectively) as:

co1 = Fo + (/2) + [(8Fs — 4F,2)/(8F; — 2a;2)](2)"?

co2 = Fo + (2/2) — [(8Fs — 4F 1 2)/(8F; — 2a72)](g) " (25)

In the same fashion, we determine by, b;, and b,, by applying the limit to the expressions (10C),
(9B), and (8A) respectively. The values of by, bj, and b, are obtained as shown below.

b() =Co
b] =Ci
b,=c; (26)

We have determined all the unknowns in the octic (2), which means we are able to successfully
represent the given octic (1) in the form of (2). Using the results of (26), along with the earlier
determined values of b; and c3, the octic (2) gets converted into an interesting octic as shown
below.

[x* + (a7/2)x’ + c2x* + cx + ¢ =0 (27)

Looking at the above equation (27) emerged after evaluation of all unknowns, one may feel little
disappointed thinking that, what resulted after all the exhaustive mathematics, is a tame octic
equation with repeated roots. However it is not the complete story, as the next section reveals
that, the octics with distinct roots also can be solved using this approach.

4. Decomposition of the octic equation:

Since ¢y, ¢, and c; have two values each, equation (27) yields two distinct quartic polynomials
as factors of octic equation (2) as shown below.
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[X4 + (217/2)X3 + 021X2 +cix+ 001][X4 + (217/2)X3 + C22X2 +Ccppx + Coz] =0 (28)

Equation (28) proves that, we have arrived at the solution to the given octic equation (1), by
decomposing it into a pair of quartic polynomials as its factors. When each of the quartic
factorial term in the above equation is equated to zero, we obtain two quartic equations as shown
below.

X4 + (a7/2)x3 + Cz]X2 +cepx+teg =0

x*+ (a7/2)x> + x> + c1ox + € = 0 (29)

These quartics can be solved by the well-known Ferrari’s method to obtain four roots each, and
eight roots in total, which are the required roots of the given octic equation (1). In the coming
sections we shall study the behavior of the roots, and the condition to be satisfied by the
coefficients.

5. Behavior of the roots

Let x4, X2, X3, and x4 be the roots of first quartic equation, and Xs, X, X7, and xg be roots of second
quartic equation in the equation set (29). Notice that the coefficients of x° in these quartics are
equal, which means that the sum of the roots of first quartic is equal to that of second quartic, as
shown below.

X] X+ X3+ X4 =X5 1+ X6+ X7+ Xg (30)
Individually each sum (of four roots) is given by:

X1+ X2+ X3+ x4=—(a7/2)

X5+ Xg + X7+ X3 =— (a7/2) 31

From (30) we note that, the given octic equation is solvable by this method if the sum of one
group of its four roots is equal to the sum of its remaining four roots. From (31) we observe that
the sum of the four roots in each group (and hence in each quartic equation) is a real number.
Since equation (30) relates the roots of the given octic equation (1), we note that one of the roots
can be expressed in terms of remaining seven roots, and hence this root is not independent. If we
denote xg as a dependent root, then it is expressed in terms of other independent roots as:
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X8=X1+X2+X3+X4—(X5+X6+X7)

Since the roots of the given octic are related, the coefficients also have to be related, and in the
next section we shall derive the condition to be satisfied by the coefficients.

6. Condition for the coefficients

From the expression (20C) we note that the parameter, g, is evaluated in terms of parameters, Fo,
Fio0, F11, ho, and h;. Again note that hy is a function of Fo, Fyo, Fy1, Fi2, Fi3, and F;s, whereas h; is
a function of Fy, Fyo, F11, F12, F13, and Fy4. Thus eventually g will be a function of Fo, Fjo, Fyy,
F2, Fi3, Fi4, and F;s, which are functions of the coefficients of octic (1). Hence g is ultimately a
function of coefficients, ay, a;, ay, a3, a4, as, as, and a;. Using equation (20C) we substitute the
value of g in the quadratic equation (21D) to obtain the following expression.

(Foho — F11 — hohy)® + hy(Fohg — F11 — hohy)(hy* — Fohy — hy + Fip)

+ hg(hy* — Fohy — ho + F10)> = 0 (32)
The expression (32) provides a relation among the coefficients, ay, a;, a,, as, a4, as, as, and as.
These coefficients have to satisfy the condition (32) in order that the given octic is solvable in

this fashion. In the following numerical examples we find out the roots of the solvable octic,
whose coefficients satisfy the condition (32).

7. Numerical examples

Following numerical examples enhance our understanding of the proposed method. Consider the
octic equation shown below.
x® +2x7 —25.1475x" — 62.86875x + 51.94875x" + 95.47125%° — 78.72625x"

+17.3725x - 1.05=0
The coefficients of above octic have been obtained from the roots, which satisfy the relation
(30). Using the expressions (15) and (16), the values of b; and c3 obtained are: b3 =1, c; = 1. The
parameters, Fy to F;s, are determined as shown below, from the corresponding expressions
derived in section 2.
Fo=-41.12646255474101, F, =— 18.36062622070313, F, = — 13.07374954223633,
F3=—151.1801398726457, F4 = — 1491.192986908885, Fs = — 746.4213570143718,

Fe=—-1692.435922218831, F; =—13.32374954223633, Fg = 1340.012847036239,



TMME, vol4, no.2, p.205

Fog =—242.5149916348265, F1o = 16339.83020529136, F; = —295355.2632059779,
Fi2=—-908.2356715938659, Fi3 =217987.6293012944, F14 = — 19859925.14863872,

Fi5=618901739.0483127.

Next, the parameters, hy, hj, hy, and hs, are determined from the corresponding expressions given
in section 2 as shown below.
hy = 10504.27396520806, h; = —216.0867489139377

h, =—17745.7612467463, h3 = —124.7631910180035

The parameter, g, is found out from (20C) as:

g = 142.2355512226805

From this value of g the coefficients of constituent quartic equations given in (29) are determined
as shown below.

Cry = — 1.147495, and, Cyp = — 25,
Ci1 = 02787476, and, Cip = — 37,

Co1 — — 0.0174961 1, and, Co2 — 60.

The quartic equations formed with these coefficients are:

X'+ x° — 1.147495%” + 0.2787476x — 0.01749611 = 0

X'+ x’ - 25x* ~37x + 60 =0

Solving the above quartic equations by Ferrari’s method, all the eight roots of the octic equation

are found out as: 0.1, 0.25, 0.4, — 1.75 (for the first quartic), and, 1, — 3, — 4, 5 (for the second
quartic).
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Let us solve another octic equation shown below.
x°+2x" — 11.875x° — 12.5625x” + 45.66016x" + 14.58203x° — 53.34473x°

+1.620117x +12.91992 =0
As in the previous example, the coefficients of above octic have been obtained from the roots,
which satisfy the relation (30). Using the expressions (15) and (16), the values of bs and c;
obtained are: by = 1, c3 = 1. The parameters, Fy to Fs, are determined as shown below, from the
corresponding expressions derived in section 2.
Fo=1.953125, F; =0.15625, F, =— 6.4375, F3 = 6.34375, F4 = — 28.22265625,
Fs=0.5048828125, Fs = 9.105224609375, F7 = — 6.6875, Fg = 34.56640625,
Fo=—17.34765625, F,o = 68.400634765625, F;; =— 72.94073486328125,
Fi12=—17.66015625, Fi3 =—72.42822265625, F14 = 2177.700668334961,
Fi5=—5862.76876449585.
Next, the parameters, hy, h;, hy, and h;, are determined from the corresponding expressions as
shown below.
ho =40.2431640625, h; =— 15.53515625, h, =0, and h; = 0.
Notice from (20C) that g becomes indeterminate since h, = 0, and h; = 0. This indicates there are
more (than one) common roots between the cubic equation (20) and the quartic equation (21).
Therefore we evaluate g from the quadratic equation (21D). The roots (g;, g») of quadratic
equation, (21D), are the common roots between (20) and (21), and are given by:
g1 =3.28515618609, g, = 12.25.
More common roots indicate that there are as many ways to group the eight roots, which satisfy
the condition (30). Let us choose one of the two common roots, g = 12.25, and then proceed to
determine the coefficients, ¢y, ¢11, 21, and Coa, Ci2, €22, Of quartic equations given in (29). These
coefficients are found out as:
cy1 =—2.9375, and, ¢, =—9.9375.
Ci1 = 009375, and, Ci2 = 021875,

Co1 = 084375, and, Co2 = 15.3125.
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The two quartic equations formed with these coefficients are as shown below.

x'+x° —2.9375x> + 0.09375x + 0.84375 =0

x'+x°—9.9375x" + 0.21875x + 153125 =0

Solving the above quartics by Ferrari’s method, we obtain their roots as: 0.75, 1, — 0.5, — 2.25 for

the first quartic; and 1.75, 2, — 1.25, — 3.5 for the second quartic.

If we choose the other common root, g = 3.28515618609, then the two quartic equations formed
are as shown below.

X'+ x’ - 825x7 +2.75x +3.5=0

X'+ x° — 4.625x" — 2.4375x +3.691405 = 0

The roots of the first quartic are: 1, 2, — 0.5, and, — 3.5, and the roots of second quartic are: 0.75,
1.75,—1.25, and, — 2.25. Note that these roots are same as that obtained earlier (with g = 12.25).
Let us solve one more octic equation, whose roots are complex. Consider the following octic:

x° — 10x" + 53x° — 166x° + 389x* — 790x” + 1787x” — 2314x + 1690 = 0

Again the coefficients in the above equation are determined from the roots, which satisfy the
condition (30). Using the expressions (15) and (16), b; and c3 are obtained as: by =— 15, ¢c; =— 5.
The parameters, Fy to F;s, are determined as shown below, from the corresponding expressions
derived in section 2.

Fo=31.5,F, =—13,F,=14,F;=-55.5,F4 =736, Fs =—-"747.5, Fc = 697.75, F; ="1.75,
Fg=—458.5, Fg=—12.76470588235294, F,, = 2783.705882352941,

F11=26816.29411764706, F1, = 54.56, F13=—1673.36, F14 =— 171585.76,

F15 =—1375516.44.

Next, the parameters, hy, h;, hy, and hs, are determined from the corresponding expressions as
shown below.
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hy = 884.1560157086755, h; = 107.2395573009639

h, = 132918.7853218638, h; =— 14768.75392465153.

Using (20C) the value of g is found out as: g = — 9. Since the value of g is negative, the
coefficients of the quartic equations shown in (29) are complex; as can be seen from the
expressions (23), (24), and (25). Thus the coefficients, [ca1, ¢22], [c11, C12], and, [co1, co2], are
evaluated from (23), (24), and, (25), as given below.

Cry = 14 + 31, and Crp = 14 — 31,

ci1=-—13 —26i, and, cp=—13+ 261,

co1 =27 +31i,and cg, =27 — 311.

The quartic equations formed with the above coefficients are:

xt—5xP + (14 + 31)x* — (13 + 261)x + 27 + 31i=0

xt— 5% + (14 - 3i)x* — (13 = 261)x + 27 —31i=0

Above quartic equations are solved to obtain the eight roots of the given octic equation. The
roots are found out as:

(1-11), (2-31), (3 + 2i), (— 1 + 21), for the first quartic; (1 + 1i), (2 + 31), (3 — 21), (— 1 —2i), for
the second quartic.

The numerical calculations in these examples are performed using BASICA software in double
precision mode.

8. Conclusions

A novel polynomial decomposition technique is presented, to solve certain solvable octic
equations. The criteria for the roots and the coefficients to satisfy, in order that the octic is
solvable by the method given, are derived. Some numerical examples are solved using the
proposed method.

Acknowledgments

The author thanks the management of Bharat Electronics for supporting this work.



TMME, vol4, no.2, p.209

References

[1]. G. Birkhoff and S. MacLane (1996). 4 survey of modern algebra (5" edition). Macmillan,
New York.

[2]. B. R. King (1996). Beyond the quartic equation. Birkhauser, Boston.

[3]. M. I. Rosen (1995). Niels Hendrik Abel and equations of fifth degree. American
Mathematical Monthly, 102, 495-505.

[4]. R. G. Kulkarni (2006). A versatile technique for solving quintic equations, Mathematics and
Computer Education, 205 — 215.

[5]. Eric W. Weisstein. Quintic Equation. From MathWorld—A Wolfram Web Resource,
http://mathworld.wolfram.com/QuinticEquation.html.

[6]. R. J. Drociuk. On the complete solution to the most general fifth degree polynomial. ,

3-May 2000, http://arxiv.org/abs/math.GM/0005026/.

[7]. Eric W. Weisstein. Sextic Equation. From MathWorld—A Wolfram Web Resource,
http://mathworld.wolfram.com/SexticEquation.html.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


