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Abstract - A new method to solve the solution set of polynomial inequalities was conducted. When
(x —r)(x —1)) > 0wherer;,r» € Randr; <r,, the solution set is {x € R|x € (—», ) U
(r1,00) }. Thus, when the inequality is (x —r;)(x —r,) = 0, then the solution set is {x € R|x €
(=00, 1] U [ry, ). If (x —11)(x — 1) <0, then the solution setis{x € R|x € (r, ) }. Thus when
(x —m)(x —1,) <0, the solution set is {x € R|x € [r, ] }. Let f(x) = ax? + bx + ¢ where
a#0,bandc €R. If b?> —4ac <0, then the solution of quadratic inequalities is {R} when, by
substitution of a particular real number, the inequality is true. Otherwise, the solution of the inequality is
@.letry < <...<1r, € Randn >3. Let (x —1)(x —13) ...(x —1,) > 0 if nis even. Then, the
solution set is {x € R|x € (-, ry)U(n, ,40)U( 1, 1;41): i iseven}. Thus, when (x—
r1ly—r2..x—rn=>0, the solution is ¥ E R x €—co, r1Urn ,+coUri, ri+1: [ iseven }. If nisodd, then
the solution set is {x € R|x € (1, ,40)U( 1, r4q): iisodd}. Thus, when (x—7r)(x—
72..x—rn=>0, the solution setis ¥ € R x €rn ,+ocoUrs, ri+1:0is odd }. Let x—rlx—r2..x—rn<0ifn
is even. Then, the solution set is {x € R|x € (1, r;41) :iisodd}. Thus, when (x —r)(x —
72..x—rn<0, then the solution setis ¥ € R x €77, ri+1:/ is odd }. If » is an odd, then the solution set
is{x € R|x € (—o, ;)U(m, ryq):iiseven}. Thus, when (x —r)(x — 1) ...(x —1,) < 0, the
solutionsetis{x € R |x € (—oo, 1] U [r;, 1i41]: i is even }. This research provides a novel method in

solving the solution set of polynomial inequalities, in addition to other existing methods.
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INTRODUCTION

A polynomial, with degree n, denoted by B, (x),
is an algebraic expression of the form ayx™ +
ax" ' +ax" %+ ..+ a,_1x +a,, where n is an
integer and n > 0, x is a variable and a;’s are the
constant coefficients with aq # 0[1]. Polynomial
inequality is any inequality that can be put in one of
the  forms of P(x) >0, P(x) <0,P(x) >
0 and P(x) < 0 where P(x) is a polynomial. A real
number r is a solution of the polynomial inequality if,
upon the substitution of r for the x in the inequality,
the inequality is true. The set of all solution is called a
solution set. The objective of this study is to provide
alternative methods to solve for the solution set of

polynomial inequality. Quadratic inequality is
inequality where roots of quadratic equation are real
and imaginary is considered[2]. The polynomial
inequalities that will be considered are the polynomial
inequalities where n > 3 and roots of polynomial
equation are real and distinct. Thus, polynomial
inequalities where n > 3 and some roots of the
polynomial are imaginary are not covered in this
study. Presentation and derivation of a shorter method
in solving polynomial inequality is a contribution to
the development of mathematics particularly in the
branch of college algebra. Everybody knows, algebra
is a tool in solving problems in other branches of
mathematics. Thus, using the results of the study, the

polynomial inequalities. In this research, the solution to other mathematics problems that involves
researchers presents general solutions to quadratic inequalities will be shortened. Therefore, in a way, the
inequality and develops algorithms in solving
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study contributes significantly to the development of
other branches of mathematics.

For the students taking the subject of College
Algebra this will serve as alternative way of finding
solution set of polynomial inequalities. On the part of
teachers, this study serves as reference and
supplementary material in their continuous study on
the solutions of polynomial inequalities and other
related topics. In 2008, lkenaga [3] of Millersville
University conducted the study “Quadratic Inequality”
and disclosed the solution set of quadratic inequality
using the graph of the quadratic function. A quadratic
function is a function of the form f(x) = ax? + bx +
c. This study is related in a way that it is another
method on finding the solution set of quadratic
inequality. This concept used the researchers in
proving the theorem of finding the solution set of a
quadratic inequality where the roots of quadratic
equation are imaginary. This study is related in a way
that it is another method on finding the solution set of
quadratic inequality.

METHODS

The methodology employed in the current study is
basically the development of algorithms using
expository method. The data or significant
information needed in the study of solving polynomial
inequalities was gathered through research from the
library and the world wide web.

Since the purpose of the study is to introduce
new a concept of solving polynomial inequalities, the
researchers conducted a trial and error method to find
a pattern in order to make a conjecture in certain
cases. Then make a proof of the conjecture to assure
the generalization of the claim and illustration of a
provided theorem. Finally, the researchers made a
comparison of the solution set of an inequality using
the obtained theorem and the existing method.

Preliminary Results

Theorem 4.1.1. Let r; andr, € R where r; <. If
(x — r)(x—mry)> 0, then the solution is {x €
R x €—c0, 71UrZ,+o }.

Corollary 4.1.1.1. Let r; and r, are real numbers
where < n,. If (x— r)(x—r,) =0, then the
solutionsis{x € R|x € (—oo, 1] U [ry, +0) }.

Theorem 4.1.2. Let r; and r, are real numbers where
rn < rp If (x— ) —r) <0, then the solution
set is{x € R|x € (ry, n)}

Corollary 4.1.1.2. Let r; and r, are real numbers
where 1, < n.If (x — r)(x —r,) <0, then the
solutionset is{x € R|x € [r,1,]}

Remark 4.1.1. In a quadratic inequality where
b%? — 4ac < 0, the solution set is the set of all real
numbers when, by substitution of a particular real
number, the inequality is true. Otherwise, the solution
set of the inequality is empty set.

Theorem 4.2.1. Let ; € R where 1<i< n and
rn <r<...<rn.Letn=>3 bean even integer.
Then (x — ) (x — 1) . . .(x —r,) > 0 if and only if
{x € Rlx S (—OO, TI)U (Tn '+OO)U( T, Ti+1);

i iseven }.

Corollary 4.2.1.1. Letr; € Rwhere 1 <i < n and
n <n<...<rn.Letn>=3 be an even integer.
Then the solution set of (x—r)(x—ry)...(x —
)= 0is the set {x € R|x € (-, n]U
[, ,+0) U [r;, 1i41], iiseven}.

Theorem 4.2.2. Letr; € R where 1<i< n and
n <nrn<...<rn.Letn>3 bean odd integer.
Then (x — ) (x —13) .. .(x —r,) > 0 if and only if
{x e Rlx € (1, ,+0)U( 1}, 1741), [isodd}.

Corollary 4.2.21. Let; € Rwhere 1<i < n and
rn <nrn<...<rn.Letn>3 beodd integer. Then
the solution setis (x —77) (x — 1) .. .(x —1,) >0 is
the set
{x € R|lx €[r, ,+0)U[r, ripq]:iisodd}.

Theorem 4.3.1. Letr; € R where 1<i< n and
n<nrn<...<rn.Letn2>3is an even integer.
Then (x —7r) (x —13) .. .(x — 1) <0, if and only if
{x e R|lx € (r, r41),iisodd}.

Corollary 4.3.1.1. Letr; € Rwherel<i < nand
n <n<...<rn.Letn>3 Iiseven integer. Then
the solution setis (x —71) (x —13) .. .(x — 1) <0is
the set {x € R|x €[r;, r41],iisodd }.
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Theorem 4.3.2. Letr; € Rwherel<i< nandr < r, <...<r,.Letn>3is odd integer. Then (x —17)
(x—1)...(x—mn) <0/ ifandonlyif{x € R|x € (—oo, 1)U ( 1;, 1;41),iiseven}.

Corollary 4321 Letr; € Rwherel<i<nandr < r,<...<m.Letn>3is odd integer. Then the
solution set is (x—mn) (x—1). : (x—-m1) < 0 is the set
{x € R|x € (-, 1] U[r;, 1i41],iiseven}.

FINDINGS

The findings of the study were as follows:

1. Quadratic inequality where the roots of quadratic equation are real and imaginary.

1.a.1 When the inequality is (x — 1) (x —r,) >0, where r; and r, € R and r< r;,, then the solution
set is {x € R|x € (==, r) U(ry,+~)}. Thus, if the inequality is(x —r;) (x —r,) =20, then the
solution setis{x € R|x € (==, 1] U [ry, «)}.

1.a.2. When the inequality is (x —7;) (x —7,) < 0, where r; and r, € R and r; < 13, then the solution set is {x €
R x €r1, 72} Thus, if the inequality is (x—71)x—72< 0, then the solution setis ¥ € R x €/71, r2]}.

1.b. Let f(x) = ax? + bx + ¢, where a # 0,b and ¢ € R. If b2 — 4ac < 0, then the solution set of quadratic inequalities
is {R} when, by substitution of a particular real number, the inequality is true. Otherwise, the solution set of the inequality
is 9.

2. Let (x —r)(x—n) ...(x—1r,)>0,where , <1, <...<r, € Randn = 3. If nis even then the solution set is
{x € Rlx € (—o, n)uU(r, ,+0)U( r,7.): i iseven} thus, when (x —r)(x—mnr)..(x—7) =0 then, the
solutionis{x € R|x € (—o, ] U[r, ,+0) U [r;, r4,]: iiseven}; if nis odd then the solution setis{x € R|x €
(r, ,40)U (1, 1741): iisodd} thus, when (x —r)(x —13) ... (x —r,) = 0 then, the solution set is {x € R|x €
[, ,+0) U [r;, 1i41]:iisodd }.

.Llet(x—r)lx—1r)..(x—n)<O0Owhere < nn<...<rn, € Randn =>3.If n iseven then the
solution setis{x € R|x € ( r;, 1i41) : iis odd } thus, when(x — n)(x — 1) ... (x —7,) < 0 then the solution

set is {x € R|x €[r, rpq):iisodd}; if n is an odd then the solution set is {x € R|x € (-, n)U (T,
7i+1:7is even }thus, whena—r1x—72... x—77<0, then the solution setis ¥ € R x €-o, 71Urs ri+1:7is even }.

CONCLUSIONS

This paper provided the general solution of quadratic inequality where the roots of quadratic equation are real and
imaginary. When the roots of quadratic equation are real, then the solution set of ax? + bx + ¢ = 0 is the set of

fxe R|lx € (—oo, ’rl) U [Tz, oo ) 1 thus, when the quadratic inequality ax® + bx + ¢ = 0 the solution
istheset tx € B|x € (—oo, 7"1] U [rp, 400 ) ) if ax®+ bx + ¢ = 0 the solution set is the set is
fxe R|x € [’rl, TZ) } thus, when the quadratic inequality ax® + bx + ¢ = 0 the solution set is the set

{x eR|x € [r,m5] } 1fb? — 4ac < 0, then the solution set of quadratic inequalities is {R} when, by substitution
of a particular real number, the inequality is true. Otherwise, the solution set of the inequality is @.

This study also provided algorithms solving the solution set of polynomial inequality where n > 3 is an integer. The
fiirst steps of the two algorithms is to let P(x) = (x — 13)(xx — 73 )... (x — 7 )then, determine 77,73, . . . 73, ,where
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< 7,,. Using algorithm1 the solution set of polynomial inequality (x — 13) (x — 15) .. .(x — 73,)
ER and 1=1< n, if n is

n<n<...

> 0 where T even the solution set is the set of

i
{freR|x €(—oo, n)uls ,+0)ul(n,
the inequality (x —73) (x — 1) ...(x —7,) = 0

fx e Rlx €(—w, nlUlr, ,+w)Ulr, n.,]: iiseven } by applying corollary 4.2.1.1; if n is odd
1 ki i i+1

7;.1):1 is even} by applying theorems 4.2.1 thus, when

also n is even then the solution is the set of
solution the solution setistheset { x € R |x € [Tﬂ Ao u( T, ’rz-_,_l), I is odd } by applying theorem
4.2.2 thus, when the inequality is (x — 17 ) (x — TZ) ...(x —1,) = Oandnisalsoodd the solution set is the set
fx e Rlx e [T'ﬂ ool U [?}, ?}_,_1]: i is odd } by applying Corollary 4.2.2.1. Using algorithm2 when the
polynomial inequality (x — 13) (x —73) .. .(x — 7)) <Owherer; € Rand1 = i < n, if n is even then the
solution set is the set {x € R|x € ( T, ?}_,_1) : 1isodd } by applying Theorem 4.3.1, thus when the
polynomial is (x —73) (x —7). . .(x —7,) < 0 and n is also even then the solution set is the set
{xe Rlx €lr, ryq]:iisodd }; if n is odd then the
{x e Rlx € (—oo,  JU( 7, 1,,,)iiseven } by applying theorem 4.3.2 thus, when the polynomial

solution set is the set

inequality (x —713)(x —7) .. .(x—1,) < 0 and n is also odd then the solution set is the set
{x € R|lx €(—oo, ] U s, r,4]:1is even }byapplying Corollary 4.3.2.1

RECOMMENDATION

The results of the study may be used as an instructional
reference material for instructors of mathematics. The
results of the study may be introduced to the students taking
up College Algebra and other mathematics courses where
inequality is a prerequisite topic. Study the solution set of
the polynomial inequality whose roots of the polynomial
contain imaginary except to quadratic inequality. This study
may serve as a basis for a new program that is yet to be
developed by IT or computer experts. The problem on
solving polynomial inequalities whose roots polynomial
contain multiplicity is still open.
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