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Properties of polynomials over ordered fields with non-

negative coefficients
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Technology Thanyaburi, Thailand
3Department of Mathematics, Kasetsart University, Bangkok, Thailand

E-mail: 1kulprapa_s@hotmail.com, 2tawanOS@gmail.com and 3’fscivil@ku.ac.th

Abstract

This research project deals with polynomials with nonnegative coefficients over an ordered

field. Certain relations between the researches work of Beli [3] and Brunotte [4, 5] are discovered.

The 2007 work of Beli [3] investigates polynomials with nonnegative coefficients over an

ordered field. When applied to the field of real numbers, we have

Theorem. If P(X) :Zn:aixi e R[X] and |P|(X) =Zn:|ai|xi eR[X] where a #0
i=0 i=0

(1=12,3,...,n), then there is a polynomial Q € R[X]\{O} such that PQe R, [X] if and

PO

only if there is a positive rational number € with———> €& for each positive real number X.

PI(x)



The 2009 work of Brunotte [4] is the discovery a real polynomial having proper complex
roots or negative real roots can be turned into a polynomial with real positive coefficients by

multiplying with a suitable polynomial, i.e.,

Theorem. If f eR[X] has proper complex roots or nonnegative real roots, then there is a natural

number m such that (1+ X)rn f (x) is a polynomial with positive coefficients.
In 2010, Brunotte [5] extended his 2009 work by proving:

Theorem. If b,C,r €R are such that >0, b? <4c, then there is a nonnegative integer n

such that the polynomial (X + r)” (X2 +bx+ C) has only positive coefficients. Moreover, such

. . 1-B 2

integer can be chosen to satisfy n<max{ | —=%=|, (1—}(—‘, 0%, wherea=435C —(ZC —br) ,
o

B=128c—2c(2c—br), v=88c—c2, 8=r2—br+c, c=3c—2br+r?

The main research finding is an alternative proof of Beli’s theorem which is simpler and is

based on the use of Brunotte’s results.

Keywords: polynomials, coefficients of a polynomial, roots of a polynomial, ordered fields



%

U = (Y AA a Qd LI
andfvaannuuuanduauniaulszans lnfluay
natlszm aSnya’, 5138 Suwat’ uaz ITes mnlnaa’

1,2 a a d a d = a [y = Y] ~
a1V NIPINUAFITAT ﬂm$3ﬂ81ﬁ1ﬁﬂ§!!ﬁ$!°ﬂﬂiuiﬁﬂ 3»11’11’37]81@8]!1’]?]1’1—!1@831‘]53“?]@5 Yy

*MAMINAAMans AaINemans N INeaINEASMans

dua: 1kulprapa_s@hotmail.com, 2tawanOS@gmail.com uag 3fscivil@ku.ac.th

UNANEID

[

ao dal 3 = = o AN o a Sy ao
Iﬂﬁ\?ﬂ'ﬁ’)ﬂﬂulﬂuﬂ']ﬁﬁﬂ‘]%l'lWtiu’liJUuV\laﬂ@uﬂ‘UﬂiJ Nﬂigﬁ'ﬂﬁlllllﬂuall N13IVYNUY
@ v ' a o
ANUFAUWUDTTSHINHNAITUIVYUD Beli [3] 14a¥ Brunotte [4, 5]

Jou o

awv A A o < = A
OUIeYes  Beli [3] Wanwiluil 2007 dWumseinmimuuuuilaqsuauid

@ a Sy 4 v A o 2
dutlszans ludluay wietszgndl¥niuiladuessiuauei agld

nguiun m P(x):Zn:aixi eR[X] uag |P|(x)=zn:|ai|xi e R[X] Taeii a #0 dmsy
i=0 i=0

qni=123...,n udnziwpw QeR[X\{0} Fuhld PQeR, [X] fdoile vl

P(X)
P09

o =X o q ¥
MUIUANTINYSUIN € G]N‘VI”I‘l‘I’T

>g MNTUNATUIUITILIN X



ao ~ = Y 1 A I o a g 9
qm’mﬂiuﬂ 2009 U84 Brunotte [4] ADNITAUNLIN Wnummmwmﬂumu’mmcﬁamm

[ 1

H '
vietwauissay annsodfuldidluwyuuiiidulszans lidluay 18 Taemsaadronyum

A 1A
NHUITTY NAIAD

a Y < A 3 o a v Y A o a Y1
‘YIE]‘H{]‘]J‘YI. 1‘14 feR[X] Lﬂuwvgum1/1mmLﬂummuwwammmaﬁnmmsqau i]%llﬂ’ﬂ i\

[

v e
iy m Fohldwgun (1+x)" £ (x) Tdudszd@nsnnsmauiiusuusain

Q

[

Y
a1l 2010 Brunotte [5] laanunraudse vensaiudselutl 2009 aail

v { Y 0 < 1A X o q ¥
nguiun. 1 b,c,reR Tash r>0 uaz b? <4cezldn Tdwwaulidaay n Faild

[

n(. o a a £ ° 3 o a A
‘W‘I{jum(x+r) (X +bX+C) llfﬂlﬂﬁgﬁﬂ‘ﬁﬂﬂ‘mu?ulﬂu‘ﬂ’]u’)ufﬂﬁﬂﬂjﬂ HagaIuITalaen

q

Sudni 18100 n< max{ [%1 [1-v],0 } (i o= 46c—(2c—br)2 ’

[3=126c—2cs(2c—br), y=83c—c?uay &=r?-br+c, o=3c—2br+r? HadTonani

Yo A a o = .Y any A a 9 =
ulﬂi‘U ADMINFIUNHYUNUDI Beli ﬂ’JEJ’J‘ﬁﬂﬁ‘i/lﬁflﬂ’ﬂlﬂiﬂﬂﬂclsﬁﬂi]‘ﬂaﬂﬂ YD Brunotte

o o v o a £ Jou o
Mangy @ WU, ﬁﬂﬂigﬁ‘ﬂ‘ﬁﬂl@QWPjHTN,i?ﬂﬂl@\iWHUTN,WaﬂﬂuﬂU



a3y

( CONTENTS)

ACKNOWLEDGEMENT
ABSTRACT
CHAPTER
1 INTRODUCTION

1.1 Background

1.2 Objective of the study

1.3 Scope of the study

1.4 Research Procedure
2 LITERATURE REVIEW
3 THEORETICAL BACKGROUND
4 MAIN RESULT
5 CONCLUSION
REFERENCES

BIOGRAPHY

Page

ii

18

21

23

24



