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Abstract

In this article, we utilize the corresponding parallelisms between rational coefficient multinomial and integral
coefficient multinomial and between the integral coefficient multinomial and positive rational number to translate the
problem of divisibility of the rational coefficient multinomial into the problem of multiplication cross operation among
positive rational numbers. This method can determine the divisibility and obtain the quotient.
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1. Introduction

As we know, any one positive integer m can be implemented by prime factorization and its formula of prime
factorization is

m=2"3%5% pr =[] pi*-

=1
Where, ¢,€ N(k=1,2,---,n) and p (k=1,2,---,n) are n prime numbers which are different each other and
pi<p[+1(i =1,2,---,n-1).

In the same way, to any positive rational number q, we can obtain same conclusion.

Lemma 1: Any one positive rational number q can be denoted as
q= Q@3agas. .. p:” = szk .
k=1
Where, ¢,€Z(k=1,2,---,n) and p, (k=1,2,---,n) are n prime numbers which are different each other and
p=p.(i=12,---,n-1).

Lemma 2: Suppose Z[x] is the set of integer coefficient multinomial, Q[x] is the set of rational coefficient
multinomial, and to any f'(x) € Q[ x], the integer k must exist to make kf'(x) € Z[x], so the sufficient and necessary
condition that f(x) isreducible on Q isthat kf(x) canbe reducibleon Z .

2. The multiplication cross operation of positive rational numbers

Definition 1: Suppose  the  positive  rational = numbers g,=22325%...p= =1 | p* and

n
k=1

q,= 2ﬁ13ﬁ25/”3...pnﬂ" = HpkA .
k=1

Where, ¢,,f,€N(k=1,2,---,n) and p, (k=1,2,---,n) are n prime numbers which are different each other and
pi<pi+1(i=1’2""7n_l)'

So the multiplication cross operation between ¢, and ¢, is
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o Yap,
7,®q,= (23750 pY® (2737575 piy =[] pi
k=1

The summation cross operation between ¢, and ¢, is
q, &) q,= (213725, .. p‘:") @ (2513ﬁ25ﬁ3 e P,,ﬁ") — H pzk*ﬂ/g .

k=1
3. Main conclusions
To the integer coefficient multinomial f(x)=go+aX+awx’+-+a.x"(a,#0), we can adopt the method
S(X)=aotax+ax’++a,x"(a,#0) tocorrespond with g =2a:3a5a:--. p@:.
Where, ¢, €Z(k=0,1,2,---,n) and p,(k=0,1,2,---,n) are nt+1 prime numbers which are different each other
and p<p. (i=12,--,n—1) to make any integer coefficient multinomial f(x) correspond with the positive
rational number ¢ , and obviously, this parallelism is the parallelism one by one. So we have:
Theorem 3: Suppose Z[x] is the set of integer coefficient multinomial and Q" is the collectivity of positive rational
numbers, so ®:Z[x]—> Q" exists to make any f(x)=go+aX+ax’+ +a.x"(a,20)€Z[x], and O(f(x))eQ".
So @ is the isomorphic mapping from < Z[x],+,x> to <Q",®,®>,ie. <Z[x],+,x>=<0",®,® >.
Deduction 4: Suppose Z[x] is the set of integer coefficient multinomial, Q" is the collectivity of positive rational
numbers, and @ is the isomorphic mapping from < Z[x],+,x> to <Q',®,® >,
(M) Iftoany f(x),g(x)(g(x)=0)e Z[x], h(x),r(x)e Z[x], exists and makes f(x)=g(x)h(x)+r(x), where,
r()=0 or '(r(x))<a"(g(x)) (markk  D(f(x))=¢q,P(g(x))=q,PM*h(x)=q,Pr(x)=g, ) so
q9,=(q,9q,)Dq,-
(2) In (1), the sufficient and necessary condition of g(x)| f(x) is g, =1.
(3) In (1), the sufficient and necessary condition of g(x)|f(x) is q9,=4, ®q,-

4. Example

Example: Determine whether g(x)=x>—3x+2 candivide f(x)=x’—4x’+5x—2 exactly?

Solution: According to Theorem 3,

The corresponding positive rational number of f(x)=x'—4x>+5x—2 is 273°5"7', and the corresponding
positive rational number of g(x)=x>—3x+2 is 2%375'7°.

Suppose g(x)|f(x) ,80 h(x)e Z[x] exists and makes f(x)=g(x)h(x).

Suppose the corresponding positive rational number of hA(x) is 2703452755 | so according to Deduction 4,
2’375 @270 0l =735

According to the definition of multiplication cross, we can get

Bo=-1 28,=-2
pi=1 from 2B,-3B,=5 ,
B,=0 Bo+2p6,-3p,=-4
B,=0 28,-3p8,+B,=1

so h(x)=x-1,ie. g(x)|f(x).

About the divisibility of rational coefficient multinomial, we only need translate rational coefficient multinomial into
integer coefficient multinomial, i.e. the reducible problem of rational coefficient multinomial in the rational number
field is coincident with the reducible problem of integer coefficient multinomial in the integer loop.
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5. Conclusions

The method in the article is only a sort of theoretic method, and it is very difficult to use it to determine the divisibility
of multinomial in practice, and this new way can also be used to discuss other problems about multinomial.
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