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Abstract

The Binomial theorem as we know gives a general erulor finding the
expansions of expressions involving the sum or €iffnce of two numbers raised to
stated powers. In this paper a method of obtainitite same expansions which is
similar to differentiation and integration is presged. This method appears easier and
simpler compared to the traditional Binomial methaaf obtaining the expansions.
This paper also discussed a different method ofaibing factorization of polynomials
completely without the use of factor and remaindéeorems.
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1.0 Introduction
By the Binomial expansion,

nn-Ox"?y* ., n(n-1)n-2)n-3..(n—r +1x""y"
2 r!
= nC,x" +nC,x" "y + nC,x"2y?+...+ nC,x""y"+..+nC,y" (2)
where X, y are any real number and n is a natunalber[1]. These are normally called the binomialeseand the numbers
which multiply “x” and “y“in this binomial expansioare called the binomial coefficients or the cioéfhts of the powersof
“x" and “y “. This paper will discuss the method alftaining the same expansionwithout recourse tobaeatorial but with
the application of differentiation and integratiora special form.

Recall also the factor theorem which states “If)pgxa polynomial and p (a) = 0, then p(x) hasnadr factor x-a [2]. This
statement (the factor theorem) is also the speas¢ of the remainder theorem where R = p (a)Fhi8.theorem helps us to

(x+y)" =x"+ nx""y + +..+b" (1)

factor polynomials by trial. Given a polynomial p(&ll we need to do is to look for values c%‘(cm) say x = “a “for which
p (a) is zero, then divide p(x) by x-a to get theotipnt Q(x). The process is repeated until all fdetors are realized
[1].Solving any algebraic equation f(x) = 0 meaimsling all complex numbers x for which f(x) = 0 whehe x are the roots
ofthe equation [3].

In this paper, a new method of factorizing polynal:icompletely is developed without recourse tooidicemainder theorem
The next Section discusses the approach adoptaisipaper while examples will be outlined in SewtB.

2.0 Methods
A. Let the expansion of the same expression (1) be

bty ) = 80Q(y) + 6 (R (v) +8° (R (¥) +-+0, (). "(y) )
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where d(x) = x" and Qy) =y°, & and Q. aretwo operationssimilar to differentiation and integration

respectively but not exactly the same .The expangiocess differentiates x and integrates y coantisly until the required
n . ) . . .

(n+1) terms in the expansion O(,><+y ) forn=1,2,3,... are obtained. One thiamarkable or special with this

process is that the coefficients of the powers@drid“y“are obtained at the same time of differatiin and integration. The
numbers are treated as variables in the procediff@fentiation. These will be illustrated with erples in Section 3.
B. The polynomial

p(X) = a,x" +a,, X" +a, X"+t aX + (4)
is completely factorizable if and only if there st numbers such that:
n-1
(1) Theirproducts equal f%n aa

(ii) Their sum equalan-l and
(iii) they have a suitable relationship with theeffiwient of other lesser powers of x.
Put more concisely, the polynomial:

p(x) = ax* +a,x* +ax +a, (5)
is completely factorizable if there exists thregnbers sa)g B.and y such that
(i) aBy =3 a,
(ii) a+f+y=a, (6)

This process avoids the trial method of searchimgtfe linear factors and will be illustrated inc8en 3 of this paper.

3.0 Examples
In this Section practical examples will be discasgrillustrate the approaches adopted in Section 2

1 3
1. Expandthe expressions (a) (X +y)4 (b) (3+ 2X )4 (C) [Xz _ ZJ
By applying Equation (3) inSection 2 above we abtai
3

y’ y y*
(@) (x +y)* = x*y° + 4x®y* +12x27 2 + 24

2.,2 3 4
12x°y N 24xy N 24y

= x* +4x°y +
21 31 41 -
(x+y)' = x* +4x%y +6x°y* + axy*+y*
(8)
2 3 4
(b) (3+ 2x)° = 3°(2x)° + 43°(2x) +1232 ) 4 243X | 550 (2¥)
2 2.3 6.4
= 81+216x +216x* + 96x° +16x".
9
3 0 1 — _ -
() (XZ - %} = (Xz)s(—z—lxj + 3(x2)2(—%j + 6(x2)1—22X + 6(x2)° E23x '
_ w5 3 3 1
e R e
2 4 8x (10

One feature of this method is that the numbersti@&ed as variable and differentiated as suchaasbe observed in
example (b) above. Example (c) which involves radies is also handled in the way of example (a).

Journal of the Nigerian Association of Mathematic&hysics Volume 33, (January, 2016), 11 — 14
12



Polynomial Expansions and... Iwu J of NAMP

1. Factorize the following completely.
(@) 2 +11x* +17x + 6.
(b) 2x*-3x* -5x +6.
By applying the method outlined in Section 2(b), vesve:
(a) Let
2+ 1 +17x +6. = a,xX’+a, xX*+a, x+a, and let a =1 B=4& y =1, suchthat:
aBy =) 4)6)=26=a".a, and a+p+y=1+4+6=11= a,.

= (253 +x2 )+ (4x® +2x) +(6x? +3x)+ (12x+6)
= 2x+1( X% +2x+ 3x+6) =2x+1(x(x+2)+3(x+2))
= (2x+1)(x+2)(x+3)
(b) Let
2x°-3x* -5x +6 = a,x’ —a,x* —a,x+a, and let a, [, ybe - 2,—4, & 3respectivdy such that :
a By =(-2)(-4)3) =226 =a,’.a, and a+f+y =-2-4+3=-3=a,
2% —3x* =5X +6 = 2x> — 2x® —4x® +3x* + 4x—3X - 6X+6
= 2X° —2X° = 4x® +4X + 3x* —3x—6x+6

(11)

(12)

= 2x3(x 1) - 4x(x-1) +3x(x-1)-6(x-1) )
=(x-1)[2x* - 4x+ 3x —6] = (x-1[2x(x-2)+3(x-2)
= (x—l)(x—2)(2x+3) .

4.0  Discussion and Conclusion

The method presented in Section 2 is valid for hahkitive and rational indices. The method whemhthgused gives the
same result with the Binomial expansion method. ie¢hod obtains the Binomial coefficients througffiedentiation and
integration.

The factorization method avoids obtaining the Imé&mctors by trial and the argument can be easliofed without
difficulty.
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