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Abstract: Indrajeet’s Law is a general formula for n™ degree polynomial equation. We can find all real roots of
n" degree polynomial equation by Indrajeet’s Law . In this law we used divisors and coefficients which make it
easy to find the roots of n" degree polynomial equation.
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I.  Introduction
The general form of the " degree polynomial equation is given by agx"+a,;x"*+a,x"%+---+a, = 0,800
This equation has n roots, some of which may be real numbers, may be conjugate numbers or may be complex
numbers (or imaginary numbers). As we know that , yet no any formula is given for find the roots of n™ degree
polynomial equation (or fifth degree polynomial equation or grater than fifth degree polynomial equation), but
now Indrajeet’s Law is available for find the roots of n™ degree polynomial equation. As we know that a linear

. . b . .
equation ax + b = 0 can be solve direct as x = —= and a quadratic equation ax? + bx + ¢ = 0,a # 0 also can

- /p2—
be solve by ~ many methods that are x = w we can find the roots of quadratic equation by

a

using this formula and also we can find the roots of quadratic equatin by factor method and complete the square
method. One most important method is ‘Indrajeet’s Rule for Quadratic Equation’ this is developed by me which
published in IOSR Journal of Mthematics in march 2016. Indrajeet’s Law came from ‘Indrajeet’s Rule for
Quadratic Equation’. Indrajeet’s Law is generalization form of ‘Indrajeet’s Rule for Quadratic Equation” which
works for n™ degree polynomial equation. We can find roots of n" degree polynomial equation by Indrajeet’s
Law using coefficients and divisors of (a,-a,). We can find the roots of cubic equation ax® + bx? + cx +d =
0,a =0 by factor theorem, if (x — a) is a factor of above cubic equation, then we say that ‘a’ is a root of
above cubic equation and then we using factor theorem we can find roots of cubic equation. One impotant
method is cardano’s method we can find the roots of cubic equation by using cardano’s method. We can also
find the roots of quartic equation ax* + bx® + cx? + dx + e = 0,a # 0 by Ferrari’s method.

Finally, we know that any equation of which degree is 5 (or grater than 5) has (have) no any formula to solve
that equation, but now Indrajeet’s Law is available which works for all polynomial equations. This Indrajeet’s
Law does not work only for a linear equation.

1.  Indrajeet’s Law
Rule:
Step1: Find (ap-a,) and (ap)"*a,
Step2: Write all divisors of (ag-a,), where not required all divisors of (ag-a,), if you feel write all, then
you can write.
Step3: Choose n numbers from the divisors of which multiplication is (a))"*-a, and sum or difference
IS a;
Step4: Change the sign of all chosen numbers.
Step5: Divide all the numbers by a,
Keywords: Divisors and coefficients
Remarks:
1: This law will not work for linear equation.
2: If at least one root is conjugate or complex, then this law may be difficult.
3: If polynomial equation is in standard form in descending order and no any term is absent
or no any term is equal to zero, then this law will work. (The last term a, can be zero).

I1l.  Factorization of n™ Degree Polynomial Equation
If we have ay, 0y, 03,0, are roots of nt degree polynomial equation agx™ + a;x™ ! +ax" =2 + --- +a,
= 0, ao#0, then we can write n" degree polynomial equation in factor form according to factor theorem, so n™
degree polynomial equation can be written in the factor form as (x—o;)(x—05)(x—03)-*(x—a) = 0.
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IV. Examples

Examplel: Solve the equation 4x°—8x® —93x7 + 132x% + 714x° — 672x* — 1957x3 + 1268x? +
1332x — 720 = 0 and also factorise it.
Solution: Given equation is of the form
ax? +bx® +cx” +dxb +ex® + fxt+gx +hx’+ix+j=0 this equation is colled 9" degree
polynomial equation which is in standard form and no any term is equal to zero, now we will compare given
question with this equation

By comparing we can write

a=4, b=-8, j=-720
Now we use Indrajeet’s Law,

Step1: a-j=4x(=720)=-2880

And  a®-j =48 x (—720) = —47185920
Step2: +1, 2, £3, +4,--
Step3: —-2,—4,-8,-12,-16, 4, 8, 10, 12

Here, sum of these numbers = b = —8
And multiplication of these numbers = a® - j = —47185920

Step4: 2, 4,8, 12, 16,—4,—8,—10,—-12
. 2 4 8 12 16 -4 -8 -10 -12
Step5 T T Ty Ty Ty Ty Ty T T
4 4 4 th4 4 4 4 _4 4_ i
Hence, roots of given n™ degree polynomial equation are given below
x=1{, 123 4 -1, -2 = -3}

We can check the roots of the given example are correct or wrong, so we let P(x) =0 is given example,
then we checked that
PG) =0, P(1) =0, P(2) =0, P(3) =0, P(4) =0, P(-1) =0, P(-2) =0, p(‘;) =0, P(=3)=0
So above roots are correct.
2" part of question
Since, when x = a is a root of any equation, then (x — a) will be a factor of that equation
according to factor theorem
Similarly, x = {% 1, 2, 3, 4,—-1,-2, _75,—3} are the roots of the given equation, so factorization form of
given equation be
(=D E-DEx-D -3 Gx-Da+D @+2) (x+3)x+3)=0

Example2: Solve the equation 2x°> — 41x* + 306x3 — 1015x% + 1396x — 480 = 0
Solution: Given equation is of the form ax® + bx* + cx® + dx* +ex + f =0
Comparing the given question with above quintic equation,

Here,a =2, b=-41, f =-480

Now, we use Indrajeet’s Law

Stepl: axf=2x(—480) = —960
And a* x f = 2% x (—480) = —7680
Step2: +1, +2, 43,
Step3: -16, —8, —6, —10, —1
Here, sum of these numbers= b = —41
And multiplication of these numbers = a* X f = —7680
Step4: 16, 8, 6, 10, 1

16 8 6 10 1
Step5: - = - - =
P 2’ 22 27 27 2

Hence,x:{& 4, 3, 5, %} are the roots of required equation.

Example3: Find the roots of the polynomial equation equation 4x7 — 4x® —49x® + 35x* + 161x3 —
91x%2 — 116x + 60 = 0
Solution: Given equation is of the form ax” + bx® + cx® + dx* + ex® + fx? + gx + h =0
Comparing the given question with above 7" degree polynomial equation,
Here, a=4, b= —4, h= 60
Now, we use Indrajeet’s Law
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Stepl: axXh= 4x60= 240

And a® X h = 4% x 60 = 245760
Step2: +1, 2, *+3, x4, -
Step3: 4, —12, -2, —4, -8, 8, 10

Here, sum of these numbers = b = —4

and multiplication of these numbers a® x h = 245760
Step4: -4, 12, 2, 4, 8, -8, —10
Steps: _i’ E’ Z, i’ g’ __8’ — 2

4 4 4’ 4 4 4 4
Hence, x = {—1, 3, % 1, 2, -2, —g} are roots of the required equation.

Example4: Factorise the polynomial equation 8x® —4x7 — 102x°® + 21x° + 357x* — 21x3 — 323x% +
4x + 60 = 0.
Solution: Given equation is of the form ax® + bx” + cx® + dx® + ex* + fx* + gx? + hx +i =0
For factorization, first of all we use Indrajeet’s Law and then we will use factor theorem
Comparing the given question with above 8" degree polynomial equation,
Here, a=8, b= —4 and i=60

Stepl: aXxi=8x60=480

And a’ xi=87x60=125829120
Step2: +1, £2, £3,-
Step3: 8, —24, —4, —8, —16, 16, 20, 4

Here, sum of these numbers = b = —4
and multiplication of these numbers = a’ x i = 125829120

Step4: -8, 24, 4, 8, 16, —16, —20, —4

8 24 4 8 16 16 20 4
Step5: -, = -=, —-=

8’ 8’ 8 8 8 8’ 8’ 8
1

Hence, x = {—1, 3, > 1, 2, -2, —%, —%} are roots of the given equation.
Now, according to factor theorem, if x = a is a root of any equation, then (x — a) will be a factor of that

equation.
Similarly, we can write required equation into factor form which is given below

or (x + 1)(x—3)(x—§)(x— D(x — 2)(x+2)(x+§)(x+§) =0
or (x+ D — D +2)(x —2) (x +§) (x —g) (x —3) (x + g) =0 this is required

1]

V.  Conclusions

Indrajeet’s Law is a unique rule for n" degree polynomial equation, because five degree equation (or
more than five degree equations) has (have) no general formula yet, but Indrajeet’s Law is a method which
works for quadratic equation, cubic equation, quartic equation , --- to n™ degree polynomial equation. This law
does not work only for linear equation. Indrajeet’s Law is a good method to fond the roots of n™ degree
polynomial equation, because in this law we have not done calculation and simplification. In this law | used
coefficients and divisors only. Indrajeet’s Law came from ‘Indrajeet’s Rule for Quadratic Equation” which is
also developed by me and published in IOSR Journal of Mathematics in March 2016. If once we find roots of n
degree polynomial equation by Indrajeet’s Law, then we can write " degree polynomial equation into factor
form, so we can say that n" degree polynomial equation can be factorised by using Indrajeet’s Law. Hence we
can say that Indrajeet’s Law is a best method for n" degree polynomial equation.

References

[1]. Indrajeet Kumar, march 2016, Indrajeet’s Rule for Quadratic Equation, IOSR Journal of mathematics, Vol.12 Issue 2 (ver. 3)

[2]. Indrajeet Kumar, march 2016, Indrajeet’s Factorization for Quadratic, IOSR Journal of Mathematics, VVol. 12 issue 2 (ver. 4)

[3]. Dr Mushtag Ahmad Shah, Department of mathematics CMJ University Shilliong 79300, Fundamental Theorem of Algebra A
Study , ijceronline.com, Vol. 2, Issue 8

[4]. Hana Almoner Looka, Dept. of Mathematics Belgrade University, Polynomial Equation from Ancient to Modern Times —A
Review, University Bulletin — Issue no. 16, Vol. 2, April 2014

[5]. Lee Si Ying" and Zhang De-Qi? Solving Polynomial Equation by Radicals(online)

Indrajeet Kumar. “Indrajeet’s Law.” IOSR Journal of Mathematics (IOSR-JM), vol. 13, no. 4,
2017, pp. 27-29.

DOI: 10.9790/5728-1304032729 www.iosrjournals.org 29 | Page



