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THEORY OF EQUATIONS

SYNOPSIS
Polynomial Function:If ag, &, & ...... a, are real and n is a positive integer, then
)X) = g + ax + ax> + ..... + ax" is called polynomial function.

Degree of the PolynomialThe highest power of x for which the coefficiént

non-zero in a polynomial function, is called theyaee of the function.

Constant Polynomial:If the degree of the polynomial function.is zeteen that

polynomial is called a constant function.

Zero Polynomial: If the coefficients of a polynomial are all zertsen that

polynomial is called zero polynomial.Zero polynofrhias no degree.
The domain of a zero polynomial is R.:The range ssibset of R

Polynomial Equation: If ay, &, &, ... g are real and n is a positive integer then
f(x) =g +ax + axe+ ... + ax"= 0 is called polynomial equation in x, with

real coefficients. If g0, then f(x) = 0 is an equation of degree n.

Linear, Quadratic, Cubic, Biquadratic equations:  polynomial equations of
degree 1,2,3,4 are respectivelycalled as a limgegratic, cubic, biquadratic

equations.

Division Algorithm: Let f(x), g(x) be the polynomials of degree n and
respectively such that m < n. Then there existpalgnomials g(x) and r(x)

uniquely such that f(x) = q(x). g(x) + r(x).
The degree of q(x) is (n — m).

Remainder Theorem:If a polynomial f(x) is divided by(x — a) thenethemainder
is f(a).
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9. Fundamental Theorem:Every polynomial equation of degreg n 1 has dtleas

root real or imaginary.It has only n roots realroaginary and no more.
10. Every f'degree equation has exactly n roots real or imagina

12. If ag, a, a3 ....0, are the roots of x" +ax"™ +a,x"? +...+a, =0, then $=

a a a a
__1’ SZ:_2183:__3’ n_”_
aO aO aO aO

Where Gstands for the sum of the products of the rooteriak at a time.
13. For the equatiox" +p; x" 1 +p, x"2 +...+p, =0

) Xo® =p*-2p

i) Yo’= ~p,’>+3p,p, -3,

iii) Xa'= p,* -ap,°p, + 2p,° + 4pips ~4p,siv) Yo’ =3 — pip;

V) Za“By =pips -~ 4p,

Note: For the equation>+p;x? + p,x +p; = 020°B* = p,2 - 2pp3
14. For the equationx™+ p,x"™ + p,x"? +....+ p, =0,

) S +Sup,+S_,p,+...+Sp,, +rp, =0, ifr<nand

iS +S_p, +S._,p, +....+S_ p, =0, if r > n.

Where $denotes the sum of th® powers of the roots of the equation.
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The sum of the"t powers of the roots of the equation
X"+ pxX" X" +p.1X +p, =0 is the coefficient of kin the expansion of
xf*(x)

f(x)

To remove the second term from & degree equation, the roots must be

diminished byi and the resultant equation will not contain threntevith X**.

na,

in descending powers of x.

If ay, ay, ....q, are the roots of f(x) = 0, the equation

i) Whose roots arel—, ii is f(lj =0.
a, o, d X

n

i) Whose roots aredg , ka,...,ka, is f(éj =0.

iif) Whose roots arex, —h,a, — h,...a, —his f(x+h) = 0.
iv) Whose roots ara; + h,a, +.h,....a, + his f(x-h) = 0.
v) Whose roots am,?, 05%...0,2 is f(\/y) =0

If a, B are the roots of the quadratic equation f(x) th@n the equation whose

roots are@a + b, #+b is f(x—_bj =0.
a

An equation in which the reciprocal of every robthe equation is also its root is
called a reciprocal equation. In such an equatioa,coefficients from one end
are equal to coefficients from the other end (afy& in magnitude and opposite

in sign.

In any equation with rational coefficients, ir@tal roots occur in conjugate
pairs.
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In any equation with real coefficients, complertooccur in conjugate pairs.

If a is r” multiple root of f(x) = 0, them is a (r-1) - multiple root of'{x)=0 and

(r-2) - multiple root of (x) = 0 and non multiple root off(x) =0.

i) If f(x) = x" + px"* +.......+p.1X + p, and f(a) and f(b) are of opposite sign, then

atleast one real root of f(x) =0 lies between aland
Descarate's rule of signs

If f(x) is a polynomial (with real coefficients thi the terms arranged in
descending powers of x), the number of real pasitoots.of f(x) = O does not
exceed the number of changes in signs of the .coaffis.of f(x), and the number
of negative real roots of f(x) = 0 does not exctenumber of changes of signs
of f(-x).

i) The equation of lowest degree with'rational ¢ioegnts having a root/a +iv/b is
x*-2(a— b)%+(a+b¥ =0.

i) The equation of lowest'degree with rationakfficients having a root/a ++/bis
x*-2(a+ b)%+(a-bf =0.

The condition that the roots of ax bx +cx+d=0 may be in A.P. is
20+27&d = 9abc.

The condition that the roots ofx byt + cx + d = 0 may be in G.P. is
ac = bd.

The condition that the roots of ¥bx*+cx + d = 0 may be in H.P. is
2¢’+27ad= 9bcd.

i) If the reciprocal of every root of an equationaiso a root of it, then the

equation is said to be a reciprocal equation.

www.sakshieducation.com



30.

www.sakshieducation.com

i) If the coefficients from one end of an equation egigal in magnitude and sign to
the coefficients from the other end, then the eguat said to be the reciprocal

equation of First Type.

iii) If the coefficients from one end of an equatioe agual in magnitude and
opposite in sign to the coefficients from the otaed, then the equation is.said to

be the reciprocal equation of Second Type.
i) X = -1 is a root of the reciprocal equation o$fitype and of odd degree
i) x =1 is a root of the reciprocal equation of sectype and of odd degree.

i) x =+ 1 are two roots of reciprocal equation of secope tand of even degree.
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