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ynomial in One Variable

raic expressions involving single vari .

y whole nurqbers (or non-negaive\fli"tilbge,) which
of the yarxal?le, are called po‘Y“Om;gq];S-as the
fth.e variable in a polynomial is x, then‘w 1:11 one
omial by p (x) or g (x) or 7 (x) etc. e denote

: a}l in variable x is an algebraic expression of the

Lo n—1 i
e + a4, X t a,,_zx" 2 .

: +42x2+ ax + a

> 42 3 a, are constants and @, #0
‘itéc)=3x +2x2__7x+5. o !

is 4 1y
ariable x (one variable). a polynomial in the
)=5y2+3yisapol . £ :
: : ynomial
one variable). in the variable y

1. Which of the following are polynomials?

(i) Vx° +4x +2

iven expression is x> +3x%+ 2.

e, we see that a variable has all positive integer powers.
ce, itisa polynomial.
en expression is Vx5 +4x+ 20t 7+ 4x+2.
ere, we see thata variable x has no all integer powers, i.c.
b . :

is not an integer power.

ence, it is not a polynomial.

4 3
x* '+ x° +3x
+20rx3 o L by

jven expression is
x

ere, we see that a variable has all positive integer powers.

ence, it is a polynomial.

le 2. Which of the following expressions are
ials in one or more variable(s)? State reasons

swer

_5x (if) 5y* +8x
: 1
Sy i3 2
V)X xS T
pY (iv) -
Given, expression is 3x? — 5%

Here, cxprcssion is in one variable an

ariable are integers-
1 one variable polyno

ence, it is mial.
iven, expression is5 }'2 + 8x.
n tw
ive integers.

les polynomial.

ere, expression 1 i
ariables are non-negat
Hence, it is a tW0 variab

d all powers of a

o variables and all powers of

S ~F

(i11) Given, e 1 is : + 3
P m 1 w/t dy ort 3y all powers of

vnriahlcs are nc i £
s )t non-negative | CRe e, it
p()l e lal gative integers, !‘(‘ﬂ(.(i. It 1S not a

Given, expression is x* + x” + : orx’ +x” 4+ x
4 X .

x
Here ion is i i
e i)le.x'prcssnon is in one variable and all powers of a
ariable is not non-negative integers.
Hence, it is not a polynomial.

Term and Coefficient

of a Polynomial

The part of a polynomial separated by “+’ or “~’ sign is called
a te;frirl‘of the pplypomial. Fach term of a polynomial has a
coefficient, which is the constant associated with that term.
e.g. (i) In polynomial x> — 4x + 7, the expressions x%,4x
and 7 are called terms of the polynomial and here
coeficlent of x2 is 1, coefficient of x is =4 and

(1v)

. & A
coefficient of x°, i.e. constant term, is 7.

(i7) The polynomial 4x” + 3x2 — 7x+ 5 has four terms,
namely, 453 3x%,7x and 5 and the coefficients of

x3,%?, x and x° are 4,3,— 7 and 5, respectively.

Note x + % Jx+3and 2/}1+ y are not polynomial because the
power of polynomial are not whole.
Example 3. Find the coefficient of x% in
Bx + )| x+ o 5
X

x

Sol. We have, (3x + x3)(x + 1)

1
=3x><x+3xx—+x3x:c+x3’ X
2% b

=3x2+3+x‘i 4ot =x4+4x3+3

So, the coefficient of x* is 4.

Degree of a Polynomial

¢ in a polynomial is known as

Highest power of the variabl
the degree of that polynomial.

1. Degree of a Polynomial in One Variable

For a polynomial in one variable, the highest power of the
variable is called the degree of a polynomial.

() 2x* —6x> +4x+1 is a polynomial in x of

e.g.
[since, the highest power of xis 4|

degree 4,

4 2l .
(i1) —3—+%x—5x2+—ix3 + x> is a polynomial in x ©

[since, the highest power of xis5

degree 5.

(211) Gx + ﬁ isa polynomial in x of degree 1.
[since, the highest power of xis
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1. D4t )&+ 3 ()22 + 6+ T 1%, \H) %
Zeroes of a Polynomial
Sol. (i) Wehave, 4(3) =37~ 4y) +11
On putting y = 2 in g(y), we get
i 4(2) =327 —4(2)+A11
— 388 yli

Value of a Polynomial
The value of a polynomial obtained on putting a particular
=24—8+411

value of the variable is called the value of a polynomial. The
Z 16 a/ll

‘ value of a polynomial p(x)atx = 4 (say) is denoted by p().
2(x)=5x —2x%2+3x -2
which is the required value of g(y)at y

eg. Let
Atx =1, =S =2 ) s (=
| =5— 04 3—2=184=4
4 is the value of given polynomial plx)atx =1 (i) We have, p(¢) = 4¢* +5¢° —t* +6
On puttingz = a in p(¢), we get
2(a) = 4(a)* +5(a) —(a)?-

= 4a* +54° — 4% 46

which is the required value of p(¢)at

i mpl. 1. Find the value of each of the following
omials at the indicated value of variables.

,, p@) =4r s 2y 6at t=a.
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 of a Polynomial

polynomial p(x)is a number o, such that p(o) =0.
olynomial is also called the root of polynomial
(x) =0. e.g. Let p(x)=5x+7

la2 Find the zero of a polynomial 2x + 4.
jven polynomial is p(x)=2x+4 6
_.pﬁtting plx) =0, we get 2x + 4=0

2x=—4 =>x=—;4-=-—2
2

"'cg, x = — 2 is the zero of the polynomial 2x + 4.

0d fo Check Whether the Given Value is a

f a Polynomial or Nof

omial in one variable (say x) is given to us and a
ariable x = ¢ (say) is also given, then to check that
ue of x is a zero of given polynomial or not, we use

Il ng steps

Firstly, consider the given polynomial say p(x).

Put x =c in given polynomial p(x) and find the

yalue of p(c).

If p(c)=0, then x=c¢ will be a zero of given

' "l_polynomial and if p(c) #0, then x = c will notbe a

zero of given polynomial.

ple 3. Verify that whether —2 and 3 are zeroes
nomial x> —x—6. '

égven polynomial be plx)= x*—x—6

tting x = —2 in Eq. (i), we get

(2= (27 -C =t =d it =0

on putting x =3 in Eq (i), we get
2(3)=(3)—(8)-6=9-3-6=0

, p(~2)=0and p(3) =0

2 and x = 3 are Zeroes o

... (1)

f the giveh polynomial.

4, Ifx= -Z—is a zero of the polynomial

12, find the value of k.

Since, x = % is a zero of the polynomial.

2
3 3 3 e
2l=0= 2| = +k(—)——12—0
P(z) T (2} 2

bk 24-=9
= —9—+3—/i—12~0=> B
plat ) 2 2
= 3k=15 = k=5

Hence, the value of kis 5.

— 0 are zeroes of the

Example 5. Ifx =3 and x
b, then find the values of

polynomial 2x° — 8x% + ax +
a and b.
as p(x) Ifx= 3and x = Oare the

Consider the given polynomial _
hese values will satisfy p(x).!.€:

zeroes of the polynomial p (), t
p(3)=0and p(0) = 0.
Sol. Let p(x) = 25> —8x2 +ax+b

Since, x = 3 is a zero of the polynomial.

p3)=0
267 —83)* +ax3+b6=0

=
= 2% 27 —8%x9+3a+b6=0
=> 54 —72+3a+b=0
= _18+3a+b=0
= 3a+b=18 )
Also, x = 0 is a zero of the polynomial.
_ ‘ : p(0)=0
(0 e (0) ORIt
= 0-0+0+6=0 ;
=> b=0 e ()
On putting » = 0 in Eq. (i), we get
324+0=18
= 324=18
il
3

Hence, 2a=6and b =0.

important Points on
Zeroes of a Polynomial
, Importar\t Points on Zeroes of a polynomial are given below:
- () Zeromaybea zero of a polynomial. i : s
(i) Every ~'linéa'r-‘polynomial has one and only one zero.
~ (ii) A non-zero constant polynomial has no Zero.
(iv) Every real number 1_5 a zero of thé zero polynomial.
) A polynomial can have .».more‘\-:han.o.ne Z€ero.
: (VQ"Maximgm number of zeroes of a polynomial is equal toits de:
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Polynomials

In earlier classes, we have studied algebraic expression and.th.eir 0?(?ration§ (;e.;ci;ls:ig:

subtraction, multiplication and division) and some algebraic 1dent1'tles use in fac 2
Ge(x+)° = +2xy, x% — y? = (x — 7)(x+ y) etc). But in this chapter, we wi
study ab<;ur the polynomial of one variable and their classification. Here, we also study

about zeroes of polynomials, remainder and factor theorem and their use in factorisation
- of a polynomial, alongwith some more algebraic identities.

" TOPIC 1

Polynomials in One Variable
and Their Classifications
oad SOV AIUOSIICONIONS, ..

Earlier, we have studied about two

types of symbols, viz. variables and constants. Variables
usually denoted by the letters x, J» % €tc., can take various numerical values, i.e. the
value of a variable can keep changing. On the other hand, constants generally denoted

by the letters 4, 4, ¢ etc., have a fixed numerica| value throughout a particular solution.
e.g. —4,3, T etc., are all constants,

A combination of constants and variables, connected by the four fundamental
arithmetical operations +, —, x and +, is called an algebraic expression.
o (1 627

57%+2xyisan algebraic expression, where and y are variables,
. 5 ; : :
() 6x° - 5 3x is an algebraic expression, where x and y are variables.

- power, is called 2 polynomial.

-Negative integral

Syllabus

2 Definiation of aPOlymcm-m ":%
Variable with Examplesang T
Counter Examples. Coeffigier A
a Polynomial, Terms of 3 :
Polynomial and Zero Pg

© Degree of a Polynomial
© Constant, Linear, Quadraticagg
bic Polynomi Mmm* T

(B:it;\omialsh,l Trinel)ilwsials 8

© Factors and Multiples

© Zeroes of a Polynomial :

© Motivate and State the Re
Theorem with Examples

@ Statement and Proof of the
Theorem "

© Factorisation of :
ax® + bx+c, a = 0, where

andc are Real Numbers a
Cubic Polynomials Using
Factor Theorem

© Recall of Algebraic XD
and Identities
© Verification of Identities
(x+y+ 20 (xt yP X't
X+ y3+ 22— 3xyzand T
in Factorisation of Pol
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TOPIC S

Algebraic Identities

"'An'identi_t)’ is an equ.alir}f, Whic_h is true for all values of its ~ Example 2. Evaluate 105 x 106 without mulli lying
yariables 1;[11 lt:Je egua_ht.); L.e. an ldent{ty is a universal truth.  directly. ki
:SOEI;)‘?(L::'_ _}/)2 g=exr2al+(-: fllx;n-:lzgs O R Sol. Firstly, write105 as100 + 5 and 106 as100 + 6.

) ==X =29+ P 105 % 106 = (100 +5) % (100 + 6)

’. i) x* — yi=(c— =+ y) = (100)* + (5 + 6)100 + (5 % 6)

(7v) (x+ @) (x + b) =x2+(a+b)x+ ab

(v) (x+y+2)° =x’+ y’+ 27 + 2y + 295+ 2ax

[ (x + a)(x + 0)= 2+ (a+bx+ ab)

=10000 +11 %100 + 30
=10000 + 1100 + 30=11130

= Zx? +23xy
2
(i) (x+ ) = x>+ 3> +3xy(x+ y) Example 3. Expand[ ks 1 Z) :
=x3+_y3+3x2_y+3xy2 2 3
2
(vi?) (x"}’)3=x3_3’3_3’9’(""}') Sol. (x—l_y+lz)
=x> — y> —3x2y+3x° Zy 403
2 2
Vi) v> — > =(x— &>+ 9+ 5°) = () +(“ly) +(lz)
=(x— ) [(x— )*+39] ¢ g
(7x) x3 + ]3 =(x+ }') (xz XYt _}'2) + 2x (—%y) + 2(—}2—}1) (%z)+ 2(%z}(x)
=(x+ )+ y)?* -
3 3 (xa }’) . )’) 3’9’] Fo(a+b+c) = 22+ b% +c* ¥ 2ab + 2bc + 2cal
() x°+y +2z° —3xyz '
2 ) =x2+l 2o 172 Bz
=(x+y+2) (x"+y +2z2° —x)— yz— 2x) il o VNG va3
=(x+ y+2)[(x+ y+2)> =30+ yz + 2
: Y 3] 3 3(xy J ) Example 4. Evaluate (104)° by using suitable
if (x+ y+2)=0thenx’ + y” + 2z~ =3xz identity.
(x1) x 2+ }'2 +2° - Xy — Jz — 2% Sol. Given number without power is 104. Since, it is greater than
1 2 2 2 100, so it can be written as 100 + 4.
=Sl N:+(—2)"+(@E—2)"]  (104) = (100 + 4Y
. : Cfhus 3
~ Note The right hand side expression is called the expanded form On comparing (100 -+ 4)" with (x + y)", we get
of the left hand side expression. x =100
‘ o and y=4
Problems Based on Algebraic Identities B s ihealeebratoiderity
e can use these identities to solve many problems, such as (c+ 9P =% + 5 +3xy (x+ ), e get
o factorise the algjbralz expresaslmn’ t‘fnd afmd‘;“ W;i‘;‘l’)‘g (104)° = (100+4) = (100) + (4)° +3(100)(4)(100 + 4)
iplyi 1 te the valueoran
. ultiplying directly and to evaiud — 1000000 + 64 +1200 (104)
aving exponent. =1000000 + 64 +124800
xample 1. Using appropriate identity, =1124864
2
e Note while finding the squares, cubes, if given number is greater
9 than 10 or 100 or 1000 or 10000, then we write it as 10 + a
5 2 y or 100 + aor 1000 + a or 10000 + a and if given number 15
s (2x)2 o b/s| 5 (Zx u .}_') (Zx + —) less than 10 or 100 or 1000 or 10000, then we write it as
9 3 3 3 {0~ a or 100—aor 1000- a or 10000 a, to make

J calculation easy, where a is any number.

[+a? = 6% =(a—b)(a+b)]
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actorisation of a Quadratic

olynomial

| '_L‘x‘.rdz‘.;u\ F"""“ normaal of the oy pe & : + bx + [ where d, bx ¢

Fran : ¢ #{ can be factorised by different
e spluong the nuddle term and by factor

o these are discussed ahead.

! By Splitting the Middle Term

B ug . $ g » )
Setars of he quadranc polynomial ax” + bx+¢ be

PN =G A * 3

JeRnsis A aaa

4 Bt Sas SR !
PEELTRNS

S
elrenm. Do

Then, gy~ + &y +¢~=:(‘]n*+q)(rx+:)
e+ prtgr)x o+ gs

wmparing the coef”
i im‘h Sﬁfﬁ* We Bt

J;‘»!;L

obx”, x and constant terms

<= grand - =gs

samoale

2 and g, whose pl’QdUCt

s
3
< 2

e & as the sum of rwo

A

7 - EX = ¢ write b as the
o product is (~ ag)

¥ 3

iy Qa’nn?

+ 72 + 3 by splity

¥ = ¥
Factorising Zx

gxample 5.
mididle fespimt

antit b= T 00 0 5
s oo fry 10 ;pht}; ;
ey e Y 1"’7’3’"’5'311@&

’ 4 = B
g & Chaarty. B+

pépzn. & s
P ot 148

YT IS 7 -:lﬂ‘:!' ?}([F"h
JIFEE Bp F

fis2e’ # 78F 3.
gw;fh ax’ + b 4 ¢ WEgEL

aml b= Fande =3

gol. Given ;mfvm\mié

Iy conpant
Now. mr—:lt}fﬂ(j' s
S0, all possible pairs of factorsof 6are 1 a 6, 2 angd
(learly, pair | and 6 givesl +6= Tk
Lokt Txdmt U HO)ES 3

=2zt +x+6x+3

= x(2x + 1)+ 3(2x #1)=(2x + 1)

2. By Using Factor Theorem

; | : 2
Write the given polynomial p(x) = ax™ + bx+c
in the form

P(x):ﬂ(xz +~§—x+ -j;)=ag(x)

[ 4

2
’ ) =2 +__x+
where, g( )=

: 2 :
i.e. firstly make the coefficient of x“ equal to one
one,

Find all the possible factors of constant term (—{}
a)

Using wrial method, find the factors at which Z
x=o and x =B. Further, write g(x) as the p
factors, then g(x) = (x — o) (x — B) and put this v
in Eq. (i) to get required factors of p(x).
Example 6. Factorise x* - 5x + 6 by using
theorem. Thly -
Sol. Let given polynomial be Flx)=x* —Sc+6
Here, coefficient of x? is 1,
form a g(x).

Now, constant term is 6 and all £ ar }'
i ek and all factors of Gare
Atx=2 fQ)=2-5xa 46
=4=1046=10~10=0
3, fB)=3"-5x3+4
=9-15+6=15~
Hence, (x - 2) and
polynomial,

so we do not need

—
-

At x

15=0
(x - 3) are the factors ¢





