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Algebraic Expression,

Polynomial & Rational Expression

CONSTANT

A symbol having a fixed numerical value 15 called a constant.

For example : 5, -2, 3.14, % ﬁ.ﬂ, Tor 1;_2 elc. are constant.

VARIABLES

A symbol which may be assigned different numerical values is
known as a variable.

For example : In the formula of circumference of a circle,
' =2nr, 2 and w are constants and C and » are variables. Here,
(" is the circumference and » is the radius of the circle.

ALGEBRAIC EXPRESSIONS

A combination of variables and constants connected by some or
all of the mathematical operations +, —, = and <= i1s known as an
algebraic expression.

For example : 2x + 7, x% - 3x, 21" — Ty + S efc.

Algebraic Expression Term Coeflicient
4 4
4x + 3y i
3y 3
3y? 3
In? - dx o
—dx -4
3p’q
3p*q + Tpq - 8pg’ Tpq
—Hpqz —a
POLYNOMIALS

A polynomial 1s an algebraic expression in which no varnable
is in denominator and the variables involved have only non-
negative integral powers.

2
Forexample : 25l +3x+4, E _'L’: + 6, -u'g.rz + _L‘z are polynomials,

1. Find the sum of 5% - 232 + x+ 7,47 - 3x +2
and x* + 3x? - x - 3.
Sol. Reguired sum = (5xf =22 +x+T)+ {4.‘(2 -3x+2)
+ {x“ +3ri—x—3)
=xt+ 50 (2% + 4 + 3% + (x— 3x —x)
+(7+2-3)

=t s+ (244424 (1-3-1)x+6
= sl st re=t st 52 3+ 6

Multiplication of Polynomials
In the multiplication of algebraic expressions, we are using the
following rules :

(i)  The product of two factors with like signs 15 positive and
the product of two factors with unlike signs is negative

Le () < (H)=+;(H) = (-)=-
O (#)=—; (I x()=+
(ii) If @ is any variable and m, n are positive integers, then
am 2 g = u["' t+ 1)
For example : x3 = x0 =3 70 =9
(iii) Distributive law of multiplication
lealb+ec)y=ab+ac
(@a+b)(c+d+e)=ac+ ad + ae + bc + bd + be

2. Multiply :
(i) SaZ, 178 (i) —3%, )7
(iii) 2p, piq? (iv) 3xf, —3x, 297

Sol. (1) SxZ = 17x% = (5 17) x (x2 % x) = 85 = x2 7§ = g5x10
(i) —3d =2 =3x)3F2=_35
(iii) 2p x p*q* =2 % (p x p’q*) =2 % (p' "2 g*) = 2p'g°
(iv) 3% ¢ (=3x) % 207 = {3 % (=3) = 2} x (¢ x x x )

=18 = (113 =_18x8)°

REMAINDER THEOREM

Let fix) be a polynomial of degree greater than or equal to 1.
Then if fix) 1s divided by (x — a), where a be any real number,
then the remainder 15 fla).

Note that in f{a), a is the value of x when x —a = 0.

3. Find the remainder when
(i) 2+ 22 —5x+ 3is divided by (x - 2)
(ii) - —x2 + 1 is divided by (x + 1)
(i) 20 — x? + Sx is divided by (2x— 1)
Sol. (i) Letp(x)=x"+2?-5x+3
Putx-2=0 = x=2
Remuinder=p[2}|=23+2><22—5><2+3
=8+8-10+3=9
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(i) Letp(x)=-x*-x2+1
Putx +1=0 = x =-1
Hence remainder = p(—1) = — (=1)* = ( 12+ 1=-1

(iii) Let p(x)=2x% —x? + 5x

Put 2x— 1 =10, then .r:l—
e i3 2
IW 1]' [I] 1]
S0, remainder= P| = | =2| 5| —| 5| +3| 3
S0, remainder H[L sz 2 [2
1 1 5 1 1 5 5
=2Xk——— = ——— ===
8 4 2 4 4 2 2
FACTOR THEOREM

Let p(x) be a polynomial of degree greater than or equal to 1 and
@ be any real number such that p{a) = 0, then (x — a) 15 a factor
of p(x).

Conversely, 1t (x —a) 15 a factor of p(x), then p(a) = 1.

Let us understand this through the following example.

m4. Is (x — 2) is a factor of x> + 3x2 — 12x + 47

Sol. Let p(x) =+ 32— 12x+ 4
Now p(2)= (2P +3(2P - 12%x2+4=8+12-24+4=0.

Hence (x — 2) is a factor of x* + 3x2 — 12x + 4.

ZERO OF A POLYNOMIAL

A number o is a zero of a polynomial f{x). if f{o) = 0.
Number of zero(s) of a polynomial = Degree of the polynomial.
Hence number of zero(s) of a linear polynomial, quadratic
polynomial, cubic polynomial are 1, 2, 3 respectively.

Relation Between Zero(s) and Coefficient of a Polynomial
(i) Linear Polynomial (ax + b, a=0) :
. . . f
If o be the zero of linear polynomial ax + b, then o = .
a
(ii) Quadratic Polynomial (ax? + bx + ¢, a £ 0):
If o and B are zeros of quadratic polynomial ax” + Ax + ¢, then

K '
a+p=- ” and u-ﬁ:{
a a

(iii) Cubic Polynomial (ax® + bx? + ex +d, a = 0) :

If ce, [3, v are the zeros of the cubic polynomial

3 4+ hx? + ¢x + d- then

£ - d
cxr|3+~;=——J;a[3|[},r4Tu:i and affy =-—
a a a

X

Factorisation of Polynomial using Algebraic Identities

You can also factorise the polynomial using the algebraic
identities:

(i) o —b%=(a+b)a—b)

(i) a®+b*+2ab=(a+b)

(i) a® +b% —2ab=(a-b)*

(iv) @ +b° +3a%h+3ab® =a® +b° +3abla+b) =(a+b)’
(v) @ —b —3a’b+3ab’ =a’ —b —3ab(a—b)=(a—b)
(vi) @ —b° =(a-b)a* +ab+b°)

{vii) &+ b ={c;-—h']{u2 —ah+|‘}2}

{viil) a® +b> +¢> +2ah+ 2be + 2ca =(a+.£1+¢-}2

(iX) & +b% +¢° —3abe=(a+b+c)a® +b* + ¢ —ab-be - ca)

(x) Ifa-+b+c=0,then a +b +¢ =3abe

HCF (OR GCD) OF TWO POLYNOMIALS
HCF of two polynomials pix) and g(x) is that divisor which has
the highest degree among all common divisors.

Note that the coefficient of the highest degree divisor is positive,

m 5. Find the HCF of following pair of polynomials:
P =(2-9)(x=3) : gx) =22 +6x+9
Sol. p(x)=(x*=9)(x-3)
=(x+3)(r=3) (x—=3) = (x +3) (x—3)?
glx)=x+6x+9
=x2+3x+3x+9
=(x+3(x+=(x+3)
HCF of p (x) and gix) =x + 3

LCM OF TWO POLYNOMIALS
LCM of two polynomials p{x) and g(x) 15 a polynomial of lowest
degree of which p(x) and g(x) both are multiples.
> 6. Find the LCM of p(x) = (x + 3) (x — 2)* and
g(x) = (x— 2) (x— 6).
Sol. px)=(x+3)(x- 2)?

glx)=(x—-2)(x—6)

HCF of p(x) and g(x) = (x — 2)

LCM of p(x) and g(x) = (x + 3) (x =2)* (x — 6)
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10.

12.

EXERCISE

If 4x—3+4y—3 +4:_3:U then the value nf'l+l+|_ is
x ¥ z X ¥y =
(a) 9 by 3 c) 4 (dy 6
I _ ..
If 24x3= = _then the simplest value of x 15 :
2443
(a) |1 (b)y -2 (c) 2 (dy -1

If x=+3-42=0 and }-‘—w"3+w'5=[l._ then value of
(x° =2032)- (" +242)

fa) 2 by 3 ey 1 idy 0

2 l 1
If ,,—'n = = then the value of | P+— | 1s
P -2pP+1 4 P

ja) 7 iby 1 (c) idy 10

Lh | b

2, | . 100 o
If x* +— =1 then the value of x'V2 + x%0 4+ %0 4 x84 + 78
X

+x2+5is
(a) 0 ihy 5 c) 3 idy 1

If @2 + b + ¢ = 2a — 2b — 2, then the value of
Jg-2b+cis

(a) 0 (b) 3 () 5 (d) 2
_ |
Ifx=2+ 3, thenx®>+ —5 isequalto
X
(@) 10 (b) 12 (c) —12 (d) 14
2 2 2
AT+ yT
If x + v +z=10, then the value of —— 15
Xt -z

(a) -1 by D ic) 1 (dy 2
Ifp = then 27 p> — ———= p* +=p is equal to

=~ then27pd— — - p* += .
P g NS T e 2 Ty meanie

4 5 8 10
(a) 77 (b) 77 (c) 77 (d) 27
If a* = b, b = ¢ and & = a; then the value of xyz =
fa) 0 by 1 c) —1 (dy 2

| 3
If x+—=23, then the value of ¥ * 3 15

X X
(a) 125 (b)y 110 (c) 45 (dy 75

' 1
Ifx+ J_ =landy+ — =1, what is the value of xy=?

|
| by —1 ) 0 dy —
(a) (b) (c) (d) 5

13,

14,

15.

16.

17.

18.

19.

20.

21.

22,

4 . .14

Ifx+ — =4, find the value of ¥ +—.
x X

1 1

8 b) 8= ) 16 d) 16—
(a) ®) 85 (© (d) 162

1

[fx=3+2 xE then the value of [‘H_EJ 15

(a) 1 (b) 2
©) 22 (d) 343
]
s q = S ] —
ll"-l+x =2, then x*Y 2014 =7
(a) 0 by 1 (¢} -1 (dy 2

| 2. a1
Irx+;:2_tha:nthm-'alucnf SR Bl B

(a) 20 (b) 4 (c) 8 (d) 16

If x=———,y=——— then the value of 8xy (x2 +?) is

2'1"\-'3 2—\-'3
(a) 112 (by 194 (c) 290 (d)y 196

. I )
If x+—=3_ where x =0, then the value of
X

e ] I
¥t 43 +5x7 +3x+1

.\'4+I

(a) 3 (b) 5 (c) 7 (d) 2

. L1 o .
Ifx +x+— —; <0 then which of the [ollowing is true?
x°

I

1
(a) x+ —>==2 by x+ —=-=-2
x x

1
(¢) x+ . <] (d) Both(a)and (c)
i x dah then it | ¢ x+2a N x+2h 't
a= e T }: u 1% (0 ,}
b en the value o PR PR s equal tc
(a) 0 by 1
c) 2 (d) None of these
]' 3
Ifx+ — = \"'i _then the value of x1% + x12 4+ 6 = 1 45
x
(a) 0 (b) 1 (c) 2 (d) 3
If 5¢;+L =35, then the value of 9a” + — 15
3a 25a°
51 29 52 39
(a) — by — c) — dy —
5 5 3 5

..
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L



..
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

J

,.
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

. (c)

2. (d)
3. (d)
4. (d)

Hints & Solutions

4x-3 4y-3 4z-3
+—+ =

X

0
¥ z

dx 3 4y 3 4z 3
A2 2 E 2
X X y y =z =

'J_I
4304304 3

x y z

I 1 1
12—3[—+—+—J:U
x y =

—3[l+l+l]=—12
xX ¥y z

| I
—+—+—=4
xr ¥y =z

. 1
From question, 24x\3= =

—

—

2443

2+\."§.‘L'= I
24

2-3
2+B3xx=""

<

1
2+x3=2-43 = x=-—1

According to the question

.T=\|'E+'\'E

y=+3-42

p: -2p+1 4
(Divide p both in nu. & de.)
2 1

(x) —20§2)- (7 +242)
=[(\3+42) =202 - (3 -2)} - 242]
=334+ 2424924632042 =33 +

22 +92-63-242

=03-9y2-93492 =0

2p 1

p—2+|

5. (b)

0. (c)

7. (d)

8 (d)
9. (¢)
10. (b)

1
5 =1

X

5
If x=+

1 —
.I.hen’ x+—=4/3
X

= x3+%= h"r.;'}"l ~33=0
X

f

= xP=—_1, or ¥*+1=0

then +102 4 y96 4 90 L (844 784 72 ¢

8+ )+ B+ D)+ 1) +5=5

@+ +ci=2a-2b-2

(@ -2a+ 1)+ (B +2b+1)+c2 =0
(a—17P+b+1)2} +2=0

This equation is possible if
a—-1=0b+1=0andc=10
a=1.h==1,c=0

Ja-2b+ec=3x1-2=x(-1)+0=3+2=5

x= 2+u"§
1

—
—

=16-2=14

x+y+z=0

ytz=-x

P+ 2z =yt

= y+zi=xi_2

o _|._.,.-2 +z2 ¥ 2yz+ X 2{.1‘2 — )z
2 -T2 T2
x°—yz X" —yz i

273 l g}_ IJ

P16 2P Tt

= (3p)} [1]} 362 L +36p) £
Prele) VWP "6
‘ 3 F; 5 %3

~[3p-1 =|3x“__l .

6) |18 6) 27
a'=b b =candc=a

= gheF=abe

On comparing the powers of a, b, ¢ we get

x=ly=landz=1 = x==

‘-----------------------------
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11. (b) Using(a+h) =a +b>+3abla+h)

X x3 \ X
If A
= (5 =| x3+%‘+h
L X
1 -
or X +—=125-15=110
JE

1
12. (b) Given that, x + )_ =1

= xy+l=y A1)
1
and y+ — =1
1 z-=1 .
= l===y= —=y )

From eq. (i1),

|-1 J

Comparing eqgn. (i) with (ii)

z—1

wtl=
— xr]_-'_-+::_'—1:} I}:Z_I
13. (b) :u:‘-i=4
x
M+d=dr = FP-dx+4=0 = (x-2y*=0

x=2
3 1 1

4
x +——|:2]|3+ = B+—=8+—=8—
x (2) 8 2 2

14. () x=3+22
x=2+1+242
=2+ 42142
x= (N2+1)?
Jx =2 +1) (1)

L _ 1 N2-1 2

Joo V2el 21 241
MNow,

f=%=ﬁ+]—(ﬁ—l)= 241-42+1

=2 -1

-

] 1
15. (d) x+==2 = x+==2=0
X X
= x3—1r+1:[!;{x—l]|3=ﬂ;.x=l

L2013 1
Now, ¥ + 2014

=1+1=2

16. (b)

17. (a)

18. (a)

19. (d)

x+l:2
x
Squaring both sides

3 1 s 1
=2x"+—+2=4 =2x"+—=+12
x X

Cubing equation (1)

According to the question,
1 1
= x= LB =
244037 2-43
| 2-43
= x= X 2 =2-43
2443 2-43
| 2+\IE
V= — —2+~ﬁ
2-V3  2+43
= r:2—~.,3,),=:2—|—\."§
Bxy (x2 +39)
=82-V3)2+V3)[(2-3)? + (2+3)]
=  8xI[7T-43+7+43]=112
]
x+—=3
x
X2 +1=3x
(x?+ 1)% = 0x?
W1+ 2 =02
xt+ 1 =742
. 3t 15a% +3x41
. . ¥+
12x~ +3_1r'1 +3x
7]’2

From equation (i)
IE:r+E";I[Jr3 +1)

Tx
2y +3x3x 21x
= — = = = = 3
Tx ix
. 7 1
Giventhat | x° +— |+| x+— | <0
e ..TJ
Y (1
[“_W +L:r+— 2<0
\ X/ X
- 1
Substituting x+— =y, we get
X

(1)

A(11)
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Wry-2<0

= (y=-hiy+2)=<0
weithery—1<0;y+2=0

or y+2<0;y-1=0.

e, v< LLy==-2ory<-2; y=1

U
(not possible)

Therefore, -2 <y < |

) 1
1.8, —2< (x——] <],

\ X

dab x 2h

= =

a+b 2a a+h

Applying componendo and dividendo, we get

x4+ 2a _2!J+.u+h _ a+3b

x—2a 2b-a-b b-a

Also R 2a
T2h a+bh

Applying componendo and dividendo, we get

x+2b 2a+va+b 3da+b

x=2b 2a-a-b a-b

Add (1) & (i1),

x+2a N x+2h a a+3.b+ Ja+ b

x—2a x-2b b-a a-b

| 2Ab-a) _,

[a+3b-3a-b]=
h—a (b—a)

Given, x =
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21. (a) x+ L

X

Cubing both sides,
. | l
.TJ+ ?13[.1'}—]:(@}

X ', X

3

. '
= IJ+_‘;+3\II(§=3'J§:} _I‘l+ _1"=[}
- x
Mow,
A8+ xl2 49041 =xl2(x0+ )+ 1(x0 + 1)
=2+t
{ 3 1}
=(x2+1).03 | x +—1J=”
\ X
Sa—rL—5
3a

3
Multiply by E on both sides

Squaring on both sides

1
3 +2x3gx—=9
25a Ja

9
5 :g—ﬁz:}_
25a° 5 5

.
Qa” 4+

g
= 9a” +
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