ALGEBRAIC EXPRESSIONS AND
ALGEBRAIC FORMULAS

Define the followin:
Algebraic Expressions’

When operations of addition and
subtraction are applied to algebraic terms
we obtain an algebraic expression. For

Polynomials.

A 2
instance, S5x°-3x +—\/—_ and
X

3xy+ 3 {(x#0) are algebraic expressions.
%

A polynomial in the variable x is an algebraic expression of the form

P(x)=a,x" +a, x"

+a, px" 2 +..tax+a,,a, £0,...0i)

Where n, the highest power of x, is a non-negative integer called the degree of the
polynomial and each coefficient a, is a real number. The coefficient a, of the highest power

of x is called the leading coefficient of the polynomial. 2x*y* + x? y2 +8x is a polynomial in

two variables x and y and has degree 7.

Rational Express Expression |
Px) ¢
g(x)

polynomials p(x) and g(x), where g(x)

is a non-zero polynomial, is called a
rational expression.

The quotient two

+
For exampie, G , 3x+8#0 1sa
x+8

rational expression.

p(x)

In the rational expression 5
g(x)

p(x) is called the numerator and g(x) is

known as the denominator of the rational
p(x)
q(x)

expression . The rational expression

2163 need not be a polynomial.

q(x)

Exam; P Ie
Reduce the following algebraic
fractions to their lowest forms.

x+mx—ly—my
3x? —3y2
3x% +18x+27
5x2-45
) lx+mzx—ly;my
3x" =3y
x(I +m)—y{{+m)
3(x*—y%)
+m(x—y)
‘ 3(x+y)(x-y)
+m

3(x+y)

@) (ii)




Which is in the lowest forms.
~ 3x° +18x+27 _3(x* +6x+9)

5x2-45  5(x-9)
3(x+3)(x+3)
 5(x+3)(x—3)

; 1 1 2x
Simplify (i) - +
x=y x+y x*-y?

2
(i) 42x X 1

P16 24 x+2
|
@ 1 - i 22x2
X=y x+y x°-y
1 1 + 2x
X=y x+y (x+yHx-y)
X+y—(x—y)+2x
(x+y)x-y)
(L.C.M of denominators)
_ Avy-A+y+2x
T (-
2x+2y
(x+y)(x—y)
2(x+y) . 2
(x+y)(x-y)  x—y
2> x 1
: x4—16_x2—4+x+2

(i)

N 2x2 X & 1
(2 +4)(x2~4) x*—4 x+2
2x? X

1

v (x2+4)(x+2)(x-2) - (x+2)(x-2)+x+2

3(x+3)
3(x—-3)

Which is in the lowest forms

:2x2~x(x2+4)+(x2+4)(x—2)=)f—/—%+x’+%—2«4—8

(P +8)(x+2) (x~2)

(x? +4)(x+2) (x—2)



-8

() (x+2) (x—2)

_ -8 =8

(P +(E-4) x*-16

Tay |, 14y
x+2  4x%-9y? x*—4x+4 x*-4
2x-3y  xy+2y Txy x2 -4
x*—4x+4 14y

Find the product

Il
X

Solution

x+2 4 -9y’ _ (x+2)[(2%)°-(3y)’] Txy x(x+2)(y/f)
2x-3y wm+2y  (2x-3)(x+2)y (x=2)(3~2) 14y

x(x+2)

(47 (2x+3y)(2x~37 ) | T 2(x-2)
WD) 257

il

il

2
2x+3y Evaluate M if x = —4 and y=9
= 5(x+y)
y '
. We have, by putting x = —4 and y =
s Txy 14y ’
Simplify + 2 2
2 dx+d P-4 30 \y+6 _ 34706306346 150

S5(x+y) 5(=4+9) 55) 25
| Exercise 4.1

1. Identify whether the following 2. State whether each of the following
algebraic expression are expression is a rational expression
polynomials (yes or no). or not,
®  3x2+ios No ; 3Vx

= @ No
: - 3Wx +5
(i) 3x°-4x?-xJ/x+3 No eeT™-
(i) x? ~Bxpald Yes (i) Y 4+3x —x2 e
R 3x 2
(iv) - + 8 No (ii) X“+6x+9 Yes

x2-9



i

(®)

()

(i)

@iv)

W)

(vi)

; 2% +3
(iv)
2Vx -3
Reduce the following rational
expression to the lowest forms.
120x> y3 7
30x3 y 22
4x2~3 y3-] ZS-Z
axty? PP
4y2 23
X
Ra(x+1)  da(x<1) _ da
2x2-1) (x-D(xsT) x-1

(x +y)2 —~4xy N_x2 +y2 + 2xy ~4xy

No

no

x-y) (x-y)(x-y)
5 x2 +y? ~2xy
(x=y}x-y)
__x-y?
(x=y)x-y)

=1

13

(% -y (x? - 2xy +y?

(x -y (x2+xy+y?)

“fe 3 o
=y
(x+2)(x>=1)
(x+D(x*-4)

_BAD-DADT  x-1

AT (x=2) (347 x-2

x2—4x+4= (x -2)?
2x%-8  2(x*-4)

_ x-2°
T 2(x-2)(x+2)
_ D (x-2)
T 203~ (x+2)
_ x=2
T 2x+2)
64x° —64x
Bx2+8)(2x +2)
_ eax(x'-D
824+ D.2x +1)
_ 154)11()(4 -1
T 162 +D(x +1)
_4x(x2+D)(x*~1)
T D (x+D

ax 3D (x—D) (1)
3D Ty
=4x(x~-1
ox*—(x*~4" _(3x)° -’ -4’
4+3x—x* 4+3x—x?
(3x+x2—4) X“ +4)
T e —xD)

=3x+x% -4
= x> +3x-4
3

(vi)

4. Evaluate (a) ﬂ_—zg for () x=1
XZ

y=-1,z=-2.
3P (-D-2-2) _-27+4
(@) 3(~2) T -6
—23_23 .S

=T

6 6 6



2.3 4
X -5z
;i
xyz

-1
_ 4%(=2)* -5(-1)* _-16(8)~5

forx=4y=-2z=

(H(=2)(-1) 8
_ —128—5=——133:__]6§
8 8 8
5.  Perform the indicated operation
and simplify
15 4

i -
) 2x—-3y 3y-2x

_ 15y —~2x)—-4(2x -3y)
© (2x-3y)(3y-2x)

_ 45y-30x —8x +12y
 (2x-3y)(3y-2x)

_ 57y—38x

~ (2x-3y)(By-2x)

_ 19@y—-7%) 19

T (2x-3y)By~2%) 2x-3y

1+2x 1-2x

1-2x 1+42x

(1+2x)% - (1-2x)*

T =200+ 2%)

_ (1+4x° +4x)— (1+4x2 - 4x)
(1-2x)(1+2x)

_,1'+M+4x/f74{[+4x
- (1-2x)(1+2x)

_ 8x &
C(-20(1+2x) 1-4x2

x2 ——25_ X+5
x2-36 x+6
_ (x=5)(x+5) 5 X+5

(x-6)(x+6) x+6

(i)

(1ii)

_(xX=5)x+5)—-(x+5)(x—-6)
- (X +6)(x —6)
_x+9)[x-5-(x-6)]

(x+6)(x—6)
_(x+5)X - 5<% +6)

(x+6)(x —6)
__(x+51 _ x+5
C(x+6)(x—6) x2_36

X ¥y 2xy

(iv)

X—y X+y xz—yz

_X(x+y)-y(x-y)  2xy
(x=-y)x+y)  x?-y?

_"2+}“f/”%+3’2_ 2xy

2 —y2 2y

2

_x2+y2~ 2xy

x* —y? Xz_yz

_ x2+y2—2xy

(x*-y?)
__x=p* x-y
G~ (x+y)  x+y
) 2x—2 B x2+2
X“+6x+9 2x%-18
_ Xx—2 __x+2
*x2+3x+3x+9 2(x2—9)
_ x—2 X+2
CX(x+3)+3(x+3)  2(x-3)(x+3)
X-—-2 X+2

(x+3)(x+3)  2(x-3)(x+3)
- 2(x=3)(x-2)—(x +3)(x+2)
2(x-3)(x+3)(x+3)

_2(x*=2x-3x+6)— (x* +2x +3x +6)
2(x - 3)(x +3)?




(vi)

6.

®

_ 2(x? = 5% +6)— (x> + 5% +6)
2(x —3) (x +3)?

2x2-10x+12-x%2 -5x—6
2(x —3)(x +3)?

_ x2 —15x+6
2(x ~3)(x +3)?
1 1 2 4

x—1 —x+1~x2+1—.
_x+1—(x—1)~ 2 4

x-D(x+1) x%+1 x*-1

_M—M_ 2 4
x%=z] x2+1 x*-1
2 2 4

T x2-1 x%+41 x*-1
_2x*+n-2(*-1) 4
2 -p2+) x4 -1

=,2»){‘(+2—,7.«x’f+2w 4

x* =1 e L
_ 4 4 |
Txto1 xt-
_4-4
_x4—1
0
_x4—1
=0
Perform the indicated operation
and simplify:
(x2—49) 5x+2
x+7

=(X-7)(5x+2)

Gi)

(iii)

_ () -?)?

_

x"—y3)(x3+y3)

4x-12  18-2x°

x2=9  x%+6x+9

_ 4(x-3) 29-x%)
T (x=3)(x+3) x2+3x+3x+9
. Ax-3) 2(3—x)(3+x)
T (x=3)(x+3) x(x+3)+3(x+3)
_ 4x-3) 2(3-x)(3+x)
T (x=3)(x+3)  (x+3)(x+3)
4(x=3)  (x+3)(x+3)
(x+3)(x-3) ~ 2(3+x)(3-x)
2

D

- X
S+ X%y yh)

3N

A §

s x e xdy? +yh
X -y

o +(x4+x2y2+y4)

_(x=y) P +xy+y))x+ 9 —xy +v%)

X

(iv)

X2 -y

1

x* +x2y? 4y

BT O +xy + YR —xy+y2)
2

X

2=5°
1

x4+ x%y? 4y

x4+x2y2+y4 >

x4+x2y2+y4
x> -1 x+5

x2+2x+1 1-x

_ D (x+D) x+5

x2+x+x+1 (x=1)




_ -(x +.1)(x +35)
X(X+D+Ix+1)

_ STy (x+5) _ x+5
(x+1) (x+T)

xZ+xy x2 +xy x2-—x
yx+y) y(X+y) xy—2y

xpAY) X Hy) F (x- 2)
YO f 6 A(x

s x(x-2)
y(x-1)

)

.l‘,..\illl.l )I-v.
""'Ifa+b=7anda-b =3, then
find the value of (a) a’+b? ) ab

We are given that a+b=7 and
a—b=3

(a)  To find the value of (a2+5?%), we
use the formula
(a+b)* +(a=b)* =2(a® +b%)
Substituting the values a+b=7 and
a—-b=3, we get

e = AP
= 4949 = AP+by

> 58 = 2Ad+BY)

= 29 = g+,

(b) *~ To find the value of ab, we make
use of the formula

(a+b)? —(a—b)* = 4ab
=  (D*-G¥ = 4ab,

=  49-9 =  dab
=t 40 = dab,
= 10 = ab,

Hence a’>+b%>=29 and ab=10.

If a’+b°+c*=43 and ab+bc+ca=3,
then find the value of a+b+c.

Solution

We know that
(@+b+¢)* = +b* +¢* +2ab+2bc+2ca
(¢:¢+b+c)2 = az+b2+cz+2(ab+bc+ca)
= (a+b+c)® =43+2x3
(Putting a2 +b% + c® =43and ab +bc +ca=3)
=  (a+b+c)’ =49
= a+b+c = i\/@-
Hence a+b+c = 7

Poxamplie

If a+b+c=6 and a’+b*+c*=24 then
find the value of ab+bc+ca.

We have
(@a+b+c)’ =a +b% + ¢ +2ab+2bc +2ca
(6)” =24+ 2(ab+ ke +ca)

= 36=24+2(ab+bc+ca)

= 12=2(ab+bctca)

Hence ab +bc+ca=6

Example

If a+b+c=7 ‘and ab+bc+ca=9, then
find the value of a2 +b%+¢2.



Solution

We know that
(a+b+c)* =a® +b*+c? +2ab+2bc+2ca

= (a+b+c) =a® +b% +¢? +2(ab+bc+ca)
= (N2 =a’®+b* +c? +2(9)

= 49=a>+b%+c? +18

= 31=a’+b% +c?

Hence a”+b*+c> =31

Example

If 2x ~3y=10 and xy=2, then
find the value of 8x° —27y3.

Solution

We are given that 2x—-3y=10
= @2x-3y) = (10’
= 8x° —27y% -3x2xx3y(2x—3y) = 1000

= 8x° —27y° ~18xy(2x~3y) =1000

= 8x°-27y°-18x2x10 = 1000
= 8x° —27y° =360 = 1000
Hence
8x3-27y° = 1360

Example

If x+l=8 , then find the value of x> +i
X 7

Solution

We have been given x+l=8
X

13
= (x+—] = (8)°

X

o x3+—1ﬂ+3xxxl(x+-1~) =512

x3 X X

= x3+——1—+3[x+~1~] =. 512
x> x
= x3+i3+3><8=: 512
X
= x3+—-1q—+24 = 512
"
=N x3+iq = 512 -24
"
= x3+—I§- = 488
X

Example

If x——l-:4, theti find &5

X _x3

We have x—i =4

X
3
9 (x-l] - (4
X
e x3—~i3—3xxl[x—~1—J =64
b X X
3 1
= X ~7—3(4) & 64
-
3 1
= X —-——3——12 = 64
-
= XS“—.{ = 64+]2
=
5 A
= X = =76
X

Example

Factorize 64x° +343 y3

Solution

We have
64x° +343y° = (4x)° +(7y)°



= (4x+7))[(4x)* ~(4x) (Ty)+(Ty)*]
= (4x+7y)(16x* - 28 xy +49y?)

Factorize 125x° —1331 ¥

Solution
We have

125x° ~1331y% = (5x)° (1 1y)?
= Gx-119)[Gx)* +(5x) (1 1y)+( 1y)%]
= (5x—11y)(25x> +55xy+121y?)

[3x+i)(5x2—1+1]
37Nt T2

15 R RIO

Example

Find the

[§x2+_25~—+1J

25 16x°
[4 5][16 5 25 J
—X—— [} —x° +—=+1
57 ax )\ 25 16x?

(4 5) 16x° 25

e +14——

57 4x)| 25 16x°

(rearranging)

(e M

(4 )3(5]3 64 5 125
= | — X —f — =_— -
5 4x) 125 64x°

Find the continued product of
(x+3) (=) +xy+y) (5% —xy+ y?)

(x4 W= +xy+y2) (2 —xy+ y?)

product(g x——s-)

4x

= (X4 ) (% =2y + ¥ (x= Y)Y +ay+y?)
= (P +y) (P -y =P - ()2 =8-S



