Factorisation

Leanwing Objectives
In this chapter, you will learn:

« About factors of algebraic expressions.

+ How to make faciors.

« About different methods of factorisation.

12.1 Introduction

In earlier classes, we have learnt about factors of composite numbers, let us consider a natural
number, (say)
42 = 1%42 Here 1 and 42 are factors of 42.
Or 42 = 1=2%21 Here 1, 2 and 21 are factors of 42.
Or 472 = 1=x2x3=7 Here 1. 2; 3 & 7 are factors of 42.
As we know that | is neither composite nor prime number.
Therefore 2, 3, 7 are prime factors of 42. Similarly the prime factors of 30 are 2, 3, & 5
and the prime factors of 70 are 2, 5, & 7.
Similarly algebraic expressions can also be expressed as the product of their factors.
12.2 Factors of Algebraic Expression:
In Class VII, we have learnt that terms of algebraic expressions are formed as product of
factors. For example, in algebraic expressions 3xv, the
term 3xy is formed by factors 3, x and vi.e. 3xy=3=xxy Sinoe Sxy cidi also be Writtan as
here 3, x and y are factors of 3xy. . 1=3=xx=y, Note 1 is a factor of 3xy.
We observe that these factors 3x & v of 3xy which Infact 1 is a factor of every term.
further cannot be expressed as a product of factors, called But we do not show T 8.5 sepa-
Trreduciile I‘atl‘.urs’_r - : rate factor of any term, unless it is
Note that 3+(xy) is not irreducible form of 3xy. Since specially required,
the factor xy can be further expressed as a product of x
and y Le. Xy =x*y
Let us consider the expression 5x (x+3}).
It can be written as a product of factors 3, x and (x+3) ie Sx(x+3) =35 2 x = (x+3)
Similarly Irreducible factors of 12x (y+3) (z+5) are 2, 2, 3, x, (y+3) and (z+3)
Also, the product of 2x+3 and 2x-3 = (2x +3) (2x-3)=4x" -0
We can =ay that 2x+3 and 2x-3 are factors of 4x2-9. we can write it as 4x>-9= (2x+3) (2x-3)
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12.3 What is Factorisation

As we have learnt, when an algebraic expression can be written as product of two or more
expressions then each of these expression is called a factor of the given expression. To find factors of
a given expression means to obtain two or more expressions whose product 1s the grven expression.

The process of writing an algebraic expression as the product of two or more algebraic expres-
sions is called factonsation. Thus. factorisation is the reverse process of multiplication.

For Example

Product of 5xy and (3xy—7) is 5xy (3xy — 7) = 15x%*-35xy and factors of 15x?y? — 35xy are Sxy
and (3xy-7)

Similarly product of (2a+3b) and (2a-3b) is (2a +3b) (2a - 3b) = 4a”-9h” and factors of 4a®-
Ob* are 2a + 3b and 2a - 3b.

Now we shall learn the factorisation of expressions by different methods.

12.3.1 Method of finding Common Factors
In this section, we shall learn about how to take out the comamon factor (s) and use the Distribu-

tive property
abtac =axbzxaxc
=ax(b+xg)
—a(bo)
Example 12.1. Factorise : 2x+6
Solution- We shall write each term as a product of irreducible factors.

Here 2x=2#% and 6=2x3
Hencedx +6=2»x+2 %3
Observe that both terms have ‘2" as common [actor.
L2 6=2x({x+3)=2(x+3)
Example 12.2. Factorise : 7a* + 14a
Solution:- Here Ta'=7 xaxa and lda=2x7xa
Observe that both terms have *7’ and ‘a’ as common factors
Hence7a’+14a = Txaxa+2xTxa
=Txax(at2)
= Ta(at2)
Example 12.3. Factorise : 5x°y — 13xy’

Solution : Weknow Sxly = Sxxxxxy and 15xy?=3x5xxxyxy
Both terms have 5, x and y as common factors.
Hence 5% — 1535y = Sx*x=xxXx»xy—-3xSxg=yxy
= SXXXyix-dy)
= Sxy (x=3y)
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Example 12.4 Factorise : 14x’y* + 10x%y + 8xy°

Solution :

We know l4x?y? = 2 xT xx 2 x x y *y
10y = 2x5xx=xxxy
Sﬂﬁ=zxzxzxxx};x}r

Therefore, 14x?y? + 10xly +8xy? = 2% Txxxx®yxy+2 = Suxxxry+
zxgxzxxxyx}r

= Zxxxyx(Tuxxy+Sxx+2x2xy)
Here three terms have 2, x and y as common treducible factors.
= 2xy (Txy + 5x + 4y)

Example 12.5 Factorise : 4x*+ 9x + 18

Solution :

Here dx2=2x2 »xxx Ix=3x3 xxand 18=2x3 =3
We observe that there i1s no common term in the given three terms:
In such cases, 1 15 the common factor and the given expression will be written as it i3,
Hence 4%t +9x + 18 = 2x2xx¥xx+3 %I xx+2x3x3
= 1 (222xxxx+3x3xx+2x3x3)
= 4x? + 9 + 18

Note: We cannot factorise such algebraic expression if there is no common factor among the
terms.

Example 12.6 Factorise the following:

Solution ;

()3a(x+y)-5Sb(x+y) (ii)2x—¥y)+S5(x—y¥)
(iii) 6x (2a — 3b) — Sy (3b — 2a)
(i) We have, 3a (x+v) -5b (x +v)
Observe that, we have two terms 3a (x + v) and 5b (x +y)
Clearly, (x + y) is a common factor among them
Hence, 3a(x+y)—5b (x+y)=(x+y)(3a—5b)
(1) We have, 2(x -y} +5 (x—y)
Here, we have two terms 2(x — y)* and 5 (x — y).
Clearly (x~v) 18 a common factor among them
Hence, 2 (x—yP+5(x-y)=x-V[2(x-y)+5]=x-y) (2x-2y+5)
(1) We have, 6x (2a-3b) —5v (3b - 2a)
Rewnite second term -3y (3b — 2a) = -3y [~(2a - 3b)]

= 5y (2a - 3b)
Hence, 6x (2a — 3b) —5v (3b — 2a) = 6x (2a —3b) + 5y (2a —3b)
= (2a — 3b) (6xt5y). (Taking common (2a — 3b))

230



12.3.2 Factorisation by Regrouping Terms

In last section, we have discussed the method of finding common factors in which given alge-
braic expressions have common factors. But sometimes, we have such algebraic expressions which
cannot be factorised directly that can be factorised by regrouping terms. We shall discuss such
factorization as follows:

Consider the expression 3x + 3 + dxy + 4y

Here you can notice that no factor 1s common to all the terms but first two terms have commaon
factor 3 and the last two terms have common factors 4 and y. So in this type of sums, we regroup
ihe tems on follows;

In this case, we write (3x + 3) and (4xv + 4v)

3x+3 = 3Fxx+Fx]
Jxx+1)
4xgxy+dxy
dxuxxy+dxyxl
4y (x+ 1)
Hence 3x+ 3 + dxy + 4y = (3x +3) + (dxy + 4y) = 3 (x+]1) + 4y (x+])

Now here we have two terms

Observe, we have common factor (x+1) m both terms. Combining these two terms.

3x+3+dxy+dy =3 ER+D+4yx+ D=x+1)(3+4y)

Thus, The algebraic expression 3x + 3 + 4xy + 4y 1s now in the form of a product of two
irreducible factors,

Hence (x+1) and (3+4y) are the factors of 3x + 3 + dxy + 4y,

Suppose that the above expression was given as 3% + 4y + 4xy + 3 . Then it may not be easy
to factorise directly. For that we have to rearrange the terms after observing,

Rearranging the expression as 3x + 3 + 4xy +4y allows us to form groups (3x+3) and (dxy
H4y) leading to factorisation. This process is called regrouping. Regrouping may be possible in more
than one way. Suppose, we can regroup the expression as 3x + 4xy +3 + 4y

Now3x+4dxy+3+4y = (3x+4xy) +(3+dy)

=% (3+4y)+ 1%(3 + dy)
=@ +H4y) (x 1)

The factors are the same, although they appear in different order.

Example 12.7. Factorise the following expressions.

and 4xy + 4y

(i) Sxy +Ty—-5x*-Tx (i) ax —ay + bx — by
(iil)Sp*— 8pq — 10p + 16q
Solution : (i) Stepl Check if there is a common factor among all terms. [ere, we have no
common factor,
Step IL. Observe that the first two terms have a common factor v,
ie Sxy + Ty =v(5%+7) ....... (1)
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Now, observe that in last two terms, there is %" as a common factor,
5 Tk = X (5%5T) v (2)
putting (1) & (2) together, we have
Sxy+Ty—-52-Tx =vy(5x+7)-x{5x+7)
= (5x+7)(y—x) [Taking (5% + 7) common]

i) Given that

@ Here taking common a
ax —ay + bx —by from first two terms and

= ax-y)+tb(x-y) b from next two terms

= (x=-vy){at+h) [Taking (x — y) common]

(ili) Given that Taking common ‘p’ from
5p* — Bpg — 10p + 16q first two terms and -2°

= p(5p - 8q) - 2 (5p — 8q) from next two ferms

= (5p—8q) (p-2) [Taking common (5p — 8q)

_éxewz’se 12.1

Find the common factors of the given terms.

@ 15x 25 (i) 3y, 33xy (i) 7pg, 28p’g’

(v) 2x 345 (v) dabc, 24ab? 12a%h  (vi) 12x%, -6 36x
(Vi) 4xy?, 10532 8sfylz  (viil) 3x7, 5%, 9

Faclorise the following expressions:

(i) 6x-48 (i) Tp-l4q (ii) —24z+30z2

(iv) 18 m+27a fm (W) 25xviz— 15x%y2 (vi) a’bc +abic + abc?
(vii) pxiy +qxv + myz (vii) 10pq-15qr+20rp

Factorise:

@ 3a@p-3q)-5b(2p-3q) (i) 15a (x*+v) -10b (x*+v7)

(i) 4@E+yP+2x+y) (iv) (2a — 5b)* = 10b — 4a

v) (54+3my-5/-3m

Factorise:

() =x*+xy+6x+ 6y (i) y~yz-3y+3z (iif) 12xy—8x = 3y-2
(iv) a’bh —ab® +4a—4b (v) ¥*-6x+x—-6

(v) a*+ab(1+b)+b* (Hint: First multiply middle term)(vii) 3px — 6py — 8qy+ 4qx
(vit) 7 + 7pq — par
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5. Multiple choice Questions:
(i} Common factor of 10xy and 12y is

(a) 10x (b) 2xy (c) 2y (d) 2x
(@  Common factor of 5a°b and 9xy? is

(a) 1 (b) O (c)ab xy (d) ax
(ii) ~8p* - 20pq + 28 p’q

(a) 4p (2p + 59 — 7pq) (b) 4p (2p—3q + Tp°q)

(c) 4q (2p - 39 + 7q) (d) 4p (2p — 3¢ +7pq)
(v) 32I-mpP+(21-m)=

(a) (27— m) (67— 3m + 1) (b) (21 — m) (6] —2m)

(©)3(2/-m)(2/-m+1) (d)2I-m)(3+2/-m)
() p'-pqtpr-gr=

(@p-npEt+tq ®p+n@-p

@ @+tnp-q (dp-q@-p

12.3.3 Factorisation using Algebraic Identities

In last section, we have learnt about the factorisation of algebraic expressions using common
factors method and regrouping method, In this section, we shall discuss the factorisation using alge-
braic identities.

We know that

i (athyF=a+2ab+b% ... () (i) (a-b)f =a’—=2ab+ b ...

@ f(a+b)la—-b)=a*-b ... (III)

When the given expression is in the form of a*+ 2ab + b or a” — 2ab + b? ora’ — b? thenit
can be converted in the form of (a + b)®. (a — b) or (a — b} (a + b) respectively. then it can be
factonised by using above identity. The following examples illustrate it.

Example 12.8. Factorise :
(i) x*+ 10x+25 (i) y' — 6y + 9 (iiii) 25m? +30m +9
(iv) 9p* — 24p + 16 (v) p* + 2p’q* + ¢

Solution ; Given expression has three terms. therefore it does not fit identity (i), Here two
terms ie. first and third terms are perfect squares with positive sign so it 18 of the
form a’+ 2ab + b? or a? — 2ab + b?

(i) Wehave , x*+ 10x+25=x*+ 10x + 3
First and third terms are perfect squares in form of a” and b* (wherea=x b =15)
and middle term is in the form of 2Zab =2 (x) (5)
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Lt 10+ 25 =x+2{x) (5) +5
Thus ¥ + 10x + 5= (x + 3) [ a* + 2ab + b*= (a+b)’]
(i) We have, y? — 6y + 9=y — 6y + 32
Here, First and third terms are perfect squares in form of a* and b? where a=y, b=3
and middle term is in form of 2ab =2 (y) (3)
y-Gy+3t =y ~2 () (3)-+32

Thus ¥* — 6y + 9= (y - 3) [ a = 2ab + b? = (a - b)?]
(i) 25m? + 30m + 9 = Stm? + 30m + 32
= (5m)? + 30m + (3)? [Here a = 5m, b= 3]
= (Smy +2(5m) (3) + (3 = (5m+3)?
Thus, 25m? + 30m + 9= (5m+ 3§
(iv) 9 —24p + 16 =3%* —24p + 4
= (3p)* — 24p + 4? [Here a = 3p, b= 4]
= (3pF - 20p) ) + 4#=(3p - 47
Thus, 9p*— 24p + 16 = (3p — 47
(v)IWe have, p* + 2p* ¢ + q* = (p*F + 2p°¢* + (¢°F
=(p?F + 2(p) (g") + (¢°F

=('+q)
Thus, p*+ 2piq? + ¢ = (p? + )
Example 12.9. Factorise the following :
o 16
(i) a*-15 (ii) 4x*-9 (iif) 49x-36y° (iv) 7oy = o2t

Solution :

(v) 16x° — 14457

Given expressions has two terms, both are perfect squares with second term is
negative. So these are of form a® b =(a-b)(a+b)

i) @ 25-a5=@a-5) @+

(M) 43— 90=242 3= (2x)p-32=(2x-3) (2x + 3)

(i) 49x* — 36y° = T2 — 6%y = (Tx)? — (6y)* = (7x — 6y) (7x + 6Y)

9 16 3 4- (3 ]"' [4 &
i il 21 = =gy <|=
CURPo Al T & i s e
l 3 A4
—--z —Xy+—2
4 5 4 5
(V) 16x° — 144x3 = 16x? (x2-9) [Taking 16%* common)]

= 16%° (x-37) = 16 (x-3) (x+3)
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Example 12.10. Factorise the following :

(i) a*— b* (ii) p*— 81 (i) 16x*—1
Solution : i) a*-b* = (@) - @
= (a*-b?) (a*+b?) [Applyving identity a*-b* = (a—b) (at+b)]

= (a-b) (ath) (a*+b")  [Applying identity ab? = (a-b) (at+b)]
i) p* - 81 = () - &

=@ -9 @ +9)

=(p*-3@P*+9 [Applying Identity a*-b® = (a-b) (at+b)]

=(p-3) (pt3) (p™+9)  [Applying Identity a*-b* = (a-b) (ath)]
({ii)16x* — 1 = 43(x2P - 12

= (4x3) — (17 = (4x2— 1) (4x3+1)

= (2% - 1) 42+ 1)

= [(2x)* —17] (dx* + 1)

=(2x-1)(Ex+1)(4xr+1)

Example 12.11. Factorise the following :

(i) x*~2xy+y*—z (ii) 252 — 4b* + 28bc — 49¢7
(i) x*— (x - 2)*
Solution : (i) We have, x*2xy+vy* -2
=(x-2xy+y) -2
= (x—yy-2 [ a*-2ab+ b? = (a-b)?]
=x-y-2)(x-y+2z) [ a*b? = (a-b) (ath)]

() 254 — 4b* + 28be — 49¢2
= 25a% — (4b* — 28bc + 49¢Y)
= 25a% — [(2b)* - 2 = (2b) x (Tc) + (7c)]
~ 25a% - (2b-Tc) = (5a)* — (2b—T¢)* [~ a*-2ab+ b® = (a-b)’]
=[Sa—(2b—70)] [Sa+ (2b—-Tc)] [ a*-b% = (a-b) (a+b)]
= [5a— 2b + 7c)] (5a + 2b —7¢)
i) x* - (x — 2y
= (x - [(x - 2)°F
= [x*= (= 2)] [x* + (x=2)]
= [x—(x-2) (x+x-2)] [+ (x- 2)']
= x-x+2)(x+x-2) [+ (x-2¥]
= 2 (2x -2} [¥* + (x-2)7]
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12.3.4 FACTORS OF THE FORM (x+a) (x+b)

Inlast section, we have leamt the factorization of algebraic expressions using algebraic identities, In this
section, we shall discuss such tvpe of algebraic expression which are in the form of %*+ £x + mi.e. which
does not contain two perfect square terms, Let us discuss how we factonise such expressions.

For factorising an algebraic expression of the type x* + £x + m, we use identity x* + (a+b) x +ab
=(x+a) (x +b). For this we find two factors a and b of m (1.e. the constant term) such that

ab=manda+b=¥

ie. Sum of both factors = Coefficient of x and Product of both factors = Constant term

Example 12.12. Factorise : x* + 14x + 33
Solution : StepI. Find the two numbers whose product is constant term (1.e. 33) and
sum is the coeflicient of x (iLe. 14)
Step 1.  Since the product is positive. Therefore ,....r;m::;\;' ~

both factors of 33 will be either positive or . ¢ « 33 (1) x (-33)
negative. >3 % 11| (<3) x (-11)
Step IIl. But the sum is positive so both factors N e 3

of 33 will be positive.
Step IV. Factors of 33 are 1x33, 3x11 one pair from above factors is taken
whose sum is 14 1.e. 3 & 11,
Therefore the required numbers are 3 & 11
X'+ 14x+33 =x*+(G+11)x+33
=(x+3)(x+11) | By using identity
d+(ath)x+tab=(x+a)(x+h)
Example 12.13. Factorise : x*—5x + 6
Solution : We want to find two numbers (integers) whose sum 1s -5 and
product is 6, Here sum is negative, therefore, both factors of 6 e T
will be negative. i.e. 6=(~1) x (-6) or (-2) * (-3) g—’ Product =6 )
1

required factor of 6 are (—2) and (-3). ¢ 6 | -1) ~ (-6) ,,J
Therefore X’ Sx+6=x* + {(-2) + (-:3)} x + (2} (-3) {2 * 3 | D) * \i—_ﬂ))
=(x~2) (x-3) TR
Example 12.14 Factorise : p*+ dp — 12
Solution ; We find two numbers whose product is (—12) and sum 15 4.
Since product is negative, one number will be positive and the other number will be
negative.
and the sum is positive, so numerically greater of two numbers will be positive. So
the required factors are 6 and (-2). N . T
Therefore ptdp-12 = p+ {6+ (-Dp-12 Produit- = <12 )
= p'+6p-2p-12 (1) = 12 |1% (-12)
= p{pt6)-2(pt+6) (-2) * 6 |2 % (-6)
= (P +6) (-2 = g
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Example 12.15 Factorise : y*— 4y — 45
Solution : We want to find two numbers whose product is (-45) and sum is (-4)
Since the product i3 negative therefore one of numbers is positive and the other
number is negative.
Since sum is negative, therefore. numerically greater of two numbers is negative,
So, the required mumber are (-9) and 5.
yody—45 = ¥+ {9+ 5)y—45(/'_f;;;]:ct = —45
= yi-9y+ 5v—-45 F (1) * 45| 1% (-45)
V- Sty TS0 O
— o_— 1—5}“9 5 x (-9)
= -9 y+3) "

GSxercise 122

1. Factorise the following expressions:

M x&+ 10x+25 (i) y>—8y+16 (iii) 25p*+ 30p + 9

(tv) 49a’+ Bdab +36b*  (v) 100x — 80xy + 16y

(v) (ptq)* —4pq (Hint expand (p+q)® first)

(vi) £+ 262 m* + m? (i) 4x? — 8x+ 4 (Hint ;First take common 4 from each term)
2. Factorise the following expressions:

@ 258 — 6412 (i) 49x - 36 (i) 28x— 635
4
(1v) 35 o E}’E (V) 8x%- 72" (Hint | taking x common first)

1) (pta) - (pq) (vii) 16a%h? - 25

(i} (x*-Zxyt+y')—z'  (Hint : First use identity a* — 2ab + b? = (a-b)* then another)
3. Facionse :

i x*-y (i) a*— 81 (i1i) m*— 256

M) p*— (qH)p (v) a* — 2a%b? + bt
4. Factorise the following:

@ a*+2ab+b*-—¢c {(i)]-9°+24m- l6m? (iii) 25p* — 40pq +16q*-491
5. Factorise the following expressions.

@ = +Tx+12 {i} y*-10yv+ 21 (i) a*+ 3a- 18
(v) 3p*+ 18p—48 (Hint: taking common 3 from each term)
I (i) x*—11x—42 (vil) Sx* + 25x+30

(vi) 3y* — 21y + 36
. Multiple choice Questions :
(i) 4p*-20pq + 25¢’
(a) (4p-5q) (b) (2p-5q)° (¢) (2a-5p)  (d) (49-25p)°

() 4% -9x=
(a) x* (4x-9) (4x+9) (b) x (2x-3) (2x+3)
(o) ¥* (2x -3) (2x+3) (d) x* (2x-3) (2x+3)
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(i) (atb)’ - (a-b)’

(a) —dab (b) 2a+2b (c) 2a-2b (d) 4ab
(iv) m?-14m-32-=

(@) (m + 16) (m - 2) (b) (m-16) (m-2)

(c) (m-16) (m+2) (d) (m+16) (m+2)
) p-p

(&) p (1) ®) @D e+t @p -1 (@p-1)Et)

12.4 Division of Algebraic Expressions

We have learnt about addition, subtraction and rultiplication of algebraic expressions, Now, we
will learn how to divide one algebraic expression by another. We know that division is the inverse
operation of multiplication. Thus 7 = =35,

gives 35+5=7 or 334+ T=5
Similarly (1) 4x = 3x* = 12x*
Therefore 1253+ 4x = 3%
Or 12x* + 3x* = dx
(1) Ix{(x+2)=3x2+6x
Therefore (Gx*+6x)+3x=x+2
Or (32 +6x) + (x+2)=3x

Now we shall learn how the division of one expression can be done by another expression.

12.4.1

Division of a monomial by another Monomial :
In this section, we shall learn the division of a monomial by another monomial.
Consider 12x%+ 3x
We may write 3x and 12x* in irreducible factors.
Ix = 3xx
and 1283 = 2 %2 x 3= xwx=x
Or 12 = 3 xxx2x2xxxx (Here seperate 3x from

Il

(3x) » (4x7%) factors of 12x%)
Therefore, 12x%° + 3x= 4%°
This process is tedious and time consuming, so there is a shorter way by cancellation of

common factors lilke we do in division of mimbers.

i 35y = e i 28 7

L& - = 5 = ﬁ =
N 125} 2X2xPxEXXxX
Smula.rl}' IE_KJ_.E:;K:?: 3\}; =7 %D ¥xux=4x
ALTERNATIVELY

Pivision of & monomial by a monomial

We have,
Quotient of two monomials = (Quotient of their coefficient)
% (Quotient of their vanables in two monomials)

<)

|x)

12x} [12'
3

For Bxample: 12x* + 3x = —— =
or ple x 3%

= dx* ' = 4x* (Using a™ = a° = a™")
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Example 12.16. Divide : (i) 12x° by —4x®  (ii) (=18y°) by 3¥* (iii) —4x%y* by 125%y

Solution : (1) 1283 = 2 x 2% F XXM XU HXXY
and 4x = D x2XYxHRAKX
IETEEES S S5 & < .
Therefore 12x° + (—4x7) = Ixdxix gk =3I xxxx= -3Ix
@ ALITER
5 3 1215 {E }i—j ! 53 1 i T n s
12x° + (—4x%) = 4x’=l—4 3 | =3 xx%*=3x! (Using 2" + a* = a™")
(i) =18y = A KIxFxyryRy
and 3t = I xyxy
Exﬁx}.i}*v}fxy
Therefore —18y* + 3y* = 3xyxy = 2x3xy= —py

ALI’I']ER

18y 13\ [:q

. 3}.-3 = Jya = T
- uﬁxy""{Usiﬂgﬂ"'*f:am}
= —ﬁ}'l :_EE'F
4133(5 YS
@ )10y = et [ ?]

| -
- [ 3 (yl’ 3x
12.4.2 Division of a polynomial by a monomial

In last section, we have learnt the division of a monomial by another monomial, In this section

we shall discuss the division of polynomial by a monomial.
Consider the division of a polynomial 6a* + 8a® + 4a by a monomial 2a. We shall factorise first

X

Le. 6a’ + 8a® +4a=2a (3a* +4a+ 2)
2a(3a +4a +2|
(6’ + 8a’+4a)+2a = :
2a
= 3a’+t4a+2

We can divide it without making factors i.e. directly as follows:

Gal +8a2+4
(6a° + 8a® + 4a) + 2a= — 0 T8

2a (Divide each term by
6a’ Sa" 4a the given monomial)
= 22 "2 2
= Jal+ 4y -2
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Let us explain the above division by taking more examples.
Example 12.17.Divide: (i) 6x*+ 24x® — 5x* by 3x* (i) (5" — 10y* + 3y7) + (-5y')

6% 4+ 243 - 527
ix?

Solution : (i) We have (6x* + 24x* — 5x%) + 3x* =

6x* I- 24x* 5x* (Dividing each term
3x*  3x*  3x" by the given mono-

mnial)
= 2x*+8x-7
3
S5y* -10y° +3y*
(i) We have (5y* —10y* + 3y%) + (-5y") = Y ..{E_)'S};r; !
L ANE S 5
e b R

12.4.3 Division of a Polynomial by another Polvnomial (Binomial)
In last section, we have learnt the division of a monomial or polynomial by a monomial In this
section we shall discuss the division of a polynomial by a binomial,
Here, we discuss the cases with zero remainder and methods for division of polynomial by
binomial with the help of examples.
Example 12.18. Divide as directed :
@ S2x+1) (Bx+5)+2x+1) (@20 (Y +5y+3I)+5(y+4)

5(2x-+1)(3x + )
Solution : (i) We have 5 (2x+1) (3x+5)+(2x+1) = (25+1)
= 5(3x+5)
)ﬂ“(yﬂf](y‘ +5y+3)
(ii)We have 20 (y=4) (V' + Sy =3} + 5 (y+ 4) = ’5’1 ( M)

= 4 (y*+ 5y +3)
Example 12.19. Divide: ¥+ 7y + 10 by y + 5
Solution : First, factorise (v*+ 7y + 10)
Therefore i+ Ty +10 = v+ (5+2)y+5x2
(v +3)(y+2) (Using identity .. (iv))

Cancelling the common

: factor (y + 5) from nu-
+7y+10 (x+5) (y+2)
= yz—y - ”V;I/g merator & denominator

Now (y>+Ty+10) + (y+5)

y+3
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Example 12.20. Divide as directed :
(i) (5p° — 25p + 20) + (p—1) (ii) 12xy (9x* — 16¥°) + 4xy (3x + 4y)
(1) First factorise (5p® — 25p + 20), We get

Solution :

Now,

Spt— 25p+20 =5(p-Sp+4)=5(p’ —4dp-p+4)
=5[p(p-9)-1(p-4]=5 4 @1

sproaspe20  S(p—4) (p-T
(5p-25420) + (p-1) = =31

=5(p-4)

(ii) First Factorise (9x° — 16y7), We get
9% — 16y = (3x) - (dy)? =(3x—4y) 3x +4y)

Now, 12xy (9% — 16vF) = 4xy (3x + 4y) =

12xy(9x* - 16y* |
4xy[3x +4y)

21253 (3x —dy)( 33+ ) |
= !M(M] =3 (3x - 4y)

Let us learn another method of division of polynoments.
Example 12.21.Divide (3 — 11x + 6x*) by (-1 + 3x)
Write the dividend & divisor in decreasing order of powers of variable.

Solution :

Step 1.

Step 2.

Step 3.

Step 4.

Step 3.

Dividend: 6x2 — 11x+ 3
Divisor : 3x -1
Divide the first term of dividend i.e. 6x* by the first term of divisor 3x, we

6x? 2
t__zx L.K-
i 3x-1)6x — 11x + 3\

i.e. We get first term of quotient as 2x,
Multiply the divisor (3x — 1) by 22 (Resulting expression of step 2)

2x

We get 2x (3x-1) = 6%x*—2x Ix-1)6x — 11x + 3|
Subtract this from dividend (&x* — 11x + 3) 6x - 2x
to get remainder (6%° — 11x+ 3) — (6% - 2x) =-9x +3 - 9%+ 3
Now consider this remainder -9x + 3 as new dividend. Divide the first term
of new dividend (-9x) by first term of divisor 3x 2x—3

9x 3x-1)ex’ - 1x+3(
Weget — =-3 (Asinstep2) 6x° - 2x

3x . S
ie. 2nd term of quotient. ~9x+3
Multiply the divisor (3x—1) by -3 {Resulting expression of step
4) 2x-3
We get 3 (3x-1) =-9x + 3. Ix-1)6x’ x4 3
Subtract this from new dividend to get remainder B . -
[(-0x+3) - (-9x +3)] — ox+3
=S+ 3 +9%-3 SIxt3
- ———

241



L

The remamder is zero and quotient is 2x-3
Hence, (6x* —11x+3)=(3x-1)=2x-3

The above procedure is called long division method. It is shown below.

Divisos T Quotient
i X .
h—l}ﬁx': —lIx+ ;(Z’x— 3
bx 2“‘ =||."' the sign chonees |
-5 § ——————F X E
_9‘1 +j, clue o substract
#x +
—

(—Remainder

Coxercise 23

Carry out the following divisions.

@ 20x*+ 10¢ (@) (-35y) by (-7y") (i) 16a*by —6a
() TxiyZ+2lxyz (V) 24pqt + (-8 p°q) (Vi) (~L5x%y?Z)+ 10xiy 7
(vii) 8Pm*+ (—16/m?) (vili) (—12x%y) + 20xy’z

Divide the given pelynomial by given monomial

M (3@ -4x)+Tx @) (—12a+22a% - 16a*+4)+2a

(i) (—8y'+16y°+ 14y +1)+4y

(v) (ax®-bx®+cx*)+x* (V) (15x% - 10%%y" + 2xy) + (—5xy%)
Divide as directed:

@ S2x+1EGx+5)+(2x+1)

@ xE+DE+2)E+H+xx+1)

(i) 9a’b*(3c — 24) + 27ab (c-8)

(iv) dyz(z®+6z—-16)+ 2y (z + B)

(v) &y -xy)+xy

(vi) 48xyz (3x-12) (5y -30)+ 72 (x—4) (y-6)

Using factor method, divide the following polynomial by a binomial,

i) (@+6x+8) by(x+2) (i)(-—x-42)by(x+6 )

(i) (P*—-6p-27)by(p-9)  (iv) (7x* + 14x) by (x + 2)

(v) (a®—Ta+12)by(a—3) (vi) (x*+3x?— 10) by (x*+ 5) (Hint put x* = y)

Divide the following polynomial by a binomial using long division method.
@ (P+12p+35)by(p+7) (i) (9y* — 6y — &) by (3y — 4)
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6. Divide :
() z(52'-80) by 5z (z+4) (i) 10pq (p*-q°) by 2p (ptq)
(if) 15ab (16a*—25) by 10ab (4a+5) (W) 44 (x* —5x*— 24x?) by 11 (x* - 8x)
(v) 39 (50x2 - 98) by 26x (55 + 7)
7. Multiple Choice Questions :
@) (4x*-8x) + (—4x?) =
+ z -1+ 2
(a) =1+ 2x (b) - (c) x (d) 2x
(i) (yz+xy'z+xye’)+xyz =

(@) xyz Dyxtytz (R +y +2 (d) %

() 2x* (x+1) (x+3) + dx (x+3) =

2
(a) 2x (x+1) by 2x2(x+1) () @ (d) Xl::';- 1)
() (72x% - 50) + (6x - §) =
(a) 2 (6x+5) (by12x+5  (c) 12 +5 (d) 2 (12x + 5)
() (-8x-20) + (x-10) =
(@) (x~2) b)(x+2)  (e)x-3 (d)x=4

@ Learning Outcomes

After completion of this chapter, students are now able to:
»  Apply different methods af finding the faciors of an algebraic
expressions.
» Do division of algebraic expression and division of pelynmials
by a polynomial.
» Apply identities (a+b) = a’+2ab+b, (a-b)* = a’-2ab+lh’ or
(a=b) (a+b) = a’'—b’ ete.
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@’ Answers

Exercise 12.1

O 5 @3 G 7a )1 (4ab () 6x  (viD) 2xy?

(vin) 1
L) 6(x-8) ) 7 (p-2q) (iii) —6z (4— 5z) or 6z (52— 4)
(iv) 9fm (2/+3a) (v) 5x*yz(5y-3z) (vi)abc(a+b+c)

(i) xy(px+qy+rz) (i) 5 (2pq—3qr+ 4mp)

- @ (@2p3q)(Ba-5b) @ 3 (+y")(3a-2b) (i) 2 (x+y) (2x+2y+ 1)

(v) (2a—35b)(2a-5b-2) V) (3F+3m) (53¢ +3m—1)

@) (xty)(xto) MW (y-2z)(y-3) (i) Gy-2)(4x+1)

L
¥

Tt
E

) (a-b)(ab+4) (V) (x-6)(+1) (vi)(a+b)(a+b?)
(v} (x—2y) Bp +4q) (viil) (c-7) (1 -pq)

i) e (i) a (1ii) d (iv) a (vlc

Exercise 12.2

< ) (x5 (M) {y—-4y (@@ (5p+3) v) (7a+6by
() 40Gx-2y¢ (p-qP i) (F+m?)y (i) 4 (1)
@  (5a+8b) (52-8b) (i) (Tx+6) (Tx-—-6)
L 2. 3 Yz 3.1
() 7(2x-3y)(2x+3y) (iv) EK +§}’ GX ';}’]
(v) 8 (x+3) (x-3) () 4pq
(vii) (dab + 5) (4ab-5) (vill) (x ~ y +2) (x ~y —2)
- D) (ety) (xy) () (i) (a+3)(a-3)(+9)

(i) (m—4)(m+4) (m*+16) (v) (prgir){p-q-1) [pP*Hqt1)]
(v) (a+b)(a-b)

. ) (a+b-c)(a+tb+c) (i) (1 — 3¢ + 4m) (1 + 3£ — 4m)

(i) (Sp —4q - 7r) (5p —4q + Tr)
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(i)

(vii)
(1)

(i)
(vid)
(1)

(iv)
(i)
(1)
(@)
(V)
(i)

(W)

(v)
(i)

(x+3)x+4) @ F-HE-7 @ (@a-3)@+6)
3(p+8)(P-2) M (@-3)(q+2) M) (x-14)(x+3)
5(x+2)(x+3) (viii) 3 (y-3) (y4)
b (i) b (iii) d (iv) ¢ (v)d

Exercise 12.3

& 1 -3
2x @) Sy (i) 57 (v) gxyz (v) 3pd’ w‘.}?f

=3
Efﬂ {\’]Jl} 5},2
. i) —6+11 Ea?~+E 3'+r-1-+1+i
7 H (II} - a - a {111] . ?l ¥ 2 4}?
ax*—bx’+ ¢ (v) 3xy + 2x* - =

3y

5(3x+5) (i)(x+2)(x+3) (ii)ab (M2z(z-2) (¥)y¥-x°

x+4 @ x-7 () p+3 (@ Tx (v) a-4

pts (i) 3y+2

(z-4)  ()sap-q (ii) (42 =5) () 4x (x+3)
3x(5x-T)

¢ (i) b (i) d {iv)a (v)b
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