_I/_“ agm\\gu
yulation /

Students’ u*armno Outcomes
Ny

At the end of the unit, the students will be able to:

» ldentify common factors, trinomial factoring, concretely, pictorially and symbolically.

» Faclorize quadratic and cubic algebraic expressions:
»  a*+ah?+ bt oor at+ b . x+px+gq
v al+bx+e 5 (ax* + bx + ¢) (ax* + bx+ d) + k
v ta)(x D (x+o)(x+d)+k . (x+a)(x+b) (x+¢) (x + d) + kx?
* & +3a% +3ab* + b’ . @ —3a*b +3ab* - b’
v Fxh

» Find highest common factor and least common multiple of algebraic expressions and know

relationship of LCM and HCF.

Find square root of algebraic expression by factorization and division.

» Apply the concepts of factorization of quadratic and cubic algebraic expression to real-world
problems (such as engineering, physics, and finance.) N\

a4

N\ [ 75 \ oo~
INTRODUCTION O U\ (0 [

Algebraic factorization-is not :]ust\a mQﬁhematicaf%chnlque limited to the classroom,
it plays an 1mp01‘tant rqle‘ ‘mi \Sdl\(hlg\«bractxcal prob]ems across various real-world
scenarios. By bre mg t:lﬁwbh complex algebraic expressions into simpler factors, we
can mak@c}hlﬂ tions more manageable and conceal important insights. Algebraic
factorization has practical applications in finance, engineering science, business and
daily life. This chapter will explore the techniques of algebraic factorization and
demonstrate how these methods can be applied to real-world situations, making math
a valuable asset in various aspects of life.

4.1 Identifying Common Factors and Trinomials Concretely,
Pictorially and Symbolically

4.1.1 Common Factors

In algebra, a common factor is an expression that ’

divides two or more expressions exactly. For Z“b"‘ll'ﬁab

example, * e
2x—-6=2(x-13) e W

B /6ib\
Here 2 is the common factor whic xaﬂ‘]y Niﬂwy@@@n ® @1 010,
both terms 2x and 6. A ™ \/ x \ O \ ‘“\
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To represent trinomials concretely, we arrange unit t]les,/rectanﬁlﬁf\mes and the

squared tiles into a rectangle. The factors of the tr 1\J ai@ }}I h(r;e represented by the lengths
( )

of the sides of the rectan(gwl\ee » /ﬁ\\ \ r’/\ Q) l u

A
\w\"(‘ \"\\E‘w )

Unit Tiles \ ”\ \ L)
Here one i}‘gﬁp\\a@ﬂut\, ]e represent 1 and one white unit tile I

<—1—>

represents —I'. Both grey and white unit tiles form a zero pair. &

Rectangular Tiles
The grey rectangular tile represents x and the white  <—X——>

™ rl L=

and white squared tiles form a zero palr

rectangular tile represents —x. Both grey and white I =

rectangular tiles also form a zero pair. J,

Squared Tiles o ——

The grey squared tile measure x units on each side and T

it has an area of x X x = x> units. This tile is labelled as x x

x* tile. The white squared tile represents —x>. Both grey l 1R

o (‘\i (AN

\ |

M ’/ \' oD

\ _I'.rll" I"\. | A
S AT | N

Example 1: Find eommun factor\ef xf + Zx‘coﬂcﬁeleiy, | pictorially and symbolically
Selution: Wc arrange onp x ti\le and twe X tiles into a rcctangle.

CW“ N Pictorially Symbolically

x+2 >
x‘C 2

N

X+ 2x=x(x+2)

% ;
% X 2x

4.1.2 Trinomial Factoring
Trinomial factoring is converting trinomial expression as a product of two binomial
expressions. A trinomial is an expression with three terms and binomial is an

S '(:_‘h\. m—u.\:, \.
For example, x> + 4x + 4 and 3x” — x —(2 ali:\kr\qegﬁqn{l%}v 1@%&5 +2 and 3x — 1 are

binomials. : u 7\ '\

f —"\c/_\'
\\‘ Q \\u S
Teacher’s Note ]\“ \\ WU

Algcbraic ti rent sizes can casi madc wit irrerent colourcd chart papers.
Igcb ?\%ﬁ%éc ily be madc with diff lourcd chart pap

4 66 A

expression with two terms.
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\
Example 2: Factorize x* — 5x + 4 concretely, plctorJl\l\y qﬂﬂm@(ﬂ éﬂ\k :

\ ale
Solution: - \f/‘? ( \‘\‘U \\ \,5 J

Concretely ﬂ\ “m\j\ﬂe\bﬁﬁlly Symbolically
We amrangers qﬁ;@\g‘ﬂ n\le «

five —x tlch;‘and four unit < x—4 g2
x —_—
tiles into a rectangle. p
x <1 1 =1 =1 x*—5x+4

: N e - (= Dix-4)
\ ,—l i s

- JAEEE

Example 3: Factorize x> — 3x — 10 concretely, pictorially and symbolically.
Solution:

Concretely we arrange one x° tile, three —x tiles and ten -1 Moo
tiles into rectangle. ‘\\J [ OA_,H__}. ..
— ) L \ ‘ \ A \‘ \ -
\\ ,--'a‘.f‘n f :.-— \ \ \J_X II |
TN ey v\ Z \ oA I,L \_ \, \'\.\h
J \ ."\ \ \5 \\ \ - = - _1 _1 _1 _1 _1
We see that there are npt emougm:eﬁangular t1les to make

a larger re;;]tfajngle ' 'ﬂj’f’ ix this issue, we add zero pair. x D

Adding two x tiles and two —x tiles does not change the

given expression because 2x — 2x = 0. +l|:|
+[]

Pictorially Symbolically
< x-5 >
X -5

N
~ X ~Sux 2 -3x—10=(x+2)x->5)
+ )
e

+2| 2x -10
N 27 N /pﬁ "1\ \ '\\' )

4.1.3 Factorizing Quadrauﬁ amd Cubi’éﬂ«ﬁ é%)#aiciﬁxpressmns

\ L\
Type —1: Factonzdtwru\i\q,xpf Sﬁlqm\ofi yp” es X2 + px+ ¢ and ax® + bx + ¢
The procedure is m \1 l\é ollowmg examples to factorize the above type of
expre ssmng N \\ A

4 67 A
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Example 4: Factorize: x>+ 9x + 14

Unit — 4: Factorization andyg{béymulatmn

mﬁ“/\\\\’ (210

@)
Selution: Two numbers Fsﬁ_p}di{t\ SO c\l_-'}:ﬁ—fgc_tom Sum of factors
+14 and their sum 1s9 Y& f’i—i\ 14x1=14 14+1=15
So, 7x2=14 THI=n
K\l \ll
=22+ 0%+ Tx + 14
=x(x+2)+7(x+2)

=@+ 2)(x+7)

Example 5: Factorize: x> — 11x + 24

Solution: Two numbers whose product is +24 and their sum is —11 are —8, -3,

So, 2—11x+24

=37 —8x— 3¢+ 24
=x(x—8)—3(x—28)
=(x—-8)(x-3)

0 A\ A( ﬂ\ \
Example 6: Factorlze@ *{'( 1}T+\\‘\ \ /\,

A

LA
\41“-‘;}7@‘»+’9p+2p+ 18
=p(p +9)+2(p +9)
—(p +9)(p +2)

Solution:

Product of factors | Sum of factors
24 % 1=24 24 +1=25
8§ x3=24 8§+3=11

((8) x (-3)=24 -3*a—_11)
6 x 47—.:2.4 \. (3._ 1644 =

e \mﬁa H{2 O 12+2= m
' \j \\ L = L,J
N~

¥ B+ 2=11,9%2 =18

In all quadratic trinomials factorized so far, the coefficient of x* was 1. We will now
consider cases where the coefficient of x* is not 1.

Example 7: Factorize: 2x* + 17x + 26

Solution:
Step—I:  Multiply the coefficient of x> with constant term. i.e.,
2%26=252
Step — II: List all the factors of 52: (‘“f\
1,62 -1,— f;’ S
2,26 —
] (‘;‘\Y\ “/%’i—
4PX\QK%»J
QJJ\J] !

68
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\_ Iz
Step — II1: Sum of factors equals\ﬁs\/dé% @“@\ Try Yourself!
1+52=53 \\i =
IS

fize the following expressions:
<§§§-§=17 ) —4-13=-17

(i)  *+7x-18
(ii) £—56—24
(i) 62—y—12
Step —IV: Change the middle term in the given expression
22+ 1Tx+26
=2x*+4x+ 13x+ 26
Step — V: Take common from first two terms and last two terms
=2x(x +2)+ 13(x +2)
Step — VI: Again, take common from both terms
=(x +2)(2x + 13)

Example 8: Factorize: 3x* —4x —4

Solution: 3x* —4x—4 NN @\\@’;\\
=3x*+2x—6x—4 / \f\ \if\\z%\' ?_ﬁ%‘i 2,+2-6=-4
—x(3x+2)03t§x +\}} \ \/’*’\ \O Q AL
—(3x+2 x—\Q \j* w\ \8)

WA NNt ' EXERCISE4.1 )
1 Factorize by identifying common factors.

(1) 6xr'+12 (i)  15°+20y (iii) -12x*-3x

(iv)  4a’b+ 8ab? (v) xy—3x*+2x (vi) 3a*h—9ab® + 15ab
2. Factorize and represent pictorially:

(i) S5x+15 (i) xX*+4x+3 (iii) x> +6x+8

(iv) »+dr+4
3. Factorize:
(1) Z+x—12 Gi) o2+ Tet10 (Hb:f @@
+4y—12

(iv) x*—-x-56 (V

(vii) ¥+ 1?)3*% g‘\ \2~’“’
-\‘ ~—
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4. Factorize: ‘\E\J
@) 22 +7x+3 (11) Lcti i\f@\ﬁ@gmﬂ
(iv) 3x*+5x J@ \j ﬂk\\x \;\5 vi) 22-5p+2
(vii) 422 - l{z \ \) Vi)~ 6+ 7x 3x?

Type - 11z %‘v%ﬂon of the expression of the types a* + a*b* + b* or a* + b*
Let’s factorlze the first expression
&+ 2B + b
=g+ b+ 2B
= (@) + (b)Y + 2
=(a*)* + (b*)’ +2a°h* — 2a*h* + a*b*  (Adding and subtracting 24*h?)
=(a*+ PP —a*b’
= (a* + b*)* - (ab)?

a@—-b*=(a—b)a+b)

= (a°+b*—ab) (a® + b* + ab) (a+ b =a>+2ab+ b
=(a* —ab+ b?) (a*+ ab + b?) (a—b)*=a?—2ab + b
Example 9: Factorize: x* + x* + 25 ~15\ €O N\ T\
1 N - NN | o P g
Solution:  x*+x*+25 o NNt [ ede

=x*+25 +ovr\ - {'\ ~“’<""\_ W
(xa)Z +\§5}\2 2\6&)65) 2(3;")(5) +x* (Adding and subtracting 2(x?)(5))

\\Jéi(‘iﬁ#é\ 102 + 22

Activity
={xt-+ 5P = e Prepare cards by writing several expressions.
. (xz + 5)2 _ (3x)2 e Divide students in small groups.
5 e Each group will draw a card and factorize the
=(+5-3x) (P +5+3) expression.

=(x*=3x+5) (x> +3x+5) | ® The group which completes the most correct
factorizations in a set time will win.

Example 10: Factorize: x* +*

Solution:  x*+*
= (P + (P
= () + (A + 26907 - 2(x2)0r’) (Addiqg and subtracting 2»°)

= («* +J’2)2—(J_rv
V‘( \\Eholgrize: (i) 64xt 4+ 2
o W )
g1y

=(x "+y20@ 3
| ;-{NW K\*‘ l)( 2xy+y°)
NS
4 70 .



Mathematics - 9 Unit — 4: Factorization and Algebraic Manipulation
Example 11: Factorize: a* + 64
Solution: at+ 64 O)\g\g\]

= (@) + @) Qﬁcn
=(a®)’+ (88J ( ‘ﬁ/ r}i\g\ dlzng and subtracting 2(a*)(8)
wﬁ@& —maz
= (a*+ 8 —4a) (a* + 8+ 4a)
=(a*—4a+8) (a* +4a+8)
Type — III: Factorization of the expression of the types
o (ax*+bx+c)ax +bx+d)+k
* o tbh)xto)xtd)tk
s (xta)x+b)(x+o)x+d)+kx?
For explanation consider the following examples:
Example 12: Factorize: (x> + 5x +4)(x* + 5x + 6) =3
Solution: (x> +5x+4)(x* +5x+6)-3 Al
=(y+4(y+6)-3 \/{m (\ T«M *LSR‘%
—yz+6y+4y-l\fAA\—(3\ \\ w
\] ' Q‘@M
+ 7y + 3y +21
=yp+7)+3(+7)
=+ +3)
={aP-L5 + Ty bt 3) (v y=x"+5x)
Example 13: Factorize: (x + 2)(x + 3)(x + 4)(x + 5) - 15
Solution: (x + 2)(x +3)(x +4)(x +5)—15
Re-arrange the given expression because 2 +5=3+4
[(x+2) (@ + 5][(x +3)(x +4)] - 15

= +5r+2x+10)(x2+4r+3x+12) QU\\E\B
=(x*+Tx+ 10)(r2+7r+r12 AB@‘\%//
_(y+10)(y+%% 20 j (Lety =x>+7x)

J\N\H\J\J
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=32+ 12y + 10y + 120 —

15 A-*’\l//‘a
= v; + 22y + 105 \”\ /,/ 3{@(&“&
o A1

5)(y +7)
=(x +7x+ 152+ Tx+7) (vy=x*+Tx)
Example 14: Factorize: (x — 2)(x + 2)(x + 1)(x — 4) + 2x?
Solution: (x —2)(x+2)(x + 1)(x —4) + 2%
=[(x=2)(x + 2)][(x + Dx -] + 20 [* (=2)*2=1%(4)]
=(x*=2)(° -4x+x—-4)+2x°
=(x?—4)(x?-3x—4) + 2x?

=y(y — 3x) + 2x? (Lety=x"-4)

=172 — 3xy + 2%

=% — 2y — xy + 2x P}
=y(y —2x) — x(y — 2x) Q| f‘j’; f\@\ K
-2 fﬂ\/ UX\ S \‘\ =5

= - —Zx@tﬂ# m\ (-y=2-4)

= (x — ]2{ "‘-\14)& \"\'\XJ‘
M’Facforlzatlon of the expression of the types
e & +3a*h+3ab*+ b’
e & —-3a*h+3ab*-b
Factorization of such types of expressions is explained in the following examples:
Example 15: Factorize: 8x° + 60x*> + 150x + 125
Solution: 8x* + 60x* + 150x + 125
= (2x)* + 3(2x)*(5) + 3(2x)(5)" + (5)°
=2x+5)
=(2x+5)2x+ 5)(2x + 5)
Example 16: TFactorize: x* — 18x* + 108x — 216
Solution: x° — 18x?+ 108x—216

~ (- 30(E) + 36 - (6) @Om
=(§ 6)3 X + 3(x d Y\V\ d

. v -
N

(a+ b)Y =d +3d% +3ab* + b’
(a— by =a’ —3a*h + 3ab> — b’*
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o) OJ\S\
Type — V: Factorization of the expressmn,?f the ﬁgx\ S\@ ch\gt

The cxpression @ + b* is a sum ::)fvn*\ul;)%ﬁiﬂlkl/J ff}ﬁﬁ/(n fized using the following

identity: Q\
(a +b)(a®—ab + b?)

The expr§9 n@éw is a dltference of cubes and it can be factorized using the
followmg identity:
a —b*=(a-b)a*+ab+b)

Example 17: Factorize: 8x° + 27
Solution:  8x° + 27

= (2% + (3

= (2x+ 3)[(20)* - (203 + (3)]

= (2x + 3)(4x* - 6x +9)

Example 18: Factorize: x° — 27)" o ¥ou kngw? 5
Solution: ' —27)° i R
e ) (a by # & — b*
=)’ -3y (a+ b} i @+ b’
= (= 3[)* + (©)Gy) + (3y) I aceW/ @l Z\EBra -
=(x- 31)(3r+3xy+9ﬂ a 3 \\\\‘ \§ } ’
N\ Y \
((\\EXERCISE 4.2 ))
1. Fa{:\tp}mxjé\é\ch of the following expressions:
(i)  4t+81yt (i)  a*+64p* (i) x*+4x2+16
(iv) x*—142+1 V) =302+ 94 (vi)  x*+ 11K+t

2, Factorize each of the following expressions:
1) +HE+)x+3)E+4H)+1 G) x+2)x-T(x-4)x-1)+17
(i) @2+Tx+3)2x?+Tx+5)+1 (@v) B2 +5x+3)3x2+5x+5)-3
V) (+DEx+2)E+3DE+6)-3x2 (vi) (x+ Dx— 1+ 2)(x—2) +13x2
3. Factorize:

(i 8F*+I12x+6x+1 (i) 274+ 108a’b + 144ab* + 64b°

(iil) *° +48x% + 108xy2+2161 (iv) ﬁ N2 {’15@3&9 60x%y

4. Factorize: Y g
i) 1254 —?\ Xg\\‘(ﬂ\)g YT 125 (i) x*-27
(iv)_ 5w Lb\l-" (v) 343x° + 216 (vi) 27-5127°
N 73 ~—
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4.3 Highest Common Factor (HCF) am} }Aeaﬁ@@ﬁlmon

Multiple (LCM) of / %ibrﬁ\lc\ﬂxﬁmsﬁons
4.3.1 Highest Cm@iv\ \Fﬁ\l&/g
The HCF of “J’F algebraic expressions refers to the greatest algebraic
exprew%@}ﬁ% ivides them without leaving a remainder.
We can find HCF of given expressions by the following two methods:
(a) By factorization (b) By division

(a) HCF by Factorization Method
Example 19: Find the HCF of 6x%y, 9x)*
Solution: 6x2y=2X3IXxXx Xy

9x)?=3x3xxXyXy

HCF =3 xxxy (Product of common factors)
= 3xy
Example 20: Find the HCF by factorization method x* — 27, x j— 6{\%%?§ x2-9
= [T (ClL\U)Juv*
Solution: x> —27-=x—3° o an (v\f;“':,\\' [\ &%
\ A\ ._‘ \ L\ .I ‘ X o
) (31\(@ fRens
wa Ia)(xr3 W3r'+ )
!
N e T or —3x—27
=xx+9)—-3G+9)
=x+9)(x-3)
¥ = 3P
= (x = 3)(x +3)

Hence, HCF =x—3
(b) HCF by Division Method

Example 21: Find HCF of 6x® — 17x* — 5x + 6 and 6x° — 5x*> — 3x + 2 by using
division method.

Solution: | ~
6x' — 17x° —5x+6) 6" — 5y 3\3f X @@\\\9

{ /,W(ﬁ{%ﬁg’\\ﬁ/%f
OV\r f\\m W o+ 2y -4
Here, 1 x\l\gﬁzt&n 2)
NINVE
m— 74 =
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2 1s not common in both the given polynoml Is. so yyg t and 1der only
6x% +x—2. \b\/\\,\

/\/’/\\ ‘| N

\\
\ )t&[ “2 \6x’ — 17— 5x + 6

NJ\J\\J\J oV 6x' - X2

+
-18x"-3x+6
3
;le ;3xi6
0

Hence, HCF = 6x* + x — 2
4.3.2 Least Common Multiple (LCM)

The LCM of two or more algebraic expressions is the smallest expression that is
divisible by each of the given expressions.
To find the LCM by factorization, we use the formula.
LCM = Common factors x Non- -common facto{r/_qd AW

Example 22 Find the LCM of 45’ 7, 8 P r“f"(?g\t":'f\(d%« \ cjk&;é‘fﬂ .
Solution: 4x%y = 2 X2 xx X ),X;y ( ( J ‘} CR\BRY

8x°y* = 72 Wﬁ%ﬂ \X\mbt’x XXy Xy

Commow‘\apfﬂcp\ﬁéf “}x 2 X x X x X y=4x%

Non-commcn factors =2 x x x y=2xy

LCM = Common factors x Non-common factors

=452y % Dey= R’y
Example 23: Find the LCM of the polynomials x* — 3x + 2, x> — | and x*>— 5x + 4.
Solution: As x2—3x+2=x*-2x—x+2
=x(x-2)—-1(x-2)

=x-2)(x—1)
And #Z-1=@E-1)E+1D)
X2—Sx+4=x2-4x—x+4 5 (“m\
2\ GV

( NES
n@ G y

Common fact {?\ﬁ: x\:\\,
Non—comrﬁ%ﬁ[%é\tgrs =x+1)x-2)x-4)

4 75 .
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LCM = Common facto
Al \?@v
\,\fmg?ﬁ *l (x( % 4)

4.3.3 Ré}&{ﬁn\shlp Between LCM and HCF
The relationship between LCM and HCF can be expressed as follows:
LCM x HCF = p(x) x g(x)

Where, p(x) = 1% polynomial

q(x) = 2" polynomial
Example 24: LCM and HCF of two polynomials are x* — 10x*> + 11x + 70 and x — 7.
If one of the polynomials is x> — 12x + 35, find the other polynomial.
Solution: Given that: LCM =x>— 102+ 11x + 70

HCF=x-7
p(x)=x% - 12x + 35 - )\\—\&\\L
s \" \ \‘—‘
As we know that; 0\ \i\ :l 'Cﬂ oz
\BARRJ
N 3 1 L+ 70)(x— 7)
'QI_I\\U\\JJ oL % —125435

x+2
x2—12x+35)x‘—10f+ 11x + 70
_x3J—r 125° + 35x
2x" — 24x + 70
2z
28 - 24x+ 70
0

So, g(x) =(x+2)(x-7)
=x2-Tx+2x-14
=x*-5x—14

Example 25: The LCM of x*y + xy? and x? + xy i8 x }W/: })&n ﬁ@@ 9\
L

Solution: Given that: LCM = xy(w\+ O/X?S

SNES

x°y + xy
N w d X2 .
N2 polyuomldl 26)
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As we know that:  LCM ><HCF Pr@luc‘t”b \\ \
x" ,\

fg cro \twépolynomlals
Rl
[\J\F\H\P\J (r y+xp° )(r +xy}

xy(x+y)
_y(x+y)x(x+y)
y(x+y)
=x(x+y)
€ EXERCISE 4.3 ))
1 Find HCF by factorization method.

i) 21x%y, 3507 () 4x*-9y2 2x2—3xy
(i) » -L2+x+1 (iv) & +2d*>—3a,2a*+54*-3a

(V) P+3t—-4,2+5t+4,#-1 (vi) »2+15x+56,x +.5% = %x + 8x
2. Find HCF of the following expre5510115 by usi Yﬂé(wn\ niej:hed‘u U\
() 27+ 92 —3x—9,3x- g, m) \ nxrﬁ—\b;c YSlx— 15, 2—dx +3
(i) 20+ 232t "l 4\1&1&2/# 6T 12
(iv) 20 —dy %‘6}@ WD% 32— 6x
3. qu\\ﬂ@h&' of\:he following expressions by using prime factorization method.
(1) =~ 2d°b, 4ab?, 6ab () x*+x X +x°
(i) a*-4a+4,a*>-2a (iv) x*—16, ¥ —4x
v) 1642, *+x—6, 4—x°
4. The HCF of two polynomials is y — 7 and their LCM is y* — 10y* + 11y + 70. If
one of the polynomials is y* — 5y — 14, find the other.
a. The LCM and HCF of two polynomial p(x) and g(x) are 36x°(x + a)(x* — @*) and
x*(x — a) respectively. If p(x) = 4x*(x* — &?), find g(x).
6. The HCF and LCM of two polynomials is (x + a) and 12:%(x + a)(x*> — &%)
respectively. Find the product of the two polynomials.

4.4 Square Root of an Algebraic Ex ie\s(su}u @\J\N

The square root of an algebraic CP‘.{J,H?*SLDJ) %é ﬁ\ﬂﬂ #:“FF ﬁ% “when multiplied by
itself, gives the original @gpgesswn @ t\He square root of a number, taking
the square root of an alg br\i\lp jﬁwsélon involves determining what expression, when

squared, EQSW% tven expression.
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For example, square oot of 4a” is + 2a because 2a x 2a = 402 and (—20)V§~\(—2a) = 44>

~(0) )
There are following two methods for ﬁndmg e.& ﬁuragi&o@’ﬂ QLgéiﬁ\g\l‘E: expression:

(a) By factorization me LJ By division method

(a)  Square Root by% t\d\mﬁq flfod
Example Zgr\ WN 4:5quare root of the expression 36x* — 36x* + 9
Solution: 36x* —36x* +9

=9(4x* —4x* +1)

=9[(2¢%)" —2(2x*)(1) + (1)7]

= 3?2 - 1)

Taking square root on both sides

V36x* —36x7 +9 = (37 (2% 1)

=3 « f(2 1)

= +3(2x% 1)
(b) Square Root by Division Method A —afm )\‘w N\
When the degree of the polynomial is higher-div 1 (\0 \ﬁﬁéﬂiod i f'mdmg the square
—7 = A e |
root is very useful. 0 o \’* \\ WO A\Bhg®)
Example 27: F md :JE e sq\ fe‘mﬁt ‘ot the polynomial x* — 12x* +42x* — 36x + 9.
|\J ot 4

Solution: M\Mmy x* by x* to get x* el

; . 5 x'—12x° +42x - 36x+9
Multiply the quotient (x*) by 2, so we get 2x*. By 3| .
dividing —12x* by 2x?, we get —6x. By continuing in = ETEARTE
this way, we get the remainder. sl  _1diael

—12 + 2

Hence, square root of x* — 12x* + 42x? — 36x + 9 is 6x* —36x +9
i(x2_6x+3) 2x —12x+ 3 —6x 135\'1‘9

4.4.1 Real World Problems of Factorization
In this section, we will apply the concept of factorization of quadratic and cubic
algebraic expressions to real world problems such as engmeermg /p])%s?@tnd finance.

Example 28: Cost function for prodl{glﬁ ﬁp}»&d é@é?
ix\ Op\ g)aim

Where x is the width of mébymébn uzgnd C(x) 1s the cost. Find the value of x where

C(x) is mlm\l?%[\\f
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Solution: C)= 5@ -255+30 T\ \ \\\J ru%?
= 5(x2 5x43§)ﬂ er\ \\
—%%—« ﬂ—BJ \6
NN i\
NNA =X —2)x—3)

Thus, the minimum cost occurs when x =2 or x = 3.

Example 29: The potential energy U(x) of a particle moving in a cubic potential is
expressed as:

Ux)=x-6x>+12x -8
Factorize the expression to find the points where the energy in minimized.

Solution: Ukx)=x>—6x>+12x -8
= @) =3(x)2) + 3(x) (27 - (2)°
=52

=(x—2)(x—-2)x-2)
The factorized form of the potential energy function shows thal;the enefg*ﬁ (s ‘minimized

atx=2, . ; -.-\\l /m =
)r'

Example 30: A wmpau)( s proﬁt oy, ) ,llb ﬂ;m\ie hy tilei, quadratic equation:
\\1 P(x)—“ +50x — 120

Where x repre&er{]tgq e }aumbér of units produced and P(x) represents the profit in
dollars. Find) hbw\manv units should be produced to maximize profit.
Solution: P(x) =—=5x*+ 50x— 120

=-5(x* — 10x + 24)

=_5[x? —4x — 6x + 24]

=-5[x(x—4)—6(x—4)]

=-5(x—4)(x—-6)
We can see that profit will be 0 when x = 4 or x = 6. As coefficients of x” is negative,
the maximum profit occurs at the midpoint between 4 and 6.

Which is: = 4+6 - 10 -
2 2
Thus, the company should produce 5 units to maximize ,prefﬁk l
\\ \\ =\ \ T\ \ O

@ E;a\msm\,m)

I Find the squalﬁ; 33\ f e}&\ﬁgﬂowmg polynomials by factorization method:
(1) AU (i) 9W*+12x+4
(111)\¥R36a2 + 84a + 49 (iv) 64 —32y+4
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(v) 2007 —1207+ 18 (vi) 40x*+120x + 90 \iﬂ
Find the square root of the follop.smgmi \lgv@ﬁu‘slbﬁ method:

() 4a—28¢ +37%° +\42f A
(ii) 12 L' % il@gxﬁ—k 6x + 144
(1) — 10xy* +*
(1\3},NJJ\4 “‘J 12x3 +37x*—42x + 49
An investor’s return R(x) in rupees after investing x thousand rupees is given
by quadratic expression:
R(x)=-x*+6x—-8
Factorize the expression and find the investment levels that result in zero return.

A company’s profit P(x) in rupees from selling x units of a product is modeled
by the cubic expression:

P =2 -1524+75x—125
Find the break-even point(s), where the profit is zero.

The potential energy V(x) in an electric field varies as a CUbIC functlon of
distance x, given by: - ’_\

/=20 b L |
Determine w herre}the patemla{ en lszero
In structural ?ﬁi\née‘}mg,\the”deﬂectlon Y(x) of a beam is given by:

AN J\f\'\P Yx)=2x>-8x+6
Thls equation gives the vertical deflection at any point x along the beam. Find
the points of zero deflection.

@(REVIEW EXERCISE 4P

. Four options are given against each statement. Encircle the correct option.
1.  The factorization of 12x + 36 is:
(a 12(x+3) (b) 12(3x) (c) 123x+1) (d)  x(12+36x)

ii. The factors of 4x* — 12y + 9 are:

(a) (2x+3) (b) (2x-3) AR
() (x-3)2x+3) (d)\ aqﬂ@ G OM
@
iii. The HCF of a’b’ and ab® i 8\ /7 \ar J\ \ B
@) b ?\ \(B?) \ \ab L\ © a4b5 d) b
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iv. The LCM of 16x2, 4x and 30xy is:
(a)  480x°y (b) 2403?: b \ﬁ; l zﬁ% ch) 120x*y
v. Product of LC HQF\ \/ / \ \( 0 (3 U gtiavo‘ﬁolynomlals
sum \I OL\/ 3\ éi[fference (c) product (d)  quotient
Vi. h&BMmot of x> — 6x + 9 is:
@ +*(x-3) () £&+3) () x—3 (d x+3
vii. The LCM of (a — b)* and (a — b)* is:
(@ (a—by (b) (a-b) ©  (a-b) d  (@-b)
viii. Factorization of x> + 3x* + 3x + 1 is:
(@ (+1) b -1y
(©) (+DE*+x+1) (d G-DE*-x+1)
ix. Cubic polynomial has degree:
@ 1 (b) 2 © 3.~ ~cf@ 4
AN AT
X. One of the factors of x* — 27 i 133(,, { ‘\\ \\ R \.\? e
(@ x-3 ‘;\ \ (bj;. /—T‘;\%\f:;)‘ _»écT P¥-3x+9 (d Bothgandc
<8 Factonfﬁ th;}fc\ﬂlll@\vmg expressmns
@ VA + 182 - 12x () X’ +64)°
(i) x*°* -8 (iv) —x*—-23x-60
v 2®+Tx+3 (vi) x*+o64
(vi) x*+2x%+9 (viii)  (x +3)(x + 4)(x + 5)(x + 6) —360
(ix) (Z+6x+3)*+6x—9)+36
% Find LCM and HCF by prime factorization method:
(1) 45 + 12x2, 8x2 + 16x (i} aF+3t—dy ¥—5—6
(i) x*>+8x+16,x*2—-16 (iv) 2’ —9x, x2—4x+3
4. Find square root by factonzatlon and division nﬁﬁ{d(bjf pte sion
16x* +8x% + 1. WX\X\\\
5. Huria is analyzing’ Rﬁ\sﬁ w r-loan, modeled by the expression
C(x) x2 J\J \whére x represents the number of years. What is the
opti yment period for Huria's loan?
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