Factorization and
Algebraic Manipulation

{( EXERCISE4.1 )

1. Factorize by identifying common factors.
(1) 6x + 12 (ii) 15y% + 20y (i) —12x*—3x
(iv)  4a*b + 8ab? v) xy —3x% + 2x (vi) 3a*b—9ab*+ 15ab
Solution:

() 6(x+2) (i) 5yGy +4) (i) —3x(@dx + 1)
(1v) 4ab(a + 2b) (v) x(y — 3x + 2)
(v1) 3ab(a— 3b + 5)

2. Factorize and represent pictorially:
(1) 5x+ 15 (i) x*+4x+3 (i) x*+6x+8
(iv) x*+4x+4
Solution
(1) S(x+3)

(ii)x>+4x+3=x>+3x+x+3=x(x+3)+1(x+3)=(x+1(x+3)
(iii)x?+6x+8=x2+4x+2x+8=x(x+4)+2(x+4)=(x+2)(x +4)

(iV)x?+4x+4=x>+2x+2x+4=x(x+2)+2(x+2)=(x+2)(x+2) = (x + 2)?

x+4 x+2

— o (!
L~ + + -~
b e
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3. Factorize:
(1) x> +x—12 (i) x*+7x+10 (iii) x*—6x+8
(iv) x*-x-56 (v) x? —10x — 24 (vi) Y +4y-12
(vii) Y?+13y+36  (viii)) x*—x—2

Solution
x?+x—12=x?+4x—-3x—12=x(x+4)—3(x+4) =(x+4)(x—3)
(ii)x>+7x+10=x?>+5x+2x+10=x(x+5)+2(x +5) = (x + 5)(x + 2)
(iii)x2—6x+8=x2—4x—2x+8=x(x—4)—2(x—4)=(x—4)(x—2)
(iV)x2—x—56=x2—-8x+7x—-56=x(x—8)+7(x—8)=(x—8)(x +7)
(V)x2—10x —24=x>—-12x+2x—24=x(x—12)+ 2(x —12) = (x — 12)(x + 2)
(Vi)y?+4y—12=y*+6y -2y —12=y(y +6) —2(y +6) = (y + 6)(y — 2)
(Vii)y? + 13y +36 =92 +9y+4y+36=y(y+9) +4(y+9) =@y +9D(y +4)
(Vii)x?2 —x—2=x?2-2x+x—-2=x(x—-2)+1(x—-2)=(x—-2)(x+ 1)

4. Factorize:
) 23+ 7x+3 (i) 2%+1lx+15 (i) 42+ 13x+3
(v) 32+5x+2 (V) 3-1ly+6  (vi) 2P—5p+2
(Vi) 42— 11z+6  (vii) 6+7x—3x2
Solution
()2x?>+7x+3=2x>+6x+x+3=2x(x+3)+1(x+3)=(2x+1(x +3)
(i) 2x2 + 11x+ 15 =2x2+6x + 5x + 15 = 2x(x + 3) + 5(x + 3) = 2x + 5)(x + 3)
(iii)4x? +13x+3 =4x?>+12x+x+3 =4x(x+3) + 1(x + 3) = (4x + 1) (x + 3)
(iV)3x2+5x+2=3x>+3x+2x+2=3x(x+1)+2(x+1)=GBx+2)(x + 1)
(V)3y* =11y +6=3y* -9y -2y +6 =3y(y—3) - 2(y —3) = By - 2)(y - 3)
(Vi)2y? =5y +2=2y* -4y —y+2=2y(y-2)-1(y-2)=Q2y-D( - 2)
(Vi) 4z2 =112+ 6 =422 —-82—-3z2+6=4z(z-2)—-3(z—-2) = (4z—-3)(z-2)
(Viii) 6+ 7x —3x% = —3x*+7x+6 =—-3x>+9x —2x + 6
=3x(—x+3)+2(—x+3)=CBx+2)(3—x)
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{( EXERCISE 42 )

1. Factorize each of the following expressions:
i 4+ 8t (i)  a*+64b* (i) x*+4x2+16
(iv) x*—14x2+1 v)  x*=30xH2+ 90 (vi) X -11xH2 44
Solution
1.(i) 4x* + 81y*

= (2x*)% + (9y*)? = (2x*)* + (9y*)* + 2(2x*)(9y?) — 2(2x*)(9y?)
= (2x% + 9y?)? — 36x%y%? = (2x%2 + 9y?)? — (6xy)?

= (2x% + 9y? — 6xy)(2x? + 9y? + 6xy)

1.(ii) a* + 64b*

= (@)% + (8b%)2 = (a?)? + (8b2)% + 2(a?)(8b2) — 2(a?)(8h2)
= (a® + 8b?)? — 16 a’b? = (a® + 8b?)? — (4ab)?

= (a® + 8b% + 4ab)(a® + 8b* — 4ab)

1.(iii) x* + 4x% + 16

=x*+8x% — 4x% + 16 = x* +8x% + 16 — 4x?

= (x%2 4+ 4)? — (2x)?

=(x%24+4—-2x)(x*>+ 4+ 2x)

1.3v) x* —14x% + 1

=x*—16x*+2x* + 1 =x*+2x*> + 1 —16x?

= (x?+1)? — (4x)?

=(x?+1—-4x)(x? + 1+ 4x)
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1.(v) x* — 30x2y% + 9yt

= x* — 36x2%y% + 6x%y? + 9y* = x* + 6x%y? + 9y* — 36x%y?
= (x* +3y%)? — (6xy)*

= (x% — 6xy + 3y?)(x? + 6xy + 3y?)

1.(vi) x* — 11x2y? + y*

= x* — 9x?%y? + 2x%y? + y* = x* + 2x%y? + y* — 9x?y?

= (x* +y*)? — (Bxy)?

= (x% = 3xy + y?)(x% + 3xy + y?)

2. Factorize each of the following expressions:
) G+DE+2)x+3)E+4)+1 G) x+2)x-Tx-Hx-1)+17
(i) @+ Tx+3)23E+Tx+5+1 (v) Bx*+5x+3)3B3x2+5x+5)-3
V) G+HDE+2DE+3)E+6)-3x (vi) (x+ Dx—Dix+2)(x—2)+13x*
Solution
2. (x+1DH)(x+2)x+3)(x+4)+1

=+ DE+DE+2)(x+3)+1
=(x*+5x+4)(x*+5x+6)+1
=(y+4)y+6)+1=y2+10y+24+1=y2+10y + 25
=(y+5)%=((x*+5x+5)?

2.(ii) (x + 2)(x = 7)(x — 4)(x — 1) + 17
=(x+2D0x—-7NDx—-4)(x—-1)+17

=(x?—-5x—14)(x> —5x+4) + 17
=(y—-14)(y+4)+17=y2—10y — 56 + 17 = y% — 10y — 39
=y2—13y+3y —39 = y(y — 13) + 3(y — 13)

= (y—13)(y +3) = (x2 — 5x — 13)(x% — 5x + 3)
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2.(i) 2x* +7x +3)2x* + 7x+5) + 1
=x*+7x+3)2x*+7x+5)+1
=(+3)(y+5+1=9y2+8y+15+1=y?+8y+16

= (y+4)% = (2x% + 7x + 4)?

2.(iv) Bx* +5x+3)(3x* +5x+5)—3

= (3x?+5x+3)(3x?>+5x +5) — 3

=(W+3)(y+5 —-3=y2+8y+15-3=y%+8y+12
=y2+6y+2y+12=y(y+6)+2(y+6)
=(W+6)(y+2)=0GBx>+5x+6)(3x%+5x+2)

2.v) (x+ D(x+2)(x +3)(x + 6) — 3x?
=(x+1Dx+6)(x+2)(x+3)—3x?

= (x%?+7x+6)(x%? + 5x + 6) — 3x?

=(x?+6+7x)(x*+ 6 + 5x) — 3x?2

= (y+7x)(y + 5x) — 3x? = y2 + 12xy + 35x% — 3x?

= y2 + 12xy + 32x% = y? + 8xy + 4xy + 32x% = y(y + 8x) + 4x(y + 8x)
=(y+8x)(y+4x) = (x> +8x+6)(x®> +4x +6)

2.(vi) (x + D(x — 1D (x+2)(x —2) +13x*  wrong statement
(x+1D(x—-1D(x+2)(x—2) + 5x2 right statement
=(x+1Dx+2)(x—1)(x—2)+ 5x?

= (x?24+3x+ 2)(x? —3x + 2) + 5x2

= (x* 4+ 2+ 3x)(x* + 2 — 3x) + 5x2

= (y+3x)(y —3x) + 5x2 = y2 — 9x? + 5x? = y? — 4x?
=(y—-2x)(y+2x) = (x> —2x + 2)(x*> + 2x + 2)
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3. Factorize:
i) 8&P+12x*+6x+1 (i) 27a +108a%b + 144ab® + 645
(i) x*+48x% + 108x)% + 216)° (iv) 8x* —125)° + 150x1% — 60x%y
Solution
3.(i) 8x3 +12x2+6x+1 Remember!

(a+b) =d +3d°b + 3ab” + b’
(a—by =a -3a’b+3ab* - b

= (2x)3 + 3(2x)%(1) + 3(2x)(1)%? + (1)3

=(2x+1)3
3.(ii) 27a3 + 108a%b + 144ab? + 64b3
= (3a)® + 3(3a)?(4b) + 3(3a)(4b)? + (4b)3
= (3a + 4b)3
3.(iii) x3 + 18x%y + 108xy? + 216y3 wrong statement, i.e. use 18 instead 48
= (x)° + 3(x)*(6y) + 3(x)(6y)* + (63)°
= (x + 6y)3
3.(iv) 8x3 — 125y3 + 150xy? — 60x%y

= (2x)° + (=59)° + 3(2x)(=5y)* + 3(2x)*(-5y)

= (2x — 5y)3
4. Factorize:
(i) 125a4° - 1 (i)  64x° + 125 (iii)) x%-27
(iv) 10004 + 1 (v) 343x° + 216 (vi) 27 — 512y3
Solution
) 3
4.(I) 125a 1 a3 + b3 — (a + b)(a2 _ ab + bQ)
= (50)* = (1)?

N ) a —b>=(a—-b)da*+ab+ b
= (5a - D[(5a)* + (5a)(1) + (1)]

= (5a—1)(25a* + 5a + 1)
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4.(ii) 64x3 + 125

= (4x)° + (5)°

= (4x + 5)[(4%)* — (4x)(5) + (5)*]
= (4x + 5)(16x% — 20x + 25)
4.(iii) x® — 27

= (x*)° = (3)°

= (x* = 3)[(x*)? + (x*)(3) + (3)?]
= (x?-3)(x*+3x%2+9)

4.(iv) 1000a® + 1

= (10a)3 + (1)3

= (10a + 1[(10a)? — (10a)(1) + (1)?]
= (10a + 1)(100a? — 10a + 1)
4.(v) 343x3 + 216

= (7x)3 + (6)3

= (7x + 6)[(7x)* — (7x)(6) + (6)]
= (7x + 6)(49x% — 42x + 36)

4.(vi) 27 — 512y3

= (3)° — (8y)°

= (3-8y)[(3)* + (3)(8y) + (8y)?]
= (3—-8y)(9 + 24y + 64y?)
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{(_ EXERCISE 4.3 )

1. Find HCF by factorization method.
()  21x%, 35%7 (i) 4x*—9? 2x* —3xy
(i) -1, x*+x+1 (iv) & +2a°-3a,2a°+54%-3a
(v) P+3t—4,P+5t+4,£ -1 (vi) x¥*+15x+56,x*+5x—24, x* + 8
Solution
1.(i) 21x%y, 35xy?

21Xy =3 X 7T XX XXXy

35xy2 =5 X7 XXXyXy

HCF =7 Xx Xy =7xy

1.(ii) 4x% — 9y%,2x? — 3xy

4x% — 9y? = (2x)? — (3y)? = (2x — 3y)(2x + 3y)

2x% — 3xy = x(2x — 3y)

HCF = 2x — 3y

L(Giad—1,x2+x+1

x3-1=x-1Dx*+x+1)

xX2+x+1=x*+x+1

HCF =x*+x+1

1.(iv) a® + 2a? — 3a,2a3 + 5a* — 3a

a3 +2a?2—-3a=a(@’*+2a—-3)=a(@’?+3a—a—-3)=a(@+3)@-1
2a3 +5a%? —3a=a(2a?+5a—3)=a(Ra’?+6a—a—3)=a(a+3)2a—-1)

HCF = a(a + 3)
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1.(V)t? —3t—4,t> + 5t +4,t>* — 1 wrong statement in book
t2—3t—4=t>—4t+t—-4=tt—-4)+1t—-4)=Ct—-4(t+1
t2+5t+4=t>+4t+t+4=t(t+4)+1(t+4) =(Ct+4)(t+1)

t? —1=(t—1)(t+ 1)

HCF=t+1

1.(vi) x2 + 15x + 56,x% + 5x — 24, x% + 8x

X2+ 15x+56 =x?>+8x+7x+ 56 =x(x+8)+7(x+8) = (x+ 8)(x + 7)
X2 +5x—24=x*+8x—3x—24=x(x+8)—3(x+8)=x+8)(x—-3)
x% +8x =x(x+ 8)

HCF =x+8

2. Find HCF of the following expressions by using division method:
(i) 273 +9x2 —3x -9, 3x—2 (i) xX*-9*+21x-15, x> —4x+3
(iii) 2 +22+2x+2, 63+ 12x% + 6x + 12
(iv)  2x° —4x* +6x, x> —2x, 3x*—6x

Solution
2.(1) 27x3 +9x* —3x—9,3x — 2 Replace with 9
27x3 +9x% —3x —10°
3x — 2 +27x3 F 18x2 9x%2+9x + 5
27x% —3x — 10
+27x? F 18x
15x — 10
+15x + 10
0
HCF =3x—2
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2.(i) x3 —9x% + 21x — 15,x* —4x + 3 Replace by 15

x3 —9x%2421x—9-

x?—4x+3| +x3F4x?+3x x—5

—5x%24+18x—9
F5x% +20x F 15

—2x+6 we may write it —2(x — 3)
Now
x?—4x+3
x—3 +x% F 3x x—1
—x + 3
+x+3
0
HCF =x—3

2.(iii) 223 + 2x% + 2x + 2,6x3 + 12x% + 6x + 12

or 2(x3+x?+x+1),6(x3+2x*+x+2)

x3+2x%+x+2

B+ xt+x+1 +x3+x2+x+1 1

x*+1

Now

P +xt+x+1

x?+1 +x3 +x x+1
x?+1
+x*+1
0
HCF = 2(x% + 1) wrong answer in book
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2.(iv) 2x3 — 4x? + 6x,x3 — 2x,3x* — 6x

x3 — 2x

2x3 — 4x?% + 6x

+2x3 F 4x

2

—4x?% + 10x

we may write it —2(2x? — 5x)

Now multiply x3 — 2x with 2 and simplify

2x?% — 5x

2x3 — 4x

+2x3 F 5x2

5x2% — 4x

Now multiply 5x2 — 4x with 2 and simplify

10x2% — 8x
2x% — 5x +10x2% F 25x 5
17x
Now
2x% — 5x
x +2x2 F 5x 2x —5
0
And
3x?% — 6x
x +3x% F 6x 3x — 6
0
HCF =x wrong answer in book
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3. Find LCM of the following expressions by using prime factorization method.

(i) 2a°bh, 4ab*, 6ab (i) x*+x, X +x*
(i) a*—4a+4,a*-2a (iv) x*—16, x> —4x
(v) 16—4x%, X*+x-6, 4—x*

Solution

3.(i) 2a®b, 4ab?,6ab

2a’b=2XxaxXxaxb

4ab’? =2x2xaxbxb
6ab=2Xx3xaXxb

Common Factors = 2 X a X b = 2ab

non — Common Factors =2 X3 X a X b = 6ab
LCM = CF x NCF = 2ab x 6ab = 12a%b?
3.(ii) 2% + x, 23 + x?

x?+x=x(x+1)
x3+x2=x?(x+1)=xxxX(x+1)
Common Factors = x(x+ 1)

non — Common Factors = x

LCM =CF X NCF =x(x+ 1) xx =x2(x+ 1)
3.(iii)) a®> — 4a + 4,a* — 2a
a?—4a+4=0@—-2)2=@—-2)@-2)
a’?—2a=a(a—2)

Common Factors = (a — 2)

non — Common Factors = a(a — 2)

LCM =CF X NCF = (a—2) xa(a—2) =a(a—2)?
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3.(iv) x* — 16,x3 — 4x
x*—16=(x*-4)(x*>+4)=x—-2)E+2)(x*+4)
x3—4x=x(x*-4) =x(x—2)(x+2)

Common Factors = (x — 2)(x + 2)

non — Common Factors = x(x? + 4)

LCM = CF X NCF = (x — 2)(x + 2) x x(x? + 4) = x(x* — 16)

3.(v) 16 — 4x%,x* + x — 6,4 — x*

16 —4x2=4(4—-x*) =412 -x)(2 +x)
X24+x—6=x*+3x—-2x—-6=(x+3)x—-2)=—-(x+3)(2-x)
4—-x2=2-x)(2+x)

Common Factors = (2 — x)(2 + x)

non — Common Factors = —4(x + 3)
LCM=CFXNCF=2-x)2+x) X —4(x+3)=4(x*—-4)(x+3)

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.

Solution

HCF =y —7

LCM =y3 — 10y? + 11y + 70

p(y) =y* — 5y — 14

q(y) =?

Using formula:  p(y) X q(y) = HCF x LCM

(y* =5y —14) xq(y) = (y = 7) x (y° — 10y* + 11y + 70)
_ (y-7Dx(y*-10y?+11y+70)

a) = (y2-5y-14)

_ (-7)x(y*-10y*+11y+70)
aly) = -7 +2)

_ y3-10y%+11y+70
q(y) = e
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y3 —10y? + 11y + 70

y+2 +y? + 2y? y? =12y + 35

—12y% + 11y + 70

F12y2 F 24y

35y +70

+35y + 70

0

3_10y2+11y+70
q(y) ===y~ 12y +35

5. The LCM and HCF of two polynomial p(x) and ¢g(x) are 36x°(x + a)(x* — a*) and
x*(x — a) respectively. If p(x) = 4x*(x* — &%), find g(x).

Solution

HCF = x*(x — a)

LCM = 36x3(x + a)(x3 —a3)

p(x) = 4x%(x? — a?)

q(x) =?

Using formula:  p(x) X q(x) = HCF x LCM

4x%2(x? —a?) x q(x) = x%(x —a) x 36x3(x+ a)(x® —a?)

2 3 3 3

q(x) _X (x a)zif:xz(f:j))(x az)

q(x) = 9x3(x3 — a3)

6. The HCF and LCM of two polynomials is (x + @) and 12x*(x + a)(x* — a°)
respectively. Find the product of the two polynomials.

Solution

HCF = (x + a)

LCM = 12x?(x + a)(x? — a?)

p(x) x q(x) =?

Using formula:  p(x) X q(x) = HCF x LCM

p(x) X q(x) = (x + a) x 12x?(x + a)(x? — a?)

p(x) x q(x) = 12x%(x + a)3(x —a) wrong answer in book
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{( EXERCISE 4.4 )

1. Find the square root of the following polynomials by factorization method:
(i) x*-8x+16 (i) 9x*+12x+4
(iii) 364 + 84a+49 (iv) 64> —32y+4
(v) 2007 -1207+ 18 (vi) 40x2+ 120x + 90
Solution

1.() Va2 — 8x + 16 =277

x2—8x+16=(x)?-2x)4) + (4)? = (x — 4)?

VX2 —8x + 16 = /(x — 4)2

Vx2 —8x+ 16 = +(x — 4)

1.(i1) VOxZ + 12x + 4 =277

9x2% +12x+4 = (3x)?2 + 2(3x)(2) + (2)? = (3x + 2)?

VOx2 + 12x + 4 = \/(3x + 2)2

Vox2 +12x+ 4 = +(3x + 2)

1.(iii) V36a? + 84a + 49 =???

36a% + 84a + 49 = (6a)? + 2(6a)(7) + (7)? = (6a + 7)?

V36a? + 84a + 49 = /(6a + 7)2

V36a2 + 84a + 49 = +(6a+ 7)

1.(iv) /64y% — 32y + 4 =727

64y* — 32y + 4 = (8y)* — 2(8y)(2) + (2)* = (8y — 2)?

J64y% — 32y + 4 = ,/(8y — 2)2

\64y% — 32y + 4 = +(8y — 2)
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1.(v) V200t2 — 120t + 18 =277
200t? — 120t + 18 = 2[100t? — 60t + 9]

200t2 — 120t + 18 = 2[(106)2 — 2(10t)(3) + (3)?] = 2(10t — 3)2

J64y? — 32y + 18 = ,/2(10t — 3)2

J64y% — 32y + 18 = +v/2(10t — 3)

1.(vi) V40x2 + 120x + 90 =277
40x? + 120x + 90 = 10(4x? + 12x + 9) = 10[(2x)? + 2(2x)(3) + (3)?]

40x2 + 120x 4+ 90 = 10(2x + 3)?

V40x2 + 120x + 90 = ,/10(2x + 3)2

V40x2 + 120x + 90 = +V/10(2x + 3)

2. Find the square root of the following polynomials by division method:
(1) Ax* —28x° +37x% +42x+ 9
(ii) 121x* — 198x® — 183x% + 216x + 144
(i)  x*—=10x%y +27x%7 - 10x° + v*
(iv)  4x*—12x° +37x2—42x + 49
Solution
1.() V4x* — 28x3 + 37x2 + 42x + 9 =227

2x%> —7x—3
4x* — 28x3 +37x%> +42x+9
2x2 +4x*
—28x3 + 37x?
4x% — 7x F28x3 + 49x?
—12x%2 +42x+9
4x% —14x -3 F12x?>+42x+9
0

Vax4t —28x3 +37x2 + 42x + 9 = +(2x% — 7x — 3)
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1.(if) V121x* — 198x3 — 18322 + 216x + 144 =777

11x% — 9x — 12
121x* — 198x3 — 183x2 + 216x + 144
11x? +121x*
—198x3 — 183x2
22x% — 9x F198x3 + 81x2

22x% —18x — 12

—264x% + 216x + 144
F264x% + 216x + 144

0

V121x% —198x3 — 183x2 +

216x + 144 = +(11x*> —9x — 12)

1.(iii) x* — 1023y + 27x2y2 — 10xy3 + y* =277

X2

x? — 5xy + y?

x* —10x3y + 27x%y? — 10xy3 + y*
+x*

2x% — 5xy

—10x3y + 27x%y?
F10x3y + 25x%y?

2x% — 10xy + y?

2x%y? — 10xy* + y*
+2x%y? ¥ 10xy> + y*

0

Jx* —10x3y + 27x2y2% — 10xy3 + y* = +(x? — 5xy + y?2)

1.(iv) V4x* — 12x3 + 37x%2 — 42x + 49 =277

2x% —3x+ 7
4x* — 12x3 + 37x% — 42x + 49
2x2 +4x*
—12x3 + 37x?
4x? — 3x F12x3 + 9x?
28x% — 42x + 49
4% — 6x + 7 +28x?% F 42x + 49
0

Vax4t —12x3 + 37x2 — 42x + 49 = +(2x2 = 3x+ 7)
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3. An investor’s return R(x) in rupees after investing x thousand rupees is given
by quadratic expression:
Rx)=-x*+6x-38
Factorize the expression and find the investment levels that result in zero return.
Solution
Rx)= —x?+6x—8=—-x*>+4x+2x—8=—x(x—4)+2(x—4)

Rx)=(—=x+2)x—4)

For zero return R(x) = Owe have (—x+ 2)(x—4) =0
—-x+2=0 or x—4=0

X =2 or X =4

Investment levels that result in zero return willbe x = 2andx = 4
4, A company’s profit P(x) in rupees from selling x units of a product is modeled
by the cubic expression:

Px)=x>—15x*+75x—125
Find the break-even point(s), where the profit is zero.
Solution
P(x) = x3 — 15x? + 75x — 125
P(x) = (x)° —3(0)*(5) + 3(x)(5)* — (5)° = (x — 5)°
Since profit is zero, using P(x) = 0 we have (x —5)3 =0

After taking cube root on both sides we have x = 5
5. The potential energy F(x) in an electric field varies as a cubic function of

distance x, given by:
V(x) = 2x> — 6x% + 4x
Determine where the potential energy is zero.

Solution
V(x) = 2x3 — 6x2% + 4x

V(x) = 2x(x* —3x+2) =2x(x—2)(x— 1)
For zero potential energy, using V(x) = 0 we have 2x(x—1)(x—2) =0

Then x = 0,x = 1,x = 2
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6. In structural engineering, the deflection ¥(x) of a beam is given by:
Y(x)=2x*-8x+6

This equation gives the vertical deflection at any point x along the beam. Find
the points of zero deflection.

Solution

Y(x) =2x*>—8x*+6

Y(x) = 2(x* —4x + 3)

Y(x) = 2(x* —3x—x+ 3)

Yx)=2(xx—-1)(x—3)

For zero potential deflection, using Y(x) = 0 we have 2(x —1)(x—3) =0

2#0 thenx—1=0o0orx—3=0

Then x

1,x = 3
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@(REVIEW EXERCISE 4)p

1. Four options are given against each statement. Encircle the correct option.
1.  The factorization of 12x + 36 is:

@V 12:+3) (b)) 123x) (c) 12B3x+1) (@)  x(12+36x)

ii. The factors of 4x* — 12y + 9 are:

(@) (@r+37 &f (2x-37
©) (2x-3)2x+3) (d) (2+3x)(2-3x)?
iii. The HCF of &®h® and ab? is:
(a) b oV ap? ) a*b’ .
iv. The LCM of 16x?, 4x and 30xy is:
(a) 480x%y (b) 240xy (c)\/ 240x%y (d) 120x*
v. Product of LCM and HCF = of two polynomials.
(a) sum (b) difference (c)\/ product (d)  quotient

vi. The square root of x* — 6x + 9 is:

@V +@x-3) () +G+3) () x-3 @  x+3
vii. The LCM of (a — b)? and (a — b)* is:

(@ (a-by (b) (a-b) (C)‘/ (a-b)* (d (a-h)°

viii. Factorization of x> + 3x% + 3x + 1 is:

@V (x+ 1) b -1
() (x+DE*+x+1) d -DE*-x+1)
ix. Cubic polynomial has degree:
@ 1 L) 2 oV 3 @ 4
x. One of the factors of x> — 27 is:
@/ x -3 b)) x+3  (¢) x*-3x+9 (d) Bothaandc
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2. Factorize the following expressions:

(1) 4x* +18x* — 12x (i) X +64)°
(i) x* -8 (iv) —x*-23x-60
V) 2x2+ Tx + 3 (vi) x*+64
(vi)) x*+2%*+9 (viil) (x+ 3)(x + 4)(x + 5)(x + 6) — 360
(ix) (P+6x+3)x*+6x-9)+36
Solution

2.(1) 4x3 +18x% — 12x

= 2x(2x%? +9x—6)

2.(ii) x° + 64y°

= (0° + (4y)°

= (x+4y)[(0)? — (0 (4y) + (4y)°]

= (x + 4y)(x% — 4xy + 16y2)

2.(iii) x3y3 — 8

= (xy)°® — (2)°

= (xy — 2)[(xy)? + Gy)(2) + (2)?]

= (xy — 2)(x%y* + 2xy + 4)

2.(iv) —x? —23x - 60

= —(x? 4+ 23x+ 60) = —[x%? + 20x+ 3x+ 60] = —[x(x + 20) + 3(x + 20)]
=—(x +3)(x + 20)

2.(V)2x%> +7x+3

=2x? +6x+x+3=2x(x +3)+1(x +3)

=02x +1)(x +3)
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2.(vi) x* + 64

= (x2)% + (8) + 2(x?)(8) — 2(x?)(8) = (x* + 8)% — 16x>
= (x*+8)%— (4x)? = (x* + 8 — 4x)(x* + 8 + 4x)

= (x* —4x+ 8)(x* + 4x + 8)

2.(vii) x* + 2x2 + 9

= (x*)? +2x* 4+ (3)?

= (x*)?+2(x*)(3) + (3)* + 2x* = 2(x*)(3)

= (x? + 3)% — 4x?

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

= (x?—-2x+3)(x*+2x+3)

2.(viii) (x + 3)(x + 4)(x + 5)(x + 6) — 360
=xX+3)x+6)x+4)(x+5)—360

= (x®*+9x+ 18)(x* + 9x + 20) — 360

= (y + 18)(y + 20) — 360 = y2 + 38y + 360 — 360 = y2 + 38y
=y(y + 38) = (x? + 9x)(x? + 9x + 38)

=x(x+ 9)(x? + 9x + 38)

2.(ix) (x* + 6x +3)(x®> + 6x —9) + 36
=(x?+6x+3)x*+6x—9)+36
=(y+3)y—-9)+36=y>—6y—27+36=y>—6y+9
=?-2(y»B)+(B3)* =(y—3)*

= (x? + 6x — 3)*?
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3. Find LCM and HCF by prime factorization method:

(i) 4+ 12x% 8x*+ l6x (i) X +3x*—4x, x*-x-6
(i) x*+8x+16,x*—16 (iv) -9, x*—4x+3
Solution

3.(i) 4x3 + 12x2,8x% + 16x

4x3 +12x% = 4x?(x+3) =4 xx X x X (x + 3)
8x2+16x=8x(x+2)=2X4xxX(x+2)

Common Factors = 4x

Un — Common Factors =x X (x+3) X2 X (x+2) =2x(x+ 3)(x+ 2)
HCF = 4x

LCM = CF X UCF = 4x X 2x(x + 3)(x + 2) = 8x%(x + 2)(x + 3)

3.3ii) x3 +3x* —4x, x> —x—6

x34+3x2 —4x=x(x*+3x—4) =x(x*+4x—x—4) =x(x— D+ 4)
X2 —-x—6=x?>—-3x+2x—6=(x—-3)(x+2)

Common Factors = 1

Un — Common Factors = x(x— 1)x+4)x—3)x + 2)

HCF =1

LCM=CFXUCF=x(x—1)x+2)x—3)(x+4) wrong answer in book
3.(iii)) x2 + 8x + 16,x* — 16
x2+8x+16=(x)?+2x)@A)+(4)?=x+4)?*=x+4)(x+4)
x2—-16=(x)?-(4)?*=x—-4)(x+4)

Common Factors = (x + 4)

Un — Common Factors = (x —4)(x + 4)

HCF = (x + 4)

LCM = CF X UCF = (x + 4) X (x — 4)(x + 4) = (x — 4)(x + 4)?
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3.(iv) x3 —9x,x* —4x + 3
x3—9x=x(x*-9)=x(x—3)(x+3)
x2—4x+3=x*-3x—-x+3=x-3)(x—-1)
Common Factors = (x — 3)

Un — Common Factors = x(x+ 3)(x— 1)

HCF = (x — 3)

LCM = CF x UCF = (x — 3) x x(x + 3)(x — 1)

LCM = x(x — 1)(x* — 9) wrong answer in book

4. Find square root by factorization and division method of the expression
16x* + 8x% + 1.

Solution

Factorization:

16x* + 8x%2 + 1 = (4x2)2 + 2(4x2)(1) + (1)?
16x* + 8x% + 1 = (4x% + 1)

V16x* + 8x2 + 1 =/ (4x2 + 1)2

V16x* +8x2 +1 = +(4x*+ 1)

Division Method:

4% + 1
16x* +8x% +1
4x* | 16x*
8x% + 1
8x* +1 +8x* +1
0
V16x* +8x2 +1 = +(4x*> + 1)
5. Huria is analyzing the total cost of her loan, modeled by the expression

C(x) = x* — 8x + 15, where x represents the number of years. What is the

optimal repayment period for Huria's loan?
Solution
Cx)=x*—8x+15=x*—-5x—3x+15=(x—-5)(x—-23)

For optimal repayment, using C(x) = 0 we have (x —5)(x—3) =0
we ha\/.e'fﬁat:is%@e?rssor 5 years.
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