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Class IX Chapter 4 — Algebraic Identities

Exercise —4.1

1.  Evaluate each of the following using identities:

(i) (2x—1)2
X

(i) (2x+y)(2x-y)
(i) (ah—ab?)
(ivy (a-0-1)(a+0-1)
(v)  [1-5%-0-3y*|[1-5x*+0-3y |
Sol:
(1)  We have,
2 2
[2x—1j =(2x)z+(1J _o.ox.t
X X X
1Y 1 1
(Zx—;j =4x? +?—4 {.-(a—b)2 =a’+b?—2ab where a=2x and b :ﬂ
2
.'.(Zx—lj =4x2+i2—4.
X X
(i)  We have
(2x+y)(2x-y)
- (2x)2 —(y)2 [ (a+b)(a-b)=a’ —bz}where a=2xandb=y.
— 4X2 _ y2
(2x+y)(2x—y)=4x*—y?
(iii) We have
(azb—abz)2
_ (azb)2 +(ab2)2 —2xa’hxab? [ (a-b)’ =a’+b* - 2ab}
=a'b? +b*a? -2a%° where =a’b and b = ab?
(azb—bza)2 = a’b? +b*a®-2a’%°
(iv) We have
(a-0-1)(a+0-1)=a’ —(0-1)2 [ (a-b)(a+b)=2a? —bz]
=a?-0.01 [a=a;b=0-1]

(a-0-1)(a+0-1)=a*-0-01
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(v) We have
[1-5x* —0-3y* |[1-5x* +0-3y” |

=[15x¢] -[0-3y*] [-(a+b)(a—~b)=a%-b?]
=2.25x*—0-09y" [-a=1-5x" and b=0-3y’ |
[1-5%* —0-3y? |[1-5x* +0-3y” | =2-25x* ~0-09y".

2.  Evaluate each of the following using identities:

i)  (399)°

(i)  (0-98)

(iii)  991x1009

(iv)  117x83

Sol:

()  We have
(399)" = (400-1)’
= (400)° +(1)* —2(400) (1) [+(a=b) =a®+b*~2ab |
=1,60,000 +1-8,000 [-a=400 &b=1]
=159201
(399)” =159201

(i)  We have

(0-98)° =[1-0-02]
=(1)° +(0-02)° —2x1x0-02

=1+0-0004-0-04 [-a=1b=0.02]
=1.0004-0-04
=0-9604
+.(0-98)" =0-9604.
(iii))  We have
991x1009
=(1000-9)(1000+9)
= (1000)" —(9)° [(a-b)(a+b)=a’-b’]
=1000000 81 [~ a=1000;b=9]
= 999919

991x1009 =999919
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(iv) We have
117 %83
=(100+17)(100-17)
=(100)* - (17)° [~ (a+b)(a-b)=a’-b’]
=10000- 289 [ =100;b = 17]
=9711

117x83=9711

3. Simplify each of the following:
(i) 175x175+2%x175x 25+ 25%x 25
(i) 322x322—-2%x322x22+22x22
(i)  0-76x0-76+2x0-76x0-24+0-24x0-24
7-83+7-83-1-17x1-17

) 6-66
Sol:
(1) Wehave
175%175+2x175x 25+ 25x 25 = (175) + 2(175)(25) +(25)°
= (175+25)’ [a® +b7 +2ab = (a+b)’ |
= (200)" = 40000 [here a=175 and b = 25]
. 175x175+2x175x 25+ 25 25 = 40000
(i)  We have
322x322-2x322x 22 +22x 22
= (322-22)° [+ (a=b) =a®~2ab+b" |
= (300)°
= 90000
©.322% 322~ 2x322x 22 + 22 22 = 90000
(iii) We have
0-76x0-76+2x0-76x0-24+0-24x0-24
~[0-76+0-24] [+a% +b7 + 2ab=(a-+b)’ |
=[1-00]"
=1

.0-76x0-76+2x0-76x0-24+0-24x0-24 =1
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(iv) We have

7-83+7-83-1-17x1-17

6-66
7-83+1-17)(7-83-1-17

_ 6?26 ) [(-b?)=(asb)(a-b)]

(9-00)(6-66)
(6-66)

=9
. 7-83x7-83-1-17x1-17 _
B 6-66 -

9

4. Ifx+ i = 11, find the value of x? + xiz
Sol:

We have x+%=11

2 2
Now, (X+1J :x2+(1j +2><x><1
X X X

2
:>(x+lj =x2+i2+2
X X

2

:>(11)2=x2+i+2 cX+==11
X

:>121=x2+i2+2
X
, 1
=X +— =119,
X

5. Ifx—== —1, find the value of x? + iz
X X

Sol:
We have

) =3
X—— | =X"4| = | =2xXx—
X X X Q)
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6. If x +==+/5, find the values of x2 + — and x* + —
X X X

Sol:
We have

2
(x+1] =x2+i2+2><x><l
X X X

2
:>(x+1) = x2+i2+2
X

7. Ifx?+— = 66, find the value of x — =
X X

Sol:
We have

(3] e O &
(2] etz S

X

:>(X—£T=66—2 [ X2+i2=66} \(&%%Q
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1Y 2
=>|x-——| =(8
(x-3) -ee)
:>X—1=i8
X

8. Ifx*+ xiz = 79, find the value of x + %

Sol:

We have
2

(x+1j =x2+i2+2><x><1

X X X
2

S [x+d =(x2+i2)+2

X X

1 2
=| X+=| =79+2
X

2

= x+1 =81
X
2
=[x+l =(20y
X
:>X+E—i9
X

9. If9x% + 25y? = 181 and xy = —6, find the value of 3x + 5y
Sol:
We have,

(3x+5y)2 = (3x)2 +(5y)2 +2x3xXx5y
= (3x +5y)2 =9x° +25y” +30xy
=181+30(-6) [-9x* +25y” =181 and xy =6 |
=181-180 .
= (3x+5y)" =1 660 c’)\\o
= (3x+5y)" =(F1)’ &@ Q

= 3x+5y=+1 \(b %
Je
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10. If 2x + 3y = 8 and xy = 2, find the value of 4x? + 9y?
Sol:
We have

(2x+3y)" =(2x)" +(3y)" +2(2x)(3y)

= (2x+3y)2 =4x* —9y® +12xy

= (8)" =4x? +9y? + 24 [ 2x+3y =8, xy = 24]
= 64-24=4x"+9y°

= 4x° +9y* = 40.

11. If 3x =7y =10 and xy = —1, find the value of 9x2 + 49y?
Sol:
We have,

(3x=7y)" = (3x)" +(-7y)" —2(3x)(7y)

=9x% +49y* —42xy

= [10]2 =9x® +49y® —42xy [-3x—7y=10]
=100 =9x* + 49y’ —42[-1] [ xy =—1]
=100 =9x* +49y* + 42

=100-42 =9x* +49y°

= 9x* +49y* =58.

12.  Simplify each of the following products:
(0) la—sbj(iawb)(ia%gbz)
2 2 4

.. n : n
(i) m+7] [m—7j
(i) E—EJ(Z—ﬁj—xﬂzx

(iv) (X +x=2)(x*-x+2)
(v) (x3—3x2—x)(x2—3x+1)

(vi) [Zx4 —4x? +1][2x4 —4x? —l]
Sol:

(i) (%a—3bj(%a+3bj(%az +9b2j
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:[{%a)z—(%)z}{%a%gbz} - (a+b)(a-b)=a’ —b]
_ K% aZJ —9b2}B a1 9b2} [+ (ab)’ =ab? |
{%aZT—[gbz]Z [ (a=b)(a+b)=a?—b]
:%a“ 81b*
.'.(%a—3bj(%a+3bj(%a2+9b2j=%a4—8]b4

(i)  We have

(iii))  We have

:—_E—Ejz—x2+2x [-.-(a—b)(a—b)z(a—b)ﬂ 60 .\O
S GREEREEN &%
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5x*  2x 4
=>-——+—+2X——
4 5 25
5x> 2x+10x 4
>
4 5 25
-5x* 12x 4
+___
4 5 25
[X_2) 2 Xy yax
2 5){5 2
5 12 4
4 5 25
(iv) We have

(v)

(vi)

= x'—x?—4+4x

= x'—x2+4x-4
.'.(x2+x—2)(x2—x+2): X' =x?+4x-4
We have,

(3 =3x* —x)(X* =3x+1)

= x(X* —3x=1)(x* =3x+1)
:x[[xz—:%x]z—[l]z} [-.-(a—b)(a+b)=a2—b2]
= x[(x2 )2 +(—3x)2 —2(+3x) xz} —1}

= x[x4 +9x* -6x° —1] %
= x° —6x" +9x° - x 60 ,’\’\O
o (30 =3x* =2)(X* —3x+1) = x* —6x" +9x° — %4) @)

We have %
4 2 4 2 K Q
[Zx —4x +1][2x —4x —1] \(b
:[(2X4_4X2)2‘(1)2} [~ (a+b)(a-b)=a’-b’ 6 %.
= | (2x) +(ax?) - 2(2x*)(ax?) -1 N o0
(20 (1) ~2(2x) 46)-1] N
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= 4x° +16* ~16x° —1 [+(a-b)" =a+b*—2ab |

= 4x% —16x° +16x* -1
[2x4 —4x2 +1][2x4 _4x? —1] — 4x® —16%° +16X* —1.

13. Prove that a? + b2 + ¢2 — ab — bc — ca is always non-negative for all values of a, b and ¢

Sol:
We have

a’+b*+c*—ab—bc-ca

2

a”+b’+c*—ab—bc—ca| [Multiply and divide by ‘2°]

2a? + 2b? + 2¢2 — 2ab—2bc — 2ca}

-1
=1
[a2+a +b?+b?+c®+c®—2ab—2bc— 208.]
[a +b2—2ab a +c2—2ac)+(b2+c2—2bc)]

NII—‘ |\>||—\ |\>||—\ l\)II—‘ l\)I

(c—a)z} [-:(a—b)2 =a2+b2—2ab}

2
+(b—c) +(c—-a) S0
2
a’+b*+c®—ab—-bc-ca>0
Hence, a*+b”+c¢* —ab—bc—ca is always non negative for all values of a, b and c.

—_
QJ
U

~—
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Exercise —4.2

1. Write the following in the expanded form:
(i) (a + 2b + ¢)?

(i)  (2a-3b-c)’

(i) (-3x+y+z)
(iv) (m+2n—5p)2
(v) (2+x—2y)2

(vi) (a’+b*+c?)

(vii) (ab+bc+ca)2

(viii) [LLEJ
y z X
a

(ix) [— + b + LT

bc ca ab
(x)  (x+2y+4z)
(xi)  (2x—-y+ z)2
(xii) (—2x+3y+22)2
Sol:

(i) Wehave, (a+2b+c)’
=a’ +(2b)2 +(c)2 +2(a)(2b)+2ac+(2b)2c
[-.-(a+b+c)2 =a2+b2+02+2ab+2bc+2ca}

~(a+ 2b+c)2 =a%+4b® +c? + 4ab + 2ac + 4bc.
(i)  We have

(2a-30b—c)* =[(2a)+(-3b)+(~c)
=(2a)" +(-3b)" +(=¢)’ +2(2a)(-3b)+2(-3b)(~c)+2(2a)(~¢)
[-.-(a+b+c)2 =a’ +b* +c? +2ab+2bc+20a}

=4a® +9b? + c* —12ab + 6bc — 4ac
~.(2a-3b —c)2 =4a%+9b’ + c* —12ab + 6bc — 4ca.
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(iii) (—3x+y+z)2:[(—?)x)+y+z]2
=(—3x)2+y2+22+2(—3x)y+2yz+2(—3x)z
|:'.'(a+b+C)2 =a2+b2+02+2ab+2bc+2ca}
=9X* + y* +2° —6Xy + 2yz —6XZ

S(=3x+y+ z)2 =9x? + y? + 22 —6Xy + 2Xy — 6xZ
(iv) We have,

(m+2n—5p)2 =m? +(2n)2 +(-5 p)2 +2(m)(2n)+2(2n)(-5p)+2(m)(-5p)
['.'(a+b+c)2 —a’+b*+c? +2ab+2bc+2ca}
=m® +4n* + 25p® + 4mn—20np —10 pm

S (m+ n—5p)2 =m’ +4n*+25p* +4mn—20np —10 pm.
(v) We have,

(2+x-2y) = [2+X +(—2y)]2
=(2)" +x2+(=2y) +2(2)(x)+2(x)(-2y)+2(2)(-2y)
|:'.'(a+b+C)2 =a’+b*+c’ +2ab+2bc+2ca}
=4+ X* +4y* +4x—4xy -8y
2 (24 x=2y) =4+ X* +4y? +4x—4xy -8y
(vi) We have
(% +b% +c? )2 = (a® )2 +(b? )2 +(c? )2 +2a%b? + 2b%c? + 2a%c?
[-.°(a+b+c)2 =a’+b*+c? +2ab+2bc+2ca}
=a*+b* +c* +2a%0* +2b%*c* + 2a’c?
o (a%+b*+ cz)2 =a*+b* +c* +2a’h? + 2b’c® + 2a°c?
(vii) We have
(ab+bc+ca)’ =(ab)’ +(bc)* +(ca)’ +2(ab)(bc)+2(bc)ca+2(ab)(ca)
[-:(a+b+c)2 =a’+h?+c? +2ab+2bc+2ca}
=a’b® +b’c? +c*a’ + 2ab’c + 2bc*a + 2a’bc

~.(ab+bc+ ca)2 =a’b® +b%c? +c%a® + 2ab’c + 2bc?a + 2a’bc
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(viii) We have
x y z)Y (x) (yY (zY Xy .y z Z X
(—+—+—J :L—j +(—j +(—j +2-—=+2=—4+2.——
y z X y z X yz zXx XY
[-.-(a+b+c)2:a2+b2+2ab+cz+2bc+20a}
2 2 2 2
Y (RS AV NS IS SLP AP B AT R
y 7 X y> 22 x2 oz x y
(ixX) We have
e -G G e
—t—t— | = — | | = | | | 2 = || = |[+2| = || = |+ — || —
bc ca ab bc ca ab bc )\ ca ca/\ ab bc )\ ab
[’.'(a+b+c)2=a2+b2+c2+2ab+2bc+20a}
(i+£+ij2= a’ + b* + ¢ +£+£+£
bc ca ab) b’® c’a® a®® a® b> ¢’
(X) (x+2y+4z) =X +(2y)2+(4z)2+2x(2y)+2(2y)(4z)+2x(4z)
= X* +4y? +162% + 4xy +16Yyz + 4Xz.
(xi) (2x—y+z)2:[(2x)+(—y)+z]2
(20" +(-9) +(2) + 229+ 2(9)(2)+ 2(20)(2)
=4x*+y? + 22 +4x(-y) - 2yz + 4xz
.'.(2x—y+z)2:4x2+y2+zz—4xy—2yz+4xz
(xii) (—2x+3y+22)2:((—Zx)+3y+22)2
=(-2x)" +(3y)" +(22)" +2(-2x)(3y)+2(3y)(22) +2(22)(-2x)
=4x% +9y® +47% —12xy +12yz —8xz
2. Simplify:
(i) (a+b+c)2 +(a- b+c)2
(i) (a+b+c) -(a- b+c)
(iii) (a+b+c) +(a- ) +(a+b- c)
(iv)  (2x+p- c) (2x—p+c)
(v) (x2+y —z) (xz—y2+zz)2
Sol:

We have
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(i)

(iii)

(iv)

(a+b+c)2+(a—b+c)2

=(a” +b’ +¢* +2ab+2bc + 2ca)+(a’ +b* +¢* — 2ab — 2bc + 2ac)
[-.°(x+ y+z)2 =x2+y2+zz+2xy+2yz+22x}

=2a’+2b*+2c* +4ca

~.(a+b+c) +(a=b+c)’ =2a% +2b% + 2¢? + 4ca.

We have

(a+b+c) —(a-b+c)’

:[(a+b+c)2}—[a—b+c]2

=a’ +b2+cz+2ab+2bc+20a—[a2+b2+cz—2ab—2bc+20a}

=a’+b?+c®+2ab+2bc+2ca—a?—b?—c?+2ab+2bc—2ca

=4ab + 4bc

.'.(a+b+c)2—(a—b+c)2 = 4ab+4bc

We have

(a+b+c)2+(a—b+c)2+(a+b—c)2

=[a2+b2+c2+2ab+2bc+20a]+[a2+b2+c2—2bc—2ab+20a]
+[a2 +b? +c? —20a—2bc+2ab]

[-:(x+ y+z)2 =x2+y2+zz+2xy+2yz+22x}

=3a? +3b% +3c”® + 2ab + 2bc + 2ca — 2bc — 2ab + 2ca— 2ca — 2bc + 2ab

=3a% +3b% +3c? +2ab—2bc + 2ca

:3(a2+b2+c2)+2(ab—bc+ca)

~(a+b+c) +(a-b+c) +(a+b—c) =3(a’ +b*+c?)+2[ab—hc +ca]

We have

2

—(2x—p+c)2
=[(2x)" +(p)" +(~c)" +2(2x)(p)+2(p)(-¢)+2(2x)(~c)
- (2)7 +(=p)" + ¢+ 2(2x)(-p) +2(2x)(c) +2(~p)c|

_[4x +p°+c®+4xp—2pc— 4cx] [4x +p°+ci—4Axp— 2pc+4cx]

(2x+p-c)

=4x% + p® +C° +4xp —2pC —4cx — 4x? — p* —C® + 4xp + 2 pc — 4cX
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=8xp —8xc
=8x(p-c)
~(2x+p-c) —(2x- p+c)2 =8x(p—c)
(v) We have

(v —2) ~(¢ -y +2)

[x+y+ 2 | [ +(~y?)+ ()]

() +( ) +2(x¢) () +2(y?) (<2°)+2(¢) (27)|
() #(y) +(2) +2() (v )+ 2(-y) 2k’ |

[ (a+b+c) =a +b2+c2+2ab+2bc+2ca}

=x'+y 42t 4 2xPy? = 2y?22 —22°%F —xt -yt — 2t 2xPyP 4+ 2yP 2% — 27%X°
= 4Ax*y? —47°X

.'.(x2 +y° —22)2 —(x2 -y + 22)2 = 4x*y? —47°x?

3. Ifa+b+c=0anda?+ b? + c? = 16, find the value of ab + bc + ca.
Sol:
We know that,

(a+b+c)’ =a? +b?+c? +2(ab+bc+ca)

:>(0)2 =16+2(ab+bc+ca) ['.'a+b+c= and a%+b?+c? =16J
= 2(ab+bc+ca)=-16

= ab+bc+ca=-8

4. Ifa?+ b?+ c? =16 and ab + bc + ca = 10, find the value of a + b + c.
Sol:
We know that,

(a+b+c)2 =a’+b*+c?+2(ab+bc+ca)
:>(a+b+c)2 =16+2(10) [ a’+b%*+c?=16 and ab+bc+ca=10]
= (a+b+c) =16+20

=(a+b+c)= J36

—a+b+c==16
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5. Ifa+b+c=9andab +bc+ca=23, find the value of a? + b? + c2.
Sol:
We know that,

(a+b+c)’ =a?+b*+c?+2(ab+bc+ca)
:>(9)2 =a’+b*+c” +2(23)
=8l=a’+b’+c?+46 [--a+b+c=9and (ab+hc+ca=23)]
= a’+b*+c*=81-46
= a’+b® +c? =35.
6.  Find the value of 4x? + y? 4+ 2522 + 4xy — 10yz — 20zx whenx =4,y =3 and z = 2.

Sol:
We have,

Ax* +y® +252° + 4xy —10yz — 202X

= (2x)2 +(y)2 +(—52)2 +2(2x)(y)+2(y)(-5z)+2(-5z)(2x)
= (2x+ y—52)2

—[2[4]+3-5(2) [x=4,y=3and z=2]
=[8+3-10]

=[]

=1

S AX% +y? 4+ 252% + Axy —10yz — 20zx =1.

7. Simplify each of the following expressions:

2 2
. 2 y 2 X 'y z
i X+Y+Z) +| X+=4+=| —| =+=+—
()(y)(23j(234j
(ii) (x+y—22)2—x2—y2—322+4xy
i) (o —x+1) —(x*+x+1)
Sol:
(1)  We have,

2 2
(x+ y+z)2 +[X+X+Ej —(§+X+Ej
2 3 2 3 4

2 2
:[x2+y2+22+2xy+2yz+22x]+ il y Loy Y o2 V2
4 9 2 3 3
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Chapter 4 — Algebraic Identities

(i)

(i)

2 2 2
Ly xe v
4 9 10 3 4 6

2 2 2 2 2

=x2+y2+22+x2+y—+Z——X——y——Z—+2xy+2xl—ﬁ+2yz+£—£+22x+§—E
4 9 4 9 16 2 3 3 6 3 4
2 2 2 2 2 2 2 2
:8x —X +36y +9y° -4y +144z +16z° -9z +6xy+3xy—xy+13yz+29xz
4 36 144 3 6 12

7x* 41y* 151z° 8xy 13yz 29zx
=4+ + +—2 +
4 36 144 3 6 12

2 2
L(x+y+z)+ VO AT I A AR
2 3 2 3 4
7x* 41y* 151Z° 8xy 13yz 29z
=—+ + +—2 +
4 36 144 3 6 12
We have,

(x+y—22)2—x2—y2—322+4xy

:[x2 +y° +(—22)2 +2xy+2(y)(—22)+2x(—22)}—x2 —y?—32° +4xy
= x>+ y? +47° +2xy —4yz —4xz — X" — y* —32° + 4xy

= 2" +6xy —4yz — 42X

S(x+ y—22)2 — X% —y*—32° +4xy = 7> + 6Xy — 4yz — 42X

We have,

[xz —x+1]2 —[xz +x+1]2

=| () # (x)" 424 2(58) (-x)+2(-x) (1) + 26 (1)
() (0 + ) + 22 () +2(x) ) +2() (1)

=X XP 412X —2x+ 2x2 = x2 = x*  —1-2x3 —2x—-2x°

'.'(a+b+c)2 :a2+b2+cz+2ab+2bc+2ca}

1

=—4x% - 4x
= —4x[x2 +1}

[xz —x+1]2 —[xz + x+1]2 = —4x[x2 +1]
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