Class IX

Chapter 4 — Algebraic Identities Maths

Exercise —4.1

1.  Evaluate each of the following using identities:

(i)
(i)
(iii)
(iv)
(V)

Sol:
()

(i)

(iii)

(iv)

)

(2x+y)(2x-y)

(azb—abz)2

(a—0-1)(a+0-1)
[1-5%*~0-3y” |[1-5x*+0-3y” |

We have,

2x—1 2=(2x)2+ 1 2—2-2x-l
(i) (5] 2205

2
(Zx—lj :4x2+i2—4 {:(a—b)2 =a’ +b?—2ab where a=2x and bzl}
X X X

2
.'.(Zx—lj = 4x° +i2—4.
X X

We have

(2x+y)(2x-y)

:(Zx)2 —(y)2 [ (a+b)(a-b)=a’ —szWhere a=2xandb=y.
— 4X2 _ y2

(2x+y)(2x—y)=4x*—y?

We have

(azb - abz)2

_ (azb)2 +(ab2)2 —2xa’bxab? [ (a—b)2 =a’+b? - 2ab}

=a’b’+b*a*-2a%”° where = a’b and b = ab’
(azb—bza)2 —a’b? +b'a® —2a%°

We have

(a-0-1)(a+0-1)=a’ —(0-1)2 [ (a-b)(a+b)=2a? —b2]
=a’-0-01 [a=a;b=0-1]

(a—0-1)(a+0-1)=a*-0-01
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(v)

()
(i)
(iii)
(iv)
Sol:
()

(i)

(iii)

We have

[1-5%*~0-3y” |[1-5%* +0-3y” |

:[1-5x2]2—[0-3y2}2 ['.-(a+b)(a—b):a2—b2]
=2.25x*—0-09y" [-a=1-5x" and b=0-3y’ |

[1-5%* —0-3y? |[1-5x* +0-3y” | =2-25x* ~0-09y".

Evaluate each of the following using identities:

(399)°
(0-98)°

991x1009
117x83

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
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.

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)

()
(i)
(iii)
(iv)
Sol:
()

(i)

(iii)

We have
117 x83

=(100+17)(100-17)

= (100)" - (17)° [ (a+b)(a—b)=a’-b’ ]
=10000 - 289 [-a=100;b=17]

=9711

117x83=9711

Simplify each of the following:

175%x175+2x175x 25+ 25x 25
322x322—-2x322x22+22x22
0-76x0-76+2x0-76x0-24+0-24x0-24
7-83+7-83-1-17x1-17

6-66
We have
175x175+2x175x 25+ 25x 25 = (175)° +2(175)(25)+(25)’
= (175+25)’ [ra® +b7 + 2ab=(a+b)’ |
= (200)" = 40000 [here a=175 and b = 25]
+175x175+2x175x 25+ 25x 25 = 40000
We have
322x322-2x322x 22+ 22x 22
= (322-22) [ (a-b)’ =a’-2ab+ bﬂ
= (300)°
=90000
©.322%322 - 2x322x 22+ 22x 22 = 90000
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 ) |+ (a’~b*)=(a+b)(a=b)]

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

=9
. 7-83x7-83-1-17x1-17 _
N 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+1] :x2+i2+2
X X

:>(11)2:x2+%+2 [-.-x+—=11}

:>121:x2+i2+2
X
, 1
= X%+ =119,
X

5. Ifx —==—1, find the value of x2 + iz
X X

Sol:
We have
2 1 2
[x——] :x2+(—j —2X XX
X X X
1Y 1
:{x——j =X +=-2
X X
2 2 1 1
=(-1) =x"+—=-2 X——=-1
(1) = ox-1o
2 1
=2+1=x +—
X
x2+i=3
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6. Ifx+— V5, find the values of x2 += andx +—

Sol:
We have
2
(x+1] =x2+i2+2><x><1
X X X
2
:>(x+£j = x? iz 2
X X
2 1
:>(J§) =X"+—+2 [ x+—:\/§}
X
=5 x2+i2+2
X
, 1
= X +?:3 ........ (1)
Now, ( ij =x* +—+2><x xiz
x* X
1Y 1
) T
—=9=x* % [':x2+i2:3}
X X
:>x4+i4:7
X
Hence, x2+i2=3;x4+i4:7.
X X

7. Ifx%+ x—lz = 66, find the value of x —i

Sol:
We have
2
(x—lj :x2+i2—2><x><1
X X X
2
(x—lj :x2+i2—2
X X
1Y 1
:(x——] =66-2 [ x2+—2=66}
X X

2
:(X_EJ =64
X
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8. Ifx%+ xiz — 79, find the value of x + i

Sol:
We have
2
(X—FEJ :x2+i2+2><x><1
X X X
1Y 1
= X+= :(x2+—2j+2
X X
1 2
=| X+=| =79+2
X
2
= x+1 =81
X
2
= x+% :(J_r9)2
:>x+1_19
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

= (3x+5y)" = (F1)’

= 3X+5y=+1
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10.

11.

12.

If 2x + 3y = 8 and xy = 2, find the value of 4x? + 9y?
Sol:
We have

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

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,

Simplify each of the following products:

(i) la—3bj(la+3b)(laz+9sz
2 2 4

.. n : n
(i) m+7j (m—7j
(iii) ﬁ—gj(g—fj—xuzx

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

(vi) [2X4 —4x? +1][2x4 —4x? —1]
Sol:

(i) [%a—Bbj(%aJdbj[%az +9b2j
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- [laf—(sb)z Faugbﬂ -+ (a+b)(a-b)=a? ~b?]
2 4 '

1, 21, 2 2 22
:KZa ]—gb Hza +9b } ['.'(ab) =a’b }

1, ? 272 2 w2
={Za} ~[ob?] [+ (a—b)(a+b)=a?—b]
:ia“—SJb4

16
.'.(Ea—Bbj(iajﬂbj(laz+9b2]:ia4—81b4
2 2 4 16
(i)  We have
(m+3)(-3)
m+—||m-—=
7 7
3 U
=lm+=|m+=|m+=||m-=
7 7 7 7
(e (m)z—(;jJ [+(a+b)(a+b)=(a+b)’ & (a+b)(a—b)=a* b’ ]
nY[ , nz}
=lm+=||m ——
7)1 49
: nj ( njz{ ) nz}
m+—||m-—=|=|m+=||m ——
7 49
(iii))  We have

= - E—EJ(E—EJ—XHZX
5 2)\5 2
= - Z-EJZ-x%zx |+(a=b)(a=b)=(a-b)’|
5 2
B 2 2
- 43k
5 2 5/)\2
B 2
= A X 2X | ey oy
(25 4 5
2 2
:>—X—+——x2+2x——:>—x——xz+é+2x—i
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5x*  2x 4
=>-——+—+2X——
4 5 25
5x> 2x+10x 4
>
4 5 25
-5x* 12x 4
+___
4 5 25
[X2) (22X g0y
2 5){5 2
B¢ x4
4 5 25
(iv) We have

(v)

(vi)

(%) +(x=2) |[ ¥ ~(x-2)]

:[xz]z—(x—Z)z [(a—b)(a+b):a2—b2]

:>x4—(x2+4—4x) [-:(a—b)z:a2+b2—2abJ

= X' —x*—4+4x

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

(x3 —-3x° —x)(x2 —3x+1)

= x(x2 —3x—1)(x2 —3x+1)

= x| [x-3x] [ [+ (a=b)(a+b)=a’~b?]

= x[(x2 )2 +(—3x)2 —2(+3x)x2}—1}

= x[x4 +9x*—6x° —1]

= x> —6x" +9x® —x

o (30 =3x* =2)(X* —3x+1) = x* —6x" +9x° —
We have

[Zx4 —4x? +1][2x4 —4x? —1]

:[(2x4—4x2)2—(1)1 [~ (a+b)(a-b)=a’-b’ ]

:[(2x4)2+(4x2)2 —2(2x4)(4x2)—1}
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= 4x® +16% —16x° -1 ['.'(a—b)2 :a2+b2—2ab}

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

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

Sol:
We have

a’+b*+c*—ab—bc-ca

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

2a% +2b% +2¢? — 2ab—2bc — 2ca]

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

r\>||—\ I\)IH r\>||—\ I\)II—‘ I\)I

~c) +(c-a)’] [+(a-b)' =a®+b* - 2ab|

2
+(b—c) +(c—-a) 20
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.

—~
Q.)
U

—
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Exercise —4.2

1. Write the following in the expanded form:

(i)
(i)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)

(ix)

(x)
(xi)
(xii)
Sol:
(i)

(i)

(a + 2b + ¢)?
(2a—3b—c)2

—3x+y+z)2

—2X+3y+ 22)2

We have, (a+2b+c)’

=a’ +(2b)2 +(c)2 +2(a)(2b)+2ac+(2b)2c
[-.-(a+b+c)2 —a?+b*+c? +2ab+2bc+2ca}

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

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.




Class IX Chapter 4 — Algebraic Identities Maths

(iii) (—3x+y+z)2:[(—3x)+y+z]2
:(—3x)2+y2+22+2(—3x)y+2yz+2(—3x)z
[’.’(a+b+c)2 =a2+b2+c2+2ab+2bc+20a}
=9X* + y* +2° —6Xy + 2yz —6XZ

S(=3x+y+ z)2 = 9X® + Y +2° —6Xy + 2Xy — 6XZ
(iv) We have,

(m+2n—5p)2 =m? +(2n)2 +(—5p)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

~.(m+n=5p)° =m? +4n*+25p? + 4mn —20np —10 pm.
(v) We have,

(2+x-2y)’ :[2+x+(—2y)]2
=(2)" +x+(=2y) +2(2)(x)+2(x)(-2y)+2(2)(-2y)
[*:(a+b+c)2 =a’+b? +c2+2ab+2bc+2ca}
=4+ X +4y* +4x—4xy -8y
2 (24 x-2y) =4+ X? +4y? + 4x—4xy -8y
(vi) We have
(a® +b?+¢? )2 =(a® )2 +(b2)2 +(c2)2 +2a%b? + 2b%c? + 2a%c?
[ (a+b+c)2 =a’+b’+c®+2ab+ 2bc+2ca}
=a’ +b* +c* +2a’v* + 2b’c? + 2a°c?
o (a%+b*+ 02)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’+b*+c? +2ab+2bc+20a}
=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

(i)

2 2 2 2
(LLLLEJ :(5] {zj {5) 0 XY, ¥ 2, 52X
y z X y z X y z z X Xy

[°.-(a+b+c)2 =a2+b2+2ab+cz+2bc+20a}

2 2 2 2
(Rt d] E b B ko)l

y 7 X y> 7% X z Xy

(ixX) We have
s ) &) @) ) 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+2ca}
(i+£+ijzz a’ + b’ + c’ +£+£+£
bc ca ab) b*® c*fa® 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
=(2x)" +(=y) +(2) +2(20)(~y)+2(-y)(2) +2(2x)(2)
=4x* + Y + 2 +4x(-y)-2yz+4xz
.'.(2x—y+z)2=4x2+y2+22—4xy—2yz+4xz

(xii) (—2x+3y+22)z:((—Zx)+3y+22)2
=(=2x)" +(3y)" +(22)" +2(=2x)(3y) + 2(3y)(22) + 2(22)(-2x)
= 4% +9y° +42% —12xy +12yz —8xz

2. Simplify:

(i) (a+b+c) +(a-b+c)

(ii) (a+b+c) -(a- b+c)

(i) (a+b+c) +(a—b+c) +(a+b—c)

(iv) (2x+p- c) (2x—p+c)2

(v) (x2+y —z) (xz—y2+zz)2

Sol:

We have
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(i)

(iii)

(iv)

(a+b+c) +(a—b+c)’

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

=2a’+2b*+2c* +4ca

.'.(a+b+c)2+(a—b+c)2 =2a” +2b® + 2¢* + 4ca.

We have

(a+b+c) —(a-b+c)’

=[(a+b+c)2}—[a—b+c]2

=a’+b’ +¢? +2ab+2bc+2ca—[a2+b2+c2 —2ab—2bc+2ca}

=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) +(a-b+c) +(a+b—c)’

:[a2+b2+c2+2ab+2bc+20a]+[a2+b2+c2—2bc—2ab+2caJ
+|:a.2 +b? +¢? —2ca—2bc+2ab}

[-.-(x+ y+2)’ :x2+y2+22+2xy+2yz+22x}

=3a’ +3b* +3c” +2ab + 2bc + 2ca — 2bc — 2ab + 2ca — 2ca — 2bc + 2ab

=3a’ +3b* +3c” +2ab—2bc + 2ca

=3(a’+b?+¢?)+2(ab—bc+ca)

~(a+b+c) +(a-b+c) +(a+b-c) =3(a’+b’+¢)+2[ab—bc+ca]

We have

(2x+ p—c)2 —(2x- p+c)2

[(20)"+(p) +(~c) +2(2x)(p)+2(p)(-¢)+2(2x)(¢)

[(2%)" +(=p) +¢? +2(2x)(~p)+2(2x)(c) +2(-p)c |
2

=[4x2+ P +c2+4xp—2pc—4cx]—[4x2+ p2+cz—4xp—2pc+4cx]

=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)’ =8x(p—c)
(v) We have

(¢ ¥ =2) ~(x ~y* +2°)

=[xt 4y +( ZT [+ (~y?)+(2)]

[ +( 2) +2(x¢)(y*)+2(y° )(—ZZ)+2(X2)(—22)}
[( 2)2+2(X2)(-v2)+2(—y2)22+2X222}

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

=X+ y 42t +2xPy? = 2y?22 = 22°%F —xt -yt — 2t 4 2xPyP 4+ 2yP 27 — 27%X°
=4x? y —47°x?

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

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

(a+b+c)2 =a’+b*+c’+2(ab+bc+ca)

:>(0)2 =16+2(ab+bc+ca) ['.'a+b+c= and a*+b? +¢° :16]
= 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)2 =a’+b*+c’+2(ab+hc+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% + 25z% + 4xy — 10yz — 20zx when x =4,y =3 and z = 2.

Sol:
We have,

4x* +y® +252% + 4xy —10yz — 202X

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

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

=[1]

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

7. Simplify each of the following expressions:

; 2 y 2 2 (X y z 2
(i) (x+y+2) +(X+E+§] _(§+§+Zj
(i) (x+y-2z) —x*—y*—32% +4xy

i) (o —x+1) —(x*+x+1)

Sol:
(i) We have,

2 2
(x+ y+z)2 +(X+X+Ej —(§+X+£]
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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(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
.‘.(X+y+z)2+(x+l+zj _(§+X+E
2 3 2 3 4
7x* 41y* 1517% 8xy 13yz 29zx
= + + + + +
4 36 144 3 6 12
We have,

(x+y—22)2—x2—y2—3z2 +4xy

:[x2 +y° +(—22)2 +2xy+2(y)(—22)+2x(—22)}—x2 —y? =32 +4xy
= X2+ y* +42° +2xy —4yz —4xz — X* —y* —32° + 4xy

= 2" +6xy —4yz — 42X

S(x+ y—22)2 — x> —y? —37° +4xy = 2° + 6xy — 4yz — 42X

We have,

[xz —x+l]2 —[xz +x+1]2

= () ()" + 2 2(6) (%) + 2(x) (@) + 26 (1)
() (0 + ) + 22 () +2(x) ) +2() (1)

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

1

-.-(a+b+c)2 —a’+b?+c? +2ab+2bc+2ca}
=—4x® - 4x
:—4x[x2 +1}

[xz - x+1]2 —[xz + x+1]2 = —4x[x2 +1]




