Class IX Chapter 1 — Number System Maths

Exercise -1.1

1.  Iszero arational number? Can you write it in the form Z, where p and g are integers and

q # 0?
Sol:

Yes, zero is a rotational number. It can be written in the form of P \Wwhere q to as such as
q

o
'1

wlo
U'||O
|_\

2.  Find five rational numbers between 1 and 2.
Sol:
Given to find five rotational numbers between 1 and 2
A rotational number lying between 1 and 2 is

(1+2)+2:3+2:§ i.e.,1<§<2
2 2

Now, a rotational number lying between 1 and g is
143 )22 [258)0 05 5 1
2 2 2 2 2

i.e., l<§<§
4 2

Mo

Similarly, a rotational number lying between 1 and % is

[1+%j+2 (4+5) 2-9.,.9,1.98

2 4 4 2 8
ie., 1<9<E
8 4
Now, a rotational number lying between gand 21is
142 o2 [455),9.9., 9,19
4 4 4 4 2 8
i.e., 1<9<E
8 4

Now, a rotational number lying between gand 21is

PN RPN b PO NS
2 2 272 4
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i.e., §<Z<2
2 4

Similarly, a rotational number lying between %and 21is

4
le., Z<E<2
8
1<g<§<§<Z E<2
8 2 8

Recall that to find a rational number between r and s, you can add r and s and divide the

sum by 2, that is izs lies between r and s So, g is a number between 1 and 2. you can

proceed in this manner to find four more rational numbers between 1 and 2, These four
5 11 13

numbers are, —,—,— and Z
4 8 8 4

3. Find six rational numbers between 3 and 4.

Sol:
Given to find six rotational number between 3 and 4
We have,

7 21 7 28

3x—=—and 4x—=—
77 77

We know that
21<22<23<24<25<26<27<28

21 22 23 24 25 26 27 28
> —<—<—<—<—<—<—<—=

T 7 17 17 1T 71 1 7

22 23 24 25 26 27
S53<—<—<—<—<—<—<4
7T 7 7

Hence, 6 rotational number between 3 and 4 are
22 23 24 25 26 27

4.  Find five rational numbers between %and%
Sol:

Given to find 5 rotational numbers lying between g and %

We have,
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3 6 18 ﬂxgzﬁ
5 6 100 5 6 3
We know that
18<19<20<21<22<23<24

18 19 20 21 22 23 24

S << — << —<—<—
30 30 30 30 30 30 30
3 19 20 21 22 23 4

—<—
5 30 30 30 30'30'5
3 19 2 7 11 23 4
2> —-<—<—<—<—=<—
5 30 3 10 15 30 5

Hence, 5 rotational number between gand ﬂare

19 2 7 11 23

30'3'10'15'30°

5. Are the following statements true or false? Give reasons for your answer.
(i) Every whole number is a rational number.
(i)  Every integer is a rational number.
(ili)  Every rational number is a integer.
(iv)  Every natural number is a whole number.
(v) Every integer is a whole number.
(vi)  Evert rational number is a whole number.
Sol:
(i) False. As whole numbers include zero, whereas natural number does not include zero
(i)  True. As integers are a part of rotational numbers.
(iii) False. As integers are a part of rotational numbers.
(iv) True. As whole numbers include all the natural numbers.
(v) False. As whole numbers are a part of integers
(vi) False. As rotational numbers includes all the whole numbers.
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Exercise -1.2

Express the following rational numbers as decimals:

L) (i) (iif) -
Sol:
(i) By long division, we have
100)42.00 0-42
400
200
200
0
42 _ 0-42
100
(i) By long division, we have
500)327-000 0.654
3000
2700
2500
2000
2000
0

1327 _.654
500

(iii) By long division, we have
4)15-00 3-75

12

30

28
20
20
0

B35
4
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. 2 .. 4 eoey —2
2. ()3 (i) =5 (i) —
Sol:
(i) By long division, we have
3)2-0000 (0.6666
18
20
18
20
18
20

(i) By long division, we have
9)4-0000 (0-4444
36
40
36
40
36
40

Hence, |—-—=-0.4

(ili) By long division, we have
5)2-0000(0.13333
15
50
45
50
A

(iv) -=

437

M 555

999
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~ 2 _01333.. 013
15

Hence, _—2 -_0.13
15

(iv) By long division, we have
13)22.0000 (1.692307692307
_13
90
_78
120
117
30
_26
40
_39
100
_91
90
_78
120
117
30
26

i—g =1.692307692307....... =1.692307 = —i—g =1.692307

(v) By long division, we have
999)437.000000 (0.437437
3996
3740
2997

7430
6993
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4370
3996
3740
2997
7430
6993
4370

:.f§3::0437437 ......... - 0437
999

(vi) By long division, we have
26)33.0000000000000 (1.2692307692307
26
70
_52
180
_156
240
234
60
_52
80
_78
200
182
180
156

240
234

60
52

80
_18

200
182
18

% =1.2692307698307............ =1.2692307
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3. Look at several examples of rational numbers in the form s (q # 0), where p and q are

integers with no common factors other than 1 and having terminating decimal
representations. Can you guess what property q must satisfy?
Sol:

A rational number P is a terminating decimal only, when prime factors of q are g and 5
q

only. Therefore, P is a terminating decimal only, when prime factorization of g must have
q

only powers of 2 or 5 or both.

Exercise -1.3

1. Express each of the following decimals in the form s:

(i) 0.39
(i)  0.750
(iii)  2.15
(iv) 7.010
(V) 9.90
(vi)  1.0001
Sol:
(i)  We have,
0-39=£
100
= 0-39:£
100
(i)  We have,
0.750 — 750 _ 750+250 _3
1000 1000+250 4
" 0.750:§
4
(iii) We have

215 215+5 43
100 100+5 20
43

12:15=—
20
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(iv) We have,
7010 7010+10 701
1000 1000+10 100

17010 = 701
100

7-010=

(v) We have,

990 990+10 99

100 100+10 10
99

~19-90=—
10

9-90

(vi) We have,

10000

- [1:0001 = 2%
10000

2. Express each of the following decimals in the form Z:

(i) 0.4

(i) 0.3

Sol:

(i) Letx=0-4
Now, X =0-4=0.444.... -——(1)
Multiplying both sides of equation (1) by 10, we get,
10x=4.444.... ———(2)

Subtracting equation (1) by (2)
2 10X—x=4.444...-0.444...
=9x=4

=>X=—
9
0.

Hence, 0-4 =

o~

(i) Let x=0-37
Now, x=0.3737... ... (1)
Multiplying equation (1) by 10.
- 10x=3.737.... ———(2)
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100x =37.3737... --—(3)
Subtracting equation (1) by equation (3)
.. 100x —x =37
= 99x =37

37
=>X=—

99

Hence, 0-37 = 37
99

Exercise -1.4

1.  Define an irrational number.
Sol:
A number which can neither be expressed as a terminating decimal nor as a repeating
decimal is called an irrational number. For example,
1.01001000100001...

2. Explain, how irrational numbers differ from rational numbers?
Sol:
A number which can neither be expressed as a terminating decimal nor as a repeating
decimal is called an irrational number, For example,
0.33033003300033...
On the other hand, every rational number is expressible either as a terminating decimal or

as a repeating decimal. For examples, 3.24.and 6.2876 are rational numbers

3.  Examine, whether the following numbers are rational or irrational:

G 7

(i) V4

(i) 2+3
(iv) 3++2
V)  3++5
vi)  (V2-2)

(vii) (2—@)(2+J§)
(viii) (JE+J§)2
(ix) 5-2
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x) 23
(xi) 225
(xii) 0.3796

(xiii) 7.478478......
(xiv) 1.101001000100001......

Sol:
JJ7 is not a perfect square root, so it is an irrational number.
We have,
Ja=2-2
1
« J4 can be expressed in the form of B, so it is a rational number.
q

The decimal representation of \/Z is 2.0.

2 is a rational number, whereas +/3 is an irrational number.
Because, sum of a rational number and an irrational number is an irrational number, so

2+ /3 is an irrational number.

\/5 is an irrational number. Also J§ is an irrational number.
The sum of two irrational numbers is irrational.

.3 ++/2is an irrational number.
J5is an irrational number. Also /3 is an irrational number.
The sum of two irrational numbers is irrational.

.3 ++/5is an irrational number.
We have,

(V2-2) =(V2) ~2x2x2+(2)
=2-4J2+4
=6-42

Now, 6 is a rational number, whereas 4\/5 is an irrational number.
The difference of a rational number and an irrational number is an irrational number.

So, 6—4J§is an irrational number.
2

(ﬁ—Z) is an irrational number.

We have,

(2-v2)(2++2) = (2 ~(~2) [+(a=b)(a+b)=a?~b?]
=4-2
2

:2:—
1
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Since, 2 is a rational number.
(2—\/5)(2+\/§) is a rational number.

We have,

2 2 2
(V2 5-6) (2] 1225+ ()
=2+2/6+3
=5+2./6
The sum of a rational number and an irrational number is an irrational number, so 5+ 2/6
is an irrational number.

2

(\/§+ \/5) is an irrational number.
The difference of a rational number and an irrational number is an irrational number
~.</5 —2is an irrational number.
23 = 4.79583152331........

J225=15=%§
Rational number as it can be represented in P form.
q
0.3796
As decimal expansion of this number is terminating, so it is a rational number.
7.478478............ =7.478
As decimal expansion of this number is non-terminating recurring so it is a rational
number.

4.  Identify the following as rational numbers. Give the decimal representation of rational
numbers:

0 4
iy 38

(i) 144
. 9
(iv) >7
(v) 64
(vi) 100
Sol:

We have
Ji=2- %

«/Z can be written in the form of B, so it is a rational number.

q
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Its decimal representation is 2.0.

We have,

3J18 =32x3x3
=3x32

SN

Since, the product of a rations and an irrational is an irrational number.
9\/5 is an irrational

— 3./18 is an irrational number.
We have,

144
J1-a4 = ==
100

12

10

=12

Every terminating decimal is a rational number, so 1.2 is a rational number.
Its decimal representation is 1.2.

We have,

/51__ 3 3
27 27 3x3x3
3

YA
1

e

Quotient of a rational and an irrational number is irrational numbers so — is an irrational

Ng

number.

9 . L
= E is an irrational number.

We have,

—J/64 =—/8x8
=-8

__8
1
_J64 can be expressed in the form of 2, so —/64 is a rotational number.
q

Its decimal representation is —8.0.
We have,
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v/100 =10

10
1

100 can be expressed in the form of =.s0+/100 is a rational number.

P
q

The decimal representation of /100 is 10.0.

5. Inthe following equations, find which variables X, y, z etc. represent rational or irrational

numbers:
(i) x* =5
(i) y>=9
(i) z°=0.04
. , 17
(iv) u°= n
(v) v*=3
(vi)y w*=27
(viiy t°=04
Sol:
(i)  We have
x*=5

(i)

(iii)

Taking square root on both sides.
=x* =15
= x=+/5

J5is not a perfect square root, so it is an irrational number.
We have
y* =9

=B

=3

P

\/§can be expressed in the form of =, so it a rational number.

q
We have

7 =0.04
Taking square root on the both sides, we get,

V22 =004
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(iv)

(v)

(vi)

(vii)

= 7=+/0.04

z can be expressed in the form of B, so it is a rational number.
q
We have
u? = 17
4
Taking square root on both sides, we get,

Ju? = 7
\ 4

17
:>u:,/—
2

Quotient of an irrational and a rational number is irrational, so u is an irrational
number.
We have

vi=3

Taking square root on both sides, we get,

W =13

=v=43

J3is not a perfect square root, so y is an irrational number.
We have

w® =27

Taking square root on both des, we get,

Jwt =21

= w=1/3x3x3

=33

Product of a rational and an irrational is irrational number, so w is an irrational
number.

We have

t°=0.4

Taking square root on both sides, we get

Jit =04
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Since, quotient of a rational and an irrational number is irrational number, so t is an
irrational number.

6.  Give an example of each, of two irrational numbers whose:
(i) difference is a rational number.
(ii) difference is an irrational number.
(iii) sum is a rational number.
(iv) sum is an irrational number.
(v) product is a rational number.
(vi) product is an irrational number.
(vii) quotient is a rational number.
(viii) quotient is an irrational number.
Sol:

(i)  </3isan irrational number.
Now (13)-(5) -0
0 is the rational number.

(i)  Let two irrational numbers are 5J2and v2
Now, (5\/5)—(\/5) =42
442 iis the rational number.

(iii) Let two irrational numbers are \/1_land —Jl_l
Now, <J1_1)+(—J1_1) =0
0 is the rational number.

(iv) Let two irrational numbers are 4+/6 and /6

Now, (4\/§)+(\/§) = 5«/6
5+/6 is the rational number.

(v) Let two irrational numbers are 2+/3and +/3

Now, 24/3x+/3=2x3
=6
6 is the rational number.
(vi) Lettwo irrational numbers are \/Eand \/5

Now, /2 x+/5 =10
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10 is the rational number.
(vii) Let two irrational numbers are 3v/6 and+/6
J6

3 is the rational number.
(viii) Let two irrational numbers are J6 and \/5

Now,

Now, Y6 _ Y312
BNCRNG
B2
V2
o

J3is an irrational number.

7. Give two rational numbers lying between 0.232332333233332.. . . and
0.212112111211112.
Sol:
Let,a=0.212112111211112
And, b = 0.232332333233332...
Clearly, a <b because in the second decimal place a has digit 1 and b has digit 3
If we consider rational numbers in which the second decimal place has the digit 2, then
they will lie between a and b.
Let,
x=0.22
y =0.22112211...
Then,
a<x<y<b

Hence, x, and y are required rational numbers.

8.  Give two rational numbers lying between 0.515115111511115 ... and 0.5353353335 ...
Sol:
Let,a=0.515115111511115...
And, b = 0.5353353335...
We observe that in the second decimal place a has digit 1 and b has digit 3, therefore,
a<b. So if we consider rational numbers
x=0.52
y = 0.52052052...
We find that,
a<x<y<b

Hence x, and y are required rational numbers.
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10.

11.

Find one irrational number between 0.2101 and 0.2222 ...=0.2

Sol:
Let, a=0.2101
And, b =0.2222...

We observe that in the second decimal place a has digit 1 and b has digit 2, therefore
a <b.in the third decimal place a has digit 0. So, if we consider irrational numbers
x=0.211011001100011....

We find that

a<x<b

Hence, x is required irrational number.

Find a rational number and also an irrational number lying between the numbers
0.3030030003 ... and 0.3010010001 ...

Sol:

Let, a=0.3010010001

And, b =0.3030030003...

We observe that in the third decimal place a has digit 1 and b has digit 3, thereforea <b. in
the third decimal place a has digit 1. so, if we consider rational and irrational numbers

x =0.302

y =0.302002000200002.....

We find that

a<x<b

And, a<y<b

Hence, x and y are required rational and irrational numbers respectively.

Find two irrational numbers between 0.5 and 0.55.

Sol:
Let a=0.5=0.50
And, b=0.55

We observe that in the second decimal place a has digit 0 and b has digit 5, therefore a <b.
so, if we consider irrational numbers
x =0.51051005100051...

y =0.530535305353530...

We find that
a<x<y<b

Hence, x and y are required irrational numbers.
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12.

13.

Find two irrational numbers lying between 0.1 and 0.12.

Sol:
Let, a=0.1=0.10
And, b=0.12

We observe that in the second decimal place a has digit 0 and b has digit 2, Therefore
a<b. So, if we consider irrational numbers
x=0.11011001100011...

y=0.111011110111110...

We find that,
a<x<y<b

Hence, x and y are required irrational numbers.

Prove that v/3 + /5 is an irrational number.

Sol:
If possible, let J3 ++/5 be a rational number equal to x. Then,
X=+/3 +\/§

= x° :(\/§+\/§)2
= X =<\/§)2+(\/§)2+2x\/§x\/§
=3+5+215

:8+2\/l_5

= x> -8=215

2_
:>X 8:\/]3

2
Now, X is rational

= x%is rational
2

X . )
= is rational

= /15 isrational

But, +/15 is rational

Thus, we arrive at a contradiction. So, our supposition that J3++/5is rational is wrong.
Hence, «/3 + /5 is an irrational number.
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14. Find three different irrational numbers between the rational numbers % and %

Sol:

5 -
—=0.714285
7

9 o8l

11

3 irrational numbers are
0.73073007300073000073.......

0.75075007500075000075.......
0.79079007900079000079.......

Exercise -1.5
1. Complete the following sentences:
(i) Every point on the number line corresponds to a number which many be
either or
(i) The decimal form of an irrational number is neither nor
(iii)  The decimal representation of a rational number is either or
(iv)  Every real number is either number or number.

Sol:

(i)  Every point on the number line corresponds to a Real number which may be either
rational or irrational.

(i)  The decimal form of an irrational number is neither terminating nor repeating

(iii)  The decimal representation of a rational number is either terminating, hon-
terminating or recurring.

(iv) Every real number is either a rational number or an irrational number.

2. Represent v/6,/7,+/8 on the number line.
Sol:
Draw a number line and mark point O, representing zero, on it

= — - [S41 = [E
| 3
;>'“:,‘_¢' J&
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Suppose point A represents 2 as shown in the figure
Then OA=2.Now, draw a right triangle OAB such that AB =1.
By Pythagoras theorem, we have

OB? = QA? + AB?

— OB? =2% +1°

—OB2=4+1=5=0B=4/5

Now, draw a circle with center O and radius OB.
We fine that the circle cuts the number line at A

Clearly, OA =0B =radius of circle = \/g
Thus, A represents /5 on the number line.

But, we have seen that +/5 is not a rational number. Thus we find that there is a point on
the number which is not a rational number.
Now, draw a right triangle OAB,, Such that AB, = AB=1

Again, by Pythagoras theorem, we have

(0B,)"=(OA )" +(AB,)

= (0B,)" =(V5) +(1)

= (0B!)=5+1=6= 0B, =/6

Draw a circle with center O and radius OB, = /6. This circle cuts the number line at A, as

shown in figure
Clearly OA, =0B, =+/6

Thus, A, represents /6 on the number line.

Also, we know that /6 is not a rational number.

Thus, A, is a point on the number line not representing a rational number

Continuing in this manner, we can represent J7 and /8 also on the number lines as shown
in the figure

Thus, OA, = OB, =+/7 and OA, =OB, =+/8

3. Represent v3.5,v9.4,v/10.5 on the real number line.
Sol:

Given to represent J3-5,4/9-4,+/10-5 on the real number line

Representation of +/3-5 on real number line:
Steps involved:
(i) Draw aline and mark A on it.
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(i)
(iii)
(iv)

v)

(vi)

Mark a point B on the line drawn in step - (i) such that AB =3-5units
Mark a point C on AB produced such that BC = 1unit
Find mid-point of AC. Let the midpoint be O
= AC=AB+BC=3-5+1=4-5
= AO0=0C :A—C:£=2-25
2 2
Taking O as the center and OC = OAas radius drawn a semi-circle. Also draw a line
passing through B perpendicular to OB. Suppose it cuts the semi-circle at D.

Consider triangle OBD, it is right angled at B.

BD? =0D* -0B?

= BD? =0C?-(OC - BC)’ [-- OC = OD = radius]
= BD? =20C-BC —(BC)’

= BD =[2x2-25x1-(1)° = BD =35
Taking B as the center and BD as radius draw an arc cutting OC produced at E. point

E so obtained represents /3-5as BD = BE =+/3-5 =radius
Thus, E represents the required point on the real number line.

Representation of +/9-4 on real number line steps involved:

(i)

Draw and line and mark A on it

.........
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(i)
(iii)
(iv)

(V)

(vi)

Mark a point B on the line drawn in step (i) such that AB =9-4 units
Mark a point C on AB produced such that BC =1unit.
Find midpoint of AC. Let the midpoint be O.
= AC=AB+BC =9-4+1=10-4 units
= AD=0C =A—C=10—'4=5-2units
2 2
Taking O as the center and OC =OAas radius draw a semi-circle. Also draw a line
passing through B perpendicular to OB. Suppose it cuts the semi-circle at D.
Consider triangle OBD, it is right angled at B.
= BD* =0D? - OB?
= BD? =0C?-(OC - BC)’ [ OC = OD = radius]

= BD’ = 0C” -(0C?-20C -BC +(BC)’)

— BD? =2oc-(BC—(Bc2))

= BD? =,[2x(5-2)x1-1* = BD =/9-4 units
Taking B as center and BD as radius draw an arc cutting OC produced at E so

obtained represents v/9-4 as BD = BE =+/9-4 = radius
Thus, E represents the required point on the real number line.

Representation of +/10-5 on the real number line:
Steps involved:

(i)

(i)
(iii)
(iv)

Draw a line and mark A on it

=" i o
“ —~T—T—T - : .|
\ K &3 .
< 3.5 u 4 N VIS
1 Jualk

Mark a point B on the line drawn in step (i) such that AB =10-5 units
Mark a point C on AB produced such that BC =1unit

Find midpoint of AC. Let the midpoint be 0.
= AC=AB+BC =10-5+1=11-5 units




Class IX Chapter 1 — Number System Maths

= A0=0C =A—2C=¥:5~75 units

(v) Taking O as the center and OC = OAas radius, draw a semi-circle. Also draw a line
passing through B perpendicular to DB. Suppose it cuts the semi-circle at D. consider
triangle OBD, it is right angled at B
= BD? =0D’ -0B’
= BD?=0C?-(0OC - BC)’ [ OC = OD = radius]
= BD® =0C’~| OC* ~20C-BC +(BC)’ |
= BD? =20C-BC - BC?
= BC? =0D’ -OB?
= BD?=0C?-(OC - BC)’ [ OC = OD = radius]
= BD’ =0C” -| OC”~20C-BC +(BC)’ |
= BD? =20C-BC - BC?
= BD = /2x575x1(1)’ = BD =105

(vi) Taking B as the center and BD as radius draw on arc cutting OC produced at E. point

E so obtained represents +/10-5as BD = BE =+/10-5 =radius arc
Thus, E represents the required point on the real number line

4.  Find whether the following statements are true or false.

(i)
(ii)
(iii)
Sol:
(i)

(i)

(iii)

Every real number is either rational or irrational.
it is an irrational number.
Irrational numbers cannot be represented by points on the number line.

True
As we know that rational and irrational numbers taken together from the set of real
numbers.
True
As, 7 is ratio of the circumference of a circle to its diameter, it is an irrational
number
_ 2nxr
Cor
False
Irrational numbers can be represented by points on the number line.
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Exercise -1.6
Mark the correct alternative in each of the following:

1. Which one of the following is a correct statement?
(a) Decimal expansion of a rational number is terminating
(b) Decimal expansion of a rational number is non-terminating
(c) Decimal expansion of an irrational number is terminating
(d) Decimal expansion of an irrational number is non-terminating and non-repeating
Sol:
The following steps for successive magnification to visualise 2.665 are:
(1) We observe that 2.665 is located somewhere between 2 and 3 on the number line. So,
let us look at the portion of the number line between 2 and 3.

b 1 \L_3) 1 &

(2) We divide this portion into 10 equal parts and mark each point of division. The first
mark to the right of 2 will represent 2.1, the next 2.2 and soon. Again we observe that
2.665 lies between 2.6 and 2.7.

(3) We mark these points A and A, respectively. The first mark on the right side of A ,will
represent 2.61, the number 2.62, and soon. We observe 2.665 lies between 2.66 and

2.67.
) !,.-""_“"-...\ A,
35 I&1 262 163 14 *cﬁw PE5 19 17

(4) Let us mark 2.66 as B,and 2.67 as B,.Again divide the BB, into ten equal parts. The
first mark on the right side of B, will represent 2.661. Then next 2.662, and so on.

Clearly, fifth point will represent 2.665.
i II'|.‘.'_'_,_-_|_‘.|.‘I"|.I. |:|_-
246 2861 2601 LASY LEG4 1.0865 M?iwl 166 24T
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2. Which one of the following statements is true?
(@) The sum of two irrational numbers is always an irrational number
(b) The sum of two irrational numbers is always a rational number
(c) The sum of two irrational numbers may be a rational number or an irrational number
(d) The sum of two irrational numbers is always an integer
Sol:
Once again we proceed by successive magnification, and successively decrease the lengths
of the portions of the number line in which 5.37 is located. First, we see that 5.37 is
located between 5 and 6. In the next step, we locate 5.37 between 5.3 and 5.4. To get a
more accurate visualization of the representation, we divide this portion of the number line
into lo equal parts and use a magnifying glass to visualize that 5-37 lies between 5.37 and
5.38. To visualize 5.37 more accurately, we again divide the portion between 5.37 and
5.38 into ten equal parts and use a magnifying glass to visualize that S.S lies between 5.377
and 5.378. Now to visualize 5.37 still more accurately, we divide the portion between
5.377 and 5.378 into 10 equal parts, and visualize the representation of 5.37 as in fig.,(iv) .
Notice that 5.37 is located closer to 5.3778 than to 5.3777(iv)

\1' f:\wv
llllllmul

‘l |1||1|1

\)
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Chapter 2 — Exponents of Real Numbers

Maths

Assuming that x, y, z are positive real numbers, simplify each of the following:

0 ()

(i) X}y

(iii) [xiyﬂ

Exercise —-2.1

W (E e

(v)  ¥243x°y°z"

X2
1
T
X2
SV 1
= X :—15
X?
We have,
3
X
3.,-2 _
Xy ==
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Maths

2 1)\?
21 1
[ng zj B
X3y2
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Maths

T 1
=| X ¥xX ij(yzxy"J

We have,
§[243x°y°7Y = (243x1°y521°)
1 10510
=(243)5 X°ysz®
(35) X2y122

= 35Xg x?yz?

=3x°yz*

= §/243x°y°7"° =3x%yz?
We have,

7~ N\
‘<‘ =
sl A
N——
&~
Il
7N\
<
xh‘ 1
N——
Nlor
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Chapter 2 — Exponents of Real Numbers

Maths

2.

Simplify:

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

Sol:
()

(i)

5
12

1 1

132 LS T I R
16 5 =(16)sz=(16)z=(4)2=4 2412

5
1Y2 1
Hence, |16 5 | ==
4

We have,

Bl

(342)" = [(343)‘2}; - (343)‘2*3

1 1

(0.001)s = [ﬁja - (%)a
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Maths

1
3
10

1

(10°): 107

1
Hence, |(0.001)3 =0-1
(iv) We have,

(25)3 ><(243)§ _ (5%)
(1) x(®)  (2')
] e

3
5
4
3

o
X
—_—~~
N
w
~—
w

4><E 3x

2 4x2
 5°x3  125x27 3375
2°x2*  32x16 512

3
(25)2x(243)s 3375
(16)x(8): "2

Hence,

(v) We have,

GIGE

Hence {QT {gjﬁ = jl—j;

(vi) We have,

7 5
51x72 |2 [ 52x7% |2
5 %7 | | 57
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S 15
52 x7" 5°x72
=

X
7 -14 -15 25
5 x7

52 x72
5+15
7414 >
7 5 2
=7 =5
T+ —+—
52 722
-7 15

52 x77 y 5°x7 2

7 -14 -15 25

U E R
5+E

7 7+14 5 2

= 7 X % 15

T+— ——

5 2 72 2
25
7% 52
RO
52 72
25
721 52
:>720>< 21

57

25 21
=734 0y52 2
4
— 7' x52
= 7'x5° = 7x25=175

7 5

-1 72 2 572 3 |72

Hence, | 2 " 22X 1 _175
5°x7 5°x7
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3.  Prove that:

1
g _=
OIE —3x50—(8i1j 15

1

2 2 1
(ii) (EJ —3><83><4°+(g ? :E
4 16 3

11 1 4 T
L 22x33x44 33x55
(i) 55— =10
10 5x55 45 x6
0.6) —(0.1)"
(iv) (7 ) —(0.1) _ __3

IR
(v) \/% +(0.01)‘% —(27)§ =

2" +2" 2" 42"x 2t

N | w

Vi =
( ) 2n+1_2n 2nx21_2n
2
wip [B4)P,_ 1 (¥
125) Tt e
(256}4 64
625
iy 3 x6"x/o8
( ;1
5% x 3 215 x(15)_§ x 33
Sol:
(i) We have,

97 _3x5" —(ij_z
81
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1

. )
:>92—3><50—(ij ‘.15
81

(i)  We have,

1
2 2 _=
1 —3x83x4° + 3¢
4 16
1

2 2x—

=(2_2)_2 —3x83x1+

2 _
—2(2x(2) _3,83 4 (j_lJ

2
_ot_3x073 .2
3

_2t_3x224 2
3

_ 2t _3xasd
3

_16-12+2
3

12+4
3

:4+ﬂ:
3
16

3
1
2 2 —
(1) axgexaos[2]7 210
4 16 3

(ili) We have,
11 1 4 7
22x3x44 33x55
18 3

10 > x5° 45%6

i1 1 _3
22x33x44 4 5x6
= 1T 3 ~2 7

10 5x5° 33x55

N
[EY
»
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3

B 2;x3;x(22)‘1‘x(22) 5 x(2><3)

3 4 7

(2><5)_é x55x33 x5 5

11 6 1
(22 x22x2 5 lejx[33 ><31)

= 1 1 3 4 7

2 5x55x55x33x5 5

-6 1 _4
(2><25 x2]x£33x31><3 3]
- 1 ([ 1 3 7
2 5><(5 5x55x5 5]
6 1 1 _4
(2x2 5><2><25jx(33x31><3 3}
o3 7
(5 5x55x5 5j

=2t x1x5t
=10
11 1 4 7
22x33x44 33x55
T 3 3 -0
10 5 x55 45%6
(iv) We have,

(0.6) —(0.1)"

B )5
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-9 9 3
9-3 6 2
(v) We have,

1 1 2
\/;+(0.01) 2 —(27)3

1 1 2
==+ —(3%)®
2 (0.01)2 )

(vi) We have,
2" 42" 2"y 2k 2t
Y URP TN PY
2"[1+27 ]
2'[2-1]
1

1+=
2

1

:1+1
2
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Maths

3
2

2" 4 2mt

3
= onil_on 5
2" =-2" 2

(vii) We have,

2
( 64.j‘a 1 [\ﬁi§J
- + 3
125 256 364

=)

2
( 125 JS 1 5
= + +
64 B !

-
-

TN
(6 N
By =
N
~
—~
(@)
N
N—
w

25440 65
16 16
(viii) We have,

3’3x62x\/®

2.4 1 S
5 ><3—><(15) 3x 38
25

33 %x36x/7Tx7x2
1
3 4 1
52 x(l)s X (15)’5 x 33
25

_ 3%x36x7\2

1
52 x 11 X 1 ; x 33
52><g (15)5

3’3><36><7\/§
2 1
52><57§><74><35

(5><3)§
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33x36x7/2

2 4 41
(5zx5 3x5 3]x3 3x33

4 1
B 3_3x36x7\/§><33 x3 3

2 4

Oy

4 1
B 3’3x36x7\/§x33 x3 3

6-2-4

(5)T
341
3 33 ><36><7\/§
50
gy 41
=3 ’ ( 3 )x36x7\/§
3.3
=373 36x 72

=371 x36x 7«/5
=372x36x 7\/5

=éx36><7\/§
=4x72

=282
3 p2
37 x6°x+/98 : _282

PR
5 ><3—x(15) 3x33
25

4. 1f27*= 31 find x

=

Sol:
We have,
9
27" ) = —
(27)=5
x 9
= ) ==
() =5
2
= 33><X — 3_)(
3
= 33X — 32—X
= 3X=2-X [On equating exponents]
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= 3X+Xx=2

N

:>4x:2:>x:%:> X=

Hence, value of x is%

Find the values of x in each of the following:

i) 2e2=32"
@ (2)=(2)

w (-2
5 X 27

(iv) 5°?x3%°=135

(v) 2" x5 =5

(vi) 27 x5"*=1250

Sol:

(1)  We have

2% 22 =}

2_5)( — (220 )é

2X

25x—x — ZZOX%

24X — 24

=4x=4

=

Hence value of Xis 1
(i)  We have,

(2) =(2)
= 23><4 — 22><X
= 12 =2x
= 2x=12
= X=6

Hence, value of x is 6.

[On equating exponents]

[On equating exponents]
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(iii))  We have,
3Y(5)"_125
5 X 27
3 X 5 2x 53
= ( )x ( )Zx :_3
5 (" 3
52X7X 5 3
= 2X—X = (_j
3 3
3
= —=| =
3 3
5 (5
= (éj = (5) [On equating exponents]
= Xx=3
Hence, value of x is 3
(iv) We have
5)(—2 % 32)(—3 — 135
=  5?x33-5x27
— 5X—2 % 32)(—3 — 51 % 33
= x—2=1 2x-3=3 [On equating exponents]
= x=2+1 2x=3+3
= X=3 2X=6=>x=3
Hence, the value of x is 3
(v) We have,
2X—5 % 5X—4 — 5
= 2" x5 =51 2°
= X-5=0, x-4=1
= X=05, Xx=4+1
= X=5
Hence, the value of x is 5
(vi) We have,

2% x 54 =1250

Uil

27" x5 =2x625
25" x5t =2t x5!
x-7=1

x=8, x—-4=4
x=8

Hence, the value of x is 8
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Exercise —-3.1

1. Simplify each of the following:
i)  Yaxiie
. {1250
(i)
2
Sol:

(i) 4xii6
— 4x16 |- ax b = t/ab)|
= 364
=34 :(43);:43X§:41:>4
.Ziﬂixﬁﬁg}:4
{1250

2

1250
4

—_— = N|—

(i)

=
QD

=
&
(@n

1
=y 625;2 = {/625 = {/5* :>(54)Z

4><1
=5 4=5=5

120 g
2

2.  Simplify the following expressions:
(i) (4+ﬁ)(3+ﬁ)
(ii) (3+J§)(5—J§)
(i) (v5-2)(v3-5)

Sol:
(i) Wehave

(4+47)(3+V2) = 4x3+ 4x2 + T x3+T <2
=124+ 42 +3J7 +[Tx2
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=12+42 +3J7 +14 -~ Yaxib =1ab

.'.(4+\/7)(3+\/§)=12+4\/§+3\/7+\/1_4

(i)  We have,

(3+J§)(5—J§):3x5+3x(—ﬁ)+J§x5+J§x(_J§)

=15-32 +53-+/3x2
=15-3J2 +5J3-/6
(3+J§)(5—J§)=15—3J§+5J§—J€

(iii) We have
(vV5-2)(v3-+5) =B x\B+\Bx(-B)+(-2)x\3
=\5x3-5x5-2\3+25
=155 ~2\3+ 25 - Ya+%b =4ab

=15 -5 ~2\3+2\5
=\15-5-2/3+2.6

.-.(J§—2)(J§—J§)=J1_5—2J§+2J§—5

3. Simplify the following expressions:

(i) (11+J_)(11 J_)

-(a+b)(a—-b)=a®—b?

(i) (5+47)(5-47)
(i) (VB—2)(VB+2)
(iv) (3+ )( )
V) (B-V2)(V5+2)
Sol:

(1)  We have,

(12 VA1) (11 VAT = (12)° ~ (VII)
=121-11
=110

.-.(11+J1_1)(11—J1_1)=110

(i)  We have,

(s+7)(5-7)=5-(+7)

-(a+b)(a-b)=a*-b’
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~25-7=18
- (5+7)(5-7)=18
(iii) We have,
(VB-2)(vB++2)=(vB) ~(v2) [-(a+b)(a-b)=a’ b’
~8-2=6
- (VB-2)(VB+2)=6
(iv) We have,
(3+V3)(3-3) = (3 ~(+3) ~+(a+b)(a—b)=a’—b?
~9-3=6
- (3+3)(3-3)=6
(v)  We have,
(- )5 8) - (| e
~5-2=3

(\/g—\/i)(x/§+«/§)=3

4.  Simplify the following expressions:

i) (VBT

(i) (V5-3)

(i) (2V5+3V2)

Sol:

(i) (\/§+\/7)2 :(\/§)2 +2><\/§><\/7+(\/7)2 ~-(a+b)’ =a? +2ab +b?
=3+23x7 +7 ~ Yaxib =ab
=10+2+/21

- (VB+7) =10+2V21
(i)  We have
(V5—3) =(V5) ~2x\6x 3+ (3
—5-25x3+3 --(a—b)2=a2—2ab+b2

—8-215 [ /a4l = Yab]
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~ (VBB =8-2/15
(iii)) We have

(2v5+3V2) =(245) +2x(25)x(3v2)+(3V2) [ (a+b) =a® +2ab+D7 |
:22><(\/§)2 +(2><2><3)><\/5><_2+32(\/§)2

= 4x5+12x+/10 +9x2 - (ab)" =a"xb" and
=20+124/10 +18 8/ax b = %/ab
=38+12y10

(2J§+3J§)2 = 38+1210

Exercise - 3.2

1. Rationalise the denominator of each of the following (i — vii) :

M v L
::/')) E (vii) 3—?
z
Sol: (iv) V10
- 3
D o w5
I —
A vi) S5
(i) B
6 (vii) 220

2. Find the value to three places of decimals of each of the following. It is given that
2 =1.414,4/3=1.732,./6 = 2.236 and /10 =3.162.

() \/§ (|\/) T

y 3

(ii) Nl W) 2 +3\/§

iy o2 V2-1
J2 (vi) 5
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Sol:;
Given that /2 =1.414,/3 =1.732,/5 = 2.236 and /10 = 3.162.
. 2
(1) Wehave —

NE

Rationalising factor of denominator is J3
2 2 3 23 23 2x1732 3.464

=1.15466667
=1.154

(i)  We have 3

J10
Rationalising factor of denominator is \/1_0
.3 _ 3 N0 _3J10 _3/10 3x3.162 _9.486
J10 V10 V10 (\/1—0)2 10 10 10
=0.9486

=0.948

2 —0948

J10
(iii) We have */35”

Rationalising factor of denominator is /2.

.\/§+1=\/§+1x£
V2 2 2
R
()

=\/§x\/§+lx\/§

2
_ \ox2 +2 3 V10 ++2
2 2
~3.162+1.414 4576
2

=2.288
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. J10++/15
(iv) We have T

Rationalising factor of denominator is J2

VI0+415 _V10+415 2
N NN

(v10++15)v2
(V2)
_10x+/2 +4/15x+2

2
_ J10x2 ++/15x2

2
V20 /30 \/2x10 ++/3x10
2 2

V2x410 +3x410
2
(1-414x3-162)+(1-732x3-162)
2
_ 4471068+ 5-476584
2

N 4.471068+5-476584
2

_, 9947652 _ ) 973896 ~ 4.973

2+J§
3
2+1-732 3-732
= 3 =

(v) We have

=1.244

J2-1
NS

Rationalising factor for iis JE

J5
G () (o

NN (+5)

(vi) We have
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_2x5-45
5
Ji0-B
5
_3:162-2:236 _0-926 _, o0,
5 5
~0.185
2V21 e
J5
Express each one of the following with rational denominator:
. 1
|
(i) 322
N 1
I e
(if) NN
16
111
(i J41-5
(iv) 0 _
53-35
1
V —_—
AN S
wiy W3+l
223
iy 8742
6+4\/§
(viii) 3y2+1
2J5-3
b2

(iX) \/az + b2 +a
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Sol:
(i) We have

1
3+42

Rationalising factor for

3+1\/§i33—\/§

IR 32

3442 3+V2 3-42
3-42

=— w(a+b)(a-b)=a’-b’

(37 -(2)

3-42 _3-42 1 3-\2

T9-2 7 “3iv2 7

.. 1
(i)  We have m

Rationalising factor for

76 \/_IS 6+5
1 1 \B+\5
-5 6B 66
_ fb+y5
(V6 —5)(V6 +5)
_ f6+5
(VB) (&)
_J6++5
~ 6-5

\/_+\/_\/—\/—

-(a+b)(a-b)=a*-b’

.-.m=£+£

16
ii) We have
(i) J41-5

Rationalisation factor for

1 .
\/E—SIS (\/H—S)

1 _ 16 L VAL+5
Ja1-5 Ja1-5 Ja1+5
16(/41+5)

=
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) 16(@ +5)
() sy
16(JH+5) 16(JH+5)

-(a-b)(a+b)=a*-b’

T 41-25 16 =/41+5
1
.-M—f_J_ 5
(iv) We havem
Rationalisation factor for ————= \/_ J_ is 5J§ +3\/_

3% 30 5\V3+3(5
5/3-3\5 53-3J5 5/3+3\5

) 30(5v3 +3v5
(5v3-3V5)(513+345)
30(5v/3+315)

() (o5

30(5v/3+315)

() ()

) 30(5v3+315) ) 30(5v3+315) ) 30(5v3+315)

25x3-9x5 75-45 30

—5\/§+3\/_
5\/_ 3\/_ =5J3+3.6

(V) We have m

Rationalisation factor for \/_ \/_IS 2«/_+\/_

1 1 Xzf 5+43

2J5-43 2y5-43 2J5+43
2\/§+\/§

(2] (B

-(a—b)(a-b)=a*-b?

-(a—-b)(a+b)=a*-b?
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_ 2J5 ++/3
(46 (6]
:2J§+J§_2J§+J§_2J§+J§

4x5-3  20-3 17
1 ZJ_+J_
T
. \/§+1
vi) Wehave ————=
v 22 -3
Rationalisation factor for is 2\/_ +\/_
J’ 3

J3+1 Y3+l 2(2+B

T 2-B 22— 2243
(V3+1)(2v2+43)
(2v2-+3) (242 ++3)

=\/§x2\/§+\/§x\/§+lx2\/§+1x\/§

-(a-b)(a+b)=a*-b?

(28] (]
_ ZM+\/%+2\/§+\/§
2 () (6]
_ 2J§+3+2J§+J§_ 26 +3+2\2+3

4x2-3 - 8-3
:2\/€+3+2\/§+\/§
5
) J3+1 _2\/5+3+2J§+\/§
To2-3 5
(vii) We have 6+ ﬁ
Rationalisation factor for +1\/_ is 6442
64J‘6 W2 6-42
6+4J_ 6+4J_ 6+4J_
- (6-42) »*(a+b)(a-b)=a’-b’
(6 ~(a42) (a-b)(a-b)=(a-b)
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62— 2x6x a2 + (442
= ( ) (a—b)2:<512—2ab+b2

36—42(JE)2
 36-48V2+32
36-32

_68-48V2 _ 4(17-1242) 7123

4 4
6-42

U 6+442
3\/§+1
25-3

Rationalising factor for

—17-122

(viii) We have

1
2J5-3
33J§+1_3J§+1X2\/§+3
2J5-3 2J5-3 25+3
(3J§+1)(2J§+3)
(25-3)(2v5+3)

B 3\/§x2\/§+3\/§x3+1x2\/§+1x3
(245) (3
610 +9v2+25+3 6410 +942+25+3

20-9 11

3241 6J10+9v2+25+3
25-3 11

b2
Jat+bh? +a
Rationalisation factor for BN is v/a?+b’ —a
JaZ+b? +a
b? B b? ><\/a2+b2—a
Jal+b*+a +a’+b’+a +a’+b’-a
bz(\/a2 +b? —a)

= ) (x+y)(x=y)=x"-y°
( a2+b2) ~(a)’

is 2J§+3

(a—b)(a+b)=a*-b?

(ix) We have

=




Class IX

Chapter 3 — Rationalisation

Maths

b2
=(x/a2 +b® —a)
b2
o =\a’+b?* -
Ja?+b® +a o :
4.  Rationalize the denominator and simplify:
() NERES
V3442
N 5+243
(1) 7+43
1+\/§
(iii) 3—2«/5
: 246 -5
(iv) —3J§—2J§
W) 43 +5\2
48 ++/18
wiy 2BV
2«/§+3«/§
Sol:
| B2
(i) Wehave NINA)
) . 1 .
Rationalisation factor for m is \/5—\/5
1 .
= for \/§+\/§IIIS \/5—\/5
B2 _\B-\2_\B-\2
Bz Bz B2
(Va-+2) +(a-b)(a-b)=(a-b)

and (a+b)(a-b)=a’-b’
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(\@)Z—ZX\/gx\/E+(\/§)2

- -.-(a—b)z:a2—2ab+b2

3-2

:3—2\1/E+2:5_2\/§

B2
A =5-26

Ny

5+2J§
7+443

Rationalising factor for

(i)  We have

1
is a—b\/E
a+bJE

1
is 7—44/3
7+43

5+2V3 _5+2J3 7-443
C7ia3 7+4B 1-43

= for

_5x7+5x(—4f)+2J§x7+2J§x(_4J§)
‘ (o]
 35-204/3+14/3-8x3

- 49-48

:w:n_m

5423
. ~-11-6
7+43 V3

1+\/§
3-22

Rationalisation factor for

(i) We have

is a+byc

1
a—b\/E

:>for

\/_IS 3+2\/_

) l+\/_ B 1+42 ><3+2«/§
T3-202 3-242 3422

“(a+b)(a-b)=a’

_1X3+1X2\/§+\/§X3+\/§X2\/§

+(a—-b)(a+b)=a®-b?

)
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3422432 +2x2
9-8
_3+4+45V2 _ 7+fﬁ=7+5ﬁ

1

_1+\/__

“320s 7+5J2
: 2.6 -5
(iv) Wehavem

Rationalisation factor for is avb +c\/_

avb—cyd cJ_
\/_ \/_IS 3\/§+2\/_

. 26-6 _2J6-5 3V5+2V6
"35-206 3/5-26 3/5+26

i 2J€><3J§+2J€x2J€+(—J§)(3J§)+(—J§)(2J6)
(3] {26
:6\/%+4x6—3x5—2\/5><_6

45-24

_ 64/30+24-15-24/30

21
_9+4\/ﬁ

o2

c2\6-5 _9+4430
NN
43 +52
N

Rationalisation factor for is \/_ \/_

J5+J_
= for J_+J_IS\/_ \/_
4B3+5J2 _43+5V2 48-18
" Ja8 18 4B +\i8 4818

(v) We have

+(a-b)(a+b)=a*-b’
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| 43x/48 + 43 x(—18) +512 x 48 + 512 x (18

-(a+b)(a-b)=a’-b?

(V] (V]
_ 4/3x+/3x16 —44/3x~/2x9 +51/2 x+/3x16 —5¢/2 x+/2x9

48-18
B 4\/§x4«/§—4\/§x3\/§+5\/§x4\/§—5\/§x3\/§
30
_ 48-12/6 +20+/6 - 30
30
18+8\6 2(9+46) 9+46
30 30 15
C43+5{2 9+46
" Jag+18 15
(vi) We have 2y3-\5
2«/§+3\/§
Rationalisation factor for is avb — c\/_
aJ_+cJ_
= for is 24233
«/_+ 33

235 _ 2y3-\5  2J2-3J3
22433 242433 242433
:2J§><2J§+2J§x(—3J§)+(—J§)(2J§)+(—J§)(—3J§)

+(a+b)(a-b)=a*-b’

(242) (o8]
_ 46 —6+/32 — 2410 +3/15

827
46 -18-2\10 +3415
~19
 —(18-3V15+2V10-46) 13_315+ 210446
~19 19

C23-5 18-315+2\10-4/6
22433 19
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5.  Simplify:
n W2-2y3 12
W2+2\3 B2
i Y53 5
NN W
G 7+3J5 7-35
3+J5  3-6
. 1 2 1
(iv) 2+J§+J§_J§+2_J§
2 N 1 3
V' BB B B
Sol:
: W2-2y3 12
(i) We have N 2\/. \/_\/_

Rationalisation factor for

J_+«/_
szfsfzf Jax3

is 3v2 -23

T32+28 W2-2B B2 J§+I
(3228 (JExB) 5 2)

1
and for m is

V3++2

(o) (e

(A (]

_ (3v2) - 2x3V2x2V3+(243) 2Bx\3+ 24342

F(V2) -2 ()
18-12/6 +12 L6+ 2.6
18-12 1

= 30_6132J6+6+2J§
(5 zf)

= —— 5 +6+2J_

—5-26+6+2/6 =>5+6=11
 W2-2y3 12
3223 B2

5+\E B3
(II)Wehave\/— \/— 543

=11
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1 _
Rationalisation factor for ﬁ is J5+J5

N \/-ltls\/_“/_andfor\/— \/_ItIS
V543 B3 BB -

NI I RN T
B (-
(VB B)(+ ) (<

NN

= for

B3
J‘

5—

5

¥3)(\5
#\3)(5

e e I B
e ST T [P S
&) <

( 5
5-3 5_3

5+2J15+3 5-215+3
= +
2 2
:>8+2J1_5+8—2J1_5

2 2
2(4+J1_5) 2(4—J1_5)
2 2

:>4+\/1_5+4—\/1_5

=4+4=18

J§+J_ J_J_
NN J_+«/_
7+3J5 7-36
3+J5 3-45

Rationalisation factor for

=
=

=

(iiii) We have

is alx/g

1
a+b
it is 3—+/5 and for L tis 3445

3-5

= for !
3+5

7+3J’ 7-3J5

T 3445 3-5

7+3V5 3-45 7-3/5 3+5
T 345 3-v5 3-v5  3+5
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R (7+3v5)(3-+5) (7-35)(3++5)
(3:+35)(3-45)  (3-45)(3++5)
7x3+7x(~6)+3/5x3+3V5 (-5

i (]

7x3+7xJ§+(—3J§)x3+(—3J§)xJ§

‘ ()

2175495 -3x5 21475 -9V5-3x5

9-5 9-5
_ 21-1542\5 21-15+25

+(a-b)(a+b)=a*-b’

4 4
6+2J5 6-26
:> —
4 4
6+25—(6-25 _
N ( ):>6+2\/§ 6+2\/§:>4\/§:>\/§
4 4 4
C7+35 7-35 _
3445 3-45
(iv) We have + 2 + !
2+ﬁ J5-3 2—f
Rationalisation factor for is a+\/_
a+«f
1 1
= for itis 2—+/3and for ———itis 2+/5
2+43 2-5
1 1
And also, rationalisation factor for is a¢\/52>for itis\/§+\/§
Jatb V53

1 2 1
T 2+V8 BB 2-5
1 2- J’ 2 J§+J’ 1 2++5
T21V3 2B BB JBiB 25 215
L 243 | (\/_+\/_)+ 245
2-(B) (6) ~(v3) 2~(\5)
:2—\/§+2\/§+2\/§+2+\/§

4-3 5-3 4-5

s(a+b)(a-b)=a*-b?
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. 2—J§ 2J§+2J§ 2+5

1 2 -1

J_+J_)

=2- J_+ ( (2+\/§)
=2- «/§+\/§+\/_ 2-\3

=0
1 2 1

.'.2+\/§+\/§_\/§+2_\/§=0

(V) We have,
2 1 3

i3 Biv2 B2

. L 1
Ratlonallsatlonfactorfor\/_ \/_IS a+\/_:>for

=for

|t|sJ_ J3

=\5-\3+\3-v2-\5+2

=0
2 1 3

5B B2 Bz
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6. Ineach of the following determine rational numbers a and b:

: 3-1
(i) \/§+1—a—b\/§
(i ‘tﬁ:a—%
(iii) 3+j__—a b2
(iv) 51%—_ a+by3
-7
v) N a—b\77
L 4+35
(vi) 4_3\/§:a+b«/§
Sol:
(i) Given ﬁjza—b\@
Rationalisation factor for \/;1+ » is \/;— y = for \/3_)1+1 is J§—1
_3-1_\3-1 3-1
B+l B+l B3-1
() +(a-b)(a-b)=(a-b)
(Jg)z_(l)z (a+b)(a—b)=a%-b’
= (ﬁ) _ZﬁXH(l) '.'(a—b)2 —a?-2ab+b?
_3—2\/§+1
== SE
4-23_2(2-\8)
== =g =W
We have
£

=2-3=a-b/3=2-(1)V3=a-b\3

On equating rational and irrational parts, we get a=2and b=1
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(i) Given that

4+\/§:a_\/5
242
. . 1 . _ 1 ..
Rationalisation factor for —— is a+\/5 = for itis 2—\/5
ath 242
4+J_ 4+J_ 2-2
Toi2 2442 2-2
Ax2+2x2+4x(—2)+2 (-2
= ( 2) ( ) s(a+b)(a—-b)=a*-b’
2-(\2)
8+2\2-42-2
4-2
_ 2(3-2
2 2
We have,
4+\/_ \/—
2+J_
—3-J2=a-+b
On equating rational and irrational parts
We get
a=3and b=2
(iii) Given that
3+42
—a+by2
\/_
The rationalisation factor for L is a+J5:>for ! itis 3+J§
a—+b 3-2
3+J_ 3+«/_ 3+J_
732 342 3142
B (3+J§) ~-(a+b)(a+b)=(a+b)’
3&(@)2 (a+b)(a-b)=a®-b?
3 +2x3V2+(V2) :
= - (a+b)” =a”+2ab+b’
9+6J§+2 11+6«/_ 11 6\/—
7 7

We have
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3+2

=a+by2
[

On equating rational and irrational parts

We get

a= 1 and b= 5

7 7

(iv) Given that

5+343 aib3
7+443

. L 1
Rationalisation factor for
a+ b\/E

5+3J_ 5+3J’ 7-43
T 7143 71403 7-443

5x7+5x(-4f)+3J§x7+3J'(—4J§)
- 2
() -(a5)
_ 35-204/3+21/3-12x3
49-48
_35-36++3 _ \/§—1:\/§_1
1 1
We have
5+343
—a+b3
7+43
=3-1=a+b\3
=-1+(1)V3=a+by3
On equating the rational and irrational parts

We get
a=-land b=1
(v) Given that,

\/\/:lJrj__—a bJ77

is a—b\/6:>for 7;

+4\/§

itis 7—443

-(a+b)(a-b)=a*-b?

We know that rationalisation factor for |s\/_ \/_:>for itis
e N

V117
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VAT -7

N
LT T AT

—2x/_1><«/7+(«/_)
11-2

C11-2\11x7 +7
B 4

18-2y77 2(9T7) 9-yam 9 V77
4 4 2 2 2

We have,
M-NT
V11447

R Y

= 2T =a-byTT
On equating the rational and irrational posts
We have
a= 9 and b= 1

2 2
(vi) Given that

4+3\/_ +b5
4-35

Rationalisation factor for

is a+b\/6:>for itis 4+3\/§

1 1
a—byc 4-35
4+3\/_ 4+3J’ 4+35
T4 335 4-35 4435

(4+3f) .+(a+b)(a+h)=(a+b)
(3\/_) (a—b)(a+b)=a’-b?
:42X2X4X3\/§+(3\/§)2 --(a+b)2=a2+2ab+b2

16—32(\/5)2
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164245445 61+245 —(61+2445)
1645 29 29
61 24

29 29

7. Ifx=2++/3, find the value of x3 + xi
Sol:

Given x= 2+J§and given to find the value of x* +i3
X

We have x=2+J§
1 1

=
X 2443
1
Rationalization factor for is a—\/B
a+b
:1: 1 ><2_\/§
X 2+3 2-43
2-43
2 (3]
:2—J§:2—J§=2_J§
4-3 1
1
n==2-3
X

And also, (x+3)=2+\/§+2—\/§=2+2=4
X

(x+%j:4 ................ (1)

We know that

-(a-b)(a+b)=a*-b?

2

“[x+1)x +i+2.x.1—3j
X X X
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= x3+%:(x+l)(x2+%+2.x.l—3j
X X X X

[ (a+b)2 —a’+ 2ab+b2]

=52

. The value off x° +i3 is 52
X

If x =3 ++/8, find the value of x? +xi2
Sol:
1t 3-8

X 3+48 3-8

s 3, g
N N -

X
And also,

(x+1j:3+J§+3—J§:3+3:6
X

) -e

We know that

2
x2+i2:(x+1j -2
X X

By putting x+ 1 6 in the above
X

We get,
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=36-2
=34

.. The value of x*+ iz is 34.
X

Given that X =3++/8 and given to find the value of x* + iz
X

We have x=3+\/§

L1t
X 3+48
1
The rationalization factor for is a—+/b
a++b Vb
For is 3—
= For — J‘ J8
9.  Find the value of\/_ — it being given that v3 = 1.732 and /5 = 2.236.
Sol:
Given to find the value of 6
NN
1 1
Rationalisation factor for is a+J5:>for is J§+J§
Ja—b E-B
6 6 J’+J’
T 5B B3 B3
6(5+3
z—( ; )2 [~-(a-b)(a+b)=a’-b’ ]
(+5) -(+3)
6( 5+\/—)
5-3
6( 5+\/—)
N

We have /3 =1-732,/5=2-236
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:ﬁ =3(2-236+1.732)
—3(3-968)
~11.904

6

5-/3

.. Value of is 11.904

10. Find the values of each of the following correct to three places of decimals, it being given
that v2 = 1.4142, v/3 = 1.732, V5 = 2.2360, V6 = 2.4495 and V10 = 3.162

o 3=

3+ 2J§
Sol:
(i) We have 3-\5

3+ 2J§
1 1
Rationalization factor for is a—bJE = for
a+byc 3+25

3-65  3-\6 3-2\

= = X
3+25 3+205 3-25

itis 3-24/5

i 3><3+3x(—2J§)+(—J§)(3)+(—J§)(—2J§)

(3)'~(245)
_ 9- 6535 +2x5

9-20
_9+10-9\5 _19-9y5 _95-19
~11 -11 11

We have /5 = 2.2360

N 3-+5 9(2.2360)-19
3+245 11

20-124-19

oon

1124

T

=0.102181818

=~ 0.102 (upto 3 decimals)

3-5
3+2J§

.. The value of =0.102
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11. Ifx = ﬁ;l, find the value of 4x3 + 2x% — 8x + 7.
Sol:
Given x = \/§2+1 and given to find the value of 4x® +2x* —8x+7
Now, X = \/“3';1

= 2x=3+1=(2x-1)=+3
Squaring on both sides we get

(2x-1)° =(+3)

= (2x)" —2.2x1+(1)" =3 ~-(a—b)" =a? —2ab+b?

— 4x* —4x+1=3
— 4x* —4x+1-3=0
= 4x* —4x-2=0
= 2(2x* -2x-1)=0

= [2x2 —2x-1=0|
Now take 4x3+2x*—8x+7

= 2x(2x2 —2x—1)+4x2 +2X 42X —8x+7

= 2x(2x2 —2x—1)+6x2 —6X+7
= 2x(0)+3(2x* —2x-1)+7+3
= 0+3(0)+10

=10
. The value of 4x3+2x*—8x+7is 10.
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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+ 25 x 25 = 40000
We have
322x322-2x322x 22+ 22x 22
= (322-22) |+ (a=b) =a®~2ab+b" |
= (300)°
=90000
©.322x322 - 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?)=(arb)(a-b)]

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

=9
. 7-83x7-83-1-17x1-17 _
h 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-to
2 1
=2+1=xX +—
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 +F: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+1j :x2+i2+2><x><1
X X X
1Y 1
= X+= :(x2+—2)+2
X X
1 2
=| X+=| =79+2
X
2
= x+1 =81
X
2
= x+§ :(J_r9)2
:>x+l_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 +2x3xx5y

= (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+3bj(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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- [lan—(Sb)z Fa2+9bz} [+ (a+b)(a-b)=a?b?]
2 4 '

1, 211 2 2 2|2
:KZa j—9b }[Za +9b } ['.’(ab) =a’b }

1, ’ 272 2 2
={Za} ~[ob?] [ (a—b)(a+b)=a’—b?]
IER T

16
.'.(Ea—Bbj(iajLBbj(laz+9b2]:ia4—8]b4

2 2 4 16

(i)  We have
(m+3)(-3)
m+—||m-—=
7 7
(D [m+ﬂj(m+ﬂj£m——j
7 7 7
(e (m)z_(g]] [++(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

= - 2_ X2 X e iox
5 2)\5 2
- Z-EJZ-x%zx [-.-(a-b)(a-b):(a-b)z]
5 2
B 2 2
= - 21 [ X) o[ 2] XY | xe 4 2x
5 2 5/)\2
B 2
= A X 2X | ey oy
(25 4 5
X2 4 X2 2X 4
= XA 2K X 2K —
25 4 5 25
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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) (2% s oy
2 5){5 2
5 12 4
4 5 25
(iv) We have

(v)

(vi)

(%) +(x=2) |[¥*~(x-2)]

:>[x2]2—(x—2)2 [(a—b)(a+b):a2—b2]

:>x4—(x2+4—4x) [-.-(a—b)2=a2+b2—2ab}

= 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 =3xF =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 =a’+b? —2ab}

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

r\>||—\ I\)II—‘ r\>||—\ I\)II—‘ I\)I

~c) +(c-a)’] [+(a-b)' =a®+b*—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.

—
Q.)
U

—,
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Exercise —4.2

1. Write the following in the expanded form:

()
(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)(~c)

['.'(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:[(—3x)+y+z]2
:(—3x)2+y2+22+2(—3x)y+2yz+2(—3x)z
[’.’(a+b+c)2 =a2+b2+02+2ab+2bc+20a}
=9X* + y* +2° —6Xy +2yz —6XZ

S(=3x+y+ z)2 = 9X® + Y% +2° —6XYy + 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)" +x2+(=2y)" +2(2)(x)+2(x)(-2y)+2(2)(-2y)
[*:(a+b+c)2 =a2+b2+cz+2ab+2bc+20a}
=44+ X +4y® +4x—4xy -8y
(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 :a2+b2+c2+2ab+2bc+2caJ
=a’ +b* +c* +2a’v* + 2b°c® + 2a°c?
o (a%+b*+ c2)2 =a*+b* +c* +2a’b? + 2bc? + 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
(LLLLE) :(5] +[zj {zj 0 XY, ¥ 2 52X
y z X y z X y z z X Xy

[°.-(a+b+c)2 :a2+b2+2ab+c2+2bc+20a}

y 7 X y> 7% X z Xy

(ixX) We have
ras) ) &) @) ) 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+£+iJ2: a- + b” + c’ +£+£+£
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
=(2x)" +(=y) +(2) +2(2x)(~y)+2(-y)(2) +2(2%)(2)
=4x* +y* + 2 +4x(-y)-2yz+4xz
.'.(2x—y+z)2=4x2+y2+22—4xy—2yz+4xz

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

2. Simplify:

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

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

(iiiy (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+20a—[az+b2 +cz—2ab—2bc+2ca}

=a’+b?+c®+2ab+2bc+2ca—a’—b?—c?+2ab+ 2bc—2ca
=4ab + 4bc

(a+b+c) —(a—b+c)’ =4ab+4bc

We have

(a+b+c) +(a-b+c) +(a+b—c)’

:[a2+b2+c2+2ab+2bc+20a]+[a2+b2+c2—2bc—2ab+2ca]

+[a2+b2+c2—20a—2bc+2ab]

[-.-(x+ y+z)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+h-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)(~c)

[(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

(@ vy 2) (¢ -y 27

[x+v+ 2 | -[¢+(-y)+(2)]

() +< Y r2(¢)(y7)+ 2(7) (27) +2(0) (27)]
0 +(-y ) + () +200) () v 2y )7+ 26777

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

=x' 4yt 42t 1 2xPy? = 2y?722 = 22°%F —x*t -yt — 2t 4 2xPyP + 2yP 2% - 27°%?
=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” +¢* =16J
= 2(ab+bc+ca)=-16

—ab+bc+ca=-8

4. Ifa?+ b?+ c? =16 andab + 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




Class IX Chapter 4 — Algebraic Identities Maths

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’+hb?+c*+46 [--a+b+c=9and (ab+hbc+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® +257% + 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]+3—5(2)T [-x=4,y=3and z=2]
=[8+3-10]

=[1]

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

7. Simplify each of the following expressions:

; 2 y 2 2 (x y 2 2
(i) (x+y+2) +(X+E+§j _(E+§+Zj
() (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+g) —(§+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+2x-X—ﬁ+2yz+£—£+22x+%—£
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* 151Z% 8xy 13yz 29zx
= + + + + +
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)}— x? —y*—=3z% +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 — 41X

We have,

[xz —x+l]2 —[xz +x+1]2

[ () ()" + 2+ 2(6) (%) +2(x)(1) + 26 (1)
_[(xz)2 +(x)2 +(1)2 +2x% (x)+ 2(x)(1)+2(x2)(1)J

=X XP 412X —2x+ 2x2 = x2P = x*  —1-2x3—2x—-2x°

1

(a+b+c)2 —a’+b?+c®+2ab+ 2bc+20a}
=—4x® - 4x
:—4x[x2 +1}

[xz - x+1]2 —[xz + x+1]2 = —4x[x2 +1]
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Exercise - 5.1

Factorize:

1.

x3+x—3x%-3

Sol:

x*+x-3x* -3

Taking x common in (x°+x)

= x(x2 +1)—3x2 -3

Taking —3 common in (-3x* -3)
= x(x2 +1)—3(x2 +1)

Now, we take (X’ +1)common
=(x2+1)(x—3)

X+ x—3x° —3:(x2 +1)(x—3)

a(a+b)’ —3a’b(a+h)
Sol:
Taking (a-+b)common in two terms

:(a+b){a(a+b)2 —3a2b}
Now, using (a+b)2 =a’ +b*+2ab

=(a+ b){a(a2 +b%+ 2ab)—3a2b}

(a+b){a®+ab’ +2a*h—3a’b}
(a+b){a3‘+ab2 —azb}
(a+b)afa® +b*—ab}
a(a+b)(a’+b? —ab)

(

a

-a a+b)3 ~3a’b(a+b)= a(a+b)(a2 +b? —ab)
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3.

x(xa—y3)+3xy(x—y)

Sol:

Elaborating x° — y* using identity a°—b° =(a—b)(a’+ab+b?)
:x(x—y)(x2+xy+y2)+3xy(x—y)

Taking common x(x—y)in both the terms
:x(x—y){x2+xy+ y2+3y}
_._X(XS—y3)+3xy(x—y):x(x—y)(x2+xy+ y2+3y)

a2x2+(ax2+1)x+a

Sol:

We multiply x(ax* +1) = ax® +x
=a’x’+ax’+x+a

Taking common ax*in (a’x* +ax*)and 1in (x+a)
=ax’(a+x)+1(x+a)

=ax’(a+x)+1(a+x)

Taking (a+ x)common in both the terms

= (a+x)(ax* +1)

saix? +(ax2 +1)x+a:(a+ x)(ax2 +1)

X2 4y —Xy—X
Sol:
On rearranging

X=Xy —X+Y

Taking x common in the (x*+y)and —Lin (=x+y)
=x(x-y)-1(x-vy)

Taking (x—y)common in both the terms
=(x=y)(x-1)

Xy —xy—x=(x-y)(x-1)
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6.

6. |

x> —2x%y +3xy*> —6y°

Sol:

Taking x*common in(x° —2x*y)and +3y” common in (3xy* —6y°)
=x*(x—-2y)+3y*(x-2y)

=(x—2y)(x2+3y2)

s X3 —=2x°y +3xy’ - 6y° :(x—2y)(x2+3y2)

6ab —b? +12ac — 2bc
Sol:

Taking common b in (6ab—b?)and 2¢ in (12ac—2bc)
=b(6a—b)+2c(6a—b)

Taking (6a—b)common in both terms
=(6a—b)(b+2c)

~.6ab—b*+12ac—2bc = (6a—b)(b+2c)

x2+%}—4{x+i}+6
X X

Sol:

= x2+i2—4x—ﬂ+4+2
X X

=x2+i2+4+2—£—4x
X X

:(x2)+(1jz +(=2)" +2x xx X§+2X§x(—2)+ 2(-2)x

Using identity
a®+b? +c? +2ab+2bc+2ca=(a+b+c)2
We get,

= x+l+(—2)}2

L X

- 2
= x+l—2}
X

= x+£—2}[x+1—2}
X X
x2+i2}—4[x+1}+6:[x+1—2}[x+1—2}
X X X X
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10.

11.

X(x—2)(x—4)+4x-8

Sol:

=x(x-2)(x—4)+4(x-2)

Taking (x—2)common in both terms
=(x—2){x(x—4)+4]

=(x—2){x2 —4x+4}

Now splitting middle term of x> —4x+4
=(x—2){x2 —2x—2x+4}

=(x- 2){x( 2)-2(x— 2)}
=(x=2){(x-2)(x-2)}
=(x=2)(x-2)(x-2)
~(x-2)

Sox(x- 2)(x—4)+4x—8=(x—2)3

(x+2)(x* +25)—10x* - 20x
Sol:
= (x+2)(x* +25)-10x(x+2)
Taking (x+2)common in both terms
= (x+2)(x* +25-10x)
= (x+2)(x* ~10x+25)
Splitting middle term of x> —10x + 25
=(x+2){x2—5x—5x+25}

= (x+2){x(x- -5)}
=(x+2)(x~ 5)( )
(x+2)(

* (X+2)(x? +25)-10x* - 20x = (x+2)(x—5)(x~5)

2a% + 2./6ab + 3b?
Sol:

— (24a) +2x2ax 30+ (y3b)
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12.

13.

Using identity a® +2ab+b* = (a+b)2

- (v2a+/30)
:<J§a+J§b)(J§a+J§b)

-.2a% +2:/6ab+30% = (\/§a+ \/§b)<\/§a+ \/§b)

(a-b+c)’ +(b—c+a)’ +2(a-b+c)(b—c+a)
Sol:

Let (a—b+c)=xand (b-c+a)=y
=X>+y*+2xy

Using identity a®+b® +2ab=(a+ b)2

=(x+ y)2

Now, substituting x and y
=(a—b+c+b—c+a)2

Cancelling —b,+band +c,—c

- (2a)

=432
.'.(a—b+c)2+(b—c+a)2+2(a—b+c)(b—c+a):4a2

a’+b*+2(ab+bc+ca)

Sol:
=a’+b%+2ab+2bc+2ca

Using identity a*+b” +2ab=(a+ b)2
We get,

=(a+b)’ +2bc+2ca
:(a+b)2+20(b+a)

or (a+b)2 +2c(a+b)

Taking (a+b)common
=(a+b)(a+b+2c)

~.a’+b*+2(ab+bc+ca)=(a+b)(a+b+2c)
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14.

15.

4(x—y)2 —12(x—y)(x+y)+9(x+ y)2
Sol:

Let (x—y)=a,(x+y)=b

=4a’ —12ab+9b°

Splitting middle term —12=-6-64also 4x9=-6x-6
=4a’ —6ab —6ab +9b*
=2a(2a—3b)-3b(2a-3b)
=(2a-3b)(2a—-3b)

= (2a-3b)’

Substituting a=x—yand b=x+y
:[Z(X—y)—3(x+ y)]2
[2x—2y—3x—3y]2
=[2x—3x—2y—3y]2

= (x+5y)’ (-1 =1]

~A(x=y) ~12(x=y)(x+y)+9(x+y)’ = (x+5y)

a’ —b? +2bc—c?

Sol:

=a’ —(b* —2bc+c?)

Using identity a® —2ab+b? :(a—b)2
=a’—(b—c)’

Using identity a’—b* =(a+b)(a-b)
=(a+b-c)(a—(b-c))
=(a+b-c)(a-b+c)
sa?—b*+2bc—c*=(a+b-c)(a-b+c)
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16.

17.

18.

a’+2ab+b® ¢’

Sol:

Using identity a® + 2ab +b? =(a+b)2
:(a+b)2 —c?

Using identity a’ —b* =(a+b)(a—-b)
=(a+b+c)(a+b-c)

~.a’+2ab+b*—c?=(a+b+c)(a+b-c)

a’ +4b® — 4ab - 4c?
Sol:
On rearranging

=a’—4ab+4b* —4c¢’

=(a)’ —2xax2b+(2b)” - 4c?

Using identity a® —2ab+b? :(a—b)2

=(a—2b)2 —4c?

:(a—2b)2 —(20)2

Using identity a’ —b* =(a+b)(a-b)
=(a-2b+2c)(a—2b-2c)

.a’+4b” —4ab—4c” =(a—2b+2c)(a—2b—2c)

xy? — yx°

Sol:

xy® — yx°

— xy(y8 —XB)

()

Using identity a’—b* =(a+b)(a-b)
_ Xy(y4 +x4)(y4 —x4)
() (e

Using identity a’—b* =(a+b)(a-b)
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19.

20.

(x5 ) )
= ( x“)( 24 x? ) y+x)(y-x)
(

xy(x +y*)(x?

4

x+y)x+y) 1)(x-y)
w(b-a)=-1(a-b)

2

—xy(x +y4)(x +y2) X+Yy)(x-y)

-oxy? — yx :—xy(x4 +y )(x +y )(x+ y)(x—y)
X'+ x’y* +y*

Sol:

Adding x*y®and subtracting x*y’to the given equation

:X4+X2y2+y4+X2y2_X2y2

= X' 42Xy 4yt — x2y?
:(x2)2+2><x2><y2+(y2)2—(xy)2

Using identity a® +2ab+b* = (a+b)
:(x2+y2) —(xy)

Using identity a’—b* =(a+b)(a-b)
=+ +xy)(X* +y* —xy)
XYy = (0 + YRy ) (YR - xy)

x> —y? —4xz +47°
Sol:

On rearranging the terms

=Xx*—4xz+47° - y*

:(x)2 —2X XX 22+(22)2 —y?
Using identity a® —2ab+b? =(a—b)2
=(x—22)2 -y
Using identity a’—b* =(a+b)(a-b)
=(x—2z+y)(x-2z-y)

X*—y? —4xz+47° =(x-22+Yy)(x-2z-Y)
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21. X2 +62x+10
Sol:
Splitting middle term,

= %2 +52x+/2x+10 | 63/2 =572 +/2 and 542 x+/2 =10 |
- x(x+5\/§)+\/§(X+5\/§)

:(X+5\/§)(X+\/E)

'S +6«/§x+10=(x+5\/§)(x+\/§)

22, x2—22x-30
Sol:
Splitting the middle term,

= %2 — 542+ 34/2x 30 ['.'—2\/_:—5\/§+3\/§also—5\/§x3\/§:—30]
x(x—5\/§)+3\/§(x—5\/§)
:(x—5«/§)(x+3«/§)
.-.xz—2J§x—30=(x—5ﬁ)(x+3ﬁ)
23, x*—3x-6

Sol:
Splitting the middle term,

= x? —23x++/3x -6 [-.'—\/3_’:—2\/§+\/§also—2\/§><\/_:—6]
= x(x—Zx/§)+\/§<x—2\/§)

:(X—Z\/g)(x+\/§)

G —\/§X—6=(x—2«/§)(x+\/§)

24. x2+55x+30

Sol:
Splitting the middle term,

= x? + 2/5x+3/5x + 30 [ 5.5 = 24/5 +34/5 also 2\/§><\/§=30}
= x(x+2\/§)+3\/§(x+2\/§)

(o228

~ X +5Bx+30 = (x+ 245 ) (x+35)
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25.  X2+2[3x—24
Sol:
Splitting the middle term,

— X2 + 4/3x— 23x— 24 [ 243 =43 -24/3 also 443 (-243 ) = —24}
= x(x+4\/§)—2\/§(x+4\/§)

=(x+4J§)(x—2J§)

G +2\/§x—24:(x+4\/§)(x—2\/§)

26. ox? -2 x4
6 12
Sol:
Splitting the middle term,
e X X, L 2o b lage b tognt
2 3 12 6 2 3 2 3 12

(-3 5(3)
=(2x%)(x1%]

27. x2+Ex+i
3% 35
Sol:
Splitting the middle term,
, b5 7 1 12 5 7 5 7 1
=X+ —X+—X+— c—_—=—+4—and —x—=—
35 35 35 35 35 35 35 35 35
, X 1
=X"+—+—+—
7 5 35
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28. 21x®—-2x+ 1
21
Sol:

:(Jﬁx)z—zxﬁ”fz—l*[%Jz

Using identity a® —2ab+b? =(a—b)2

()

5213 —2x+i:[\/ﬁx—i2

21 ﬂT

29. 55x%+20x+3\5
Sol:
Splitting the middle term,

=55x° +15x+5x+35  [~-20=15+5and 15x5=5=5y5x35 |
=5x(\/§x+3)+\/§(\/§x+3)

=(\/§x+3)(5x+\/§)

~.5Bx* +20x+345 = (/Bx+3) (5x++/5)

30. 2x2+35x+5

Sol:
Splitting the middle term,

= 2x% + 2/5x+/5x+5 |35 =245 + /5 also 245 x /5 = 2x5 |
:2x(x+«/§)+\/§(x+\/§)

:(X+J§)(2x+J§)

- 2x? +3\/§x+5:(x+\/§)(2x+\/§)

31. 9(2a-b)’ -4(2a—b)-13

Sol:
Let 2a—b=x
=9x*> —4x-13

Splitting the middle term,
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32.

33.

=9x* —13x+9x-13

=x(9x-13)+1(9x—13)

= (9x-13)(x+1)

Substituting x=2a-b

=[9(2a-b)-13](2a-b+1)
=(18a—9b-13)(2a-b+1)

-.9(2a-b)’ —4(2a-b)-13=(18a-9b-13)(2a—b+1)

7(x —2y)? = 25(x — 2y) + 12
Sol:

Let x-2y=P

=7P*-25P +12

Splitting the middle term,
—7P?-21P-4P +12
=7P(P-3)-4(P-3)
=(P-3)(7P-4)

Substituting P =x-2y
=(x-2y-3)(7(x-2y)-4)
=(x—2y-3)(7x—14y—4)
.'.7(x—2y)2—25(x—2y)+12:(x—2y—3)(7x—14y—4)

2(x+ y)2 -9(x+y)-5
Sol:

Let x+y=z
=272-9z-5

Splitting the middle term,
=27-10z2+12-5
=22(z-5)+1(z-5)
=(z-5)(2z+1)
Substituting z=x+y
=(x+y-5)(2(x+y)+1)
=(x+y-5)(2x+2y+1)
=~ 2(x+ y)2 —9(x+y)-5=(x+y-5)(2x+2y+1)
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34. Given possible expressions for the length and breadth of the rectangle having 35y? + 13y —
12 as its area.
Sol:
Area =35y° +13y 12
Splitting the middle term,
Area =35y” +28y—15y—12
=7y(5y+4)-3(5y+4)
Area =(5y+4)(7y-3)
Also area of rectangle = Length x Breadth
~.Possible length = (5y +4)and breadth=(7y -3)

Or Possible length = (7y —3)and breadth = (5y +4)

35. What are the possible expressions for the dimensions of the cuboid whose volume is 3x? —
12x.
Sol:

Here volume =3x* -12x

=3x(x—4)

=3xx(x—4)

Also volume = Length x Breadth x Height

.. Possible expressions for dimensions of the cuboid are =3, x,(x—4)
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Exercise - 5.2

Factorize each of the following expressions :

1. p*+27
Sol:
p°+27
— p3+33
=(p+3)(p*-3p+3) [ a3+b3:(a+b)(a2—ab+b2)]
=(p+3)(p*-3p+9)
- p*+27=(p+3)(p*-3p+9)

2. Y +125
Sol:
=y +5°
=(y+5)(y* ~5y+5°)
=(y+5)(y*—5y+25)
~ Y} +125=(y+5)(y? -5y +25)

[ a’+b° =(a+b)(a’ —ab+b2)]

3. 1-27a°
Sol:

=(1)"~(3a)

= (1—3a)(12 +1x 3a+(3a)2) [ a®-b’=(a-b)(a*+ab+ bz)}
=(1-3a)(1+3a+9a’)

~1-27a° = (1-3a)(1+3a+9a’)

4 8Xy'+27a’
Sol:
:(2xy)3 +(3a)3
_ (2xy+3a)((2xy)2 —2xy><3a+(3a)2) [ a’+b®=(a+b)(a’ —ab+b2)]
= (2xy+3a)(4x’y* —6xya+9a’)
~.8X°y* +27a° = (2xy +3a)(4x°y* —6xya+9a’)
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5  64a-b°
Sol:

= (4a)’ -b°

= (4a-b)((4a)’ +4axb+b’) [-a’-b"=(a-b)(a’ +ab+b?)]
—(4a—b)(16a” +4ab+b?)

-.64a° —b° = (4a—b)(16a’ + 4ab +b?)

X
6 - 3
216 y
Sol:
X 3 3
== —(2
6) (2y)

2
X X\ X 2
- E—Zyj((gj +Ex2y+(2y)] ['.'a3—b3:(a—b)(a2+ab+b2)}
X x> xy )
= 2oy || 2+ va
6 yj(36+ 3 )
: X—3—8y3—(5—2y) X—2+ﬁ+4y2
216 6 36 3

7. 10x*y—10xy*
Sol:

10x"y —10xy*
:10xy(x3 - y3)
=10xy (x—y)(X* +xy+y?) [ a®-b*=(a-h)(a’ +ab+b2)J

~.10x*y —10xy* =10xy (X — y)(x2 + Xy + y2)
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8.  54x%y + 2x3y*
Sol:

54x°y +2x°y*

=2x°y(27x¢ +y°)

= 2x3y((3x)3 + y3)

= 2%y (3x+ y)((3x)2 —3x XY+ y2) [ a®+b’=(a+b)(a’ —ab+b2)}
= 2x°y (3x+Y)(9x* —3xy +y?)

< 54Xy + 2X°y* = 2x°y (3x+y) (9% —3xy + ¥?)

9. 32a%+108bd
Sol:

32a° +108b°

= 4(8a° +27b°)
=4((22)"+(30)

~4| (2a+3b)((2a)" - 2ax30+ (%))

= 4(2a+30)(4a’ —6ab+9b)

-.32a’° +1080° = 4(2a +3b)(4a’ —6ab +9b)

) [Using a°+b® =(a+b)(a’ —ab+b)]

10. (a-2b)’-512b°
Sol:
(a—2b) —512b°
~(a—2b)’ —(8b)’
~(a-2b-8b)((a—2b)’ +(a—2b)8b+(8b)’) [a’-b" =(a-b)(a” +ab+b)]
= (a-10b)(a? +4b - 4ab-+8b(a— 2b)+ (8b)’ [+(a=b)" =a’+b?~2ab |
= (a—10b)(a’ +4b” —4ab+8ab —16b* +64b )
=(a=10b)(a’ +68b° —16b° — 4ab +8ab)
= (a—10b)(a’ +52b° +4ab)
A
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11.

12.

13.

(a+b)*—8(a—Db)®
Sol:

(a+b)’ -8(a-b)’

(a+b)'-[2(a-b)]

=(a+b)’ —(2a-2b)’ [Using a°—b® =(a—b)(a’ +ab+b?)]
a+b-(2a-2b))((a+b)’ +(a+b)(2a-2b)+(2a~2b)’)

a+b— 2a+2b)(a2+b2+2ab+(a+b)(2a—2b)+(2a—2b)2) [-.-(a+b)2:a2+b2+2ab}

3b-a)(a’ +b? +2ab-+ 2a” ~2ab+ 2ab~2b” +(2a~ 2b)’

3b—a)(3a% +4a® —b® +4b? + 2ab— 8ab)

)
)
3b-a)
)
)

(Ba2 +2ab—b? +4a% +4b? — 8ab) [ (a-b)" =a?+b? —2ab}
(
(

(

(

=(

=(

~(30-a)(3a” +2ab—b? +(2a—2b)')
=(

=(

= (3b—a)(7a* +3b” —6ab)

(

g a+b)3 —8(a—b) = (—a+3b)(7a2 —6ab+3b2)

(x+2)3+(x—2)3

Sol:

= (x+ 2+ x=2)((x+2)" = (x+2)(x-2) +(x-2) ) [a’+b—(a+b)(a’ —ab+b?)]
- 2x(x2 +ax+4—(x+2)(x—2)+x° —4x+4) [-.-(a+b)2 =a? +2ab+b2,(a—b)2 =a’ —2ab+b2}
=2x(2x2+8—(x2—22)) [-:(a+b)(a—b):a2—b2]
:2x(2x2+8—x2+4)

:2x(x2+12)

L (x+2) +(x=2)" = 2x(x* +12)

8x2y3—x5

Sol:

—x2 (8y3 —X3)

= x? ((Zy)3 —x3)
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14.

15.

16.

2(2y - x( “+2y(x ) [ ~b*=(a- b)(a2+ab+b2)}
2y x (4y +2xy + X )

S 8XPY—x° = (2y—x)(4y +2xy+x2)

1029 — 3x3

Sol:

=3(343-x°)

:3(73—x3)

=3(7- x)(72+7xx+x) ['.°a3—b3:(a—b)(a2+ab+b2)]

:3(7—x)(49+7x+x )
1029 -3x3 :3(7—x)(49+7x+ x2)

=(x*+ 2)((xz)z—x2y2+(y2)2) [ a’+h’= (a+b)(a2—ab+b2)]

=(xy +1)((xy)2 - >Q/><1+12) [ a’+b’=(a+b)(a’ —ab+b2)}

:(xy+1)(x2y2 — Xy +1)
Xy +l= (xy+1)(x2y2 — Xy +1)
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17.

18.

19.

= xy xy—1)((xy)2 +(Xy)1+12) [ a’-b’=(a-b)(a’ +ab+b2)}
xy(xy—l)(xzyz + Xy +1)

4.4

Xyt —xy = xy(xy—l)(xzy2 + xy+1)

a + b

Sol:

=(a) +(b°)

=(a") (o)

~(a"+b*)((a") ~a'xb*+ (b)) [-a°+b°=(a+b)(a? ~ab+D?)]
(£+HX£—4W+w)

+b? = (a 4—b4)( 4b44—b8)

X% +6x%+12x +16
Sol:

=x}+6x°+12x+8+8

=X +3x X2 x2+3xxx2°+2°+8

=(x=2)"+8 [ a’+3a’b+3ab’ +b° = (a+b)}
=(x+2) +2°

= (x+2+2)((x+2)" ~2(x+2)+2?) [-a’+b" =(a+b)(a’ —ab+b?) |
:(x+4)(x2+4x+4—2x—4+4) [-.-(a+b)2:a2+2ab+bﬂ

X+ )(x2+2x+4)
X3+ 6x2+12x+16 = (x+4)(x2+2x+4)
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20. a*+b*+a+b
Sol:

=(a3+b3)+1(a+b)
=(a+b)(a2 —ab+b2)+1(a+b)
:(a+b)(a2 —ab+b? +1)

a3+b3+a+b:(a+b)(a2—ab+b2+1)

21, a’—-—-2a+—

:(a—l a2+a><1+(lj2 —Z(a—lJ [-.-a3—b3=(a—b)(a2+ab+b2)]
a a \a a
:(a—l a2+1+i2j—2(a—1j
a a a
:(a—l a2+1+i2—2J
a a
:(a—i a2+i2—1j
a
.a3—%—2a+§=(a—£j(a2+%—l)
a a a a

22. a*+3a’h+3ab’+b*-8

Sol:
:(a+b)3—8 [ a3+3a2b+3ab2+b3:(a+b)3}
=(a+b)’ -2°

~(a+b-2)((a+b) +(a+b)2+2°)
=(a+b-2)(a’+b*+2ab+2a+2b+4)
-.a*+3a’h+3ab’ +b° ~8=(a+b—2)(a’ +b* +2ab+2a+2b +4)
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23. 8a®-b®—4ax+2bx
Sol:
=8a’-b’-2x(2a-b)

=(2a)’ —b*—2x(2a-h)

:(2a—b)((2a)2 +2axb+b2)—2x(2a—b) [ a®-b’=(a-b)(a’ +ab+b2)]
=(2a—b)(4a’ +2ab+b?)-2x(2a~b)

= (2a—b)(4a2 +2ab +b? —2x)

-.8a° —b° —4ax+ 2bx = (2a—b)(4a’ +2ab +b* - 2x)

24. Simplify:
Sol:
Q) 173x173x173+127 x127 x127

173x173-173x127 +127 x127

1734127

1737 -173x127 +127?
(178+127)(178° —173x127+127%)

— cea3 k3 _ 2 2
(1737 -173x127 +1277) [ b= (arb)(a" -abb7)]

=(173+127)=300

155x155x155—-55x55x55

155x155 +155x 55 + 55 55

_ 155°-55°

© 155% +155x 55+ 55°
(155—-55)(155” +155x55+55 )

= .a3_p3 = _ 2 2
" (155°+155x55+55) |va"—b*=(a-b)(a’ +ab+D’)

= (155-55) =100

(i)
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Exercise - 5.3
Factorize:

1.  64a®+125b° + 240a°b + 300ab?
Sol:
64a° +125b° + 240a2b +300ab?

= (4a)’ +(5b)’ +3x(4a)’ x5b +3(4a)(5b)’

= (4a+5b)’ [ a® +b°® +3a’b +3ab? =(a+b)3}
=(4a+5b)(4a+5b)(4a+5b)

~.64a’ +125b° + 240a’b + 300ab” = (4a +5b)(4a+5b)(4a+5b)

2. 125x®-27y° —225x%y +135xy?
Sol:
125x% —27y® —225x*y +135xy°

= (5x)3 —(3y)3 —3><(5x)2 x 3y +3x (5x)(3y)2

= (5x—3y)3 [ a’—b®-3a’h+3ab’ = (a—b)g}
=(5x—3y)(5x—3y)(5x—3y)

.125x% - 27y® - 225x*y +135xy” = (5x -3y )(5x —3y) (5x —3y)

3. ix3+1+ﬂx2 +2X
27 3

Sol:

3
= §x+1j [ a3+b3+3a2b+3ab2:(a+b)3}

= gX-l—l](gX-l-lj(EX-l-lj
3 3 3

.'.ix3+1+ﬂx2+2x: zx+1 gx+1 gx+1
27 3 3 3 3
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48X +27y +36x°y +54xy?

Sol:

8x° +27y° +36x%y +54xy°

= (2x)3 +(3y)3 +3><(2x)2 ><3y+3><(2x)(3y)2

:(2x+3y)3 [ a®+b®+3a’b +3ab’ :(a+b)3}

=(2x+3y)(2x+3y)(2x+3y)
. 8XP+27y° +36x%y +54xy® = (2x+3y)(2x+3y)(2x+3y)

5 a®-3a’h+3ab?-b®+8

Sol:

a’®—3a’b+3ab*-b*+8

:(a—b)?’ +8 [ a’ —b® —3a’b + 3ab’ :(a—b)s}
=(a-b)’ +2°

~(a-b+2)((a-b)’ ~(a-b)2+2? [a’+b=(a+b)(a?-ab+b?)]

—(a—b+2)(a’+b*—2ab—2(a—b)+4)
= a—b+2)(a2+b2—2ab—2a+2b+4)
-.a*~3a’h+3ab’ —b*+8=(a—b+2)(a’ +b? —2ab—2a+20b+4)

6 X2 +8y° +6x%y +12xy?
"~ Sol:
= (x)3 +(2y)3 +3x X*x 2y +3x x><(2y)2
:(x+2y)3 [ a’+b®+3a’b +3ab’ =(a+b)3}
=(x+2y)(x+2y)(x+2y)

23 +8Y° +6X7y +12xy° = (X +2y) (X +2y)(x+2y)

7. 8X*+ Yy’ +12x°y +6xy’

Sol:

8x% + y® +12x°y + 6xy?

= (2x)" + ¥ +3x(2x)" x y +3(2x)x y?

=(2x+ y)3 [ a’ +b® +3a’h +3ab’ :(a+b)3}
=(2x+y)(2x+y)(2x+Y)

28+ Y +12X°y +6xy° = (2x+Y)(2x+Y)(2x+Y)
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10.

11.

8a® +27b° + 36a°h + 54ab’

Sol:

=(2a)’ +(3b)’ +3x(2a)" x30 +3x(2a)(3b)’

=(2a+3b)’ [ a®+b® +3a’b +3ab? :(a+b)3}

=(2a+3b)(2a+3b)(2a+3b)
-.8a’ +27b° + 36a’h +54ab’ = (2a+3b)(2a+3b)(2a+3b)

a3 — 27b% — 36a%b + 54ab?
Sol:

8a® —27b° —36a°b +54ab’
=(2a)’ —(3b)’ —3x(2a)" 30 +3(2a)(3b)’
=(2a-3b)’ [ a®—b®-3a’h +3ab’ :(a—b)a}
(2a—3b)(2a—3b)(2a—3b)
8a’ - 27b* —36a’h +54ab’ = (2a—3b)(2a-3b)(2a-3b)

x°—12x(x—4)—-64
Sol:
x* —12x(x—4)-64
=x>—12x* +48x - 64
X) —3xX*x4+3x4*xx-4°
=(x- ) [-.-a3—3a2b+3ab2—b3=(a—b)3}
X—4)(x=4)(x-4)

Sx3=12%(x—4)—64=(x—4)(x—-4)(x—4)
®x* —3a’bx’ + 3ab’x —b®

(ax)’ —3(ax)’ xb +3(ax)b? ~b°

= (ax—b)’ [-.-a2—3a2b+3ab2 b*=(a- b)}
:(ax—b)(ax—b)(ax—b)

—3a’bx* +3ab’x—b® =(ax—b)(ax—b)(ax-b)
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Exercise -5.4

1.  a®+8b%+64c®—24abc
Sol:
a® +8b° + 64c® — 24abc

(a)’ +(2b)’ +(4c)’ —3xax2bx 4c

(a+2b+4c)(a’ +(2b)" +(4c)’ ~ax2b—2bx4c—4cxa)

[ a®+b° +c*—3abc=(a+b~+c)(a’ +b*+c’ —ab—bc—ca)]
= (a+2b+4c)(a® +4b” +16c* —2ab —8bc — 4ac)
c.a’+8b° +64c’ —24abc = (a+ 2b+4c)(a2 +4b* +16¢* —2ab —8bc —4ac)

2. xX*-8y*+277° +18xyz
Sol:
=X +(—2y)3 +(32)3 —3xxx(-2y)(3z2)

= (x+(—2y)+3z)(x2 +(-2y)’ +(32)° —x(—2y)—(—2y)(32)—3z(x))

[ a’+b®+c’ —3abc =(a+b+c)(a +b* +¢? —ab—bc—ca)]
= (x=2y+32)(xX* +4y* +92° +2xy +6yz —32x)
oox3—8y* +277° +18xyz = (x—2y+3z)(x2 +4y® +97° +2xy+6yz—32x)

1

3.  —x®—y®+1257° +5xyz
7 y y
Sol:

1 3 3 3
— X =y’ +1257° +5xyz
27 y y

3
_ §+(_y)+5zj£(g+(—y)2+(5z)2—g(—y)—(—y)sz—ssz(gj]

X x? Xy 5
=| =—y+52 || = +y*+252° + =2 +5xyz — = 2
3 7 j(g y 3 VT3 ]

- £j3+(_y)3+(5z)3_3x§(_y)(5z)

2

1 5 3 3 X X 2 s XY 5
S.—X =y +12572° +5xyz=| ——y+52 || —+ Yy +252°+ —+5yz——12Xx
27 y y (3 y j(Q y 3 y 3
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4,  8x*+27y°®—2167° +108xyz
Sol:

= (2x)3 +(3y)3 +(—62)3 —3(2x)(3y)(-62)

= (2x+3y+(~62))((2%)" + (3y)" +(~62)° ~ 2xx3y ~3y (~62) - (-62) 2x|

= (2x+3y—67)(4x* +9y* +362° —6xy +18yz +122x)

-.8X° +27y° —2167° +108xyz = (2x+3y —62 ) (4x* + 9y +362° —6Xy +18yz +122X)

5.  125+8x%—27y®+90xy
Sol:

=5 +(2x)’ +(-3y)’ —3x5x 2xx(-3y)

= (5+2x +(—3y))(52 +(2x)" +(-3y)" =5(2x) - 2x(—3y)—(—3y)5)

= (5+2x—3y)(25+4x* +9y* ~10x+6xy +15Y)

+.125+8x° —27y° +90xy = (5+2x—3y)(25+4x* +9y’ —10x+6xy +15Y

6. (3x—2y)3 +(2y—4z)3 +(4z—3x)3
Sol:
Let (3x—2y)=a,(2y—4z)=b,(4z-3x)=c
sa+b+c=3x-2y+2y—-4z+4z-3x=0
ra+b+c=0..a’+b’+c®=3abc
< (3x—2y) +(2y—4z)’ +(42-3x)" =3(3x—2y)(2y —4z)(42 - 3X)

7. (2x—3y)3 +(4z—2x)3 +(3y—4z)3
Sol:
Let 2x—-3y=a,4z—-2x=Db,3y—-4z=c
sa+b+c=2x-3y+4z-2x+3y-4z=c
ra+b+c=0 sa’+b®+c® =3abc
(2x—3y)3 +(4z —2x)3 +(?>y—4z)3 =3(2x-3y)(4z-2x)(3y—4z)
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10.

a+b+c:(§+§—5—Xj+(y—ﬂ—lj+(£+z—£j
2 3 6 3 3 3 3

a+b+c:3—)(+ﬁ—§+3—y—2—y—X+£+3—Z 4z
6 6 6 3 3 3 3 3 3
5x—5x+3y—3y+4z—4z

a+b+c=

6 3 3
a+b+c=0
ra+b+c=0 mai+b*+c®=3abc

X 2T [x 2 : 5x 47 X Z\)(Xx 2
Sl=+ty+— | + ———y+z + XY 4z =3| —+y+— [———y+z
2 3 3 3 6 3 3 2 3/\3 3

(a—3b)3+ (Bb—-c)®+ (c—a)®

Sol:

Let (a—3b)=x,(3b—c)=vy,(c—a)=z
X+y+z=a-3b+3b-c+c-a=0

" X+Y+2=0 Xy + 78 =3xyz

~.(a=30)’ +(3b-c)’ +(c-a) =3(a—3b)(3b-c)(c-a)

222 +3/30% + ¢ —3/6abc
Sol:

\/_a)3 +(\/§b)3+c3—3x\/§ax\/§bxc

2
2

= \/§a+\/§b+c)(2a2 +3b% +¢? —\/gab—\@bc—\/iac)

(
(V2a:+Bb-+c)((2a)"+(V3b) +o° - (v2a) (Bb) - (V) - (vZa)c |
(

- 242a% + 330 + ¢ —3/6abc = (\/§a+\/§b+c)(2a2 +3b%+c? —\/Eab—\/§bc—\/§ac)
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11. 33a%-b®-55c° —3/15abc

Sol:
=(V3a) +(~b)"+(~Bc) ~3x(vBa)(~b)(~V5c)
- (\/§a+(—b)+<—\/§c))((\/§a)z +(~b)" +(—Be) —J§a(—b)—(—b)(—\/gc)—(—\/gc)\@a)
= (\/§a—b—\/§c)(3a2 +b? +5¢2 +J§ab—J§bc+J1_5ac)
-~ 3\/3a’ - b? - 55¢” — 3y/15abc = (vBa—b - +/5c ) (3a” +b” +5¢” + y/3ab —\/Bbc + /15ac

12.  8x®—125y° +180xy + 216

Sol:
8x* —125y° +180xy + 216

or, 8x* —125y° + 216 +180xy
=(2x)" +(-5y)" +6° ~3x(2x)(~5y)(6)
= (2x+(-5y)+6)((2x) +(-By)’ +6" ~2x(~5y)~(-5y)6-6(2x))
= (2x—5Yy+6)(4x* +25y* +36+10xy + 30y ~12X)
8x° —125y° +180xy + 216 = (2x—5Y +6)(4x* +25y* +36 +10xy +30y —12x)

13, 22a° +16/2b° +¢® —12abc
Sol:

=(\/§a)3 +(2\/§b)3 +c¢®—3x+2ax2/2bxc
~(V2a+242b-+c)(VZa) +(2v2b) +o* -(VZa) (2/2b) - (242b)c - (VZa)c |
= (\/Ea+ 2\/§b+c)(2a2 +8b% +c? —4ab—2\/§bC—\/§aC)

2./2a% +16+/2b + ¢ —12abc = (ﬁa +2J2b + c)(2a2 +8b% +¢% —4ab—2+2bc — \/Eac)
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Exercise - 6.1

1. Which of the following expressions are polynomials in one variable and which are not?
State reasons for your answer:

(i) 3x* —4x+15

(i) y*+243
(i)  3Vx+2x
(iv) X 4

X
(V) X +y 1%
Sol:

(i)  3x*—4x+15is a polynomial of one variable x.
(i)  y?+2+/3is a polynomial of one variable y.

(iii) 3JX ++/2xis not a polynomial as the exponents of 3Jxis not a positive integer.

: 4. : -4 . L
(iv) x——is not a polynomial as the exponent of — is not a positive integer.
X X

tSO

(v)  x?+y>+t™is a polynomial of three variables x,y,t.

2. Write the coefficient of x? in each of the following:
(i) 17-2x+7%°
(i) 9-12x+x°
(i) =x*—3x+4
6
(iv) V3x-7
Sol:
Coefficient of x%in
(i) 17-2x+7x%is 7
(i) 9-12x+x%is0

(i) Zx*-3x+4is =
6 6

(iv) 3x—7is0
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3. Write the degrees of each of the following polynomials:
(i) 73+ 4x2—3x + 12
(i) 12-x+2x°

(i) 5y-+2
(iv) 7=7xx°
v o0

Sol:

Degree of polynomial

(i) 7x°+4x°-3x+12is3
(i) 12-x+2x%is3

(iii) 5y—+2is1

(iv) 7=7xx°is0

(v)  0isun defined.

4.  Classify the following polynomials as linear, quadratic, cubic and biquadratic polynomials:

(i) X+x°+4

(i)  3x-2

(i) 2x+x?

(iv) 3y

V) 2+l

(vi) Tt'+4t+3t-2
Sol:

Given polynomial

(i)  x+x*+4is quadratic as degree of polynomial is 2.

(i)  3x—2is linear as degree of polynomial is 1.

(iii)) 2x+x’is quadratic as degree of polynomial is 2.

(iv) 3yis linear as degree of polynomial is 2.

(v) t*+1 is quadratic as degree of polynomial is 2.

(vi) T7t*+4t° +3t—2is bi-quadratic as degree of polynomial is 4.

5. Classify the following polynomials as polynomials in one-variable, two variables etc:
(i) X2 —xy+7y°
(i)  XP—-2tx+T7t? —x+t
(iii) t*-3t°+4t-5
(iv)  xy+yz+zx
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Sol:
(i)  x*—xy+7y?is apolynomial in two variables x,y.
(i) x*—2tx+7t> —x+t isa polynomial in 2 variables x,t.
(iii) t°—3t>+4t-5 is a polynomial in 1 variables t.
(iv)  xy+yz+zxis apolynomial in 3 variables x, y, z.
6. Identify polynomials in the following:
(i) f(x)=4x*—x*-3x+7
(i)  g(x)=2x"-3x*+/x-1
2 ., 71
iii X)=—X"——x+9.
(i) p(x)=5x~
(iv) q(x):2x2—3x+;+2
3
(v)  h(x)=x"-x>+x-1
(vi) f(x)=2+§+4x
Sol:
(i)  f(x)=4x>-x*-3x+7isa polynomial
(i) g(x)=2x*-3x ++/x —1is not a polynomial as exponent of x in +/X is not a positive
integer.
2 ., 7 . : L
(i) p(x)= 3 X 3 Xx+9.is a polynomial as all the exponents are positive integers.
. 4 . : .4 .
(iv) ¢ (x) =2%* —3x+ " + 2 is not a polynomial as exponent of x in " IS not a positive
integer.
3 8
(v)  h(x)=x*-x2+x-1is not a polynomial as exponent of xin —x2 is not a positive
integer.
. 3 . : . 3. e
(vi) f (x) = 2+;+4x is not a polynomial as exponent of x in ” IS not a positive integer.
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7.

Identify constant, linear, quadratic and cubic polynomials from the following polynomials:

(i) f(x)=0

i) of

1

(i)  h(x)= —3x+—
(

g(x)=2x-7x+4

(iv)  p(x)= 2x2—x+4
(v)  a(x)=4x+3
(vi)  r(x)=3x*+4x"+5x-7

Sol:
Given polynomial
(i)  f(x)=0isa constant polynomial as 0 is a constant

(i) g(x)=2x>-7x+4is a cubic polynomial as degree of the polynomial is 3.
(iii) h(x) —3X+— L; |s a linear polynomial as degree of the polynomial is 1.
(iv) p(x)=2x*—x+4 isaquadratic as the degree of the polynomial is 2.

(v) q(x

(%)
(vi) r(x)

4x+3is a linear polynomial as the degree of the polynomial is 1.

3x” +4x* +5x -7 is a cubic polynomial as the degree is 3.

Give one example each of a binomial of degree 35, and of a monomial of degree 100.
Sol:

Example of a binomial with degree 35 is 7x* -5
Example of a monomial with degree 100 is 2t'®
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Exercise - 6.2

1. Iff(x) =2x3 — 13x2% + 17x + 12, find (i) f(2) (ii) f (—3) (iii) f(0)
Sol:
We have

f(x)=2x>-13x* +17x +12

() f(2)=2x(2) -13x(2)" +17x(2)+12
= (2x8)—(13x4)+(17x2)+12
=16-52+34+12=10

(i) f(-3)=2x(-3) ~13x(-3)" +17x(-3)+12
= 2x(-27)~13x(9) +17x(-3)+12
=-54-117-51+12=-210

(i) f(0)=2x(0)’~13x(0)’ +17x(0)+12
=0-0+0+12=12

2. Verify whether the indicated numbers are zeroes of the polynomials corresponding to them
in the following cases:

(i) f(x):3x+1,x:—%

(ii) f(x)=x*-1x=1-1

s o2 2

(i) g(x)=3x*-2,x 5

(iv)  p(x)=x’-6x"+11x-6,x=1,2,3
4

(v) f(x)=5x—7r,x=g

(viy f(x)=x"and x=0

(vii)  f(x)=Ix+m, x=—

(viii) f(X)=2x+1,x=%
Sol:
(i) f(X)=3x+1,x=_%

We have
f(x)=3x+1
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Put x:—%: f (—%):3x£—%)+1:—1+1:0

.-.x=—%isarootof f(x)=3x+1
(i) f(x)=x*-1x=1-1

We have f(x),x*-1

Put x=1and x=-1

= f(1)=(1)"-1and f(-1)=(-1)" -1
~1-1=0 ~1-1=0
f

x =1,—1are the roots of f(x)=x*-1
2 2
iii X)=3x -2, X=—,——
(i) g(x) TBNE
We have g(x)=3x*-2
2 2
Put x=—=and x=——F7
N NG
2 2
2 2 -2 -2
=0 —=1|=3—=| -2 and — =3 —=| -2
g[ﬁj (ﬁJ %J [ﬁJ
4 4
3 3
=4-2=2+%0 =4-2=2+0

2 2 )
X=—,—arenotroots of g(x)=3x"-2
NEIN g(x)

(iv) p(x)=x>-6x*+11x-6,x=12,3
Put x=1= p(1)=(1)’-6(1)° +n(1)-6=1-6+11-6=0
x=2=p(2)=(2)"-6(2)" +11(2)-6=8-24+22-6=0
x=3=>p(3)=3"-6(3")+11(3)-6=27-54+33-6=0
~.x=1,2,3are roots of p(x)=x’—6x*+11x—6

(v)  We know f(X)=5X—7Z',X=%

4 4 4
Put x===f| = |=Bx—-7=4-720
c (5) 5><5 Vi Vs

.-.x=gis not aroot of f(x)=5x-7z
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(vi) Wehave f(x)=x*and x=0
Put x=0= f(0)=(0)" =0

X2

~.x=0isarootof f(x)

(vii) f(x)=Ix+mand x=-

_|3

Put x:_l—m:> f(_l—mj=lx(_l—m)+m:—m+m:0

.-.x=—|misarootof f(x)=Ix+m

(viii) f(x)=2x+1x=

Put x:1:> f(1
2

~—— N

X

:Zx(%)+l=1+l=2¢0

x=%is not aroot of f(x)=2x+1

3. Ifx =2isaroot of the polynomial f(x) = 2x? — 3x + 7a, find the value of a.
Sol:

We have f(x)=2x*-3x+7a
Put x=2= f(2)=2(2)"-3(2)+7a
=2x4-3x2+7a=8-6+7a

=2+7a

Given x=2isarootof f(x)=2x*-3x+7a
= £(2)=0

s2+7a=0

=>T7a=-2> a:—é

4, Ifx= —% is a zero of the polynomial p(x) = 8x3 — ax? — x + 2, find the value of a.

Sol:
We have p(x)=8x°—ax’—x+2
Put x=—l

2
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:zx_—l—ax%+%+2

8
=—1-—+—+2
4

3 a

2 4

Given that x = _71 is a root of p(x)

(s

3 a a 3 3
=0 —=—=a=—xA’
2 4 4 2 yA A
=[a=6]

5. Ifx=0and x = -1 are the roots of the polynomial f(x) = 2x3 — 3x2 + ax + b, find the
value of aand b.
Sol:

We have f(x)=2x°-3x*+ax+b

Put

x=0= f (0)=2x(0)’~3(0)" +a(0)+b=0-0+0+b=b
x=-1= f(-1)=2x(-1)’ =3x(-1)’ +a(-1)+b=2x(-1)-3x(1)-a+b
=-2-3-a+b

=-5-a+b

Since x=0and x=—1are roots of f (x)

= f(0)=0 and f(-1)=0

=b=0 —-5-a+b=0

and a—b=-5

=a-0=-5

=|a=-5|

s.a=-5and b=0

6.  Find the integral roots of the polynomial f(x) = x3 + 6x2 + 11x + 6.
Sol:
We have
f(x)=x"+6x*+11x+6
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Clearly, f(x)isa polynomial with integer coefficient and the coefficient of the highest
degree term i.e., the leading coefficients is 1.
Therefore, integer roots of f (x)are limited to the integer factors of 6, which are
+1,+2,4+3,+6
We observe that

f(~1)=(-1)’ +6(-1)° +11(-1)+6=-1+6-11+6=0

f(=2)=(-2) +6(-2)" +11(-2)+6=-8+24-22+6=0

f (~8)=(-3)" +6(-3)" +11(-3)+6=—27+54-33+6=0

. Hence, integral roots of f (x)are —1,-2,-3.

Find rational roots of the polynomial f(x) = 2x3 + x2 — 7x — 6
Sol:
We have

f(x)=2x*+x"-7x—6
Clearly, f(x)is a cubic polynomial with integer coefficient. If % is a rational roots in

lowest terms, then the value of b are limited to the factors of 6 which +1,+2,4+3,4+6 and
values of c are limited to the factors of 2 which are +1,+2.

Hence, the possible rational roots of f (x)are

142,43 46,45 +2

2
We observe that

f(-1)=2(-1) +(-1)" -7(-1)-6=-2+1+7-6=0
f(2)=2(2)"+(2)° -7(2)-6=16+4-14-6=0

3 2
EXCIRC RN RE
2 2 2 2 4 4 2

~.Hence, -1,2, 23 are the rational roots of f (x)

N
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Exercise-6.3

In each of the following, using the remainder theorem, find the remainder when f(x) is divided
by g(x) and verify the result by actual division: (1 — 8)

1. f(x)=x*+4x*-3x+10, g(x)=x+4
Sol:
We have f(x)=x>+4x*-3x+10and g(x)=x+4
Therefore, by remainder theorem when f (x)is divided by g(x)=x—(—4), the remainder
is equal to f (—4)
Now, f(x)=x’+4x*-3x+10
= f(~4)=(-4)’ +(-4)" -3(-4)+10
=—-64+4x16+12+10

=—64+64+12+10=22
Hence, required remainder is 22.

2. f(x)=4x"-3x-2x*+x-7, g(x)=x-1

Sol:
We have

f(x)=4x"-3x’-2x’+x-7and g(x)=x-1

Therefore by remainder theorem when f (x)is divide by g(x)=x—1, the remainder is
equal to f (+1)

Now, f(x)=4x*-3x*-2x*+x-7

= f (1) =4(+1)" —3(+1)° —2(+1)" +(+1)-7

= 4x1-3(+1)-2(1)+1-7

=4-3-2+41-7=-7
Hence, required remainder is —7

3. f(x)=2x"-6x"+2x*-x+2, g(Xx)=x+2
Sol:
We have
f (x)=2x"-6x°+2x*—x+2and g(x)=x+2
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Therefore, by remainder theorem when f (x)is divide by g(x)=x—(-2), the remainder is
equal to f (-2)

Now, f(x)=2x*-6x>+2x*-x+2

= f(-2)=2(-2)"-6(-2)" +2(-2)" —(-2)+2

= 2><16—6><(—8)+2><4+ 2+2

=32+48+8+4=92
Hence, required remainder is 92.

4. f(x)=4x*-12x* +14x-3, g(x)=2x-1

Sol:
We have

f (x)=4x*-12x* +14x-3and g(x)=2x-1

Therefore, by remainder theorem when f (x)is divide by g(x)= Z(X—%J, the remainder

) 1
isequalto f| =
| [2j

Now, f(x)=4x>-12x*+14x-3
3 2
N f(i :4(% _12(1j +14 1}-3
2 2 2 2

(et Hometfie2)
1 1 3

==-3+7-3=-+1="2
2 2 2

: : .3
Hence, required remainder is rh

5. f(x)=x"-6x"+2x-4, g(x)=1-2x

Sol:
We have

f(x)=x"—6x*+2x—4and g(x)=1-2x

Therefore, by remainder theorem when f (x) is divided by g (x) = —Z[X—%j, the

remainder is equal to f (%j
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Now, f(x)=x°—-6x*+2x—4

- (3] A

. . .35
Hence, the required remainder is Y

6. f(x)=x"-3x*+4, g(x)=x-2

Sol:
We have

f(x)=x"-3x*+4and g(x)=x-2

Therefore, by remainder theorem when f (x)is divided by g(x)=x—2, the remainder is
equal to f(2)

Now, f(x)=x"-3x"+4

= f(2)=2"-3(2) +4

=16—(3><4)+4=16—12+4=20—12=8

Hence, required remainder is 8.

7. f(x)=9%-3x*+x-5, g(x)zx—g
Sol:

We have f(x)=9x*-3x*+x-5and g(x)= x—%

Therefore, by remainder theorem when f (x)is divided by g(x)= x—%, the remainder is

2
equalto f| =
i (sj

Now, f (x)=9x°-3x*+x-5

- (o o3 -3)
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8 4 | 2
= /gx— — gx— +——5
27 g 3
3 3
=§—£+3—5=§—5:2-5=—3
3 3 3 3

Hence, the required remainder is -3.

a2 X2 )=t 2
8.  f(x)=3x"+2x 3 9+27,g(x) X+3
Sol:
We have
2
f(x)=3x“+2x3—%—g+2—27 and g(x):x+§

Therefore, by remainder theorem when f (x)is divided by g(x) = x—(—%), the remainder

) 2
isequalto f| ——=
| ( 3]

2
Now, f(X):3x4+2x3_X__§+£
3 9 27

5 )

4 3 | = —

— f(_gj:?,x[__zj +2[__2j _3—_i+£
3 3 3 3 9 27
6 . -8 4 (-=2) 2

=BX 42X ————— +—

7 A T [3x9j 27

27

16 16 4 2 2
= +

_16-16-4+2+2 0 _
27 27
Hence, required remainder is 0.

0

9.  If the polynomials 2x3 + ax? + 3x — 5 and x3 + x? — 4x + a leave the same remainder

when divided by x — 2, find the value of a.
Sol:

Let p(x)=2x>+ax*+3x—5and q(x)=x’+x*—4x+abe the given polynomials

The remainders when p(x)and q(x)are divided by (x—2)are p(2)and q(2)

respectively.
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By the given condition we have

p(2)=a(2)

=2(2) +a(2)’ +3(2)-5=2°+2"-4(2)+a

=16+4a+6-5=8+4-8+a

=3a+13=0=3a=-13=a=—

The polynomials ax® + 3x? — 3 and 2x3 — 5x + a when divided by (x — 4) leave the
remainders R1 and R2 respectively. Find the values of a in each of the following cases, if
() Ri=R2(ii) Rt +R2=0 (iii) 2R1 — R2=0.

Sol:

Let p(x)=ax’+3x*-3and q(x)=2x’—5x+abe the given polynomials.

Now,

R, =Remainder when p(x)is divided by x—4

=R, =p(4)

=R =a(4) +3(4)" -3 [ p(x):ax3+3x2—3]

= R =64a+48-3

- [=eta

And,

R, =Remainder when q(x) is divided by x—4

=R, =q(4)

:>R2:q(4)3—5(4)+a ['.-q(x):2x3—5x+a]

—R,=128-20+a

~[R=108+4
(i)  Given conditionis R, =R,

= 64a+45=108+a

—63a—63=0=63a=63=[a=1]
(if)  Given conditionis R, +R, =0

= 64a+45+108+a=0

= 65a+153=0=65a=-153=|a

153
65
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11.

(iii) Given condition is 2R, —R, =0
= 2(64a+45)—(108+a)=0
=128a+90-108-a=0

18

=127a-18=0=>127a=18=|a=——
127

If the polynomials ax3® + 3x? — 13 and 2x3 — 5x + a, when divided by (x — 2) leave the
same remainder, find the value of a.
Sol:

Let p(x)=ax’+3x*-13and q(x)=2x"—5x+abe the given polynomials
The remainders when p(x)and q(x)are divided by (x—2)are p(2)and q(2).
By the given condition we have
p(2)=a(2)
=a(2) +3(2)° -13=2(2)'-5(2)+a
=8a+12-13=16-10+a
:>7a—7:0:>7a:7:>a:;:>
(i) x=>x-0
By remainder theorem, required remainder is equal to f (0)
Now, f(x)=x’+3x"+3x+1
= f(0)=0°+3x0"+3x0+1=0+0+0+1=1
Hence, required remainder is 1.
(i) x+7=>x—(-7)
By remainder theorem, required remainder is equal to f (—7:)
Now, f(x)=x°+3x"+3x+1
= f(-x)= (—72')3 +3(—7r)2 +3(-7)+1
=—7°+37° =37 +1

Hence, required remainder is —7° +37° —37 +1.

w s (3

By remainder theorem, required remainder is equal to f (—gj

Now, f(x)=x’+3x*+3x+1
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-125 3x25 3x-5
= + + +

1
8 4 2
-128 75 15
=——+t—-—+1
8 4 2
_2
8

. . . =27
Hence, required remainder |37.

Exercise - 6.4

In each of the following, use factor theorem to find whether polynomial g(x) is a factor of

polynomial f(x) or, not: (1 —7)

1. f(x)=x"-6x"+11x—6; g(x)=x-3
Sol:
We have f(x)=x*-6x*+11x—6and g(x)=x-3

In order to find whether polynomial g(x)=x-3is a factor of f (x), it is sufficient to show

that f(3)=0

Now, f(x)=x°—-6x"+11x—6
= f(3)=3"-6(3)" +11(3)-6
=27-54+33-6=60-60=0

Hence, g(x)is a factor of f (x)

2. f(x)=3x"+17x*+9x* - 7x-10; g(X)=x+5
Sol:

We have f(x)=3x*+17x°+9x*-7x—-10and g(x)=x+5

In order to find whether g(x)=x—(-5)is a factor of f(x)or not, it is sufficient to show

that f(-5)=0
Now, f(x)=3x"+17x>+9x*-7x-10
= f(-5)=3(-5)" +17(-5)’ +9(-5)° —7(-5)-10
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= 3x625+17x(~125)+9x 25+35-10
=1875-2125+225+35-10

=0

Hence, g(x)is a factor of f(x)

3. f(x)=x"+3x"—x*-3x*+5x+15, g(x)=x+3
Sol:
We have f(x)=x"+3x"-x*-3x*+5x+15and g(x)=x+3
In order to find whether g(x)=x—(-3)is a factor of f(x)or not, it is sufficient to prove
that f(-3)=0

)
Now, f(x)=x"+3x*-x>-3x*+5x+15

= f(=3)=(-3)" +3(-3)" —3(-3)" +5(-3) +15
— —243+243—(-27)-3(9)+5(-3)+15
=-243+243+27-27-15+15

=0

Hence, g(x)is a factor of f(x)

4. f(x)=x"-6x"-19x+84, g(x)=x-7
Sol:
We have f(x)=x>-6x*-19x+84and g(x)=x-7
In order to find whether g(x)=x-7is a factor of f(x)or not, it is sufficient to show that
f(7)=0
Now, f(x)=x’—-6x"-19x+84
= f(7)=7"-6(7)" -19(7)+84
=343-294-133+84 =427 -427
=0
Hence g(x)is a factor f(x)

5. f(x)=3x’+x*-20x+12and g(x)=3x-2
Sol:
We have
f(x)=3x"+x*—-20x+12and g(x)=3x—-2
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In order to find whether g(x) = 3(X —%) is a factor of f (x)or not, it is sufficient to prove

that f [gj =0
3

Now, f(x)=3x%+x*-20x+12

- (A3t

8 4 40

=3x—+—=—+12

27 9 3

9
:E_@+12212—20+108:120—120:0
9 3 9 9

Hence g(x)=3x-2is a factor of f(x)

6. f(x)=2x"-9x*+x+12, g(x)=3-2x
Sol:
We have f(x)=2x°-9x*+x+12and g(x)=3-2x

In order to find whether g(x)=3-2x= —2[x—gj is a factor of f (x)or not, it is sufficient

to prove that f (g} =0

Now, f(x)=2x>-9x*+x+12

SHEAROR

27 9 3
=2x——-9x—+—+12
z 8 4 2
4
27 81 3 27-81+6+48 81-81
=—-——+4+—412= =
4 4 2 4 4

=0
Hence g(x)=3-2xis a factor of f(x)

7. f(x)=x"-6x"+11x-6, g(x)=x*-3x+2

Sol:
We have

f(x)=x>-6x*+11x—-6and g(x)=x"-3x+2
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= g(x)=x*-3x+2=(x-1)(x-2)

Clearly, (x—1)and (x—2)are factors of g(x)

In order to find whether g(x)=(x—1)(x—2)is a factor of f (x)or not, it is sufficient to
prove that (x—1)and (x—2)are factors of f(x).

i.e., we should prove that f (1)=0and f(2)=0

Now, f(x)=x’—-6x*+11x—6

= f(1)=1-6(1)+11(1)-6=1-6+11-6=12-12=0

— f(2)=2°—6(2)° +11(2)—6=8-24+22-6=30-30=0

~.(x—1)and (x—2)are factors of f(x)

= g(x)=(x-1)(x—2)is factor of f(x)

8.  Show that (x — 2), (x + 3) and (x — 4) are factors of x3 — 3x? — 10x + 24.
Sol:

Let f(x)=x’—3x"-10x+ 24 be the given polynomial.

In order to prove that (x—2),(x+3),(x—4)are factors of f(x),it is sufficient to prove
that f(2)=0, f(-3)=0and f (4)=0respectively.

Now f(x)=x’-3x*-10x+24

9.  Show that (x + 4), (x — 3) and (x — 7) are factors x3 — 6x? — 19x + 84
Sol:

Let f(x)=x>-6x*-19x+84 be the given polynomial

In order to prove that (x+4),(x—3)and (x—7)are factors of f(x),it is sufficient to
prove that f (—4)=0, 