Chapter 6
Exponents

Exponents are a way to indicate the continued product of a number multiplied with itself a

number of times.

n - -
It can be represented as: (%)" = :—n where% is any rational number.

Examples:

Example 1 — Find the value of each of the following:
(i) 112

Solution: We can write 112 = 11 x 11 = 121

(ii) 93

Solution: We can write 9° =9 x 9 x 9 = 81 x= 729
(iii) 54

Solution: We canwrite 5* =5x 5 X 5% 5 = 25 x 25 = 625

Example 2 — Find the value of each of the following:
(i) (=3)?

Solution: We can write (—3)? = (=3) x (=3) = 9

(i) (-4)°

Solution: We can write (=4)° = (—4) X (=4) x (—4) = (16) x (—4) = —64
(iii) (=5)*

Solution: We can write (=5)* = (=5) x (=5) x (=5) x (=5) = (25) x (25) = 625




Example 3 — Simplify:

(i) 2 x 103

Solution: We can write 2 x 103 =2 x 10 X 10 x 10 = 2 x 1000 = 2000
(ii) 7% x 22

Solution: We canwrite 72 x 22 =7X7X2X2=49x 4 =196

(iii) 23 x 5

Solution: We canwrite 23 X5 =2X2X2Xx5=4Xx10 = 40

(iv) 0 x 10?

Solution: We can write 0 X 102 =0x 10 x 10 =0x 100 =0

Example 4 — Simplify:

(i) 52 x 33

Solution: We can write 52 X 3% =5 X5 x3X3X3=25x9x3=25%27=675
(i) 2% x 32

Solution: We canwrite 24 X 32 =2 X2 X2X2X3X3=4%x4X9=16X9 =144

(iiii) 32 x 10*

Solution: We canwrite 32 X 10* =3 X3 x10x 10X 10 X 10 =9 X 100 X 100 = 9 X
10000 = 90000

(iv) 53 x 24

Solution: We canwrite 53 X 24 =5 X5X5X2X2X2X2=25Xx5X4%Xx4=125%X16 =
2000




Example 5 — Simplify:

(i) (=3) x (=2)?

Solution: We can write (—=3) X (=2)3 = (=3) x (=2) x (=2) x (=2) = (6) x (4) = 24

(ii) (=3)% x (=5)?

Solution: We can write (—3)? X (=5)2? = (—3) x (—=3) x (=5) x (—=5) = (9) x (25) = 225

(i) (=2)3 x (-=10)3

Solution: We can write (—2)3 x (—10)3 = (=2) x (=2) x (—=2) x (=10) x (—10) x (—10) =
4 x20x100=80x100= 8000

(iv) (=2)* x (=5)?

Solution: We can write (—2)* x (=5)? = (—2) X (=2) X (—=2) X (=2) x (—=5) X (=5) =4 x
4x25=16 x25 =400

Example 6 — Simplify:

(i) (1)°

Solution: We canwrite (1) =1x1x1x1x1=1
(i) (-1)°

Solution: We canwrite (=1)° = (D) X (D) X (DX (D x (-1 = 1) x (1) x (-1) =
1x(-1)=-1

(iii) (=1)®
Solution: We can write (—1)¢ = (=1) x (=1) X (=1) X (=1) X (—=1) x (—=1) = (1) x (1) X
(=1

(iv) (-1)7

Solution: We can write (—1)" = (-1 X (1) x (1) x (- x (-1 x (-1) x (1) = (1) x
Mx@W)x(-1)=-1




Example 7 — Express each of the following in the form s:

(i) G)?

. - 2 2 2 2X2 4
Solution: We canwrite (5)2 =< x==2=2
3 3 3 3X3 9

(i) 5?

. . -3 -3 -3, -3 —3)X(—3)x(-3 IX(-3 -27
Solution: We can write (7)3 = XX = ¢ )’;()(43:( ) — ;(M) =—

(iif) ()*

Solution: We can write (_—52)4 = _?2 N _?2 N _?2 N _?2 = XXX 4xh 16

5X5X5X5 T 25%x25 625

Example 8 — Identify the greater number in each of the following:
(i) 530r 35

Solution: We canwrite 53 =5x5x5=25x5=125and 35 =3x3x3Xx3X3=9X%
9x3=81x%x3=243

Clearly, 243 > 125
=>35>53
(ii) 280r 82

Solution: Wecanwrite 28 = 2 X2 X2 X2X2X2X2X2=4X4X4X4=16%X16 =256
and 82 =8x 8 =64

Clearly, 256 > 64

=>28 > 8?2




(iii) 21%7r 102

Solution: Wecanwrite 210 = 2 X 2 X 2 X2 X2 X2 X2X2X2X2=4X4X4X4X4=
16 X 16 X 4 =256 x4 = 1024 and 102 = 10 x 10 = 100

Clearly, 1024 > 100

=> 210 > 102

(iv) 210097 1002

Solution: We can see that 219 > 102 and 28 > 82 in the above examples

Therefore, we can say that 21°° > 1002

Example 9 — Find the product of the cube of _?2 and the square of _is

Solution: We will find () x (=)?

s (CDX(=2)x(=2) 4x4
- 3X3X3 (-5)x(~5)

_ T8, 16 _ (-8)x16 _ 128
27 25 27x25 675

Example 10 — Express the following as a rational number:

1 -3 —4
(5)3 X (?)3 X (T)Z

Solution: We have (%)3 X (_?3)3 X (%4)2

1 1 1 -3 -3 -3 -4 -4
> -X=X=X—X—X—X—X—
2 2 2 5 5 5 9 9

1 EIXEIX(E3) XD
8 5X5X5 9x9

=>

1 -27 16
=> X = X —
8 125 81




-1 2
—-27x16"
T _8x125%81

3
—1x2

125%3

-2
375

Question 11 — Simplify:
() (-3)2 x ()

] _5\2
Solution: We have (—3)? x (—)

12
= (— — Syt
>( 3)X( 3)X12X12

PN COLIE)
12Xx12

25
=>9 X —
144

9x25

244
16
> 28
16

(i) ) + G*

. ) . -2\3
Solution: Firstly we will solve (?)

-2 -2 -2
=>SX =X —
5 5 5

o COXEDX(D) _ -8
- 5X5X5 ~ 125

-3
Now, (5)4

-3 -3 -3 -3
=> X=X —X—
10 10 10 10




- (=3)x(=3)%X(=3)x(=3) __ 81
10X10X10X10 ~ 10000

N3
Thus, we have (?2) + (1—: 4

—8x80 —640
= —

81 81

Example 12 — Simplify:

M ((2) - H3yx2

Solution: We have {G)z — (§)3} x 23
) - Gxaxg) =2

3
64} 2
Now, LCM of (4 and 64) is 64

Thus, = = =2 = g (Multiplying each term by 16)

4 4x16

Thus, E_é}ng ={E_i}x23

64 64

=> (1671 o 93
64




(i) {32 - 22) + %}

Solution: We have {(3% — 2%) + (%)2}

>{(3><3—2><2)+(§><1)}

>93]

5

=>5x 2 =5x25=125
Example 13 — If a = 2 and b = 3, then find the values of each of the following:
(i) a® + b?

Solution: Sincea =2 and b = 3
Thus, a% + b? = (2)? + (3)°
=>(2x2)+(3x%x3x%x3)
=>4+4+27 =31

(i) a® + b®

Solution: Sincea =2 and b = 3
Thus, a? + b% = (2)3 + (3)2
=>(2x2x%x2)+(3x3)

=>8+9 =17




i) (5)°

Solution: Sincea = 2and b = 3

] 1 1\%
) (5 +3)
Solution: Sincea = 2and b = 3

Thus, (2 +2)° = (242)°

b 2 3

Now, LCM of 2 and 3 is 63

=16 % (Multiplying each term by 3) and

2 2x3

- = 22 = (Multiplying each term by 2)

3 3X2

Thus, G + %)2

> (5 - ()

5 _ 5x5 _ 25

6 6x6 36

Example 14 — Simplify and express each of the following as power of a rational number:

0 G (=) * (D)3




2X2X2 —6)X(—6 -7 3
_>( )X( )x(=6) , =7 | 3
3X3X%X3 7X7 4 2

8 36 -7 3
=S —X—X—X-

27 49 4 2
4 5 -1
- BXBEX(T)XF

27 X4GXAX 2~

7
4X—1 -4

=5 =G

5 5 49 4 4 4 5 3
)x(—x—)x—+(——><——><——)><-x—
5 7 7 5 5 5 5 4 4

) » (ﬁ N ((—4)x(—4)x(—4)) w553
4 4

7X7 5X5%X5

s THXRIXES —6AXEX3
T 25%49X5 | 125XAX4

=%, (12
_>5+( 25)
=4 12 .. _
_>?—E(Smce(+,-_-))

Now, LCM of (5 and 25) is 25

Thus, _?4 = _54;55 = _2—250 (Multiplying each term by 5)

12 12x1
25 25x1

= % (Multiplying each term by 1)

-4 12 -20 12 —-20-12 -32 -32
= _Z_ = _ = g — 22 _)1

5 25 25 25 25 25 (25




Example 15 — Express each of the following in exponential form:
() (=4) X (=4) X (=4) X (=4) X (=4) X (-4)
Solution: We can see that number of times (-4) is occurring = 6

Thus, (—4) X (—4) X (—4) X (—4) X (—4) x (—4) = (—4)°

.v3.3_3_3
ODEXEXEXE

Solution: We can see that number of times % is occurring = 4
Thus, X 2x 2 x2 = (D¢

Example 16 — Express each of the following in exponential form:
2x2x2xaxa

Solution: We can see that number of times 2 is occurring = 3
Number of times ‘a’ is occurring = 2

Thus, 2 X2 X 2 X axa = (2)3 x a?
(ilaxaxaxaxbxbXxcxXxcXcxXxcXc

Solution: We can see that number of times ‘a’ is occurring = 4
Number of times ‘b’ is occurring = 2

Number of times ‘¢’ is occurring = 5
Thus,aXxaxXxaXaXbXbXcXcXcXcXc=a*xb?xc®=a*b?c®
(ilaxaxax () x )

Solution: We can see that number of times ‘a’ is occurring = 3

. -2 . .
Number of times ~ Is occurring = 2




Thus, @ X a X a x (3) x () = (0)* x (2)?

Example 17 — Express each of the following numbers in exponential form:
(1) 128

Solution: Here, we will first factorise 128 as follows:

=>128=2X2X2X2X2X2X2

We observe that 2 is occurring 7 times.

Thus, 128 = 27

(ii) 243

Solution: Here, we will first factorise 243 as follows:

=>128=3Xx3Xx3Xx3X3

We observe that 3 is occurring 5 times.

Thus, 243 = 35




(iiii) 3125

Solution: Here, we will first factorise 128 as follows:

=>3125=5%Xx5x5%x5x%5

We observe that 5 is occurring 5 times.

Thus, 3125 = 5°

Example 18 — Express each of the following numbers as a product of powers of their prime
factors:

(i) 432

Solution: Here, we will first factorise 432 into prime factors as

follows:

=>432=2X2X2X2X3%X3xX3

We observe that number of times 2 is occurring = 4

Number of times 3 is occurring = 3

Thus, 432 = 2% x 33




(ii) 648

Solution: Here, we will first factorise 648 into prime factors as
follows:

=>648=2X2X%X2%Xx3%Xx3%x3x%X3

We observe that number of times 2 is occurring = 3

Number of times 3 is occurring = 4

Thus, 648 = 23 x 3*

(iii) 540
Solution: Here, we will first factorise 540 into prime factors as

follows:

=>540=2%Xx2%Xx3x3X3x%5

We observe that number of times 2 is occurring = 2

Number of times 3 is occurring = 3
Number of times 5 is occurring = 1

Thus, 540 = 22 x33 x5




Example 19 — Express the following numbers as product of powers of their prime factors:

(i) 1000

Solution: Here, we will first factorise 1000 into prime factors as

follows:

=>1000=2%X2X2%Xx5%x5x%x5

We observe that number of times 2 is occurring = 3

Number of times 5 is occurring = 3

Thus, 1000 = 23 x 53

(ii)) 16000

Solution: Here, we will first factorise 16000 into prime factors

as follows:

=>16000=2X2X2X2X2X2X2X5X5%5

We observe that number of times 2 is occurring = 7

Number of times 5 is occurring = 3

Thus, 16000 = 27 x 53
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(iiii) 3600

Solution: Here, we will first factorise 3600 into prime factors as

follows:

=>3600=2X2X2%X2%Xx3%x3%Xx5x%x5

We observe that number of times 2 is occurring = 4

Number of times 3 is occurring = 2
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Number of times 5 is occurring = 2

Thus, 3600 = 2% x 32 x 52

Example 20 — Express each of the following rational numbers in exponential form:
.\ 27
Obw

Solution: Here, we will first factorise 27 and 64 into prime factors as follows:

64
32
16

8
4
2
1

=>27=3x%x3x%3
=564 =2X2X2X2X2X2=4X4x%X4
In 27, we observe that number of times 3 is occurring = 3

In 64, number of times 4 is occurring = 3




Thus, 27 = 3% and 64 = 43

Therefore, 2—1 = z—z = (2)3 (Using the formula (%)" = Z—:
..y —27
(ll) E

Solution: Here, we will first factorise 27 and 125 into prime factors as follows:

27 125
9 25
5
1

=>27=3x3x3

=>125=5%Xx5X%5

In 27, we observe that number of times 3 is occurring = 3
In 125, number of times 5 is occurring = 3

Thus, —27 = (—3)3 and 125 = 53

Therefore, 172; = (_533)3 = (_?3)3 (Using the formula (%)" = Z—:)

(iii)%

Solution: Here, we will first factorise 243 into prime factors as follows:

243
81
27
9

3

1




=>243=3Xx3%Xx3X%Xx3x%3
In 243, we observe that number of times 3 is occurring =5

Thus, —1 = (—1)° and 243 = 3°

Therefore, % = (—3_15)5 = (_?1)5 (Using the formula ()" = Z—:)
Exercise 6.1

Question 1 — Find the value of each of the following:
(i) 132

Solution: We can write 132 = 13 x 13 = 169

(ii) 73

Solution: We can write 73 =7 X 7 X 7 = 343

(iii) 3

Solution: We can write 3* = 3 x 3 x 3 x 3 = 81
Question 2 — Find the value of each of the following:
(i) (=7)?

Solution: We can write (=7)? = (=7) x (=7) = 49
(i) (—=3)*

Solution: We can write (- 3)4 =(-3)x(-3)x(-3)x(-3) =9%x9 =81

(i) (=5)°

Solution: We can write (- 5)5 = (=5) X (=5) x (=5) x (=5) x (=5) = 25 x 25 x (—=5) =
625 x (—=5) = —3125

Question 3 — Simplify:
(i) 3 x 10?

Solution: We can write 3 X 102 =3x 10 X 10 = 3 x 100 = 300




(ii) 22 x 53

Solution: We can write 22 x 53 =2 Xx2x5x5x5=4x25%x5=100x%5 =500
(iii) 33 x 52

Solution: We can write 3% x 52 =3 X3 x3x5X5=9x3x25=27X25=675
Question 4 — Simplify:

(i) 32 x 10*

Solution: We canwrite 32 x 10* =3 x3xXx10x 10X 10X 10 =9 x 100 x 100 = 9 X
10000 = 90000

(ii) 2% x 32

Solution: Wecanwrite 24 x 32 =2 X2 X2X2X3X3=4%Xx4X9=16%X9 = 144

(iiii) 52 x 3*

Solution: We canwrite 52 X 3* =5x5X3X3X3X3=25X9Xx9=225%x9 = 2025

Question 5 — Simplify:

(i) (=2) x (=3)°

Solution: We can write (=2) X (=3)3 = (-2) x (-3) x (-3) x (=3) =6 x9 =54
(ii) (=3)% x (=5)°

Solution: We can write (—3)? x (—=5)3 = (—3) X (—=3) X (=5) X (=5) x (=5) = 9 x 25 X
(=5) =225%x (-5) = —1125

(i) (—=2)° x (—10)2

Solution: We can write (—2)° X (—=10)2 = (—=2) x (—2) x (=2) x (=2) x (—=2) x (—10) x
(-10) =4 x4 x(—-2)x100=16 x (—2) x 100 = =32 x 100 = —3200

Question 6 — Simplify:

(i) §)?

. . 3 3 3 3X3 9
Solution: We canwrite (5)? == x> =""=—
4 4 4 4X4 16




(i) 5)*

- . -2 -2 -2 -2 -2 -2 -2 -2 -2 4X4 16
Solution: We can write (22)* = =2 x 2 x 2 x 2 = (CRXC2XEDx(z2) _ 4xt _ 16
3 3 3 3 3 3X3%X3X%X3 9%x9 81

(iii) ()°

Solution: We can write (—3)5 = =% x =% x = x —* x = = CRXCOXEHXCHXE)
5 5 5 5X5X5%X5X5
16X16X(—4) _ 256x(—4) _ —1024

25X25x5 625x5 3125

Question 7 — Identify the greater number in each of the following:
(i) 25 or 52

Solution: Wecanwrite 2° =2 X 2X2X2X2=4X4%x2=16%x2=32and 52 =5x5 X
=25

Clearly, 32 > 25

=> 25 > 52

(ii) 3* or 43

Solution: We canwrite 3* =3 x3Xx3x3=9%x9=81land43 =4Xx4x4=16 x4 = 64
Clearly, 81 > 64

=>3* > 43

(iii) 3% or 53

Solution: We canwrite 3° =3 x3xXx3Xx3x3=9%x9x3=81x3=243and 53 =5 x
5xXx5=25%x5=125

Clearly, 243 > 125

=>3%>53




Question 8 — Express each of the following in exponential form:

() (=5) X (=5) X (=5)

Solution: We can see that number of times (-5) is occurring = 3
Thus, (—5) X (=5) x (=5) = (-5)3
(i) (X P X)X ()

Solution: We can see that number of times _75 is occurring = 4

Thus, () X () X () X (3) = (3"

.4 4 4 4 4
([l =X =X =X=X~=
3 3 3 3 3
. . 4 . .
Solution: We can see that number of times 5 Is occurring = 5

4 4 4 4 4 4
Thus, = X=X =X =X==(2)°
3 3 3 3 3 3

Question 9 — Express each of the following in exponential form:

xxxxxxxxaxaxbxbxhb

Solution: We can see that number of times ‘x’ is occurring = 4
Number of times ‘a’ is occurring = 2

Number of times ‘b’ is occurring = 3

Thus, x X x X x XxXaXaXbXbxb=x*xa®xb?=x*a?b3

(i) (-2)x(-2)x(-2)x(-2)xaxaxa
Solution: We can see that number of times (-2) is occurring = 4

Number of times ‘a’ is occurring = 3

Thus, (=2) X (=2) X (=2) x (-2) X axaxa=(-2)*x a3




ey (-2 -2
(|||)(?)><(?)><x><x><x
Solution: We can see that number of times _?2 Is occurring = 2

Number of times ‘X’ is occurring = 3

Thus, (_?z)x(_?z)xxxxxx=(_?2)2xx3

Question 10 — Express each of the following numbers in exponential form:
(i) 512

Solution: Here, we will first factorise 512 as follows:

=>512=2X2X2X2X2X2X2X2X%X2

We observe that 2 is occurring 9 times.

Thus, 512 = 2°

N N N N NN N NN

(ii) 625

Solution: Here, we will first factorise 625 as follows:

=>625=5X5X5x%X5

We observe that 5 is occurring 4 times.

Thus, 625 = 5%




(iii) 729

Solution: Here, we will first factorise 729 as follows:

=>729=3Xx3Xx3%Xx3X3x%X3

We observe that 3 is occurring 6 times.

Thus, 729 = 3¢

Question 11 — Express each of the following numbers as a product of powers of their prime

factors:

(i) 36

Solution: Here, we will first factorise 432 into prime factors as

follows:

=>36=2X2X%Xx3X3

We observe that number of times 2 is occurring = 2

Number of times 3 is occurring = 2

Thus, 36 = 22 x 32




(ii) 675

Solution: Here, we will first factorise 675 into prime factors as

follows:

=>675=3%x3%x3x5x%5

We observe that number of times 3 is occurring = 3

Number of times 5 is occurring = 2

Thus, 675 = 33 x 52
(iiii) 392

Solution: Here, we will first factorise 392 into prime factors as

follows:

=>392=2X2X2X7X7

We observe that number of times 2 is occurring = 3

Number of times 7 is occurring = 2

Thus, 392 = 23 x 72

Question 12 — Express each of the following numbers as a product of powers of their prime
factors:

(i) 450

Solution: Here, we will first factorise 450 into prime factors as

follows:

=>450=3x3Xx2x5x%5

We observe that number of times 2 is occurring = 1

Number of times 3 is occurring = 2




Number of times 5 is occurring = 2
Thus, 450 = 2 x 32 x 52

(i) 2800

Solution: Here, we will first factorise 2800 into prime factors as
follows:

=>2800=2X%X2X2X2X5%Xx5%x7

We observe that number of times 2 is occurring = 4

Number of times 5 is occurring = 2

Number of times 7 is occurring = 1

Thus, 2800 = 24 x 52 x 7

(iii) 24000

Solution: Here, we will first factorise 24000 into prime factors as
follows:

=>24000=2X2X2X2X2X2x3Xx5%x5%x5

We observe that number of times 2 is occurring = 6

Number of times 3 is occurring = 1

Number of times 5 is occurring = 3

Thus, 24000 = 2 x 53 x 3
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Question 13 — Express each of the following as a rational number of the form :—’:

(i) G)?

2
Solution: We can write (S)

(i) &)?

3
. . 7 7 TXTX7 343
Solution: We can write (—) X = = =22
9 9 9 9X9Xx9 729

(iif) (5D*

4
. . -2 -2 -2 -2 -2 -2 -2 -2 -2 4X4 16
Solution: We can write (—) T2 T2 TE s EXCEDXEDX(Z2) _ axd 16
3 3 3 3 3 3X3X3X%X3 9%9 81

Question 14 — Express each of the following rational numbers in power notation:
.\ 49
Obw

Solution: Here, we will first factorise 49 and 64 into prime factors as follows:

64

32

16

=>49=7x7

=64 =2X2X2X2X2%Xx2=8x%8

In 49, we observe that number of times 7 is occurring = 2
In 64, number of times 8 is occurring = 2

Thus, 49 = 72 and 64 = 82




Therefore, :—Z = ;—2 = (g)2 (Using the formula (%)" = ‘;—:

(i) o5

Solution: Here, we will first factorise 64 and 125 into prime factors as follows:

125
25
5

1

=>04=2X2X2X2X2X2=4%X4x%x4
=>125=5%x5X%5

In 64, we observe that number of times 4 is occurring = 3
In 125, number of times 5 is occurring = 3

Thus, —64 = (—4)3 and 125 = 53

Therefore, 176: = (_543)3 = (_?4)3 (Using the formula (%)” = Z—:)




(iif) ¢

Solution: Here, we will first factorise 216 into prime factors as follows:
=>216=2%x2X2%x3%x3x%X3

In 216, we observe that number of times 2 is occurring = 3 and number
of times 3 is occurring = 3

Thus, —1 = (—=1)3and 216 =23 x 33 =(2x3)3 =63

— —-1)3 - . n
Therefore, ﬁ = % = (?1)3 (Using the formula (%)" = Z—n

Question 15 — Find the value of each of the following:

0F) x2x ()
Solution: We have (_71)2 X (2)% x (Z)2

-1 -1 3.3
=S =X —=X2X2X2X=X-=
2 7 2 47 4

@ () x &t (55)

Solution: We have ("?3)4 x (3)4 % (—1_185)2




= (—3)%x(—-3)%x(-3)x(-3) x 4X4X4X4 % (—15)%x(-15)
- 5X5X5X5 9X9X9IX9 18x18
e e ?
- 8% 256 2B
625 " 6s6x 324 .

25 8T o

64 64
25x9x81 18225

Question 16: If a =2 and b = 3, then find the values of each of the following:
() (a+ b)*

Solution: Sincea =2 and b = 3
Thus, (a + b)* = (2 +3)?

=> (5)?

=>5x5=25

(ii) (ab)”

Solution: Sincea =2 and b = 3
Thus, (ab)? = (2x3)3

= (6)°

=>6X6X%X6=216

(iii) &)

Solution: Since a = 2 and b = 3

Thus, @ = (3)’




Solution: Sincea = 2and b = 3

2
Thus, G +2)¢ = (2+2)

Now, LCM of3and 2 is 6

52 _2x2 _ % (Multiplying each term by 2) and

3 3x2

3 _ 3x3

3x3 _ % (Multiplying each term by 3)

2 2x3
2 2
3 4 9

6 6

Thus, (g + 5)

- (4+9)2 _ (13)2 _ 13x13
6 6 6x6

36

Laws of Exponents

First law: It states that for any non-zero rational number ‘a’ and natural numbers ‘m” and ‘n’, we
have a™ x a™ = a™*™. It means that while multiplying two exponents having same base and

different powers, powers get added and base remains same.

Second law: It states that for any non-zero rational number ‘a’ and natural numbers ‘m’ and ‘n’

"~ — @™ It means that while dividing two exponents

an

having same base and different powers, powers get subtracted and base remains same.

such that m > n, we have a™ =+ a™

Third law: It states that for any non-zero rational number ‘a’ and natural numbers ‘m’ and ‘n’,

we have(a™)™ = a™" = (a™)™.




Fourth law: It states that for any non-zero rational numbers ‘a’ and ‘b’ and natural number ‘n’,

we have a™ X b™ = (ab)™.

Fifth law: It states that for any non-zero rational numbers ‘a’ and ‘b’ and natural number ‘n’, we

a _ avn
havebn = (b) .

Examples:
Example 1 — Using laws of exponents simplify and write the answer in exponential form:
(i) 25 x 23

Solution: Here we can see that in multiplication of two exponents, base is same and powers are

different. Thus, we will use the law as follows: a™ x a® = a™*™"
=> 2% x 23 = 205%3) = 28
(i) 32 x 3* x 38

Solution: Here we can see that in multiplication of three exponents, base is same and powers are

different. Thus, we will use the law as follows: a™ x a™ X a? = g™t"+P
= 32 % 34- % 38 - 3(2+4-+8) - 3(6+8) — 314-
(iii) 615 + 610

Solution: Here we can see that in division of two exponents, base is same and powers are

different. Thus, we will use the law as follows: a™ + a™

=> 615 =~ 10 = (15-10) — 45

(iv) (5%)?

Solution: Here, we will use the law as follows:( a™)" = a™*" = (a™)™

= (53)2 — 5(3><2) = 56




(V) (7%)?% + 73

Solution: Firstly we will use the law as follows: ( a™)" = a™"™ = (a™)™
=> (72)3 = 7(2x3) = 76

Now, we have (72)3 + 73

=>76=+73

Now, by using a™ <+ a™

=>76+73 =763 =73

(vi) 25 x 35

Solution: Here we can see that in multiplication of two exponents, base is different and power is

same. Thus, we will use the law as follows: a™ x b™ = (ab)™
=>2%%x3%=(2x%x3)°=6°
(vii) a* x b*

Solution: Here we can see that in multiplication of two exponents, base is different and power is

same. Thus, we will use the law as follows: a™ x b™ = (ab)™
=>a* x b* = (a X b)* = (ab)*
(viii) (220 + 215) x 23

Solution: Firstly, we can see that in division of two exponents, base is same and powers are

different. Thus, we will use the law as follows: a™ + a™

= (220 = 215) — 2(20—15) — 25

Now, we have 2° x 23

Using a™ X a™ = a™*"




=>25 %23 = 2(5+3) = 28

Example 2 — Simplify and express each of the following in exponential form:
.. 37

) 3558

Solution: Firstly we will use the law a™ x a™ = a™*"

37
- 3(4—+3)

m
Now, by using a™ = a" = == = a™ ", we have

an

:>3—7 = 3(7_7) = 30 =1
37

(ii) {(5%)3 x 5%} + 57

Solution: Firstly we will use the law (a™)" = a™" = (a™)™
=> {(5%)3 x 5%} + 57 ={(5)?*3 x 5*} + 57 = {5° x 5%} + 57
Now, using a™ x a™ = a™*", we have

{56 x 54} = 57 = (5)6** + 57 = 510 - 57

m
— = a™™ ™ we have

H m . ,n
Now, using a™ + a o

510 . 57 — §10-7 — 53
..y 37
(iii) (5 x 35

m
— = a™™", we have

Solution: Firstly, by using a™ + a™

37 -
=> () x 3% = (3)7% x 35 =35 x 3°




Now, by using a™ x a™ = a™*", we have
35 X 35 — 3(5+5) = 310

(iv) 45xa8p3
45xaSp?

5 8b3

45xa
45xa5h?

Solution: We can write

Now, using a™ = i a™™ ™ we have

=> (4)575 x (a)85 x (b)3~2

=>4%x a3 x b

=>1xa®xb=ad’b

Example 3 — Simplify and express each of the following in exponential form:
(i) 25 x 55

Solution: By using a™ X b™ = (ab)™, we have

25 x 5% = (2x5)°=10°

(i) 23 x 22 x 55

Solution: Firstly by using a™ x a™ = a™*", we have
23 %22 x 5% =(2)B+2 x 55 =25 x 55

Now, by using a™ x b™ = (ab)™, we have

25 %55 =(2x5)°>=10°




(iii) {(2%)3 x 36} x 5°

Solution: Firstly by using( a™)™ = a™*" = (a™)™, we have
{(2%)% x 36} x 56 = {(2)@*3 x 3%} x 56 = {2° x 3} x 5°
Now, by using a™ x b™ = (ab)™, we have

{26 x 36} x 5° = (2 x 3)® x 56 = 6° x 5°

Again, by using a™ X b™ = (ab)™, we have

6% X 5% = (6 x 5)° = 30°

(iv) ) x b

5
Solution: We can write (%)5 X b10 = :—5 X h10

Now, using a™ <+ a™ a—:l =a™", we have

=>a° X (b)10—5

=>a® X b®

Now, using a™ x b™ = (ab)™, we have

=> a® x b®> = (a X b)°® = ab®

Example 4 — Write exponential form for 8 x 8 x 8 x 8 taking base as 2.
Solution: Firstly, we can see that 8 is occurring 4 times.

Thus we have, 8 x 8 x 8 x 8 = 8*

And8=2x2x2

=>8x8x8x8=28"*"=(2%)*




Now, by using( a™)™ = a™"™ = (a™)™, we have

=> (23)4 — (2)3)(4 — 212

Example 5 — Simplify and write each of the following in exponential form:
(i) 8% + 23

Solution: Since 8 =2 x 2 x 2 = 23

2 342
—~Q2 .93 _8 _ (27
_>8 '2 _23_ 23

Now, using( a™)™ = a™*™ = (a™)™, we have

=> —(23)2 = @
23 23

m
Now, by using a™ = a™ = == = a™™ " we have

an

(2_26 — (2)6—3 — 23

(ii) 25* + 53
Solution: Since 25 =5 x 5 = 52

254 _ (52)4-

=>25%+53 =

53 53

Now, using( a™)™ = a™*™ = (a™)™, we have

_ Y _

53 53

m
Now, by using a™ + a™ = a—n =a™ ", we have
a

(2_28 — (5)8—3 =55




...\ 28xa’>
(i) 257

Solution: Since 4 =2 x 2 = 22

8xa® _ 28xa®
3xa3®  (22)3xa3

. 2
Thus, we can write ”

Now, using( a™)™ = a™*™ = (a™)™, we have

28xa®  28xa® _ 28xa®
(22)3xa3 - (2)2%3xa3 - (2)6xa3

28 a5
=>— X —
26 a3

m
Now, by using a™ = a™ = == = a™™ " we have

an
=>(2)%7° x (a)>~3

=>2%2x a?

=> (2 x a)? = (2a)?

.\ 23x3%x4
(iv) 3x32

Solution: Since 4 =2x2=2%2and32=2X2X2x%x2x2=25

23x3%x4  23x3*x2?
3x32  3x25

Thus,

23x22x3%
== -
3x25

Using a™ x a™ = a™*™, we have

- (2)3+2X34 _ (2)5X34-
T 3x25 T 3x25

25 3%
= x =
25 3

m
— = a™™", we have

By using a™ + a™




=>(2)°7° x (3)* 1
=>20%x33=1x33=33

Example 6 — Simplify:

(I) 255 X 260 _ 297 X 218

Solution: Using a™ X a™ = a™*™", we have

=> (2)55+60 _ (2)97+18

=> 2115 _ 2115 — O

(ii) 23 x a3 x 5a*

Solution: We can write 23 x a3 x 5a* = 23 x5 x a® x a*
=>8x5xa®xa*

=>40 X a3 x a*

Now, using a™ x a™ = a™*", we have

=>40 x (a)3**

=>40x a’ =40a’

n+

..., 3n43n+1 h . tural b
(i) snrigw Where n is a natural number.

Solution: Since 3™**1 = 3" x 31

3430+l gnygnygl
' 3n+1_3n - 3Nnx31l_3n

Thus

Taking out common factor (3n)

__ 3™"@+3Y)
~ 7 3n(3lop)

_.3"4) 3 _ 2?2

3n)  3n 7 2




=> 31’1—Tlx22—1
=>30x 21
=>1x2=2

Example 7 — Simplify:

(i) 124x93x4
63x82x27

Solution: We will first convert the numbers into prime factors as follows:

12 x93 x4  (2x2x3)*x(3x3)>x(2x2)
63x82x27 (2x3)3x(2X2%x2)2x(3x3x3)

(22x3)*x (323 x (23) _ (2)* x (3)* x (3%)® x (2?)
(23 x (3 x (292 x (3% (23x(3)* x (29 x (3%

Since (a™)" = a™™ = (a™)™

(2)° x (3)* x (3)° x (2%)
(2)% x(3)% x (2)° x (3%)

((2)° x (%) x ((3)* x (3%))
((2)% x (2)°) x ((3)* x (3%))

Using a™ X a™ = a™*™", we have

28+2 X 34+6 210 X 310

23+6 x 33+3 - 29 x 36

210 310
29 X 36

m
By using a™ + a® = %~ = ¢™ ", we have
an

21079 % 31076 = 21 x 3% =2 x 81 = 162




..\ 25x52x¢8
( ) 103xt4—

Solution: We will first convert the numbers into prime factors as follows:

25x 5% xt% (5x5)x(5)%x (t)°
103 xt* (2% 5)3x ()4

(5)2x(5)*x(H)8 _  (5)**2x(t)8
(2)3x(5)3x()*  (2)3x(5)3x(t)*

(Using a™ x a™ = a™*™)

G x(H8  _ (5)*3x(6)8*
(2)3x(5)3x()* (2)3

m mn)
_=a_

7 m _. n
(Using a™ +~a —

5x(0)* 5x(6)* 5t*
23 8 8

...\ 3°x10°x25
() —5rees

Solution: We will first convert the numbers into prime factors as follows:

35x10°x25 3%x (2x5)°x(5)?
57x65  (5)7x(2x3)*

35 x (2)°> x 5% x (5)?
(5)7 x (2)* x 34

m
— =a™™", we have

Using a™ X a™ = a™™™ and a™ + a™

35 % (2)° x5°*2 3% x(2)°x 57
(5)7 x (2)4x 3% (5)7 x (2)* x 34

21x31x59=2x3%x1=6




Example 8 — Express each of the following as a product of prime factors only in exponential

form:
(1) 108 x 192

Solution: Using prime factorisation of 108 and 192, we have

108 192

54 96

9 24

2
2
3 27 48
3
3

3 12

1 6

3
1

We canseethat 108 =2 x2x3x3x3=2%2x3%and

192 =2X2X2X2X2X2%x3=2%9x%x3

Thus, 108 x 192 = (22 x 33) X (2° x 3)

(22x26) x (33 x 3)
Using a™ X a™ = a™*™", we have

22+6 X 33+1 — 28 X 34-




(i) 729 x 64

Solution: Using prime factorisation of 729 and 64, we have

729
243
81
27
9

3

1

We canseethat 64 =2 X2 X2 X2 X2 X2 =2%and
729 =3x3x3x3%x3x3=3°

Thus, 729 x 64 = 36 x 2°

Example 9 — Compare the following numbers:

(i) 2.7 x 1012 and 1.5 x 108

Solution: We know that 2.7 = % and 1.5 = %

Thus, 2.7 X 1012 = % x 1012 =27 x 101271 =27 x 101!

1.5 x 108 :i—ix 108 =15 x 1081 = 15 x 107

=> (27 x 1011) — (15 x 107)
=> (27 x 107 X 10%) - (15 x 107)
=>3 x 107((9 x 10%) — 5))

=>3 % 107(90000 — 5)




=>3 x 107(89995) is clearly greater than zero

Thus, 2.7 x 102 > 1.5 x 108

(i) 4 x 10'* and 3 x 107

Solution: (4 x 10*) — (3 x 107)

=> (4 x 107 x 107) - (3 x 107)

=>107(4 x 107 — 3)is clearly greater than zero

Thus, 4 x 10 >3 x 107

Example 10 — Find the values of ‘n’ in each of the following:
(i) 2%)" = (2%)*

Solution: By using( a™)™ = a™*™ = (a™)™, we have
25" = (2%)*

= 22n - 212

Since the base is same, we can equate the powers as follows:
2n=12

12
=>n=—=2=6
2

(ii) 257 = 2n = 2¢

m
Solution: Using a™ + a™ = — = a™™" we have

25n +Zn — 24—

25n—n - 24—

24-71 — 24—




Since the base is same, we can equate the powers as follows:

4
=>n=-=1
4

(i) 275 x 574 = 5

n5n

Solution: We can write it as: z—SX— =5

54

2Mxs5n
=> =75
25x5%

By cross multiplication, we get

2" x 5" =5 x 2° x 54

2" x 5™ = 25 x 541

2" X 5" =25 x 55

(2x5)"=(2x5)°

10™ = 10°

Since the base is same, we can equate the powers as follows:
n=>5

(iv) 27 x 57 = 1250

Solution: We can write it as follows:

271 n

2" x 51

27 x5t 120

Since, 1250 =2 X5X5X5x5=2x 5%




271 571
Thus, == = 2 x 5%
27 x5%

By cross multiplication, we have

2" x 5" =2 x 5% x 27 x 5%

2N x 5n — 21+7 X 54+4

2" x 5™ =28 x 58

(2x5)"=(2x5)8

10" = 108

Since the base is same, we can equate the powers as follows:
Thus, n = 8

(v) 52 x 323 = 135

Solution: We can write it as follows:

5n 2n

¥X?=135

Since, 135=3x3x3x5=5x33

5" x3%" 3
Six3 5x%x3

Thus,
By cross multiplication, we have
5" x 32" =5x 33 x5%2x 33

57 x 32" = 53 x 36




Now, 32" = (3%)® = 9™ and 3% = (3%2)3 =93

Thus, 5" x 9 = 53 x 93

(5x9)" =(5%x9)3

45™ = 453

Since the base is same, we can equate the powers as follows:
Thus, n = 3

Example 11 — If 25" + 100 = 52"~ find the value of n.
Solution: We can write it as follows:

100 = 52n~1. 2571

Now, 25 =5x5=52and 100 =2 x 2 X 5 X 5 = 22 x 52

Thus, 22 x 52 = 52n-1 _ (52)n-1

22 X 52 - 52n—1 _(5)2n—2

22 52 = 57 (5
5 52
e

5 25

22 x 52 =

5x5%"—(5)%"
25

22 x 52 =

521 (5-1)
25

22x5%=
By cross multiplication, we have
22x52x25=5%" x4

22 x 52 x 52 = 52" x 22

22x52x5%2

— 52n




22-2 % 52+2 — §2n
20 x 5% =521
1x 5%=52"
54 - 52n
Since the base is same, we can equate the powers as follows:
Thus, 2n = 4
=>n= é =2
2
Example 12 — Find ‘n’ such that
i (23 2\5 _ (2\n-2
H x5 =03
Solution: Firstly by using a™ x a™ = a™*", we have

2 ey 2o
FEH = Q"

2 2
(5)(8) = (g)”_z
Since the base is same so we can equate the powers as follows:
8=n-2
=>8+2=n

=>n=10

(i) G x Cm = ™

Solution: Firstly by using a™ x a™ = a™*", we have

125
( 8

5
(5+n) — Z\18
) = ()




125  5x5x5 53 5
Now, — = ===()3
8 2X2X2 2 2

ThUS, (3)3)(5+n) — (2)18

5 5
“N\(15+3n) — ()18
) &)

Since the base is same so we can equate the powers as follows:
15+3n=18

3n=18-15

2_(2)° .(8)° ¢ a3
Example 13 — If e (3) : (7) , find the value of (p)

Solution: Since a® = 1 for any ‘a’

__9X9X9 _ 729

T axax4 64




Example 14 — Find the value of ‘m’ so that

(=3)™*1 x (-3)° = (-3)’

Solution: Firstly, by using a™ x a™ = a™*™, we have
(=3)m+145 = (=3)7

(=3)™*¢ = (=3)7

Now, since the base is same so we can equate the powers

m+6=7

Exercise 6.2

Question 1 — Using laws of exponents simplify and write the answer in exponential form:

(i) 23 x 2% x 25

Solution: Here we can see that in multiplication of three exponents, base is same and powers are

different. Thus, we will use the law as follows: a™ x a™ X a? = g™+"+P
= 23 x 24 % 25 — 2(3+4-+5) — 2(7+5) — 212
(ii) 512 = 53

Solution: Here we can see that in division of two exponents, base is same and powers are

different. Thus, we will use the law as follows: a™ + a™

=> 512 . 53 — 5(12-3) — §9




(iii) (7%)°

Solution: Here, we will use the law as follows:( a™)™ = a™*" = (a™)™
= (72)3 = 7(2x3) — 76

(iv) (3%)5 + 34

Solution: Firstly we will use the law as follows:( a™)" = a™"™ = (a™)™
= (32)5 = 3(2x5) = 310

Now, we have (3%)* + 3*

=> 310 - 34

Now, by using a™ <+ a™

=> 310 - 34 — 3(10-4) — 36

(v) 37 x 27

Solution: Here we can see that in multiplication of two exponents, base is different and power is

same. Thus, we will use the law as follows: a™ x b™ = (ab)™
=>3"x2"=(3x%x2)" =6’
(vi) (521 + 513) x 57

Solution: Firstly, we can see that in division of two exponents, base is same and powers are

different. Thus, we will use the law as follows: a™ + a™

= (521 = 513) — 5(21—13) — 58

Now, we have 58 x 57
Using a™ x a™ = a™*"

=>58 % 57 = 5(8+7) — 515




Question 2 — Simplify and express each of the following in exponential form:
(i) {(2%)* x 28} + 212
Solution: Firstly we will use the law (a™)™ = a™" = (a™)™
=> {(23)* x 28} + 212 = {(2)3** x 28} = 212 = {212 x 28} + 212
Now, using a™ X a™ = a™*", we have
{212 X 28} - 212 — (2)12+8 - 212 — 220 - 212
am

Now, using a™ + a™ = — = a™™", we have
a

220 - 912 — 920-12 _ 98
(i) {8% x 8%} + 83

Solution: Firstly we will use the law a™ x a™ = a™*", we have
{82 x 8%} + 83 = (8)2** + 83 =86 + 83

Now, using a™ <+ a™ A a™™ ™, we have

86~ g3 =g6-3 = g3

Now,8=2x2x2

Thus, 83 = (23)3 = (2)33 = 29

(ii) (Z) x 5°

m
— =a™™", we have

Solution: Firstly, using a™ + a™

7

5
§> X 53 =5772 x 53




Now, using the law a™ x a™ = a™*", we have
55 x 53 = 55+3 =58

54xx10y5
(iv) 2

54xx7y4

><xlO:yS

x7y4-

Solution: We can wrlte

Now, using a™ + a™ = Z—: =a™ ", we have

=> (5)44* x (x)10-7 x (y)5—4

=>50xx3xy

=>1xx3xy=x3y

Question 3 — Simplify and express each of the following in exponential form:
(i) {(3%)% x 2°} x 5°

Solution: Firstly by using( a™)™ = a™ ™ = (a™)™, we have

{(3%)% x 26} x 5° = {(3)@*3) x 26} x 5¢ = {3° x 26} x 5°

Now, by using a™ x b™ = (ab)™, we have

{36 x 26} x 5 = (3 x2)% x5°=6°x5°

Again, by using a™ x b™ = (ab)™, we have

6% X 56 = (6 x 5)° = 30°

i) (%) x y2 x 22

Solution: Using the law (a™)™ = a™" = (a™)™




12
We have % X y24 x (2)3%4
x12

:>ny24 X 212

m
Now, using a™ + a™ = = = a™™, we have

=> x12 x (y)24-12 x 212
=> x12 x y12 x 212

Now, using a™ x b™ x ¢c™ = (abc)™, we have

=> (2xy)*

@ (3)" )

Solution: By using a™ x a™ = a™*", we have

5 6+2 - (5)8

Solution: By using a™ x b™ = (ab)™, we have
5 5 5 5
() *E)=Gx2) =6)
Question 4 — Write 9 X 9 X 9 X 9 x 9 in exponential form with base 3.
Solution: Firstly, we can see that 9 is occurring 5 times.
Thus we have, 9 Xx 9 X9 X 9 X 9 = 9°
And 9 = 3 x 3 =32

=>9X9X9x9x9=09°=(32)°




Now, by using( a™)™ = a™"™ = (a™)™, we have

=> (3%)% = (3)¥S = 310

Question 5 — Simplify and write each of the following in exponential form:
(i) (25)3 + 53

Solution: Since 25 =5 x 5 = 52

— . 25° _ (5%)°
=> (25)3 +53= s
Now, using( a™)™ = a™ ™ = (a™)™, we have

=> _(52)3 = @
53 53

m
Now, by using a™ + a™ = == = a™ " we have

an

(ii) (81)° + (3%)°

Solution: Using( a™)™ = a™™ = (a™)™, we have
(81)° + (3%)° = (81)° + (3)¥°

= (81)5 + 310

Now, since 81 =3 x3x 3 x 3 = 3*

Thus, (81)° + 310 = (3%)> + 310

Again, by using( a™)™ = a™" = (a™)™, we have

(34)5 + 310 = (3)4—x5+ 310 =320 . 310

m
— =a™™", we have

Now, by using a™ + a™




(3)20

310 - (3)20—10 = 310

98><(x2)5
(”I) (27)4—X(x3)2

Solution: Since9 =3x3=32and27=3x3x3=33

98><(x2)5 _ (32)3><(x2)5

Thus’(27)4x(x3)2 T (33)tx(x3)2

Now, by using( a™)™ = a™*™ = (a™)™, we have

(3)2X8X(x)2><5
(3)3X4X(x)3><2

316><x10
312% %6

= a™™ ™" we have

By using a™ x b™ = (ab)™, we have
=> (3x)*

(iv) 32x78x136
212x913

Solution: We will first convert the numbers into prime factors as follows:

32x7°%x13°  32x7%°x13°
212x913  (3x7)2x(13x7)3

32x 78 x13°
(3)2x72x (13)3x 73

Using a™ X a™ = a™*™, we have




32x78x13%  _  32x78x13°
(3)2x72*t3x(13)3  (3)2x7°%(13)3

am

By usinga™ + a™ = — = a™™ ", we have

an
3272 x 785 x 13673 =3"%x73x133=1x73x133=73x 133
Now, by using a™ x b™ = (ab)™, we have

73 x 133 =(7x13)3=913

Question 6 — Simplify:

(I) (35)11 X (315)4 _ (35)18 X (35)5

Solution: Firstly, by using( a™)™ = a™™" = (a™)™, we have

=> (3)5%11 x (3)15%4 — (3)5%18 x (3)5%5

=> 355 % 360 _ 390 y 325

Now, by using a™ x a™ = a™*", we have

= (3)55+60 _ (3)90+25

= 3115 _ 3115

16x2n+1_gx2n

( ) 16x2n+2_2x2n+2

Solution: Since 16 = 2x2x2x2 = 2%and 4 = 2x2 = 22
Thus, we can write it as follows

2% x 21 — 22 x 2n
24- X 2n+2 _ 2 X 21‘L+2

24 X 2" x 2 — 22 x 2"
24 X 2" X 22 — 2 X 2" X 22




25 x 2" — 22 x 2m
26 x 21 —2n x 23

22x2™(23-1) _ 22x2™(8-1) _ 22x2™(7) _ 22x2"
23x2™(23-1) 23x2™(8-1) 23x2™(7) 23x2"

m
Now, by using a™ + a" = *- = ™™, we have
a

22x2" _ 2 m 20
23x2n 232 21

(iii) 10x5"+t1425%5m
3x5n+2410x5n+1

Solution: Since 10 = 2x5 and 25 = 5x5 = 52
Thus, we can write it as follows

2 X 5% 5" 452 x5
3 x5n*t2 4+ 2 x5 x 5ntl

2X5%X5"%x5+5%2x%x5"
3Xx5"mx524+2x5%x5"%x5

2 X 52 x 5" 452 x5
3X5mx5242x%x52x5"

52x5™(2+1) _ 5%x5™(3)
52x5M(34+2) 52x5M(5)

m
= a™ ™ we have

Now, by using a™ + a™

52x5™(3) _ 3x5M Mx5272
52x5M(5) 5




.| (16)7x(25)5%(81)3
(iv) (15)7x(24)5%(80)3

Solution: We will first convert the numbers into prime factors as follows:

(16)7 x (25)° x (81)®  (2x2x2x2)" x (5%5)°Xx (3 X3 x3Xx3)>
(15)7 x (24)5 X (80)3  (3%X5)7 X (2X2X2X3)5X(2X2X2X%X2Xx5)3

(24)7 X (52)5 X (34)3
(3)7 x57 x (23 x3)5x (24 x5)3

Using( a™)™ = a™™ = (a™)™, we have

24><7 X 52><5 X 34><3
(3)7 x 57 x (23)5 x 35 x (2%)3 x 53

228 X 510 X 312
(3)7 x 57 x (2)15 x 35 x (2)12 x 53

By using a™ x a™ = a™*", we have

228 X 510 X 312
(3)7+5 X 57+3 X 215+12

228 X 510 X 312
(3)12 X 510 X 227

m
— = a™™", we have

By using a™ + a™
228727 % 312712 % 510-10 = 2 x 30 x 50=2x 1 =2
Question 7 — Find the values of ‘n’ in each of the following:
(i) 52" x 53 =511

Solution: Using a™ x a™ = a™*™ we have

52n % 53 — g1l

52n+3 = g1l




Since the base is same, we can equate the powers as follows:
2n+3=11
=>2n=11-3

=>2n=8

8
=>n=-=4
2

(ii)9 x 3" = 37

Solution: Since 9 =3x 3

Thus, we can write it as follows:

32x 3" =37

Now, by using a™ x a™ = a™*™ we have

32+n - 37

Since the base is same so we can equate the powers as follows:
n+2=7

n=7—-2=5

(iii) 8 x 2"*%2 =32

Solution: Since8=2x2x2=23%and32=2x2x2x2x2=2°
Thus, we can write it as follows:

23 X 2n+2 - 25

Now, by using a™ x a™ = a™*™" we have

23+n+2 - 25

2n+5 - 25




Since the base is same so we can equate the powers as follows:
n+5=5

n=5-5=0

(iv) 7271 + 49 = 73

Solution: Since 49 =7 x 7

Thus, we can write it as follows:

72n+1 -~ 72 — 73

m
By using a™ + a" = ‘;—n = a™ ", we have
72n+1—2 - 73
72n—1 - 73
Since the base is same so we can equate the powers as follows:

2n—1=3

2Zn=3+1=4

V) Q) x Q) =P

Solution: By using a™ x a™ = a™*™ we have

(§)4+5 - (§)2n+1
(3)9 - (§)2n+1

Since the base is same so we can equate the powers as follows:

9=2n+1




2
V) O x ((3) ¥ = G2
Solution: By using( a™)™ = a™*™ = (a™)™, we have
210 3y2x5 _ (Zy2n-2
S x O = "
210 3v10 — (2y2n-2
S xOr= O
Now, by using a™ x b™ = (ab)™, we have
2, 3\10 — (Zy2n-2
Ex o= G

2
110 = (Zy2n-2
@

2
1= (= 2n—-2
o)

We can write 1 = (§)°
2v0 — (2y2n-2
Thus, (0)° = Q)"

Since the base is same so we can equate the powers as follows:




9"x32x3"-(27)" _

Question 8 — If ROE%E

21—7, find the value of n.

Solution: Since 9=3x3and27=3x3x 3

(3H)"x32x3"-(3%)" _ 1
(33)5x23 T 27

(3)2nx3zx3n_33n _
(3)15X23

By using a™ x a™ = a™*" we have

(3)2n+2+n_33n

(3)15X23

(3)3n+2_33n

(3)15X23

(3)3"x3%2-33" _ 1

(3)15x23 27

(3)3"(3%-1) _ 1

(3)15x23 27

@*o-1 _ 1

(3)15%x23 27

3)3"x8 _ 1
(3)15x2x2x2 27

(3)3"x8 _ 1

(3)15x8 27

(3)311 _ 1

)15~ 27

m
— = a™™™, we have

By using a™ + a™

1 1

(3)15—311 - 3_3
= (3)15—311 — 33

Since the base is same so we can equate the powers as follows:




=>15-3n=3

=>15-3=3n

=>12=3n

12
=>n=—=4
3

Use of exponents in expressing large numbers in standard form:

When a number is expressed as the product of a number between 1 and 10 and a positive power
of 10, then we can say that number is in its standard form. It is also known as scientific notation.

We will follow a procedure in order to write large numbers in its standard form

Step 1: Firstly, we obtain the number and move the decimal point to the left till we get only one
digit to the left of decimal.

Step 2: secondly, write the given number as the product of number so obtained and power of 10

i.e.10™ where n is the number of places the decimal point has been moved to left.
Let us understand this by examples

Example 1 — Express the following numbers in the standard form:

(i) 390878

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:
390878 = 390878.0

We can see that there are total of 6 places to left of decimal point. So, we will move it up to 5
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 10°

Thus, 390878.0 = 3.90878 x 10°




(i) 3186500000

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:
3186500000 = 3186500000.0

We can see that there are total of 10 places to left of decimal point. So, we will move it up to 9
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 10°

Thus, 3186500000.0 = 3.186500000 x 10°
=3.1865 x 10°

(iii) 65950000

Solution: In order to write it in its standard form, we will first have to move the decimal point to
the left as follows:

65950000 = 65950000.0

We can see that there are total of 8 places to left of decimal point. So, we will move it up to 7
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 107
Thus, 65950000.0 = 6.5950000 x 107
=6.595 x 107

Example 2 — Write the following numbers in the usual form:

(i) 7.54 x 10°

Solution: We will convert it from its standard form to usual form as follows:

Firstly, we will shift the decimal point to the right and simplifying it as shown below

7.54 x 10° =% x 1000066 = 7,540,000




(i) 9.325 x 1012
Solution: We will convert it from its standard form to usual form as follows:

Firstly, we will shift the decimal point to the right and simplifying it as shown below

9.325 x 1012 = B2 y 1012 = 8% . 1012 = 9325 x 1012-3

1000 103

=9325 x 10° =9,325,000,000,000
(iii) 8.4 x 10?
Solution: We will convert it from its standard form to usual form as follows:

Firstly, we will shift the decimal point to the right and simplifying it as shown below

8.4 x 102 =%x 100 = 840

Exercise 6.3
Question 1 — Express the following numbers in the standard form:
(i) 3908.78

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:
We have 3908.78

We can see that there are total of 4 places to left of decimal point. So, we will move it up to 3
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 103
Thus, 3908.78 = 3.90878 x 103
(i) 5,00, 00,000

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:




50000000 = 50000000.0

We can see that there are total of 8 places to left of decimal point. So, we will move it up to 7
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 107

Thus, 50000000.0 = 5.0000000 x 107
=5x 107

(iii) 3186500000

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:
3186500000 = 3186500000.0

We can see that there are total of 10 places to left of decimal point. So, we will move it up to 9
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 10°
Thus, 3186500000.0 = 3.186500000 x 10°

=3.1865 x 10°

(iv) 846 x 107

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:
We have 846 x 107 =846.0 x 107

We can see that there are total of 3 places to left of decimal point. So, we will move it up to 2
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 102
Thus, 846.0 X 107=8.46 X 10% x 107

=8.46 X 10%*7 =8.46 x 10°




(v) 723 x 10°

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:
We have 723 x 10° =723.0 x 10°

We can see that there are total of 3 places to left of decimal point. So, we will move it up to 2
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 102

Thus, 723.0 x 10°=7.23 x 10% x 10°

=7.23%x 10?9 =7.23 x 10!

Question 2 — Write the following numbers in the usual form:

(i) 4.83 x 107

Solution: We will convert it from its standard form to usual form as follows:

Firstly, we will shift the decimal point to the right and simplifying it as shown below

483 x 107 = 22 x 107 = 22 x 107
100 10

=483 x 10772 = 483 x 10°

=4,83,00,000

(i) 3.21 x 105

Solution: We will convert it from its standard form to usual form as follows:

Firstly, we will shift the decimal point to the right and simplifying it as shown below

321x 105 =2 %105 =22 x 105
100 10

=321 x 10572 =321x 103




=3,21,000
(iii) 3.5 x 103
Solution: We will convert it from its standard form to usual form as follows:

Firstly, we will shift the decimal point to the right and simplifying it as shown below

3.5 %103 =2 x 103
10

=35x 1031 = 35x 102
=3,500

Question 3 — express the numbers appearing in the following statements in the standard
form:

(i) The distance between the Earth and the Moon is 384,000,000 metres.

Solution: In order to write it in its standard form, we will first have to move the decimal point to
the left as follows:

384000000 = 384000000.0

We can see that there are total of 9 places to left of decimal point. So, we will move it up to 8
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 108

Thus, 384000000.0 = 3.84000000 x 108

=3.84 x 108

Therefore, the distance between the Earth and the Moon is 3.84 x 108metres.
(ii) Diameter of the Earth is 1,27,56,000 metres.

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:




12756000 = 12756000.0

We can see that there are total of 8 places to left of decimal point. So, we will move it up to 7
places so that only one digit is there to the left of decimal point and we will write it as a product
of number obtained and 107

Thus, 12756000.0 = 1.2756000 x 107

=1.2756 x 107

Therefore, Diameter of the Earth is 1.2756 x 10”metres.
(iii) Diameter of the Sun is 1,400,000,000 metres.

Solution: In order to write it in its standard form, we will first have to move the decimal point to
the left as follows:

1400000000 = 1400000000.0

We can see that there are total of 10 places to left of decimal point. So, we will move it up to 9
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 10°

Thus, 1400000000.0 = 1.400000000 x 10°
=1.4 x 10°

Therefore, Diameter of the Sun is 1.4 x 10°metres.

(iv) The universe is estimated to be about 12,000,000,000 years old.

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:
12000000000 = 12000000000.0

We can see that there are total of 11 places to left of decimal point. So, we will move it up to 10
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 101°




Thus, 12000000000.0 = 1.2000000000 x 10*°

=1.2 x 1010

Therefore, the universe is estimated to be about 1.2 x 101° years old.

Decimal Number System

We can expand a number and express in terms of powers of 10 by using the following:
100 =1,

101 =10

10%2 =100

103 = 1000 and so on

Let us understand this through exercise

Exercise 6.4

Question 1 — Write the following numbers in the expanded exponential forms:
(i) 20068

Solution: We can write it as follows:

20068 =2 x 10000+ 0x 1000+ 0x 100+ 6x10+8x 1
=2x10*+0x103+0x 102+ 6 x 10' + 8 x 10°

(ii) 420719

Solution: We can write it as follows:

420719 =4 x 100000+ 2 x 10000+ 0x 1000+ 7 x 100+1x 10+9x 1

=4x10°4+2%x10*+0x 103+ 7x 102+ 1x 10* +9 x 10°




(iii) 7805192
Solution: We can write it as follows:

7805192 = 7 x 1000000+ 8 x 100000+ 0x 10000+ 5x 1000+ 1x 100+ 9x 10 +
2x1

=7x10°4+8x%x1054+0x%x10*+5x 1034+ 1x10%24+9x 10+ 2 x10°
(iv) 5004132
Solution: We can write it as follows:

5004132 = 5x 1000000+ 0 x 100000+ 0 x 10000 + 4 x 1000+ 1x 100+ 3 x 10+
2x1

=5x10°4+0x10°+0x 10*+4x 103+ 1 x 102+ 3 x 10* + 2 x 10°
(v) 927303

Solution: We can write it as follows:

927303 =9 x 100000+ 2 X 10000+ 7 x 1000+ 3 x 100+ 0x 10+3 x 1
=9x10°+2%x10*+7x103+3x 102+ 0 x 10* + 3 x 10°

Question 2 — Find the number from each of the following expanded forms:

()7 x10*+ 6 x 103 + 0 X 102 + 4 x 10! + 5 x 10°

Solution: We can write it in expanded form as follows:
=> 7x10000+6x1000+0x100+4x10+5x1
=>70000+6000+0+40+5

=76045




(i) 5x 105 + 4 x 10* + 2 x 10% + 3 x 10°

Solution: Firstly we will write it as 5 x 10°+ 4 x 10* + 2 x 103+ 0 x 102 + 0 x 10 + 3 X
100

Now, we can write it in expanded form as follows:

=> 5x 100000+ 4 x 10000+ 2x 1000+ 0x 100+ 0x10+3 x 1
=>500000 + 40000 + 2000+ 0+ 0+ 3

=542003

(iii) 9 x 10° + 5 x 10% + 3 x 10!

Solution: Firstly we will write it as 9 x 105+ 0 x 10* + 0 x 103 + 5 x 102 + 3 x 10* + 0 X
10°

Now, we can write it in expanded form as follows:

=> 9 x 100000+ 0 x 10000+ 0x 1000+5x100+3x10+0x 1
=>900000+0+4+0+4+500+30+0

=900530

(iv) 3 x 10* + 4 x 10% + 5 x 10°

Solution: Firstly we will write it as 3 x 10* + 0 X 103 + 4 x 102 + 0 x 10* + 5 x 10°
Now, we can write it in expanded form as follows:

=> 3x10000+0x1000+4x100+0x10+5x1
=>30000+0+400+0+5

=30405




Obijective type questions
Question 1: (671 —8"1)"1 =7
Solution: Since a™! = i

Thus, (671 —8 1)"1= (é _ %)—1

Now, LCM of (6 and 8) is 24

1x4—1x3 4-3,_4

Thus, G- 97 = (5,07 = ()

=)= =24

Question 2: 23% =7

Solution: Since 32 =9

Thus, 23 =2°=2X2X2X2X2X2X2X 2 X 2 =512
Question 3: (371 x 57 1)1 =7

Solution: Since a™! = %

Thus, (37 x 571)71= 5 x )

1 N1 _ 11 _ 15
_(3><5) _(15) 1 =15

Question 4: (— g)‘l

Solution: Since (%)‘1 = (g)

Thus, (-7t = -2

Question 5: (—1)301 4 (—=1)302 4 (—1)303 4 ... 4 (—1)*00

Solution: Since (—=1)" =1 ifnisevenand -1 if n id odd




Thus, (—1)3%" =-1, (=1)3°? = 1 and so on
Therefore, (—1)3%1 + (—1)3%2 + (—1)3%3 + ... + (—1)*0°
=—141—-141—-+1

025 _

Question 6 — If a = 25, then a?s’ +a ?

Solution: Given that a = 25

Thus, a25° + a°*° = (25)25° 4 (25)°*°
Now, since a® = 1

Thus, (25)25° + (25)°%° = (25)! + (25)°

=25+1=26

Question 7: {G) L (%)_3} + (4)_3 =?
Solution: Since ()™ = (2)

S CARORNCy

=13 -0+ ()

=>{(3x3%x3)—(2%x2x2)}+(4x4x4)

=> {27 -8} + 64




3
Question 8: (25% — 152)z =?

Solution: Since 252 = 25 x 25 =625 and 15% = 15 x 15 = 225
3 3 3 1

Thus, (252 — 152)z = (625 — 225)z = (400)z = (4002)3

Now, since 400z = (20 x 20)z = 20

Thus, (4002)3 = 203 = 20 x 20 x 20 = 8000

Question 9: If ()75 x ) = ()%, then x =2

Solution: By using a™ x a™ = a™*" we have
Q7 xO" =™

= (g)—5+11 _ (g)gx

= (° =

Now, since the base is same so we can equate the powers as follows:
=>6 =8x

Question 10: [{(— %)2}—2]—1

Solution: [{(—§ X _i}—z]—1

= [{(5=)1 2!

= [}

Now, since (%)—1 = (Z)

=> [2F]7 = [{9 x 9)] "

_ -1 -1
=[81] b




1 1
1- 4HZ+Q56)Z _

?
32-2

Question 1

1 1 1 1
Solution: Since (144)z = (12 x 12)z = 12 and 2562 = (16 x 16)z = 16

1 1
144)2+(256)2 12+16 28 28
Thus, {22252 _ ====
32-2 (3x3)-2 9-2 7

=4

3
Question12: (1 +3+5+7+9+11)2 =?

Solution: Since1+3+5+7+9+11 =36
3 3 1
Thus, (1+3+5+7+9+11)2 = (36)2 = (362)3
1 1
Now, 362 = (6 X 6)2 =6
1
=>(362)3=63=6x6x%x6=216

ayh©
Question 13: If abc = 0, then {222 —7
{7}

Solution: We can write {(x%)?}¢ = {x*}¢ = x%¢ and {(x?)¢}* = {xPc}* = xb¢

xabc %0

=X =% = 1 (given that abc = 0)

xabc x0

Question 14: (23)* =2
Solution: We know that (a™)™ = a™*"

ThUS, (23)4 — 23)(4- — 212 — 24-><3 - (24)3

Question 15: {(33)? — (31)2}2 =?

Solution: Since (33)? =33 x 33 =1089 and (31)? =31 x 31 =961

5 5 5 5
Thus, we have {(33)% — (31)2)7 = {1089 — 961} = {128} = {2 X 2 X 2 X2 X 2 X 2 X 2}7

5
={(2)=2°=2x2x2x2x2=32
Question 16: If abc = 0, then find the value of {(x®)?}¢

Solution: We can write {(x%)?}¢ = {x*P}¢ = xab¢




Now, since abc = 0 thus, x@¢ =x% =1

Question 17: Ifa =373 — 33 and b =33 — 373, then % — Z =?

Solution: Giventhata =33 —-3%3and b =33 — 373

a _373-3_-(33-373) _
Thus, S =33 sl o 1

i b 3%-373 _ —(373-33) _
Similarly, - = —m—=—%—-=-1

Therefore, % - Z =(-D)-(-1)=-141=0

Question 18: What should be multiplied to 672 so that the product may be equal to 216?
Solution: Let the required number be ‘x’

Then according to given question, we have

672 xx =216

Now, 216 =6 X6 X 6

Thus, 672 x x = 63

=>x=63+672

=>x = 63-(-2) = 3+2 = @5

Question 19: If xyz = 0, then find the value of (a*)?* + (a¥)** + (a*)™ =?
Solution: We can write(a*)¥? = (a)*?, (a¥)?* = (a)** and (a?)*¥ = (a)**
Since, xyz = 0, thus we have (a*)¥* + (a¥)** + (a®)* = ()% + (a)™* + (a)**

=a’+a°4+a’°=14+141=3




Question 20: If 2™ = 4096, then 25 =?

Solution: Firstly, we will break 4096 into prime factors as follows:

4096

2048

1024

512

256

128

64

32

16

8

NINININININININININININ

4
2
1

Now, 4096 = 2 X2X2X2X2X2X2X2X2X2x2x2=212
Thus, 2™ = 4096

=> 2" = 212

Since the base is same so we can equate the powers as follows:

n=12

Therefore, 2775 = 21275 = 27 = 128

Question 21 — The number 4,70, 394 in standard form is written as?

Solution: In order to write it in its standard form, we will first have to move the decimal point to

the left as follows:
470394 = 470394.0

We can see that there are total of 6 places to left of decimal point. So, we will move it up to 5
places so that only one digit is there to the left of decimal point and we will write it as a product

of number obtained and 10°

Thus, 470394.0 = 4.70394 x 10°




Question 22: The number 2.35 x 10% in the usual form is written as?
Solution: We will convert it from its standard form to usual form as follows:

Firstly, we will shift the decimal point to the right and simplifying it as shown below

2.35x 10* = 22 % 10 =22 x 10*
100 10

=235 x 10*7% = 235x 107
= 23500

Question 23: If 3* = 6561, then 3*~3 =?

Solution: Firstly, we will break 6561 into prime factors as follows:

6561
2187
729
243
81
27

9

3

1

WWWwWwwwwlw

Now, 6561 = 3 X3 x3X3Xx3Xx3x3x%x3=38

Thus, 3* = 6561

=> 3% = 38

Since the base is same so we can equate the powers as follows:
x=38

Therefore, 3¥3 = 383 =35 =243




Question 24: If 2" = 1024, then 2272 =?

Solution: Firstly, we will break 1024 into prime factors as follows:

1024
512
256
128
64
32
16

8

NINININININININININ

4
2
1

Now, 1024 = 2X2X2X2X2X2X2X2xX2x2=210
Thus, 2™ = 1024

= Zn — 210

Since the base is same so we can equate the powers as follows:

n =10

Therefore, 23%% = 222 = 25+2 = 27 = 128
Question 25: (8* + 82)%

Solution: We have (8* + 82)§

= ((BX8x8x8) + (8 x8))

= (4096 + 64)2

1
= (4160)z

Now, we will break 4160 into prime factors as follows:




RIOININININININ

Now, 4160 = 2X2X2X2X2Xx2x5x%x13

1 1
Thus, (4160)z2 = (2X2X2X2X2X2X5X%X13)2

=2x2x2/5x%x 13 =8V65




