4 ‘ Exponents and Powers

INTRODUCTION o

We know that the radius of the earth is approximately 6366000 m, the distance between the sun
and the earth is approximately 149,600,000,000 m and the speed of light in vacuum is approximately
299,800,000 m/s.

Such large numbers are difficult to read, understand and compare. To make these numbers easy
to read, understand and compare, we use exponents. In this chapter, we shall learn about exponents
and their laws and also learn how to use them.

EXPONENTS °

Repeated multiplication by the same number is very common.
For example:
()2 x 2 x2x2x 2 Itisusually written as 2°.

Thus, 2 x 2 x 2 x 2 x 2 = 2% where the repeated factor 2 is called the base and 5 is called
the exponent or index. 2° is read as ‘2 raised to the power 5’ or “2 to the power 5’ or simply
‘2 power 5°. Note that 2° =2 x 2 x 2 x 2 x 2 =32 i.e. 32 = 2° 2° is called the exponential
form of 32.

We have:

5 <—exponent or index

32 - 2 < base

(i) 3 x 3 x 3 x 3 =34 where 3 is the base and 4 is the index.
(iii) (—=4) x (=4) x (=4) = (—4)%, where base = —4 and index = 3.

4
. 2 2 2 2 2 2 .
Sx fxfx =12 — —
(iv) 3 X3 X353 (?J , where base 3 and index = 4.

This leads to:
If a is any rational number and n is a natural number, then
a" = a x a x a.... multiplied n times,

where a is called the base and n is called the exponent or index and a" is the exponential
form.

a" is read as ‘a raised to the power n’ or ‘a to the power n’ or simply ‘a power n.’

In particular, a* = a.

For example:

10*=10 x 10 x 10 x 10 i.e. 10* = 10000;

here base = 10, exponent (or index) = 4 and 10* is the exponential form of the number 10000.
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Some powers have special names

If the power of a number is 2 then it is named as square and if the power of a number is 3 then
it is named as cube. Thus,

9 =3 x 3 =32]read as 3 squared or 3 raised to the power 2]

100 = 10 x 10 = 102 [read as 10 squared or 10 raised to power 2]

125 =5 x5 x5 =15%[read as 5 cubed or 5 raised to power 3]

1000 = 10 x 10 x 10 = 10° [read as 10 cubed or 10 raised to power 3]
Note: a x b is written as ab, read as a into b.

axaxaxhbxbiswritten as a*h?, read as a cubed into b squared etc.

B Example 1. Write the base and exponent for the following exponential form:
(i) 5° (i) 7° (iii) (-=3).

Solution.
(i) For 53 base = 5 and exponent = 3.

(ii) For 7°, base = 7 and exponent = 5.

(iii) For (-3)%, base = —3 and exponent = 6.

B Example 2. Find the value of the following:

(i) 7* (i) <37 (i) (2] W) ()
Solution.

()74=7x7x7x7=2401.

(i) (=3)° = (=3) ¥ (=3) x (=3) ¥ (=3) x (-3) = -243.

3
(l“) (g> = g X Z X g = 2x2x2 :i_
3 3 3 3 3x3x%x3 27

. 4
0 (-5) = (5) % (5) * () * (-5) = &'
B Example 3. Simplify the following:
(i)3 x 10° (i) 26 x 7 (iii) 2% x (=3)?
Solution.
(i()3x10*=3 x 10 x 10 x 10 = 3000.
()26 x 7=2x2x2x2x2x2x7=448.
(i) 22 x (=3)2 =2 x2 x 2 x (=3) x (-3) =8 x 9 =72,

B Example 4. Which is the greater number 6 or 3°?
Solution. 63 =6 x 6 x 6 =216
and 3°=3 x 3 x 3 x3x3x3=27x27=729.
Since 729 > 216, therefore, 3° > 6.
Hence, the greater number is 3°.
Powers of -1
1= x (D=1,
C1P=CDx D) x (=) =-1,
D' =D x D x D) x (D) =1,
(-1¥=(1)x(=1)x(=1) x (=1) x (=1) = —1 and so on.
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Thus, we have
(_ 1)odd natural number — 1 and (_ l)even natural number — 1

M Example 5. Evaluate the following:

ORIV (i) D= (i) (1)
Solution.

(i) As 7 is an odd natural number, (-1)" = —1.
(ii) As 15 is an odd natural number, (-1)* = —1.
(iii) As 100 is an even natural number, (-1)¥° = 1.

M Example 6. Write the following numbers as powers of 2:
(2 (i) 32 (i) 512
Solution.
(h2=21
(()32=2x%x2x2x2x2=2°
([ii)512=2x2x2%x2x2x2x2x2x2=272°

M Example 7. Write the following numbers as powers of —2:
(i)-2 (ii) -8 (iii) 16 (iv) =32

Solution.
(H-2=(2)

(i) -8 =(=2) x (-2) x (-2) = (-2)

(i) 16 = (=2) x (=2) x (-2) x (-2) = (-2)".

(V) =32 = (=2) x (-2) ¥ (=2) x (-2) x (-2) = (-2)".

B Example 8. Express the following numbers in exponential form:
(i) 343 (ii) 729 (iii) 15625

Solution.
(343 =7x7x7=T73

(i[)729 =3 x3 x3x3 x3x3=3°

(iii) 15625 =5 x5 x 5 x 5§ x 5 x 5 =56

B Example 9. Find the value of x in each of the following:

(i) 3*=243 (i) (-5)*=-125 (iii) (_g) = g
Solution.

(i)3=243 = 3F¥=3x3x3x3x3
= 3¥F=3=x=3.

(i) (=5 =-125 = (=5 = (-5) x (=5) x (-5)
= (-5)=(-5)P¢ = x=3.

@[5 -2 (- (3 <2< (Y=

- (= s
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B Example 10. Write the prime factorisation of the following numbers in the exponential form:

(i) 48 (i) 420 (iii) 2520. 2| 48
Solution. z_ ig
(H48=2x2x2x2x3 > 1 &
=24 x 3% ] 3
(i) 420=2x2x3 x5x7 2 420
=22 x 31x 5lx 71, 2 | 210
(iii)2520=2 x 2 x 2 x 3 x 3 x 5 x 7 3] 105
=723 x 32x 5lx 7L 5_ 35
7
1. Fill in the blanks:
(i) In the expression 37, base = ... and exponent = ...
(i) In the expression (-7)°, base = ... and exponent = ....
(iii) In the expression (%)u, base = ... and exponent = ....
(iv) If base is 6 and exponent is 8, then exponential form = ...
2. Find the value of the following:
(i) 2¢ (ii) 92 (iii) 5° (iv) (-6)*
(V) (-5)° (vi) (%)4 (vii) (—%)5 (viii) (-2)°.
3. Express the following in the exponential form:
(()6x6x6x%x6 (i) txt (iii) bxbxbxb
(iv) 5x5x7x7x7 (V) 2x2xaxa (vi) axaxaxcxcxcxcxd.
4. Simplify the following:
(i) 2 x10® (ii)) 2°x9 (i) 5> x 3* (iv) 3 x 10
5. Simplify the following:
(i) (=3) x (-2)° (ii) (=3)* x (-5)° (iii) (-4)* x 52 (iv) (-2)*x(-10)*
(v) (-1)° (vi) (-1)*® (vii) (-1)*
6. Identify the greater number in each of the following:
(i) 4% or 3¢ (if) 5% or 3° (iii) 28 or 82
(iv) 4° or 5* (v) 2% or 102 (vi) 3.4 x10%or 1.5 x 10°
7. Write the following numbers as powers of 2:
(i) 8 (i) 128 (iii) 1024
8. Write the following numbers as powers of 3:
(i) 27 (ii) 243 (ii) 2187

9. To what power (—2) should be raised to get 16?
10. Write the following numbers as powers of (-3):

OR (if) =27 (iii) 81
11. Find the value of x in each of the following:
(i) 77 =343 (i) =729 (iii) (-8)*=-512
(iv) (-4)*=-1024 (V) (-2) =064 (vi) (=5)= 625
(vii) (%) = % (viii) (-%) =—%.
12. Write the prime factorization of the following numbers in the exponential form:
(i) 72 (ii) 360 (iii) 405 (iv) 648

(v) 540 (vi) 2280  (vii) 3600  (viii) 4725.






