
Laws of Indices
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“exponent” or 
“index” 
(plural “indices”)

6! = 6×6×6×6
?

“Base”

Terminology

“power”?

? The exponent tells us how many times the base 
appears in a product.

?

Overviews:



Multiplying powers

𝑥!×𝑥"

How would we simplify this?

! 1st law of indices:
𝒙𝒂×𝒙𝒃 = 𝒙𝒂#𝒃

i.e. when we multiply two powers, we 
add the exponents.
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Questions

𝑥!×𝑥" = 𝒙𝟗

𝑥$×𝑥%×𝑥" = 𝒙𝟗

𝑥×𝑥$×𝑥& =

𝑦'×𝑦$ = 𝒚𝒌)𝟐

𝑞×𝑞+ = 𝒒𝟏)𝒂

?
?

?
?

?
?

?
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Dividing Powers

𝑥#

𝑥!

How would we simplify this?

! 2nd law of indices:
𝒙𝒂 ÷ 𝒙𝒃 = 𝒙𝒂$𝒃

i.e. when we divide two powers, we 
subtract the exponents. 5



Questions

2.// ÷ 2$ =

𝑥./

𝑥%
=

𝑦$/

𝑦0.
=

𝑥.! ÷ 𝑥 =

𝑥%×𝑥%

𝑥$
=
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Raising a Power to a Power

𝑥! $

=

How would we simplify this?

! 3rd law of indices:
𝒙𝒂 𝒃 = 𝒙𝒂𝒃

i.e. when we raise a power to a power, 
we multiply the exponents.
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Questions

𝑦% & =

𝑝' ( =

𝑚)* + =

𝑎$, $- =
?
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What is half of 
2!?

What is a 
quarter of 4"?

𝟒𝒙

𝟒
=
𝟒𝒙

𝟒𝟏
= 𝟒𝒙#𝟏 𝟑𝟒 𝒃𝒆𝒄𝒂𝒖𝒔𝒆 𝟑𝟒

𝟐
= 𝟑𝟖? ?

Challenges

4. + 4. + 4. + 4. = 4)/ What is 𝑥?

The LHS is 4 2 4! = 4"4! = 4!#". 
So 𝑥 + 1 = 16 → 𝑥 = 15?

1

2

3
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Exercise

1

!!"

!"

"
=

𝑥× 𝑥× 𝑥" # #

=

Simplify the following.
2 If !

!×!"

!# = 2#, what is 𝑥 in terms 
of 𝑦?                𝒙 = 𝟏𝟎 − 𝒚?

a

b ?
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Exercise 

Solve !
! $

!#
= !

!% !

𝒙 =
𝟒
𝟗?

4 Simplify the following.

a) 3$ + 3$ + 3$ =

b) 2#$ + 2#$ =

If 𝑥 = 2$ , 𝑦 = 2%, express the 
following in terms of 𝑥 and/or 𝑦:

(i) 2$&% =

(ii) 2!% =

(iii) 2$'( =

?

3

11
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3!" 33 = 27
32 = 9
31 = 3
30 = 1

3-1 =

3-2 =    

3#

1
3

1
9

?

?

Is there a pattern we can 
see that will help us out?

Zero and negative indices

?

÷ 3

÷ 3

÷ 3
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Questions

2#0 =
𝟏
𝟐𝟑

=
𝟏
𝟖

32 = 𝟏

4#3 =
𝟏
𝟒

5#0 =
𝟏
𝟓𝟑

= 𝟏𝟐𝟓

1
2

%&
=

3
5

%#
=

2
3

%#

=

?
?
?

?

?

?

?
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Exercise 
*

Let 𝑥 = 2' , 𝑦 = 2(, 

If 𝑥𝑦 = 32 and 2𝑥𝑦# = 32, find the 
value of 𝑝 and the value of 𝑞 .

Dividing the second equation by first:

𝟐𝒚 = 𝟏 → 𝒚 =
𝟏
𝟐

𝒙 =
𝟑𝟐
𝒚 = 𝟑𝟐 ÷

𝟏
𝟐 = 𝟔𝟒

Therefore 𝟐𝒑 = 𝟔𝟒 → 𝟔

𝟐𝒒 =
𝟏
𝟐 → 𝒒 = −𝟏

?
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A reminder of the Laws of Indices

𝑎,×𝑎- = 𝑎,#-

𝑎,

𝑎-
= 𝑎,$-

𝑎,
-
= 𝑎,-

𝑎$, =
1
𝑎,

𝑎* = 1

𝑎) = 𝑎

?

?

?

?

?

?
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Fractional Indices

𝑥
!
" = 𝑥

And how could we prove this?

𝒙× 𝒙 = 𝒙
But it’s also the case that:

𝒙
𝟏
𝟐×𝒙

𝟏
𝟐 = 𝒙𝟏

by laws of indices.

So 𝒙
𝟏
𝟐 = 𝒙

?
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Fractional Indices

𝑥
!
# = - 𝑥

𝑥
!
$ = . 𝑥

?

?
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Examples

64
!
" =

64
!
# =

81
!
$ =

16/.12 = 2

4 𝑥 " = 𝑥
!
#
"
= 𝑥

"
#

−1000
!
# = −10

?

?

?
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What if the numerator is not 1?

32
"
% = 2" = 4

9
#
" = 9

!
"
#
= 3# = 27

16&
#
' =

1

16
#
'
=
1
2#
=
1
8

‘Workings’-wise I usually skip his 
step.

?

Using denominator, do 5th power of 32 first to 
get 2 (but still have numerator left in the 
power to deal with)

…then just deal with what’s left.

?

Best to deal with negative in power first. Recall this 
does “1 over” the expression without the minus.

?
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27
#
$ = 𝟑𝟐 = 𝟗

9&
$
# =

𝟏

𝟗
𝟑
𝟐
=
𝟏
𝟑𝟑

=
𝟏
𝟐𝟕

125
64

&($
=

4
9

&$#
=

𝟗
𝟒

𝟑
𝟐
=

𝟑
𝟐

𝟑

=
𝟐𝟕
𝟖

?

?

?

?
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Applying indices to products

𝑎𝑏 " = 𝑎"𝑏"?

𝑎 + 𝑏 1 = 𝑎 + 𝑏 𝑎 + 𝑏
= 𝑎1 + 2𝑎𝑏 + 𝑏1

?
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Examples

2𝑥 1 = 𝟒𝒙𝟐

9𝑥4
5
1 = 𝟑𝒙𝟑

?

3𝑥"𝑦 # = 𝟐𝟕𝒙𝟔𝒚𝟑?

8𝑥4𝑦
5
7 = 𝟐𝒙𝟐𝒚

𝟏
𝟑?

?
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Simplify 3𝑥0𝑦% 0

9𝑥)𝑦*

Simplify 9𝑥+𝑦
!
"

?
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Law of Indices Backwards

Solve 𝑥
#
$ = 27

The ‘thinking backwards’ method The ‘cancelling the power’ method.
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Further Examples

Solve 𝑥$
"
# = 2 '

1
Solve 𝑦$% = 3 %

(
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Solve 𝑥
#
$ = 9

Solve 𝑥#
$
# = >

?@
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Exercise 

𝑥
#
! = 8 and 𝑦%# = #+

,
.

Work out the value of !
$

𝑝%# = 𝑞-×𝑟,
Write 𝑝 in terms of 𝑞 and 𝑟.
Give your answer in its simplest form.

?

?

1

2
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Changing bases

What do you notice about all of the numbers:

2, 8, 4
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Changing bases

Solve 4. = 2)* Solve 2. = (#

0
1 2
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If 9 3 = 3$, find 𝑘.

𝟗 𝟑 = 𝟑𝟐×𝟑
𝟏
𝟐 = 𝟑

𝟓
𝟐

𝒌 =
𝟓
𝟐

Solve 3! = 9(!)"

?

1

2
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Exercise 

2

16
(
)×2* = 8

+
,

Work out the exact value of 𝑥.      

Solve
# 9×% 27 = ! 3

1

?
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