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Indices Recap
Multiplication Law:
!! × !" = !!#"

Division Law:
!! ÷ !" = !!$"

Power Law:
!! " = !!"

Page 6

EXAMPLES NON-EXAMPLES

Activity: can you 
come up with at 
least two 
INTERESTING 
examples and non-
examples of each of 
the 3 rules



Worked Example Your Turn
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Simplify:
a) !!! × !"
b) 6!# × 2!"
c) !" ÷ !$
d) 8!# ÷ 2!
e) !# %

f) 3!& $

Simplify:
a) (" × ('$
b) 7(" × 8('#
c) !" ÷ !&
d) 15!# ÷ 3!
e) !% (

f) 5!& #



Worked Example Your Turn
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Simplify:
a) )! × )"

)#

b) 4-+.# $

c) ()$,%
&),&

Simplify:
a) )! × )'"

)#

b) 2-+.# &

c) !$)#,%
&),&



Task 1 – Raising a power to a power

Extension – Can you create question/flowchart of your own?

3"! " 3"× "! "

3"!×3"!

3×3×"!×"! 9"#

Ex

3"! " = 9"#

5'$ "1

5'$ " = _____

2*$×2*$×2*$

2

_____ = _____

2!× "% !3

_____ = _____
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Task 2 – Raising a power to a power

Extension – Can you create question/flowchart of your own?

7"$' " 7"× "$ "×'&

7"$'×7"$'

7×7×#!×#!×$×$ 49"''"

Ex

7"$' " = 49"''"

10*"/% "4

10*"/% " = _____

3&'"×3&'"×3&'"

5

_____ = _____

2%× "" %×'%6

_____ = _____
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The Power Zero
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2% = 16 2& = 8 2' = 4 2( = 2 2) = 1

Any non-zero number divided by itself equals 1, i.e. 2 ÷ 2 = 1

Using the exponent rule for division:

2(
2( = 2($( = 2) = 1



Worked Example Your Turn
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Simplify:
a) 4"!
b) "" × "!
c) #-

#.
d) "! ÷ "$%

Simplify:
a) 8"!
b) "! × "&
c) #.

#/0
d) "$" ÷ "!



Negative Indices
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2" = 16 2' = 8 2% = 4 2( = 2 2! = 1 2$( = (
% 2$% = (

" 2$' = (
&

2&
2* =

2 × 2 × 2
2 × 2 × 2 × 2 × 2 × 2 × 2 =

1
2 × 2 × 2 × 2 =

1
2%

Using the exponent rule for division:

2&
2* = 2&$* = 2$%

Therefore

*
+/ = 2,-



Worked Example Your Turn
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Evaluate:

a) 3$'
b) −3$'
c) −3 $'

Evaluate:

a) 5$&
b) −5$&
c) −5 $&



Fluency Practice Extension
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Negative Powers 

1 Complete each collection of equivalent expressions.

1
25

1
5 × 1

5

1 ÷ 5 ÷ 5

5−2

25−1

1
64

2−3

1 ÷ 3 ÷ 3 ÷ 3 ÷ 3

4−2 × 3−1

3
16

4
16

1
4 × 1

4

Example (a)

(b) (c)

(d) (e)

(f) (g)

startingpointsmaths.com

1
52



Worked Example Your Turn
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Write 
(
%! in index form Write 

(
+" in index form



Worked Example Your Turn
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Simplify:

a)
&
()

$'

b) − &
()

$'

Simplify:

a)
'
+
$&

b) − '
+
$&



Worked Example Your Turn
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Rewrite the following with a positive 
index:
a) ('#

b) 2('#

c) !
$ (

'#

d) 2( '#

Rewrite the following with a positive 
index:
a) -'$

b) 4-'$

c) !
& -

'$

d) 4- '$



Worked Example Your Turn
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Rewrite the following with a negative 
index:
a) !

1$

b) #
1$

c) !
#1$

Rewrite the following with a negative 
index:
a) !

2()

b) 3
2()

c) 3
!(2()



Expanding Single and Double Brackets
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Expanding Single and Double Brackets
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What is the correct answer?

Ext: what error has been made 
in the other 3 options?



Fractional Indices
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8
(
& = " 8 = 2
8
'
& = 8

(
&
'
= " 8 ' = 2 ' = 4

8
&
& = 8

(
&
&
= " 8 & = 2 & = 8

8
%
& = 8

(
&
%
= " 8 % = 2 % = 16

8
+
& = 8

(
&
+
= " 8 + = 2 + = 32

8
,
& = 8

(
&
,
= " 8 , = 2 ,

1
(
+ = # 1
1
'
+ = 1

(
+
'
= # 1 '

1
&
+ = 1

(
+
&
= # 1 &

1
%
+ = 1

(
+
%
= # 1 %

1
,
+ = 1

(
+
,
= # 1 ,

1
,
- = 1

(
-

,
= $ 1 ,



Worked Example Your Turn
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Simplify:
a) 2*' 3*% + 5*$"

b) .
/
4 2.

/
4 − .$

5
4

c) "% "
/
5 − "

/
6

Simplify:
a) 3*$% 4*) + 2*

b) 2.
/
5 3.

4
5 − .$

/
5

c) 0
5
7 0

/
4 + (

*
/
4



Worked Example Your Turn
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Simplify:

22. −2$' 62$& +2+ Simplify:

(71& − 1$%)(41$' + 1.)



Fractional Indices
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"
/
4 × "

/
4 = "

/
4
%
= "( "

/
4 squared is " therefore the square root of " is "

/
4 i.e. "

"
/
5 × "

/
5 × "

/
5 = "

/
5
'
= "( "

/
5 cubed is " therefore the cubed root of " is "

/
5 i.e. 5 "

"
/
6 × "

/
6 × "

/
6 × "

/
6 = "

/
6
"
= "( The fourth power of "

/
6 is " therefore the fourth root of " is "

/
6 i.e. 6 "

"
/
8 × "

/
8 × "

/
8 × "

/
8 × … = "

/
8
*
= "( The 0th power of "

/
8 is " therefore the 0th root of " is "

/
8 i.e. 8 "



Worked Example Your Turn

Evaluate:
a) 64

(
#

b) 64'
(
#

c) (!
!+

(
"

d) (!
!+

'("

Evaluate:
a) 64

(
%

b) 64'
(
%

c) (!
!+

(
#

d) (!
!+

'(#
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Fluency Practice
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5
!
"

(5!)
#
"

(5
#
")! ! 5 !

! 5!

5
"
!

! 7! (11$)
#
%

1) Complete the boxes, this first one has been done for you.

a) b)

c) d)



Fluency Practice
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(&
#
&)' " & %

# &(
3) Why is (5!)

!
" = (5

!
")!?

4) Which is more similar to " 5 !: (5!)
!
" &' (5

!
")!? 

Explain your answer?
5) Which is the most helpful representation when we want to find 
the value of 16

"
#? Why?

6) Which is the most helpful representation when 
we want to simplify $ 7 ! × # 7" ? Why?

2) Can you think of another way to write g?

e) f)

g)

7) How many different ways could you represent ,#
$
%



Fluency Practice
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5
%
!

(5%)
#
!

(5
#
!)% # 5 %

# 5%

5
!
%

! 5! (5')
#
"

1) Complete the boxes, this first one has been done for you.

a) b)

c) d)



Fluency Practice
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(&
#
")' " & '

$ &( 3) Why is (5!)
!
" = (5

!
")!?

4) Which is more similar to " 5 !: (5!)
!
" &' (5

!
")!? 

Explain your answer?

5) Which is the most helpful representation when we want to find 
the value of 16

"
#? Why?

6) Which is the most helpful representation when 
we want to simplify $ 7 ! × # 5" ? Why?

2) Can you think of another way to write g?

e) f)

g)



Worked Example Your Turn
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Evaluate:
a) 25

5
4

b) 25$
5
4

c) '+
%)

5
4

d) '+
%)

$54

Evaluate:
a) 81

5
6

b) 81$
5
6

c) &(
%)+

5
6

d) &(
%)+

$56



Review
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#7 × #8 = #798

#7 ÷ #8 = #7,8

#7 8 = #78

#& 7 = #7&7

#
&

7
= #7
&7

#: = 1

#,7 = 1
#7

#
*
8 = 0 #

#
7
8 = 0 # 7

#,
*
8 = 1

0 #

#,
7
8 = 1

0 # 7



Change of Base
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What do you notice about all of the numbers: 1, 10, 100, 1000, …

They are all powers of 10.

What do you notice about all of the numbers:   2, 8, 4,16….

They are all powers of 2.

We could replace the numbers with  2!, 2" and 2# so that we have a consistent base.



Worked Example Your Turn
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a) Write 27 as a power of 3

b) Write 27/ as a power of 3

c) Write 8'/ as a power of 2

a) Write 8 as a power of 2

b) Write 8/ as a power of 2

c) Write 8&/ as a power of 2



Worked Example Your Turn
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Find the value of each of the 
following:
a) 3+ × 16

b) 5 3+ × 8

c) 6 3& × 16

Find the value of each of the 
following:
a) 2" × 9

b) 5 64 × 3'

c) 6 81 × 256



Worked Example Your Turn

Page 37

Solve the equation:

3/ = 1
9

Solve the equation:

4/ = 1
64



Worked Example Your Turn
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Solve the equation:

1
3

/
= 27

Solve the equation:

1
4

/
= 64



Worked Example Your Turn
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Find the value of 1 that satisfies:

a) 2/ × 2/$& = 32

b) 2'/ ÷ 2/$& = 32

Find the value of 1 that satisfies:

a) 3/ × 3/$' = 81

b) 3&/ ÷ 3/$' = 81



Worked Example Your Turn
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Find the value of 1 that satisfies:

125
(
% × 5'/#& = 25

'
&

Find the value of 1 that satisfies:

64
(
% × 4&/#( = 16

'
&



Extra Notes
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Extra Notes
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Multiplying Surds
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To simplify < × = :

• Use the fact <× = = <×=

• Simplify your answer.

EXT: can you prove why this is true using indices laws?



Worked Example Your Turn
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Simplify:

a) 5 × 6
b) 3 × 6

Simplify:

a) 5 × 7
b) 3 × 8



Worked Example Your Turn
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Simplify:

a) 2 5 × 6
b) 3 3 × 2 6

Simplify:

a) 2 5 × 7
b) 3 3 × 2 8



EXTENSION
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Dividing Surds

Page 81

To simplify < × = :

• Use the fact <× = = <×=

• Simplify your answer.

EXT: can you prove why this is true using indices laws?

To simplify < ÷ = :

• Use the fact < ÷ = = !
" =

!
"

• Simplify your answer.



Worked Example Your Turn
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Simplify:

a) 60 ÷ 2
b) 60 ÷ 3

Simplify:

a) 90 ÷ 3
b) 90 ÷ 2



Worked Example Your Turn
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Simplify:

a) 2 60 ÷ 2
b) 12 60 ÷ 2 3

Simplify:

a) 3 90 ÷ 3
b) 12 90 ÷ 3 2



Adding and subtracting Surds

Page 84

To simplify < × = :

• Use the fact <× = = <×=

• Simplify your answer.

EXT: find a counter example for:

< + = = < + = <?@ < − = = < − =

To simplify < ÷ = :

• Use the fact < ÷ = = !
" =

!
"

To simplify < + = or < − = :

• Simplify both surds if possible.

• Then add/subtract the surds by collecting like terms.



Worked Example Your Turn
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Simplify:

a) 2 5 + 5 5
b) 2 20 + 5 5
c) 2 20 + 5 10

Simplify:

a) 2 6 + 5 6
b) 2 54 + 5 6
c) 2 20 + 5 15



Worked Example Your Turn
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Simplify:

2 20 + 5 5
5

Simplify:

2 54 − 5 6
6



Worked Example Your Turn
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Expand and simplify:

a) 2 4 + 3
b) − 3 4 + 3
c) 12(4 + 3)

Expand and simplify:

a) −2 3 + 4
b) 3 3 + 4
c) 27( 3 + 4)



Worked Example Your Turn
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Expand and simplify:
a) 2 − 3 4 + 3
b) 2 − 3 %

Expand and simplify:
a) 3 − 2 3 + 4
b) 3 − 2 %



Worked Example Your Turn
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Expand and simplify:
a) 2 − 20 4 + 5
b) (2 − 2 20)(4 + 5 5)

Expand and simplify:
a) 54 − 2 6 + 4
b) (2 54 − 2)(5 6 + 4)



Rationalising Surds

Page 90

To rationalise 
(
/ :

• Multiply the numerator and denominator by the surd in the denominator i.e., 1

• Simplify your answer.

To rationalise 
(

0# / :

• Multiply the numerator and denominator by the conjugate of the denominator i.e., ! − 1

• Simplify your answer by multiplying out the brackets.

• Simplify your answer by collecting like terms.



Worked Example Your Turn
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Rationalise:
a) #

"

b) #
$ "

c) #9 "
"

Rationalise:
a) !:

"

b) #
$ +

c) !:9 "
"



Identifying Conjugates
Recall the difference of two squares below:

Use this to define a conjugate:

Page 92

Is 3 − 1 the conjugate of 3 + 1?

Is − 3 + 1 the conjugate of 3 + 1?

Is − 3 + 1 the conjugate of 1 + 3?

Is 1 − 3 the conjugate of 1 + 3?

Is −1 − 3 the conjugate of 1 − 3?

Is 1 + 3 the conjugate of 1 − 3?

Is 1 + 5 the conjugate of 1 − 5?

Is 1 − 3 5 the conjugate of 1 + 3 5?

Is 3 5 − 1 the conjugate of 1 + 3 5?

Is 3 5 − 1 the conjugate of 3 5 + 1?

Is −3 5 − 1 the conjugate of 3 5 + 1?

Is −3 5 − 1 the conjugate of 3 5 − 1? 



Worked Example Your Turn
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Rationalise:
a) +

", '

b) +
',)

Rationalise:
a) +

"$ '

b) +
',"



Worked Example Your Turn
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Rationalise:
a) +

",% '

b) +
% ',)

Rationalise:
a) +

"$% '

b) +
% ',"



Worked Example Your Turn
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Rationalise:

4
1
3 + 3

Rationalise:

3
2 + 1

2



Fluency Practice
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Rationalising Surds (5) 
For each question express the answer as a surd in the form a√𝑥 where a is an integer 

6

 

www.accessmaths.co.uk 

6
1

√5
+  √5

 
8

√3 − 1
√3

 
 

18
2

√7
+  √7

 5√2
3

√2
+  √2

 

 

3√5

√5 − 2
√5

 

 

 

4
√3

+ 2√3

 √3 + 2
√3

 

 

 

 



Fill In The Blanks…  
Rationalising the Denominator 

 

Question Working Answer  Question Working Answer 

5
√3

 ×
√3
√3

 =
5√3
√9

 =
5√3
3   

3
2 + √2

 ×
2 − √2
2 − √2

 =
3(2 − √2)
4 − √4

 =
6 − 3√2

2  

√3
√7

 ×
√7
√7

    
8

4 − √3
    

5√5
√6

     √5
6 + √5

    

2 + √3
√5

 ×
√5
√5

 =
√5(2 + √3)

√25
 =

2√5 + √15
5   

3√5
3 − √7

    

3 − √5
√2

     
7 + √2
3 − √2

 ×
3 + √2
3 + √2

 =
(7 + √2)(3 + √2)

9 − √4
 =

23 + 10√2
7  

1 + √2
2√3

     
1 − √8
5 + √2

    

√2 − 3√5
5√2

     
𝑎 + √𝑏
𝑎√𝑏

    
 

Page 97



Worked Example Your Turn
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Find in its simplest form * ∶ 7, given:
* = 5 + 8
7 = 80 + 9
8 and 9 are positive integers
8 ∶ 9 = 1 ∶ 16

Find in its simplest form * ∶ 7, given:
* = 7 + 8
7 = 63 + 9
8 and 9 are positive integers
8 ∶ 9 = 1 ∶ 9



Worked Example Your Turn
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Express = and A in terms of <:

< + 12 ' = = + A 3
Express = and A in terms of <:

< + 8 ' = = + A 2



Worked Example Your Turn
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Find the value of < and =:

< − 3 5 ' = = − 42 5
Find the value of < and =:

< − 2 3 ' = = − 20 3



Worked Example Your Turn
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What is the surd square root of 

52 + 16 3 ?

What is the surd square root of 

55 + 30 2 ?



Extra Notes
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Simplifying Algebraic Fractions
Some of these fractions can be simplified, others cannot.  Can you decide why each can or cannot be 

simplified? 

Page 105



Worked Example Your Turn
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Simplify:

61
101'

Simplify:

61
101&



Worked Example Your Turn
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Simplify:

a)
+/#()
/#'

b)
/!#+/#1
/#'

Simplify:

a)
/#'
+/#()

b)
/!#+/#1
'/#%



Multiplying algebraic fractions
Reminder, how do you:

• Multiply a fraction by a whole number

• Multiply a fraction by another fraction
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Worked Example Your Turn
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61
2!×

4!
5

5<
2= ×

5=
30
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Reflective ProcessWorked Example 1 Worked Example 2

• Replace the 

expressions with 

their factorised 

versions

• Factorise the 

numerators (if you 

can)

• Factorise the 

denominators (if you 

can)

Simplify
;<2=><?@A
<2?BC × ;<=@;

;<3?B<2 fully.
Simplify
BC39DC9E
C3,+E × EC3,+EC

BC39EC fully.

• Cancel the 

common factors

• Rewrite without 

the expressions 

that you have 

crossed out

Page 112



Your Turn 1 Your Turn 2
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Simplify
;<2?@><=;@

<2?DE × A<2=@A<
;<2?B< fully.



Adding and Subtracting Algebraic fractions
What must you do in order to add or subtract fractions?
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Worked Example Your Turn

Page 115

!
5 +

3!
8

5
! +

8
3!



Worked Example Your Turn
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Write the following expression as a single fraction in 
its simplest form:

8
2F +

3
3"%F%

Write the following expression as a single fraction in 
its simplest form:

5
67 +

3
4*'7





Worked Example Your Turn
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Write the following expression as a single 

fraction in its simplest form:

1
1' − 1 +

1
1 + 1

Write the following expression as a single 

fraction in its simplest form:

1
<' − 9 +

1
< − 1



Worked Example Your Turn
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Write the following expression as a single 

fraction in its simplest form:

6
1' − 4 −

14
1 + 2

Write the following expression as a single 

fraction in its simplest form:

4
<' − 9 −

5
< − 3



Solving equations with algebraic fractions
Key strategies

• Simplify to a single fraction using the LCM

• Multiply ALL terms by the LCM

• At every step, where possible, simplify and/or factorise
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Worked Example Your Turn

Page 122

Solve

1 + 4
2 + 1 + 15 = 5

Solve

1 − 4
2 + 1 − 15 = 2



Worked Example Your Turn
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Solve

1 + 1
3 − 1 − 35 = 1

Solve

1 + 2
3 − 1 − 65 = 2



Worked Example Your Turn
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Solve

4
1 + 6 +

5
1 + 8 = 1

Solve

4
1 + 3 +

5
1 + 4 = 2



Worked Example Your Turn
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Solve

3
1 − 6 +

4
1 − 9 = 1

Solve

3
1 − 2 +

4
1 − 3 = 3



Worked Example
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A coach is due to reach its destination 30 kilometres away at a certain time. Its start is delayed by 18 minutes, but by 
increasing the average speed by 5 km/h the driver arrives on time. How long did the journey actually take? What was the 
intended average speed?



Extra Notes
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