
Manipulating Surds

1



Types of numbers

Real Numbers

Real numbers are any 
possible decimal or 
whole number.

Rational Numbers Irrational Numbers

are all numbers which 
can be expressed as 
some fraction involving 
integers

are real numbers which 
are not rational.

2



Laws of Surds

𝑎× 𝑏 = 𝒂𝒃
𝑎
𝑏
=

𝒂
𝒃

?

?

The only two things you need to know this topic…

Basic Examples:

4𝑥! = 𝟒 𝒙𝟐 = 𝟐𝒙

1
9
=

𝟏
𝟗
=
𝟏
𝟑

?

?3× 2 = 𝟔 ?
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Irrational Numbers



Simplifying Surds

8 = ? ?

27 = 𝟗 𝟑 = 𝟑 𝟑

32 = 𝟏𝟔 𝟐 = 𝟒 𝟐

50 = 𝟐𝟓 𝟐 = 𝟓 𝟐

12 = 𝟒 𝟑 = 𝟐 𝟑

?

?

?

?
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24 = 𝟒 𝟔 = 𝟐 𝟔

75 = 𝟐𝟓 𝟑 = 𝟓 𝟑

20 = 𝟒 𝟓 = 𝟐 𝟓

48 = 𝟏𝟔 𝟑 = 𝟒 𝟑

?

?

?

?

a

b

c

d
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Simplifying Surds



2 75 = 𝟐 𝟐𝟓 𝟑 = 𝟏𝟎 𝟑

3 40 = 𝟑 𝟒 𝟏𝟎 = 𝟔 𝟏𝟎

4 48 = 𝟒 𝟏𝟔 𝟑 = 𝟏𝟔 𝟑

3 200 = 𝟑 𝟏𝟎𝟎 𝟐 = 𝟑𝟎 𝟐

5 45 = 𝟓 𝟗 𝟓 = 𝟏𝟓 𝟓

?

?

?

?

?

a

b

c

d

e
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6× 7 =

2×2 = 𝟐 𝟐

3×4 3 =

5 8×2 2 =

2 2×3 6 =

?
?

?

a

b

c

d

e
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Exercise 
Simplify the following:

8×3 2 =

27×2 3 =

Express the following as a single square root 
(hint: do the steps of simplification backwards!)

3 2 =

2 5 =

Express the following as a single square root:

𝑎 𝑏 =

2 𝑘 =

?

?

?

1

2

3

a

b

a

b

a

b
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Adding Surds

3 + 3 = 𝟐 𝟑?

2 5 + 5 =

7 7 + 7 7 =

3 12 + 27 =
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Brackets and Surds

2 3 + 2 = 𝟑 𝟐 + 𝟐

2 + 1 2 − 1 =

8 + 3 2 + 5 = 𝟏𝟔 + 𝟓 𝟖 + 𝟑 𝟐 + 𝟏𝟓

5 − 2
'
= 𝟓 − 𝟐 𝟓 − 𝟐

?

?

?
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5 2 + 3 = 𝟐 𝟓 + 𝟏𝟓
8 − 1 2 + 3 = 𝟏 + 𝟓 𝟐

3 − 2 5
'

= 𝟐𝟗 − 𝟏𝟐 𝟓

3 + 3

1 + 3 3

𝐴𝑟𝑒𝑎 = 𝟔 + 𝟓 𝟑

?

?

?

?

?

a

b

c

d
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Exercise 
Expand and simplify:

2 − 8 2 + 2 =

2 2 + 5 4 + 18 =

2 + 1
!
− 2 − 1

!
=

?

?

?

1

a

b

c
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Exercise 

Determine the area of :
2
+

3

3

5 + 3
5
−
1

4
+
3
5

6
−

55

𝑨 = 𝟐 𝟑 + 𝟑 𝑨 = 𝟏 + 𝟓 𝑨 = 𝟓 + 𝟓 𝟓

?
?

? ? ?

2

a b c
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Exercise 

7 + 2

7 − 2

𝑃

𝑄

Find the length of 𝑃𝑄.
(Using Pythagoras)

𝑷𝑸 = 𝟐𝟐?

3

14



Here’s a surd. What could we multiply it by such that it’s no 
longer an irrational number?

Rationalising The Denominator

5× 5 = 5? ?

1
2
×

2
2
=

2
2

? ?
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Rationalising The Denominator

12
3
= 𝟒 𝟑

2
6
=

𝟔
𝟑

4 2
8
=
𝟏𝟔
𝟖
= 𝟐

?

?

?

a

b

c
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Rationalising The Denominator

1
2 + 1

×
𝟐 − 𝟏
𝟐 − 𝟏

=
𝟐 − 𝟏
𝟏

= 𝟐 − 𝟏? ?
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Rationalising The Denominator

3
6 − 2

×
6 + 2
6 + 2

=
3 6 + 6

2
?

3 2 + 4
5 2 − 7

×
𝟓 𝟐 + 𝟕
𝟓 𝟐 + 𝟕

=
𝟑𝟎 + 𝟐𝟏 𝟐 + 𝟐𝟎 𝟐 + 𝟐𝟖

𝟏
? ?

?

4
3 + 1

×
3 − 1
3 − 1

=
4 3 − 4

2
2 3 − 2?? ?
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𝒚 =
𝟖
𝟑 − 𝟏

×
𝟑 + 𝟏
𝟑 + 𝟏

=
𝟖 𝟑 + 𝟖

𝟐
= 𝟒 + 𝟒 𝟑

Rationalise the denominator and 
simplify

2 3 − 1
3 3 + 1

?

Rationalise the 
denominator and simplify

4
5 − 2

𝟖 + 𝟒 𝟓?

19

Rationalising The Denominator



Exercise 
Expand and simplify:

5 + 3 5 − 2 5 + 1 = 𝟒

Rationalise the denominator, giving 
your answer in the form 𝑎 + 𝑏 3.

3 3 + 7
3 3 − 5

Simplify:
𝑎 + 1 − 𝑎
𝑎 + 1 + 𝑎

?

1

2

?

3

20



Solve 
! !
" "#

= # 3

𝟒 𝟑𝟐
𝟓 𝟑𝟑

=
𝟑𝟐

𝟏
𝟒

𝟑𝟑
𝟏
𝟓
=
𝟑
𝟏
𝟐

𝟑
𝟑
𝟓
= 𝟑)

𝟏
𝟏𝟎

But 𝒙 𝟑 = 𝟑
𝟏
𝒙

∴
𝟏
𝒙 = −

𝟏
𝟏𝟎 → 𝒙 = −𝟏𝟎

?

Challenge Problem
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