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Radicals

The square roots of many numbers cannot be found exactly. 

For example, the value of √3 cannot be written exactly as a 
fraction or a decimal.

To keep the value in its exact form, we keep the square root 
sign and write the number as √3.

√3 is an irrational number. It contains a radical which 
cannot be simplified to a rational number.

√9 is not irrational because it can be written 
as a whole number.

Which one of the following is not irrational?
√2, √6 , √9 or √14
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Classifying numbers
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Multiplying radicals

How would you calculate the value of √4 × √4? 

We can think of this as squaring 
the square root of four. 

As a general rule, we can state that:

What is the value of √4 × √4 × √4? 

√a × √a = a

Squaring and square rooting are 
inverse operations so: √4 × √4 = 4.
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Multiplying radicals

Using your calculator, find the value of √4 × √7. 
Can you identify a general rule for multiplying radicals?

√4 × √7 = √28

Use a calculator to find the value 
of √5 × √3 and the value of √3 × √12 .

As a general rule, √a × √b = √ab

Find two other radicals that multiply 
to give a rational value.

What do you notice? 
Can you explain the results? 
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Dividing radicals

a
b

√a ÷ √b = √

Can you identify a general rule for dividing radicals?
Using your calculator, find the value of √30 ÷ √5 . 

√30 ÷ √5 = √6
As a general rule,

Use a calculator to find the value 
of √18 ÷ √2 and the value of √21 ÷ √3 .

Find two other radicals that divide 
to give a rational value.

What do you notice? 
Can you explain the results? 
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For example, simplify √50 by writing it in the form a√b .

Simplifying radicals

Start by finding the largest perfect square factor of 50.

This is 25. We can use this to write:

In order to be simplified fully, some radicals need to be written 
in the form a√b .

We can do this using the fact that √ab =  √a × √b

√50 = √25 × 2

= √25 × √2

= 5√2

Notice that we don’t write 
a multiplication sign. Compare 
this to writing multiples of 
variables in algebra, e.g. 5a.
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Simplifying radicals
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Radical laws summary
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Radical calculations
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Simplifying radicals
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Adding and subtracting radicals

Start by writing    45  and    80  in their simplest forms.

Radicals can be added or subtracted if the number 
under the radical sign is the same.

How can we calculate   45 +    80 ?

√45 = √9 × 5

= √9 × √5

= 3√5

√80 = √16 × 5

= √16 × √5

= 4√5

√45 + √80 = 3√5 + 4√5 = 7√5
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Rational or irrational?
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2 × √10 × √10 =
6√10 units

√(36 + 4) = √40 = 2√10 units

Shed dimensions

The plan for a shed has been drawn on the meter grid below.

Use the given lengths to find 
the length (y) and width (x) of 
the shed. Show your work.
Find its perimeter and area in 
radical form.

Width (x) =

Use the Pythagorean Theorem.

Length (y) =
Perimeter =
Area =

√(32 + 12) = √(9 + 1) = √10 units
√(62 + 22) =
√10 + 2√10 + √10 + 2√10 =

√10 × 2√10 = 2 × 10 = 20 units2
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The Pythagorean spiral

Can you calculate the width of the sections marked 
a, b, c, d, e and f? Express your answers in radical form 
wherever necessary.

An architect is working 
on the design for a 
spiral staircase.

He thinks he can use 
the Pythagorean 
Theorem to calculate 
the missing lengths.

Draw the diagram to measure the lengths and see how 
accurate you are.
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Laying paving slabs

Without using a calculator, work out the lengths: a, b, c, 
d, and e to help you find x. 
Make sure all your answers are in radical form and 
show your work.

A landscape gardener has drawn 
up plans for laying paving slabs 
through a yard.

The slabs need to be accurately cut to 
fit within the pattern perfectly.

The plans have not been 
drawn to scale.
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Rationalizing the denominator

When a fraction contains a radical as the denominator we 
usually rewrite it so that the denominator is a rational number.

This is called rationalizing the denominator. 

Simplify the fraction      .

In this example we rationalize the denominator by multiplying 
the numerator and the denominator by     :

5
√2

√2

5
√2

= 2
5√2

× √2

× √2
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Rationalizing practice
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√5 + 2

Rationalizing the denominator

When the denominator is in the form √a ± b we can rationalize 
the denominator using the difference of squares:

(a – b)(a + b) = a2 – b2

For example, simplify

In general:

The denominators
multiply to give the 
difference of squares:  
(√5 – 2)(√5 + 2) = 5 – 22 

This removes the radical.

√5 – 2
1

√5 – 2
1

√5 – 2
1= × √5 + 2

√5 + 2
5 – 4

= = √5 + 2

(  a – b)(  a + b) = a – b
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The difference of squares
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More complex work

5
6 + √11

How can we simplify the fraction                 ? 

×

=

=

6 + √11
5 6 – √11

6 – √11

30 – 5√11
36 – 11

30 – 5√11
25

The denominators will multiply 
to give the difference of squares:  
(6 + √11)(6 – √11) = 62 – 11
This removes the radical.

Express the fraction in its simplest form. 
Be sure to cancel any common factors.

= 6 – √11
5

= 5(6 – √11)
25
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Rationalizing the denominator
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