Surds
A surd is a root of a number that can’t be written as a fraction. Most surds encountered are square roots of whole numbers. 

Examples
√2, 5√3, √20, 1/√7, ³√7
Non-examples

√4, 1/√9, ³√8, π
· √4 is not a surd as it can be written as a fraction, in fact a whole number, namely 2.

· Similarly, 1/√9 is not a surd as it equals 1/3.

· Similarly, ³√8 is not a surd as it equals 2.

· π is not a surd, as it can’t even be written as a root of any number (it is consequently called a transcendental number).
Rules of Surds

· √(a x b) = √a x √b (surd of a product is the product of the surds)
Proof: Let c = √a x √b. Then, 

c² = (√a x √b)²
           c² = √a x √b x √a x √b
    c² = (√a)² x (√b)²  
                                                    c² =  a x b

    Taking square roots gives c = √(a x b), i.e. √(a x b) = √a x √b      ▪
· √(a / c) = √a / √c (surd of a ratio is the ratio of surds)
Proof: Replace b in the previous rule by 1 / c. 



▪
Simplifying Surds
Surds can be simplified by using the above rules. The simplification also relies crucially upon a non-trivial factorisation of the radicand (the thing underneath the square root). [A non-trivial factorisation of a whole number n is one that can be written as n = a x b with neither a nor b equal to 1 or n. For instance, 20 x 1 is a trivial factorisation of 20 whereas 4 x 5 is not a trivial one.]
For example, 

√20 = √(4 x 5)
                                                      = √4 x √5               (multiplication rule)

                                             = 2 x √5






  = 2√5

This is called simplifying a surd or expressing a surd in simplest form (the square root of 5 cannot be simplified further, as 5 only has a trivial factorisation because it is a prime number. This suggests a strategy for simplifying surds. 

· Factorise the radicand non-trivially.

· Use the multiplication rule to split the root.

· If one of the factors is prime, leave that root alone; if not then either factorise that number further or work out it’s square root (if possible).

· Simplify.

Another example, 

√80 = √(8 x 10)

                                                     = √8 x √10              

                                            = √(2 x 4) x √(2 x 5)






 = √2 x √4 x √2 x √5







 = (√2)²x 2 x √5







 = 4√5

