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Mathematics is one subject where students can learn about the 
importance of definitions. Definitions should be unambiguous 
and accurate. In this article we consider the definition of a surd 
as presented by numerous sources.

In 1886, the Scottish mathematician George Chrystal published 
a now classic work on algebra. Chrystal used the term 
‘commensurable’ rather than ‘rational’, and ‘incommensurable’ 
rather than ‘irrational’. He said that a commensurable number 
is ‘not a perfect nth power’ if it is not the nth power of another 
commensurable number. Chrystal (1964, Part 1, p. 203) defined 
a surd number as follows.

Let p be any commensurable number ... If therefore p be not a 
perfect nth power, pn  is incommensurable. For distinction’s 
sake pn  is then called a surd number. In other words, we 
define a surd number as the incommensurable root of a 
commensurable number.

Notice that Chrystal used the term ‘surd number’ rather than 
‘surd’. The wording would be modernised if ‘commensurable’ 
were replaced by ‘rational’ and ‘incommensurable’ by 
‘irrational’.

Let us now turn to the Australian Curriculum. In the 
mathematics glossary associated with the Australian 
Curriculum v.8.1, F-10, a surd is defined as follows. 

A surd is a numerical expression involving one or more 
irrational roots of numbers. Examples of surds include 2 , 53  
and 4 3 + 7 63 .

Furthermore, the glossary defined an expression as follows.

… two or more numbers or variables connected by operations. 
For example, 17 – 9, 8 × (2 + 3), 2a + 3b are all expressions. 
Expressions do not include an equal sign.

It is interesting that the Australian Curriculum defines a 
surd as a particular type of ‘numerical expression’ rather 
than a number. According to this definition, it appears that 

2 − 2, 5+ 2 − 2, π ,  and 2( )2 would all be surds 
because these are numerical expressions that involve one or 
more irrational roots of numbers. 

AMSI (2011) provided the following definition.

If a is a rational number, and n is a positive integer, any 

irrational number of the form an  will be referred to as a surd. 
A real number such as 2 3  will be loosely referred to as a surd, 
since it can be expressed as 12 . For the most part, we will 
only consider quadratic surds, a , that involve square roots. 
We will also say that 2 + 3  is a surd, although technically 
we should say that it is the sum of two surds.

The first sentence suggests that a surd is a number, but the 
second sentence states that 2 3  should be ‘loosely referred 
to as a surd’ because it is equal to the number 12 . Does this 
mean that a surd is an expression rather than a number? The 
final sentence detracts from the clarity of the first. 

Why should we say that 2 + 3  is a surd? Would we say that 
2 − 2  is a surd?

In a contemporary text-book, Garner et al. (2012a. p. 26) stated

A surd is an irrational number that is the root of a rational 
number, such as 5 .

This makes it clear that a surd is a number rather than an 
expression, however, the definition does not make it clear that 
the root in question can be something other than a square root.

In another text-book, Garner et al. (2012b, p. 319) stated 

A surd is an irrational number that can only be expressed 
exactly using the square root sign.

Again a surd is regarded as a number. However, the definition 
allows only square roots. Further confusion arises from the 

word ‘only’. 2  can also be expressed exactly as sec π
4( )  

which does not involve the square root sign.

Coffey et al. (2013, p. 676) defined a surd as ‘a number 
(irrational) that can only be expressed exactly using the radical   
sign.’ The reservations expressed in the preceding paragraphs 
apply again.

In their dictionary of mathematics, De Klerk and Marasco 
(2013) defined a surd as 

… an irrational number that can only be expressed exactly by 
using the root symbol,  (also known as the radical symbol). 

They gave, as examples, 29,  103 ,  2 5,  an expression such 
as 6 + 3.  Again, many of the comments made above apply 
to this definition.

Evans et al. (2016, p. 51) gave the following definition. 

A quadratic surd is a number of the form a , where a is a 
rational number which is not the square of another rational 
number. 

In this definition the irrationality of a surd follows from the 
definition rather than being built in to the definition. The 
authors continue

In general, a surd of order n is a number of the form an  where 
a is a rational number which is not a perfect nth power.

The last clause should read, ‘which is not a perfect nth power of 
another rational number’.

A delightful, almost poetic, definition was presented by 
Howard Eves (1990, p. 241).

A numerical radical in which the radicand is rational but 
the radical itself irrational is called a surd. A surd is called 
quadratic, cubic, and so on, according as its index is 2, 3, and 
so on.

Is − 2  a surd? None of the references mentioned so far say 
anything specific about this question. 



The classic work by G.H. Hardy (1952, p. 20) which was first 
published in 1908 is informative on this matter. Hardy wrote, in 
terms of quadratic surds (those that involve only square roots)

A number of the form ± a  where a is a positive rational 
number which is not the square of another rational number, is 
called a pure quadratic surd. A number of the form a ± b,  
where a is rational, and b  is a pure quadratic surd, is 
sometimes called a mixed quadratic surd.

Hardy seems to regard a surd as a number expressed in a 
particular form. 

Smith (1958, p. 252) states

As to what constitutes a surd, however, there has never been a 
general agreement.

This was originally published in 1925 for teachers and students. 
Things have not changed in the last 90 years. There is still 
considerable variation in published statements on the meaning 
of a surd. It is not even clear whether a surd is a number or an 
expression. Polster and Ross (2010) remark, ‘There is broad 
disagreement on exactly which irrational numbers are surds.’ 
This unwanted variation is not helpful to the many students and 
teachers who rely heavily on the written word.

OUR DEFINITION 
We suggest the following definition.

A surd number is a number that can be expressed in the form 
± an  where n ≥ 2  is an integer and a is a positive rational 
number which is not the nth power of a rational number. The 
expression ± an  will be referred to as a surd expression.

Should the term ‘surd’ be used at all in the school syllabus? 
Surds are used in schools primarily for teaching students about 
the algebraic manipulation of roots, and the irrationality of 
a surd almost never comes into consideration. Furthermore, 
the term ‘surd’ is not used in applications of mathematics, 
or in mathematics encountered after secondary school. We 
recommend that the term ‘surd’ be deleted from the Australian 
Curriculum.
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