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Two’s company
What makes prime numbers clump in pairs? 

If only we knew, says mathematician Vicky Neale
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IT WAS the British mathematician G.H. Hardy 
who popularised the idea that youthful 
brains do the best maths. “I do not know of  

a major mathematical advance initiated by a 
man past fifty”, he wrote in A Mathematician’s 
Apology, a lament for the decline of his own 
creativity that he published in 1940 at the age 
of 62. “If a man of mature age loses interest in 
and abandons  mathematics, the loss is not 
likely to be very serious either for mathematics 
or for himself.”

If blooming youth is the rule, Yitang Zhang 
is a definite exception. For the best part of a 
decade after completing his PhD, he wasn’t 
even working as a mathematician, instead 
doing odd accounting jobs around Kentucky. 
At one point he did a stint working in a Subway 
fast-food restaurant. When he announced a 
mathematical breakthrough that had eluded 
his peers for a couple of centuries, he was 57.

What Zhang made public in 2013 wasn’t a 

proof of the hallowed “twin primes 
conjecture”, but it was a significant step 
towards one. And even if things haven’t 
quite panned out in the years since, he has 
inspired work that is promising new insights 
into the prime numbers, the most beguiling 
numbers of all.

Primes are those numbers greater than  
1 that are divisible only by 1 and themselves.  
The sequence begins 2, 3, 5, 7, 11, 13, 17, 19 and 
goes on… well, as long as you like. Primes 
underpin modern cryptography, keeping your 
credit card details safe when you shop online. 
But their true power lies in the crucial role 
they play in number theory, the branch of 
mathematics concerned with the properties 
of whole numbers. 

Primes are the fundamental entities from 
which we make all numbers, because any 
number that is not prime can be obtained by 
multiplying other primes together. “It’s the >

same idea as in chemistry, where you  
might try to understand some complicated 
compound by understanding the atomic 
elements which it is made from and how they 
are joined together,” says James Maynard,  
a mathematician at the University of Oxford. 

The fascination with primes goes back at 
least as far as the ancient Greeks. In The 
Elements, Euclid came up with a beautiful 
proof that there are infinitely many primes, 
so there is no largest prime number. 

Let’s assume for a moment you have a list  
of all the prime numbers. Multiply all these 
together, then add 1, and you get a number 
that, by definition, cannot be divided exactly 
by any of the primes used to make it: 1 will 
always be left over as a remainder. Either it 
is divisible by another prime not on the list,  
or it is itself prime – so the original list must  
be incomplete. You can repeat this reasoning 
with any initial list of primes, so it follows 
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