
Perms & Combs and the Binomial Theorem 

n! 

We will begin by examining the meaning of n ! 

n! is defined as n x (n - 1) x (n - 2) x ...  x 2 x 1.  

n! is the number of ways of arranging n obects, in order.  

   

For example, if I have 6 books, imaginatively entitled A, B, C, D, E 

and F, then I can arrange them in 6! = 720 ways, because there are 6 

choices for the first book on my shelf, 5 choices for the second 

book, and so on, down to just one choice for the last  position.  

n! grows very quickly with n.   As an example, consider this 

problem.  Suppose that 20 people are standing in a lunch queue.  

There are 20! ways in which the queue could form.  Suppose I ask 

the people to stand in each of these 20! ways, and I film them, 

taking one second for each photograph.  How long would it take to 

complete my filming?  

Using a scientific calculator, work out 20!.  The answer to our 

question is 20! seconds.  Now divide by 60 to get the result in 

minutes, then by 60 to get it in hours, then by 24 to get it in days.  

Finally, divide by 365 to convert to years.  (No, we are not 

concerned with leap years here.)  The result is over 7.7 x 10
10

 years, 

a vast amount of time.   It makes the age of the Earth look tiny.  

In fact, if you have a standard scientific calculator, which can 

represent numbers up to (almost) 10
1 00

,  then the biggest factorial 

you can calculate is 69!.  I have seen an estimate for the number of 

elementary particles in the entire Universe.  It is 10
80

.   So 69! is a 

good deal bigger than this number.  

As an approximation, the number             seems to give a decent 

approximation to n!, for n  100.  Stirling's approximation is better: 

 



nPr 

n
Pr  is the number of ways of choosing  r  objects from n,  where the 

order is important.  For example, suppose there are 100 numbered 

tickets in a bowl, and we wish to choose three tickets for prizes to 

be awarded.  The first ticket drawn wins £100, the second ticket 

wins £50, and the third ticket wins £10.  Then it is obvious that the 

order is significant.  

There are 100 choices for the first prize, 99 choices for the second 

prize, and 98 choices for the third prize.  So the total number of 

possible results is 100 x 99 x 98 = 970 200 - almost a million! 

If we want a formula for 
n
Pr then we notice that we begin by 

calculating n!  Then we must divide by 97!, leaving us with just 

100.99.98 

So the formula is 
n
Pr = 

  

      
 

Note that your calculator does not do it this way, since it will 

compute 
100

P97,  but it cannot work out 100!, as explained earlier.  

 

 

 

 

 

 

 

 

 

 

 



 

nCr 

n
Cr,  also written as ( 

 
) is the number of ways of choosing r  objects 

from n,  without considering order.  For example, suppose that there 

are ten tickets, with the names of ten schools written on, in a bowl, 

and that 3 of the names are to be chosen for an Ofsted inspection.  

What is 
n
Cr? 

Now we know that 
10

P3 = 720 is the number of ways of choosing 3 

names from 10, with the order of the chosen objects being 

significant.  But we are not interested in the 3! ways in which the 3 

selected schools can be arranged.  So we must divide 
10

P3 by 3! 

So we have the formula that 
10

C3 = 
   

     
  = 120.  So there are 120 

ways in which Ofsted can make their dreaded choice.  

With acknowledgements to Penelope Nom  


