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Consider a set of four people, A, B, C and D. 

In groups of two people at a time, they can be arranged as follows: AB, BA, AC, CA, AD, DA, BC, 

CB, BD, DB, CD, DC. That is 𝑃ଶ
ସ = 12 arrangements. 

However, the group AB is the same than the group BA, as the order in which they are combined 

does not matter; A and B can be arranged in 2! ways, but combined in only one way. Therefore 

the number of combinations (selections) of two people at a time is only 6.  

The six different combinations are as follows: AB, AC, AD, BC, BD, CD. 

This number, the number of combinations of 4 people taken 2 at a time, is represented by the 

symbol 𝐶ଶ
ସ  or ൫ସ

ଶ൯, and we can write 𝐶ଶ
ସ =

௉మ
ర

ଶ!
=

ଵଶ

ଶ!
= 6 

 

Number of combinations 𝑪𝒓
𝒏  𝐨𝐫 ൫𝒏

𝒓൯ 

The symbol 𝐶௥
௡  or ൫௡

௥൯ denotes the number of combinations of 𝑛 different objects taken 𝑟 at a 

time. Each combination consists of a group of 𝑟 different elements that can be ordered in 𝑟! 

ways. 

𝐶௥
௡ =  ቀ

𝑛

𝑟
ቁ =

𝑃௥
௡

𝑟!
=

𝑛!

(𝑛 − 𝑟)! 𝑟!
 

Note that 𝐶௥
௡  and 𝑃௥

௡  can be calculated with the functions nCr and nPr of the calculator. 
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Important remark: 

𝐶௡ି௥
௡ =  

𝑛!

൫𝑛 − (𝑛 − 𝑟)൯! (𝑛 − 𝑟)!
=

𝑛!

(𝑛 − 𝑛 + 𝑟)! (𝑛 − 𝑟)!
=

𝑛!

𝑟! (𝑛 − 𝑟)!
= 𝐶௥

௡  

Therefore  𝐶௥
௡ = 𝐶௡ି௥

௡
 

That means that the number of combinations of 𝑛 objects, taken 𝑟 at a time, is equal to the 

number of combinations of 𝑛 objects, taken (𝑛 − 𝑟) at a time. 

The reason for it is that for each set of 𝑟 objects selected, there is a set containing (𝑛 − 𝑟) objects 

left behind. Therefore, there must be the same number of sets containing (𝑛 − 𝑟) objects as 

there are containing 𝑟 objects. 
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Combinations of any number of objects 

The symbol 𝐶௥
௡  can also be described as representing the number of r-subsets in a given set, 

where 0 ≤ 𝑟 ≤ 𝑛. 

If no specific value of 𝑟 is stated, 𝑟 can assume any value between 0 and 𝑛 inclusive. Hence the 

number of subsets that each contain at least one element, i.e. the number of non-empty subsets 

in an n-set, is 𝐶ଵ
௡ + 𝐶ଶ

௡ + 𝐶ଷ
௡ + ⋯ + 𝐶௡

௡  

From a set of 𝑛 objects, each object can be dealt with in two ways: it can be included or it can be 

excluded. The number of ways of dealing with the 𝑛 objects is thus 2 × 2 × 2 × … to 𝑛 factors, or 

2௡. But this includes the case where all 𝑛 objects are excluded, so the number of combinations of 

at least one object is 2௡ − 1. 

Therefore 𝐶ଵ
௡ + 𝐶ଶ

௡ + 𝐶ଷ
௡ + ⋯ + 𝐶௡

௡ = 2௡ − 1 
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