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 TOPIC: PERMUTATIONS AND COMBINATIONS 

Points of discussion 

1. Fundamental principle of counting (multiplication, addition) – 

statement and verification/explanation with examples 

2. Factorial notation 

3. Definition of Permutation and Combination with example 

4. Expression of permutation and combination in terms of factorial 

notation 

5. Relation between permutation and combination in terms of formula 

6. Different formulas on permutations and combinations with  

applications 

7. Restricted permutations and combinations 

 

 

 

 

 

 



1. Fundamental principle of counting on: 

A. Multiplication  

Suppose an event E can occur in m different ways and associated with each way of occurring 

of E, another event F can occur in n different ways, then the total number of occurrence of 

the two events in the given order is m × n. 

Note: It is to be noted that this principle is applicable to finite number of activities. 

Example: In a class, there are 50 boys and 45 girls. The teacher wants to select 1 boy and 

1 girl to start online class. In how many ways can the teacher make this selection? 

 

Solution:  Here the teacher is to perform two operations: 

(i) Selecting a boy from among the 50 boys and 

(ii) Selecting a girl from among 45 girls. The first of these can be done in 50 ways and 

second can be performed in 45 ways. By the fundamental principle of counting on 

multiplication, the required number of ways = 50 × 45 = 2250. 

B. Addition 

If an event E can occur in m ways and another event F can occur in n ways, and suppose 

that both cannot occur together, then E or F can occur in m + n ways. 

Note: It is to be noted that this principle is applicable to finite number of activities. 

Example: In a class, there are 50 boys and 45 girls. The teacher wants to select 1 boy or 1 

girl to start online class. In how many ways can the teacher make this selection? 



Solution: The first can be done in 50 ways and second can be performed in 45 ways. By 

the fundamental principle of counting on addition, the required number of selections = 50 

+ 45 =95 

2. Factorial notation 

Given any positive integer n, we define:  

n!= n(n-1)(n-2) (n-3)…………(n-r+1)………3.2.1 

   =n{(n-1)(n-2)(n-2)………(n-r+1)…..3.2.1}=n (n-1)!= n(n-1)(n-2)! 

Ex: 9!= 9.8.7.6.5.4.3.2.1=9.{8.7.6.5.4.3.2.1}=9.8!= 9.8.7! 

Without any loss of generality let us assume 0!=1 

If n and r are two non-negative integers with r ≤ n, we define P(n,r) by  

P(n,r)= n(n)(n-2)………..(n-r+1) [note that there are r numbers] 

          = {n(n-1)(n-2) (n-3)…(n-r+1)(n-r)..  3.2.1}/{(n-r)..  3.2.1}=n!/(n-r)! 

In particular P(n, n)= n!/(n-n)!=n!/0!=n! and P(n,0)=n!/(n-0)!=n!/n!=1 

Ex: (i)    P(15, 4)= 15.(15-1)(15-2)…(15-4+1)=15.14.13.12 

     0r P(15,4)= 15!/(15-4)!= 15!/(11)!=15.14.13.12.(11)!/(11)!=15.14.13.12 

       (ii) P(5,5)= 5!=5.4.3.2.1=120 and P(5,0)= 1. 

 

 



3. Definition of Permutation and Combination with example 

Permutation: Arrangement of all or part of things under different conditions is known as 

permutation. 

Ex:  Out of three different letters A, B, C two can be arranged in six different ways: AB, 

BA, AC, CA, BC, CB. 

Combination: Selection of all or part of things under different conditions is known as 

combination. 

Ex: In above example total number of combinations is three. These are {A, B}, {B, C} 

and {C, A} 

Note that here {A, B} and {B, A} are same in case of combination for here order is 

immaterial. 

4. Expression of permutation and combination in terms of    factorial 

notation:  

On permutation 

(a)  Total number of permutations of n distinct objects taken r at a time where 

repetition is not allowed is P(n,r) i, e n!/(n-r)! 

 

Note: (i) In particular for r = n; we have Total number of permutations of n distinct 

objects taken all at a time where repetition is not allowed is P(n,n) i, e n!/(n-n)!= n! 



(ii)For r = 0; total number of permutations of n distinct objects taken 0 at a time 

where repetition is not allowed is P(n,0) i, e n!/(n-0)! = 1 

Ex:  Total number of three digits numbers that can be made using digits 1,3, 5, 7, 9  

without repetition is P(5,4) = 5!/(5-3)!= 5!/2!=5.4.3.2.1/2.1=60 

On the other hand total no of five digits numbers that can be formed using these are 

5!=120. 

            On combination 

Total number of combinations of n distinct objects taken r at a time is C(n,r)= n!/r!. 

(n-r)!  

Note:  

(i) In particular for r = n; we have Total number of combinations of n distinct 

objects taken all at a time C(n,n) i, e n!/n!.(n-n)!= 1 

(ii) For r = 0; total number of combinations of n distinct objects taken no object 

at a time is C(n,0) i, e n!/o!!.(n-0)! = 1 

(b) Total number of permutations of n distinct objects taken r at a time where 

repetition is allowed is nr. 

Ex:  5 chocolates can be distributed among 6 boys in 65 ways where each child can 

receive any number of chocolates. This is because first chocolate can be given to 

any one of the six boys. Therefore first chocolate can be distributed in 6 different 

ways. This is true for each if the five chocolates. Now using fundamental principle 

on multiple we have total no. of distributions = 6. 6. 6. 6. 6= 65 



(c)  Total number of permutations of n objects taken all at a time  with one object 

repeats p times, second object repeats q times and third object repeats r times and 

remaining objects are distinct is              

      n!/{p! . q! . r!} 

    Ex:  Find out total number of words that can be formed using letters of the word 

STATISTICS? 

      Solution: In word STATISTICS,  there are 10 letters out of which three are three 

‘T’, three ‘S’, two ‘I’ and remaining letters are distinct. Therefore total number of 

words = (10)!/{3! . 3!. 2!} = 10 .9. 8. 7.6. 5.4./3! . 3. 2. 1. 2.1 = 50400. 

 

 

 

 

 


