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 The word induction means the method of reasoning about a general statement from the 
conclusion of particular cases. Inductions starts with observations. It may be true but then it must be so 
proved by the process of reasoning. Else it may be false but then it must be shown by finding a counter 
example where the conjecture fails. 
 In mathematics there are some results or statements that are formulated in terms of n, where 

Nn . To prove such statements we use a well suited method, based on the specific technique, which 
in known as principle of mathematical induction.  

 
 

 A statement which is either true or false is called a proposition or statement. 

 ( )nP  denotes a proposition whose truth value depends on natural variable ‘n’. 

 For example 2222 ......321 n+++  = 
( )( )

6

121 ++ nnn
 is a proposition whose truth value 

depends on natural number n. 

 We write ( )
( )( )

6

121
.......321: 2222 ++

=+++
nnn

nnP ,  

where P(4) means 
( ) ( )

6

18144
4321 2222 ++

=+++  

 To prove the truth of proposition ( )nP  depending on natural variable n, we use mathematical 

induction.  

 
 

The statement ( )nP  is true for all Nn  if  

(i) P(1) is true. 

(ii) P(m) is true    ( )1+mP  is true. 

The above statement can be generalized as ( )nP  is true for all Nn  and kn   if  

(i) ( )kP  is true. 

(ii) ( )mP  is true ( )km      ( )1+mP  is true. 
 
 

 
 

 

 

WORKING RULE 

To prove any statement ( )nP  to be true for all kn   with the help of first principle of mathematical 

induction we follow the following procedure: 
Step (i) Check if the statement is true or false for n = k. 
Step (ii) Assume the statement is true for n = m. 
Step (iii) Prove the statement is true for 1+= mn . 
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 Illustration 1 
 

Question: Prove by the principle of mathematical induction that for all Nn : 
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Solution: Let ( )nP  be the statement given by  

  ( )nP  : 
( ) 11

1
......

4.3

1

3.2

1

2.1

1

+
=

+
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n
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  Step I:   We have, ( )1P  : 
11

1

2.1

1

+
=  

  Since, 
2

1

11

1
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1
=

+
=  

  So, P(1) is true. 

  Step II: Let ( )mP  be true, then 
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  We shall now show that ( )1+mP  is true. If P(m) is true. 

  For this we have to show that  
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  Now,  
( ) ( ) ( )111
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   = 
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   = 
( ) ( )( )111

1

1 +++
+

+ mmm

m
  [using (i)] 

   = 
( ) ( )

( )
( )

( )
( )( )21

1

2

12

1

1

2

1

11

1
22

++

+
=

+

++

+
=









+
+

+ mm

m

m

mm

mm

m

m
= 

2

1

+

+

m

m
 

   ( )1+mP  is true. 

  Thus, ( )mP  is true      ( )1+mP  is true. 

  Hence, by the principle of mathematical induction, the given statement is true for all Nn . 
 

 Illustration 2 
 

Question: For every positive integer n, prove that nn 37 −  is divisible by 4. 

Solution: We have ( ) nnnP 37: −  is divisible by 4 

  We note that ( ) 437:1 11 =−P , which is divisible by 4. Thus ( )nP  is true for n = 1 

  Let ( )kP  be true for some natural number k. 

  i.e., ( ) kkkP 37: −  is divisible by 4. 

  We get kk 37 − = 4d, where Nd   …(i) 

  Now, we wish to prove that ( )1+kP  is true whenever ( )kP  is true. 

  i.e., we have show mkk 437 11 =− ++  

  Now, 
( ) ( ) ( ) ( )1111 3373.7737 ++++ −+−=− kkkkkk

 

    = ( ) ( ) ( ) ( ) kkkk d 33747337377 −+=−+−   
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    = ( ) kd 3.447 +   [using (i)] 

    ( )kd 374 +=  = 4m 

  From the last line, we see that ( ) ( )11 37 ++ − kk  is divisible by 4. 

  Thus, ( )1+kP  is true when ( )kP  is true. 

  Therefore, by principle of mathematical induction the statement is true for every positive integer n. 

 Illustration 3 
 

Question: Prove that 55.37.2 −+ nn  is divisible by 24 for all Nn  . 
 

Solution: Let the statement ( )nP  be defined as  

  ( ) 55.37.2: −+ nnnP  is divisible by 24. 

  Now,  ( )nP  is true for n = 1, since 2455.37.2 =−+ , which is divisible by 24. 

  Assume that ( )kP  is true. i.e. qkk 2455.37.2 =−+ , when Nq   …(i) 

  Now, we wish to prove that ( )1+kP  is true whenever ( )kP  is true. 

  We have, 55.5.37.7.255.37.2 1111 −+=−+ ++ kkkk  

      = 55.5.3]55.355.37.2[7 −++−−+ kkkk  

      = 55.15]55.324[7 −++− kkq  [using (i)] 

      = 55.15355.21247 −++− kkq  

      = 305.6247 +− kq  

      = ( )1530247 1 −− −kq  = ( )pq 430247 −   

     [since ( )15 1 −−k  is a multiple of 4 as nn yx −  is divisible by x = y] 

      = pq 120247 −  = ( )pq 5724 −  

      = pqrr −= 7,24 , is some natural number  …(ii) 

  The expression on the R.H.S. of (i) is divisible by 24. 

  Thus ( )1+kP  is true whenever ( )kP  is true. 

  Hence, by principle of mathematical induction, ( )nP  is true for all Nn    
 

 Illustration 4 
 

Question: Prove the rule of exponents ( ) nnn
baab =  by using principle of mathematical induction for 

every natural number.   

Solution: Let ( )nP  be the given statement i.e, ( ) ( ) nnn
baabnP =:  

  We note that ( )nP  is true for n = 1 since ( ) 111
baab =  

  Let ( )kP  be true, i.e., ( ) kkk
baab =   …(i) 

  We shall now prove that ( )1+kP  is true whenever ( )kP  is true. 

  Now, we have ( ) ( ) ( )ababab
kk

=
+1

  

      = ( ) ( )abba kk  [by (i)] 

      = ( )( ) 1111 ... ++= kkkk babbaa  

  Therefore, ( )1+kP  is also true whenever ( )kP  is true. 

  Hence, by principle of mathematical induction, ( )nP  is true for all Nn  .  

 Illustration 5 
 

Question: Using mathematical induction, show that  

  ( ) Nn
n

n
n 




= − ,

sin2

2sin
2cos......4cos2coscos 1 . 
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Solution: Let ( ) ( )



= −

sin2

2sin
2cos......4cos2coscos: 1

n

n
nnP    

  Step I: For n = 1 

  L.H.S. of (i) = cos  and R.H.S. of (i) = =



cos

sin2

2sin
 

  Therefore, P(1) is true. 
  Step II: Assume it is true for n = k, then  

   ( ) ( )



= −

sin2

2sin
2cos......4cos2coscos: 1

k

k
kkp   …(i) 

  Step III:  For n = k+ 1 

    ( ) ( ) ( )



=+

+

+
−

sin2

2sin
2cos2cos......4cos2coscos:1

1

1
1

k

k
kkkP  

   L.H.S. = ( ) ( ) − kk 2cos2cos......4cos2coscos 1  

      = 
( ) ( ) ( ) ( )




=




+ sin2

2cos2sin2
2cos.

sin2

2sin
1k

kk
k

k

k

  [using (i)] 

      = 
( )




+ sin2

2.2sin
1k

k

 = 
( )




+

+

sin2

2sin
1

1

k

k

 = R.H.S. 

  This shows that the ( )1+kP is true if ( )kP  is true. 

  Hence by the principle of mathematical induction, the result is true for all Nn . 
  

 Illustration 6 
 

Question: Prove by induction that the sum 353 23 +++= nnnSn  is divisible by 3 for all Nn . 

Solution: Let ( )nP  be the statement given by  

  ( ) 353: 23 +++= nnnSnP n  is divisible by 3 

  Step I: We have, ( ) ( ) ( )15131:1
23

1 ++=SP  + 3 is divisible by 3 

  Since ( ) ( ) 12315131
23 =+++ , which is divisible by 3 

   P(1) is true. 

  Step II: Let ( )mP  be true. Then 

   353 23 +++= mmmSm  is divisible by 3 

   353 23 +++= mmmSm  = 3, for some N   …(i) 

  We now wish to show that ( )1+mP  is true.  For this we have to show that  

   ( ) ( ) ( ) 315131
23

++++++ mmm  is divisible by 3 

  Now, ( ) ( ) ( ) ( ) 993353315131 22323
++++++=++++++ mmmmmmmm  

   = ( ) ]33[33333 22 +++=+++ mmmm  [using (i)] 

   = 3, where Nmm +++= 332
 

   ( )1+mP  is true. 

  Thus, ( )mP  is true     ( )1+mP  is true 

  Hence, by the principle of mathematical induction the statement is true for all Nn . 
 

 Illustration 7 
 

Question: Show by using principle of mathematical induction that  

  
( )

4

3312
3.......3.33.23.1

1
32 +−

=++++
+n

n n
n . 

Solution: Let ( )
( )

4

3312
3.......3.33.23.1:

1
32 +−

=++++
+n

n n
nnP  

  Step I: When n = 1,  L.H.S. =1.3 = 3  
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  and R.H.S. = 
( ) ( )

4

3311.2

4

3312 21 +−
=

+− +nn
 = 3

4

12
=  

  Hence P(1) is true.     

  Let ( )mP  be true 

   
( )

4

3312
3.......3.33.23.1

1
32 +−

=++++
+m

m m
m   ….(i) 

  To prove ( )1+mP  is true i.e.,  

   ( )
( )

4

3312
3.13.......3.23.1

2
12 ++
=+++++

+
+

m
mm m

mm   

  Adding  ( ) 13.1 ++ mm  to both sides of (i), we get 

  ( ) 12 3.13.......3.23.1 ++++++ mm mm  

   = 
( )

( ) 1
1

3.1
4

3312 +
+

++
+− m

m

m
m

 

   = 
( )  ( )

4

3312

4

33.1412 21 ++
=

+++− ++ mm mmm
 

  Hence ( )1+mP  is true whenever ( )mP  is true.    

  It follows that ( )nP  is true for all natural numbers n. 

 

 Illustration 8 
 

Question: Using the principle of mathematical induction, show that 122 1211 ++ + nn , where n is a natural 
number, is divisible by 133. 

Solution: Let ( ) 122 1211 ++ += nnnf  

  Let ( ) ( )nfnP :  i.e. 122 1211 ++ + nn  is divisible by 133 

  Now, ( ) ( )( )1441211121121112111 33 +−+=+=f  

    13323= , where is divisible by 133 

   P(1) is true.   …(A) 

  Let ( )mP  be true      ( ) 122 1211 ++ += mmmf  is divisible by 133  

     ( ) kmf mm 1331211 122 =+= ++ , where k is an integer  …(i) 

  Now, ( ) 323 12111 ++ +=+ mmmf  

   = ( ) 144.12111112.1211.11 1222122 ++++ +=+ mmmm
 

  Now we divide ( )1+mf  by ( )mf  

  

) ( ) (

( )

12

122

122122

12.133

12.1111.11

1112.14411.111211

+

++

++++

−−

+

++

m

mm

mmmm

 

    ( ) ( ) 1212 12.1331331112.133.111 ++ +=+=+ mm kmfmf   [from (i)] 

    = ( )121211133 ++ mk , which is divisible by 133 

    ( )1+mP  is true whenever ( )mP  is true   …(B) 

  From (A) and (B) it follows that ( )nP  is true for every natural number n i.e. 
122 1211 ++ + nn
 is divisible 

by 133 for every natural number n. 

 Illustration 9 
 

Question: Prove that Nn
n

n +++ ,
3

.......21
3

222 . 

Solution: Let ( )nP  be the given statement. 
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  i.e., ( ) Nn
n

nnP +++ ,
3

......21:
3

222  

  when note that ( )nP  is true for n = 1 since 
3

1
1

3
2   

  Assume that ( )kP  is true  

  i.e., ( )
3

.......21:
3

222 k
kkP +++   …(i) 

  We shall now prove that P(k + 1) is true whenever P(k) is true. 

  We have, ( )22222 1.......321 ++++++ kk  

    = ( ) ( ) ( )2
3

2222 1
3

1.......21 +++++++ k
k

kk  [by (i)] 

    = ]363[
3

1 23 +++ kkk  

    = ( ) ( )33
1

3

1
]231[

3

1
++++ kkk  

  Therefore, ( )1+kP  is also true whenever P(k) is true. 

  Hence, by mathematical induction P(n) is true for all Nn    
 

 Illustration 10 
 

Question: Prove that nn 2  for all positive integers n. 

Solution: Let ( ) nnP n 2:  

  When n = 1, 121   
  Hence P(1) is true. 

  Assume that ( )kP  is true for any positive integers k i.e., 

  kk 2   …(i) 

  We shall now prove that ( )1+kP  is true whenever ( )kP  is true. 

  Multiplying both sides of (i) by 2, we get 

  kk 22.2   

  i.e., 122 1 ++=+ kkkkk  

    ( )1+kP  is true when ( )kP  is true. 

  Hence, by principle of mathematical induction, ( )nP  is true for every positive integer n. 

 
 
 
 
 
 


