
Using  mathematical  induction , prove  each  of  the  following  statements  for  all  n ∈ N 

1.  12 +  22 + 32  +  42+  ………..+  𝑛2  =  
𝑛  ( 𝑛+1 ) ( 2𝑛+1)

6
 

Solution:   Let  𝑠(𝑛)  be  the  given  statement  ; 

𝑠(𝑛)  =      12 +  22 + 32  +  42+  ………..+  𝑛2  =  
𝑛  ( 𝑛+1 ) ( 2𝑛+1)

6
 

Since    𝑠(1)   =  
1 (1+1)(2.1+1)

6
   =  

2.3

6
  =  1  ,  ( n  = 1 ) 

        The  statement  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  .  then 

𝑠(𝑘)  =  12 +  22 + 32  +  42+  ………..+  𝑘2 =  
𝑘(𝑘+1)(2𝑘+1) 

6
   

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that  𝑠(𝑘+1)  =   
(𝑘+1)  [ (𝑘+1)+1  ] [2(𝑘+1)+1  ]

6
 

        We  observe  that  , 𝑠(𝑘+1)   =   12 +  22 + 32  +  42+  ………..+  𝑘2+  (𝑘 + 1)2 

                                           = 𝑠(𝑘)   + (𝑘 + 1)2 

       =  
𝑘(𝑘+1)(2𝑘+1) 

6
  +  (𝑘 + 1)2 

       =   
𝑘 (𝑘+1)(2𝑘+1)+6(𝑘+1)2

6
 

       =  
(𝑘+1)  [𝑘(2𝑘+1)+  6 (𝑘+1) ]

6
 

       =  
(𝑘+1) (2𝑘2+𝑘+6𝑘+6)

6
 

       =  
(𝑘+1) (2𝑘2+7𝑘+6)

6
 

       =  
(𝑘+1) (𝑘+2) (2𝑘+3)

6
 

 ∴     𝑠(𝑘+1)  =  
  [(𝑘+1) (𝑘+1)+1 ] [2(𝑘+1)+1]

6
            

∴   The  formula  is  true  for  n =k+1 

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

12 +  22 + 32  +  42+  ………..+  𝑛2  =  
𝑛  ( 𝑛+1 ) ( 2𝑛+1)

6
   , is  true  for  all  n ∈  N. 

2  .    2.3  +  3.4  +  4.5  +  ……….  +  upto  n  terms  =  
 𝑛 (   𝑛2+  6𝑛 +  1 )

3
 

      Solution :    Let  𝑠(𝑛)  be  the  given  statement  ; 



   2.3  +  3.4  +  4.5  +  ……….  +  upto  n  terms  =  
(   𝑛2+  6𝑛 +  11 )

3
                                                                    

The  𝑛𝑡ℎ term  of   2.3  +  3.4  +  4.5  +  ……….  Is  (n+1)  (n+2)                                                                                                                                            

         𝑡𝑛  =  a+(n-1)d = 2+(n-1)1 =n+1 ,            3+(n-1)1=n+2 ] 

         𝑠(𝑛)  = 2.3  +  3.4  +  4.5  +  ……….  +  (n+1) (n+2)  =  
𝑛 (   𝑛2+  6𝑛 + 11 )

3
  

         Since    𝑠(1)  =  2.3  =
1 (12 +  6.1 +11 )

3
  =

18

3
  =  6    ,     for   n  =1 

        The  statement  𝑠(𝑛)  is  true  for  n = 1  

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

        𝑠(𝑘)  =   2.3  +  3.4  +  4.5  +  ……….  + ( k+1) (k+2)  =  
𝑘 (𝑘2+6𝑘 +  11)

3
     

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,  𝑠(𝑘+1)  =  
(𝑘 + 1)  [  ( 𝑘+1 )2+6 (𝑘+1) +  11  ]

3
  

        We  observe  that, 

       𝑠(𝑘+1)  =  2.3  +  3.4  +  4.5  +  ……….  + ( k+1) (k+2)  +  [  (k+1) +1 ]  [  (k+1)  +2  ]    

                                                         =  𝑠(𝑘)  +  ( k +2 )  (k + 3 )     

                                                         =  
𝑘 (𝑘2+6𝑘 +  11)

3
  + ( k +2 )  (k + 3 )     

                                                        =  
(𝑘3+6 𝑘2+11 𝑘 )+  3( 𝑘2+5 𝑘+6 )

3
 

                                                        =  
𝑘3+ 9 𝑘2+26 𝑘+18

3
   

                                                        =  
( 𝑘+1 ) ( 𝑘2+8 𝑘 +  18 )

3
  

                                                        =  
( 𝑘+1 ) ( 𝑘2+6 𝑘+2 𝑘 + 1+6+11 )

3
        

                                                        =   
( 𝑘+1 )  [  ( 𝑘2+2 𝑘+1 )+  ( 6 𝑘+𝑘+11 ) ] 

3
 

                                     ∴   𝑠(𝑘+1)  =   
( 𝑘+1 )  [  ( 𝑘+1 )2+6 ( 𝑘+1 )+11  ]

3
    

                       ∴   The  formula  is  true  for  n =k+1  

     ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

       2.3  +  3.4  +  4.5  +  ……….  +  (n+1) (n+2)  =  
𝑛 (   𝑛2+  6𝑛 +  1 )

3
  ,    is  true  for  all  n ∈  N. 

3 .   
1

1.3 
  +  

1

3.5
  +  

1

5.7
  +  ……….  +  

1

(2𝑛−1)(2𝑛+1)
  =  

𝑛

2𝑛+1
 



   Solution :    Let  𝑠(𝑛)  be  the  given  statement  ;  

        𝑠(𝑛)  =   
1

1.3 
  +  

1

3.5
  +  

1

5.7
  +  ……….  +  

1

(2𝑛−1)(2𝑛+1)
  =  

𝑛

2𝑛+1
 

        Since    𝑠(1)  = 
1

1.3 
  =  

1

2(1)+1
  =  

1

3
     ,         (n=1) 

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  .  then 

       𝑠(𝑘)  =   
1

1.3 
  +  

1

3.5
  +  

1

5.7
  +  ……….  +  

1

(2𝑘−1)(2𝑘+1)
  =  

𝑘

2𝑘+1
  

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that  𝑠(𝑘+1)  =   
𝑘+1

2(𝑘+1) +1
  

       We  observe  that, 

       𝑠(𝑘+1)  =   
1

1.3 
  +  

1

3.5
  +  

1

5.7
  +  ……….  +  

1

(2𝑘−1)(2𝑘+1)
   +  

1

[2(𝑘+1)−1][2(𝑘+1)+1]
 

                                                               =  𝑠(𝑘) +   
1

(2𝑘+1)(2𝑘+3)
    

                                                               =   
𝑘

2𝑘+1
  +    

1

(2𝑘+1)(2𝑘+3)
     

                                                               =  
𝑘(2𝑘+3)+  1

(2𝑘+1)(2𝑘+3)
    

                                                               =   
2𝑘2+3𝑘+1

(2𝑘+1)(2𝑘+3)
  

                                                               =  
(2𝑘+1)(𝑘+1)

(2𝑘+1)(2𝑘+3)
               

                                                               =  
𝑘+1

2𝑘+3
  

                                           ∴    𝑠(𝑘+1)  =  
𝑘+1

2(𝑘+1) +1
 

                       ∴   The  formula  is  true  for  n =k+1  

     ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

     
1

1.3 
  +  

1

3.5
  +  

1

5.7
  +  ……….  +  

1

(2𝑛−1)(2𝑛+1)
  =  

𝑛

2𝑛+1
        is  true  for  all  n ∈  N. 

4.    43  +  83  +  123  +  ……….  Upto  n  terms  =  16 𝑛2(𝑛 + 1)2 

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ;                                                                                               

𝑠(𝑛)  =   43  +  83  +  123  +  ……….  +  (4 𝑛)3  =   16 𝑛2(𝑛 + 1)2   

𝑠(1)  =  43  =  16 (1)2(1 + 1)2  =  16.4  =64        for  n = 1 



        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  .  then 

        𝑠(𝑘)  =    43  +  83  +  123  +  ……….  +  (4 𝑘)3  =   16 𝑘2(𝑘 + 1)2   

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that  𝑠(𝑘+1)  =   16(𝑘 + 1) 2[ (𝑘 + 1) + 1 ]2   

       We  observe  that,            

       𝑠(𝑘+1)  =   43  +  83  +  123  +  ……….  +  (4 𝑘)3  +  [4( 𝑘 + 1) ]3 

                                                    =   𝑠(𝑘)  +  43( 𝑘 + 1)3 

                                                    =   16 𝑘2(𝑘 + 1)2   + 43 ( 𝑘 + 1)3 

                                                    =  16 (𝑘 + 1)2[𝑘2+ 4 ( k + 1) ] 

                                                    =   16 (𝑘 + 1)2 (𝑘2+4 k + 4) 

                                                    =   16 (𝑘 + 1)2 (𝑘 + 2)2 

                               ∴      𝑠(𝑘+1)  =   16(𝑘 + 1) 2[ (𝑘 + 1) + 1 ]2       

                ∴   The  formula  is  true  for  n =k+1   

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N.  

    43  +  83  +  123  +  ……….  +  (4 𝑛)3  =   16 𝑛2(𝑛 + 1)2     is  true  for  all  n ∈  N 

5.   a  +  (a + d)  +  (a +2d)  +  ……….  Upto  n  terms   =   
𝑛

2 
 [2a + (n-1) d ]   

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ;                                                                                                           

The   𝑛𝑡ℎ  term  of  the  given  series  is    [a+(n-1)d] 

       𝑠(𝑛)  =  a  +  (a + d)  +  (a +2d)  +  ……….  +  [a+(n-1)d]  =  
𝑛

2 
 [2a + (n-1) d ] 

       𝑠(1)  =  a  =  
1

2 
 [2a + (1-1) d ]  =  a,     for  n =1 

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

        𝑠(𝑘)  =  a  +  (a + d)  +  (a +2d)  +  ……….  +  [a+(k-1)d]  =  
𝑘

2 
 [2a + (k-1) d ] 

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that  𝑠(𝑘+1)  =    
𝑘+1

2 
 [2a + [ (k+1)-1) d ] ]  



        We  observe  that,   𝑠(𝑘+1)  =  a  +  (a + d)  +  (a +2d)  +  ……….  +  [a+(k-1)d]  +  [ a + ( [k+1]-1)d ] 

                                            =    𝑠(𝑘)  +  (a+kd)  

                                            =   
𝑘

2 
 [2a + (k-1) d ]  +  (a + k d)  

                                            =   
1

2 
 [2 k a + 𝑘2d – k d +2 a +2 k d ]   

                                            =   
1

2 
 [2 k a +2 a + 𝑘2d +  k d ]        

                                            =   
1

2 
 [2 a +(k+1)  +  k d (k+1) ]       

                                            =   
1

2 
 [ (k+1)  (2a+kd) ]      

                                            =   
𝑘+1

2 
  (2a+kd)    

                       ∴     𝑠(𝑘+1)  =    
𝑘+1

2 
 [2a + [ (k+1)-1) d ] ]   

             ∴   The  formula  is  true  for  n =k+1  

   ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

     a  +  (a + d)  +  (a +2d)  +  ……….  +  [a+(n-1)d]  =  
𝑛

2 
 [2a + (n-1) d ],  is  true  for  all  n ∈  N. 

6.   a  +a r  +  a 𝑟3  +  ……….  Upto  n  terms  =   
𝑎 (𝑟𝑛−1)

(𝑟−1)
  ,   r ≠ 1 

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

        𝑠(𝑛)  =  a  +a r  +  a 𝑟3  +  ……….  +a𝑟𝑛−1   =   
𝑎 (𝑟𝑛−1)

(𝑟−1)
 

        For   n=1,    𝑠(1)  =  a  = 
𝑎 (𝑟1−1)

(𝑟−1)
   =  a 

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  .  then 

        𝑠(𝑘)  =  a  +a r  +  a 𝑟3  +  ……….  +a𝑟𝑘−1   =   
𝑎 (𝑟𝑘−1)

(𝑟−1)
  

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that  𝑠(𝑘+1)  =   
𝑎 (𝑟(𝑘+1)−1)

(𝑟−1)
  

        We  observe  that ,                                                                                                                                                                                                                

       𝑠(𝑘+1)  =  a  +a r  +  a 𝑟3  +  ……….  +a𝑟𝑛−1  +  a 𝑟(𝑘+1)−1  

                                                     =    𝑠(𝑘)  +  a 𝑟(𝑘+1)−1      



                                                     =  
𝑎 (𝑟𝑘−1)

(𝑟−1)
   +  a 𝑟𝑘 

                                                     =  
𝑎 (𝑟𝑘−1)+𝑟𝑘(𝑟−1)

(𝑟−1)
   

                                                     =  
𝑎 (𝑟𝑘−1+ 𝑟𝑘+1−𝑟𝑘) 

(𝑟−1)
   

                               ∴      𝑠(𝑘+1)  =   
𝑎 (𝑟(𝑘+1)−1)

(𝑟−1)
   

               ∴   The  formula  is  true  for  n =k+1  

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N.   

    a  +a r  +  a 𝑟3  +  ……….  +a𝑟𝑛−1   =   
𝑎 (𝑟𝑛−1)

(𝑟−1)
     is  true  for  all  n ∈  N.  

7.      2  +  7  +  12  +  ……….  +  (5n + 3)  =  
𝑛 (5𝑛−1)

2
    

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

        𝑠(𝑛)  =   2  +  7  +  12  +  ……….  +  (5n + 3)  =  
𝑛 (5𝑛−1)

2
   

        𝑠(1)  =  2  =    
1(5.1−1)

2
  =   

4

2
  =  2 ,            For  n=1  

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

        𝑠(𝑘)  =    2  +  7  +  12  +  ……….  +  (5k + 3)  =  
𝑘 (5𝑘−1)

2
   

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,  𝑠(𝑘+1)  =   
(𝑘+1)[5(𝑘+1)−1]

2
         

       We  observe  that,                                                                                                                                                                                                                                                                                                                                                                      

                   𝑠(𝑘+1)  =  2  +  7  +  12  +  ……….  +  (5k + 3)  +  [5(k+1) – 3] 

                                            =   𝑠(𝑘)  +  (5k+2) 

      =     
𝑘 (5𝑘−1)

2
   +  (5k+2)   

                                            =    
𝑘 (5𝑘−1) + 2 (5𝑘+2)

2
     

                                            =   
5 𝑘2−𝑘 + 10 𝑘 + 4

2
  

                                            =   
5 𝑘2+  9 𝑘 + 4

2
  



                                            =   
5 𝑘2+  5 𝑘+4 𝑘 + 4

2
  

                                            =   
5𝑘 (𝑘+1) + 4 (𝑘+1)

2
                                              

                                            =   
 (𝑘+1)  (5 𝑘+1)

2
     

                         ∴   𝑠(𝑘+1)  =   
(𝑘+1)  [5(𝑘+1)−1]

2
      

                ∴   The  formula  is  true  for  n =k+1  

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

     2  +  7  +  12  +  ……….  +  (5n + 3)  =  
𝑛 (5𝑛−1)

2
    ,     is  true  for  all  n ∈  N.  

8.   ( 1 + 
3

1
  )  ( 1 + 

5

4
  )  ( 1 +  

7

9
  )  …………  ( 1+

2 𝑛+1

𝑛2   )  =  (𝑛 + 1)2     

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

        𝑠(𝑛)  =   ( 1 + 
3

1
  )  ( 1 + 

5

4
  )  ( 1 +  

7

9
  )  …………  ( 1+

2 𝑛+1

𝑛2   )  =  (𝑛 + 1)2   

        𝑠(1)  =  4  =   (1 + 1)2 =  4 ,     For  n=1 

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

        𝑠(𝑘)  =   ( 1 + 
3

1
  )  ( 1 + 

5

4
  )  ( 1 +  

7

9
  )  …………  ( 1+

2 𝑘+1

𝑘2   )  =  (𝑘 + 1)2   

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,  𝑠(𝑘+1)  = [(𝑘 + 1) + 1 ]2  

       We  observe  that , 

       𝑠(𝑘+1)  =   ( 1 + 
3

1
  )  ( 1 + 

5

4
  )  ( 1 +  

7

9
  )  …………  ( 1+

2 𝑘+1

𝑘2   )  ( 1+
2( 𝑘+1)+1

(𝑘+1)2   )   

                                                       =  𝑠(𝑘)    ( 1 +  
2 𝑘 + 3

(𝑘+1)2  ) 

                                                       =  (𝑘 + 1)2  [
(𝑘+1)2 +(2𝑘+3)

(𝑘+1)2  ]         

                                                       =  
(𝑘+1)2 (𝑘+1)2+ (2𝑘+3)

(𝑘+1)2               

                                                       =  (𝑘 + 1)2 + (2𝑘 + 3) 

                                                       =  𝑘2+ 2k + 1 +2k + 3  

                                                       =  𝑘2+ 4k  +  4   



                                                       =  (𝑘 + 1)2  

                                    ∴   𝑠(𝑘+1)   =  [(𝑘 + 1) + 1 ]2 

                    ∴   The  formula  is  true  for  n =k+1  

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

    ( 1 + 
3

1
  )  ( 1 + 

5

4
  )  ( 1 +  

7

9
  )  …………  ( 1+

2 𝑛+1

𝑛2   )  =  (𝑛 + 1)2,    is  true  for  all  n ∈  N. 

9.   (2n + 7) <  (𝑛 + 3)2  

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

        Since        (2.1 + 7) <  (1 + 3)2             for  n=1        

                           9 <  16 

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

                         (2k + 7) <  (𝑘 + 3)2 

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,   [2 (k+1) + 7] <  [(𝑘 + 1) + 3]2   =    (𝑘 + 4)2  

        We  observe  that ,    2k +2 + 7  =  2k+7 +2  <  (𝑘 + 3)2  +2 

                                                                               =    𝑘2+6k+9  +  2 

                                                                               =    𝑘2+6k+11 < ( 𝑘2+6k+11 )  + (2k+5)  

                                                                                =   𝑘2+6k+11+2k+5  

                                                                                =   𝑘2+8k+16  

                                                                                =    (𝑘 + 4)2    

                    ∴   The  formula  is  true  for  n =k+1   

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

                                   (2n + 7) <  (𝑛 + 3)2      is  true  for  all  n ∈  N. 

10.   12 +   22 +   32 +  ……….  +   𝑛2 >  
𝑛3

3
    

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

        𝑠(𝑛)  =  12 +   22 +   32 +  ……….  +   𝑛2 >  
𝑛3

3
   



        Since    𝑠(1)  =  1 >  
1

3
        for  n=1 

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

        𝑠(𝑘)  =  12 +   22 +   32 +  ……….  +   𝑘2 >  
𝑘3

3
 

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,             𝑠(𝑘+1)  >  
(𝑘+1)3

3
             

       𝑠(𝑘+1)  =  12 +   22 +   32 +  ……….  +   𝑘2  +  (𝑘 + 1)2 

                                                          =  𝑠(𝑘)  +  (𝑘 + 1)2   

> 
𝑘3

3
  + (𝑘2+ 2k + 3) 

 =  
𝑘3+3𝑘2+6𝑘+3

3
 

 =  
𝑘3+3𝑘2+3𝑘+1+3𝑘+2

3
 

 =  
(𝑘+1)3+(3𝑘+2)

3
 

 =
(𝑘+1)3

3
  +

3𝑘+2

3
   >  

(𝑘+1)3

3
  

                          ∴   The  formula  is  true  for  n =k+1    

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

   12 +   22 +   32 +  ……….  +   𝑛2 >  
𝑛3

3
  ,       is  true  for  all  n ∈  N.  

11.  4𝑛 -  3n – 1   is  divisible  by  9 

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

                      4𝑛 -  3n – 1   is  divisible  by  9 

         Since      41 -  3.1 – 1 =  0        is  divisible  by  9 

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

                     4𝑘 -  3k – 1   is  divisible  by  9 

                     4𝑘 -  3k – 1  =  9 t                         (t ∈ n)   

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 



        We  show  that,         4(𝑘+1) -  3(k+1) – 1   is  divisible  by  9   

        We  observe  that,    4𝑘 -  3k – 1  =  9 t  

                                            4𝑘  = 9 t  +3k  +  1       ……(1) 

                                           4(𝑘+1) -  3(k+1) – 1  

                                      =   4𝑘.4 – 3 k – 3 - 1  

                                     =  ( 9 t  +3k  +  1) 4 – 3k – 4                [ 4𝑘   from   (1) ] 

                                     =  9.4 t + 12 k + 4 -3 k - 4  

                                     =  9.4 t + 9 k 

                                     =  9 (4 t +  k)    

                     ∴     4(𝑘+1) -  3(k+1) – 1   is  divisible  by  9     

           ∴   The  formula  is  true  for  n =k+1   

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

  4𝑛 -  3n – 1   is  divisible  by  9,        is  true  for  all  n ∈  N.  

12.   3. 52𝑛+1 +   23𝑛+1    is  divisible  by  17 

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

         3. 52𝑛+1 +   23𝑛+1    is  divisible  by  17 

        Since          3. 52.1+1 +   23.1+1  =  3. 53 +    24 = 375 + 16  = 391 

                                      391     is  divisible  by  17  

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

              3. 52𝑘+1 +   23𝑘+1    is  divisible  by  17 

              3. 52𝑘+1 +   23𝑘+1   =  17 t,               (t ∈ n)   

                              3. 52𝑘+1  =   17 t  -  23𝑘+1    ……… (1)  

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,        3. 52(𝑘+1)+1 +   23(𝑘+1)+1    is  divisible  by  17 

                                       3. 52(𝑘+1)+1 +   23(𝑘+1)+1        

                                  =     3. 52𝑘+1. 52+   23𝑘+3  .2 



                                  =  [  17 t  -  23𝑘+1 ] 25  + 23𝑘. 23.2 

                                 =  17.25.t  - 23𝑘.2.25  +  23𝑘.16         

                                 =  17.25.t  - 23𝑘.50  +  23𝑘.16       

                                 =  17.25.t  - 23𝑘[50 – 16]     

                                 =  17.25.t  - 23𝑘.34   

                                 =  17.25.t  - 23𝑘.2.17   

                                 =  17 (25.t  - 23𝑘+1) ,                     (25.t  - 23𝑘+1)  is  an  integer 

                 ∴    3. 52(𝑘+1)+1 +   23(𝑘+1)+1    is  divisible  by  17 

          ∴   The  formula  is  true  for  n =k+1 

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

   3. 52𝑛+1 +   23𝑛+1    is  divisible  by  17,      is  true  for  all  n ∈  N. 

13.     1.2.3  +  2.3.4  +  3.4.6  +  …………  upto  n  terms  =  
𝑛(𝑛+1)(𝑛+2)(𝑛+3)

4
 

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

        The  𝑛𝑡ℎ  term  of  the  given  series  is  n(n+1)(n+2) 

        𝑠(𝑛)  =  1.2.3  +  2.3.4  +  3.4.6  +  …………  + n(n+1)(n+2)  =   
𝑛(𝑛+1)(𝑛+2)(𝑛+3)

4
 

        𝑠(1)  =  1.2.3  =  6  =  
1(1+1)(1+2)(1+3)

4
   =6  ,               for  n=1 

        The  statement  𝑠(𝑛)  is  true  for  n = 1                                                                                                                

Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then                                                                           

        𝑠(𝑘)  =  1.2.3  +  2.3.4  +  3.4.6  +  …………  + k(k+1)(k+2)  =   
𝑘(𝑘+1)(𝑘+2)(𝑘+3)

4
 

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,       𝑠(𝑘+1)  =   
(𝑘+1)  [(𝑘+1)+1]  [(𝑘+1)+ 2 ]  [(𝑘+1)+ 3]

4
 

        We  observe  that,  

        𝑠(𝑘+1)  =  1.2.3  +  2.3.4  +  3.4.6  +  …………  + k(k+1)(k+2 )  +  (k+1) [(k+1) + 1]  [k+1) + 2] 

                                                                   =  𝑠(𝑘)  +  (k+1) (k+2) (k+3) 

                                                                   =    
𝑘(𝑘+1)(𝑘+2)(𝑘+3)

4
  +  (k+1) (k+2) (k+3)  

                                                                   =   
𝑘(𝑘+1)(𝑘+2)(𝑘+3)  +  4 [ (𝑘+1)(𝑘+2)(𝑘+3)

4
      



                                                                   =   
(𝑘+1)(𝑘+2)(𝑘+3)  [ 𝑘+4 ]

4
   

                                                ∴   𝑠(𝑘+1)  =   
(𝑘+1)  [(𝑘+1)+1]  [(𝑘+1)+ 2]  [(𝑘+1)+ 3]

4
    

                       ∴   The  formula  is  true  for  n =k+1 

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

    1.2.3  +  2.3.4  +  3.4.6  +  …………  + n(n+1)(n+2)  =   
𝑛(𝑛+1)(𝑛+2)(𝑛+3)

4
  ,  is  true  for  all  n ∈  N. 

14.    
13

1
  +  

13+23

1+3
  + 

13+23+33

1+3+5
  +  ………….  +  upto  n  terms  =  

𝑛

24
 (2𝑛2+9n+13) 

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

        
13

1
  +  

13+23

1+3
  + 

13+23+33

1+3+5
  +  ………….  +  

13+23+33+⋯𝑛3

1+3+5+⋯2𝑛−1
   =   

𝑛

24
 (2𝑛2+9n+13)  

        
13

1
  +  

13+23

1+3
  + 

13+23+33

1+3+5
  +  …………  +  

𝑛2(𝑛+1)2

4 𝑛2   =    
𝑛

24
 (2𝑛2+9n+13) 

                                   𝑠(𝑛)  =   
𝑛2(𝑛+1)2

4 𝑛2    =  
(𝑛+1)2

4 
   =   

𝑛

24
 (2𝑛2+9n+13)  

        Since             𝑠(1)  =  1   =   
1

24
 (2. 12+9.1+13)  =  

24

24
  = 1 ,    for  n=1 

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

        
13

1
  +  

13+23

1+3
  + 

13+23+33

1+3+5
  +  ………….  +  

13+23+33+⋯𝑘3

1+3+5+⋯2𝑘−1
   =   

𝑘

24
 (2𝑘2+9k+13)  

                                𝑠(𝑘)  =  
(𝑘+1)2

4 
   =   

𝑘

24
 (2𝑘2+9k+13) 

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,       𝑠(𝑘+1)  =   
𝑘+1

24
  [2(𝑘 + 1)2 + 9 (k+1) + 13]  

        We  observe  that, 

                    
13

1
  +  

13+23

1+3
  + 

13+23+33

1+3+5
  +  …………  +  

(𝑘+1)2

4 
  +  

[ (𝑘+1) +1]2 

4 
 

                                                                   =  𝑠(𝑘)   +   
(𝑘+2)2

4 
  

                                                                   =   
𝑘

24
 (2𝑘2+9k+13)  +   

(𝑘+2)2

4 
   

                                                                   =   
𝑘

24
    (2𝑘2+9k+13)   +  6(𝑘2+4k+4)           

                                                                   =   
1

24
  [  (2𝑘3+9𝑘2+13k)   +  (6𝑘2+24k+24)  ]       



                                                                   =   
1

24
   (2𝑘3+9𝑘2+13k + 6𝑘2+24k+24)     

                                                                   =   
1

24
   (2𝑘3+15𝑘2+37k+24)    

                                                                   =   
(𝑘+1)

24
   (2𝑘2+13k+24)   

                                                                   =   
(𝑘+1)

24
   (2𝑘2+4k+9k+2+9+13) 

                                                                   =   
(𝑘+1)

24
   (2𝑘2+4k+2) + (9k+9)+13) 

                                             ∴      𝑠(𝑘+1)  =   
𝑘+1

24
  [2(𝑘 + 1)2 + 9 (k+1) + 13] 

                            ∴   The  formula  is  true  for  n =k+1 

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N. 

   
13

1
  +  

13+23

1+3
  + 

13+23+33

1+3+5
  +  ………….  +  

13+23+33+⋯𝑛3

1+3+5+⋯2𝑛−1
   =   

𝑛

24
 (2𝑛2+9n+13)  ,       is  true  for  all  n ∈  N. 

15.      12 +  ( 12 +  22)  +  ( 12 +  22 +  32 )  +  ………  upto  n  terms  =  
𝑛 (𝑛+1)2 (𝑛+2)

12
 

Solution  :    Let  𝑠(𝑛)  be  the  given  statement  ; 

       12 +  ( 12 +  22)  +  ( 12 +  22 +  32 )  +  ………  +  ( 12 +  22 +  32+  …. +  𝑛2  )  =  
𝑛 (𝑛+1)2 (𝑛+2)

12
   

        The  𝑛𝑡ℎ  term  of  the  given  series  is    
𝑛 (𝑛+1)(2𝑛+1)

6
 

       𝑠(𝑛)  =  12 +  ( 12 +  22)  +  ( 12 +  22 +  32 )  +  ………  +   
𝑛 (𝑛+1)(2𝑛+1)

6
   =  

𝑛 (𝑛+1)2 (𝑛+2)

12
   

       Since          𝑠(1)  =  1  =  
1 (1+1)2 (1+2)

12
   =  

12

12
  =  1 ,          for  n=1     

        The  statement  𝑠(𝑛)  is  true  for  n = 1 

        Assume  that  the  statement  𝑠(𝑛) is  true  for  n = k  ,  then 

         𝑠(𝑘)  =   12 +  ( 12 +  22)  +  ( 12 +  22 +  32 )  +  ………  +   
𝑘 (𝑘+1)(2𝑘+1)

6
   =  

𝑘 (𝑘+1)2 (𝑘+2)

12
   

        We  show  that  the  statement  𝑠(𝑛)  is  true  for  n = k+1 

        We  show  that,       𝑠(𝑘+1)  =   
(𝑘+1)  [(𝑘+1)+1]2  [ (𝑘+1)+2]

12
         

        We  observe  that, 

       𝑠(𝑘)  =   12+ ( 12 +  22)  +  ( 12 +  22 +  32 )  + ………  +  
𝑘 (𝑘+1)(2𝑘+1)

6
  +   

(𝑘+1)  [ (𝑘+1)+1]  [2(𝑘+1)+1 ]

6
     

                                                                      =   𝑠(𝑘)  +     
(𝑘+1) (𝑘+2)(2𝑘+3)

6
   



                                                                   =   
𝑘 (𝑘+1)2 (𝑘+2)

12
    +    

(𝑘+1) (𝑘+2)(2𝑘+3)

6
   

                                                                   =    
(𝑘+1)(𝑘+2)  {𝑘(𝑘+1) + 2(2𝑘+3)] 

12
   

                                                                   =   
(𝑘+1)(𝑘+2)( 𝑘2+𝑘+4𝑘+6)

12
     

                                                                   =   
(𝑘+1)(𝑘+2)( 𝑘2+5𝑘+6)

12
     

                                                                   =  
 (𝑘+1)(𝑘+2) [(𝑘+2)(𝑘+3)]

12
   

                                                                   =   
(𝑘+1) (𝑘+2)2 (𝑘+3)

12
   

                                            ∴       𝑠(𝑘+1)  =   
(𝑘+1)  [(𝑘+1)+1]2  [ (𝑘+1)+2]

12
    

                            ∴   The  formula  is  true  for  n =k+1 

  ∴   By  the  principle  of  mathematical  induction  𝑠(𝑛)  is  true  for  all  n ∈  N.                                            

  12   ( 12 +  22)  +  ( 12 +  22 +  32 )  +  ………  +   
𝑛 (𝑛+1)(2𝑛+1)

6
   =  

𝑛 (𝑛+1)2 (𝑛+2)

12
 , is  true  for  all  n ∈  N. 

 

     

 

                                                                     

 

 

 

 

 

                                                                 

 

 

                                                                                                                                                                

 

 


