
n This section contains 5 multiple choice examples. Each

example has four choices (a), (b), (c) and (d), out of which

ONLY ONE is correct.

l Ex. 1 When P is a natural number, then

P Pn n+ -+ +1 2 11( ) is divisible by

(a) P (b) P P2 + (c) P P2 1+ + (d) P 2 1-

Sol. (c) For n = 1, we get

P P P P P Pn n+ -+ + = + + = + +1 2 1 2 1 21 1 1( ) ( ) ,

which is divisible by P P2 1+ + , so result is true for n = 1.

Let us assume that the given result is true for n m N= Î .

i.e., P Pm m+ -+ +1 2 11( ) is divisible by P P2 1+ + .

i.e., P Pm m+ -+ +1 2 11( ) = + + " Îk P P k N( ),2 1 ...(i)

Now, P Pm m( ) ( )( )+ + + -+ +1 1 2 1 11

= + ++ +P Pm m2 2 11( )

= + + ++ -P P Pm m2 2 2 11 1( ) ( )

= + + + + -+ +P P k P P Pm m2 2 2 11 1( ) [ ( ) ]

[by using Eq. (i)]

= + + × + ++P P k P Pm 2 2 21 1( ) ( ) - + +( ) ( )P P m1 2 1

= - + + + × + ++P P P P k P Pm 1 2 2 21 1 1[ ( ) ] ( ) ( )

= - - - + + × + ++P P P P P k P Pm 1 2 2 22 1 1 1[ ] ( ) ( )

= - + + + + × + ++P P P P k P Pm 1 2 2 21 1 1[ ] ( ) ( )

= + + × + - +( ) [ ( ) ]P P k P P m2 2 11 1

which is divisible by P P2 1+ + , so the result is true for

n m= + 1. Therefore, the given result is true for all n NÎ
by induction.

l Ex. 2 Let P n( ) denote the statement that n n2 + is odd. It

is seen that P n( ) ÞP n P n( ), ( )+1 is true for all

(a) n > 1 (b) n

(c) n > 2 (d) None of these

Sol. (d) P n n n( ) = +2 . It is always odd (statement) but square

of any odd number is always odd and also, sum of two
odd numbers is always even. So, for no any ‘n’ for which
this statement is true.

l Ex. 3 For a positive integer n,

let a n
n

( ) ...= + + + + +
-

1
1

2

1

3

1

4

1

2 1
. Then

(a) a( )100 100>
(b) a( )100 200<
(c) a( )200 100£
(d) a( )200 100>

Sol. (d) It can be proved with the help of mathematical
induction that

n
a n n

2
< £( )

Þ
200

2
200< a( )

Þ a( )200 100>

l Ex. 4 Let S k k k( ) ( )= + + + + - = +1 3 5 2 1 3 2
K . Which of

the following is true?

(a) Principle of mathematical induction can be used to
prove the formula

(b) S k S k( ) ( )Þ + 1

(c) S k S k( ) / ( )Þ + 1

(d) S( )1 is correct

Sol. (c) We have, S k k k( ) ( )= + + + + - = +1 3 5 2 1 3 2
K ,

S( )1 1 4Þ = , which is not true

and S( )2 4 7Þ = , which is not true.

Hence, induction cannot be applied and S k S k( ) ( )¹ + 1 .

l Ex. 510 3 4 52n n+ ++( ) is divisible by (n NÎ )

(a) 7 (b) 5

(c) 9 (d) 17

Sol. (c) 10 3 4 52n n+ ++( )

Taking n = 2,

10 3 4 52 4+ ´ + = + + =100 768 5 873

Therefore, this is divisible by 9.

Single Option Correct Type Questions
JEE Type Solved Examples :



n Directions Example numbers 6 and 7 are

Assertion-Reason type Examples. Each of these Examples

contains two statements :

Statement-1 (Assertion) and

Statement-2 (Reason)

Each of these examples also has four alternative choices,

only one of which is the correct answer. You have to select

the correct choice as given below:

(a) Statement-1 is true, Statement-2 is true Statement-2 is

correct explanation for Statement-1

(b) Statement-1 is true, Statement-2 is true, Statement-2

is not the correct explanation for Statement-1

(c) Statement-1 is true, Statement-2 is false

(d) Statement-1 is false, Statement-2 is true

l Ex. 6 Statement-1 For all natural number n,

1 2 2 1 2+ + + < +... ( )n n

Statement-2 For all natural numbers, ( ) ( )2 3 7 12n n+ < +

Sol. (b) Let P n n n( ) : ... ( )1 2 3 2 1 2+ + + + < +

Step I For n = 1,

P ( ) : ( )1 1 2 1 1 92< + Þ <

which is true.

Step II Assume P n( ) is true for n k= , then

P k k k( ) : ... ( )1 2 2 1 2+ + + < +

Step III For n k= + 1, we shall prove that

P k k k k( ) : ( ) ( )+ + + + + + + < +1 1 2 3 1 2 3 2
K

From assumption step

1 2 3 1 2 1 12+ + + + + + < + + +K k k k k( ) ( )

= + +4 5 22k k

= + - +( ) ( )2 3 7 12k k < +( )2 3 2k [ ( ) ]Q7 1 0k + >

\ P k( )+ 1 is true.

Here, both Statements are true but Statement-2 is not
correct explanation of Statement-1.

l Ex. 7 Statement-1 For all natural numbers n,

7 77 777 777 7+ + +K
123

...

n digits

= - -+7

81
10 9 101( )n n

Statement-2 For all natural numbers,

777 7 7 7 10 7 10 7 102... ...

n

n

digits

123
= + ´ + ´ + + ´

Sol. (c) Q 777 7 7 111 1... ( ... )
n ndigits digits

123 124 34
=

= + + + + -7 1 10 10 102 1( ... )n

= + ´ + ´ + + ´ -7 7 10 7 10 7 102 1... n

¹ + ´ + ´ + + ´7 7 10 7 10 7 102 ... n

\ Statement-2 is false.

Now, let P n

n

( ) : ...7 77 777 777 7
7

81
+ + + + =K

124 34

digits

( )10 9 101n n+ - -

Step I For n = 1,

LHS =7 and RHS = - -
7

81
10 9 102( ) = 7

\ LHS = RHS

which is true for n = 1.

Step II Assume P n( ) is true for n k= , then

P k

k

( ) : ... ...7 77 777 777 7+ + + +
digits

123

= - -+7

81
10 9 101( )k k

Step III For n k= + 1,

P k

k k

( ) : ... ...

( )

+ + + + + +
+

1 7 77 777 777 7 777 7

1

K
123

digits digits
123

= - + -+7

81
10 9 1 102[ ( ) ]k k

LHS = 7 77 777 777 7 777 7

1

+ + + + +
+

K
123

K
124 34

...

( )k kdigits digits

= - - + + + + ++7

81
10 9 10 7 1 10 10 101 2( ) ( ... )k kk

[from assumption step]

= - - +
-

-
+

+7

81
10 9 10

7 10 1

10 1

1
1

( )
( )k

k

k

= - - + × -+ +7

81
10 9 10 9 10 91 1( )k kk

= + - + -+7

81
10 1 9 9 1 101[ ( ) ( ) ]k k

= - + -+7

81
10 9 1 102[ ( ) ]k k

= RHS

Therefore, P k( )+ 1 is true. Hence, by mathematical
induction P n( ) is true for all natural numbers.

Hence, Statement-1 is true and Statement-2 is false.

Statement I and II Type Questions
JEE Type Solved Examples :



n In this section, there are 8 subjective solved examples.

l Ex. 8 Prove by induction that the integer next greater

than ( )3 5+ n is divisible by 2n for all n NÎ .

Sol. Let a = +3 5 and b = -3 5

\ 0 1< <bn , " În N

Þ a b ab+ = =6 4, ...(i)

Then, a and b are the roots of

x x2 6 4 0- + =

Þ
a a

b b

2

2

6 4

6 4

= -

= -

ù

û
ú ...(ii)

\ a b a b)2 2 6 8 28+ = + - =( ...(iii)

\ a bn n n n+ = + + -( ) ( )3 5 3 5

= + × + × +- -2 3 3 5 3 52
2

4
4 2[ ... ]n n n n nC C

= Even integer.

As, 0 1< < +b a bn n n, is the even integer next greater than

an .

Step I For n = 1,

a b+ = 6 [from Eq. (i)]

divisible by 21

and for n = 2, a b2 2 28+ = [from Eq. (iii)]

divisible by 22

which is true for n = 1 2, .

Step II Assume it is true for n k= .

i.e., a bk k+ is divisible by 2k .

Step III For n k= + 1,

the integer next greater than ak + 1 is a bk k+ ++1 1

= × + ×- -a a b b2 1 2 1k k

= - × + - ×- -( ) ( )6 4 6 41 1a a b bk k [from Eq. (ii)]

= + - +- -6 4 1 1( ) ( )a b a bk k k k

= -+ +3 2 21 1( (divisible by divisible byk k) )

= Divisible by 2 1k +

This shows that the result is true for n k= + 1. Hence, the

integer next greater than ak + 1 is divisible by 2 1k + .

l Ex. 9 Using mathematical induction, show that

1
1

2
1

1

3
1

1

4
1

1

12 2 2 2
-æ

èç
ö
ø÷

-æ
èç

ö
ø÷

-æ
èç

ö
ø÷

-
+

æ

è
ç

ö

ø
...

( )n
÷

= +
+

n

n

2

2 1( )
," În N.

Sol. Let P n
n

( ) : ...
( )

1
1

2
1

1

3
1

1

4
1

1

12 2 2 2
-æ

èç
ö
ø÷

-æ
èç

ö
ø÷

-æ
èç

ö
ø÷

-
+

æ

è
ç

ö

ø
÷

=
+
+

n

n

2

2 1( )
...(i)

Step I For n = 1,

LHS of Eq. (i) = - =1
1

2

3

42
and RHS of Eq. (i)

=
×

=
3

2 2

3

4
.

Therefore, P( )1 is true.

Step II Assume it is true for n k= , then

P k
k

( ) : ...
( )

1
1

2
1

1

3
1

1

4
1

1

12 2 2 2
-æ

èç
ö
ø÷

-æ
èç

ö
ø÷

-æ
èç

ö
ø÷

-
+

æ

è
ç

ö

ø
÷

=
+
+

k

k

2

2 1( )

Step III For n k= + 1,

P k( ) : ...+ -æ
èç

ö
ø÷

-æ
èç

ö
ø÷

-æ
èç

ö
ø÷

1 1
1

2
1

1

3
1

1

42 2 2

1
1

1
1

1

22 2
-

+

æ

è
ç

ö

ø
÷ -

+

æ

è
ç

ö

ø
÷

( ) ( )k k
=

+
+

k

k

3

2 2( )

\ LHS = -æ
èç

ö
ø÷

-æ
èç

ö
ø÷

-æ
èç

ö
ø÷

1
1

2
1

1

3
1

1

42 2 2
...

1
1

1
1

1

22 2
-

+

æ

è
ç

ö

ø
÷ -

+

æ

è
ç

ö

ø
÷

( ) ( )k k

=
+
+

-
+

æ

è
ç

ö

ø
÷

k

k k

2

2 1
1

1

2 2( ) ( )
[by assumption step]

=
+
+

+ -
+

( )

( )
.
[( ) )]

( )

k

k

k

k

2

2 1

2 1

2

2

2
=

+ +
+ +

k k

k k

2 4 3

2 1 2( ) ( )

=
+ +
+ +

( ) ( )

( ) ( )

k k

k k

1 3

2 1 2
=

+
+

( )

( )

k

k

3

2 2
= RHS

This shows that the result is true for n k= + 1. Hence, by
the principle of mathematical induction, the result is true
for all n NÎ .

l Ex. 10 Using the principle of mathematical induction to

show that

tan tan ...- -

+ × ×

æ

è
ç

ö

ø
÷ +

+ × ×

æ

è
ç

ö

ø
÷ +1

2

1

21 1 2 1 2 3

x

x

x

x

+
+ +

æ

è
ç

ö

ø
÷-tan

( )

1

21 1

x

n n x

= + -- -tan ( ) tan1 11n x x, " Îx N.

Subjective Type Examples



Sol. Let P n
x

x
( ) : tan-

+ × ×

æ

è
ç

ö

ø
÷1

21 1 2
+

+ × ×

æ

è
ç

ö

ø
÷-tan 1

21 2 3

x

x

+ +
+ +

æ

è
ç

ö

ø
÷-... tan

( )

1

21 1

x

n n x

= + -- -tan ( ) tan1 11n x x ...(i)

Step I For n = 1,

LHS of Eq. (i) =
+ × ×

æ

è
ç

ö

ø
÷-tan 1

21 1 2

x

x

=
-

+ ×
æ
è
ç

ö
ø
÷ =-tan 1 2

1 2

x x

x x
tan tan- --1 12x x

= RHS of Eq. (i)

Therefore, P ( )1 is true.

Step II Assume it is true for n k= .

P k
x

x

x

x
( ) : tan tan ...- -

+ ×

æ

è
ç

ö

ø
÷ +

+ ×

æ

è
ç

ö

ø
÷ +1

2

1

21 1 2 1 2 3

+
+ +

æ

è
ç

ö

ø
÷-tan

[ ( ) ]

1

21 1

x

k k x

= + -- -tan ( ) tan1 11k x x

Step III For n k= + 1,

P k
x

x

x

x
( ) : tan tan+

+ × ×

æ

è
ç

ö

ø
÷ +

+ × ×

æ

è
ç

ö

ø
÷- -1

1 1 2 1 2 3

1

2

1

2

+ +
+ +

æ

è
ç

ö

ø
÷-... tan

( )

1

21 1

x

k k x

+
+ + +

æ

è
ç

ö

ø
÷-tan

( ) ( )

1

21 1 2

x

k k x

= + -- -tan ( ) tan1 12k x x

\LHS =
+ × ×

æ

è
ç

ö

ø
÷-tan 1

21 1 2

x

x

+
+ × ×

æ

è
ç

ö

ø
÷ +-tan ...1

21 2 3

x

x
+

+ +

æ

è
ç

ö

ø
÷-tan

( )

1

21 1

x

k k x

+
+ + +

æ

è
ç

ö

ø
÷-tan

( ) ( )

1

21 1 2

x

k k x

= + -- -tan ( ) tan1 11k x x

+
+ + +

æ

è
ç

ö

ø
÷-tan

( ) ( )

1

21 1 2

x

k k x

[by assumption step]

= + -- -tan ( ) tan1 11k x x

+
+ - +

+ + +
æ
è
ç

ö
ø
÷-tan

( ) ( )

( ) ( )

1 2 1

1 2 1

k x k x

k x k x

= + - + +- - -tan ( ) tan tan ( )1 1 11 2k x x k x

- +-tan ( )1 1k x

= + -- -tan ( ) tan1 12k x x = RHS

This shows that the result is true for n k= + 1. Hence, by
the principle of mathematical induction, the result is true
for all n NÎ .

l Ex. 11 Use the principle of mathematical induction to

prove that for all n NÎ .

2 2 2 2 2
2 1

+ + + + + = æ
èç

ö
ø÷+

... ... cos
p

n

when the LHS contains n radical sign.

Sol. Let P n( ) ...= + + + + +2 2 2 2K

= æ
èç

ö
ø÷+

2
2 1

cos
p

n
…(i)

Step I For n = 1,

LHS of Eq. (i) = 2 and RHS Eq. (i) = æ
èç

ö
ø÷

2
22

cos
p

= æ
èç

ö
ø÷

2
4

cos
p

= ×2
1

2
= 2

Therefore, P (1) is true.

Step II Assume it is true for n k= ,

P k

k

( ) ...= + + + + +2 2 2 2K

1 244444 344444

radical sign

= æ
èç

ö
ø÷+

2
2 1

cos
p

k

Step III For n k= + 1,

\ P k

k

( ) ... ...

( )

+ = + + + + +

+

1 2 2 2 2

1 radical sign
1 244444 344444

= +{ ( )}2 P k

= + æ
èç

ö
ø÷+

2 2
2 1

cos
p

k
[by assumption step]

= + æ
èç

ö
ø÷

æ
è
ç

ö
ø
÷+

2 1
2 1

cos
p

k

= + æ
èç

ö
ø÷

-
æ
è
ç

ö
ø
÷+

2 1 2
2

12

2
cos

p
k

= æ
èç

ö
ø÷+

4
2

2

2
cos

p
k

= æ
èç

ö
ø÷+

2
2 2

cos
p

k

This shows that the result is true for n k= + 1. Hence, by
the principle of mathematical induction, the result is true
for all n NÎ .

l Ex. 12 Prove by mathematical induction that

1

1

2

1

4

1

2

1
2 4 2+

+
+

+
+

+ +
+x x x x

n

n
...

=
-

+
-

+

+

1

1

2

1

1

2 1x x

n

n

where, x ¹1 and n is non-negative integer.

Sol. Let P n
x x x x

n

n
( ) : ...

1

1

2

1

4

1

2

1
2 4 2+

+
+

+
+

+ +
+

=
-

+
-

+

+

1

1

2

1

1

2 1x x

n

n
...(i)



Step I For n = 1,

LHS of Eq. (i) =
+

+
+

1

1

2

1 2x x

=
-

-
-

+
+

+
+

1

1

1

1

1

1

2

1 2x x x x

=
-

+
-

+
+

æ
è
ç

ö
ø
÷ +

+
1

1

1

1

1

1

2

1 2x x x x

=
-

+
-

+
+

1

1

2

1

2

12 2x x x

=
-

+
- +

æ

è
ç

ö

ø
÷

1

1
2

2

1 12 2x x x( ) ( )
=

-
+

-
1

1

2

1

2

2x x

= RHS of Eq. (i)

Step II Assume it is true for n k= , then

P k
x x x x

k

k
( ) : ...

1

1

2

1

4

1

2

1
2 4 2+

+
+

+
+

+ +
+

=
-

+
-

+

+

1

1

2

1

1

2 1x x

k

k

Step III For n k= + 1,

P k
x x x

( ) : ...+
+

+
+

+
+

+1
1

1

2

1

4

12 4

+
+

+
+

+

+

2

1

2

12

1

2 1

k k

x x
k k

=
-

+
-

+

+

1

1

2

1

2

2 1x x

k

k

LHS =
+

+
+

+
+

+
1

1

2

1

4

12 4x x x
...

+
+

+
+

+

+
2

1

2

1
2

1

2 1

k

x x
k

k

k

=
-

+
-

+
+

+ +

+ +

1

1

2

1

2

1

1

2

1

21 1x x x

k k

k k

[by assumption step]

=
-

+
- +

æ

è
ç
ç

ö

ø
÷
÷

+
+ +

1

1
2

2

1 1

1

2 21 1x x x

k
k k

( ) ( )

=
-

+
-

+

+

1

1

2

1

2

2 2x x

k

k
= RHS

This shows that the result is true for n k= + 1. Hence, by
the principle of mathematical induction, the result is true
for all n NÎ .

l Ex. 13 Using the principle of mathematical induction to

prove that
sin

sin

2

0

2
1

1

3

1

5

1

2 1

nx

x
dx

n

p /

ò = + + + +
-

K

Sol. Let P n
nx

x
dx

n
( ) :

sin

sin
...

2

0

2
1

1

3

1

5

1

2 1
= + + + +

-ò
p /

…(i)

Step I For n = 1,

LHS of Eq. (i) = ò
sin

sin

2

0

2 x

x
dx

p /
= ò sin x dx

0

2p /

= - [cos ] /x 0
2p = - -( )0 1 = 1

and RHS of Eq. (i) = 1

Therefore, P ( )1 is true.

Step II Assume it is true for n k= , then

P k
kx

x
dx

k
( ) :

sin

sin
...

2

0

2
1

1

3

1

5

1

2 1
= + + + +

-ò
p /

Step III For n k= + 1,

P k
k x

x
dx( ) :

sin ( )

sin
+

+
= + + +ò1

1
1

1

3

1

5

2

0

2
K

p /

+
-

+
+

1

2 1

1

2 1k k

LHS =
+

ò
sin ( )

sin

2

0

2 1k x

x
dx

p /

=
+ - +

ò
sin ( ) sin sin

sin

2 2 2

0

2 1k x k x k x

x
dx

p /

=
+ -

ò
sin ( ) sin

sin

2 2

0

2 1k x k x

x
dx

p /
+ ò

sin

sin

/
2

0

2 k x

x
dx

p

=
+

+ò
sin ( ) sin

sin
( )

2 1
0

2 k x x

x
dx P k

p /

[by assumption step]

= + +ò sin ( ) ( )2 1
0

2
k x dx P k

p /

= -
+

+
é

ë
ê

ù

û
ú +

cos ( )
( )

2 1

2 1
0

2
k x

k
P k

p /

= -
+

+æ
èç

ö
ø÷

-
é

ëê
ù

ûú
+

1

2 1 2
1

( )
cos ( )

k
k P kp

p

= -
+

- - +
1

2 1
1

( )
[ sin ] ( )

k
k P kp

= -
+

- - +
1

2 1
0 1

k
P k[ ] ( )

=
+

+ + + + +
-

1

2 1
1

1

3

1

5

1

2 1( )
...

( )k k

[by assumption step]

= + + + +
-

+
+

1
1

3

1

5

1

2 1

1

2 1
...

( ) ( )k k

= RHS

This shows that the result is true for n k= + 1. Hence, by
the principle of mathematical induction, the result is true
for all n NÎ .



l Ex. 14 Use induction to show that for all n NÎ .

a a a a
a

+ + + + <
+ +
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( )1 4 1

2

where ‘a’ is fixed positive number and n radical signs are

taken on LHS.

Sol. Let P n a a a a
a

( ) : ...
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+ + + + < +
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4 1
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Step I For n = 1, then a
a

<
+ +1 4 1

2
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Þ 2 1 4 1a a< + +( )

Þ 4 1 4 1 2 4 1a a a< + + + +( )

Þ 2 4 1 2 0( )a + + > which is true.

Therefore, P ( )1 is true.

Step II Assume it is true for n k= ,

P k a a a a
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Step III For n k= + 1,
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From assumption step
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which is true for n k= + 1.

Hence, by the principle of mathematical induction, the
result is true for all n NÎ .

l Ex. 15 Prove by induction that
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( ) { ( ) ( )... ( )... ( )},

where dash denotes derivative with respect to x.

Sol. Let P n f x f x f x f x f x
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ì
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Step I For n = 1,

LHS of Eq. (i) =
ì
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which is true for n = 1.

Step II Assume it is true for n k= , then
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Step III For n k= + 1,
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[by assumption step]

= ¢ ++ +{ ( ) ( ) ... ( )} ( ) ( )f x f x f x f x f xk k k1 2 1 1
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1 2 1

1

1

= RHS

This shows that the result is true for n k= + 1. Hence, by
the principle of mathematical induction, the result is true
for all n NÎ .


