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Principle of Mathematical Induction

Principle of Mathematical Induction :

If a statement p(n) with variable natural number 7,

)

is true for n =1 i.e. p(1) is true.

(2) for ke N, p(k) is true = p(k+1) is true.

Then p(n) is true Vn € N.

Use of Principle of Mathematical Induction in Some Special Types of Variable :

Variable type 1 :

The statement p(n), n € N is given. If for some positive integer k,, p(k,) is true and for k > k,
k € N, p(k) is true = p(k+1) is true, then p(n) is true for all n >k, n € N.

Variable type 2 :

The statement p(n), n € N is given. If (i) p(1) and p(2) are true and

(ii) for positive integer k, p(k) and p(k+1) are true = p(k+2) is true, then Vn € N, p(n) is true.

Limitations of Principle of Mathematical Induction :

(1) A result involving natural number variable cannot be derived, but only its validity can be

verified.

(2) The principle of mathematical induction verifies the validity of statements involving natural

)

Sol. :

number variable only.
: Multiple Choice Questions :

Statement p(n) : 3*"*1 + 21V n € N is divisible by ...... )
(A)2 B) 5 ©) 7 (D) 4
For n =1, 3% +2°= 28 is divisible by 7 and 2.
For n =2, 3° + 2= 245 = 7 x 35 is divisible by 7 but is not divisible by 2.
. We may infer that p(n) : 32"*! + 27~ is divisible by 7. So, p(1) is true.
Suppose p(k) : 3%+ 1 +2¢-1 ke N is divisible by 7, V n e N.
s3I 21 =Tm me N
Forn=Fk+1,3%*3+2k=9.32+1 42k

=9 (Tm—2k-1) + 2k

= 63m—9 -2k 1 + 2k

= 63m—2F1(9-2)

= 7 (9m — 2k 1) is divisible by 7.
= p(k) is true. = p(k+1) is true.
Because of p(2), options (A), (D) are not true. By p(1), option (B) is not true.
.. option (C) is true.

.. By the principle of mathematical induction, p(n) is true V n € N.

(D

1)

“(C)
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@)

Sol. :

G)

Sol. :

Statement p(n) : n> = 3n ....... is true.

(A)V neN B)V neN,n>1

(C)VneN,n=3 (D) for all odd natural numbers n

p(1) : 1 >3 is not true.
p(2) : 4 26 is not true.
p(3): 9 =9 is true.
p@): 16 > 12 is true.

p(5) : 25 =15 is true.

". By the principle of mathematical induction, it can be proved as shown below that p(n) is true

Vnx3:
Suppose p(k) : k¥* > 3k, k>3 is true.
We have to prove that p(k+1) : (k+1)*> = 3(k + 1).
Here, (k+1)> =k> + 2k + 1
> 3k+2k+1
> 3k+3=3k+1)
(k1?2 3(k+ 1)
o p(k+1) is true.

(D

By (1)

(k=3 =2k+123)

. By the principle of mathematical induction p(n) : n”” > 3n; ¥V ne N, n >3 is true.

(n) : 22" has ...... at unit's place for n > 1.
P

(A)2 (B) 6 €)0
For n =2, 22° = 16 has 6 at unit's place.

For n =3, 22° =28 =256 has 6 at unit's place.

. We may infer that Vx> 1, 22" has 6 at unit's place.
Suppose p(k) : 22" has 6 at unit's place for k> 1.

k+1 k,
Takingn =k + 1, 2> = 222

]
= (10 m + 6)?

= 100 m? + 120m + 36
= 100 m* + 120m + 30 + 6

(D) 4

2k
2% =10m+6,me N

Ans. : (O)
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“)

Sol. :

©)

Sol. :

(©)

= 10 (10 m? + 12m + 3) + 6 has 6 at unit's palce.
- plk + 1) is true.
- p(k) is true. = p(k+ 1) is true, V k> 1

- p(n) is true, Vn > 1. Ans. : (B)

If13+23+33+...+50°=m?% then m = ......
(A) 1275 (B) 1225 (C) 2450 (D) 1375

m =13+23+33+ ..+ 50°

N ,3
DY L:so (n = 50)
1 (n+1)2
= ) (By principle of mathematical induction)
L n =50
_ 50°x51°
4
m = 25x51 = 1275 Ans. : (A)
The least positive integer which makes n! < {n > } is ...... , where [ ] is the greatest integer
function.
(A)2 (B) 4 ©3 (D)o

1+1l
Forn=1,1!< -

i.e. 1! <1 is not true.

2+17
Forn=2,2!< {T}

i.e. 2 <1 is not true.

3
Forn =23, 3! < [%}

s 6 <8 s true. Ans. : (C)

k
If Qr =
r=l1

(n> + 11n + 30), then k= ......

0 =

(A)n+ 4 B)n+7 C)n+6 D)n+5
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Sol. :

™)

Sol. :

®)

Sol. :

n*+ 11n+30 = (n+5) (n+6),

n(n+1)
2

Here, 1 +2+3+..+n=

By replacing n by (n + 5),

(n+5)(n+6)

14243+ 4+ )+ (n+5)= :

Lk=m+5) Ans.

n+5

2
p

If Y (r=5° = {20—1)} ,then p = ......
r=2

r=6
(A)n+2 B)yn-1 (C) n+1 D)yn+3
Using the principle of mathematical induction, it can be proved that,

1P +2+3+ . +n=(0 +2+3+..+n)?

n+5

2 2 2 n+l 2
WX =B PP = LD ["(n;l)j ) {Z(r—ﬂ}
r=6

4 r=2

P=n+1 Ans.

Statement p(n) : 8n < 2" — 16 is true for n > ....... ,ne N.
(A) 1 (B) 2 ©) 5 (D) 4
p(1): 8 <2'— 16 is not true.
p(2) : 16 <22 — 16 is not true.
p(3) : 24 <23 — 16 is not true.
p(4) : 32 < 2%~ 16 is not true.
p(5) : 40 <2°— 16 is not true.
p(6) : 48 <2616 is true. So, p (6) is true.
p(7): 56 <27 — 16 is true.

". Suppose p(k) is true, k =26, k€ N

. 8k < 2F— 16 is true.

+ (D)

= (O)

“8k+8<2F-16+38 (k>6 = 8<2F)

“8(k+1)<2k+2F— 16

“8(k+1)<2.2k-16

8 (k+1)<2M — 16

o p(kt 1) is true.

Thus, p(k) is true. = p(k+ 1) istrue. £>5, ke N

sopm),Vn>5istrue,n e N Ans.

= (O)
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(©)

Sol. :

(10)

Sol. :

(11)

Sol. :

The greatest positive integer which divides (n+ 1) (n+2) (n+3) ... (n+r), Vne N, is ...... .

A (n+r)! B)yn+r+1 < n! (D) r!

Here, VheN, (n+ 1) (n+2)(n+3)..(n+r)= n+rnPr

gp, = LB [":rj r 1 is divisible by 1.

Note : Thus, product of n consecutive integers is divisible by n!, V n € N. Ans. : (D)
Inequality 3" <(n+ 1), ne N ......

(A) is false for n = 4. (B) is false for n = 13.

(C) is true for n > 4. (D) is true for n > 2.

Forn=1, 3 <2 is not true.

Forn=2, 9 <6 is not true.

For n =13, 27 <24 is not true.

For n =4, 81 <120 is true.

pm) :3"<(n+ 1) istrue, V n=>4.

Suppose, for n =k, 3" < (n + 1)! is true. k=>4

38 < (k+1)!

w33 < (k+D)! 3

3R < 3 (kD) < (K+2) (k+ 1)! (k24=k+2>3)
w3k < (b +2)!

". The statement is true for n = k + 1.

- p(k) is true. = p(k+ 1) is true, V k>4

sopn) 3 <(m+1)! V' n=>4,ne N is true. Ans. : (C)

n n

pr(n):n— <n!<n—,‘v’n2k,neNistrue,thenk: .......
3 2"

(A)3 B) 4 © 5 (D) 6

p(): % <1< % is not true.

pQ2): % <2 <1 is not true.

pB):1<6< % is not true.
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256 256

e <24 < =i
p@): 31 24 T not true.
5 3 . 3125 3125 .
p): 5 <120 < 55 le. 543 < 120 < 35 IS not true.
6° & . 6 6 . o5 3’
p(6) : 3—6<6!<2—6 1.&:.3—6<5!<2—6 1.e.?<120<7
ie. % <120 < 2;;3 is true.

Similarly, it can be proved that p(n) is true, Vn > 6.

Here, by the principle of mathematical induction, it can be proved that

n n

n!<z—nand§—n<n!,n26. Ans. : (D)

(12) IfSk):1+3+5+ ...+ 2k—1)=23+ Kk, then which of following is true ? (AIEEE : 2004)
(A) S (1) is true.
(B) S (k)= S (k+ 1) is true.
(C) S (k) = S (k+ 1) is not true.
(D) The principle of mathematical induction can be used to prove the formula.
Sol. : S(1):1=23+ (1) is not true.
Suppose, S (k) : 1 +3 +5+ ...+ (2k—1) =3 + k? is true.
1+3+5+ . +Qk-1D)+2k+1)

3+ B+ Q2k+1)

3+ (k+1)?

Thus, S (k + 1) is true.

s S (k) istrue. = S (k+ 1) is true. Thus, (B) is true.

Since S (k) = S (k + 1) is true, (C) is not true.

p(1) is not true. So, (D) is not true. Ans. : (B)
(13)  p(n) : 49" + 24" is divisible by ....... for n € N.

(A) 4 (B) 49 ©) 7 (D) 25
Sol. : p(1) : 49" + 24° = 50 is divisible by 25. So, p(1) is true.

Suppose, p(n) : 49" + 24" is divisible by 25, Vn e N.

Assume p(k) is true.

i.e. 49% + 24%1 = 25m, for some m € N

Now, p(k + 1) : 49¥1 + 24% is divisible by 25 has to be proved.
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Now, 4981 + 24k = 49 (25m — 24+1) + 24k

= 49 - 25m — 49 - 24K + 24%

=49 - 25m — 2451 (49 - 24)

= 25 (49 m — 24¥") is divisible by 25.
- p(k+1) is true.
= p(k) is true. = p(k+ 1) is true, k €N

. So, 49" + 2471 is divisible by 25, V n € N. Ans. : (D)
I
(14) Tﬂﬁ@dx: neN
—dx = v
wi1+++44 41 B) 1+~ +~+ . +— ©) 1 (D) 0
2 3 n 3 5 2n—1
I I
7 sin’nx i z
Sol. : Forn=1, '(')‘ prow dx = !;smxdx = [—cosx} 1
I I
Forn=2, Tde: }M dx
sinx sinx

T

- T
2 3.2 | 4 1
_ 2 __aleosx|? 0—-}:—: 1
4 gcos x(=sinx) dx 4{ 3 L 4[ 3 3 1 + 3

For n=1 and 2, (B) is true.

b1

1 1

2 .9
. sin“nx g _ 1.1
- Let£ By = 1+ 5 +5 4.+ 5 forneN
Let p(k) be true for k € N.
I
: m-ﬁﬁﬁd:1+l+l+ +
- P 0 sinx O 3 5 77 2k-1

sin’ (k+1)x- sin*kx
sinx

sin’k x

dx

dx — dx =

oS e—Ja

Sinx

e

T sin® (k+1) x
sinx

0

oS e—la

sin(2k+1) x sinx
sinx

Il
oS e—ja
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(15)

Sol. :

(16)

Sol. :

TU
5 I
. —cos(2k+1)x |2 — o 1
= sin2k+Dxdx = [—} = |:cos(2k+1)——cos0} =
g Qk+D) |, 2k+1 2 2k+1
I I
2 2 )
. sin“ (k+1)x ~ psin“kx 1
) '([ sinx dx = '([ sinx dx + 2k +1
| 1 1
Syt st et T o
s plk+ 1) is true, Vn € N.
- p(n) is true, Vn € N. So, (B) is true. Ans. : (B)
Using the principle of mathematical induction, prove that p(n) : cos (x—mn)=(—1)"cosx, VneN
Forn=1, cos (x —1) = cos (T —x) =—cos x = (-1)! cos x
- p(1) is true.
Suppose, p(k) is true. k eN

p(k) : cos (x —kn ) = (=1)f cos x, keN

Here, cos (x —m (k+ 1))= cos (x — kn —1)
= — cos (x — km) cos (L —0) =— cosH
= — (-1)fcos x
= (=¥ cos x

- p(k+1) is true.

Thus, p(k) is true. = p(k + 1) is true, V k eN

The statement p(n) is true, V n € N

Using the principle of mathematical induction, prove that : p(n) : || = |z]", ¥V neN and z €eC

Forn=1, p(1) = |z'| = |z|' is true.
Suppose, p(k) is true for k € N.
= pk) « |2 = 1

Now, p(k + 1) : |2¢1] = |z]**! is to be proved.

Here, 2 = |2k z |
=12 ||z (2,z,) = 1z| | z,])
= |zF | z|
= |z |

- p(k+1) is true.
Thus, p(k) is true. = p(k + 1) istrue, V k€ N

.. Statement p(n) is true, V n € N
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(17)

Sol. :

(18)

Sol. :

n+1)"

For n> 1, prove that : n! < ( >

pn):n! < (”+1)n, n>1

3\ 9
Forn=2,2!< (—) ie. 2 < = is true.
2 4
k+1Y
Suppose p(k) is true, (k = 2). Thus, p(k) : k! < (—2 ) is true. (D

Multiplying by (k + 1) on both the sides of result (1),

(k+1)F
LK) < T (k)

k+ 1< Gl 2
: - X
Db T
(k+D | Ly 1 iy
kDb = (1 + m) ; [(1 * m) =1+ (k+1) =7 + positive number > 2]

k+DFT (k+2)F!
————————— X S ——
2k +1 (k+ 1)k+1

k+1
k+2

- p(k+1) is true.

L+ <

Thus, p(k) is true = p(k + 1) is true, k 22, k € N.

.. By the principle of mathematical induction, p(n) is true, Vi > 1, n € N.

n
Using the principle of mathematical induction, prove that : n! < (g) ,Vn>5neN

n
p(n):n!<(%),n>5 neN

6
Forn=6, 6! < (g) & 61 < (3) > 720 <729 is true.

- p(6) is true.

Suppose, p(k) is true, k> 5

.-.k!<(§)k, k> )

Multiplying by (k + 1) on both the sides of result (1),
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(19)

Sol. :

k
k!(k+1)<§—k(k+l)

K (k+1)
2k

K (k+1) 1\¢
S+ DI< T X (1+—)

L+ )< x 2

e+ (k+DF

Lkt DE< e Tk

(k+1)k+l

Lk D<=

k+1
k+1
L+ )< (TJ

- p(k+1) is true.

1

k
= L .. 1
[ (1+E) =1+k . + positive number = (1+k)

Thus, p(k) is true. = p(k + 1) is true, k> 5, k € N.

- p(n) is true for Vn > 5, n € N.

Prove that n” < 3" n!, n > 6.

p(n) : n" < 3" n!

6

n=6

Forn=6,6°<3%- 6! & 2—6 <720 < 25<720. ie. 64 <720 is true.

Thus p(6) is true.

Suppose p(k) is true, k= 6

kk

k> 3—k

K5 (k+1)
" (k+1)k!>3—k 3 3

k k
k1) > e (k+1)3> e

Kk (k+ 1)k
(k1)1 > o k+1) =
. Lo Gt
(et D> S

k
k+ 1) [1%]

4]

k

>2]
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. (k + 1)k+1 < 3kl (k + 1)!

o p(k+1) is true.

o plk) istrue = p(k+ 1) istrue. k=6, ke N.
s p(n)is true, n € N, Vn > 6.

k
Note : Here, [le] =1+ (T]% + (1;](%)2 + (l;](%f + ... (k+1)terms.

k(k-1) k(k=1)(k-2)
w2 31k3

1+1+ + ... (k+ 1) terms.

S—
+

—_

|
==
SN —
_

|
=

) + ... (k+ 1) terms.

I
+
+
I
—_—
|

1 1
<1+l+a+§+...+uptooo

11
<1+(1+5+Z+...+uptooo)=l+ =3

| ¥
. [1+;) < 3

(20)  Using the principle of mathematical induction, prove that,

pn):12-22+32-42+  +2n-12-2n?*=-n(2n+1),neN
Sol. : For n=1, LHS. = 1?2 -22=-3. RHS. =-12+1)=-3

- p(1) is true.  Suppose, p(k) is true for k € N

©oplk) 12 =22 +32 42+ . — (2k)* =~k 2k + 1) is true. (D)

Adding 2k +1)> — (2k +2)? on both the sides of result (1),

122243242+ .. — 2k> + Qk + 1> = 2k +2)?

—k Qk+ 1)+ Qk+ 1)>- 2k +2)

=2k —k+ (4k + 3) (-1)

=— QK +k+4k+3) =-QK+5k+3) =—(k+1)(2k+3)
- p(k+1) is true.

= p(k) is true = p(k + 1) is true. k eN

- p(n) is true, Vn € N.

(21)  Using the principle of mathematical induction prove that : 1> =22 +32 42+ . —n?>=—

nis even, n € N

Sol. : nis even. So, by taking n = 2m, the result can be proved as shown in the previous example.
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"y (D"n!
" (3"

(22)  Using the principle of mathematical induction prove that, if (x + 3) y = 1, then

Vn eN
Sol @ p(m . Ly _ bt here y = —
ol. : p(n): T ey where y = —=
1
dy bt o dy -1
Forn=1, &yt (xe3) is true because y = Pl dri (13
aby  (DFk!
Suppose, p(k) is true for k € N. p(k) : Py istrue. k€ N (D
X

= (x+3)k+1

Here dkHy = 4 dk_y
okt dx | ax*

g DF k!

(From (1))

= (DF A Gt 3y

DM (k+1)!

= (DFE (1) (k+ 1) (x + 3y &DT= D (b + 1) (x + 3) 2 = (x+3)+2

- p(k+1) is true.
Thus, p(k) is true = p(k + 1) is true. V keN

. Statement p(n) is true, Vn € N.

23 If a = 7+47+/T+... n times then using the principle of mathematical induction which of
the following is true ? (AIEEE : 2002)
Aa >7,V nzl @B)a, >3,V nzl (C)a <4,V nzl ([D)a <3,V nzl
Sol. : p(n) :a, = 7+1/7+J7+,,, n times
Forn=1,a = 7. So,a, <7. a, > 17 is false.

a, > 3isfalse. a, = /7 <4and a = J7 <3is true.

a, = w/7+\ﬁ

Here,2 <7 <3 =9<7+ J7<10<16 =3 <7447 <4 =3<a,<4
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(24)

Sol. :

. a, <3 is false. But, a, <4 is true.
Thus, a, <4, a, <4 is true.

Suppose a, <4

Now, a,,, = \7+7+7+... (k+ 1) times

= ,¢7+ak
_ azkﬂ =7+a, <7+4 So, 91 < \/ﬁ< 4. So, a;,, < 4.

Thus, a < 4 is true for n =k + 1.

wa, <4, VneN Ans. : (C)

1 0 1 0
If A= L 1} and I = {O J, then which of the following is true for Vn = 1, n € N7

(AIEEE : 2005)

(A)A" = 2T A+ (n—1) 1 (B)A” = nA + (n—1) 1
(C) A" =27 A—(n—-1) 1 (D)A” = nA—(n-1) 1
10
AlzL 1}=21—1A+(1—1)I=A (A)
=(A+(1-1I =A (B)
=21 TA—(1-1)I =A (©)
=(HA-(1-1D1 =A (D)

Forn=1, (A), (B), (C), (D) are true.

5 1 0] (1 O 1 0 10 1 0
Forn=2, A= L 1} L J={2 J =2L 1}‘{0 J =2A-Q2-11

. Forn=2, (A) is false.
.. For n=2, (B) is false. (C) and (D) are true.

_ s 2.:10 10: 1 0
Forn=3,A>= A°-A > 11111 31 # 4A + 21

(A) is false. (B) is also not true.

10 2 0 20
Letn=3inRHS. of (C), 22A-21=4 |, |1 -|g 5|= |4 »

.. For n =3, (C) is not true.

10 2 0
Let n =3 in RHS. of (D). 3A~G-DI =3 || ||~ |4

10 \
=13 1| A
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25)

Sol. :

(26)

Sol. :

.~ For n =3, (D) is true.
Forn=1, 2, 3, (D) is true.
. Suppose p(n) : A” =nA — (n—1) 1 is true for n = k.
Now, A¥"l =AkA = (kA—-(k-1)]) A
= kA?—(k-1)A

10 10
= Ky | —&=D |y
k—(k-1) 0
T 2k—(k=1) k—(k=1)
1 0 k+1 0 kK 0
k+1 1| |k+1 k+1| — |0 &
10 10
(k +1) 11 —ko |

= (k+1)A— kI

- p(k+1) is true.

= p(k) is true = p(k + 1) is true, Vk eN

s p(n) istrue V n e N. Ans. : (D)
The remainder when 8 — 622" * ! is divided by 9 is ...... ) (AIEEE : 2009)
(A) 2 B)7 ©) 8 D)o

8 = —1 (mod 9) and 62 = —1 (mod 9)
O 22 _( 62)2n+1 = [(_1)2n _ (_1)2n+ 1] (mod 9)
(1+1) (mod9)

=2 (mod 9)

. 82" — (62)>"*! leaves remainder 2 when divided by 9. Ans. : (A)
Prove that 2 + 2 + 220 4o integer Vi € N (1IT-1990)

ove that = 5 3 To5 is an integer Vn e N.

(n)'l W+ L+ 2L s aninteger. ne N
P =7 5 3 105 ger

_ X 12 1 _ 1 C11=1 :

Forn =1, 7 + 5 + 3~ 105~ 103 [15+21 + 70— 1] =1 is an integer.

- p(1) is true.
Let p(k) be true for k € N.

pk) : % K + % K+ % K- ﬁk is an integer for k € N. (1
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27)

Sol.

Forn=k+1,

TR+ 5 (k17 + 2 (k41— o=k +1)

2 1
+5k+l)+§(k3+3k2+3k+l) — = (k)
= (G R+2 R gshk) - (K +3K+ 6K+ 70+ 7K+ 4k) + |
105
= integer +integer + 1 = integer By (1)

p(k+1) is true.
Thus, p(k) is true = p(k + 1) is true. k eN
. VY ne N, p(n) is true. (by the principle of mathematical induction)

7 5 3
n n 2n n_ . .

o = —

- s 3 To5 1san integer V n € N.

Using the principle of mathematical induction, prove that :

k
(r+m) _ kD! [k
P

o p +2} where m, n, r, k are non-negative integers.

(IIT : 1991)

: Here, for non-negative integer k, we shall use the principle of mathematical induction.

(r+m) _ !
For k=0, L.HS. = ZOW m) = % = n(r)

_+0+D! ) w0 _
R'H'S'_T{r+l r+2} =n-rl

‘. The statement is true for £ = 0.

Suppose, the statement is true for £ = p where p is a non-negative integer.

B U+mv _ (rtptD)! p
om0

p+l1

(r+m)
Fork=p+ 1, LHS. = Z (n—m)

O+m) (r+p+1)!
D R e TS

(r+p+D! P (r+p+D)!
- = [/il—r”j c-p-0 SR By ()

_ G#ptDV (0w P n
B p! r+1 r+2 p+l
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_ (+p+D! fnptntnr+n p+r+2
B (r+D(p+1) r+2

(r+p+1)! n(p+r+2) p+r+2
(r+)(p+1) r+2

(r+p+2)! n p+1
(p+D! r+l r+2

} = R.H.S.

The statement is true for n = k + 1.
Given statement is true for all non-negative integers, k.

The statement is true for non-negative integers &, n, , m, by the principle of mathematical
induction.

Using mathematical induction, prove that for every integer n > 1, (32"~ 1) is divisible by 22
but not by 2" , Vn e N. (IIT : 1996)

Sol. : p(n): 3% — 1 is divisible by 2*2, but not by 23. n e N

~op(l) 32 -1 = 8 is divisible by 23, but not by 2%. So, p(1) is true.
Suppose p(k) is true for k € N.
<. 32"~ 1 is divisible by 2¢*2, but not by 2¢*2,
Suppose, 32' _1 = m2%? where m must be an odd positive integer, otherwise 32~ 1 would
be divisible by 2¢3.
Now, 32'= (32°)2 = (1 + m2+2)? (By (1))
=1+ 2m,2k+2 4 m2 22k+4
= 2R3 4 2 Dk k3 4
= p-2kH3 (1 + m2k+l) +1
Here, as m and 1 + m 2%*! both are odd, 32**'— 1 is divisible by 2¢"* but not by 2+
= plk+ 1) is true.
Thus, p(k) is true = p(k + 1) is true.
- p(n) is true, Vn € N.

: Assertion and Reason Type Questions :

Explanation : Each of these questions contains statement 1 (Assertion) and statement 2 (Reason).
Each question has four choices, options (A), (B), (C) and (D), which are as follows. You have
to select the correct choice.

(A) Statement 1 is true, statement 2 is true. Statement 2 is the correct explanation for statement 1.
(B) Statement 1 is true, statement 2 is true. Statement 2 is not a correct explanation for
statement 1.

(C) Statement 1 is true, statement 2 is false.

(D) Statement 1 is false, statement 2 is true.
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Sol. :

(30)

Sol. :

Statement 1 : »*> + n + 41 is not a prime for some n € N.
Statement 2 : Every odd natural number is a prime.
For,n =41, n> + n+ 41 = 41> + 41 + 41 = 41 x 43 is not a prime.

». Statement 1 is true.

1 is an odd natural number which is neither composite nor a prime but it is a unit integer.

. Statement 2 is false.

. Statement 1 is true and statement 2 is false.

Statement 1 : (n+ 1)’ —n’ — 1 is divisible by 7, Vn € N.

Statement 2 : n’ —n is divisible by 7, Vn € N.

Consider statement 2.

p(n) : n’ — n is divisible by 7. v ne N

sop(1) : 17— 1 =0 is divisible by 7.

<o p(1) is true.

Suppose p(k) : k' — k is divisible by 7 is true. Let K’ —k = 7Tm, m e N

7 7
(k+1)7—(k+1)=k7+[1jk6+[zj B+ +7k+1—-k-1

= (K —k) + [Z] Ko + [Z] P+ ..+ [Z]k

7
k” — k is divisible by 7 and (rj is divisible by 7. For [ < r < 6.
- plk + 1) is true.
. p(n) is true, Vn € N.
*. Statement 2 is true.

Now, consider statement 1.

From statement 2, n’ — n is divisible by 7. V neN

. (n+1)"=(n+ 1) is divisible by 7.

“(m+ 1) —=m+1)=T7m me Nandn'—n=7p, p eN
i+ D) =n+n-n-1=Tm

SmH D) —n 1]+ —n)=Tm

S+ 1) =n"=1=7(m-p)

. (n+1)"=n’ -1 is divisible by 7. V neN

Ans. : (C)

(AIEEE : 2011)

)

(By (1))
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.. Statement 1 is also true.

<. Statement 1 and statement 2 both are true and statement 2 is the correct explanation for

statement 1.
Ans. : (A)
(31)  Statement 1 : p(n) : 111...1 (n times) is not a prime for some n € N — {1}.
Statement 2 : p(n) : 111...1 (n times) is composite for n = 91.
Sol. : Take n = 91 in statement 2,
111...1 (91) times
= 1+10+10>°+10°+..+10%

10°! -1
10-1

= 1

10001
9

(107 )13—1

9

7
= S 0%+ 10744107+ 1)

10-1)(10° +10° +...4+10+1) (10%* +107" +...+10” +1)
9

= (10°+10°+..+10+1) (10% + 1077 + 107+ ... + 107+ 1) is a composite integer.

Statement 2 is true.

s I11...1 (91 times) is not a prime.

.. Statement 1 is also true.

Thus, both the statements are true and statement 2 is the correct explanation for statement 1.

Ans. : (A)
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