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Let P(n) : “2" < (1 x 2 x 3 x .. x n)”. Then the smallest
positive integer for which P(n) is true is

@ 1 ) 2

3 d 4

If P(n) : “46" + 16" + k is divisible by 64 for n € N” is true,
then the least negative integral value of £ is.

@ -1 ®) 1

© 2 d -2

Use principle of mathematical induction to find the value
of k, where (10**~! + 1) is divisible by k.

@ 1 (b) 12

() 13 d 9

A student was asked to prove a statement P(r) by induction.
He proved that P(k + 1) is true whenever P(k) is true for all
k>5 e Nand also that P (5) is true. On the basis of this he
could conclude that P(n) is true

(@) foralln € N

(b) foralln>5

(¢) foralln>5
(d) foralln<5
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5. Let T(k)bethe statement1+3+5+ ...+ (2k—1)=k2+10
Which of the following is correct?
(@ T(1)istrue
(b) T(k)istrue = T(k+ 1)istrue
(¢) T(n)istrueforall » €N
(d) All above are correct
6. Let S(k)=1+3+5.+2k-1)=3 +k2 . Then which of the

following is true?
(a) Principle of mathematical induction can be used to
prove the formula

(b) Sk)= Sk+1)
©) Sk)= Sk+))
(d) SQ) is correct

7. For natural number n, 2" (n—1)! < n", if

@ n<2 ® n>2
©) n=2 (d) Never
8.  Forall positive integral values of n, 32" _2n+1 isdivisible
by
(a 2 (b) 4
(c) 8 @ 12
9.  For everynatural number n,n(n+1) is always
(a) Even (b) Odd

(c) Multipleof 3 (d) Multiple of 4

10.

11.

12.

13.

14.

methods of mathematical induction which is true?

@ a,>7Vnxl ®) a,<7Vnz1
© a,<4Vn2l d a,<3Vnz1

For every positive integral value of », 3" > n3 when

@ n>2 b) n>3

© n>4 d n<4

If i < (2n)2! , then P(n) is true for
n+l (n!)

(@ n21 (b) n>0

(¢) n<0 (d n>2

If n e N, then x**! 4 32"~ is divisible by

(@ x+y (b) x-y
© x*+y? @ x*+xy
For a positive integer #,
1 1 1 1
L =]+ —+=—+—+ .
et a(n) RER -1 Then

(@) a(100)<100
(¢) a(200)<100

(b) a(100)>100
(d) a(200)<100
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15.

16.

17.

18.

19.

20.

21.

2" > n2 when n € N such that
(@ n>2 (b) n>3
(© n<5 d n=5

For every natural number n, n(n? — 1) is divisible by
(@ 4 (®) 6

n(n+1) n(n+3)

® In+2)(n+3) ® T )@m+2)
n(n+2)

(©) W (d) None of these

22. For every positive integer n, 7" — 3" is divisible by
(¢ 10 (d) None of these (@ 7 ) 3
1£49" + 16n + A is divisible by 64 for all n € N, then the least (c) 4 @ s
negative value of A is
5 3
@ -2 (b) -1 23. For all n € N, the sum of n? +%+E is
© -3 @ -4 (a) a negative integer (b) a whole number
Ifn € N and n is odd, then n (n% — 1) is divisible by (c) areal number (d) a natural number
24 b) 16

@ 2 (d) " 24. Forn e N, x"1 + (x+ 1)27-1 s divisible by
© (d) @@ «x (b) x+1
For each n e N, the correct statement is (© 2+x+1 d x¥?-x+1

n 2 25. If n is a positive integer, then 5°"*2 — 24n — 25 is
@ 2%<n () n7>2n divisible by

4 n 3n (a) 574 (b) 575
c 10 d) 2°">7n+1
© n< 9 " © 67 @ S76
P(n) : 2.7" + 3.5" — 5 is divisible by 26. Foralln>1,
(@ 24, VneN 1 1 1 1

—t——t—t... =
() 21, VneN 12 23 34 n(n+1)
(c) 35, VneN n
d 50,VneN ® T ® T
By mathematical induction, 1
1 . 1 . 1 . » (©) m (d) None of these
T23t33at (s )(n+2) is equal to
T 5.0000@ 16000Q@ 17.0000@ 18.0000@ 19.@®OO
GRip 20.0000 221.EEO®OW 22.000 2B.@®OCO 4. @®OWO

5.0000 26000




27. By the principle of induction V n e N, 3" when divided Statement-2 : For every natural number n > 2,

by 8, leaves remainder n(n+1) <n+1.

(@ 2 (b 3
(a) Statement-1 is correct, Statement-2 is correct;
(¢ 7 @ 1
Statement-2 is a correct explanation for Statement-1.
28. Statement-1:1+2+3+ . +n< l(2n +1%,neN. (b) Statement-} is correct, Statem.ent-2 is correct;
8 Statement-2 is not a correct explanation for Statement-1
Statement-2 : n(n + 1) (n + 5) is a multiple of 3, n € N. (c) Statement-1 is correct, Statement-2 is incorrect
(a) Only Statement-1 is true (d) Statement-1 is incorrect, Statement-2 is correct.
(b) Only Statement-2 is true 30. Foralln e N, 41" — 14" is a multiple of
(c) Both Statements are true (@ 26 b) 27
(d) Both Statements are false © 25 (d) None of these

29. Statement-1 : For every natural number n > 2,

RESPONSE 27.0000@ 28.000Q@ 29.000@ 30.0®0OQ

Grip
Total Questions 30 Total Marks 120
Attempted Correct
Incorrect Net Score
Cut-off Score 40 Qualifying Score 55
Success Gap = Net Score — Qualifying Score
Net Score = (Correct x 4) — (Incorrect x 1)
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Since P(1):2<1isfalse
P(2):22<1x2is false
P(3):23<1x2x3isfalse

P(4):24<1x2x3 x4istrue
Forn=1, P(1): 65+ kisdivisible by 64.

Thus &, should be —1

Since 65— 1 =64 is divisible by 64.
Let P(n) be the statement given by
P(n): 10" 1+ 1is d1v151ble by 11

Forn=1,P(1): 10¢* D~
which is divisible by 11.
So, P(1) is true.

Let P(k) be true, i.e. 102!

We shall now show that P
have to show that 10°

+

1=11,

+ 1 is divisible by 11
= 10%"1+1=11A, forsomeA e N ...(i)

gk+

1) is true. For this, we
+ 1 is divisible by 11.

S.

MATHEMATICS
SOLUTIONS

©
b)

DPP/CM04

Now, 102K D=1 41 =102 110% + 1
=(11A-1)100+1  [Using (i)]
=1100A—-99=11(100A—9) =11y,
whereft 1007» 9eN
— 10k D=1 4 1 is divisible by 11
= Pk+ 1) 1s true.
Thus, P(k + 1) is true, whenever P(k) is true.
Hence, by the principle of mathematlcal induction,
P(k) is true for alln € N, i.e. 10 L BT d1v151ble
by 11 for all n € N.
Since P(5) is true and P(k + 1) is true, whenever P (k)
is true.
Whenk=1,LHS=1butRHS=1+10=11

T(1)is not true

Let T(k) is true.

Thatis 1+3+5+....+2k—1)=k>+10



6.

10.

11.

12.

b)

(b)
@)

@)
(b)

©

@

Now, 14+3+5+....+(2k-1)+(2k +1)

=k>+10+2k+1=(k+1)%>+10
~T(k+1) is true.

That is T(k) is true = T(k+1) is true.
But T(n) is not true for all € N, as T(1) is not true.
S(k)= 143+5+.. +(2k—1)=3 + k2
S(1):1=3+1, which is not true
S (1) is not true.

~. P.M.I cannot be applied
Let S(k) is true, i.e.

1+3+5...+2k—1)=3+k?
1+3+5...+Qk-1)+2k+1

=3+k2+2k+1=3+(k+1)2
S S(k)=> Sk+1)

Check through option, the condition 2"(n—1)!<n"
is satisfied for n > 2

Putting n =2 in 32" 2n + 1 then,

322 _2x2+1=81-4+1=78, which is divisible
by 2.

The product of two consecutive numbers is always
even.

a;= [7<7.Leta, <7
Thena,, .= \7+a,
=7+a,<7+7<14.
= a,,; < 14<7; So by the principle of
mathematical induction a, <7 v n.

2
= @y

Check through option, the condition 3" > n® is true
when n>4.

@)
“n+l (n!)2
Forn=2,
P A A B
241 Q2F 304
which is true.
Let for n=m>2, P(m) s true.
!
ie. —— (2m)
m+1 (ml)2
N 4™ 4™ 4m+)
ow m+2 m+l m+2
(2m)' 4(m+1)
(m') (m+2)

 2m)!@m+1)2m+ 2)4(m +1)(m+1)?
T Cm+1)(2m+2)(m!) (m+ 1) (m+2)
_[2m+D]!  2(m+1)

[(m+ DI Cm+1)(m+2)

13.

15.

16.

17.

18.

19.

20.

@
@

@

b)

b)

@

©
@

< [2m+1)]!

[(m +DIT
Hence, for n > 2, P(n) is true.
x20-1 4+ y20-1 s always contain equal odd power. So it
is always divisible by x + y .
It can be proved with the help of mathematical induction

that % <a(n)<n.

200
N <a(200) = a(200)>100and

a(lOO) <100.
Let the glven statement be P (n), then
P (1) = 2! >12 which is true
P (2) = 22>22 which is false
P (3) = 23> 32 which is false
P (4) = 2*>42 which is false
P (5) = 2% > 52 which is true
P (6) = 29> 62 which is true
*. P(n)istruewhenn>5

n(n® —1) = (n=1)(n)(n+1)

It is product of three consecutive natural numbers, so
according to Langrange’s theorem it is divisible by 3!
ie.,6
For n=1, we have
49" +16n+A=49+16+A=65+1
=64+ (A + 1), which is divisible by 64 if A =—1
For n=2, we have
49"+ 16n+A=492+16 x 2 +A=2433 +1
=64 x 38+ (A + 1), which is divisible by 64 if A =— 1
Hence, A=-1
LetP (n)=n (n®—1) then
P(1)=1(0)=0 which is divisible by everyn € N
P (3)= 3 (8) =24 which is divisible by 24 and 8
P (5)=5(24)= 120 which is divisible by 24 and 8
Hence P (n) is divisible by 24.

Letn =1, then option (a), (b) and (d) eliminated. Only
option (c) satisfied.
P(n):2.7"+3.5" -
Forn=1,

P(1) : 2.7 + 3.5 — 5 = 24, which is divisible by 24.
Assume that P(k) is true,

ie. 27%+355-5= 24q,wherequ (1)
Now, we wish to prove that P(k + 1) is true whenever

5 is divisible by 24.

P(k) is true, i.e. 2781435k — 5 is divisible by 24.
We have,
2757135k 1 5= 27k 7'+35%.51 -5

—7[27“+35k 5-3.5k +5]+35k 5-5
= 7[24q - 3.5 +5[](+155 -5
= (7 x 24q) - 215 +35+ 1555
= (7 x 24q) - 6.5+ 30 = (7>< 24q) - 6(5k—5)
=(7 x 24q)—6(4p) [-- (5 —5) is a multiple of 4]
= (7 x 24q) — 24p = 24(7q — p)

(i)

=24 x r; r = 7q — p, is some natural number ...
Thus, P(k + 1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction,
P(n) is true for all n € N.



2. ()

22. (¢

1 1
LetP(n): ———+——+....
T N AT TR (TS)
__n(+3)
4(n+1)(n+2)
Forn=1,
LHS = —— =+
1-2:3 6
1(1+3) 1
and RHS. = 4(1+1)(1+2)_6

P(1) is true.
Let P(k) is true, then

1 1 1
PO 153 232" k(k+1) (k +2)
__ k(k+3) 0
4(k+1)(k +2)
Forn=k+1,
1 1
Pk+1): 1.2'3+2‘3‘4+ .....
1 1
PR (k+2) ka ) (k+2)(k+3)
_ (k+1)(k+4)
4k +2)(k +3)
1
LHS. = 1.2‘3+2‘3‘4+ .....
1 1
PR (k+2) ka ) (k+2)(k+3)
_ k(k+3) 1
2+ 1) (k+2)  (k+1)(k+2)(k +3)
[from (i)]
_ (k1) (k+4) _ (k+1)(k+4) RS
Ak+1)(k+2)(k+3) 4(k+2)(k+3) e

Hence, P(k + 1) is true.

Hence, by principle of mathematical induction for all
n € N, P(n) is true.

Let P(n) : 7" — 3" is divisible by 4.

Forn=1,

P(l) 7 - 3l = 4, which is divisible by 4. Thus, P(n)
is true for n = 1.

Let P(k) be true for some natural number k,

ie. Pk):7¢-3k 1s divisible by 4.

We can write 7% — 3K = =4d, where d € N ... (i)
Now, we wish to prove that P(]k + 1) is true whenever
P(k) is true ie. 7 is d1v151ble by 4.
Now, 76+ 1 5o e n B i
=7(7% - 3k )+ (7 - 3)3% = 7(4d) + 4.3% [using (i)]
= 4(7d + 3¥), which is divisible by 4.

Thus, P(k + 1) is true whenever P(k) is true.
Therefore, by the principle of mathematical induction
the statement is true for every positive integer n.

23. (d) Let the statement P(n) be defined as

24. (o)

25.

@

5 3

P(n): n? + n? + Z—g isa natural number for alln € N.
StepI:Forn=1,

7
_+_—
P(): g+3+75 = 1¢eN

Hence, it is true for n = 1.
Step II : Let it is true for n =k,

5 3
i.e.k—+k—+3=keN .. (1)
5 3 15

StepIIl : Forn=k + 1,
5 3
(k+1) +(k+1) +7(k+1)
5 3 15

1
= g(kS +5k* + 10k> + 10k* + 5k + 1)

7 7
3432 +3k+ 1)+ —k+—
(k 3+ 3+ 1)+ okt
K K 7
=|—+—+—k| + & +2K>+3K> + 2k
(5 3 15] ( 3 )
1 1 7
5 3 15

=A+k*+ 2k + 32+ 2k + 1
[using equation (i)]
which is a natural number, since A k € N.
Therefore, P(k + 1) is true, when P(k) is true.
Hence, from the principle of mathematical induction,
the statement is true for all natural numbers n.
Forn=1, we have
x4 e+ 1) =22+ (x+ 1) =x2+x+1,
which is divisible by x2 + x + 1
For n=2, we have
e+ D)2 =83+ x+1)P3=2x+ 1) (2 +x+1),
which is divisible by x2 + x + 1.
Hence, option (c) is true.
Let P(n% be the statement given by
P(n) : 5°" 2 — 24n — 25 is divisible by 576.
Forn=1,
P(1): 5272 _24 - 25 = 625 — 49 = 576,
which is divisible by 576.
P(1) is true.
Let P(k) be true
ie. £k+) 522 o1 _ 25 is divisible by 576.
= 5%72_24k-25=576L ...(i)
We have to show that P(k + 1) is true,
ie. 52k*4 _ 24k — 49 is divisible by 576
Now, 52K *4 _ 24k — 49
52f(+2+ 24k—49=52k+2'52—
= (576 + 24k +25) - 25 - 24k — 49
=576.25A + 600k + 625 — 24k — 49
=576.251+ 576k + 576
=576{25A\ + k + 1}, which is divisible by 576.
P(k + 1) is true whenever P(k) is true.
So, P(n) is true for all n € N.

24k — 49
[from ()]



26.

27.

28.

(@) Let us write the statement

1, .1 _1 _ =
P): 12723734 nn+l) n+l
fe that P(1) : —==—— =~ = is true thus P(n)
we note tha ().1.2—1+1 5 =7 Istrue thus (n) is
true forn =1
Suppose that P(k) is true for some natural number ‘k’
1,11 Lk
12 23 34 7 k(k+1) k+177"
N 1 1 1 1 1
oW, —+—+—+ ... +
12 23 34 k(k+1) (k+1)(k+2)
_k N 1
k+1 (k+Dk+2)y  LFrom()]
_ k(k+2)+1 K2 +2k+1

S k+D)(k+2) (k+1)(k+2)

O k+1)? k41 k+1

k+1)(k+2) k+2 (k+1)+1
Thus P(k + 1) is true whenever P(k) is true. Hence. by the
principle of mathematical induction P(n) is true for all natural

numbers.
d Let P(n; be the statement given by

P(n) : 3" when divided by 8, the remainder is 1.
or P(n):3?"=8x+1 for some A € N
Forn=1,

P(1): 32—(8>< 1)+1=8A+1, where A=1
. P(1) is true.
Let P(k) be true.
Then, 3% = 8 + 1 for some A € N ()
We shall now show that P(k + 1) is true, for Wthh
we have to show that 32 ™D when divided by 8, the
remamder is 1.
Now, 32k *1D =32k 32— @) + 1) x 9  [Using(i)]
—72h+9= T2A+8+1=809r+1)+1
=8u+1,where u=94+1 €N
= Pk +1)is true.
Thus, P(k + 1) is true, whenever P(k) is true.
Hence, by the principle of mathematical induction
P(n) is true for all n € N.

(¢) 1 Let the statement P(n) be defined as

1
Pm):1+2+3+...+n< §(2n+1)2
StepI:Forn=1,

1 2 1 2
P(l):1<§(2.1+1) :>1<§ x3
9 -
= 1< 3’ which is true.
Step II : Let it is true for n = k.

1
1+2+3+ ... +k< §(2k+1)2 .. (0)
StepIIl : Forn=k+ 1,

(1+2+3+ ... +k)+(k+1)<%(2k+1)2+(k+1)
[using equation (i)]
(k1) Lkl (2k +1)* + 8k +8
8 1 8
_4k%+1+4k+8k+8
8

K2 +12k+9 _ (2k +3)°
8 8

k+2+1) [2(k+1)+1]?
-8 8

|:2(k+1)+1]2
= 142434tk k) <

Therefore, P(k + 1) is true when P(k) is true.
Hence, from the principle of mathematical
induction, the statement is true for all natural
numbers n.
II. Let the statement P(n) be defined as
P(n) : n(n + 1) (n + 5) is a multiple of 3.
StepI:Forn=1,
PD:1(1+1) (1 +5)=1x2x6=12=3 x4,
which is a multiple of 3, that is true.
Step II : Let it is true for n =k,
ie. k(k+ 1) (k +5)=3A
= kgk + 5k +k +5)=3A
= K+ 6K + 5k = 3A... (i)
Step III : Forn=k+1,(k+1)(k+1+1)(k+1+5)
(k+ 1) (k+2) (k+6) (K2 +2k+k+2) (k + 6)
k +3k+2)£k+6)
k + 6k + 3k* + 18k + 2k + 12
=1k + 9k? + 20k + 12
= (31 — 6K* — 5k) + 9k* + 20k + 12
[using equation (i)]

=30+ 3k% + 15k + 12

=3(A + k? + 5k + 4), which is a multiple of 3.
Therefore, P(k + 1) is true when P(k) is true.
Hence, from the principle of mathematical
induction, the statement is true for all natural
numbers n.

Hence, both the statements are true.

1 1 1
a) Statement-1:LetP(n): —=+—F—+..... +—>\/H
@ R Y A
For n =2,

PQ): =+—> 2, which is true.

f J_

Assume P(k) is true,

L+L+ +L> k (@)
At R 7k
For n =k + 1, we have to show that

1 1

1 1 1
—+t—=+—=+..+—=+—=>Jk+1 .. (i
AR E T R R )

1.e.



1 1 1 1
+_

1
LHS.= (\ﬁ+$+$+ ..... \/E)+ﬁ(lu)

Statement-2 : For n =k,
k(k+1) <k+1

= JkJk+l<k+1k+1

= \/E<,/k+1
Jk+1>k fork>2

. (Multiplying by k)

(k+1)-1 N R
= Jk>— L = Jk>Jk+l —M

= Jk+ k+1

... (1v)

30. ()

From (iii) and (iv),

U U ORI UURS S
GTRTET o

+ ! > Jk+1 [Using (i)]
Jk+1
Hence, (ii) is true forn =k + 1
Hence, P(n) is true for n > 2
So, Statement-1 and Statement-2 are correct and
Statement-2 is the correct explanation of Statement-1.
Let P(n) be the statement given by
P(n) : 41" — 14" is a multiple of 27
Forn=1,
ie. P(l)=41'-14'=27=1x27,
which is a multiple of 27.
- P(1) is true.
Let P(k) be true, i.e. 41X — 14X = 27 (@)
Forn=k + 1,
41T 14k F — 41k 1145 14
71 +14%41 - 14k 14 [using (i)]
(271 < 41) +(14 x 41)—(14% x 14)
(27A x 41) + 14 (41 -14)
=27\ x 41) + (14¥ x 27)
=27(411 + 145,
which is a multiple of 27.
Therefore, P(k + 1) is true when P(k) is true. Hence,
from the principle of mathematical induction, the
statement is true for all natural numbers n.
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