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NCERT Solutions for Class 11 Maths Maths Chapter 4

Principle of Mathematical Induction Class 11

Chapter 4 Principle of Mathematical Induction Exercise 4.1 Solutions

Exercise 4.1 : Solutions of Questions on Page Number : 94

Q1:

Prove the following by using the principle of mathematical induction for all n € N:

1+3+3’+...+3”"=@

Answer :

Let the given statement be P(n), i.e.,

P(n): 1+3+3%+...+3%" =
(n) (3,._')

2

Forn =1, we have

P(1): 1= [3| _1)_ 11 _2 _],which is true.
2 2 2

Let P(k) be true for some positive integer k, i.e.,

2

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

14343 435 =

Consider
1 + 3 + 32 + + 3ké€“1 + 3(k+1)é€“1

S(1+3+3+.. +3%7) + 3

‘_
6,

[Using (i)]

2
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Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q2:

Prove the following by using the principle of mathematical induction for

nln+1 :
l"+2"+3"+...+n‘=[—-(_) ))

alln € N:

Answer :
Let the given statement be P(n), i.e.,

nln+1 :
l"+2"+3"+...+n‘=[—-(_) ))

P(n):

Forn =1, we have

P(1): 1°=1= (@] =[%) =1"=1

, which is true.
Let P(k) be true for some positive integer k, i.e.,
‘ k(k+1)) ,
P+2 434+ ={¥ (D)

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

P+22+3+ . +K+(k+1)
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_[k(kn)J (k+1) [Using (i)]

k(k+l) S (k+1)
_k'(k+l) +4(k+1)'
- 4
(k1) R 4 (k1))
B 4
_(k+1)2{/ﬁ+4k+4}
- 4

(k1) (k+2)

B 4

(k1) (k140)

- 4

(k+l)(k+l+l)]2

2

S(P+22+3F+.. +K)+(k+ 1P =
Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.
Q3:

Prove the following by using the principle of mathematical induction for
I+ ! + I +.ot ! -:l?
(142) (14243) 7 (14243+.m) (n+1)

alln € N:
Answer :

Let the given statement be P(n), i.e.,

P(n): 1 1 1 2n

+ ot =
Forn=1, lve Bavel + 2 + 3 1+2+3+..n n+l

P1:1= 21 2 which is true.

I+1 2

Let P(k) be true for some positive integer k, i.e.,

Page | 3




intelligent

Interesting
innovative

Learning

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

Consider

1 1 1 2k

1+ + ... L =
1+2 1+2+3 1+2+3+...+&k k+1

(1)

1+2 1+2+3 1+24+3+. +k 14243+ +hk+(k+1)

1

_[1+ L l +...+ ! ]+ !
1+2 14243 1+2+3+_ &k 1+2+3+._.+hk+(k+1)
2k 1

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

_ 2k, |
k+1 [(Ic+l)[k+]+l}]

[Using (1)]

i
|:1_|_2 +34+. =t

_ 2k 2
C{k+1) (E+1){k+2)

={ki1}{k+klz)
2 [k(k+2)+l]

=k+| k+2

2 > +2k+1
=(k+l)( k+2 ]
_ 2-(k+1)
S (k+1)(k+2)

_2(k+1)
C (k+2)

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q4:

Prove the following by using the principle of mathematical induction for alln e N: 1.2.3+2.3.4 + ... + n(n + 1)
n(n+1)(n+2)(n+3)

(n+2)= 4
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Answer :
Let the given statement be P(n), i.e.,
n(n+1)(n+2)(n+3)

P(n): 1.2.3+23.4+ ... +n(n+1)(n+2) = 4

For n =1, we have

1{I+1)(142)(143) 1234 6
P(1): 1.2.3=6 = 4 4 , which is true.

Let P(k) be true for some positive integer k, i.e.,
k(k+1)(k+2)(k+3)

123+234+ .. +kk+1)(k+2) 4

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

Consider

123+234+ ... +kk+1)(k+2)+((k+1)(k+2)(k+3)
={1.23+234+ .. . +kk+1)(k+2)}+(k+1)(k+2)(k+3)

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

— (k+1)(k+2)(k +3){:’;-+|]

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

(k+1)(k+2)(k+3) [Using (i)]

Thus, P(k + 1) is true whenever P(K) is
true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q5:
Prove the following by using the principle of mathematical induction for
) 2n-1)3"" +3
1.3+23*+33" +...+n3" = .(_)_

alln € N: 4

Answer :

Let the given statement be P(n), i.e.,
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, 2n=1)3""+3
134237433 4. 4n3" = 2121
P(n) : 4

For n =1, we have

(21-1)3""4+3 343 12

= —_=3

P(1): 1.3=3 4 4 4 whichis true.

Let P(k) be true for some positive integer k, i.e.,

_ il
130230433 4 k3t = K ]f - o (i)

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

1.3+23+3.3+ ... +k3+ (k+1) 3
=(1.3+2.32+ 3.3+ ...+ k39 + (k+1) 3

(2k-1)3"+3

+(k+1)3 [Using (i)]

C(2k-1)3"" 4344 (k+1)3""

- 4

32k - 144 (k+1)p+3

- 4

36k +3)+3

- 4

C3M3{2k+1)+3

- 4

3k 41} 43

- 4

12(k+1)-1f3%"" 43

4

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q6 :

Prove the following by using the principle of mathematical induction for

12423434 +..4+n(n+1)= ["('” ';('” 2)}

alln € N:
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Answer :

Let the given statement be P(n), i.e.,

12423434+, +n(n+ l}:["(”ﬂg{ﬂﬂl}

P(n):
Forn =1, we have

I(1+1)(1+2 2.
122p 2 1(41)(1+2) 123 _,
P(1): 3 3 , which is true.

Let P(k) be true for some positive integer k, i.e.,

124234344 ot k(K +1) =[Hk”g{k+1)] D)

We shall now prove that P(k + 1) is true.
Consider
12+23+34+...+k(k+1)+(k+1).(Kk+2)
=[1.2+23+34+ ... +k(k+1)]+k+1).k+2)

_k(k+1)(k+2)

+(k+1)(k+2) [Using ()]

=(k+|)(k+2)(§+l)

_ (k+1)(k+2)(k+3)
3
_(k+1)(k+1+1)(k+1+2)
3

Thus, P(k + 1) is true whenever P(Kk) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q7:

Prove the following by using the principle of mathematical induction for

n(4n’+6n—l)

1.3+3.545.7+...+(2n-1)(2n+1) =
allneN: 3

Answer :

Let the given statement be P(n), i.e.,
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P(n): - )
Forn:]fwg’h%\jé5.?+...+{zn_1}{2n+1}: ”(4” ;6?1' l]

Ha.1 +6.1-1 _ , which is true.
PR3 dn ( — ]:4*?5 1_9_,
L K)'be frue for some pcgsltlve integer K, 8. 3

k(4k* +6k -1
WeSshal Ao brbde that PALK Ty bk +1) = ( ; )

Consider

e}

(1.3+35+5.7+...+(2ka€“1) (2k + 1) + {2(k + 1) a€“ 1}{2(k + 1) + 1}

k(4% +6k -1
= { S )+{2k+2—1]{2l‘+2+l} [Using (i)]

_ ke ;m _l)+{2k+]]{2£— +3)

2 -
= (44 ;6'& I)+(4E+sk +3)

k(447 + 6k =1)+3(4K" + 8k +3)
) 3
6K =k + 12K+ 24K+ 9
) 3
Ak + 18K +23k+9
R 3
A 14K 9+ 47 + 14649

-

.
k(447 +14k+9)+ 1 (457 + 14k +9)
- 3
C(k+1)(447 144 +9)
- 3
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(k+1){4k" +8k +4+6k +6-1
3
(k+1){4(k* +2k+1)+6(k+1)-1]
3
(k1) {a(k+1) +6(k+1)-1)
- 3

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q8:

Prove the following by using the principle of mathematical induction for all n € N: 1.2 + 2.2+ 3.2* + ... + n.2"=
(n-1)2m+2

Answer :
Let the given statement be P(n), i.e.,
P(n):1.2+22°+3.2°+...+n2"=(na€" 1) 2™ +2
Forn =1, we have

P(1): 1.2=2=(14€"1) 2" +2=0+2 =2, which is true.
Let P(k) be true for some positive integer k, i.e.,
1.2+2.22+322+ ...+ k2= (k&€ 1) 21+ 2 ... (i)
We shall now prove that P(k + 1) is true.

Consider

(124227 4327 ..+ k2 } 4 (k +1)-2""
=(k—1)2"" +2+(k+1)2""

=2k -1)+(k+1)}+2

22k +2
AL &
(k+1)-1

+2

2
}2(MH

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q9:
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Prove the following by using the principle of mathematical induction for

) Ss He |
e e e = | e

|
alln € N: 2 4 8 2" 2

Answer :

Let the given statement be P(n), i.e.,

1
ol
2' 2 \whichis true.
Let P(k) be true for some positive integer k, i.e.,

Rl 7 | 1 :
5+Z+§+....+E‘——l—2—‘ -"(l)

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

Consider
GO i | 1 |
e rre g e— | =
2 4 8 2A 2l+l

=[|_‘,‘_‘)+% [Using (i)]

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q10

Prove the following by using the principle of mathematical induction for

e ! n
R ey -
25758 811 " Gn-1)(3n+2)  (6n+4)

allneN:
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Answer :

Let the given statement be P(n), i.e.,

LR S B [ _n
S 58 811 7 (3n-1)(3n+2) (6n+4)

25 10 6.1+4 10 whichis true.
Let P(k) be true for some positive integer k, i.e.,

| | k

| ;
_— + b % = oo {1
2558 en T BRon)(k+2) ok+4 W

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

Consider
B IV VG [N S— '
25 58 8.1 (3k=1)(3k+2) {3(k+1)—1}{3(k+1)+2]
k 1 ¢
Tok+d4 (3k+3-1)(3k+3+2) [Using (0]
__k I
6k +4  (3k+2)(3k+53)
k I

“2(3k+2) (3k+2)(3k+5)

__ 1 (k1 ]
T (Bk+2)\ 2 3k+5
1 [k(3k+35)+2
T (Bk+2)| 2(3k+5) )
1 (3KP+5k+2
C(B3k+2)| 2(3k+5)
b [(Bk+2)(k+1)
T (Bk+2)| 2(3k+5)
_ (k+1)

T 6k+10

o (k+1)
_6(k+|)+4
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Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q11 :

Prove the following by using the principle of mathematical induction for

1 | | I n(n+3)
+ + ik =
123 234 345 n(n+l)(n+2) 4(n+l)(n+2)

alln eN:

Answer :
Let the given statement be P(n), i.e.,

R SR S 1 ~ n(n+3)
123 234 345 7 a(n+1)(n+2) 4(n+1)(n+2)

P(n):
For n =1, we have

1 1-(1+3) 1-4 1
P)a5" a(1+1)(1+2) 423 123

, which is true.
Let P(k) be true for some positive integer k, i.e.,

1 | [ I k(k+3)
+ + +..+ =
1-2:32:3-4 3:4-5 7 k(k+1)(k+2) 4(k+1)(k+2)

(i)

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

Consider
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i | -
N

1 I I
[I-2~3+2-3-4+3- T +k(k+I)(k+2)]+(k+l)(k+2)(k+3)
k(3 I

a(k+1)(k+2) (k+1)(k+2)(k+3)

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

- | Ix(k+3)z+4l
(k) (k+2) | 4(k+3) |

[Using (1))

I ]A'(A-’+6k+9)+4]'

TkeN(k+2) | k=3 |

B I [k‘+6k’+9k+4
C(k+N)(k+2) | 4(k+3) }
B [ [k +26% +k +4k* +8k +4|
T (k+1)(k+2) | 4(k+3) [

I {k(k’+2k+l)+4(k’+2k+l)}
C(k+1)(k+2) 4(k+3)

1 {k(k+l)z+4(k+l)z}

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

(k+l):(k+4)

T A(k+1)(k+2)(k+3)
(k+1)§(k+1)+3}

T4k )+ 1} {(k+1)+2)

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q12:

Prove the following by using the principle of mathematical induction for

1 a(r"-l)

a+ar+ar’+..+ar'" =
alln eN: e

Answer :

Page | 13




Page | 14

intelligent
interesting
Innovative

Learning
Let the given statement be P(n), i.e.,
2 -1 a(r" - I)
P(n):a+ar+ar’ +..+ar" =——l
foss
For n =1, we have

P[I]:a=M—a

(r -1) , which is true.

Let P(k) be true for some positive integer k, i.e.,

) k-1 u(rk -I) .
a+ar+ar: +...... +ar’ =——= w1)
r-1
We shall now prove that P(k + 1) is true.

Consider

{a +ar+ars ... +m'*_l} + gl

:M+m‘* [Using{i)]

r—1
a(r' =1)+ar' (r-1)
r—1
- a[r* —l)+ﬂrf’" —ar
r—1

B ﬂ'f'k _a+ark+l _a_j_.ﬂ:

=1
K+1
_ar’t —a
r—1
a(f'bﬂ_l)
r—1

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q13:

Prove the following by using the principle of mathematical induction for

(H%}(H%)(I+%J...(l+(2':’—:l)]=(,,+|)’

alln € N:

Answer :
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Let the given statement be P(n), i.e.,

l’(l1):[l+%)(l+%](l+%)..[ ("":")] (n+1)’

Forn =1, we have

[u[ ] 4=(1+1)} =27 = 4, which is true.

Let P(k) be true for some positive integer k, i.e.,

G G A U A

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

Consider

(G G o e

=(ﬁc+|} 2{k+1}+1} [Using{l}]

5 (k+1)

ey ) 20k )
=(4 '}_ (k+1) ]
=(k+|}1+2{ﬁ:+l}+1
={(k+1)+1}’

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q14 :

Prove the following by using the principle of mathematical induction for
| I | I
(I+- Lt [ 145 || 1= [=(n+1])
alln € N: I " 3 n

Answer :

Let the given statement be P(n), i.e.,

SO
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For n =1, we have

P(l):(l +1j= 2=(1+1)
I , which is true.

Let P(k) be true for some positive integer k, i.e.,

L e O R

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

Consider

(03042245

=(k+l)(l+k'+l) [ Using (1)]

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q15:

Prove the following by using the principle of mathematical induction for
s a3 . mh o n(2n=1)(2n+1
P43 45 +..+(2n-1) = ( N )

alln eN: 3

Answer :

Let the given statement be P(n), i.e.,

R P (i)

For n =1, we have
I(2.1-1)(2.1+1
( :);( - )= l';'3 = |, which is true.

Let P(k) be true for some positive integer k, i.e.,
k(2k =1)(2k +1)
3

P(l)=1t=]=

P(k)=1 +3*+5 4. +(2k-1)’

(1)
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We shall now prove that P(k + 1) is true.
Consider
(430450 4+ (2k=1) |+ 2(k+1)-1)]
=k(2k_'::(2k+l)+(2k+2-l): [Using (I)]

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

3

(2K 1) k(2K = 1)+ 3(2k +1)
- 3
(2 +1) {26~k +6k +3]
(2K +1){26° +5k+3}
- 3

(2k +1) {2k +2k +3k + 3]
- 3
_(2k+1){2k (k+1)+3(k+1)}

3
_ (2k+1)(k+1)(2k +3)
3
(k+1){2(k +1) =1} {2(k+1)+1}
3

Thus, P(k + 1) is true whenever P(K) is true.

2%k +1)’

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q16 :

Prove the following by using the principle of mathematical induction for

| 1 | I n

e s—

— o =
14747 700 " Bn-2)(n+1)  (3n+1)

alln eN:

Answer :

Let the given statement be P(n), i.e.,
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1 | n
P —+—+ = -
() 337 70 (3n-2)(3n+1)  (3n+1)
For n=1. we have
o LI
p(| =—=———=—=——_which is true.

1.4 3.1+1 4 14

Let P(k) be true for some positive integer k, i.e.,

o 1 k
P(k)= . =
(k)= |4 477700 T (Gk-2) (k1) 3k +1

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

Consider

I | 1
{ﬁ+ﬁ+ 710 " [3&-2){3k+l]}+{3(ﬁr+l}—2}{3(k+ 1)+1

d ] [ Using (1) ]

= +
341 (3k+1)(3k +4)

{3k+]){k+(3k+4)}
k(3k+4)+1
{3k+]{ (3k +4) }
3% +dk +1
{3k+]{ 3k +4) }
N 3k +3k+k+1
-{3k+l){ (3k+4) }
C (Bk1)(k+1)
3k +1)(3k+4)

J{k+])+l

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q17:
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Prove the following by using the principle of mathematical induction for

1 | | | n

R
3.5+5.7+7.9 +(2n+l)(2n+3) 3(2n+3)

alln € N:

Answer :

Let the given statement be P(n), i.e.,

|J(H}:_I+L+L+m+ : = "
35 57 79 (2n+1)(2n+3)  3(2n+3)

For n =1, we have

P(l)i —=———=—

1 1 1
3.5 3(2.1+3) 35

, which is true.

Let P(k) be true for some positive integer k, i.e.,

A I R P [ ok
P S5t 57t 79t (2k+1)(2k+3)  3(2k +3) - (1)

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

Consider
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Lo | !
[§+§+7.—9+"'+ (2k+l)(2k+3)]+ Q(k+1)+1}{2(k+1)+3)
k 1 .
T3(2k+3) " (2k+3)(2k+5) [Osine: (1]

= b Lk, 3
C(2k+3)[ 3 (2k+3)
1 [k(2k+5)+3
(2k+3)| 3(2k+5)
1 [k +5k+3
~(2k+3)| 3(2k+5)

1 [ 2K +2k+3k+3
T (2k+3)| 3(2k+5)
1 [ 2k(k+1)+3(k+1)
C(2k+3)[ 3(2k+9) ]
(k+1)(2k+3)
3(2k+3)(2k +5)
(k1)

- 3{2(k+1)+3)

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q18:
Prove the following by using the principle of mathematical induction for

l+2+3+...+n<l(2n+l):
alln eN: 8

Answer :

Let the given statement be P(n), i.e.,
P[n}:H2+3+.,,+ﬂ‘:%{2n+1}:

| 9
1<=(2.1+1) ==
( ) 8.

It can be noted that P(n) is true for n = 1 since

Let P(k) be true for some positive integer k, i.e.,
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| 2
1424+ k< (2k+1) i (1)
8
We shall now prove that P(k + 1) is true whenever P(k) is true.

(l+2+...+k)+(k+l)<;(2k+l)3+(k+l) [Using(1)]

< '..{(zk+|)’ +8(k+1)]

A

4k’+4k+|+8k+8}

A

{
{

4l¢’+|2k+9}

A

OO | == OO0 | == OO | = OO

—
18]
>
+
w

—

<%{2(l¢+l)+l}:

(14243 4.4 k) +(k+1)< %(2/”1)* +(k+1)

Hence,
Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q19:

Prove the following by using the principle of mathematical induction foralln e N:n(n+1) (n +5) is a
multiple of 3.

Answer :

Let the given statement be P(n), i.e.,

P(n): n (n + 1) (n + 5), which is a multiple of 3.

It can be noted that P(n) is true for n = 1 since 1 (1 + 1) (1 + 5) = 12, which is a multiple of 3.
Let P(k) be true for some positive integer k, i.e.,

k (k + 1) (k + 5) is a multiple of 3.

sk (k+1)(k+5)=3m, wheremeN ... (1)

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

Consider
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(k+D){(k+1)+ 1} {(k+1)+5}

=(k+1)(k+2)§(k+5)+1}

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

=Lk (k+1)(k+5)+2(k+1)(k+5)}+(k+1)(k+2)

=3m+(k+1){2(k+5)+(k+2)}

=3m+(k+1){2k+10+k +2}

=3m+(k+1)(3k +12)

=3m+3(k+1)(k+4)

=3{m+(k+1)(k+4)}=3xq. where g ={m+(k+1)(k+4)} is some natural number
Therefore, (k+1)§(k+1)+1}{(k+1)+5} is a multiple of 3.

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q20:

Prove the following by using the principle of mathematical induction for all n € N: 10> ** + 1 is divisible by 11.

Answer :

Let the given statement be P(n), i.e.,

P(n): 10 ** + 1 is divisible by 11.

It can be observed that P(n) is true for n = 1 since P(1) = 10>*** + 1 = 11, which is divisible by 11.
Let P(k) be true for some positive integer k, i.e.,

10**€* + 1 is divisible by 11.

»10%€t + 1 =11m, wherem e N ... (1)

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

Consider
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10%#H 4

=102 4]

=10"" +1

=107 (10™" +1-1)+1

=107 (107" +1) =10 +1

=10%11m—100+1 [ Using (1)]

=100x11m-99

=11(100m-9)

=11r, where r =(100m —9) is some natural number

Therefore, 10™*"""" 41 is divisible by 11.

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q21:

Prove the following by using the principle of mathematical induction for all n € N: x* - y*" is divisible by x+y.

Answer :

Let the given statement be P(n), i.e.,

P(n): x*" &€" y* is divisible by x +y.

It can be observed that P(n) is true for n = 1.

This is so because x* ** &€" y* ** = x> &€" y* = (X + y) (x &€" y) is divisible by (x +y).
Let P(k) be true for some positive integer k, i.e.,

x* &€" y** is divisible by x +y.

X2 A€ y* =m (x +y), whereme N ... (1)

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

Consider
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LAk _ y:(m,

=".Zﬂ .x: _ ‘1‘ v:
_ x:(x:k )—v o

{m(v+;)+v } [ Using (1)]
-m(\+1)\ +yF ot =y,

=m(x+y)x’+y* (x: —3'2)
=m(x+y)x*+y* (x+2)(x-)
=(x+y) {mx’ + 7 (x— »)} . which is a factor of (x+y).

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q22:

Prove the following by using the principle of mathematical induction for all n € N: 3" *?-8n - 9 is divisible by
8.

Answer :

Let the given statement be P(n), i.e.,

P(n): 3" "> a€" 8n &€" 9 is divisible by 8.

It can be observed that P(n) is true for n = 1 since 32 ***2 &€“ 8 x 1 4€" 9 = 64, which is divisible by 8.
Let P(k) be true for some positive integer k, i.e.,

3*2 a€" 8k &4€” 9 is divisible by 8.

~3%? 5€" 8k &4€° 9 =8m; whereme N ... (1)

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

Consider
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32 _g(k+1)-9

=3%+2.32 _8f-8-9

=37(3" -8k —9+8k +9)-8k—17

=37 (377 ~8k—9)+3" (8k +9) -8k 17

=9.8m+9(8k+9)—8k—17

=9.8m+72k+81-8k—17

=9.8m+ 64k + 64

=8(9m+8k +8)

=8r, where r =(9m + 8k +8) is a natural number

Therefore, 371" —8(/k +1)-9 is divisible by 8.

Thus, P(k + 1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q23:

Prove the following by using the principle of mathematical induction for all n € N: 41" - 14" is a multiple of 27.

Answer :

Let the given statement be P(n), i.e.,

P(n):41" &€“ 14"is a multiple of 27.

It can be observed that P(n) is true for n = 1 since 41' -14' =27 , which is a multiple of 27.
Let P(k) be true for some positive integer k, i.e.,

41 a8€" 144s a multiple of 27

~41% &€° 14“=27m, where m e N ... (1)

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

Consider
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41— 14

=41"-41-14"-14

=41(41' = 14" +14" )-14" 14

=41(41' =14 ) +41.04" < 14" 14

=41.27m+14" (41-14)

=41.27m+27.14"

=27(41m-14")

=27xr, where r = (4lm -14' ) is a natural number
Therefore, 41'*' =14"*" is a multiple of 27.

Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.

Q24 :

Prove the following by using the principle of mathematical induction for all 77 € N:

2n +7) < (n + 3)?

Answer :

Let the given statement be P(n), i.e.,

P(n): (2n +7) < (n + 3)?

It can be observed that P(n) is true for n = 1 since 2.1 + 7 =9 < (1 + 3)* = 16, which is true.
Let P(k) be true for some positive integer k, i.e.,

@k+7)<(k+3)?... (1)

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

Consider

{2(k+1)+7} =(2k+7)+2

A2(k+1)+7) =2k +7)+2 < (k +3)" +2 [using (1)]
2(k+1)+7 <k’ +6k+9+2

2(k+1)+7 <k’ +6k+11

Now, k* +6k+11 <k’ +8k +16

2 2(k+1)+7 <(k+4)

2(k+1)+7 <{(k+1)+3}
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Thus, P(k + 1) is true whenever P(K) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural numbers i.e., n.
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