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

Ql:

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

1+3+3 +...+

Answer :

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

(1)
P): 1+3+3+  +3% = 2

For n =1, we have

{.T"')_ﬂ_

=1

, which is true.

[

P(1):1= 2 2

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

)

R (i)
2

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

1+3+3 +..+3""=

Consider
1+ 3+ 3%+, + 39T 4 3enaet

=(1+3+3%+,.. +39€7) + 3¢

(3*-1)

= /43 [Using (i)]

b2

(3" -1)+2.3

2

_(1+2)3" -1

- 2

33 -1

T2
3t+l_]

- y
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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
X . [ mln+l) )
P+2°+3 +..+n' = nin+1) 5 }J
allneN:
Answer :

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

2

U+25+3Lh"+nj=[f££iuj_

P(n): 2

For n =1, we have

10+0)Y) (12 .|
2 ) L2 ) T
P1):1°=1= , which is true.
Let P(k) be true for some positive integer k, i.e.,
_ C (k(k+D)Y
P +2' +3 .. +k' = (T” . (1)

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

P+22+3F+ .. +KP+(k+1)
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=[@J-+[k+|]3 | Using (i)]

:—k:{'k ) +(k+1)
kK (k+1)" +4(k+1)
) 4
(k+l}:{k:+4(k+l}}
- 4
(k+1)" {k* +4k + 4]
) 4
(k+1) (k+2)
4
(k+1) (k+1+1)
4

{k+l}{k+|+l}]:

2

-

Z(PP+22+3+ .+ K+ (k+ 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.

Q3:

Prove the following by using the principle of mathematical induction for
I+ L ! +..+ : L

dnen: (1+2) (1+2+3) (1+2+43+.n) (n+1)

Answer :

Let the given statement be P(n), i.e.,
1 1 1 In
1+ + = =
P(n): 1+2 1+2+43 1+2+3+.n n+l

For n =1, we have
21 _2_,
P@1): 1= I+1 2 which is true.

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

(D)

1+

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

I I | I

1+ + +...+ +
1+2 1+2+3 [+2+34. +k 1+2+3+ +hk+(k+1)

:[I+ 1 + ! +.o+ ! ]+ !
1+2 14243 1+2+43+. k) 14243+ +k+{k+]1)
2k I

= +
k+1 14243+, +k+(k+1)

2%, |
k] [[k+4][k+l+4}]

[Using (1)]

n[r.‘r+1)
1+24+3+ . +0n=

2
_ 2%k 2
C(k+1) (k+1)(k+2)

:{;1][“5-12]

2 [k(k+2)+1
=k+l[ k2 J
2 (K +2k+1
:{ﬁr+l}[ k+2 ]
2-(k+1)
(k+1)(k+2)
2(k+1)

(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 all n € 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):1.23+234+ ... +n(n+1)(n+2)= 4

For n =1, we have

I{I +|}(1+2}“+3} _ 1.2.34 —6
P(1):1.23=6= 4 4 , Which is true.
Let P(k) be true for some positive integer Kk, i.e.,
k(k+1)(k+2)(k+3)

= (i)
12.3+2.34+ ... +k(k+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)+
4

= (k+1)(k +2}(k+3}[§+|]

(K+1)(k+2)(k+3)(k+4)
4
) (A1) (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+42.3 +3.3 +..+n3" = L
allneN: 4

Answer :

Let the given statement be P(n), i.e.,
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_ i+l
]-3+2.3: +3-33+...+n3”={2” 1}3 +3

P(n): 4

For n =1, we have

(2.1-1)3"1+3 3243 12

= — = 3
P1):1.3=3 4 4 4 whichis true.

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

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

134237 +3.3 4.+ 43"

- (i)

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

13+2.3+3.3+ ... +k3 (k+1) 3"
=(1.3+23+3.3+..+k3)+(k+1) 3

AL b+l
(2 1]} +3

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

(2K -1)3 43+ 4(k+1)3"
N 4
32k —1+4(k+1)}+3
4
36k +3)+3
- 4
33 {2k +1}+3
4
3k} 43
- 4
2(k+1)-1}3"™" 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

n(n+1)(n+ z}}

3

1.2+2.3+434+..+ n.{n+1}=|:
allneN:
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Answer :

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

1.2+23434+. . +n(n+l)=
P(n):

|:n[n+1:'|{u+ 2}:|
3

For n =1, we have

(1+1)(142) 12,
122 M+D{+2) 123
P(1): 3 3 , which is true.

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

12423434+ +h(k+1)= [k{k+l}{k+2}] (1)

-

.

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

12+23+34+ . +k(k+1)+Kk+1).k+2)
=[1.2+23+34+ .. +k(k+1)]+(k+1).k+2)

_RGEDR*2) ke 2) [Using (i)]

-

=[k+|]{k+2]|:§+]~‘|

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

Q7:
Prove the following by using the principle of mathematical induction for
n(4n’ +6n-1)
1.3+3.5+5.7+...+(2n-1)(2n+1) =
alln eN: 3

Answer :

Let the given statement be P(n), i.e.,
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1.3+3.5+5.7+..+(2n-1)(2n+1) = H{-hf +6n—|}
P(n): 3
For n =1, we have

1(4.° +6.1-1) 44619

. 3 3 , which is true.

P(1):1.3=3=

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

k(4k° +6k—1)

13435457+ .. +(2k=1)(2k +1)=

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

(13+35+57+ ...+ (2k a€" 1) (2k + 1) + {2(k + 1) 4€" 1}{2(k + 1) + 1}

k(4K 0k -1)

_ 3 +(2k+2-1)(2k+2+1) [Using (i)]
k(447 + 0k -1
- [ —; )+[2+’c+l}{2£—+3}
k(4 +6k=1
K b )+[4k3+8k+3]
. ]

k(d,{-" +6k—1}+3(4k" + 8k +3]

5
|

46k —k+12%7 + 244+ 9

-
.}

457 +18k° +23k+9
i 3
47+ 140+ 9k + 47 + 14k +9
- 3
k(45 +14k +9)+1(4k° +14k+9)
3
(k+1)(447 +14% +9)
3
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(k+1){4k" +8k+4+6k+6-1|

(k +I}{4(k] +11'k +I)+{i[k+|]—l}
) 3
(k+1){4(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)2+2

Answer :

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

For n =1, we have

P(1):1.2=2=(1a€"1) 2" +2 =0+ 2 =2, which is true.
Let P(k) be true for some positive integer Kk, i.e.,
12+22°+32°+ ... +k2=(ka€" 1) 2"+ 2 ... (i)

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

Consider

+3.2° 4+ k2 +(k+1)- 24
=(k-1)2"" +2+(k+1)2""

=2 {(k-1)+ [k+]]}+

282k 42

_ :.!..lpl

{ ]z“—*"" +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.

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

1 1 1 1 1
sl et P el
all n € N: 2 4 8§ 2 2

Answer :

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

For n =1, we have
R B
P(1): 2 - 2' 2 , which is true.
Let P(k) be true for some positive integer Kk, i.e.,

1 1 1 |

—t =t === (i)
2 4 8 2! 2!
We shall now prove that P(k + 1) is true.
Consider
(I 11 1
—t—t =+ +— |+
\2 4 8§ 2t ) 2
1Yy L
:[I_'}_{/I_FE"_'l [US]ﬂgfI]}
=1- ]. + ].
2t 2.2

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.

Q10:

Prove the following by using the principle of mathematical induction for
] 4 1 + 1 N 1 "
—t—t—+..t =

25 58 8.11 (3n-1)(3n+2) (6n+4)

all n € N:
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Answer :

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

| 1 1 n
F—t—t... =

— +
oy 25 58 8117 (3n-1)(3n+2)  (6n+4)

For n =1, we have

p(l)=—=to_ 1 _1

1
25 100 6.1+4 10 whichis true.

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

1 | | k
— +ot =
25 58 8.11 {3&—]}{3k+2} 6k+4

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

Consider

| 1 I I

(1)

2558 811 ”'””+{3k —1)(3k +1)+ 13k +1)-1H{3(k +1)+2}

k 1
“ok+d (3k+3-1)(3k13+2)
X !

T6k+4 (3k+2)(3k+9)
k. i
2(3k+2)  (3k+2)(3k+5)

N ]
(Gk+2)L 2 3k+5

1 [k(3k+5)+2)

T (3k+2) 2(3k+5) J

] 3k% +5k+2
C(3k+2)| 2(3k+5)

1 [((Bk+2)(k+1))
C(Bk+2) 2(3k+5) J
(k1)
6k +10
(k+1)

C6(k+1)+4

[Using (i)]
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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.

Ql1:

Prove the following by using the principle of mathematical induction for

L I n(n+3)
i + +ot =
123 234 345 u[n+l][n+2} 4{n+l][n+2}

alln eN:

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

| L 1 ~ n(n+3)
3 234 345 7 n[n+l][n+2}_4{n+l][n+2}

I | =

P(n): L

For n =1, we have

. 3 i
S () B
1-2-3 4(1+1)(1+2) 4-2:3 1-2:3

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

| I | | k(k+3) .
+ + +...+ = 1)
1-2.3 2-3-4 3.4.5 k(k+1)(k+2) 4(k+1)(k+2)

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

Consider
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1 | | | I
[|-2.3+2-3.4+3-4~5+ +.fc[1c+I]{k+2]}{#+1)(#+2]{k+3}
k(K +3) . |
CA(k+1)(k+2)  (k+1)(k+2)(k+3)

1 [k(k+3) 1 }

[Using (1))

={£;+l}{.€:+2}1 & k43

+4
l k+3) }
' [k (k% +6k+9)+4
(m}(uz” 4(k +3) }

ek’ +9k+4}

ﬁr+l}k+ ) 4(k+3

—

|7+ 202 +k + 4k +Hk+4}
{k+|}{k+2} 4(k+3)

1
) 1 [k +2k+1)+4(k* +2k +1)|
4“{+1} J

l
1 {k{hl]#ﬁhlf}

T (k+1)(k+2) 4(k+3)
(k1) (k+4)

T 4(k+1)(k+2)(k +3)
(k1) {(k+1)+3
CA4{(k+1)+1H{(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.

Ql12:
Prove the following by using the principle of mathematical induction for

ﬁ , cr(r”—l]
a+ar+ar +..+ar’ =
alln eN: r—I1

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

ﬂ(r” -1
P[r.‘r}:a+m'+ar! +.otar™’ =—IJ
r—

For n =1, we have

a(r'-1) ;

{r - I} , which is true.

P(1):a=

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

_alr-1)

. Q)

a+ar +ar + ... +ar

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

Consider

{a+ﬂr+w': F s +ar ':~+.¢n'“"]'l

:@ﬂwj [ Using(i) |

a[r'l —])+ur*l{f‘—1}

F—1

a(r* —])+ art™ —ar'

r—1

ar’ —a+ar' —grt

F—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.

Q13:

Prove the following by using the principle of mathematical induction for

[H%J[H;)(H%]"'[Hﬁ—j”] :(”_H)J

all n € N:

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

P(n) ;[1+%J[|+§](I +%j...[l+(2::|]] =(n+1)’

For n =1, we have

P[l]:(1+%]= 4=(1+1)" =27 =4, which is true.

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

(1+ﬂ[|+§)(|+%]..,[|+{zif]}]={a-+1)" - (1)

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

Consider

e
= (k+1)* I+%J [Using(l}]

o [ (k+1) +2(k+1)+1
=(k+1) I (k+1) ]
=[£c+|}1+2(£c+l}+l
={(.{'+1}+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.

Ql4:

Prove the following by using the principle of mathematical induction for
| | | I
[l +—][I +;)[I +—]...[I+—]={n+l}
allneN: 1 = 3 n

Answer :

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

P[n}:[l+ﬂ[l+%](l+%J...[I+%]:{n+l}
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For n =1, we have
P[I}:(H—H:E:{Hl]

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

I’[ﬂ'}:[H%J[I+%][]+%],,,[I+%]={k+l} ()

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

, which is true.

Consider

()4 )

=(k+ |}[|+ﬁ] [ Using (1)]

=(H.}[_ﬁ;}5']
=(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.

Q15

Prove the following by using the principle of mathematical induction for
q - . o m(2Zn=-1){2n+1
F+3*+5 +..+(2n-1) = ( ) )

alln eN: 3

Answer :
Let the given statement be P(n), i.e.,
n(2n—-1)(2n+1)

P(n)=1+3+5+..+(2n-1) = ;

Forn =1, we have
20-1)(2.1+1) 1.1.3

, 1
P(l)=1"=1= ( =———=1, which is true.
3 3

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

P(k)=1+3 +5 4 +(2k-1) = :
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We shall now prove that P(k + 1) is true.

Consider
{|:+3:+jl +___+(j,ﬁ_-_|]:}+{2{k+|:I—|EI{:

(“r;f_ (2k+1)
3

It
Ck(2k-1)(2k+1)

3

)

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

k(2k—1)(2k+1)+3(2k +1)°

={zk+|)[ﬁ{zkil}+ 3(2k +1))
={2R+I}{2k3—i+6k+3}
={2k+1}{2k:+5k+3}

(24 +1}{zj3 +2k+3k +3|
:{2k+1}{2k(i+1)+3[k+1}]
:{2k+1}{k+1}3{2k+3}

{ﬁf+1}[2{k3+1}—l}{2(.{'+]}+1}

A
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.

Q16

Prove the following by using the principle of mathematical induction for
L S SR I on
LR _1 -
dinen 14 4T 710 (3n-2)(3n+1) (3n+1)

Answer :

Let the given statement be P(n), i.e.,
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P[r;}:l+i+ S ! -r
1.4 47 7.10 (3n=2)(3n+1) (3n+1)

For n=1. we have

1 I [ o
P(l)=—= =—=—, which is true.
1.4 31+1 4 14

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

o1 I k
Pk)=—+ o Ly - N
)= a7 700 Gh-2)(ke1) ke (1)

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

Consider

I | | |

{ﬁJrﬁJr ?_1D+'"+(3k—2){3k+|]}+{3{k +1)-2H3(k+1)+1}
k [ _

T 3k+1 N 3k +1)(34 +4) [Usmg (]}:I

|
(3k+1) o (3k +4“L

|
| {k[3k+4}+l}
|

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

o
C(3k+1)
1 [3k+3k+k+1]
Sk | (Gk+4)
C (Bken)(k 1)
(3k+1)(3k+4)

~ (k+1)

3k +1)+1

3+ 4k +1
[3k+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.

Q17:
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Prove the following by using the principle of mathematical induction for
1 1 1 1 "

—+—+—F..+ =

3.5 57 79 (2n+1)(2n+3) 3(2n+3)

all n € N:

Answer :

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

P(n): L LI I u

1
35 57 19 "'+{2n+1}{2n+3} T 3(2n43)

For n =1, we have

1 1 1
P()iso=oe—=—
1):33 3(2.1+3) 3.5

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

P(.ﬁ)L+L+]—+ + I = k
'35 57 79 7 (2k+1)(2k+3) 3(2k+3)

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

Consider
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11 ! 1
3557779 T (2k+1)(2 +3}}r [2(k+1)+1}{2(k+1)+3}
k ! |
T3(2k+3) | (2k+3)(2k+5) [Using (1))

S L [k,
(2k+3)| 3 (2k+5
1 k(2k+5)+3
(2k+3)| 3(2k+5)
1 2K +5k+3
(2k+3)| 3(2k+5)
1 [ 2K+ 2k+3k+3
C(2k+3)|  3(2k+5)
1 [2k(k+1)+3(k+1)
C(2k+3)| 3(2k+5)
(k+1)(2k+3)

3(2k +3)(2k +5)

- (k+1)
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

1 »
14243+..+n<—(2n+1)
all n € N: 8

Answer :

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

P{n}:l+2+3+...+n{%{2n+1}:

=]

1{1[2.l+l]|: =_

L=s

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.,


www.ncrtsolutions.in
www.ncrtsolutions.in

2

(1)

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

1+2+ .. +k {%{Ekﬂ}

Consider

(1424 .+ k) +(k+1)< :3(2/\' #1)" +(k+1) [Using(l)]

| 2
<-§{(2k+l) +8(k+l)}

<l{4k"+4k+l+8k+8}
8

< {4k +12k+9)

8

] 2
<—(2k+3

! 2k+3)

l ]3
<§{2(/<+I)+|J>

{I+2+3+...+k]+[k+l]{%[2k+ I]: +(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 forallneN: 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 forn =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.

~k(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)f(k+1)+ 1} (5 +1)+5]
=(k+1)(k+2){(k+5)+1}
=(k+1)(k+2)(k+5)+(k+1)(k+2)
= {k(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)
Im+{ff +1)(& +4}}: 3x g, where g :{m+{_.{-+1}[.ﬁ- +4}} is some natural number
Therefore, (k +]}{[k + lj +1}{[k + I) +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 Kk, i.e.,

10**¢" + 1 is divisible by 11.

+10%*€"+ 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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1071 4

= 10" 41

=10 41

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

=107 (10*7" +1) =107 +1

=10%11m—100+1 [ Using (1)]
=100 1 lm—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* 8€" y* = (x + y) (x &4€" y) is divisible by (x +y).
Let P(k) be true for some positive integer k, i.e.,

x** 8€" y* is divisible by x +y.

2X* A€ y*=m (x +y), wheremeN ... (1)

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

Consider
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LA _ ",:(&.n)

=y .32 __y:t ."‘_,:

s .\': (x:;» _-"ZA + _‘_:»\ )_y:& _-‘_,:

. X ¢ Gy ) 2k 2 ;8
=x*{m(x+y)+y* -y ) Using (1)

2 14 3

=m(x+y)x’+y*xt—)

= m(.\'+ }.)_\.: Y y:* (_\.: _".:)
=m(x+y)x*+y* (x+3)(x-»)

=(x+y){mx* + y* (x—y)}. 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> ** &4€" 8n &€" 9 is divisible by 8.

It can be observed that P(n) is true for n = 1 since 3****? 4€“ 8 x 1 &€ 9 = 64, which is divisible by 8.
Let P(k) be true for some positive integer k, i.e.,

32 a€" 8k 4€" 9 is divisible by 8.

~3%2 3€" 8k 8€“ 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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3 _g(k+1)-9

=33J.'+2_3_ —8;{ _8_1}
= 3 [3“*3 — 8k —9+8k +9)—8k ~17

37(3%77 -8k —9)+3" (8k+9) -8k —17
0.8m +9(8k +9) -8k —17

=0.8m+ 72k +81-8k —17

= 9.8m + 64k + 64

=8(9m + 8k +8)

= 8. where r = {i}m +8k +8) is a natural number

Therefore, 3" —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" &4€" 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 Kk, i.e.,

41 a€" 14%is a multiple of 27

~41° 5€ 14 = 27m, where m € N ... (1)

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

Consider
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415 —14*

=41*-41-14" - 14

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

=41(41' -14" ) +41.14" —14" .14

=41.27m+14" (41-14)

=41.27m+27.14"

=27(41m—14")

=27x=r, where r :(:Hm— I:I*) 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 EN:

(@n +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 Kk, 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
2 f2(k+1)+7} = (2k+7)+2 <(k+3) 42 [using (1)]

2(k+1)+7 <k’ +6k+9+2
2(k+1)+7<k” +6k+11

Now, k* +6k +11 <k’ +8k +16
L 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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