Exercise 4.1
Question 1:
Prove the following by using the principle of mathematical induction for all n € N:

(>-)

2

Fo.43 =

1+343

Answer

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

[3.“ _'I]
P(N): 1 +3+3%+.+3"1t= 2
For n = 1, we have
3-1) 3.1 2

P(1):1= 2 22 which is true.
Let P(k) be true for some positive integer k, i.e.,

b () |
1+3+3 +...+3" :T 1)

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

Consider
1+3+3%2+ .. 43t 43kt
=(1+3+3%2+..+3Y 4 3

= +3* [Uﬁing {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.

Prove the following by using the principle of mathematical induction for all n € N:
'n{n+ l}\'r

P 4+27+3 +..+0 :[
2 )

b

Answer

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

. . o (n(n+] Y
l"+2"—3"+...—n":[—{ 5 }
P(n): B /
For n = 1, we have
(101+1)) (1.2 g
| 9 ] T T
P(1): 1°=1=" - , which is true.
Let P(k) be true for some positive integer k, i.e.,
j ] j ; k(k+1 ) .
' +27+3 +....v+’r‘=(¥1 e (1)

N,
We shall now prove that P(k + 1) is true.
Consider
134+ 224+334+ L+ 3+ (k+1)3
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= [@J +(k+1) | Using (i)

_k {k,+l] H(k+1)
K (k+1) +4(k+1)
- 4
(k+]}:{k: +4[k+|}}
B 4
_{k+1f{k=+4fc+4}

4
(k1) (kt2)

4
(k1) (kr1+1)
- 4
=[{k F1)(k +|+|}]3
=(P+22+3+ .+ )+ (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.

Question 3:
Prove the following by using the principle of mathematical induction for all n € N:
| ] | In

I+ + +...+ =
(1+2) (1+2+3) (142+43+.m) (n+1)

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

1 1 1 2n

14 | bt =
P(n): 1+2 1+2+3 1+2+3+.n n+l

For n = 1, we have
21 2

___:I
P(1): 1 =1+1 2 which is true.

Let P(k) be true for some p05|t|v\eMm,’\clle%%re/§,tlﬁé,| D. com
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1 1 1 2k
+ o S =
1+2 1+2+3 1+2+3+...+k k+1

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

o 1)

Consider

1 1 1 I

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

—[ L+ : +..+ ! ]+ !
1+2 14243 1+243+ k) 14243+ _+k+(k+1)

2k 1 L
= u
ﬁr+|+l+2+3+...+k+{k+1] [Using (0]
=Ky | 142434 +n="U*D)
k+1 ([k+|][k+l+l]] 2
7
5 2
2k 2

(k+1) " (k+1)(k+2)

2 [ I
= k+
(k+1) k+2

Question 4:

Prove the following by using the principle of mathematical induction for all n € N: 1.2.3
n(n+1){n+2)(n+3)

+234+. . .+nn+1)(n+2)= 4

Answer

Let the given statement be P(n), i.e.,
n(n+1)(n+2)(n+3)
P(n): 1.2.3+234+ ..+n(n+1)(n+2)= 4
For n = 1, we have
H{1+1)(1+2)(1+3) _ 1.2.34 6
P(1):1.23 =6 = 4 4 , which is true.
Let P(k) be true for some positive integer k, i.e.,
Ck(k+1)(k+2)(k+3)
1234934+  +kik+1) (kW ncert hel ot com
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We shall now prove that P(k + 1) is true.

Consider

1234234+ . +k(k+1)(k+2)+(k+1)(k+2)(k+3)
={1.234+234+ .+ k(k+1)(k+2)}+(k+1)(k+2)(k+3)

k(k+1)(k+2)(k+3)
‘._'I_

~ (h+1)(k+2)(k +3):§+|]

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

(k+1)(k+2)(k+3)(k+4)
4
(e+ 1) (k+1+1)(k+14+2)(k+1+3)

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.

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

(2n—1)3""+3
4

13423 +3.3 +..4+n3"=

Answer

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

3 2n-1)3""+3
134232433 +...+83" = (2n-1)3""+3

P(n) : 4

Forn = 1, we have

C(20-1)3"43 3743 12

= = =3
P(1): 1.3 =3 4 4 4 which is true.

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

. 26k -1)3""+43
|_3+2.3'+3.3"+...+k3"’={ }4 M

We shall now prove that P(k + 1erﬁ%ert hel p. con

- (i)
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Consider
1.3+ 2.32 4+ 3.33 + ... + k3+ (k + 1) 3+
=(1.3+2.32+ 3.3+ .+ k3 + (k+ 1) 3k

AL k+l
(2% 1]} P [Using (i)]
(k)33 (kn)3
- 4
32k 144 (k+1)f+3
4

396k +3}+3
a 4
373 {2k +1}+3

4
3k 41} 43
- 4
{2k 1)-1}30 43
B 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.

Question 6:

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

1)(n+2
12+23+34+..+ n.{n+1):["{"+ )+ }}

3

Answer

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

1)(n+2
1,2+2.3+3,4+,.,+n.{n+1}=|:n{”+ :l:{’” }}

P(n):

Forn = 1, we have

"
ap 10D(1+2) 123

P(1): 3 Tww. newhich ds HURo
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Let P(k) be true for some positive integer k, i.e.,

124234344+ k(k+1) :[’r‘“* '}{k*'z)] ()

-

-

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

Consider

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

-

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

=(k+1)(k 2]|K§ r ]::
(k+1)(k+2)(k+3)

-

(k+1]{k}1+|}[;r+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.

wo9 diyuaou mmm//:dny

Prove the following by using the principle of mathematical induction for all n € N:
nldn’ +6n-1
1.3+3.545.7+...+(2n-1)(2n+1) = { ; )

Answer

Let the given statement be P(n), i.e.,
nldn’ +6n-1
1.3+3.545.7+...+(2n-1)(2n+1) = { )
P(n): 3
Forn = 1, we have
14U +6.0-1) 446-1 9
P(I]:]..J:J: = . ==
3 S 3 , which is true.

Let P(k) be true for some positive integer k, i.e.,
WWV. ncert hel p. con



- k(44" +6k 1) |
13+3.545. 7+ . +(2k-1)(2k +1)= - i)
o

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

(13+3.5+5.7+ ..+ 2k-1) 2k + 1) + {2(k + 1) - 13{2(k + 1) + 1}

k(4k" +6k-1
:( "; )+{2k+2-l}{2k+2+lj [Using (i)]

k(447 +0k 1)

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

_ Hdk;fﬁk—]h(ﬁusx +3)
.l

k(4K + 6k =1)+3(4k + 8k +3)

3

2

AR HOK -k +12K7 424k 49

-
3

4K+ 18KT 423649
3
AR+ 14T Ok + 4K + 14549

-

3
(4 144 9) 144 + 14k +9)

3
(k1) (487 14k +9)

3
(k+1){4k" +8k +4+6k+6-1|
3

_{k+|}{4(k3 +2k+|)+{i(k+|]—l}

3

(ke 1){d(k+1) 6(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. WWW. ncert hel p. comr
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Prove the following by using the principle of mathematical induction for alln e N: 1.2 +
2.22+3.22+ .. +n2"=(n-1)2"t 4+ 2

Answer

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

P(n): 1.2+ 2.224+3.2°+ ... +n2"=(n-1) 2" + 2

Forn = 1, we have

P(1):1.2=2=(1-1)2"" +2 =0+ 2 = 2, which is true.

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

1.2 4222 +3.22+ ..+ k2= (k-1) 2"+ 2 .. (i)

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

Consider

12422 +3.2° 4., +k."”+{kv1}

—m

(k- I]'“ s, I | (k+1)2"
2k =1)+(k+1)}+2
22+ 2
=k2 M 0

={(k+1)-1}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.

Prove the following by using the principle of mathematical induction for all n € N:
1 1 1 1 |
b=t — -
2 4 8 2 2
Answer

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

p(my: 2 4 8 2 2"
WWV. ncert hel p. con
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For n = 1, we have
1 11

P(1): 2 2' 2 , which is true.

Let P(k) be true for some positive integer k, i.e.,
11 1 1 1 .

—t =ttt =l A1)

2 4 B 2" 2

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

Consider

=[|— ]; ]+ ]. [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.

Question 10:
Prove the following by using the principle of mathematical induction for all n € N:
] ] ] | n

+ +—+...+ =
25 58 8.1 [31?—1}{31?+2} (ﬁﬁr+4]

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

+ +—+...+ =
25 58 8.1 [31?—1}{31?+2} (ﬁﬁr+4]

P(n):
For n = 1, we have WWV. ncert hel p. con
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I 1 I

10 6.144 10, which is true.

P(1)=

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

1
2.5

-t =3 L st = i)
25 58 8.1 (3k-1)(3k+2) ok+4
We shall now prove that P(k + 1) is true.
Consider
L+L+L+ + I + I
25 58 811 (3k=1)(3k+2) {3(k+1)=1}{3(k+1)+2|
k 1
= + Using (i)
6k +4  (3k+3-1)(3k+3+2) [ ]
k |
= +
6k+4  (3k+2)(3k+3)
I I

T2(3k+2) (3k+2)(3k+5)

L (k1 ]
(Gk+2)0 2 3k+5

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

\

1 (3K +5k+2
C(3k+2)| 2(3k+3)
o ’[3#+z}(¢+|)“|
(3k+2)l 2(3k+5)
_(k+)

6k +10

o (k+1)
C6(k+1)+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.

WWV. ncert hel p. con

wo9 diyuaou mmm//:dny



Question 11:

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

I I I | n{n+3)
+ + tot =
.23 234 345 n{r.r+]][n+2} 4{”+I}[n+2}

Answer

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

I I ] I n(n+3)
+ + o =
123 234 345 n{r.r+]][n+2} 4{“+I}[n+2}

P(n):

For n = 1, we have

p(1): 1 1-(1+3) 1.4

123 4(1+1)(1+2) 423 1

-

. , which is true.

Id | =

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

I l 1 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

WWV. ncert hel p. con
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! ! ! ! |
[|-2-3+2~3-4+3-4-5+ “““ +k{k+|]{k+2J+{k+1}{k+2}{k+3}
o k(k+3) . 1
Ak £-+2} (k+1)(k+2)(k+3)

1 [Jl'+3]+ I }

[Using (i)]

A+l}£+2}1 4 k+3

I. 3 +4
+3}

k(k* +6k+9)+ }

4(k +3)

1
(k+1)(k+2)

P,

.I,..

|
{£.+l} k+2)

ek’ +9£+4}

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

|
(
1
T (k) (k+2) 4(k+3) J

i k(K + 2k 1)+ 4(k + 2k +1)|

T (k1) (k+2) a(k+3) |

1 {k{ml}’ﬂ[ml}’]

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

|

[

1

|

|

207 ke k7 + 8k +4
1 |
[

l

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

(k1) {(k+1)+3)

(k1)1 (R +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.

WWV. ncert hel p. con
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Question 12:

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

| cr{r” —I}

a+ar+ar +..+ar'" = |
-

Answer

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

| cr{r"—l}

P{n}:a+m‘+ar3 totar’ = ]
-

For n = 1, we have

a(r'—l) .

(r=1) , which is true.
Let P(k) be true for some positive integer k, i.e.,
 y
. u{a —I)

a+ar+ar’ +.... +ar' = | 1)
Ir'_

P(l):a=

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

{a+m'+m': e +ar '} + gt

:H(F—I])+w‘" [Using{i}]

Fro—

a{r“ - ]J+ ar' (r—1)

F—1

a(r{ —]}+ ar'™ —ar'
r—1

ar' —a+ar' —art

=1

ar'' —a

true,

Thus, P(k + 1) is true whenever P(k) is
.ncert hel p. con
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Hence, by the principle of mathematical induction, statement P(n) is true for all natural

numbers i.e., n.

Question 13:

Prove the following by using the principle of mathematical induction for all n € N:
i 3 5‘! ? 2+l a

|1+—] I+—J[l+— l+{ ; ) =(n+1)

Lo 4, 9 H

Answer

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

P{”}:[]+%][I+§ (I+%j,,,[l+w;—jl]]={n+|y

Forn = 1, we have
P[I]:[1+%] =4 =(1+1) =27 = 4, which is true.
Let P(k) be true for some positive integer k, i.e.,

3 3 (2k+1
(1+%][|+%][|+%]...[ . }] (k+1)’ - (1)
We shall now prove that P(k + 1) is true.

Consider
3 5 7 (2k+1) (k+1)+1]
[[H ] ](I+4J[I+{}]...[I+ 5 JHH—{EH} }
(k1P “'{Ir+1}+l ,
(k+1) —{A ) ] [ Using (1) ]
=H+I}g-{k+1}_+2{k1+|}+|]
I [.&+I)'
= (k+1) +2(k+1)+1
:{(k+1}+l}'

Thus, P(k + 1) is true whenever P(k) is true.
WWV. ncert hel p. con
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Hence, by the principle of mathematical induction, statement P(n) is true for all natural

numbers i.e., n.

Question 14:

Prove the following by using the principle of mathematical induction for all n € N:
o | 1y 10 .

= || 14— [ 142 ,,,tl+—J={n+]]
L |, 2 AN 3 n

Answer

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

U T T B 1
P(n): 1+—] I+—= 1| 1+—= ...[I+— =(n+l
e G G G

For n = 1, we have
]“.

P{I]:[HTJ:Z:{H]]

, which is true.

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

m-):[u{]@%][H%].,.[HB:(;(H) ()

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

(G SR

=(k+l}[l+%] [ Using (1)]

41
k+1)+1
=(k+|}[¢}
(k+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.

WWV. ncert hel p. con
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Question 15:

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

14345 4t (2n-1) = n(2n-1)(2n+1)

Answer

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

n(2n—1)(2n+1)
3

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

For n =1, we have
) H21=-1){2.1+1
P(1)=1*=1= ( l{ #1) 113

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

k(2k—=1)(2k +1)

=1, which is true.

P(k)=1+3+5 4+ +(2k-1) =

3
We shall now prove that P(k + 1) is true.
Consider
{I’+3:+51+_..+(2k—l]:}-+{2{k+l]—l}:
2E =102k +1
_ K k L akr2-1y [Using (1)]

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

Ck(2k=1)(2k+1)+3(2k+1)
_ {2k+1]{ﬁ-{2;—l)+3{2k+ 1)}
3
:{2k+l}{2k3—ﬂ'+ﬁk+3}

-
|

WWV. ncert hel p. con
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(2k+1){2k° + 5k +3]
{Eﬂcvl}{li:—rzk—r?rk +3}
{qu}{zﬁf(i +1)+3(k +1)}
(2k+1)(k +1}3Ez¢ +3)

(k+ 1}{2(;11}4] {2(k+1)+1

-

o

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.
Question 16:
Prove the following by using the principle of mathematical induction for all n € N:
LI SR 1 __n"n
14 47 7.0 7 (3n-2)(3n+1) (3n+1)
Answer
Let the given statement be P(n), i.e.,
1 1 | "
Pln):—+—+ +ont =
() 14 47 710 (3n-2)(3n+1) (3n+1)

For n=1. we have

| 1 | 1 C
P(l1)=— =——=—=—, which is true.

14 31+1 4 14
Let P(k) be true for some positive integer k, i.e.,

F‘[-ﬁ')=L+L+ ! + - : S - (1)
14 47 700 7 (3k-2)(3k+1) 3k+1

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

Consider

WWV. ncert hel p. con
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o1 | |
{H+H+ﬁ' (3k - 2{;.;+|JL B+ =213 (k+1)+1)

}ff+1 NE A+|}{,A +4) [Using (1)]

{3£+| {“(3“4}
L 1ﬁ+4}+|}

{3.lrf+| )| (3k+4)

3+ 4k +1
{3.Irf+] (34 +4)

{TA +Jﬁ.++’f+ﬂ
3£+I 3k +4) J
{‘%J.+I {£+I
{3£+I (3k+4)
(k+1)
T3(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.

wo9 diyuaou mmm//:dny

Question 17:
Prove the following by using the principle of mathematical induction for all n € N:

L] 1 1 N "

_— =
35 A 7. {21}+1}{2n+3} 3(3n+3}

Answer

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

P(n): UL SN ! S
35 57 79 7 (2n+1)(2n+3)  3(2n+3)

Forn = 1, we have

WWV. ncert hel p. con



F(l}:i=]—=L

3.3 3{2'] +3} 3.5 , which is true.
Let P(k) be true for some positive integer k, i.e.,
1 1 1 | k
P(k): —+—+... = L1
(k) 35 57 79 +{2,¢-+|](2k+3} 3(2k +3) 1)

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

[ I |
AT AT (2k+1)(2k +3J+ {2{k+ |]+l}{2{ﬁc+l]+3}
k | |
3(2k+3) " (24 +3}[2k +5) [ Using (1) ]

_ i
_{2k+3)3 (2k h}
] k(2K +5)+3
C(2k+3)| 3(2k+9)
1 [ 2K +5k+3
(2k+3)| 3(2k+5)
1 [ 2K 4 2k+3k+3
C(2k+3)| 3(2k+5)
1 [ 2k(k+1)+3(k+1)
C(2k+3)| 3(2k+5)
(kK +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.

Question 18:
WWV. ncert hel p. con
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Prove the following by using the principle of mathematical induction for all n € N:
1 o3
1+2+3+...+n-:g{2n+lj|'

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

P(n): 14243+ ..4n {%{2H+1)

1{1{2_|+|]3=E

o a3

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.,
1 »
1+1+...+k-::8{2k+1}' e (1)

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

Consider
(1424 .+ k) + (k4 1]{;{25; f1) +(k+1) [ Using (1) ]

{;{[3k+]]1 +E(Ir+]]}

Mg s aks1a8k48)
gl J

TE 1
{31“( +12k+9}

{é{z(ﬁ—l]n}‘

(1+2+3 +...+k)+[k+l]«:l[2k+ 1 +(k+1)
Hence, 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.
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Prove the following by using the principle of mathematical induction for alln € 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 forn = 1since1 (1 + 1) (1 +5) = 12, whichis 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

(k+D){(k+1)+ 1 (5 +1)+5]

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

=Pk (k+1)(k+5)+2(k+1)(k+35)}+(k+T)(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{Hr+{.‘rf +1)(k+4)} =3xq. where g ={m+{_k +1)( & +4]|} is some natural number
Therefore, (& + I}{[k +1)+ 1}{[& +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.

Prove the following by using the principle of mathematical induction for all n € N: 102

+ 1 is divisible by 11.

Answer

Let the given statement be P(n),MN ncert hel p. con

n-1
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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%~ ! 4+ 1 is divisible by 11.

210%*"1+ 1 =11m, whereme N ... (1)

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

Consider

(R

=10 41

=10 +1

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

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

=10% 1 1lm—100+1 [ Using (1) ]
=100x11m—99

=11{100m-9)

= lr. where r :(It}t}m—'l)] 1s some natural number
Therefore, 107" 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.

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 x2* ! - y?*1 = x> - y? = (x + y) (x - y) is divisible by (x + y).

Let P(k) be true for some positive integer k, i.e.,
WWV. ncert hel p. con
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x?k — y?)is divisible by x + y.

XK =y =m (x + y), where m e N ... (1)
We shall now prove that P(k + 1) is true whenever P(k) is true.
Consider

kN 2(k+1)

— (.‘L"‘* _J::J. n }_:J. }_ 3 _-1,_'

= x {nr{_r+_rj+.1"“}—.1'” e [Using {I}]
m(x )t 4y

=m(x+y)x +y" (¥ - y7)

=m(x+y)x’+ ™ (x+p)(x-y)

= (x4 y)pmx” + p™ {_1-—_1-]} . which is a factor of (x+ »).

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.

Prove the following by using the principle of mathematical induction for all n € N: 32" *2

- 8n - 9 is divisible by 8.

Answer

woo djsyuaau mmm//:dny

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

P(n): 3°"*2 - 8n - 9 is divisible by 8.

It can be observed that P(n) is true for n = 1 since 32*'*2 -8 x 1 - 9 = 64, which is
divisible by 8.

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

3%*2 - 8k - 9 is divisible by 8.

23%*2_8k -9 =8m; whereme N ... (1)

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

Consider

WWV. ncert hel p. con



3 _g(k+1)-9

=337 8k -89

=37 (3% —8k —9+8k+9) -8k 17

=37 (37 —8k —9)+37(8k +9) -8k 17
=9.8m+9(8k+9)—8k—17

=0.8m+ 72k +81-8k—17

=0 8m+ 64k +64

=8(9m +8k +8)

=8r, where r =(9m + 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.

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% - 14kis a multiple of 27

~41%K - 14 = 27m, where m e N ... (1)

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

Consider

WWV. ncert hel p. con
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417 14

=41"-41-14"-14

=41(41" —14" +14" ) -14° 14
=41{41" 14" ) +41.14" —14" .14
=41.27Tm+14" (41-14)
=41.27m+27.14"
=27(41m—14")

=27=r, where r = [4 L —14* ) 15 a natural number

k+l

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.

Prove the following by using the principle of mathematical induction for all 7= 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

wo9 diyuaou mmm//:dny

true.

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

(2k +7) < (k + 3)% ... (1)

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

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

{2{k+|]+ ?}:{2k+?}+1{{k+3]2+2 [using [I}]
2(k+1)+7 <k’ +6k+9+2

2(k+1)+7 <k” +6k+11

Now. k* +6k +11 <k’ +8k +16

L2(k+1)+7 < (k+4)

2(k+1)+7 <{(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.
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