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Chapter 4: Principle of Mathematical Induction Exercise 4.1

NCERT - Class 11 - Maths

Questions

Question 8

1.2+222+32%2+ ... +n2"=(n-1)2"1+2
Solution

We can write the given statement as
P(n):1.2+222+32%2+ .. +n2"=(n-1)2"1+2
Ifn=1, we get
P@A):12=2=@1-12"1+2=0+2=2

Which is true.

Consider P (k) to be true for some positive integer k.
12+222+32%2+ . +k2Kk=(k-1)2k*1+2 .. (i)
Now, let us prove that P (k + 1) is true.

Here,
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{1242.2° +3.2° + .+ k2 + (K +1)- 24
By using equation (1)
=(k=1)2""+2+(k+1)2"

Taking the common terms out

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

Sowe get

=212k +2

Tt can be written as

:krzu.u-l +2

={(k+1)-1}2%"" 42

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 9

Solution

We can write the given statement as
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Pi(n): %+£+%+...+;I =I—%

Ifn=1we get

Which 1z true.

Consider P (k) be true for some positive imnteger k

| :
_+,_+_+""+7__ - - (1)

Here

We can write 1t as

1 ]
=l-—+—"
2" 2.2

Taking the common terms out

1 1
g )
Sowe get
a4

2\2)

b
Tt can be written as

1
- 2&11

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

ExameElite - examelite.com Page 3 of 26



ExamElite - Textbook Solutions

Question 10

S B S 1 on
25 58 811 7 (3n-1)(3n+2) (6n+4)
Solution

We can write the given statement as

1 1 | 1 ]
Pny —+—+——+...+ =
) 5 58 s T T G Gn2) (6n+9)
Ifn=1 we get
p(ie Lol 1 1

25 10 6.1+4 10
Whach 15 true.

Consider P (k) be true for some positive integer k

4, ... ' __k
25 58 811 (3k-1)(3k+2) 6k+4

Now let us prove that P (k + 1) 1s true.

Here

1)

I
25 58 BI1 +"”'”+{35.- —1)(3k +2)+ {3(k+1)=1}{3(k+1)+2}

By using equation (1)
ok N |
6k+4  (3k+3-1)(3k+3+2)

By simplification of terms
K N 1
6k +4 (3k+2}(3.ﬂ'+5}

Taking 2 as common

k. |
S 2(3k+2)  (3k+2)(3k+5)

Taking the common terms out
| (k | ]
= —+
(3k+2)\ 2 3k+5
Taking LCM
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| [ k(3k+5)+2)
oy

(34 +2)1 2(3k+5)

By multiplication

r \

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

l
T (B3k+2)

h% A

Separating the terms

o [((Bk+2)(k+1))
_{3»{-+2)[ 2(3k +35) J

By further calculation
_ )
6k +10
So we get
(k1)
6(k+1)+4

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 11

I S 1 _ n(n+3)
123 234 345 n{n+l][n+2}_4{n+l][n+2)
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Solution

We can write the given statement as

P(n) 1 . I N 1 - I B ﬂ{n+3}
123 234 345 n(n+l}[n+2}_4(n+l}(n+2)
Ifn=1we get
(} 1 1-(1+3) 41
1-2-3 4(1+1)(1+2) 4-2-3 1-2-3
Which 1s true.

Consider P (k) be true for some positive integer k

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

Now let us prove that P (k + 1) 1s true.

Here

! ! |
123 234 345 +k{,¢:+|)(k+z]}{mu(,&u)(ms}

By using equation (1)
L k(k+3) N I
Ak 1) (k+2) (k) (k+2)(k+3)

Taking out the common terms

1 [k(k+3) 1 }

:{A'+l}{e’f+2}] 5 k+3
Taking LCM

I Jk[ﬂ-+3]3+4JL

T(kn)(k+2) | 4(k+3)

Expanding using formula

B 1 [ k(K +6k+9)+4
Tk (k+2) | 4(k+3)

By further calculation

| _{|k"+6k3+9£—+4}
GrD)(kr2) | 4(k+3)
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We can write 1t ag

] [ [k"+2.{-2+k+4k"+8k+4l
(k+1)(k+2) | 4(k+3) J

Taking the common terms

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

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

We get

o

o {k{ﬁwl} +4(ﬁi:+|]:]
)

(kD) (k+2 4(k+3)

Here

i (k+1)" (k+4)
Ah+1)k+2)(k+3)

) (k+1){(k+1)+3]

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

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 12

| cr{r” —I}

a+ar+ar-+...+ar"' = |
r—
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Solution

We can write the given statement as

u{r” —I}

1] r
P(r):a+ar+ar’ +..+ar" =

F—1
Ifn=1we get
=1
P{I}:u:%:a
Which 1z true.

Consider P (k) be true for some positive mnteger k

k-1 “{J‘k _”
-l

a+ar+ar’ +...... +ar

(i)

Now let us prove that P (k + 1) 1s true.

Here
{a+m'+m':+ ...... +ar '}+.-:u'

By using equation (1)

= M =+ e.'.r"‘
r—1
Taking LCM

~ r;[r“ —]]—I— ar' (r-1)

r—1
Multiplying the terms

u[r{ - ]}+ ar'™ —ar*

r—1

So we get

ar* —a+ar* —art

r—1

By further simplification

Taking the common terms out

u(r{" —1}

r—1
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P (k + 1) is true whenever P (K) is true.

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

e, n.

Question 13

f \ 2n+1 2
|1+§][1+EJ(|+3].,,[1+{ - ]]=(n+]]'
Lo 4, g n

Solution

We can write the given statement as

P(n}:[1+%][l+§ [|+gj,,,[l+(2:—j”]:{n+|y

Ifn=1we get
3 2 a3
p[u];[1+7}:4={|+|] =24,

Which 1z true.

Consider P (k) be true for some positive integer k

(1+%][|+%][|+%]...[|+(3if])]={k+1)z - (1)

Now let us prove that P (k + 1) is true.

Here
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e

By using equation (1)

(k1) +2{k+1}+l
o)

Taking LCM

- (k+1) (k+1)" +2(k+1)+1
{Ic+|)'

Sowe get

= (k+1)° +2(k+1)+]
By further simplification

I :
= (k+1)+ I]
P (k + 1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 14

oo ot
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Solution

We can write the given statement as

P[H}L(1+TI]/|+%](|+%:|...[ I+%J:{n+l}

A, b

Ifn=1we get

]

P{I}:(HT]:E:{HI]

Which 1s true.

Consider P (k) be true for some positive integer k

o o)

Now let us prove that P (k + 1) 1s true.
Here

[(1+1][.+1' 1) .+L]}[.+;]
1 2 3 k- k+1
By using equation (1)

:(k+l}[l+#]

Taking LCM

:w}[—“;;?,;'}

By further simplification,
=(k+1)+1

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

examelite.com

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 15

n(2n-1)(2n+1)

P+3 45 o+ (2n-1) =
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Solution

We can write the given statement as

> n(2n-1)(2n+1)

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

3
Ifn=1we get
. 2. 1-1){2.1+1
p(1)=r =1 - 2@ L) 113,
A A
Whuch 15 true.

Consider P (k) be true for some positive integer k

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

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

Now let us prove that P (k + 1) 1s true.

Here

[I’ +3 +5 4+ (2k - I]:}+{2(.{- +1)- I}:

ExameElite - examelite.com

examelite.com

Page 12 of 26



ExamElite - Textbook Solutions examelite.com

By using equation (1)

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

= 3 +(2k+2-1)

S0 we get

E(2k=1){2k+1 -

_KEE=DRH) | op
3

Taking LCM

k(2k—1)(2k +1)+3(2&+1)

2
2

Taking the common terms out
(2k +1){k(2k—-1)+3(2k +1)}
3
By further simplification
:{2R+I){2k3—ﬂ-+ﬁk+3}

-
h

Sowe get

(2k +1){2k% + 5k +3}
3

We can write it as

(2k +1){ 24" +2k +3k +3|
i 3
Splitting the terms

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

We get

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

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

~
2

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.
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Question 16

I P B 1 _on
14 47 710 " (Bn-2)(nr1) (1)

Solution

We can write the given statement as

1 I I I n

P(n):—+

14 47 710 " (3n-2)(3n+1) B (3n+1)
Ifn=1we get

| 1 1 1
P I —p—_ P L
(] 14 31+1 4 14

Whuch 1s true.

Consider P (k) be true for some positive integer k

] 1 1 I k
P(k)=—+——+ +.t =

14 47 710 (3k-2)(3k+1) 3k+1
Now let us prove that P (k + 1) 1s true.
Here

L1 !
N
{1.4 37 7100 T (3k- 2{:.-£+I} Bk+1)-2

By using equation (1)
k 1
= +
k41 (3k+1)(3k +4)

S0 we get

1 |
T (B3k+ |){k+ (3k +4}}
Taking LCM

1 Jﬁ-[3k+4}+l}

TGk (k+4)

Multiplying the terms

] N+ 4k +1
(3k+1)| (3k+4)
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It can be written as
1 [3»{':+3£‘+k+ll
Gk+1)|  (3k+4) |
Separating the terms

~ (3k+1)(k+1)
3k +1)(3k+4)

By further calculation

R

C3(k+1)+1

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 17

L+L+L+,..+ I = "
35 57 7.9 7 (2n+1)(2n+3) 3(2n+3)
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Solution

We can write the given statement as

] | | "
_—...+ =
57 79 {En+1}(2n+3} 3(3n+3)

Ifn=1we get

P{l] : 1 = ; = 1
3.5 3(2.1+3) 35
Which 15 true.
Consider P (k) be true for some positive integer k

P(L‘)'L+L+]—+ + ! __
35 57 79 7 (2k+1)(2k+3) 3(2k+3)

Now let us prove that P (k + 1) 1s true.

Here

L1 1 | 1
t———t_ + + -
35 57 79 (2k+1)(2k+3) | {2(k+1)+1}{2(k+1)+3)

By using equation (1)

k 1
= 1
3(2k+3) (2k+3)(2k+53)

S0 we get

{2k1+ 3)| 3 F ”kl+ 3}}

Taking LCM

| [k(2k435)+3
{2k+3) 3(2k+5)

Multiplying the terms
I | 2k +5k+3
{2& + ’i) 3(2k+5)

It can be written as

1 | 2K 42k +3k+3
C(2k+3)| 3(2k+5)

Separating the terms
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o 2k(k+1)+3(k+1)
(2k+3) 3(2k+5)

By further calculation

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

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

L (k+1)

C3{2(k+1)+3)

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 18

1+2+3+...+u-:%{2n+l]1

Solution

We can write the given statement as
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P{n}:l+2+3+...+n{%{2n+1):

Ifn=1we get
1 : 9
l<—(2.1+1) ==
8{ ] B
Whuch 15 true.

Consider P (k) be true for some positive integer k
1+2+...+k-:é-{2£'+1}: o (1)

Now let us prove that P (k + 1) is true.

Here
(14244 k)+(k+1)< ;{zk + I]? +(k+1)
By using equation (1)
1 ? '
{ﬂ[lﬁm 1) +8(Ir+|}}-
Expanding terms using formula
<14+ 4k + 148k +3)
8

By further calculation
{l{ﬂr: + |2k+¢1}
8

Sowe get

{%{zk +3)’

[2(k+1)+1)°

<

oo | —

{l+2+3+...+k}+[k+l]«:é[2k+ 1) +(k+1)

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.
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Question 19

n (n + 1) (n + 5) is a multiple of 3.
Solution

We can write the given statement as

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

1(1+1)(1+5)=12, which is a multiple of 3.
Which is true.

Consider P (k) to be true for some positive integer k.
k (k+1) (k +5) is a multiple of 3
k(k+1)(k+5)=3m,wherem &N ...... (2)
Now, let us prove that P (k + 1) is true.

Here,

k+21D){kk+1)+1}{(k+1)+5}

We can write it as
=(k+1)(k+2){(k+5)+1}

By multiplying the terms,
=(k+1)(k+2)(k+5)+((k+1)(k+2)

So, we get

={kk+1)(k+5)+2(k+1) (k+35)}+(k+1)(k+2)
Substituting equation (1),
=3m+(k+1){2(k+5)+(Kk+2)}

By multiplication,

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

On further calculation,
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=3m+ (k+1) 3k +12)
Taking 3 as common,
=3m+3(k+1)(k+4)
We get

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

=3 xqgwhereg={m+ (k+ 1) (k + 4)} is some natural number

(k + 1) {(k + 1) + 1} {(k + 1) + 5} is a multiple of 3

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

examelite.com

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 20
102" -1+ 1 is divisible by 11.

Solution

We can write the given statement as

P (n): 102"~ 1 + 1 is divisible by 11.

Ifn=1, we get

P (1) =10%1-1+1 =11, which is divisible by 11.

Which is true.

Consider P (k) to be true for some positive integer k.

102K~ 1 + 1 is divisible by 11
10%k~14+1=11m,wheremEN ...... (1)
Now, let us prove that P (k + 1) is true.

Here,

102(k+1)—1+1
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We can write it as

=10 2k+2-1 4 1

=10 2k+1 1

By addition and subtraction of 1,
=102 (10%1+1-1)+1

We get

=102 (1021 +1)-102+1

Using equation 1, we get

=102 11m-100 + 1

=100 x 11m —99

Taking out the common terms,

=11 (100m — 9)

=11 r, where r = (100m — 9) is some natural number
10 2k+ D=1 4 1 is divisible by 11

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 21
x2" - y2M s divisible by x + y.

Solution

We can write the given statement as
P (n): X" — y?" is divisible by x + y
Ifn=1, we get

P(1)=x2*1_y2*1=x2_ 2= (x+y) (x—y), which is divisible by (x +y)
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Which is true.

Consider P (k) to be true for some positive integer k.

2k

x2k — 2k is divisible by x + y

x2k

—y?’k=m (x +y), wherem EN ...... (1)
Now, let us prove that P (k + 1) is true.
Here,

X2(k+1)_y2(k+1)

We can write it as

By adding and subtracting y2k, we get
= x2 (x2K — y2K 4 2Ky _y2k y2

From equation (1), we get

=% {m (x+y) +y*§ -y y?

By multiplying the terms,

=m (x +y) X2+ yZK x2 _y2K 2
Taking out the common terms,

=m (x+y) x* + y? (P - y?)
Expanding using formula,

=m (x +y) X +y?* (x +y) (x =)

So, we get

=(xX+vy) {mx2 + y2k (x —y)}, which is a factor of (x +y)
P (k + 1) is true whenever P (K) is true.

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.
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Question 22
32M*+2 _gn - 9 is divisible by 8.

Solution
We can write the given statement as
P (n): 32" *2 _8n -9 s divisible by 8.

Ifn=1, we get

P(1)=32*1*%2_8x1-9=64, which is divisible by 8.

Which is true.

Consider P (k) to be true for some positive integer k.
32k+2 _ gk — 9 s divisible by 8

32k+2 _gKk_9=8m, wheremEN ...... (1)
Now, let us prove that P (k + 1) is true.

Here,

32k+D+2_g(k+1)-9

We can write it as

=32k*2 32_gk-8-9

By adding and subtracting 8k and 9, we get
=32(3%K*2_gk—9+8k+9)-8k-17

On further simplification,
=32(32k*2_gk—09)+ 32 (8k + 9) — 8k — 17
From equation (1), we get

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

By multiplying the terms,

=9.8m+ 72k +81-8k-17
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So, we get

=9.8m + 64k + 64

By taking out the common terms,

=8 (9m + 8k + 8)

= 8r, where r = (9m + 8k + 8) is a natural number
So,32k+1D+2_g(k+1)—9is divisible by 8.

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 23
41" - 14" is a multiple of 27.

Solution

We can write the given statement as

P (n):41" — 14"is a multiple of 27.

Ifn=1, we get

P (1) = 411 — 141 = 27, which is a multiple by 27.
Which is true.

Consider P (k) to be true for some positive integer k.
41K — 14kis a multiple of 27

41K — 14K = 27m, wherem €N ...... (1)

Now, let us prove that P (k + 1) is true.

Here,

41k +1_14 k+1

We can write it as
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= 41K 41-14 14

By adding and subtracting 14K we get
= 41 (41% - 14K + 14%) — 14K 14

On further simplification,

= 41 (41¢ - 144 + 41, 14K~ 14X 14
From equation (1), we get

= 41.27m + 145 (41 - 14)

By multiplying the terms,

= 41. 27m + 27. 14K

By taking out the common terms,

= 27 (41m — 14%)

= 27r, wherer = (41m — 14") is a natural number
So, 41¢* 1 _ 14K+ 1 s a multiple of 27.
P (k + 1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.

Question 24
(2n +7) < (n + 3)?

Solution

We can write the given statement as
P(n): (2n +7) < (n + 3)2

Ifn=1, we get
21+7=9<(1+3)2%=16

Which is true.
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Consider P (k) to be true for some positive integer k.
(k+ 7)< (k+3)%... (1)

Now, let us prove that P (k + 1) is true.
Here,

R2Kk+1)+7=2k+7)+2

We can write it as

={2(k+1)+7}

From equation (1), we get
(Pk+7)+2<(k+3)2+2

By expanding the terms,
2(k+1)+7<k®+6k+9+2

On further calculation,
2(k+1)+7<k®+6k+11

Here, k? + 6k + 11 < k? + 8k + 16

We can write it as

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

2 (k+1)+7<{(k+1)+3)?

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

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers,

i.e., n.
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