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EXERCISE 4.1

NCERT Solutions for Class 11 Maths Chapter 4 —
Principles of Mathematical Induction

PAGE: 94

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

Solution:

We can write the given statement as

Pn):1+3+32+ +3"] _3-1)

Ifn=1we get

2 2
Which 1s true.

P(1):1:{.3|"}_ﬂ_§=1

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

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

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

(D)

Here

1+3+3*+ #3814 30 |:(l+3+3:+"__3k|}+3&

By using equation (1)

{3 _1}+3Ji'

b2
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Taking the common terms out
_(1+2)3" -1
-2
We get
33 -1
2

3J:-rl _-l

T2

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.

2.

P+22+3 +..+n :(”{HH}]
\

Solution:
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We can write the given statement as

Py P+22+3 +... 4w = [

Ifn=1we get

P(1): 13 = 1 :{ '{'J"W =["2]3 —P =1

2

Whach 1s true.
Consider P (k) be true for some positive integer k
; o (k(k+1)Y
I‘+2’+3‘+...,+k‘:[MJ
2
W3
Now let us prove that P (k + 1) s true.
Here
P+254+33+  +B+G+IP=(P+22+33+

By using equation (1)

[ k’”] +(k+1)’

S0 we get

=L:']:+[ﬁ+|}‘

Taking LCM

k(K +1) +4(k+1)°
- 4
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Taking the common terms out

(& +1}3{k3 +4(k+1)}
4

We get

Efpa,
(k+1) 1k +4k+4]
4

=

(k1) (k+2)
B 4

By expanding using formula

(k+1) (k+1+1)
4

i} {k+|}{k+|+i}]’

-

. 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.
3.

I+ I N 1 - | _ 2n
(1+2) (1+2+3) 7 (1+2+43+.n) (n+1)

Solution:
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We can write the given statement as

-
P(n): 1+ ] . 1 1 2n

ot =
1+2 1+243 1+2+3+.n n+l
Ifn=1we get

Py 1=2L 224

1+1 2
Which 1s true.
Consider P (k) be true for some positive integer k

1 1 1 2k
Ty ——i0 [

+ =
1+2 1+2+3 1+2+3+..+4 k+1

Now let us prove that P (k + 1) 1s true.
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1+ : + : +...4 ! + :
1+2 14243 [+2+3+ +k 14243+ +hk+(k+1)
( 1 | 1 § |

= 1+——+ +..4 -+
v 1+2 1+243 142434,k 1+2+3+..+k+{k+]}

By using equation (1)
2K |
= +
K+l 14243+ +hk+(k+1)

We know that
4-
I+24+3+..4+n= il ]}
S0 we get
2k |
= -
k41 ((k+1)(k+1+41)
' 2
It can be written as
"‘rJ{i T

{Jf-+1']+ (k +I]::k+2]

Taking the common terms out

[Ic+ ]
k+2

By taking LCM

2
ok

We get

(k+1)

k(k+2)+1)
k+2 J

2 (kP 4+2k+1

{k+”t k+2
2 (k+1)
(k+1)(k+2)

2(k+1)
(k+2)
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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, i.e., n.

4,
123+234+ _+nn+1)(n+2) _n(n+1)(n+2)(n+3)

4
Solution:
We can write the given statement as
P(n)123+234+ __+nn+1)(n+2)= n(n+1)(n+2)(n+3)

4
Ifn=1we get
Py 123=6=10+1D(01+2)(1+43) 1234 _
4 4
Which 13 true.
Consider P (k) be true for some positive integer k
"} 5

1234234+ +kk+1)(k+2) = k U{ + |]|{k+_]|{k +_j} -0

4

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

Here

1234234+ +k(k+D)(k+2)+(k+ 1) (k+2)(k+3)={123+234+___ +k(k+1)(k+
D3+ (k+ 1) (E+2)(k+3)

By using equation (1)

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

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

So we get

— (k+1)(k+2) (k +3][§+u]
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[t can be written as
(A+1)(k+2)(A+3)(k+4)
4
By further simplification
(k)T (k+1+2)(k+1+3)
D 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.

5.

, 2n-1)3""+3
13423 435 4. eny = 71374

Solution:
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We can write the given statement as

L 20—1)3"" 43
P(n): 13423 +3.3 +...+n3" ={”+
Ifn=1we get
Pty 1323 (21-103"43 343 12 __

4 4 4
Which is true.
Consider P (k) be true for some positive mnteger k

: : 2k-1)3""+3
134237438 4. ekyt = K4 - (i)

4
Now let us prove that P (k + 1) 15 true.

Here

13+232+33 4+ _ +B3%E+1)3 1 ==(13+232+33+ _ + k3 +{k+1) 3™

By using equation (1)

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

By taking LCM

+(k+1)3"

(26 -1)3" 434 4(k+1)3
- 4

Taking the common terms out

32k —1+4(k+1)}+3
4
By further simplification

36k +3}+3
B 4
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Taking 3 as common

§ 3903{2k +1} +3
4

_ BT S
4

[2(k+1)=1}3"" 43
- 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.

6.

12423434+, . +n(n+l)=

|:n[n+1;{u+ 3}}

Solution:
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We can write the given statement as

P(n): 1.2423+3.4+..+ H.{n+1}:|:n(”+1;{”+ 3}}

Ifn=1we get
H1+1)(1+2 2.
Py 1222 (+1N(1+2) 123 _,
3 3
Which 1s true.

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

k(E+1)k+2
I,2+2,3+3,4+.,...+k,(k+I):[ (k+1)(k+ )] (i)

-

.

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

Here

12423+34+  +E(k+ 1)+ (E+ 1) (k+2)=[12+23+34+ _+E(k+1D]+(kE+1).(k+2)
By using equation (1)

:k[k+l}[£’+2]

-

+(k+1)(k+2)

We can write 1t ag

™

={k+|]{k+2]|:§+]

We get
(k+1)(k+2)(k+3)
3
By further simplification

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

7.
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n{-ln" +6n—1)

1.343.5+5.7+..+(2n=1)(2n+1)= -

Solution:

We can write the given statement as

, n(4n' +6n-1
P): 13435457 +..+(20-1)(2n+1) =- { = ]

Ifn=1we get

4.1 +6.1-1 &
P[I]:1.3=3=-{-- )_4+6-1_9
3 3 3

Which is true.

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

k(4k"+6k -1
B DO By S +{2£--1}{2£-+I}=Q ()

fd

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

Here

(13+35+57+  +(2k-1D)(2k+ 1)+ {2(k+ 1) -1} {2(k+ 1) + 1}
By using equation (1)

k(467 +6k-1)

+(2k+2-1)(2k+2+1)
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k(44" +6k~1)
_A2X F
3
On further calculation

k(447 +6k 1)
il 3
By multiplying the terms

: £(4k:+m_1}+(4ﬁ3+8k+3]

(25+2-1)(2k+2+1)

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

-
]

Taking LCM

k(45" + 6k 1)+ 3(4k" +8k + 3)

3
By further simplification
AR 6k — k1267 24649

]

|

50 we get

Ak 18K +23k+9
- 3

It can be written as

A+ 1T 9k + 4K + 14k 49

-
)

k(4K + 14k +9)+1(44 +14k+9)
- 3
Separating the terms

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

3
Taking the common terms out
{k+l}{4{k: +2k+l}+{i{k+l]—l}
3

Using the formula

NCERT Solutions for Class 11 Maths Chapter 4 —
Principles of Mathematical Induction

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

m BYJ Ues NCERT Solutions for Class 11 Maths Chapter 4 —

The Learning App Principles of Mathematical Induction

(k F1){4(k+1) +6(k+1)-1f
B 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.
8.12+222+3.2°+...+n2"=(n-1) 2™+ 2
Solution:

We can write the given statement as
P(n:12+222+322+...+n2'=(n-1) 2 +2
If n=1 we get
P(1):12=2=(1-1)2%+2=0+2=2

Which is true.

Consider P (k) be true for some positive integer k
12+222+3.22+ ... +k2=(k-1) 21+ 2 ... (i)
Now let us prove that P (k + 1) is true.

Here
12422 +3.2% ¢+ k2 )+ (k+1): 24

By using equation (1)
=(k=1)2"" +2+(k+1)2""

Taking the common terms out

2k =1)+(k+1)}+2
S0 we get

=22k +2

It can be written as

o AR
={(k+1)-1) 2" 42

P (k + 1) is true whenever P (k) is true.
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Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers, i.e., n.

9.

1 1 1 1 1
— ==, F+—=]-—
2 2" 2"
Solution:

We can write the given statement as

Which 1s true.

NCERT Solutions for Class 11 Maths Chapter 4 —
Principles of Mathematical Induction

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

(i)

2 4 8 2! 2*
Now let us prove that P (k + 1) 15 true.
Here
(I 1 1 1 1
——F— s +— [+=
w2 4 8 2" 2+
By using equation (1)
1Yy
= '—TJ prey
2 2
We can write it as
] ]
:I_ I+_I
2" 22
Taking the common terms out
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It 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.
10.

] 1 1"

]
2.

1
F—t——t...
8 811 Gno1)(3n+2) (6n+4)

n
n

Solution:
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We can write the grven statement as

11, ! "
P{R): ===+ e =
W s 5 e Bre)one2) (6n+9)

fn=1we get

pl)etolo L L
25 10 6.1+4 10

Which 15 true.
Consider P (k) be true for some positive integer k

L+ I o+ l __k
25 58 8.11 (3k-1)(3k+2) 6k+4

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

Here

1 I I I

Principles of Mathematical Induction

|
15+§E+EHT+”””+{M~JH3£+2}+{nk+|}4}ﬁ(k+u+z}

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

By simplification of terms
— A‘ 1 [
Ok +4  (3k +2}(3a‘l‘+5}

Taking 2 as common

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

Taking the common terms out

L (k1 ]
(3k+2)\2 " 3k+5

Taking LCM
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i

kmk+ﬂ+zw

(3h+2)

Y

2(3k+3)

A

By multiplication

i

1

35 +5k+2

" (3k+2)

2(3k+5)

Separating the terms

~(3k+2)

|

(3k +2) (% +I}\|
2(3k+5)

By further calculation

(k+1)

k10

S0 we get

(k)

C6(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.

11.

Ak

+

| ~ n(n+3)

! I
123 23

Solution:

34

I
34.5

sl n(n+1)(n+2) - d(n+1)(n+2)
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We can write the given statement as

. l 1 | n(n+3)
P(n): + + —+...F =

1.23 234 345 n(n+1)(n+2) A(n+1)(n+2)
Ifn=1we get

1f1+3 ;

P[l}:': jLad) _ Laf 3

1-:2:3  4(1+1)(1+2) 4-2.3 1.2.3
Which 1s true.

Constder P (k) be true for some positive mteger k
r | k(k+3)
+ +o.+ =
1-2-3 2:.3-4 345 k(k+1)(k+2) 4(hk+1)(k+2)

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

Here

| ' I

J A 1 1k
1-:2:3 2:3:4 345 k(E+1)(k+2) | (k+1)(k+2)(k+3)

By using equation (1)
k(K3 . I
S A (k) (k+2) (k1) (k+2)(k+3)

Taking out the common terms
I [k(h+3) 1 |

+
(k+1)(k+2)| 4 k+3]
Taking LCM

) | Jk(k+3) 4]
(k+1)(k+2) | 4(k+3) ]

Hipaniiog nomg b

) I | k(K +6k+9)+4|
Tn(k+2) | ak+3) |
By fosther ciliulitian

B I | k" + 6k +9k+4 |
Tkn(k+2) | 4(k+3) |
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We can write it as

[ &+ 26 + ki

NCERT Solutions for Class 11 Maths Chapter 4 —
Principles of Mathematical Induction

+H£‘+4.L

(kr1)(k+2) | a(k+3)
Taking the common terms

|

| & [;‘l"1 +2h+ I)+4[£"' +2k+ I)|

(k+1)(k+2) | 4k +3) |'
We get

~ | k(k+1) +4{k+1)
C(k+1)(k+2) 4(k +3)
Heze

o (k+1) (k+4)
T4k +1)(k+2)(k+3)

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

12.

ki

=1

_a(r-1)

a+ar+ar +..+ar'" |
r —_—

Solution:
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We can write the given statement as

: u{r" —I}

P(n):a+ar+ar” +. .. +ar'"" = :
I"_

Ifn=1we get
r =1
P{I}:a:u:a
(r=1)
Which 1s true.

Consider P (k) be true for some posttive mteger k

i u{r"' —|j

A+ar+ar + .. +ar = | e (1)
r—

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

Here
- E+11-1
{ﬂ +ar+ar +.an +art '} + m'{ .

By using equation (1)

" ]
r—1

Taking LCM

_u[r" —]}+ur‘ (r—1)

=1

NCERT Solutions for Class 11 Maths Chapter 4 —
Principles of Mathematical Induction
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Multiplying the terms

u{r* - }—I— ar*™ — art

r—1

S0 we get

& 1 &
ar' —a+ar " —ar

=1

By further simplification

Taking the common terms out
r;[r“ o 1}
S el
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.

13.

Solution:
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We can write the given statement as

P(n) ;[]+%J[|+§][I +%),..[|+{3::”] =(n+1)’

Ifn=1we get

(|][ ] =(1+1) =2° =4,

Whach 1z true.

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

2

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

= (k+1) (1)

Here

3o 2)oo ) 2222

By using equation (1)

PP e (5313
e lhl (k+1)° ]

H] (2(k+1)+1 ’
{AH}

Taking LCM

(hatf {{A 1) +"{.{+I}+I]
(k+1)
S50 we get
=(h+1) +2(k +1)+1
By further simplification
={(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.

14.
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o ot

Solution:

We can write the given statement as

Ifn=1weget

P();{1+3]=2=(14)

Which 15 true.
Consider P (k) be true for some positive integer k

oo

P[A’}:[H—

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

Here

(303

By using equation (1)

=HHW+LJ

b+1

Taking LCM
k+1)+1

=“;+|} I:~ } :
(k+1)

By further simplification

=(k+1)+1

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

NCERT Solutions for Class 11 Maths Chapter 4 —
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Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers, i.e., n.

15.
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243245 4.4 (20 1) = 7A2P2D20+1)

Solution:

We can write the given statement as

1 2n—142
P{n}=13+3-‘-+5“+...+{2n—|}':”{ a-1)(2n+1)

3
Ifn=1 we get
. {2 1-1){2.1+1 il
P[I]:I'=I={ i ) L3,
3 3
Which 1s true.

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

F‘“.-,"=il +3 452 _|____+{2;L_ _1}; _ *r"l:l"f—l]_l:zﬂ'+|]

3
Now let us prove that P (k + 1) 15 true.

Hege

{4308 4 (2h—1) |+ [2(k+ 1) 1)

NCERT Solutions for Class 11 Maths Chapter 4 —
Principles of Mathematical Induction
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By using equation (1)

:_-‘:_[Ek—l_]_(_?k+i_}+{2k+2_”:
3

S0 we get

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

Taking LCM

#(2k+1Y

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

“»
i

Taking the common terms out

(PR A (- 1) 43(2k+ 1)

3
By further simplification

(2K +1){2k™ -k +6k+3]

3
So we get
| (2k+1){2k° + 5k + 3]
3

We can write it as

(2k +1){ 2k +2k + 34 +3|

3
Splitting the terms
{2k +1)2k (k+1)+3(k+1)}
B 3

We get

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

(k) 2k 1) -1 {20k +1) 1

=
o |

P (k + 1) is true whenever P (k) is true.
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Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers, i.e., n.

16.

1 1 | 1 "
e +... =
14 47 710 " (3n-2)(3n+1)  (3n+1)

Solution:

We can write the given statement as

| | | l "

F[Jr} ——F— ..
1.4 4.7 ?!U {31?— }{'in-l—]} [.'hHI]
Ifn=1we get
| | | |
IJ | ——e e e e
{} 1.4 3.1+1 4 14
Which 1z true.

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

it latip g 1, # -

1.4 4'.-" Tlﬂ (3h=2)3k+1) 3k+1
Now let us prove that P (k + 1) 15 true.
Here

li I+ L I l 1

(14727 700 T - 2) Bk 1) | (k)= 2} [3(k+ 1)+ 1]

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

S0 we get
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Taking LCM

I [k(k +4}+|}

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

Multiplying the terms

1 3T+ Ak +1
(Gk+1)| (3k+4)

It can be written as

L[5k 3k +k+1]
(Bk+1)|  (3k+4) |

Separating the terms

C(3k+1)(k+1)
(3 +1)(3k+4)

By further calculation

L (k+1)
T 3(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.
17.

1 ] 1 ] n
—t—t—+..F =
35 57 79 {211+1}{2u+3) 3[2ﬂ+3}

Solution:
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We can write the grven statement as

P[J'a}:3_5+§+ﬁ+...
In=1we get
P(1): =

I "
(2n+1)(2n+3) i 3(2n+3)

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

P[ﬂrl'}:_lj_"'_'_]__"_'"];"
35 537 79

; ;
T kA 1)(2k+3) 3(2k+3)

()

Now let us prove that P (k + 1) 15 true.

Here

! | |

I

35 57 719 (2k+1)(2k+3) | {2(k+1)+1){2(k+1)+3)

By using equation (1)
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k 1
= +
3(2k+3)  (2k+3)(2k+5)

Sowe get

N
C(26+3)| 3 (2k+5)
Taking LCM

'IJ'l

_,._.\_

Lad

1 [k(2k+35)+3 }
{2k+3} (2k+5)

Multiplying the terms

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

It can be written as

N | 2k +2k+3k+3
(2k+3) 3(2k+5)

Separating the terms

o 2h(k+1)+3(k+1)
(2k+3) 3(2k +5)

By further calculation

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

3264 3)(2k +5)

B [k+|]
3(2 u+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.

18.
I 2
I-+2-|-3-+-...+u{E{E;H-I}

Solution:
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We can write the given statement as

P(n)il+243+. 4+n< %{2;14- 1y

Ifn=1we get

Which s true.

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

142+ +k {-IE-{EJ'H-]}

Now let us prove that P (k + 1) 15 true.

Here

(14 24+ k) +(k+1)< - (2k+1) +(k+1)

1
8
By using equation (1)
Uit o 1V gl w1
«;Et[_£+i] +$I:£.+I}}
Expanding terms using formula
<é{4&1+4,¢+|+ak+3}
By further calculation

<Lar 112k 49)
8

S0 we get

1 3
= —|2hk+3
(26+3)

||' s
< 12(k+1)+1|
5 (k+1)+1i

{I+2+3+...+H+[k+I]{é[2k+l]:+[f‘;+|}

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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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
If n =1 we get

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

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

Here

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

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

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

S0 we get
={kk+1)(k+5)+2(k+1)(k+5)}+(k+1)(k+2)
Substituting equation (1)
=3m+(k+1){2(k+5)+(k+2)}

By multiplication

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

On further calculation

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

Taking 3 as common

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

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

=3 xqwhere g={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.

Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers, i.e., n.
20. 10>-1+ 1 is divisible by 11

Solution:

We can write the given statement as

P (n): 101+ 1 is divisible by 11

If n=1 we get

P (1) =102+ 1 =11, which is divisible by 11
Which is true.

Consider P (k) be true for some positive integer k
10%*-1+ 1 is divisible by 11
10*%-1+1=11m,wheremeN ...... (1)

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

Here

1026141

We can write it as

=10+ 2141

=101+ 1

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

We get

=102 (10% + 1) — 102 + 1

Using equation 1 we get
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=102 11m-100 + 1
=100 x 11m-99
Taking out the common terms

=11 (100m - 9)

NCERT Solutions for Class 11 Maths Chapter 4 —
Principles of Mathematical Induction

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

10 2+n-1+ 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.

21. x> —y> s divisible by x +y
Solution:

We can write the given statement as
P (n): x> —y= is divisible by x +y

If n=1 we get

P (1) =xt—yi=x2—y2=(x +Y) (X —y), which is divisible by (x +y)

Which is true.

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

X2 —y* is divisible by x +y

X% —yx=m (x+y),wheremeN ......
Now let us prove that P (k + 1) is true.
Here

X 260Dy 2oy

We can write it as

XX, X2y LY

By adding and subtracting y* we get
=X (XH—yH A+ yR) -y

From equation (1) we get

=x{m(x+y) +y*}-y*y
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By multiplying the terms

=M (X +Y) X2+ y% X —y*. Y

Taking out the common terms

=M (x+y) X+ y (¢ - )

Expanding using formula

=m(x+y)xt+y*(x+y) (x-y)

S0 we get

= (x +y) {mx2 + y* (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.
22. 3»+2—-8n -9 is divisible by 8

Solution:

We can write the given statement as

P (n): 3»+2—8n—9is divisible by 8

If n=1 we get

P (1) = 32x1*2—8 x 1 — 9 = 64, which is divisible by 8
Which is true.

Consider P (k) be true for some positive integer k
3x+2— 8k — 9 is divisible by 8
3*+2_8k—-9=8m,wheremeN ...... (1

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

Here

Jarnr2_B(k+1)-9

We can write it as

=32 3F-8k-8-9

By adding and subtracting 8k and 9 we get

=3 (3%2- 8k 9+8k+9) 8k 17

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

m BYJ Ues NCERT Solutions for Class 11 Maths Chapter 4 —

The Learning App Principles of Mathematical Induction

On further simplification

=32 (3*+2-8k-9)+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

S0 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 32+v+2_8 (k + 1) — 9 is 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.
23. 41— 14 is a multiple of 27

Solution:

We can write the given statement as

P (n):41" — 14is a multiple of 27

If n=1 we get

P (1) = 41— 14+ = 27, which is a multiple by 27
Which is true.

Consider P (k) be true for some positive integer k
41%— 144s a multiple of 27

41%—14=27m, whereme N ...... (1)

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

Here

41k+17 14 k+1
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We can write it as

=41 41 - 14~ 14

By adding and subtracting 14 we get

=41 (41— 14+ 149 — 14~ 14

On further simplification

= 41 (41%— 14 + 41, 14« 14x 14

From equation (1) we get

= 41.27m + 14¢ (41 - 14)

By multiplying the terms

=41.27m + 27. 14«

By taking out the common terms

=27 (41m — 14%)

= 27r, where r = (41m — 14¥) is a natural number
So 41«1 — 141 is 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.
24. (2n +7) < (n + 3)?

Solution:

We can write the given statement as

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

If n=1 we get

21+7=9<(1+3)2=16

Which is true.

Consider P (k) be true for some positive integer k
2k +7)<(k+3)...(1)

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

Here
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2K+1)+7r=(k+7)+2
We can write it as
={2k+1)+7}

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

By expanding the terms
2(K+1)+7<ke+6k+9+2
On further calculation
2(k+1)+7<k+6k+11
Here k2 + 6k + 11 <k? + 8k + 16
We can write it as
2(k+1)+7<(k+4)y
2(k+1)+7<{(k+1)+3}p

P (k + 1) is true whenever P (k) is true.
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Therefore, by the principle of mathematical induction, statement P (n) is true for all natural numbers, i.e., n.
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