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. XERCISE 4.1 PAGE: 94
Prove the following by using the principle of mathe matical induction forall n € N:
1.
31
14343 +...43"" =L——)

Solution:

We can write the given statement as

P(n):1+3+3%+ _+3"1 -(3-1)

Ifn=1 we get

Pty 1=3=1) _3-1

3 3

Which 1s true.

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

o |
l+3+3’+...+3*"=u (i)
2

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

Here

l+3+3:+_"+3k|+3|b.| |=(1+3+3:+"_+3k1)+3k

By using equation (1)

=(3* —1)+3
2

k

Taking LCM

(3 -1)+2.3*
A i

Taking the common terms out

(1+2)3" =1
2

We get

33 -1
2
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3 -1
TR
P (k + 1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

Solution:

We can write the given statement as

PO): P+2°+3 4.4 :[n(n+l))

2
Ifn=1 we get
P(1):13:1:(l(|+l)] =[E)-=F=l
2 2
Which 1s true.

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

: . (k(e+1)Y .
P42 +3%.. + F =(¥J o (1)
Now let us prove that P (k + 1) 1s true.
Here
B2+ Pttt Gk =134 2P ot P (k1P
By using equation (1)

=["(k2+')J:+(k+|)‘

So we get

=m—+l):+(k+l):
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Taking LCM

Y
i

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

4
Taking the common terms out

(k1)K +a(k+1))
- 4

We get

(k+1)° [k + 4k +4]
4

(k1) (k+2)
B 4

By expanding using formula

-

_(k+l):(k+l+l)
- 4

:((k+|‘)(k+|+n)J3

N

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

3.

| |
|+

+ +
(l+2) (1+2+3)
Solution:
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We can write the given statement as

) 1 1 1 2n
P(n) l+_+ o Y —
1+2 1+2+3 1+2+3+.n n+l
Ifn=1 we get
Pay1=2L_2_,
1+1 2
Which 1s true.

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

1 1 2k
+

1+ vt + ...+ =
1+2 1+2+3 1+2+3+...+k k+I1

A1)

Now let us prove that P (k + 1) 1s true.
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1 1
+ +...+ l + :
1+2 1+2+3 1+2+3+..+k 14243+ +k+(k+1)

=(I+ + I +..+ ! )+ l
1+2 1+2+3 1+2+43+..k) 14243+ +k+(k+1)
By using equation (1)

2%, |
k+1 1+2+3+. +k+(k+1)

We know that
n(n+1)
1+4243+..+n=
So we get
2k I
= -
k+1 ((k+|)(k+l+l)]
2

It can be written as

2%k 2
‘(k+1)+(k+|)(k+2)

Taking the common terms out
2 1
= [ k+ ]
(k+1) k+2
By taking LCM

2 [k(k+2)+l}

=k+l k42

We get

2 (K +2k+1
(k+1)\  k+2

-

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

3 2(k+l)
(k+2)
P (k + 1) is true whenever P (K) is true.
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Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

4.

123+234+__+nn+1) (n+2):n(n+l)(n+2)(n+3)

Solution:

We can write the given statement as

n(n+1)(n+2)(n+3)

P(n):123+234+ __ +nn+1)(n+2)=

4
Ifn=1 we get
5
Py 123=6=1+D(1+2)(1+3) 1234
4 4
Which is true.
Consider P (k) be true for some positive integer k
)
123+234+ . +kik+1) (k+2) - FE+)(k+2)(k+3) - ()

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

123+234+. . +k(k+t1)(+2D)+(k+1)(Ek+2D)(k+3)={123+234+... +tk(k+1)(k+
2} +(k+1D)(k+2)(E+3)

By using equation (1)

_k(k+1)(k+
K 4

2)(/.-+3)+(k+|)(;.-+2)(k +3)
So we get

=(k+1)(k+2)(k +3)[§+l]
It can be written as ’
(k+1)(k+2)(k+3)(k+4)
4
By further simplification
(k+1)(k+14+1)(k+1+2)(k+1+3)

4
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.
5.

13423243 %.tn3"=

(27-1)3""+3
Solution:

We can write the given statement as

- ) 3 2n—-1)3""+3
P(n):13+23* +3.3 +...+n3" = L

Ifn=1 we get

1+1 2
B s ol 12y
4 4 4

Which is true.
Consider P (k) be true for some positive integer k
(2k-1)3""+3

1.342.3°+3.3 +...+43" =

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

Here

13+232+33 +__ +B3%(k+1)3*==(13+232+33%+_ _ +k3")+(k+1)3*!
By using equation (1)

2 4l
_2hDITH3 L ey

By taking LCM

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

Taking the common terms out
32k —1+4(k+1)} +3
4
By further simplification

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

4
_ 3 2k +1}43

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, statementP (n) is true for all natural numbers i.e. n.

6.

3

n(n+l)(n+2)}

l,2+2.3+3.4+...+n.(n+l)=|:

Solution:
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We can write the given statement as

1)(n+2
P(n): l.2+2.3+3.4+...+n.(n+l)=["("+ ;("* )}

Ifn=1 we get

1+1)(1+2) 123

P(1:12=2= I
3 3

=2

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

k(k+1)(k+2) ,
3 } e (1)

1.242343.4+..... +k.(k+|)=[

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

Here
12+23+34+ . +kG+D)+(+1).(k+2)=[12+23+34+ .. +k(k+1)]+(k+1).(k+2)

By using equation (1)
_k(k+1)(k+2)

+(k+1)(k+2)
We can write 1t as
=(k+l)(k+2)(§+l)

We get
(k+1)(k+2)(k+3)

-
>

By further simplification

(k+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, statementP (n) is true for all natural numbers i.e. n.

7.
n(4n’ +6n—|)

1.343.5+5.7+...+(2n—-1)(2n+1) = :

Solution:
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We can write the given statement as

n(4n" +6n—l)

P(N): 1.343.5+5.7+...+(2n-1)(2n+1) =

3
Ifn=1 we get
1(4.17 +6.1-1 3
P(1):1.3=3= ( ) _4+6-1_9 _,
3 3 3
Which 1s true.

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

k(4k* +6k—-1)

13435457+ ..+ (2k-1)(2k +1)= A1)

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

Here

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

k(44 +6k -1
= ( )+(2k+2—l)(2k+2+l)




WWW.Cdllgl'DDSS.CD]]]

EDUGROSS

WISDOMISING KNOWLEDGE

NCERT Solutions for Class 11 Maths Chapter 4 _
Principle of Mathematical Induction

k(4K +6k 1)

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

3
On further calculation
k(4K +6k-1)
= : +(2k+1)(2k +3)
By multiplying the terms
k(457 +6k -1
L )+(4k3+8k+3)
3
Taking LCM

k(4K +6k —1)+3(4k* +8k +3)

3
By further simplification
AT+ 6kT —k+ 1257 + 24k +9

-
D

So we get

AR 18K +23k+9
3

It can be written as
AT+ 14K7 9k + 447 + 14649
3

(4K + 14k +9)+ 1(447 + 14k +9)
B 3
Separating the terms

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

=
2

Taking the common terms out

(k+1){4(k* +2k+1)+6(k+1)-1]
- 3

Using the formula
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(k+1)[4(k+1) +6(k-+1)-1
B 3
P (k + 1) is true whenever P (K) is true.

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.
8.1.2+2.22+3.22+...+n.2"=(n-1) 2" + 2 Solution:

We can write the given statement as
P(n):12+222+322+...+n2"=(n-1) 2" +2
Ifn=1we 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+322+ ... +k.2*=(k-1)2***+2 ... (i) Now
let us prove that P (k +1) is true.

Here

{12422 432° +. + k2 } 4 (k+1)-2"
By using equation (1)
=(k=1)2""+2+(k+1)2""
Taking the common terms out

b+ )
=2 {(k-1)+(k+1)}+2
So we get
=212k +2
It can be written as
= k25 49
={(k+1)-1} 2" 42
P (k + 1) is true whenever P (K) is true.

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

9.

1 1.4 !
— o
T

Solution:

We can write the given statement as
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Pt kgt et g T
2 4 8 2" 9l

Ifn=1 we get

| 1
P(1): —=1-—=
1y 3=1-=

-

| —

Which 1s true.

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

| .
=t the = =5F (1)

Here

(1 1 1 ) 1
—+—+ =+ +— [+

2 4 8 2 2t

By using equation (1)

(-5
:l—.+‘_
2\ 2\ol

We can write it as

1 |
=l +—0
2 2

Taking the common terms out

—_

So we get

“1-5(3)

It can be written as

ﬂ,n‘.#l

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.
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| n

o+ +..+
35 58 wdL g

Solution:

3n-1)(3n+2) (6n+4)

We can write the given statement as

] 1

L -
25 58 811 " (Bn-1)(3n+2) (6n+4)

1 |
Py ==
Ifn=1 we get
7, ) . S T

25 10 6.1+4
Which 1s true.

1

10

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

I k

wef1)

- + -
25 58 8.1 (3k=1)(3k +2) " 13(k+1)~1}{3(k+1)+2]

By using equation (1)
k |

T6k+d  (3k+3-1)(3k+3+2)

By simplification of terms

k 1

“6k+4 (3k+2)(3k+5)
Taking 2 as common

k I

“2(3k+2)  (3k+2)(3k+5)

Taking the common terms out

Y
(3k+2)\ 2 3k+5
Taking LCM
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1 [/\-(3/\-+5)+2\J

T Gk+2)| 203k +5
By multiplication

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

Separating the terms

[ [(3k+2)(k+l)\
(3k+2) 2(3k+5)J

By further calculation
(k+1)

6k +10

So we get

(k1)

S 6(k+1)+4

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

11.
I I I I n(n+3)
+ + TR =
123234 345 n(n+1)(n+2) 4(n+l)(n+2)
Solution:

We can write the given statement as

| 1 | I n(n+3)
P(n): + + +...+ =

1.23 234 345 n(n+1)(n+2) 4(n+1)(n+2)
Ifn=1 we get

1-(1+3 .

p(1): o Dl 14 ]

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 mteger k

k(k+3)
ks + .+ =
1-2:3 2:3:4 3.4-5 7 k(k+1)(k+2) 4(k+1)(k+2)

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

Here

| |
> A + +
1:2.3 2:3-4 3-4:5 k(k+1)(k+2) | (k+1)(k+2)(k+3)

By using equation (1)
_ k(k+3) |
Tk (k+2) (k) (k+2)(k+3)

Taking out the common terms

[ [k(k+3) 1 |
G+)(k+2)|” 4 k43|
Taking LCM
| Jk(k+3)'+4|

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

Expanding using formula

) I Jk(/\'"+6k+9)+4|
Tk+1)(k+2) | a(k+3) |
By further calculation

| |k +6k>+9k+4 |
(k+1)(k+2) | 4(k+3) |

We can write 1t as

\

| {k‘+2k“+k+4k"’+8k+4]

Tk (k+2) | a(k+3) |

Taking the common terms

} | Jk(/\-"+2/c+l)+4(k3+2/\-+|)[
(k+1)(k+2) | 4(k+3) |

We get

5 1 {k(k+l):+4(k+l):}
] )

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

(k+1)" (k+4)
T 4(k+1)(k+2)(k+3)
(k) {(k+1)+3]
CM(k+ 1)+ 1 f(k+1)+2)
P (k + 1) is true whenever P (K) is true.

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

12.

a .
a+ar+ar +..+ar"' =

a(r"—l)

r—1
Solution:
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We can write the given statement as

| a(r"—l)

P(n) catvar+art +..+ar' =

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

Consider P (k) be true for some positive integer k
a+ar+ar’ + ... +ar'” =———= e (1)

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

Here
la+ar+ar’ +..+ar* ' +ar™"
By using equation (1)
i
= M +ar'
r—
Taking LCM

3 a(r' =1)+ar' (r-1)

r—I1
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‘ A= I3
u(r —I)+ur ' —ar

r—1

So we get

IS
ar* —a+ar*' —ar

r—I1
By further simplification

A+l
ar't —a

r—1

Taking the common terms out

" a(r“' —l)

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

13.

B

Solution:

|+;})(l+gj...(n+

(2n+1)

)

n

We can write the given statement as

o3 oo

Ifn=1 we get

P(l)[ ]4=(|+1)’=23=4.

Which 1s true.

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

) C COE

(””)) (k+1Y ()

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

Here
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By using equation (1)

s _--+2(k+1)+l
e [' (k1) ]

Taking LCM

i (k+1) +2(k+1)+1
= (k |){ (k+1) ]

So we get
=(k+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, statementP (n) is true for all natural numbers i.e. n.

14.

ot

Solution:

Principle of Mathematical Induction
{2(k+1)+ 1}1
(k+1)
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We can write the given statement as

o (o -

Ifn=1 we get

P(l):(|+%]=2=(l+l)

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

(oo ol ot

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

Here

(22 555)

By using equation (1)

=(k+|)(l+$)

Taking LCM

=(k+l)((k+l)+—lJ

(k+1)
By further simplification
=(k+1+1
P (k + 1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

15.

z z 5 3 2n—-1)(2 |
l‘+3'+5'+...+(2n—l)"=n( n=1)(2n+1)

Solution:

www.edugrooss.com
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We can write the given statement as

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

Ifn=1 we get
_l(2.|—l)(2.l+l) 1.1.3

P(l)=1*=1

Which 1s true.

n(2n—1)(2n+1)

= =1,

~
J

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

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

P(k)=1P +3 +5 4. .+ (2k-1) = » (1)

3

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

Here

(43 4504 (2k=1) |+ {2(k+1)-1)
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By using equation (1)
k(2k=1)(2k+1
= ( }( L )+ 2k +

J

So we get

=k(2k—l3)(2k+l)+(2k+l):

Taking LCM

k(2k=1)(2k+1)+3(2k +1)’

> )

J

Taking the common terms out

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

By further simplification

(2 +1){247 -k +6k +3}
J

So we get

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

3
We can write 1t as
(2k +1){ 2k +2k +3k +3

3

Splitting the terms

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

We get

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

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

-

b

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

Principle of Mathematical Induction




WWW.Cdllgl'DDSS.CD]]]

EDUGROSS

WISDOMISING KNOWLEDGE

NCERT Solutions for Class 11 Maths Chapter 4 _
Principle of Mathematical Induction

16.

| | 1 | n
=Ccape — +ont =

134 47 F10 (3n-2)(3n+1) (3n+1)
Solution:

We can write the given statement as

P(n):L+L+—+...+ : s
1.4 47 7.10 (3n=2)(3n+1) (3n+1)
Ifn=1 we get
| | | |
l:—:—:—:—
() 1.4 3.1+1 4 14
Which 1s true

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

R | k
2 I P . - (1
O =327 700 GhoD)Ghel) k1 (1)

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

Here

I !
{1._4+E+ﬂ6+'”+ (3k - 2) (3k + 1)}+ Bk+1)-2 {3(k+1)+1)

By using equation (1)
k 1
= +
k1 (3k+1)(3k +4)

So we get

E— ! JA+ : }
Gk+1)| (3k+4)
Taking LCM

I [k(3k+4)+1]
(k+1)| (3k+4) |

Multiplying the terms
L [k ak]
(Gk+1)| (3k+4) |
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It can be written as

1 ‘[3k3+3k+k+]1

TGkl)| (3k+4)

Separating the terms

~ (Bk+1)(k+1)

3k +1)(3k +4)

By further calculation

_ (k+1)
T 3(k+1)+1

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

17.
1 1

1
—t—t—t.t

35 ST 19
Solution:

(2n+1)(2n+3)
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We can write the given statement as

P()?):—I—+L+—+...+ L -
35 57 T8 (2rn+1)(2n+3) 3(2n+3)
Ifn=1 we get
| ]
Pl -
0357319 "3
Which 1s true.

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

R | | k
P(k): ——+... = _ ¢
K357 57770 @Ean)(2ke3) ~ 3(2k+3) )

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

Here

ey e TRV —] + 157 ‘t—‘"—"‘rlig‘._"“_* \
315 57 Tk (2k+1)(2k+3) | 2(k+1)+1}12(k+1)+3;

By using equation (1)
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“3(2k+3) " (2k+3)(2k+3)

So we get

I

k 1

" (2k+3)

1

37 (2k+5)

Taking LCM
[ k(2k+5)+

-
2

T (2k+3)|

3(2k +5)

Multiplying the terms

242 +5k+3

| 3(2k+5)

It can be written as

o
T (2k+3)

Separating the terms

|

|

|

}

[ 2K% 4+ 2k +3k +3
3(2k+5)

l

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

" (2k+3)|

3(2k +5)

By further calculation
(k+1)(2k+3)

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

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

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

18.

l+2+3+...+n<%(2n+l):

Solution:

We can write the given statement as

Principle of Mathematical Induction
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>

P('n):l+2+3+...+n<%('2n+l)

Ifn=1 we get

Which 1s true.

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

. (1)

2

l+2+...+k<;(2k+l)

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

Here
(I+2+...+k)+(k+|)<;(2k+l): +(k+1)
By using equation (1)
1 2 |
<§{(2k+ 1) +8(k+1)|
Expanding terms using formula
<é{4k3 +4k+1+8k+8)
By further calculation
<l ~{4k’+12k+‘)}
8

So we get

| 2

(I+2+3+...+k)+(k+I)<é(2k+l)z+(A'+I)

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.
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19.n(n +1) (n+5)is amultiple of3

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

Now let us prove that P (k + 1) is true. Here
k+1){kk+1D)+1}{(k+1)+5}

We canwrite 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+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) (3k +12)

Taking 3 as common

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

We get

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

=3xqgwhereq={m+ (k+ 1) (k +4)} is some natural number
(k+1){(k+1)+1}{(k+ 1) +5}is amultiple of 3P (k+1)is
true whenever P (K) is true.

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.
20.10%"-*+ 1 is divisible by 11 Solution:

We can write the given statement as

P (n): 10"-1+ 1 is divisible by 11

If n=1 we get

P (1) =10?1-1+ 1 =11, which is divisible by 11 Which
is true.

Consider P (K) be true for some positive integer k
102 -1+ 1 is divisible by 11

101+ 1=11m, wheremeN ...... (1) Now

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

Here
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102k+1-1+1

We can write it as

=10 2k+2-1+1

=102k+1+1

By addition and subtraction of 1

=102 (10%1+1-1)+1

We get

=102 (101 +1) -10°+1

Using equation 1 we get

=10% 11m-100 +1

=100 x 11Im—99

Taking out the common terms

=11 (100m - 9)

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

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

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

21. x2"—y2"is divisible by x +y
Solution:

We can write the given statement as
P (n): x2"—y2"is divisible by x +y

Ifn=1we get
P(1)=x2*1—y?2*l=x2—y2=(x+y) (Xx—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*—y?*=m(x+y),wheremeN ...... (1) Now
let us prove that P (k +1) is true.

Here

X2k+1) — Y 2(k+1)

We canwrite it as
:XZklxzika.yZ

By adding and subtracting y?< we get
=2 (sz a y2k + yzk) N y2k. yz
From equation (1) we get

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

=m (X + y) X2 + yzk_ X2 _y2k_ yz
Taking out the common terms
=m (X +y) X +y* (X -y?)
Expanding using formula
=m(x+y) X2+ y* (x+y) (X-Y)
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S0 we get
= (x +y) {mx? + 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, statementP (n) is true for all natural numbers i.e. n.

22.32"*2_8n-9is divisible by 8
Solution:

We can write the given statement as
P (n):3*"*2—-8n -9 is divisible by 8

If n=1 we get
P (1) =3**1*2-8x 1-9 =64, which is divisible by 8 Which
is true.

Consider P (k) be true for some positive integer k
3%+2_8k — 9 is divisible by 8

F*+2_8k —9=8m,wheremeN ...... (1) Now
let us prove that P (k +1) is true.

Here

32k+1+2—8(k+1)-9

We canwrite it as

=3%+2 32 _8k-8-9

By adding and subtracting 8k and 9 we get

=32 (3%*2_8k —9+8k+9)—8k-17

On further simplification

=3 (3**2-8k —9) +3?(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

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+1+2_8 (k + 1) —9is divisible by 8 P (k
+ 1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, statementP (n) is true for all natural numbers i.e. n.

23.41"—-14"is amultiple of 27
Solution:

We can write the given statement as
P (n)41" — 14"is a multiple of 27
Ifn=1we get
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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% — 14%s a multiple of 27

41% — 14 = 27m, wheremeN ...... (1) Now

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

Here

A1k +1 — 14 k+1

We canwrite it as =

41%. 41 - 14 14

By adding and subtracting 14 we get
=41 (41% — 14k + 14%) — 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. 27Tm + 27. 14«

By taking out the common terms

= 27 (41m — 14¥)

= 27r, where r = (41m — 14%) is a natural number
So 41k*1 — 14+ 1is 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 canwrite the given statement as
P(n):(2n +7) <(n + 3)2

Ifn=1we get
21+7=9<(1+3)*=16 Which

is true.

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

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

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

We can write it as

={2(k+1)+7}

From equation (1) we get
(2k+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
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Here k? + 6k + 11 < k? + 8k + 16

We canwrite 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, statementP (n) is true for all natural numbers i.e. n.



