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EXERCISE:- 4.1

Question 1:

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

(5

2

14343 +..+3"" =

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

(1)

P(n): 1+3+3+ .. +31= 12

For n =1, we have

5
P(1):1= 2 2 2 which is true.

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

13" -1

14343 +..+37" =

i)

We shall now prove that P(k + 1) is true.
Consider
14343+ .+ 3 4 3k

=(1+3+3+... +3)+3
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= +3 [Using_ {i}]

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

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., n.

Question 2:

Prove the following by using the principle of mathematical induction for

n(n+1))
)

P+2°+3 4+ +n :[
2

alln € N: .

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

n(n+1))
)

P+2+3 4. +n :[ ;

P(n): \

For n =1, we have

P(1): P=1=\ 2 2 , which is true.

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

Created By Kulbhushan www.Kulbhushan.freevar.com



EDUCATION CENTRE
Where you Get Complete Knowledge

P23 ok :(MJ (i)
2

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

B42+3+ ke +(k+ 1y

=[“2"”T+(k+|}‘ [Using (i)]

=J[f“f—+]]+{.ic+l}1
kK (k+1) +4(k+1)
) 3
(& +l}:{k: +4(k+|}}
4
_{k+1}?[k’+4k+4}

4
(k+1Y (k+2)

4
(k1) (k1)
B 4
:[{k+l}{k+l+l}]:
=(+2+ 3+ k) + (k+ 1) 2

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

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., 7.

Question 3:

Prove the following by using the principle of mathematical induction for
I I | 2n

+ - +..+
allnen (+2) (1+2+3) (142+43+.) (n+1)
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Let the given statement be P(n), i.e.,

1 1 1 2n
] —t —+..+ =
P(n): 1+2 1+2+3 1+2+3+.n n+l

For n =1, we have

2.1

21 _2
P(l): 1=1+1 2

which is true.

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

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

1 e A1)

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

Consider

I I I l

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

=( ML S ! ]+ !

1+2 1+2+43 I+2+3+ k) 14243+ +k+(k+1)
_ 2k N 1

k+1 142+3+. +k+(k+1)
_ 2k N l

k+1 ([k+l][k+l+|]]

L 2

2k N 2
(k+1) (k+1){k+2)

[Using (1)]

n(n+1)

{I+2+3+...+}.‘r:

={&iﬂ[k+k12]

Created By Kulbhushan www.Kulbhushan.freevar.com



EDUCATION CENTRE
Where you Get Complete Knowledge

2 F{fuzm‘
kel k42 J
2 (:mz;m
(k+1) k+2

C2-(k+1)

{k+l}{k +2)

_“{k+l}
T (k+2)

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

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., n.

Question 4:

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

+234+ ... +tnn+1)(n+2)= 4
Let the given statement be P(n), i.e.,

n(n+1){n+2)(n+3)
P(n): 123 +23.4+ ... +n(n+1) (n+2)= 4

For n =1, we have

(1+1)(142)(1+3) 1234
P(1):1.23=6= 4 4 , which is true.

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

k(1) (k+2)(k+3)
1234234+ .. +k(k+1)(k+2) 4

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

Consider
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123+234+ .. +kk+1)(k+2)+(k+1)(k+2)(k+3)

= (123+234+ . +k(k+1)(k+2)} + (k+ 1) (k+2) (k+3)

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

=H+4HR+EHE+H[%+q

(K+1)(hk+2)(k+3)(k+4)
4
_ (k1) (k+1+1)(h+14+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(#) is true for all natural
numbers i.e., n.

Question 5:

Prove the following by using the principle of mathematical induction for

. (2rn—1)3""+3
13423 433 . 4+n3' =
alln € N: 4

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

W (213743

13423 +3.3 +...4+n3" =
P(n):

For n =1, we have

P(1):13=3 4 4 4 " whichis true.
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Let P(k) be true for some positive integer &, i.e.,

C(2k-1)3""43
- 4

[3+2.3 +3.3 4.+ 43"

We shall now prove that P(k + 1) is true.
Consider
1.3+2.32+3.3+ ...+ k3 (k+ 1) 3~

— (134232433 + . +k3)+ (k+1) 3

={2k_]::1_3{ I+3+{k—|—]]3"“" [LJ:ﬂ'ng {i}]
(213 3 - A1) 3
o E
3 2E — 1+ Ak +1)F 3
- a
3 ek + 31+ 3
o E1
3 32k + 1+ 3
)
I e e e
o 4
12058 =1y —a}p3" " -3
2

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

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., 7.

Question 6:

Prove the following by using the principle of mathematical induction for

1)(n+2
1.2+2.3+3,4+,.,+n.{n+1}=[n(”+ )+ }}

all n € N- 3

Let the given statement be P(n), i.e.,
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1)(n+2
12+23+34 +...+n.{n+1}:|:n{”+ )+ }}

P(n): 3

For n =1, we have

R
Ly 10D(1+2) 123

P(1): 3 3 , which is true.

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

-

=

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

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

Consider

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

KAL) |ty (ke2) [Using (i)]

2

:(k+|]{k+2]|f£+]\|
&3 r

(k+1)(k+2)(k+3)
3
(F+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(#) is true for all natural
numbers i.e., n.

Question 7:
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Prove the following by using the principle of mathematical induction for

nldn® +6n—1
1.3+43.5+5.7+...+(2n-1)(2n+1) = { )
alln € N: 3

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

nl4n’ +6n-1
1.3+3.5+5.7+..+(2n-1)(2n+1) = { )
P(n): 3

For n =1, we have

o H4r+60-1) 446-1 9
P[I]:]..J=J= = - = —= 3

3 3 3, which is true.
Let P(k) be true for some positive integer £, i.e.,

o k(4k +6k—1) |
L3+35+5. 7+ .+ (2k-1)(2k+1) = - Y
3

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

(13+35+57+...+QRk—-1)2k+ 1)+ {2(k+1)-1}{2(k+ 1)+ 1}
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k(4" +6k-1)

= 3 +(2k+2=1)(2k+2+1) [Using ()]
k(4k" +0k -1
= [ ; )+{2k+l}{2&+3}
k(4k" + 6k =1
K o )+(4E+s,¢-+3]
B

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

5

|

Ak 6k —k+124 + 24K +9

-
3

46" + 18k +23k+9
) 3

A+ 147 + Ok + 447 +14k +9
) 3

k(45 + 14k +9)+1(4k° +14k+9)
) 3
(A1) (4K +14449)

3

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

-
]

(K +I}{4(k: +2k+1)+6(k +|]—I}
- 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(#) is true for all natural
numbers i.e., 7.

Question 8:

Prove the following by using the principle of mathematical induction for alln € N: 1.2 +
222432+ ... +n2'=mn—-1)2"+2

Let the given statement be P(n), i.e.,
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P(n):1.2+2.22+3.22+ ... +n2"=(n—-1)2""+2

For n =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 %, i.e.,
1.2+222+3.22+ ...+ k2 =(k=1)2""+2 ... (1)

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

Consider

24228432+ + k2 +(k+1)-2"
(A=1)2""+2+(k+1)2"
25 (k=1)+(k+1)}+2

—m,

=22k 42
— k,]“"“ 2
={(k+1)-1}2""" 42

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

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., n.

Question 9:

Prove the following by using the principle of mathematical induction for

11 1 1 |
—t—+—+,  +—=1-—

allmeN: 2 4 8 2" 2"

Let the given statement be P(n), i.e.,
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For n=1, we have

1 |

P(1): 27 2 _E,Which is true.

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

| .
ST T M — e (1)

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

Consider

:(l_LJ_F]_ [Using (i)]

- 2&11
Thus, P(k + 1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., n.

Question 10:

Prove the following by using the principle of mathematical induction for

S I n
—t—t—...
25 58 811 (Ba-1)(3n+2) (6n+4)

alln € N:
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Let the given statement be P(n), i.e.,

] ] ] 1 "

+ + +...
2558 811 (3n-1)(3n+2) (6n+4)

P(n):
For n=1, we have

I I I

P(1)=

10 6.1+4 10 which is true.

1
2.5

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

I 1 I I k .
—+—+ +ot = (i)
25 58 811 7 (3k-1)(3k+2) 6k+4
We shall now prove that P(k + 1) is true.
Consider
: + L S ! + !
25 58 811 (3k=1)(3k +2) {3(k+1)=1}{3(k+1)+2|
k 1 e
Tek+4 (3k+3-1)(3k+3+2) [Using (0]
k 1
T 6k+4  (3k+2)(3k+5)
k I

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

1 [i+ 1 ]
(3k+2)L2 3k+5
1 [ k(3k+5)+2)
3k +2)L 2(3k+5) J
1 (3K 4Sk+2
3k +2)| 2(3k+5) |
o ’[3ff+2}(£z+|}“‘|
(3K +2) 2(3k+5)
_(k+1)

6k +10

(&+1)

T e(kr1)+ 4
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Thus, P(k + 1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., 7.

Question 11:

Prove the following by using the principle of mathematical induction for
I ] I n(n+3)
+ to =
234 345 n(n+1)(n+2) 4(n+1)(n+2)

|
123
I

alln € N:
Let the given statement be P(n), i.e.,

] . | - nfn+3)
3.4.5 e n(n+l][n+2} - 4(n+ I]{H+2}

T d
b
W=
. =

P(n): l.2.:
For n =1, we have

| 1-(1+3) 1.4

P['}:1.3.3=4{1+|}(1+2}=4~2-3_1-

-

* , which is true.

I | =

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

k(k+3)
+...+ =
1-2-3 2:3:4 345 k(k+1)(k+2) 4(k+1)(k+2)

+

(1)

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

Consider
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| 1 1 1 |
[|-z-3+2-3-4+3-4-5+ “““ +k{k+|](;{+z]}{mu{mz)(ms}
k(k+3) . |
4{k+l} k+2) (k+1)(k+2)(k+3)

1 .[ku-+3)+ 1 }

[Using (i)]

k(k +6k+9)+4
4{£+1}

—
=
+
—
\-.-
—_—
,'.h-.
+
[
[
P, ————,

K6k +9% +4
4[.& +3:|

2)|

K +26 +h+4k> 8k +4]
Tk (k+2)) a(k+3) |

Jk[k #2k+1)+4(k + 2k +1)|

[ 4(k+3) J

o {k{k+l]:+4[k+lf]
(k1) (k+2) 4(k+3)
(k1) (k+4)
CA(k+1)(k+2)(k+3)
(k1) {(k+1)+3)
(k1)1 (k+1)+2]

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

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., 7.

Question 12:

Prove the following by using the principle of mathematical induction for

. | c.r{r" —I}
a+ar+ar +..rar’ =
all n € N: r—1
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Let the given statement be P(n), i.e.,

u{ '”—I}

Pl{n}:f.-i—;:u'—l-f.u'J totar” = ]
I' —_

For n =1, we have

a(r" —I) )

(r=1) " Which is true.

P(l):a=
Let P(k) be true for some positive integer £, i.e.,

a+ar+ar’ +....... +ar’ = ... (1)

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

Consider

{a+crr'+m':+ ...... +ar '} gt

:M(P—I]}+w‘¢ [USinE’(i}]

-

r:[r“ —]]—I— ar' (r-1)

r—1
B u(r{ —]}+ ar'™ —ar’
r—1

ar' —a+ar' —ar

=1

ar'' —a

Thus, P(k + 1) is true whenever P(k) is true.
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Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., 7.

Question 13:

Prove the following by using the principle of mathematical induction for
|'{ i 2 I 2
| 1+£][l+E J[l+i].,,[l+{ " ]] =(n+1)

alln eN: * I 4 9 n

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

P{”}:[H%J[Hg [I4h%],,,[l+'izii;:r”]:{mr+|}J

For n =1, we have

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

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

[1+ﬂ[|+%—]{|%}..[H{Eif]}]:{k+1)3 - (1)

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

Consider

(G R e

=(&+|]"[|+%] [ Using(1) ]

=H+I}3[{#+1}1+2{k+l}+li

3

(k+1)
(k+1) +2(k+1)+1
={(k+1)+l}:
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Thus, P(k + 1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., 7.

Question 14:

Prove the following by using the principle of mathematical induction for
/ Y
L] +l]{l +% [1 ——l]...[[+l]= (n+1)

alln € N: ¥ 203 ”

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

I+%]fl+£|[ |+%]:{n+l}

\

P(H}L(1+TI]/

LY
For n =1, we have

P{I}:[I+H:2:{l+l]

, which is true.

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

P(A-):[|+ﬂ[|%)(H%}..[uﬂ:(mu ()

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

Consider
]
1+—

[ G e

:(k+l}£l+%] [Using (1)]

+1

=(k+.}[ii;{”

=(k+1)+1
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Thus, P(k + 1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., 7.

Question 15:

Prove the following by using the principle of mathematical induction for

P43 45 4+ (2n-1) = n(2n=1)(2n+1)
alln € N: 3

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

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

P(H}: 1" +3°+5° +.,,+l[21'ﬁ1—|]j =

Form =1, we have
H(2.0-1)(2.1+1) 1.13

-
A 2

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

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

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

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

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

{Iz +3 454 (24 —I]:}+{2{k + I)—I}:
qumz_u’ [Using (1)]
(2k=1)(2k+1)
3
)

_ k(2k—1) (24 +1)+3(24 +1)

B
2

(k) {k(2k-1)+3(2k +1)]
- 3
={2k+|){2k:—k+ﬁk+3}

-
-
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(2k+1){2k° + 5k +3}

3
(2k +1){247 + 2k +3k +3

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

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

3
(k+1)f2(k+1)~1}{2(k+1)+1]

-
-

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

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., n.

Question 16:

Prove the following by using the principle of mathematical induction for

M

| 1
+... =
14 47 710 7 (3n-2)(3n+1)  (3n+1)

all n € N:
Let the given statement be P(n), i.e.,

I I I I "

P —t— et =
(n) 14 47 700 (3n=2)(3n+1) (3n+1)
For n=1. we have
1 1 1 1 C
P(1)=— =——=—=—. which is true.
1.4 3.1+1 4 14

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

P(;‘-}:lJ,LJ,LJr__Jr ] = k
1.4 47 7.10 (34 -2)(3k+1) 3k+1

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

Consider
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R ! !
l

14 47 7.10 '"+[3k—2}{3k+lJ 1B3(k+1)=2}{3(k+1)+1]

A ! [Using {]}]

T3k+l (3k+1)(3k+4)

3.&+I 3+4

G
GA+I{A+GA+4}
R ~a+4}+|}
)|

O jja--+-4a-+1}
(k1) | (3k+4)

_ 1 [3&:+3£+k+ﬂ
Gk+1y|  (Gk+4) |
(3k+1)(k+1)

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

~ (k+1)

3 (k+1)+1

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

Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., n.

Question 17:

Prove the following by using the principle of mathematical induction for
1 1 1 1

et o
35 57 T {E:}+1}{2u+3} 3(3n+3]

alln € N:

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

] ] | ] n
f—t—t .+ =

P :
{”} 35 57 79 {2n+1}(2n+3} 3[2n+3}

For n =1, we have
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s 1 |

P(1)iz=1

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

I I I

Pik): —+ ... = -1
K3 5%57 79 ha )2k +3) " 302k +3) ()
We shall now prove that P(k + 1) is true.
Consider
: + ! + : +..+ : + :
35 57 79 7 (2k+1)(2k+3) | [2(k+1)+1}{2(k+1)+3)
k l [Using {I)]

T3(2k+3)  (2k+3)(2k+5)

R |
_{2k+3)_3+{2k+5}}
[k

1 (2k+5)+3
C(2k+3)| 3(2k+53)
1 2k +5k+3
C(2k+3)| 3(2k+5)

1 [ 2K +2k+3k+3
S (2k+3)| 3(2k+5)
1 [ 2k(k+1)+3(k+1)
C(2k+3)| 3(2k+5)
~ (k+I)(2k+3)
 3(2k+3)(2k +5)

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

Question 18:
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Prove the following by using the principle of mathematical induction for

1+2+3+...+u-c:l{2n+l]1
alln € N: 8

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

]

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

l<—(2.141) 9

| —
Lo a3

It can be noted that P(#n) is true for n = 1 since

Let P(k) be true for some positive integer £, i.e.,
1+2+...+k-::é{2k+1}: (1)

We shall now prove that P(k + 1) is true whenever P(k) is true.
Consider
{I+2+...+k}+{k+l}-::;{2k+l]?+[k+l} [llsing(l}]

1 2 '
{g[[jkﬂ] +$(.ifr+l}}t
{1.[4k1+4k+|+3k+3}

8

e 1
<— 14k +12k+9

gt I

1 2

—(2k+3
<L(2k+3)

|rj 2

—2(k+1)+1
<gl2(k+1)+1}

{l+2+3+...+ﬁ:}+[k+l]«:l[2k+I]:+{k+|}

Hence, 8

Thus, P(k + 1) is true whenever P(k) is true.
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Hence, by the principle of mathematical induction, statement P(#) is true for all natural
numbers i.e., 7.

Question 19:

Prove the following by using the principle of mathematical induction for alln € N: n (n +
1) (n+5) is a multiple of 3.

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 for n =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,wherem € N ... (1)

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

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

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

=Lk (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)

=3{m+{.ﬂ' +1)( & +4}} =3xgq, where ¢ :{m+{_.=’f +1)( & +4}} is some natural number
Therefore, (fc + l}{{k +1)+ 1}{{& +1) +5} is a multiple of 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(#) is true for all natural
numbers i.e., 7.

Question 20:

Prove the following by using the principle of mathematical induction for all n € N: 10>~
'+ 1 is divisible by 11.

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 £, i.e.,

10*-'+ 1 is divisible by 11.

~10%*'+1=11m, where m € N ... (1)

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

Consider
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lﬂ:u +1]-1 +1
=107 41
=107 +1

=107 (1077 +1-1)+1
=107 (10" +1)= 10 +1

=10% 1 lm—100+1 [ Using (1)]

=001 1m—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(#) is true for all natural
numbers i.e., 7.

Question 21:

Prove the following by using the principle of mathematical induction for all n € N: x*" —
y* is divisible by x + y.

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>*' —)?*' =x>— 2= (x + y) (x — y) is divisible by (x + y).
Let P(k) be true for some positive integer £, i.e.,

x* —y*1s divisible by x + y.

sx*—y*=m(x+y), wherem € N ... (1)

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

Consider
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e _ v:u-u

» . » » 44 a
=X (_1,.-"': _}n"" + _-.:-'l' )_ _}.- . __1_1—

=" {m(x+y)+ Tﬂ}_ vy [Using {]}]

= m[.t+ _L'].".'J xSt

=m(x+y)x’+ ™" (1: —_\F}
=m(x+y)x+ " (x+ ) (x-¥)
=(x+y){mx’ + 3™ (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(#) is true for all natural
numbers i.e., n.

Question 22:

Prove the following by using the principle of mathematical induction for all n € N: 3> 2 —
8n — 9 is divisible by 8.

Let the given statement be P(n), i.e.,
P(n): 32— 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 £, i.e.,

3%+2— 8k —9 is divisible by 8.

~3%2 8k —9=8m; where m € 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
=3]J.+J _3! _8;( _3_9
=37 (3% —8k—9+8k+9) -8k —17

3 ['er _8k _t}].;.j.” (8k+9)—8k—17
= 9.8m+9(8k +9) 8k —17
=9.8m+72k +81-8k —17

=9.8m+ 64k + 64

=8(9m +8k +8)

=8r. where r = {*}m + Bk +3] 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(#) is true for all natural
numbers i.e., 7.

Question 23:

Prove the following by using the principle of mathematical induction for all n € N: 41" —
14 is a multiple of 27.

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

P(n):41" — 147is 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 £, i.e.,

41%— 144s a multiple of 27

~41F— 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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4 14t

=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")

k .
=27=r, where r = {4 lm=14 ) is a natural number

k+1

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

Question 24:

Prove the following by using the principle of mathematical induction for all 7€ N
Cn+7)<(n+3)

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 £, i.e.,
QRk+T7)<(k+3)y...(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

A2k +1)+7) = (2k+7)+2<(k+3) +2 Cusing (1)]
2(k+1)+7 <k’ +6k+9+2

2(k+1)+T7 <k’ +6k+11

Now, k™ +6k+11<k’ +8k +16

S2(k+1)+ T <(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(#) is true for all natural
numbers i.e., 7.
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