Class : 11th
Subject : Maths
Chapter : 4
Chapter Name : Principle of Mathematical Induction

Exercise 4.1

Q1 Prove the following by using the principle of mathematical induction for all n € N:
14+3+32+...+3 1= {3—2_”
Answer.

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

P{n):1+3+32+...+3"_1———@

Forn = 1, we have

Ot

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

, which is true

k_
143482 4.0 b 8= (321)

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

1484924, 301y gltl-1

= (1+3+32+...+3k—1)+3k

(3-1) | ok
2 43

2
C(142)3*1

2
_ 33" -1
S
3k+l !
= T
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 l.e.,
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Q2 Prove the following by using the principle of mathematical induction for all n € N:

: 2
P42 43+ +nd= (_“(“;”)

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

i 2
134+2° 413834 +nd= (n{ﬂgkl})

Forn =1, we have

Forn = 1, we have

P{l):13=1:(ﬂgz(%)

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

2
—12=1

2
1 B8 e +k3=(k(k2+l})
We shall now prove that P(k + 1) is true.
Consider

1%epgdg gy 4 B (Re-ip
2
_ (k{k;—l]) + (k+1)® | Using (i)]

k*(k +1)2
220
K2 (k+1)% +4(k+1)3
4
(k+1)?2 {K* +4(k+1)}
4
(k-+1)* {K*+4k+4)
4
(k-+1)2(k+2)*
4
(k1) (k+1+1)°
- — 2
=(P+22+3+....+F) +(k+1)* = (—“”””2‘*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 l.e.,
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Q3 Prove the following by using the principle of mathematical induction for all n € N:

1 1 1 _ _2n
1+ (1+2) T (14243) Fresit (14+2+3+...m) ~ (n+1)
Answer.
Let the given statement be P(n), i.e.,

. 1 1 1 _ 2
P(n): 1+ mtmasttimsrs= n-?l

Forn =1, we have
Pl):1=2L=2-1

41~ 2
Let P(k) be true for some positive integer k, i.e.,
1 1 1 _ 2% .
1+1—+2‘+...+]+2+3+...+m—m ............ (1)
We shall now prove that P(k + 1) is true.
Consider
1 1 1 1
1+ T tTies Tt T 14242+ k+(k+1)
_ 1 1 1 1
- (1 + 1+2 e 1+2+43 Tt 1+2+3+.k) + 14243+, . +k+(k+1)

_ 2k 1 . 5
=1 T 142+3+. . +h+(kt+1) [ Using (i) ]

2% 1 __ n{n+1)
—m+“mj‘|:l+2+3++nn— P i|
2
2k 2

(k-+1) + (k+1)(k+2)
_ 2 g &
= o (k+ )
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Q4 Prove the following by using the principle of mathematical induction for all n € N:

1.23+234+...+nn+1)(n+2)= n[n+1}(n:2}(ﬂ+3}

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

P{n) :1.234+234+4...+ 'n.(n+ 1)(n + 2) —

Forn =1, we have o
P(1):12-3= 6= M00209 _ 134 _ g whichis true
Let P(k) be true for some positive integer k, i.e.,
125428 Aok Kl D7) = DEDEBBIB s 0
We shall now prove that P(k + 1) is true.

Consider

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




1234234+ ...+ k(k+1)(k+2)+ (k+1)(k+2)(k+3)
={123+234+...+k(k+1)(k+2)}+ (k+1)(k+2)(k+3)

 k(k1)(k+2)(k43) s
= y +(k+1)(k+2)(k+3) [ Using ()]

= (k+1)(k+2)(k+3) (£ +1)
(R (RA2) (RA3) (k+4)
B 4

(k1) (R+14+1)(R+1+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 l.e., n .
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Q5 Prove the following by using the principle of mathematical induction for all n € N:

n— n+1
134282 -3 8% b v cob 8= -‘Q}:,u
Answer.
Let the given statement be P(n), i.e.,
i 741
134232 +33°+... 4 ngr= 2T 43

P(n) :

Forn =1, we have

£, 141 2,
P(l):13=3 =2XUI 8 _98_1D_g4
Let P(k) be true for some positive integer k, i.e.,

_ (2k-1)3*"143

1.3+23° 483 +...+k¥ =" — (i)
We shall now prove that P(k + 1) is true.
Consider

1.3+23°+3.3 +... + k3F + (k+1)3!
= (1.3 S L L k.s") (k4154

o ket-1
= BT B L (k+1)3**! [ Using (i)]
_ (2k-1)3*1 434 4(k+1)35"
- 4

3P {2k—1+4(k+1)}+3

4
3k+1{6k+3}+3



4
3%1.3{2k+1}+3

4
3o 1}43
- 4
_ {2(k+1)-1}3*D143
= 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

e, n.
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Q6 Prove the following by using the principle of mathematical induction for all n € N:
1.2+23+34+...4n.(n+1) = [M;—(ﬂ}

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

PM):1.2+23+34+...4n-(n+1)= [w]

3
Forn = 1, we have

P(1):1.2=2= 1“*1;“”’ —1d3
Let P(k) be true for some positive integer k, i.e.,

1.2 498 4 8l cuarb B (Bf-X) = [w}

3
We shall now prove that P(k + 1) is true.
Consider
1.2+23+34+ . +kik+1D)+k+1).kt+2)
=[1.2+23+34+ ... +k(k+ 1]+ &+ 1.(k+2)
= MEDED | (k+1)(k+2) [ Using (i)
= (k+1)(k+2) (l;--i-l)

(k1) (R+2)(k+3)

= —

(k1) (k+141)(k+142)

- 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.

= 2which is true.
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Q7 Prove the following by using the principle of mathematical induction for all n € N:

n(4n?+6n—1
1.3+35+5.7+...+ (20— 1)(2n+1) = 2200



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

Pm):1.3+35+57+...4+(2n—-1)(2n+1) =
Forn =1, we have

P(1):13=3= 101000 _ 46
Let P(k) be true for sorne positive integer k, i.e.,

2 o
13435 +5.7+....+2k— )2k +1) = 2D )

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

(1.3+35+57+...+(2k—1)(2k +1) + {2(k+ 1) — 1}{2(k+1) + 1}

n(4n’+6n—1)
3

, which is true

= B
= 3

k(4k*+6k—1) . .
:T+(2k+2—1}(2k+2+1) [ Using (i) ]
= M) | (2k+1)(2k + 3)

k(4k®+6k—1
_ MUY 4 (4k? + 8K+ 3)
k(4K +6k—1)+3 (4k*+8k+3)
3
4k* 6k —k+12k7+24k+9
3

45 +18K*+93k+9
3
AR+ 14K+ O+ 4k +14k+9
3
k(4h*+14k+9)+1 (4k>+14Kk+9)
3
(k+1) (45" +14k+9)

(k+1]{4k?;+8k+4+ﬁk+ﬁ—1}

(k+1}{4(k2+;k+1)+ﬁ(k+l}—1}

(k+1}{4{k+1)9fﬁ{k+1j-1}

Thus, P(k + 1) ?s 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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Q8 Prove the following by using the principle of mathematical induction for all n € N:
12+222+3.2 +...+n2°= (n—1)2"" +2

Answer. Let the given statement be P(n), i.e.,
Plri) : 1.3+22° 4898 400 = (n="1)2""14-3

™



rorn = 1, we nave
P1):12=2=(1-1)2""+2=0+2=2,

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

13 S - 1685 (B =2 D i)
We shall now prove that P(k + 1) is true.

Consider

{L2+1?+32?+”,+k?}+(k+n-?H
= (k—1)2%1 2 4 (k 4+ 1)24H

=2 k—1)+(k+1)}+2

=2ok1.9k 1 2

- k.2(k+])+1 +92

= {(k+1) —1}2%+D+1 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.
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Q9 Prove the following by using the principle of mathematical induction for alln € N:
T4+t + =1

Answer. Let the given statement be P(n), i.e.,
P):z+g+5+.-+p=1-x
Forn
P(1):
Let P(k) be true for some positive integer k, i.e.,
1,1, 1 1 _ 1
5+z+§+.-.+;—1— o

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

1, we have
=1-1= L which is true
2t 2

b3 |=

Consider
1 1 L
(E+i+§+ ----- +§)+*1" ine(i
1 1 [using(i))]
= (1_¥) + 23“1
— e L 2
=1 o + e

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
ie., n.
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Q10 Prove the following by using the principle of mathematical induction for alln € N:

1 1 1
2—_5+ﬁ+§:1—1+...+

(3n— 1}(311+2} {6n+4)

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

R ST S 1 __n
P(n): 25 Tes T Tt (3n—1)(3n+2)  (6n+d)

Forn =1, we have

1 1 1 1 PR
P(1) = 35 = 15 = 3154 — E,Whl(‘hlStI‘UE‘.

Let P(k) be true for some positive integer k, i.e.,
1 1 1 1 _k .
3stsstggt--t B D@EE2) — OFid wee(l)

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

(3k—1)(3k+2) ' {3(k+1)—1}{3(k+1)+2}

1 1 1 1 1
se Tis T+ + +
= k ; S L [ Using (i)]

+

(3k+3—1)(3k+3+2)
1

= 6k+4 (3k+2)(3k+5)
.k
- 3k+2} *

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

3k4—5 )

k(3k+5)+2 )

(5+

= {3k+2)( 2(3k+5)
(
(

(3k+2}

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

(3k+2}

(3k~1 2)
_ {k+l
~ 6k+10
(k1)
6(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
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Q11 Prove the following by using the principle of mathematical induction for all n € N:
1 1 1 1 __ n(n+3)
123 T 234 It 3.4.5 Frewsl; n(n+1)(n+2)  4(n+1)(n+2)




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

1 4 1 4 1 4+ 2L 1 . n(n+3)
1.2.3 234 ' 345 ' 77 antl)(n+2) T 4(n+1)(n+2)
Forn =1, we have

R D 0 C 2 ) I I S | .

P(l) " 123 T 4+n)(+2) 423 T 123’ which is true
Let P(k) be true for some positive integer k, i.e.,

111 1 _ k(k+3) )
123 7 234 7 345 "7 0 k(k+1)(k+2)  4(k+1)(k+2) e
We shall now prove that P(k + 1) is true.
Consider

LRI SR I 1 + 1

123 7 234 7 345 T T R(k+1)(k+2) (k+1)(k+2)(k+3)
_ k(k+3) 1 ) .
= W) ke2) T D2 (k53 [ Using (i)]
_ 1 k(k+3) 1
- (k+1}{k+2i{ 4 k3

. 1 { k(k+3)*+4 }
T (k+1)(k+2) 4(k+3)

- 1 k(k*+6k+9)+4
T (k+1)(k+2) 4(k+3)

k3 4+-6k24+9k+4
4(k+3)

{ K342k 4+ k+4k? -+ Bh+4 }

{k+l (k+2}

{k+ 1}(k+2} 4(k+3)

(k+1}(k+2) 4{k+3)
- 1 { k(k+1)2+4(k+1)2 }
T (k1) (R+2) 4(k+3)
(k+1)*(k+4)
4(k+1)(k+2)(k+3)
(k+1){(k+1)+3}
T AR+ (k1) 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
ie., n.

ko(k?+-2h-+1) +-4 (K2 +2k-+1) }
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Q12 Prove the following by using the principle of mathematical induction for all n € N:
atar+ar’+...+ar" = a(i_ll}

Answer. Let the given statement be P(n), i.e.,
a(r*—1)

TN i e A1 I oaati=1



i) @ 7 Wl T Wir 1 e .. T W —

r—1
Forn =1, we have
-1
P(l):ia= a{(:—lj) = a, which is true.
Let P(k) be true for some positive integer k, i.e.,

9 L1 a('rk—l} ;
at+art+ar‘+....... +ar®™ "t = ——— e (1)
We shall now prove that P(k + 1) is true.

Consider
{a t+ar+ar’+...... + ark_l} + grikt1)-1
( ok 1) [ Using(i) ]
+ ar®
a (T - 1) +ark(r—1)
B r—1
a (-rk —1)+ ar®t! — arF
- r—1
_ arf—atartt—art
- =1
arktl_qg
r—1
a(r*+1-1)
- r—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.
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Q13 Prove the following by using the principle of mathematical induction for all n € N:
2n+1
(1+%) (1+§) (1+%)...(1+$) (n+1)2

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

P(): (1+32) (1+3) (1+1).. (1+ 22) = (n+1)?
Forn = 1, we have

P(1): (1+2) =4=(1+1)? =2 =4,

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

(1+%) (1+§) (1+%)...(1+ (211”) =(k+1)2...Q1)

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

(048) (0 9) 1 D) (o 52 o 252

= (k+1)? (1+ 220 [ Using (1) ]




\ \VEL)= T T

. o [ (k+1)*+2(k+1)+1
=(E+1) [ (k+1)? }

=(k+1*+2(k+1)+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.
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Q14 Prove the following by using the principle of mathematical induction for all n € N:
(1+ %) (1+—;~) (1+§) (1+e};) =(n+1)

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

P(n): (1+%) (1+%) (1-4—%) (1+%) =(n+1)

Forn =1, we have

P(1): (14 1) =2 = (1+1), whichis true

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

Pi): (1+2) (1+3) (1+3) - (14 2) =k +1) )

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

(1+3) (1+3) (1+3) - (1+3)] 1+ )

=(k+1) (1 + -kl—l) [ Using(1) |
= (k-+1) (&)

(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
ie.,n
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Q15 Prove the following by using the principle of mathematical induction for all n € N:

124324 52 ... + (20 — 1)2 = 2enDEHD

Answer. Let the given statement be P(n), i.e.,
2 2 2 n(2n—1)(2n+1)
Pn)=1"+3"+5"+...+(2n—-1)* = ————



Forn =1, we have
Pl =12=1= 1(2‘1_1;(2‘”1} — 1-;'3 = 1, which is true.

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

k(2k—1)(2k+
Pk) =12+ 3%+ 5% +...+ (2k—1)> = XD )
We shall now prove that P(k + 1) is true.
Consider

{12+32+5%+...+(2k—1)2} + {2(k + 1) — 1}?
= w + (2k +2 — 1)* [ Using (1)]
_ k(2k—1;{2k+1) +(2k+1)?
k(2k—1)(2k+1)+3(2k+1)?
3
(2k+1){k(2k—1)+3(2k+1)}
3
(2k+1){2k*—k+6k+3}
3
(2k+1){2k*+5k+3}
3
(2k+1){2k*+2k+3k+3}
3
(2k+1){2k(k+1)+3(k+1)}
3
(2k+1)(k+1)(2k+3)

3
(k+1){2(k+1)—1}{2(k+1)+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

ie., n.
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Q16 Prove the following by using the principle of mathematical induction for all n € N:

1 1 1 1 - mn
Wto Tt T Gmoe — Gl

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

P | 1 1 1 _ n
P(n): Tttt (3n—2)(3n+1)  (3n+1)

Forn =1, we have

_ 1 _ 1 _ 1 _ 1 s
P{I)_ﬁ_m_z—ﬁ,whmh:strue.

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

1 1 1 1 _ _k
P(k) = Tttt T (3k—2)(3k+1) ~ 3k+1 sresennenn(1)

We shall now prove that P(k + 1) is true.
Fn“ﬂ;{"ﬂi‘




LULIDIUT L

1 1 1 1 y
{"1'.‘& Tttt (3k—2)(3k+1) } & Bl 1) —2H{B(kr 1)1}
_ _k 1 :
= % T ey L sing (]

1 1
(3k+1) {k + (3k+4)
1 k(3k+4)+1
- {3k+1){ (3k+4) }
_ 1 {3k2+4k+1}
TOBk+1D) L (3k+4)

_ 1 3k24-3k+k+1

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

_ (Bk+1)(k+1)

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

_ (k+1)

T O3(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
ie., n
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0 17 Prove the following by using the prmmple of mathematical induction for all n € N:
35+ a7 t35 Tt 205 -
3 5 5 R T (2n+1)(2n+3) ~  3(2n+3)

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

1 1 1 — L)
P(n): tartagt-ot (2n+1)(2n+3)  3(2n+3)

Forn= 1, we have

Pil) s ﬁ = 3(2_i+3} = ﬁ , which is true.

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

. I 1 1 1 s
P(k) : s TEr gt (2k-+1)(2k+3) ~  3(2k+3) (1)

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

Consider
1 1 1 1 1
[ﬁ TEmTT T (2’=+1)(2k+3)} 23 {2(k+1)+1}H2(k+1)+3}
B 3(2k+3l + (2k+3}{2k+5} [Using(1)]
- §
= w3t (2k+5}]

. 1 k{2k+5}+3
T (2k+3) | 3(2k+5)
1 [2k+5k+3
" (2k+3) | 3(2k+5)
1 [2K+ok+3k+3
T (2k43) | 3(2k+5)

Fartft.sv.afr sy




1 LR\ K+ L) +3 | K+ 1)
= [2k+3) { 3(2Kk15) J
_ (k+1)(2k43)
T 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.
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Q18 Prove the following by using the principle of mathematical induction for all n € N:
1+2+3+...4+n< ¢(2n+1)

Answer. Let the given statement be P(n), i.e.,
P(n):1+2+3+...4+n< £(2n+1)®
It can be noted that P(n) is true for n = 1 since 1 < %(2.1 + 1)2 =

Let P(k) be true for some positive integer k, i.e.,
1+2+...+k< 2(2k+1)%.....(0)

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

(14+2+...+k) + (k+1) < 5(2k+1)*> + (k+ 1) [ Using (1)]
<z{(2k+1)*+8(k+1)}
< 3{4K® + 4k +1+8k+8}
I
< {4k’ + 12k + 9}
1 2
< 3(2k+3)
1 2
< #{2(k+1)41}
Hence, (1+2+3+...+k)+(k+1) < 32k +1)°+ (k+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.

oo|w
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Q19 Prove the following by using the principle of mathematical induction for all n € 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) 1s true torn = 1 since 1 (1 + 1) (1 +5) = 12, which 1s a multiple ot 3.
Let P(k) be true for some positive integer k, i.e.,

k (k + 1) (k + 5) is a multiple of 3.

Sk(k+1)(k+5)=3m,wheremeE€N ... (1)

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

Consider

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

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

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

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

=3m+ (k+1){2(k +5) + (k+2)}

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

=3m+ (k+1){2k +12)

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

=3{m+ (k+1)(k+4)} =3 x q, where g = {m + (k+ 1)(k + 4)} is some natural number
Therefore, (k + 1){(k + 1) + 1}{(k + 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.
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Q20 Prove the following by using the principle of mathematical induction for all n € N:
10" ! + 1 is divisible by 11

Answer. 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 k, i.e.,
10%1 4 1 is divisible by 11.

2. 10%7!1 41 = 11m, wherem € N...(1)

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

102[k+1]—1 47
— 102.‘(:4-2--1 Sy |

wnd fantbsl © w0 &N v s



=1U‘K1U”" '+l—1}+l

— 10? (10”’*—1 i 1) ~10% +1

=10%- 11m — 100 + 1 [ Using (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
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Q21 Prove the following by using the principle of mathematical induction for all n € N:
x?* — 4% is divisible by z + y

Answer. Let the given statement be P(n), i.e.,
P(n) : 2*" — y*" is divisible by = + y .
It can be observed that P(n) is true forn = 1.
This is so because 22 x 1 — y% x 1 = 2? — y? = (z + y)(z — y) is divisible by

(z + y).

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

2k — 42k is divisible by = + .

sz — y** = m(z +y), wherem € N...(1)

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

Consider
p2(k+1) _ yﬁ{kﬂ)

— gk . g2 g2k g2
— 22 (2k — 2k 4 g2K) — 2k g2

=2* {m(e +y) +y™*} —y™ -y* [Using (1)]

- m{z +y)$2 + yﬁk ) I2 s y2k ; y2

= m(z + )22 + y** (2 — 1?)

=m(z +y)z? +y*(z +y)(z - y)

=(z+y) {','1'1.15'2 + y*(z — y]} , which is a factor of (z + y)

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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Q22 Prove the following by using the principle of mathematical induction for all n € N:
3%n+%2 _ 8n — 9 is divisible by 8



ANSWEL LEL LI Z1VEID S5LALEINEIL DE F(I1), L.E.,
P(n) : 3% — 8n — 9 is divisible by 8
It can be observed that P(n) is true for n = 1 since 32*'*? 8 x 1 -9 =
64, which is divisible by 8 .
Let P(k) be true for some positive integer k, i.e.,
32k+2 _ 8k — 9 is divisible by 8 .
. 3%+2 _ g8k _ 9 =8m; wherem e N...(1)
We shall now prove that P(k + 1) is true whenever P(k) is true.
Consider
32{k+1)+2 _ B(k + 1) —9
=3%+2.32 8k -89

— 32 (32k+2—8k—9+8k+9) _8k—1T

=32 (3%+2 — 8k — 9) + 3%(8k +9) — 8k — 17

= 9.8m + 9(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 = (9m + 8k + 8) is a natural number
Therefore, 3*K71+2 _ g(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
ie,n
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Q23 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% — 14* is a multiple of 27

. 41% — 14% = 27m, wherem € N... (1)

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



=41%.41 - 14*. 14

=3 (41’c _ 14k 4 14’“) _14%.14
— 1 (41‘c . 14’“) +41.14% — 14%. 14

— 41.27m + 145 (41 — 14)
= 41.27m + 27.14%

= 27 (41m — 14*)
=27 X r, wherer = (41m — 14"‘) is a natural number

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.
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Q24 Prove the following by using the principle of mathematical induction for all n € N:
(2n+17) < (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 forn = 1 since 2.1 + 7 = 9 < (1 + 3)?
= 16, which is 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

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

S{2k+ 1)+ 7} =(2k+T7)+2<(k+3)2+2 [using(1)]
2(k+1)+7<k®+6k+9+2

2(k+1) + 7 < k* + 6k + 11

Now, k% + 6k + 11 < k® + 8k + 16

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

2k +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
l.e., n
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