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Chapter 4
Principal of Mathematical Induction

Exercise 4.1

Question 1

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

1+3+32+.. +3001=8"0
2

Answer:

We can write the given statement as

P(n): 143 +32 4. +3n1i= C2 0
Ifn =1 we get
1_ _
P(n):1=¥ u: %: 1
Which is true?
Consider P (k) be true for some positive integer k
k_
1 + 3 SIS g ........... (1)
Now let us prove that P (K'+1) is true
Here

1+3+32+ +31 4 30D = (14 3432+ . +3k1) 43K
By using equation (i)
_ (3B

=22 3k
2

Taking LCM
_(3k-1)+23K
- 2
Taking the common terms out
(1+2)3k—1
2

We get
_33k—1
T2

3k+1_ 1
T2
P (k + 1) is true whenever P (k) is rue
Therefore by the principal of mathematical induction, statement P(n) is true for all natural number

i.e.n

Question 2
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n (n+1))2

1P+23433+ .+ n’= ( >

Answer:

We can write the given statement as
PMm)13+23+33+ ..+ n®= (@)2
Ifn=1we get

PP =1= (FEDY = (12) 2 g2y

2 2
Which is true?
Consider P (k) be true for some positive integer k

2
P+23 433+ L+ k= () L (1)
Now let us prove that P (k + 1) is true

Here

13+23433+ L+ K3+ k+1)3=(13+23+3%+ ... + k3 + (k+1)°3
By using equation (1)

- (k(k“))z + (k+1)3

2
So we get

2 2
RO 4kt 1)?

Taking LCM
k% (k+1)?+4 (k+1)3
4
Taking the common terms out
_ (k+D2 K%+ 4 (k+1)}

4
_(k+1)2(k+1)?

4
= By expending using formula
_(k+1)2(k+1+1)?

4

~ ((k+1)2(k+1+1)2)2
- 4
P (k + 1) is true whenever P (k) is rue
Therefore by the principal of mathematical induction, statement P(n) is true for all natural number

i.e.n

Question 3

1 1 1 2n

1+m+m+” +

‘T deze3+ ) (D)

Answer:
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We can write the given statement as

1 1 1 2n
P):l+——t——t oo = —
1+2 14243 14243+ .n n+1

Ifn=1we get
21 2

Pl)l=—=-=1
141 2
Which is true?
Consider P (k) be true for some positive integer k
1 1 1 kn
st T s e (1)
Now let us prove that P (k + 1) is true
Here
1 1 1 1
|+ bt it 14243+ +k+(k+1)
1 1 1 1
- (1 N 1+2+3+.k) 1 o ke
By using equation (i)
2k
Tkl | 142434kt (k+1)
We know that
1+2+3+.+n=2ltD
So we get
2k 1

=
k1 ((k+1)(12<+1+1))

[t can be written as
2k 2

T kD T (kD) (k2)
Taking the common term out

2k 1
“aan T (k + m)
By taking LCM
_ ﬁ k (k+2)+1
T k+1 + ( k+2 )
We get

2k (k%4 2k+1
T (k+1) ( k+2 )
_ 2k(k+1)?

T (k+1)(k+2)
_ 2(k+1)
T (k+2)

P (k + 1) is true whenever P (k) is true
Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
ie.n

Question 4

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

1.2.3.+2.3.4 +....+ n (n+1) (n+2) =
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Answer:

We can write the given statement as
P(n):1.2.3. +2.3.4 +...+ n (n+1) (n+2) =
Ifn=1we get
P(1):1.23.=6
Which is true?

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

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

1A+ (142) (143) _ 1.2.34
- 4 T4

=6

1.2.3.+ 234 +...+ kK (k+1) (k+2) = R (1)

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

Here

1.2.3.+ 234 +...+ kK (k+1) (k+2) + (k+3) = {1.23.+ 234 + -~ ..+ k(k+ 1) (k+2)} + (k+ D(k +
2(k+3)

By using equation (i)

= CEDED (k4 1) (k+ 2)(k+3)

So we get
= (k+ 1) (k+2)(k+3) (5 + 1)
It can be written as
_ (k+1)(k+2)(k+3)(k+4)
4

By further simplification
_ (k+1D)(k+1+1)(k+1+2)(k+1+3)

4
P (k + 1) is true whenever P (k) is true

Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
i.e.n

Question 5

(2n-1)3""14+3
4

1.3 +2.3243.32 +...+n.3" =

Answer:

We can write the given statement as

n— n—1
P(n): 1.3 +2.32+3.32 + ...+ n.3" = @n-13"7 +3

4
Ifn=1we get

_ n-—1 2
P(1):13.=3=2" ”j P By
Which is true?

Consider P (k) be true for some positive integer k
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_ (2k-1)3k"143

1.3 +2.32+43.32+ ...+ k.3K = e (1)
Now let us prove that p (k + 1) is true
Here

1.3 +2.3243.32+ ..+ k3K + (k+ 1) 351 = = (1.3 + 2.32+3.32 + ...+ k.3) + (k + 1)3k+1
By using equation (1)

_ k-1
_ @k-1)3T 43 +(k + 1)3k+1

By taking LCM

_ (2k—1)3K*14 344 (k+1)3k+1

B 4

Taking the common terms out
3K k—1+44 (k+1)}+ 3

B 4

By further simplification

_ 3K*1 {6k+3}+3

= —

Taking 3 as common

_ 3KF13{2k+1}+ 3

4
_ 3D+ (5 k4134 3

4
{2 (k+1)—1)30AD+T 43

4
P (k + 1) is true whenever P (k) is true

Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
i.e.n

Question 6

1.2+23+34+..+n(n+1)= [w]

3

Answer:

We can write the given statement as

P(n):1.2+23+34+..4n(n+1)=|
Ifn=1we get
P(1):12=2=
Which is true?
Consider P (k) be true for some positive integer k

12+23+34+..+k (k+1) = [k(k+)(k+2>]

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

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

1(1+D(1+2) _ 123 _
3 - 3 7

2
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1.2+23+34+...+k (k+1) + (k+2) = [1.2 + 2.3 + 3.4 + ...+ k (k+1)] + (k+1). (k+2)
By using equation (1)

= kD &+2) “‘“3)“‘“) + (k+ D) (k+2)

We can write it as

= (k + 1)(k+2)(§+ 1)
We get

_ (kD). (k+2).(k+3).

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 principal of mathematical induction, statement P(n) is true for all natural number
Le.n

Question 7

n (4nZ + 6n—1)

1.3+3.5+5.7+.+(2n-1) (2n +1) = 5

Answer:

We can write the given statement as

2 —_—
P(n):1.3+3.5+57+.+(2n-1)(2n+1) = n (4n?+6n-1)

3

Ifn=1 we get

2 ] -
P (1): 1.3=3=1(41 -;6.1 1)=4+: 1+ §=3
Which is true?

Consider P (k) be true for some positive integer k
k (4k%+ 6k—1)
13435457 +.+(2k-1) 2k+1)=———F— ... (1)

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

Here

(1.3+35+5.7+.+(2k-1) 2k+1)+ {2(k+1) -2} {2 (k+1) +}
By using equation (1)

ROk | k42 - 1) (2k +2 + 1)

OOl | gk +2-1) (2k+2+ 1)

On further calculation
24 gk
L) | (241 (2K 43)
By multiplying the terms
- K6k 412 4 8k 4 3)
3
Taking LCM
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_ k(4k?+ 6k—1)+3 (4 k?+ 8k+3)
B 3
By further simplification
_ 4k3+ 6k?—k+12 k?+ 24k+9
3

So we get

_ 4k3+ 18k?+ 23k+9

a 3

It can be written as

_ 4k3+ 14 k?+ 9k+ 4k?+ 14 k+ 9

3
_ k(4k2+ 14 k+9 )+(4k?+ 14 k+9)
a 3
Taking the common terms out
_(k+1) {4(k2+ 2k+1)+ 6 (k+1)— 1}

3
Using the formula
_ (k+1) {4 (k+1)%+ 6 (k+1)— 1}

3

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

Question 8

1.2+2.22+3.22+..+n2r=(n-1) 2m1 + 2
Answer:

We can write the given statement as
Pn):1.2+222+3.22+ ..+n2"=(n-1) 201+ 2

Ifn=1we get

P(1):1.2=2=(1-1)""1+2=0+2=2

Which is true?

Consider P (k) be true for some positive integer k
1.2+222+322+ ... +k2k=(k-1) 201 +2 ... (1)
Now let us prove that p (k + 1) is true

Here

{1.2+2.22+3.22+ ...+ k2k} = (k- 1) 2k+1
By using equation (1)

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

Taking the common terms out

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

So we get

= 2ks1 2k + 2

It can be written as

For more Info Visit - www.KITest.in

4.7




For Enquiry — 6262969604 6262969699

= k. 2(k+1)-142

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

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

Therefore by the principal of mathematical induction, statement P (n) is true for all natural number
i.e.n

Question 9

|
+
T
+
|
+
+
I
Il
|
I

Answer:

We can write the given statement as

1,1, 1 1 1

P(l’l).z'{';'{' §+ . 2—n— 1—2—n
Ifn=1we get
1

1 il
P(l).;-l s
Which is true?

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

1,1, 1 1 1
E+Z+ §+""+2_k_1_2_k ....... (1)
Now let us prove that p (k + 1) is true

Here

1,1, 1 1 1
(E+Z+ §+ S 2_k)+2k?
By using equation (i)

1 1
- (1
We can write it as

_ 1+ 1
- 2k 2.2k

Taking the common terms out

~1-2 (1)
So we get

-2 ()

It can be written as
1

:W

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

Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
ie.n

Question 10
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1 1 1 1 n

+ +ot =
25 58 811 (3n+1) 3n+2)  (6n+4)

Answer:

We can write the given statement as

11 1 n
P(n):—+—=+-—+....+ =
25 58 811 (3n+1) Bn+2)  (6n+4)

Ifn=1we get

1 1 1 1
PA)r=5=% "m0
Which is true?
Consider P (k) be true for some positive integer k
11 1 1 k /
T — S—— (i)
25 58 811 (3k+2) (3k+2) ~ 6k+4
Now let us prove that p (k + 1) is true
Here
11 1 1 1

— + — . +
25 58 811 (Bk—)(3k+2)  {3(k+1)— 1}{3 (k+1)+2}
By using equation (i)

k 1

= T GrreoDekn)

By simplification of terms
k 1

T (6k+4) | (3k+2)(3k+5)

Taking 2 as common
K 1

T 2(3k+2) | (3k+2)(3k+5)
Taking the common terms out

k k 1
~(3k+2) (E T 3k+5)
Taking LCM
_ 1 (k (3k+5)+2)

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

By multiplication

1 (3k2+ 5 k+2)
(3k+2) \ 2 (3k+5)
Separating the terms

1 ((3k+ )(k+1))
(3k+2) \ 2 (3k+5)
By further calculation

(k+1)

6k + 10

So we get
(k+1)

- 6 (k+1)+ 4
P (k + 1) is true whenever P (k) is true

6262969699

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

i.e.n
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Question 11

1 1 1 1 _  n(n+3)
123 234 345 7 n (n+1)(n+2) "4 (n+1)(n+2)

Answer:

We can write the given statement as
P(n): 1 : 1 : 1 I 1 _ n (n+3)
123 234 345 n (n+1)M+2) 4 (m+1)(n+2)
Ifn=1we get
1 1.(43) 14 1
PL= 123 4(1+1)(1+2) 423 123
Which is true?

Consider P (k) be true for some positive integer k
11 1 k (k+3)

. : S — ... (1)
123 234 345 K (k+1)(K+2) 4 (k+1)(k+2)
Now let us prove that p (k + 1) is true
Here
1 1 1 1 1
[1.2.3 tosa t3as Tt k(k+1)(k+2)] T Dk +2)(k13)
By using equation (1)
k (k+3)

T ak+1)(k+2)  (k+1D)(k+2)(k+3)

Taking out the common terms

a 1 k (k+3) 1

T (k+D(k+2) { FEL m}

Taking LCM

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

Expanding using formula

_ 1 {k (k%+ 6k+9)+ 4}
(k+1)(k+2) 4 (k+3)

By further calculation

3 1 k3 (6k%+ 9k+4

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

We can write it as

B 1 k3+2k? k+4k2+ 8k+4

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

Taking the common terms

a 1 k (k?+ 2k+1)+ 4 (k?+ 2k+1)

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

We get

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

Here
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0 (k+1D? (k+4)
T4 (k+1)(k+2)(k+3)

_ Gk+D{&+1D)(k+3)}
T4 {(R+D+ D{(k+1)+ 2}
P (k + 1) is true whenever P (k) is true

6262969699

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

i.e.n
Question 12

o+ ar + ar? +..+ arrl =

Answer:

We can write the given statement as

P(n): a+ar+ar+...+arrl== (:: 2

Ifn=1we get

P(1):=a=——2 (:: Dy

Which is true?

Consider P (k) be true for some positive integer k
a+ar + ar? +...+ 0(rk‘1:M ...... (D)

r-1
Now let us prove that p (k + 1) is true
Here
{a + ar + ar? + .. +ark—1} ak+D-1
By using equation (1)
k

U1 | gk

r-1
Taking L.C.M.
_«a (rk— 1)+ ark (r—1)
B r-1
Multiplying the terms
_«a (rk— 1)+ ark+t1—ark
B r-1
So we get
_ ar¥— o + ark
B r-1
By further simplification

O(I‘k+1

+1_ O(rk

—

r—1
Taking the common terms out
_a (k- q)
B r—1
P (k + 1) is true whenever P (k) is true
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Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
Le.n

Question 13
(1+%) (1+§) (1+g) .......(1+(2::1) = (n+1)>2
Answer:

We can write the given statement as

P (n): (1 +§) (1 +§) (1 +§) (14 (2““) = (n+1)2

n2
Ifn=1 we get

P(1):=(1+§)=4= (1+1)%= 22 =4

Which is true?
Consider P (k) be true for some positive integer k

(1+3)(143)(145) o (1+85) = +1)2 (1)

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

][3(1 +3) (143 (1(1+] ) (4 B0)] (1 @ED: )
y using equation

=k + D2 (1+ 2T

Taking LCM

_ (k+1) %242 (k+1)+1
_(k+1)[ k+1)2 ]

So we get

=k+D*+2k+1D+1

By further simplification

={(k+1) + 1}

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

Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
i.e.n

Question 14

(1+3) (1+%)(1+§) ...... (1+43)=(m+1)

Answer:
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We can write the given statement as

P(n):(1+%) (1+%) (1+§) ...... (1+%)=(n+1)

Ifn=1we get

1
P(1):=(1+7)=2=(1+1)
Which is true?

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

p(0:(1+7) (1+3) (1+45) (1 +7) = K+ 1) o (1)
Now let us prove that p (k + 1) is true
Here

[(1+ PR (E5) - 10)] (1 +55)

By using equation (1)

1
=k+1)(1+ =)
Taking LCM

- (- ) (05N

By further simplification

=(k+1)+1

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

Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
i.e.n

Question 15

12 +32 452 4 ... 4 (2n — 1)2 _ n (2n—1)(2n+1)
3
Answer:

We can write the given statement as
P(n): 12 +3% +52 4 ..+ (2n— 1)2 = L2D@n+D

3

Ifn=1we get
P(1):=12 =1 20 - 12y
Which is true?

Consider P (k) be true for some positive integer k
p(k): 12 +32 452 4 o (2k— 1)? = SEDED (1)
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Now let us prove that p (k + 1) is true
Here
{12 + 32 +52+-+ (2k— 1D} + {2 (k+ 1}
By using equation (1)
_k@ k—13) (2 k+1) 2k+2—1)2
So we get
_ k(2k-1) 2k+1)
3
Taking LCM
_ k(2k+1) 2k+1)+3 (2k+1)?
3
Taking the common terms out
_ (2k+1) {k(2 k—D+ 3(2 k+1)}
3
By further simplification
_ (2k+1) {2k?— k+6k+3}
3
So we get
_ (2k+1) {2k + 2k+5k+3}
3
We can write it as
_ (2k+1){2k?+ 2k+3k+3}

2k + 1)?

3

Splitting the terms

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

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

3
_ k+D{2 k+1)-1H2 (k+1)+ 1}
3
P (k + 1) is true whenever P (k) is true

Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
ie.n

Question 16

1 1 1 1 n
— e+ — +..+ =

14 14 74 (3n-2) (3 n+1) (3n+1)
Answer:

We can write the given statement as

P(N):— +— + —— 4.+ ! =
(n).1.4 14 7.4 77 (3n-2)Bn+1)  (3n+1)
Ifn=1we get

1 1 1 1
P(l)'_ﬁ 31+1 4 14
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Which is true?

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

1 1 1 k
Mk)'ﬁ*ﬁ”m*"" + GG~ G (D
Now let us prove that p (k + 1) is true
Here
1 1 1 1 1
{H Tt T T G k+1)} t B D-21G6 0D 1)

By using equation (1)
k 1

T3k+l | (3k+1) (3k+4)
So we get

1 1
T Gk {k TG k+4)}
Taking LCM
__ 1 {k (Bk+4)+ 1}
(3k+1) (3 k+4)
Multiplying the terms
__1 {3k2+4k+1}
GBk+1) L Bk+4)
It can be written as
__1 {3k2+3k+1}
GBk+1) L Bk+4)
Separating the terms
_ Bk+1)(k+1)
T 3k+1)(@B k+4)

By further calculation
(k+1)

T3 k+D+1
P (k + 1) is true whenever P (k) is true
Therefore by the principal of mathematical induction, statement P(n) is true for all natural number

i.e.n

Question 17

1011 1 n
35 157 7ot T (2n+1)(2n+3) 3 (2n+3)
Answer:

We can write the given statement as

101 1 1 n
Pzttt -t (2n+1)(2n+3) _ 3 (2n+3)
Ifn=1we get

1 1 1
PAr=13= 3(2.1+3) 35
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Which is true?

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

1 1 1 1 k :
p( k) E + ; + 7—9 + .. (Zk+1)(2k+3) = 3 2k43) T (1)
Now let us prove that p (k + 1) is true
Here

1 1 1 1 1
[E tostot 7t (2k+1)(2k+3)] t L Dr Dz kD3
By using equation (1)
k 1

T3(2k43) | (2Kk+3)(2 645)

So we get
k [k 1 ]

T (2k+3) 3 @2k+5)

Taking LCM

_ 1 'K (2K+5)+ 3]
(2k+3) | 3 (2Kk+5)

Multiplying the terms

1 [2k?+ 5k+3

T (2k+3) L 3 @2k+5)

It can be written as

__1 [2k%+ 2k+3k+3 ]
2k+3) L 3(2k+5)

Separating the terms

__ 1 [Zk (k+1)+3 (k+1)]
(2 k+3) 3 (2k+5)

By further calculation

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

" 3(2k+3) (Zk+5)
(k+1)

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

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

Therefore by the principal of mathematical induction, statement P(n) is true for all natural number
i.e.n

Question 18

Answer:

We can write the given statement as

Ifn=1we get
P(1):=1<(2n+1)*=
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Which is true?

Consider P (k) be true for some positive integer k
142+..+k<s (Zk+1)? ... (1)

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

Here

(142 +.... +k)+(k+1)<%(2k+ D2+ (k+1)
By using equation (1)

<% {2k + 1% + 8(k+ 1)}

Expanding terms using formula

<% {4k? + 4k + 1 + 8 (k + 8)}

By further calculation.

<% {4k? + 12k + 9}

So we get

< % (2k + 3)2

<§ 2&+1)+ 1)
(1+2+3+..+k) + (k+1) <5 (Zk+ D2 + (k+1)

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

Question 19

n (n+ 1) (n + 5) is a multiple of 3
Answer:

We can write the given statement as
P(n):n(n+ 1) (n+5), which is a multiple of 3
Ifn=1we get

1(1+1)(1+5)=12, whichisamultiple 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,wherem€N ..... (D
Now let us prove that P (k + 1) is true.

Here

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

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

For more Info Visit - www.KITest.in

4.17




For Enquiry — 6262969604

By multiplying the terms
=(k+1)(k+2) (k+5)+(k+1) (k+2)
So we get

={k(k+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)}

=3 x qwhere q={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.

6262969699

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

numbers i.e. n.

Question 20
102 »-1+ 1 js divisible by 11
Answer:

We can write the given statement as

P (n): 102 -1 + 1 is divisible by 11

Ifn=1we get

P (1) =10221-1 +1 =11, which is divisible by 11
Which is true?

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

102k-1+1=11m, wherem €N ...... (D

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

Here

1020k+1)-1 4 1

We can write it as

= 102(+1D)-1 4 1

=102(k+D)-1 41

By addition and subtraction of 1

=102 (1021+1-1) + 1

We get

=102 (10%1+1)-102+1
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Using equation 1 we get

=102.11m - 100 +1

=100 x 11m-99

Taking out the common terms

=11 (100m - 9)

=11r,wherer =(100m - 9) is some natural number

102(+1)-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.

Question 21
x2n-y2n js divisible by x + y
Answer:

We can write the given statement as

P (n): x2n- y2n js divisible by x + y

Ifn=1 we get

P (1) =x**! — y?*I = 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
x2n- y2n js divisible by x + y

x2k - y2k=m (x + y), where m €N ...... (D)

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

Here

x 2(k+1)— y 2(k+1)

We can write it as

=x 2k, x2-y2k_ y2

By adding and subtracting y2k we get

= x2 (x2k — y2ks y2k) — y2k, y2

From equation (1) we get

=x2{m (x +y) +y?]} - y2k y?

By multiplying the terms

=m (X +y) X2 + y2k x2 - y2k. y2

Taking out the common terms

=m (x +y) x2 +y2k (x2 - y?)

Expanding using formula

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

So we get

= (x +y) {mx? + y2k (x - y)}, which is a factor of (x + y)
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.

Question 22
32r+2— 8n - 9 is divisible by 8
Answer:

We can write the given statement as

P (n): 3 2n+2- 8n - 9 is divisible by 8

Ifn=1we 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
32x1+2_ 8k - 9 is divisible by 8
32k+2-8k-9=8m,wherem €N ...... (1)

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

Here

32(k+1)+2-8(k+1)-9

We can write it as

=3.32+2_-8k-8-9

By adding and subtracting 8k and 9 we get
=32 (32k+2-8k-9+8k+9)-8k-17

On further simplification

=32 (3%x1+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

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 3 2(k«1)+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.

Question 23

41n- 147 is a multiple of 27
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Answer:

We can write the given statement as

P (n):41n - 14 nis a multiple of 27

Ifn=1we get

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

Consider P (k) be true for some positive integer k
41k - 14kis a multiple of 27

41k - 14k =27m, wherem €N ...... (D

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

Here

41« +1-14k+1

We can write it as

=41k 41 - 14k 14

By adding and subtracting 14k we get

=41 (41k - 14k + 14k) - 14k 14

On further simplification

=41 (41k- 14K) + 41, 14k - 14k 14

From equation (1) we get

=41.27m + 14k (41 - 14)

By multiplying the terms

=41.27m + 27. 14k

By taking out the common terms

=27 (41m - 14X)

= 27r, wherer = (41m - 14Kk) is a natural number
So 41k+1- 14k+1 g 3 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)2
Answer:

We can write the given statement as

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

Ifn=1we 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)2...(1)
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Now let us prove that P (k + 1) is true.
Here

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

We can write it as

={2(kk+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

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}2

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

6262969699

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

numbers i.e. n.
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