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Principle Of Mathematical Induction

EXERCISE 4 PAGE: 147

1. Using the principle of mathematical induction, prove each of the following
for all n e N:

1+2+3+4+...+n=12n(n+1)

Solution: To Prove:

1+2+3+4+...+n=12n(n+1)

Steps to prove by mathematical induction:

Let P(n) be a statement involving the natural number n such that
(i) P(1) is true

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

Then P(n) is true foralln e N

Therefore,

LetP(n):1+2+3+4+ ... +n=12n(n+1)

Step 1:

PM)=1211+1)=12x2=1

Therefore, P(1) is true

Step 2:

Let P(k) is true Then,

Ak):1+2+3+4+ ... +k=12k(k + 1)

Now,

1+2+3+4+ . +k+(k+1)=12kk+1)+(k+1)

= (k+ 1)}{ 1/2 k + 1}
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=12 (k+1)(k+2)

=Pk +1)

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

Hence, by the principle of mathematical induction, we have
1+2+3+4+ ... +n=12n(n+1)forallneN

Hence proved.

2. Using the principle of mathematical induction, prove each of the following
for all n e N:

2+4+6+8+....+2n=n(n+1)
Solution: To Prove:
2+4+6+8+....+2n=n(n+1)

Steps to prove by mathematical induction:
Let P(n) be a statement involving the natural number n such that
(i) P(1) is true

(i) P(k + 1) is true, whenever P(k) is true
Then P(n) is true foralln e N

Therefore,

LetP(n):2+4+6+8+ ....+2n=n(n+1)
Step 1:

PM1)=11+1)=1x2=2

Therefore, P(1) is true

Step 2:

Let P(Kk) is true Then,

P(K):2+4+6+8+ ... +2k=k(k+1)
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Now,
2+4+6+8+....+2k+2k+1)=kk+1)+2(k+1)
=k(k+1)+2(k+1)

=(k+1)(k+2)

=Pk +1)

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

Hence, by the principle of mathematical induction, we have
2+4+6+8+...+2n=n(n+1)forallneN

3. Using the principle of mathematical induction, prove each of the following
for all n e N:

. 3 o 1
14343+ P+ +P1="(3"-1
~
Solution: To Prove:
1 2 ~1 ol
1+3 +3%+ .+ It = —

Steps to prove by mathematical induction:

Let P(n) be a statement involving the natural number n such that
(i) P(1) is true

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

Then P(n) is true foralln e N

Therefore,

1 2 k.. TR
LetP(n):1+3 + 3+ ...+ 3 =

ra

Step 1:

34
P(1)= 2

2
2

= 1
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Now,
2+4+6+8+....+2k+2k+1)=kk+1)+2(k+1)
=k(k+1)+2(k+1)

=(k+1)(k+2)

=Pk +1)

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

Hence, by the principle of mathematical induction, we have
2+4+6+8+...+2n=n(n+1)forallneN

3. Using the principle of mathematical induction, prove each of the following
for all n e N:

. 3 o 1
14343+ P+ +P1="(3"-1
~
Solution: To Prove:
1 2 ~1 ol
1+3 +3%+ .+ It = —

Steps to prove by mathematical induction:

Let P(n) be a statement involving the natural number n such that
(i) P(1) is true

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

Then P(n) is true foralln e N

Therefore,

1 2 k.. TR
LetP(n):1+3 + 3+ ...+ 3 =

ra

Step 1:

34
P(1)= 2

2
2

= 1
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2+6+18+ ... +2 %X31=(301)

Steps to prove by mathematical induction:
Let P(n) be a statement involving the natural number n such that
(i) P(1) is true

(i) P(k + 1) is true, whenever P(k) is true
Then P(n) is true foralln e N

Therefore,

LetP(n):2+6+ 18+ ... +2 x 3™1=(3"-1)
Step 1:

P(1)=3'"-1=3-1=2

Therefore, P(1) is true

Step 2:

Let P(k) is true Then,

P(k):2+6 +18 + ... + 2 X31=(3k_1)

Now,

2+6+148+ ... +2 %31+ 2% 3k+1-1= (k1) + 2 x 3k
=-1+3x 3K

= 3k+1-1

=P(k + 1)

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

Hence, by the principle of mathematical induction, we have

2+6+18+ ... +2%31=(3—1)forallneN
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5. Using the principle of mathematical induction, prove each of the following

for all n e N:

1 1 1 1 { IJ
—+—+—+ L —=1-—
2 4 8 an 28

1 1 1 1 [ 1]
—+—+—-+.+—=1-—
2 4 8

-~ 711

Steps to prove by mathematical induction:

Let P(n) be a statement involving the natural number n such that
(i) P(1) is true

(i) P(k + 1) is true, whenever P(K) is true

Then P(n) is true foralln e N

Therefore,

Therefore, P(1) is true
Step 2:

Let P(k) is true Then,

1

1 1 1 1
sttt =1—-5
g = 8 2

ra
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1 1 1 1 1 1
=¥ P gt=tagy = Ve Yara
_1-g 4 5m

g1

1 o)

R EF-—

=Pk +1)

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

Hence, by the principle of mathematical induction, we have

1. 1 1 1 1
—+—+—+....+—:[1——J
2 4 8 v s

forallneN

6. Using the principle of mathematical induction, prove each of the following

forall n eN:
n(2n-1)(2n +1)

124 324 524 724 .+ (2n — 1)?= 3

Solution: To Prove:

n(2n-1)(2n+1)

12+ 32+ 52+ 72+ +(2n—-1)2= 3

Steps to prove by mathematical induction:

Let P(n) be a statement involving the natural number n such that
(i) P(1) is true

(i) P(k + 1) is true, whenever P(K) is true

Then P(n) is true foralln e N
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Therefore,
n(2n-1)(2n+1)
Let P(n): 12+ 32+ 52+ 72+ __+ (2n —1)2= 3
Step 1:
1(2-1)(2+1) _ 3
P(1) = 3 =9
Therefore, P(1) is true
Step 2:
Let P(Kk) is true Then,
k(2k—1)(2k + 1)
P(k): 12+ 32+ 52+ 72+ ..+ (2k - 1)*= 3
Now,
k(2k=1)(2k + 1) : _an3
12+ 32+ 52+ 72+ .+ (2(k + A)-1)2= 3 TR TE-Y
) k(zk—li(,2k+1) + 2k + 1)?
2k + DEEE 4 2k + 1]

2k*—k+6k +3

_ @k + D)

2k +5k+3

@k + D

(2k + 1){W] o .
= 3 (Splitting the middle term)

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

=P(k + 1)
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Hence, P(k + 1) is true whenever P(K) is true
Hence, by the principle of mathematical induction, we have

n(2n-1)(2n+1)

12+ 32+ 52+ 72+ +(2n—-1)2= 2 forall neN

7. Using the principle of mathematical induction, prove each of the following
for all n eN:

1.2+ 222+ 3.23+ ...+ n.2"=(n-1)2"*"+ 2,
Solution: To Prove:
12+ 2X2° +3%X2% + .. + nx2" = (n-1)2n + 1 + 2

Let us prove this question by principle of mathematical induction (PMI)

1 1 2 3
LetP(n): 1 X 27 T 2X27 +3X2° + ... + N %P
Forn=1
LHS =1x2=2

RHS =(1-1)x2(1*D+ 2
=0+2=2

Hence, LHS = RHS

P(n) is true for n 1

Assume P(k) is true

W2 42 %22 + 3282 + kx2k = (k—1) x2%+1 4+ 2 (1)

We will prove that P(k + 1) is true

1%
2 +2x22 +3x23 + (k+ 1)x2F* = ((k + 1) —1) x2(k+D)+1 4 9

1x2r + 22 B2 (k4 D2 = (k) 2k 4 2
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12t +2x22 +3x28 + k2F + (k+ 1) x2* = (l)x25*2 + 2
We have to prove P(k + 1) from P(k), i.e. (2) from (1)
From (1)

1x21 +2%2%2 +3x23 + kx2¥ = (k—1)x 2K+ + 2

s 1" k
Adding (K + 1) X 2% "% o sides,

(1%
21 +2x22 +3x23 + kx2K) + (K + )x2K*1 = (k—1)x2¥* + 2 4

(k 4+ 1) % 2=+

_kx 2kl k¥l 4 9 4 px 2K+l 4 gk+2

_2kx 2K+t + 2

_ExgEte 4 9

(2t +2x22 +3x2° & kx28) + (k + 1) x 2K+ _kx2k+2 4+ 2

Which is the same as P(k + 1)

Therefore, P (k + 1) is true whenever P(K) is true

By the principle of mathematical induction, P(n) is true for
Where n is a natural number

Putk=n-1

(1x21 +2x22+3x2) +nx2"_(n—1)x2"*1 + 2

Hence proved.

8. Using the principle of mathematical induction, prove each of the following

for all n eN:
[

3224322343324+ +3021= 3 (g1 1),
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Solution: To Prove:
. 5 , 12
I + %2+ X2+ .. X +3"><2"“=?(6"—1)

Let us prove this question by principle of mathematical induction (PMI)
LetP(n): 3 X 2% + 37 x 2% + 3% x2% + ... % 3% x s
Forn=1

LHE==%%" = 45

12

RHS=(D)X(61—1)

Zx
5 5=12

Hence, LHS = RHS
P(n) is true forn = 1

Assume P(K) is true

3x22 + 3%2x 2% + /MG + X +3x 2+ = =(6F-1) -
We will prove that P(k + 1) is true

2 2 3 3 4 k+1 k+2 12 k+1 4
2AX 2" 3TN + WM X2+ X +3 X 2 “=?(6 sl i

Y , . 12

Ix2Qt 3°%2° + 33 x2* + ... % 4 Fetl yp k2 =?(6"+1)—?
3% 32x2% + 33x2% + ... X 8% x BEFL . ghtly ghea _
2 rk+1y 12
5(6 ) S
.2

We have to prove P(k + 1) from P(k) ie (2) from (1)

From (1)
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12
AP ¢+ FxP 4+ Fx 4 X +3k><2"'“=?(6"'—1)

E+1 k+2
Adding 3" 77 X 2% 77 poth sides

3x22 +32%x23 + 33x2¢ + ... + 3k x 2k+1 4 gk+1y gk+2

12 :
— ?(6"'—1) 4 3k+1yok+2

12
=E(6’f—1)+3’f><2"’><12
12
=?(6"—1)+6"'><12
(6"'12+12 12)
- (5 ) 5
(72) 12
~\5 5

12 12
g 6k+1'__
5( ) b

3x22 4+ 32 x 23/ TR x 2. ... $ FFw2ETL g gEl g gks2
- 1_2 (6k - 1) - 1_2
5 5
Which is the same as P(k + 1)
Therefore, P (k + 1) is true whenever P(K) is true.
By the principle of mathematical induction, P(n) is true forx
Where n is a natural number
Putk=n-1

12 12
3x2% +32x2% + X2 4 L x +3X2 = (6 -



WWW.Cdllgl'OSS.COln

EDUGROSS

WISDOMISING KNOWLEDGE

R S Aggarwal Solutions Class 11 Maths Chapter 4-
Principle Of Mathematical Induction

B i 12
3x2%2 +32x2% +33x2* + ... X +3"x2“+1==?;(6"—1)

Hence proved

9. Using the principle of mathematical induction, prove each of the following
for all n e N:

3 L o 1 4
(1+2) (1+2+3)

Solution: To Prove:

3 1 " 1 2n
(1+2) (Q1+2+3+.... +n) (n+1)

1
1

Let us prove this question by principle of mathematical induction (PMI)

1 4 : 1 n 2n
Let P(n): 1 1+2) (A+2+3+..w*n) (n+1)
Forn=1
LHs = 1

RHS = (1+1) 1
Hence, LHS = RHS
P(n) is true forn = 1

Assume P(K) is true

1 1 i § 2k

' @a+2) T +(1+2+3+ ...... Xx+k)  (k+1) (1)

We will prove that P(k + 1) is true

2(k+1) B 2k +2

RHS:(A-+1+1) k+2
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i 1 " 1
LHS =1 a+2y 7 (1+2+3+.... +(k + 1))
1 1 1 1
= - : ks AR + - = = :
1 (1+2) 1+2+3+... + k) (1+2+3+... +(k+1)) [Writing the last
Second term]
2k 1

=(k+1) T 1+2+3+..... +(k+1)) [From 1]

2% 1
T krD ¥ DxE+D
2

{(1+2+3+4+ . +n=[n(n+1)]2putn=k+1}

2k 2
G+D T k+r Dxk+2)

B 2 (k+ 1)
C(k+D\1 k+ 2

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

[Taking LCM and simplifying]

2(k+1)
= (k+2)
= RHS
1 1 i 1 _ 2k+2
Meciod 2 @+2) ™ (L4243 e+ B+ k42
LHS = RHS

Therefore, P (k + 1) is true whenever P(K) is true.
By the principle of mathematical induction, P(n) is true forx

Where n is a natural number
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Putk=n-1

1 i & 1 2n
(1+2) 77 (1+2+ 3+ ... X +n) n+1

: +
1
Hence proved

10. Using the principle of mathematical induction, prove each of the following
for all n e N:

1 1 1 n
+ g i + . =
2x8  (BxhH Bn—1)x((3n+2) (6n+ 4

Solution: To Prove:
1 i | n
+ —+ ... + _ 4
2%x5 (5x8) (3n—1) x (3n R2@mm(6n™ 4)

Forn=1

1x1 1
RHS = (6+4) 10
Hence, LHS = RHS

P(n) is true forn = 1
Assume P(K) is true

1 1 . 1 k
2X5 (5x8) & (3k—-1)%(3k + 2) (6k +4) (1)

We will prove that P(k + 1) is true

E+1 E+1

RHS = (6(k +1) +4) (6k +10)

1 | | 1 1

LHS = 2%5 T (5x8) (3k—-1)x(3k +2) ¥ Bk+1)-1)x(32k+1)+2)

[Writing the Last second term]
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1 1 1 |

= P%n (5x8) (Bk-1)x(3k+2) B+ 1)-1)x3k+1)+2)

k 1
T = :
= (6k +4) (3(k +1)-1)x@3(k +1) + 2) [Using 1]

k 1
= (6k +4) (3k+2)x(3k +53)

k |
— (6k +4) (3k +2)%(3k +53)

| x [ (3k+2)x(k +1)
= (3k +2) 2x(3k+5) 7 (Taking LCM and simplifying)

kE+1
= (6k +10)

= RHS

1 1 | 1

(5%8) (3k—1)%(3k + 2) i (Bk+1)-1)xEBk+1)+2) =

Therefore, 2%
k+1

{6k + 10)

LHS = RHS

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

By the principle of mathematical induction, P(n) is true for

Where n is a natural number

Putk=n-1
1 1 " 1 n
25 (5x8) 7 (3n-1)x(3n+2) = (6n+4)

Hence proved.

11. Using the principle of mathematical induction, prove each of the following for
alln eN:
1 1 1 1 __n

+ -+ s LD ) \ 7 - ’
14 47 7.10 (30-2)(3n+1) (3n+1)
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Solution: To Prove:

1 1 1 n
i = g il + - =
1x4 (4x7) Bn—-2)x(Gn+1) (Bn+1)

Let us prove this question by principle of mathematical induction (PMI)

L 1 : _ n
Let P(n): 1x4 @x7yy T (3n-2)x(3n+1)  (3n+1)
Forn=1
R W
LHS = 1x4 4

1 _ 1
RHS = (3+1) 4
Hence, LHS = RHS

P(n) is true forn = 1
Assume P(K) is true

| 1 | k

= X (4X7) Wi " (Bk-2)x(3k +1) - (3k+1) (1)

We will prove that P(k + 1) is true

kE+1 - k+1
RHS = BGk+1)+1)  (3k+4)

i § t ] i
= ST T — T—
LHS = 1x4 (4x7) (Bk+1)-2)x(3(k+1)+1)
1 1 1 1
_1x4 | (ax7) - (3k—2)x(3k + 1) t GrrOxGEET D)

[Writing the second last term]

k |
3 gl .
=(3k+1) (3k +1)x(3k +4) [Using 1]

1 1
= (ﬁ3k+1)( (j3k+4j])
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1 ( (3k% + 4k + 1)
= (3k+1) (3k +4)

)

E+1
= (3k+4)

(Splitting the numerator and cancelling the common factor)
= RHS

LHS = RHS

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

By the principle of mathematical induction, P(n) is true for
Where n is a natural number

Hence proved.

12. Using the principle of mathematical induction, prove each of the following
for all n e N:
1 1 1 1 __n

1.3 N 3.5 " 5.7 T (2n-1)(2n +1) - (2n+1)

Solution: To Prove:

1 1 1 n
5 & - P 3 : T =
1x3 (35 @n—-1)x2n+1) (2n+1)

Let us prove this question by principle of mathematical induction (PMI)

1 1 1 o n
LetP(n): 1x3  (3xs5) 7 (2n-1)x(2n+1)  (2n+1)
Forn=1
11
LHS =1x3 3
E &
RHS = (2+1) 3

Hence, LHS = RHS
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P(n) is true forn = 1

Assume P(k) is true

: § 1 1 K

...... -+ = : =
= 1x3 (3x5) (2k-1)x(2k + 1) 2k +1) (1)

We will prove that P(k + 1) is true

E+1 kE+1

RHS = @k +1)+1) (2k +3)

1 1 1
— —— b e > — —— Sy
LHS = 1%3 (3x5) 2k +1)-1)x@2k+1)+1)
3 g 8 - + -
— 1% (3xs) 77 (2k-1)x(2k + 1) 2k +1)x(2k + 3)

[Writing the second last term]

k i !
= = :
= (2k+1)  (2k+1)x(2k +3) [Using 1]

1 1
= (f2k+1j]( (j2k+3j))

il ((j2k2+3k+1))
= (2k+1)" (2k+3)

E+1
2(2k +3)

(Splitting the numerator and cancelling the common factor)
= RHS

LHS = RHS

Therefore, P (k + 1) is true whenever P(K) is true

By the principle of mathematical induction, P(n) is true forx
Where n is a natural number

Hence proved.
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13. Using the principle of mathematical induction, prove each of the following for
allneN:

1 1 1 n
ok g — 2
2x5  (5x8) Bn—1)x@Bn+2) (6n + 4)

Solution: To Prove:

1 1 1 n
5 & S Ay : ‘ .
2xs (axB) Bn—1)x@Bn+2) (6n + 4)

Forn=1
1 _—
LHS =2x5 10
1x1

RHS = (6 +4) 10
Hence, LHS = RHS
P(n) is true forn = 1
Assume P(k) is true

i | 1 | k

2x5 = (5x8) 7 y (3k-1)x(3k +2)  (6k +4) (1)

We will prove that P(k + 1) is true

E+1 kE+1

RHS = (6(k +1)+4)  (6k + 10)

| 1 1 1

LHS = 2%5 (3%8) (3k—1)x(3k +2) o Bk+1)-1)x(3(k+ 1)+ 23[Writing the
Last second term]

1 1 1 4

242X5 (5x8) (3k-1)x(3k + 2) * Bk +1)-1)x@Bk+1)+2)

k 1
+ = :
= (6k +4) (3(k + 1)-1)x(3(k + 1) + 2) [Using 1]
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k n 1
= (6k +4) (3k +2)x(3k +53)

ke 1
= (6k +4) (3k +2)x(3k +3)

i % [ (Bk+2)x(k+1)
= (3k +2) 2x(3k+5)  ~ (Taking LCM and simplifying)
E+1
= (6k +10)
= RHS
1 1 1 1
— ——— s i alkwr e — o - r—

Therefore, 25 (5x8) (3k—1)x(3k + 2) Bh+1)-1)xXEk+1)+2) -

kE+1
(6k +10)
LHS = RHS

Therefore, P (k + 1) is true whenever P(k) is true.
By the principle of mathematical induction, P(n) is true for

Where n is a natural number

Putk=n-1
1_ ._1 A VT : 1. » _ n :
2X5 (5x8) (Bn-1)x(3n+2) = (6n+4)

Hence proved.

14. Using the principle of mathematical induction, prove each of the following for
all n eN:

O (S (R e

Solution: To Prove:
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(1 r 3) (1 + 5) (1 3 7) {1 4 % 1} (n + 1)?
i — | - — 0 euaiass = i
T i 4 9 & n2 >

Let us prove this question by principle of mathematical induction (PMI)

Let P(n) (1 - %)x (1 - z)x (1 B g)x ...... x {1 + 2';:1} = (n + 1)2
Forn=1
g1 Fg=4

RHs= (1 + D74
Hence, LHS = RHS
P(n) is true forn = 1

Assume P(K) is true

() (1 +)x(1+ xwxn + B =k + 0

We will prove that P(k + 1) is true
RHs = (K + 1) + 1)? = (k + 2)?

. 3 5 P 7 2k+1)+1
LHS=(1+I)X(1+Z)X(1+E)X ...... G R ey
[Now writing the second last term]
2(k+1)+1

=(1+§)x(1+§)x(1+g)x ...... x{1+q;{z}x{1+w}

9 2k +1)+1
k+ 1)*"%X{1l + ———
( ) { (k+1)2 }[Using 1]

2 (2k +3)
(k + 1)2 x {1 + (km_,}

(k +

2 (k+1)%+(2k + 3)}
1) # { (k+1)2
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_(k + 1)? + (2k + 3)
_k?+2k+1+2k +3
_(k + 2)?

= RHS

LHS = RHS

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

By the principle of mathematical induction, P(n) is true for
Where n is a natural number

Hence proved.

15. Using the principle of mathematical induction, prove each of the following for
all n eN:

(1+ﬂ(1+%](1+%}{1+%} 0

Solution: To Prove:
(1+1) (1+1) (1-}-1) 1+1 + 1
. Y & =18 =g B r— 48 — — i

1 2 3 { 1= (n )
Let us prove this question by principle of mathematical induction (PMI)

L N1 + 2 B | i

LetP(n):(l F)x(1+)x (1 +3)xwx+ =@+ 1)
Forn=1

; 4. .
tHg=1131 =2
RHs=(1+ 1)

Hence, LHS = RHS
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P(n) is true forn =1
Assume P(K) is true

(L )x(t+)x(1+3)x il + = G+ D

We will prove that P(k + 1) is true

RHS = ((k + 1) + 1) = (k + 2)*

LHS=(1+%)X(1+§)X(1+§)X ...... x{1+u\-+1)1}

[Now writing the second last term]

=(1+%)x(1+§)x(1+§)x ...... x{1+k—1l}><{1+{k+1:]l}

=
(k +1)*) [Using 1]

(ko Dx {1+

i+ 1)+ 1]
(k+1)4

_ G+ D x{

(k + z_‘)l}
(k+1)?

C(k+ 12 x|
=k+2

= RHS

LHS = RHS
Therefore, P (k + 1) is true whenever P(K) is true.

By the principle of mathematical induction, P(n) is true for
Where n is a natural number

Hence proved.

16. Using the principle of mathematical induction, prove each of the following for
all n eN:
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nx(n+1)x(n+2)is multiple of 6
Solution: To Prove:
nx(n+1)x(n+2)is multiple of 6

Let us prove this question by principle of mathematical induction (PMI) for all natural
numbers

nx(n+1)x(n+2)is multiple of 6

LetP(ny: ' X (n+ 1)x (n+ 2) \nich is multiple of 6

Forn =1 P(n) is true since Ix(1+DYx(1+2)=6 , which is multiple of 6

Assume P(k) is true for some positive integer k , ie,
=kx(k+1)x(k+2)=6m,wheremeN ...(1)

We will now prove that P(k + 1) is true whenever P( k ) is true
Consider,

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

=[(k+1)x(k+2)x (k+2)]+ (k+ 1)x(k + 2)

=[kx(k+ 1)x(k+2)+2x(k + 1)x(k + 2) ] + (k + 1)x(k + 2)
=[6m + 2x(k + 1)x(k + 2) ] + (k + 1)x(k + 2)

=6m + 3x(k + 1)x(k + 2)

Now, (k + 1) & (k + 2) are consecutive integers, so their product is even
Then, (k + 1) x (k + 2) = 2xw (even)

Therefore,

=6m + 3 x [2xw ]

=6m + 6xw
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=6(m + w)
= 6xq where q = (m + w) is some natural number

Therefore

k+1) x (k+1) +1)x ((k+ 1)+ 2) s mutiple of 6

Therefore, P (k + 1) is true whenever P(K) is true.
By the principle of mathematical induction, P(n) is true for all natural numbers, ie, N
Hence proved.

17. Using the principle of mathematical induction, prove each of the following for
all n eN:

(x2"— y2") is divisible by (x +y).
Solution: To Prove:
x2" — y2" jsdivisible by x + y

Let us prove this question by principle of mathematical induction (PMI) for all natural
numbers

2T a. 2T B el 4 "
Let P(n): ¥ y"tisdivisible by x + )

BETON. 2,20 _ 42 .2 __ = r pi s
For n =1 P(n) is true since 4 ) . ) (x + y) x(x—y)

Which is divisible by x +y
Assume P(K) is true for some positive integer k , ie,

_x%k — y?¥ isdivisibleby x + ¥

2k _ 2k _ - ;
Let x yr=mx(x+y) ,wheremeN ...(1)

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

Consider,

= y2(k+1) _ y2(k+1)

)
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= g7 i % — i 3 g

= 2@ — = + PR -y Ry [Adding and subtracting y2¥ ]
= x*(mx (x + ) + y*) =y x ¥ [ysing 1]

=mx(x + y)x? + y?kx2— y2k y2

=mx(x+ y)x? + y¥*(x2—y?)

=mx(x+ Vx2+ y¥*F(x—y)x +y)

= (x +y) {mx* + y* (x-y)} , which is factor of (x +y)

Therefore, P (k + 1) is true whenever P(K) is true

By the principle of mathematical induction, P(n) is true for all natural numbers ie, N
Hence proved

18. Using the principle of mathematical induction, prove each of the following for
alln eN:

(x2"—1) - 1 is divisible by (x — y), where x # 1.
Solution: To Prove:
x?"~1 — 1 isdivisible by x — 1

Let us prove this question by principle of mathematical induction (PMI) for all natural
numbers

Let P(n): x?"~1 — 1isdivisible by x — 1

Forn=1

2n—1 _ 1 — +2-1 _ 1 — (v _ 1
P(n) is true since X" 1 =x 1=(@x-1)

Which is divisible by x - 1

Assume P(k) is true for some positive integer k , ie,
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x2*=1 — 1isdivisible by x — 1

2k-1 T — .
Let x —1=mX(xX—=1) \wheremeN ...(1)

We will now prove that P(k + 1) is true whenever P( k ) is true
Consider,

e le:k +1)-1_ 1

= x%*1xx2—1
= x2(x*1)-1

2,

_ oy 2(y2k-1 _ - Y.
= x“(x -1+ 1-1 [Adding and subtracting 1]

= $"muf—-11 4 —1 [Using 1]

=x*(mx(x—1)) + x?x1-1

= x*(mx(x—1)) + x* =1
=x*(mx(x—1) + (x'=DE+1)
= (x—1) {mx*@ (F+ 1V} ,hich is factor of (x- 1)

Therefore, P (k + 1) is true whenever P(K) is true

By the principle of mathematical induction, P(n) is true for all natural numbers, ie, N.
Hence proved.

19. Using the principle of mathematical induction, prove each of the following for
all neN:

{(41)"— (14)"} is divisible by 27.
Solution: To Prove:

41" — 14" is a divisible of 27
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Let us prove this question by principle of mathematical induction (PMI) for all natural
numbers

Let P(n): 41" — 14" isa divisible of 27

; — a1l _ 141 _
For n =1 P(n) is true since -1 =1 = if
Which is multiple of 27

Assume P(K) is true for some positive integer k , ie,

_ 41" — 14" is a divisible of 27

. k 14k _—
- 417 =147 = mX27 wheremeN ...(1)

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

Consider,

— 41k+1_ 14k+1

= 41% x 41-14F x 14

- 41(41%— 14* + 147" x 14 [Adding and subtracting 14k]
= 41(41% — 14F) + 41 x 14F —14% x 14

= 41(27m) + 14%(41—14) Using 1]

= 41(27m) + 14%(27)

= 27(41m + 14%)

P - & 3 k
= 27 X1 . where r = (41m + 14%) is 3 natural number

1k+1 _ q4k+1
Therefore 41" 7~ — 14" " is divisible of 27
Therefore, P (k + 1) is true whenever P(k) is true

By the principle of mathematical induction, P(n) is true for all natural numbers, ie, N.
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Hence proved.

20. Using the principle of mathematical induction, prove each of the following for
alln eN:

(4" + 15n — 1) is divisible by 9.
Solution: To Prove:
4" + 15n— lisadivisible of 9

Let us prove this question by principle of mathematical induction (PMlI) for all natural
numbers

Let P(n): 4" + 15n— lisadivisible of 9

’ 1 _ a1 A i
Forn=1P(n)istruesince4n +1n-1=4" +15x1-1=18
Which is divisible of 9

Assume P(K) is true for some positive integer k , ie,

_ 4% + 15k — 1 isa divisible of 9
“ 4% + 15k —1 = mX9 wheremeN ...(1)

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

Consider,

= 4K+l y 15k + 1)—1

= 4% x 4 + 15k + 15—1

= 4% x 4 + 15k + 14 + (60k + 4) — (60k + 4) [Adding and subtracting

60k + 4]

= (4% + 60k —4) + 15k + 14— (60k — 4)

= 4(4% + 15k —1) + 15k + 14 — (60k — 4)
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= 4(9m) — 45k + 18 [Using 1]

= 4(9m) — 9(5k — 2)

= 9[(4m)— (5k — 2)]

= 9Xr , Wherer = [ (4m) — (5k — 2)] is a natural number

Therefore 4° + 15k — 1 is a divisible of 9

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

By the principle of mathematical induction, P(n) is true for all natural numbers, ie, N.

Hence proved.

21. Using the principle of mathematical induction, prove each of the following for
all n eN:

(32"*2—-8n - 9) is divisible by 8.
Solution: To Prove:

32"*2 _8n —9isa divisible of 8

Let us prove this question by principle of mathematical induction (PMI) for all natural
numbers

Let P(n): 3?"*2_8n —9isa divisible of 8

Forn =1 P(n) is true since

32"*2—8n—9 = 3**2-8x1-9 = 8117 = 64
Which is divisible of 8

Assume P(K) is true for some positive integer k , ie,

32k+2 _ 8k — 9 isa divisible of 8

. atk+2 _ 6%_ 6 .
~ 32k+2 _ gk 9 =mMX8 \heremeN ...(1)
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We will now prove that P(k + 1) is true whenever P( k ) is true

Consider,

= g2(k+1)+2 _ 8(k + 1)—9

= 32K+l % 32 _gk—8—9

= 3232+ _8k -9 + 8k + 9) —8k—8—9
[Adding and subtracting 8k + 9]

= 32(32k+1) _gk —9) + 3%2(8k + 9) — 8k — 17
= 9(3%%*2 -8k —-9) + 9(8k + 9) —8k — 17

= 9(8m) + 72k + 81 -8k-17 [ Using 1]

= 9(8m) + 64k + 64

= 8(9m + 8k + 8)

= 8xr, where r = 9m + 8k + 8 is a natural number

-

Sl T

Therefore is a divisible of 8

Therefore, P (k + 1) is true whenever P(K) is true

By the principle of mathematical induction, P(n) is true for all natural numbers, ie, N.
Hence proved.

22. Using the principle of mathematical induction, prove each of the following for
all n eN:

(2" —=1) is a multiple of 7
Solution: To Prove:

3
2" =1 \which is multiple of 7

Let us prove this question by principle of mathematical induction (PMI) for all natural
numbers
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an _ -
27" = Lis multiple of 7

Y, | s .
Let P(n): , which is multiple of 7

22-1=8-1=7

For n =1 P(n) is true since , which is multiple of 7

Assume P(k) is true for some positive integer k , ie,

A
=27 —=1="7m wheremeN ...(1)
We will now prove that P(k + 1) is true whenever P( k ) is true

Consider,

2 - 23(:k+ i b 1

=3 -1

_ 93k - ]
= 2°% x 27 + 2° = 2% — 1 [Aqding and subtracting 2 |
= 23(2%—-1) + 22 -1

= 23(7m gt

= 2°(7m) + 2° = 1 1ysing 1]
= 23(7m) + 7
=7(2°m+ 1)

=7X71 22m+ 1

, Wherer = is a natural number

-
27" = Lis multiple of 7

Therefore
Therefore, P (k + 1) is true whenever P(k) is true
By the principle of mathematical induction, P(n) is true for all natural numbers ie, N

Hence proved

23. Using the principle of mathematical induction, prove each of the following for
all n eN:
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3> 2n,
Solution: To Prove:
a =22

Let us prove this question by principle of mathematical induction (PMI) for all natural
numbers

Let P(n): 3" = 2"

"> Tixex3I=2

Forn =1 P(n) is true since , Which is true

Assume P(K) is true for some positive integer k , ie,
30228 )

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

Consider,

- 3(k+1)

. Ay k k

» 30+ = 3¥x 3> 2%X 3 ging 1]

k k 3
- > 2
37 %3 > 27 42 X Bultisling and dividing by 2 on RHS]

o RFL 2k+1xg

3 .
o 2k+1><: ~ 2k+1

o 3k+1 > 2k+1
Therefore, P (k + 1) is true whenever P(K) is true
By the principle of mathematical induction, P(n) is true for all natural numbers, ie, N.

Hence proved.




