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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 eN:

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 for alln e N

Therefore,

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

Step 1:

PL)=1/21(1+1)=1/2x2=1

Therefore, P(1) is true

Step 2:

Let P(K) is true Then,

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

Now,

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

= (k+1){ 12 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 eN:

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 for all n e N

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

PL)=1(1+1)=1x2=2

Therefore, P(1) is true

Step 2:

Let P(K) is true Then,

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

1434324334 430 =%(3ﬂ -1

Solution: To Prove:

5 Sl
2

1+32+32 4+ .. +371 =

Steps to prove by mathematical induction:

Let P(n) be a statement involving the natural number n such that
() P(2) is true

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

Then P(n) is true for all n e N

Therefore,

1 2 n-1 _ 31
LetP(n):l+3 + 34+ ..+ 3 =
Step 1:

3l-1 2
P(]_) = 2 2=1
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Therefore, P(1) is true
Step 2:

Let P(k) is true Then,

1 2 k-1 _ 31
P(k):1+3 +3“+ ..+ 3 =
Now,
30 —1
1+ 304324+  + 3k 43+t o ——+ 3lk+1)-1
ak 1

+ 3®

= 2

1
2

_3WE+ 1) -

3 1

_3%() -3

gk + 1](1) _1
= 2 2

EEk'l'J.}_l

= 2
=Pk +1)
Hence, P(k + 1) is true whenever P(K) is true

Hence, by the principle of mathematical induction, we have

L |

1+3"+3%+ .+ 3" =
2z forallneN

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

2+6+18+..+2x3"1=(3"-1)

Solution: To Prove:
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2+6+18+ ... +2 x3"1=(3"-1)

Steps to prove by mathematical induction:
Let P(n) be a statement involving the natural number n such that
@) 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)=31-1=3-1=2

Therefore, P(1) is true

Step 2:

Let P(K) is true Then,

P(k):2+6+ 18 + ... + 2 31 =(3k_1)

Now,

2+6+18+ ... +2x 3142 x Zk+1-1=(3k_1) + 2 x 3K
=-1+3x3K

- 3k+1- 1

=Pk +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 [ 1]
—+—+—F. . +—=|1-—
2 4 8 n 20

Steps to prove by mathematical induction:

Let P(n) be a statement involving the natural number n such that
(i) P(2) is true

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

Then P(n) is true foralln e N

Therefore,

Let P(n): = 4 3 2" 2"
Step 1

1 1 1
pay=" "2 = 173 =3

Therefore, P(1) is true
Step 2:

Let P(K) is true Then,

1 1 1 1
Pz Ta Tt et R 1o

Now,
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1 1 1

1
tst e tomr = ot o

1wy

1 1
1+ x(=3)

1
1- k421
= 2

=Pk +1)
Hence, P(k + 1) is true whenever P(K) is true

Hlenci, bylthe principle of mathematical induction, we have
—+—4+ -+ +—=1-—
2 4 8 20 20

foralln eN

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

for all n eN:
11[211—1][211 +1J

12+ 32+ 524 724 .. + (2n — 1)?= 3

Solution: To Prove:

n(2n—-1)(2n +1)

12+ 32+ 52+ 72+ ..+ (2n - 1)?= 3

Steps to prove by mathematical induction:

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

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

Then P(n) is true for alln 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] o
P(1) = E

[
Il
[ERN

Therefore, P(1) is true
Step 2:
Let P(K) is true Then,

k(2k—-1)(2k + 1)
P(k): 12+ 32+ 52+ 72+ .. + (2k — 1)*= 3

Now,

k(2k—1)(2k + 1)
12+ 32+ 52+ 72+ ..+ (2(k + 1)-1)2=

+ (2k + 2—1)?

_k{zk—1§{zk+1) n (ER " 1)2

(Ek + 1)[;:{2;.: 1)

+ 2k + 1]

2k —k+6k+3

(ER + 1) [—]

2k +5k+3

{Ek + D[——]

(ER +1) [w] N _
(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)?= 3 forall neN

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

1.2+222+3.2%+ ...+ n2"=(n = 1)2"*1+ 2.

Solution: To Prove:

Ix2' +2x2% +3x2% + ... +nxX2" =(n—1)x2"*! + 2
Let us prove this question by principle of mathematical induction (PMI)
Letp(n):1><31+2><22+3><23+ ...... + nx2"

Forn=1
LHS=1x2=2
RHS=(1-1)x 2@+ 42
=0+2=2

Hence, LHS = RHS

P(n) is true forn 1

Assume P(K) is true

1x2 4+ 2x22 +3x2°.4 kx2¥ = (k-1 %28 +2 4
We will prove that P(k + 1) is true

1x21 + 2x22 +3x 28 + (k+ Dx2F* = ((k+ 1) —1)x2k+1+1 4 7

1x21 + 2x22 +3x23 4+ (k+ 1) x28*1 = (k) x2%¥*2 + 2
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1x2 +2x22 + 3x 22 4+ k28 + (k+ ) x 28 = (I)x2¥*2 + 2.2
We have to prove P(k + 1) from P(k), i.e. (2) from (1)

From (1)
1x21 + 2% 22 + 3x2% + kx2F = (k—1)x2k+1 + 2

k+1
Adding (k + 1) x2%* both sides,

(Ix2* +2x22 +3x22 + kx2F) + (K + 1) x28* = (k—1)x2k*1 + 2 4
(k + 1) x 2k+1

kX 2KFL k¥l g 4 o gktl gkl
_2kx2%*t 4+ 2
_kx2KT2 42
(12" +2X 2% + 3x 2%+ kx2F) + (k + 1) x 2%+t _gx2k+2 + 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)4+nx2"_(n—1)x2"*t + 2

Hence proved.

8. Using the principle of mathematical induction, prove each of the following
for all n eN: 12

3.224+32234 33244 . +30201= D (gn_ 1),
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Solution: To Prove:

Letp(n): 3X 2% +37Xx2% + 3% x2% + .. X.+3"x2n+t
Forn=1

2
LHs=3%2" =1

12

1_
rrs < (2) X (61— 1)
:?><5:12

Hence, LHS = RHS

P(n)istrueforn=1

Assume P(K) is true

3x2%2 +32x2%3 + 33x2% + ... X.+3Fx 2kt = =(ek—1)
We will prove that P(k + 1) is true

3x2%2 +32x2% + 33x2% + ... X+ 3R T x2k+2 — —(gk*ti_1)

12 12
3x2%2 +32x2% + 33 x2* + ... ;»r;..+3’f+1:><2’f+2=E(.5’f+1)—E
3x2%2 +32x2% + 33x2% + ... X.+ 38 )2kt ¢ gk+lyph+2 -
E[6k+1)_2
...(2)

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

From (1)
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3x2%2 +32x2% + 33x2% + ... ><..+3’=><2’=+1=E(5‘=—1)
k+1 ., ok+2
Adding 3" 77 X 2°7 % poth sides
3x2%2 +32x2% + 33 x2% + ... + 3k x 2R+ 4 gRHT1 okt

— %(6.‘:_1) + 3k+1x2k+2

12
= E(Eﬁf—l) + 3k %2k %12

12
= E(é’f—l) + 6F x12

(?2) 12
~\5 5

12 12
- 6k+l _
5[: ) 5

3x2% +37%x2% + 33 x2% + ... + 3F x 2k F1 4 g1y gk +2
_! E (Ek + 1) L E
5 4
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% +37x2% + 33x2% 4+ ... ><..+3“><2“+1=E(“—E
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12
I3x22 +32x2% +33x2* + ... ><..+3“><2“+1=E(6“—1)

Hence proved

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

for all n e N:
1 1 1 2n
+ + +....+ =
(1+2) (1+2+3) (1+2+3+ ... +n) (n+ 1)

Solution: To Prove:

1+ 1 — 1 2n
1 1+2) " (1+2+3+..+n @+

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

1+ 1 L 1 2n
Let P 3 L)~ (ot 23 Bt v +n) (+1)
Forn=1

LHs =1

RHS =2(1)/(1 +1)=2/2=1
Hence,
LHS = RHS P(n) istrueforn=1

Assume P(K) is true,

1 1 1 2k

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

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

2(k+1)  2Zk+2
RHS = (k+1+1)  k+2
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E 1 + 1
LHS = 1 (1+z2y T (1+2+3+ e+ (k+ 1))
S + - + -
1 (1+2) (1+2+3+... + k) (1+2+3+... +(k+1)) [Writing the last

Second term]

2k 1
:{k+1]+{1+2+3+ ...... +{F.:+1]][|:r0m1]

2% 1
Tkt D GrDxk+2
2

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

_ 2k 2
TG+ D Gkt Dx(k+2

- ot )

2 (k+1)=(k+1)
:F.:+1( E+2 )

[Taking LCM and simplifying]

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

1 1 + 1 _ 2k+2
Therefore, 1 1+zy 7 (1+424+3+..X+(k+1))  k+2
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 1 1 2n

-+ 0 t+ ... =

1 (1+ 2) (1+2+ 3+ ... X +n) n+1

Hence proved

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

1 1 1 n
+ + ... + =
2x5 (5x8) (Bn—1)x(3n+2) (6n + 4)

Solution: To Prove:

1 N 1 N 1 n
2x5 (5x8) 77 (3n—1)x(3n +2) (6n + 4)

Forn=1

1x1 1

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

1 1 1 _ I
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 1
LHS = 2%5 | (5%8) o + (3k-1)%(3k + 2) + @k +1)-1)%(3(k + 1) + 2)

[Writing the Last second term]
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1 1 1 1
_2x5 + (5x8) T + (3k—-1)%(3k + 2) + (3(k + 1)-1)%(3(k + 1) + 2)
k 1

— (6k +4) * (3(k +1)-1)x(3(k + 1) + 2) [Using 1]

k 1
= (6k+4) * (3k +2)x(3k +5)

k 1
— (6k +4) + (3k+2)=(2k+53)

1 o [{3k+2]><{k+1]
= (3k +2) 2x(3k+5)  ° (Taking LCM and simplifying)

E+1
— (6k +10)

=RHS

1 1 1 1
Therefore. 2%5 (5x8) o + (Bh—1)x(3k + 2) + BRk+1)-1)x(2(k+ 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
i 1 " 1 n
25 (sxgy 77 (3n-1}x(3n+2) _ (6n+4)

Hence proved.

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

1 1 1 1 __n
+ + +....+
14 4.7 7.10

(3n—-2)(3n+1) (3n+1)
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Solution: To Prove:

1 1 1 n
+ + ... + =
1x4 (4x7) (3n—2)x(3n+1) (3n+ 1)

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

1 1 1 _ !
Let P(n); 1x¢  (ax7) = 777 (3n-2)x(3n+1)  (3n+1)
Forn=1
1 2
LHS = 1x4 4

1

RHS = {3 + 1] 1
Hence, LHS = RHS

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

1 1 k

1
_atwn ™t T G Ik A k) (1)

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

k+1 F S L
RHS = Bk +1)+1)  (3k+4)

1 1 1
LHS = 1x4 (4x7) 1 e & (3(k+1)-2)x(3k+ 1)+ 1)
1 1 1 " 1
— 1x4 (ax7y 7 (3k—2)=(3k + 1) (3k +1)x(3k+4)

[Writing the second last term]

k 1
= 3k +1) - (3k + 1)x(3k + 4] [Using 1]

1 1
:{3k+1]( {3k+=1-])
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1 (3k? + 4k + 1)

=Gk+1ﬂ (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 eN:

! + ! + ! +....+ : .
13 35 57 7 (2n-1)(2n+1) (2n+1)

Solution: To Prove:

1 1 1 n
+ W - =
1x3 (3x5) Cn—-1)x@@n+1) (2n+1)

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

1 1 1 - n
Let P(n): 1¥3 (x5 77 (2n-1)x(2n+1)  (Zn+1)
Forn=1
!
LHS = 1x3 3
. _1
RHS = (2+1) 3

Hence, LHS = RHS

https://byjus.com



https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

m BYJU'S R S Aggarwal Solutions Class 11 Maths Chapter 4-
The Learning App Principle Of Mathematical Induction

P(n) is true forn=1

Assume P(K) is true

1 1 1 K

— 1%3 (3%5) o + (Zk-1)=(2k + 1) - (2k+1) (1)

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

E+1 E+1

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

1 1 1

LHS=E (3x5) o + 2k +1)-1)=(2(k+ 1)+ 1)
1 1 1 1
:E + (3x5) T (2k—1)=(2k + 1) + {2k + 1)=(2k+3)

[Writing the second last term]

k 1
— 2k +1) * (2k +1)x(2k + 3] [Using 1]

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

1 (2k? + 3k +1)
:@k+1ﬂ 2k +3) )

E+1
—(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
all n eN:

1 1 1 n

+ + + =
2x5 (5x8) (B3n—1)x(3n+ 2) (6n + 4)
Solution: To Prove:

1 N 1 N 1 n
2x5  (5x8) 7 (3n—1)x(3n +2) (6n + 4)

Forn=1
1 _ 1
LHS = 2x5 10
1x1 1

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

1 1 1 k

2x3  (5x8) T * @k—1)x@k+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 1
LHS = 2%5  (5x2) | 8 (3k—-1)%(3k + 2) + (3(k + 1)-DxG + D+ D|\Wwriting the

Last second term]

1 1 1 1
_2x5 ' (5x8) + (3k—1)x(3k + 2) * (3(k + 1)-1)x(3(k + 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) (3 +2)x(3k +5)

k 1
— {6k +4) + (3k+2)x(3k+5)

1 [{3k+2]><{k+1]
= (3k+2) 2x(3k+5)  ~ (Taking LCM and simplifying)

E+1
— (Bk+10)

=RHS

1 1 1 1
Therefore. 2%5 + (5x8) o + (3k-1)x(3k + 2) * Bk +1)-Dx@Ek + 1) +2) _
E+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
2x5 + (5x8) ke <" (3n—-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 e

Solution: To Prove:
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(1+3) (1+5) (1+?) {1+2”+1} (n + 1)°
1>< 4>< 9>< ...... % = = (n

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

Let P(n): (l +%)><(1 +z)><(1 + g)x ...... X {1 + 2’;;’1} = (n + 1)2
Forn=1
s=t =4

RHs= (1 + 17
Hence, LHS = RHS
P(n)istrueforn=1

Assume P(K) is true

:(1+§)X(l+z)x(l+g)x ...... ><{1+”:t:1}=(,:¢+ 1)2”

(1)
We will prove that P(k + 1) is true
RHS:((R + 1) + 1)? = (k + 2)?

e (1 DR Dx (1 Dx et + 2222y

[Now writing the second last term]

:(1+§)x(1+z)x(l+g)x ...... x[1+2kk:1}x{l+%}
_(k + 1) [1 - %} Using 1

(ke + 12x {1+ 223

_ (k + 1)2 % [{.ﬁ:+ tlz++l{]zzk+3]}
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_(k+ 1)+ (2k + 3)
_k*P+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:

(it sl

Solution: To Prove:

(1+%)x(1+%)x(1+%)x ...... ><{:L+nil}=[n+1)1

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

LetP(n):(l+%)x(1+§l)x(1+g)x ...... x{1+n_j;.}=[”+ Nk

Forn=1

1
LHS=1+1_2

1
rus=(1+ D=5

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

(1) x (1) x(1+ )% e x {1+ = (k+ D"

3 (1)
We will prove that P(k + 1) is true
RHS = ((k + 1) + N =(k+2)!
1 1 1 1
LHS:(1+I)><(1+E)><(1+E)>< ...... x{l+{;¢+131}
[Now writing the second last term]
1 1 1 1 1
:(1+E)x(1+5)x(1+5)x ...... x[1+F}x{1+{k+1]l}

)
(k +1)%) [Using 1]

_(k+ 1)'x {1 +

:[:.IC n 1)1x[{k+1]+1}

(k+1)*

_(k + 1) X (2]

(k+1)7

=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 multple of 6

Letp): @ X (0 + 1)x (n+ 2) yhich is multiple of 6

Ix(1+1)x(1+2)=26

For n =1 P(n) is true since , 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+ Dx{k+2x{(k+2)+1}

=[(k+ )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)

= 6%qg where g = (m + w) is some natural number

Therefore

k+ 1D x(k+1D+1)x ((k+ 1)+ E)ismultip|eof6

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 + ).
Solution: To Prove:

2n

x*" — y*" s divisible by x + y

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

numbers
2N ..2n e .
Let P(n): * y*" is divisible by x + y
P21 _ 2n _ 2 P 2 ) o
Forn=1P(M)istruesince ¥ — ¥ = X" —y* = (x + y) x(x—y)

Which is divisible by x +y

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

_x2k — y2¥ {s divisibleby x + y

Let x?* —y? = mx (x + ) ,wherem eN ...(1)
We will now prove that P(k + 1) is true whenever P( k) is true
Consider,

20k +1) _ 2k +1)
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2k e 2k 2

= XXX -y XYy

_ w272k L2k 2k _ .2k 2 _ _ 2k
= x*(x Y& 4+ yT) = y¥E X ¥ [adding and subtracting V]

= x?(mx (x + y) + y*¥)—y** x y? [Using 1]

=mx(x + y)x? + y2kx2— y2ky?

=mx(x+ yx?+ yF(x2—y?)

=mx(x+ »x*+ yF(x—y)x +y)

= (x +y) {mx? + y?* (x=¥) 1} 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
all n eN:

(x>"—=1) - 1is divisible by (x —y), where x # 1.
Solution: To Prove:
x*"~1 —1isdivisiblebyx — 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 9 o 2=1 4 fae
P(n) is true since X 1 =x l=Gx-1
Which is divisible by x - 1

Assume P(K) is true for some positive integer k , ie,
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_x%1— 1isdivisiblebyx—1

Letx*71—1 = mx (x—1) ,wherem e N ...(1)

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

_ JL.E{F.:+ 1}-1 _ 1

= xP1lxx?-1

= x2 (Izk—l) -1

.2 a2k—1
= x°(x —-1+1)-1 [Adding and subtracting 1]

=x*(mx(x—-1)+1)—-1 [Using 1]

= x*(mx(x—1)) + x?x1—-1

= x*(mx(x—1)) + x*—1

= x*(mx (x—1)) + (x*'—D(x + 1)
= (=D {mx* + (x + 1)} ynichis 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 n eN:

{(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" s a divisible of 27

_ a1l _qal _
For n =1 P(n) is true since 417 =147 = 417 - 14" = 27
Which is multiple of 27

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

_41" — 14" isa divisible of 27

. aqk ko
A1 - 147 = mX 2T \heremeN ...(1)

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

Consider,

= 41F+1_ 14k+1

= 41% x 41 -14F x 14

= 41(41% — 14 + 14%) — 14" X 14 |aqqing and subtracting 14"]
= 41(41F — 14F) + 41 x 14% — 14k x 14

= 41(27m) + 14%(41—14) yging 1]

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

= 27(41m + 14%)

_ . k
= 27 XT \herer = (41m + 14%) g 3 natural number

E+1 k+1
Therefore 41 — 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
all n eN:

(4"+ 15n - 1) is divisible by 9.
Solution: To Prove:
4™ + 16n— lisadivisible of 9

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

Let P(n): 4" + 15n— lisadivisibleof 9

— a1 b1 _—
Forn=1P(n) istruesince4n t1n—-1=4 +15x1-1=18
Which is divisible of 9
Assume P(K) is true for some positive integer k , ie,
_4% + 15k — 1isa divisible of 9
. 4k _1 =
=40+ 15k =1 = mX9 \heremeN ...(1)

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

Consider,

=4+l 4 15k + 1) -1

= 4% x 4 + 15k + 15—1

= 4" x 4 + 15k + 14 + (60k + 4) — (60k + 4) |aqding and subtracting

60k + -’-}]

= (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)]

= 9X%X1 = [(4m) — (5k — 2)]

, Where is a natural number

Therefore 4° + 15k — 1is 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:

32n+2 _8n —9isa divisible of 8

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

Let P(n): 32"+2 _8n —9isadivisible of 8

For n =1 P(n) is true since

32n+2 _8n—-9 =372 _8x1—-—9 = 81 —17 = 64
Which is divisible of 8

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

_32k+2_ gk —9isadivisible of 8

. a2k +2 =
D _SR_Q—mxg,wheremeN...(ﬂ
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We will now prove that P(k + 1) is true whenever P( k) is true

Consider,

= 32k+V+2 gk + 1) -9

= 32(k+1) w32 8k —-8-9

— 32(32k+1) _gk -9 + 8k +9) —8k—8—9
[Adding and subtracting 8k + 9]

= 32(32k+1) _gk —9) + 3%(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

3%k+2 -8k —9

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:

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

an __
2" =1 \uhich is multiple of 7

Let us prove this question by principle of mathematical induction (PMI) for all natural
numbers
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2°"—1

is multiple of 7

2°"—1

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,
3k _
=27 —=1=17m wheremeN ...(1)
We will now prove that P(k + 1) is true whenever P( k) is true

Consider,

— EE{F:+1]_1
=23k x 231

_ o3k 3 3_ o3 _ )
= 277 X 2° + 2° = 2" — 1 |adding and subtracting 2 ]
=23(2%—1) +2°—1

_ 93 3 _
= 2°(7m) + 2° -1 [Using 1]

= 23(7m) + 7

=7(2°m+ 1)

— . 3

= 7XT \wherer=2"M T 1iga natural number
23]‘! —1. )

Therefore is multiple of 7

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= 2",
Solution: To Prove:
3" = 2"

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

Let P(n): 3% =27

3"=2"ixex 3=2

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

Assume P(K) is true for some positive integer k , ie,
_3F=2%

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

= glk+1)
. E+1) _ gk k
=+ 30D = 38 % 3> 2% X 3 1ging 1]

sk k £
=3¥x3> 2" xX2X3 [Multiplying and dividing by 2 on RHS]

— 3F|:+l > EFE+1><%

25:+1><E > 2k+1
Now, Z

- 3FI:+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.
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