Chapter : 4. PRINCIPLE OF MATHEMATICAL INUDUUGI1IUN

Exercise : 4
Question: 1
Solution:
To Prove:
1+2+3+4+ ..+n=1/2n(n+ 1)

Steps to prove by mathematical induction:

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

(1) P(1) is true

(ii) 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=1/2n(n+ 1)
Step 1:

P(1)=1/21(1+1)=1/2 x 2

1]
—

Therefore, P(1) is true

Step 2:

Let P(k] is true Then,
Pk):1+2+3+4+..+k=1/2k(k+1)

Now,

1+2+3+4+ ... +k+(k+1)=1/2 k(k+1)+(k+1)
=(k+1){1/2k+ 1}

=1/2(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=1/2n(n+1) forallneN
Hence proved.

Question: 2

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

(@) P(1) is true
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(ii) P(k + 1) is true, whenever P(K) is true CLASS24

Then P(n) is true foralln e N

Therefore,

LetP(n):2+4+6+8+ ...+2Z2n=n(n+1)

Step 1:

P(1)=1(1l+1)=1x2=2

Therefore, P(1) is true

Step 2:

Let P(k) is true Then,

Pl):2+4+6+8B+ ...+2k=k(k+ 1)

Now,

2+4+6+8+ ... +2k+2(k+1)=k(k+1)+2(k+1)
=k(k+1)+2(k+1)

=(k+1)(k+2)

=Plk+ 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
Question: 3

Solution:

To Prove:

3" G

1 +3" 434+ .+ 3% = 5

Steps to prove by mathematical induction:

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

(ii) P(k+ 1) is true, whenever P(K] is true

Then P(n} is true foralln e N

Therefore,

LetP(n):1 + 3 + 32 + ..+ 371 =

Step 1:

p(1) =31 _

2

=1

SRR

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

k_
P + 31 + 32 4 .+ 31 =21

Now,



. 3[-‘«:) -1
1 43 432 4 4 3gk-1 4 glk+1-1 _ 4 glk+1)-1
2 e

=31 g

=3®2 4 1)1
=303 1

=3lk+ 1J(E) _1

_ glk+11_y

o

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

Hence, by the principle of mathematical induction, we have

1 +3 +32 + .+ 371 = gt,—ilforall neN

Question: 4

Solution:

To Prove:

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

(ii) 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 30-1 = (30 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 + ..+ 2x3k1=(3k-1)
Now,

2+6+18+ .. +2x3k1 42 3k+1-1- 3k 1y 42 %3k
=-1+3x3K

= 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+ .. +2x3"1=(3"-1)forallneN CLASS24

Question: 5
Solution:
To Prove:

J*....fi_[;lL}

- ~1 AN

| -

12| ==

Steps to prove by mathematical induction:

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

(ii) P(k+ 1) is true, whenever P(K] is true

Then P(n) is true foralln e N

Therefore,
1 1)

LetP(n): — — — + — + = = Il=

2 8 A0 ~o |
Step 1:
P()=1-3=1-3 =
Therefore, P(1) is true
Step 2:
Let P(k]) is true Then,
POSEEEE - | S

2 4 8 =

Now,
1 1 1 1 1 1
i+7+§+ +2k+1 17; 2k +1

=P(k+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)

forallne N

Question: 6
Solution:

To Prove:



n(2n-1)(2n +1) CLASS24

3

12+32+524+724 . +(2n-1)2=

Steps to prove by mathematical induction:

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

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

Then P(n) is true foralln e N

Therefore,

_u{2n-1}{2n+1)

3

LetP(n): 12+ 32+ 52+ 72+ .+ (2n-1)2

Step 1:

1(2-1}2+1) 3
PA)=""""— =3=1

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

P(k):12+32+52+ 72+ .+ (2k-1)2= 7""71"’];'”" i)

Now,

- k(Zk-1)(2k ) . -
12432452+ 72+ + (2(k + 1)—1]2:% B2 + 2 1)
_ k(2E-1)(2k+1)

3 + (2k + 1)°

k(2k-1)
3

=(2k + 1)

+ 2k + 1]

2k*—k + 6k +3

=(2k + D = =

2k® + 5k + 3

(k+ 12k +3)

= (2k + 1) :

] (Splitting the middle term)

—_ (k+1)(2k+ 1){(Zk + 3)
3

= P(k+ 1)
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+324+524 724+ .+ (2n-1)2= { ) )forallneN

3

Queslion: 7

Solution:

To Prove:

1x2' + 2x2% +3x2% + .. tnx2® = (n-1)2n + 1 + 2

Letus prove this question by principle of mathematical induction (PMI)



LetP(n): 1 x 2" + 2x2° + 3x2% + ... + nx2" CLASS24

Forn=1
LHS=1x2=2

RHS=(1-1)x20+1)4 2

Hence, LHS = RHS

P(n) is true forn 1

Assume P(K) is true

1x2b 4+ 2x2% +3x2% + kx2¥ = (k-1 x2k* 4 2 (1)

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

120 +2x27 +3x22 + (k+ 1)x25*! = ((k + D -1 x2k+D+l 42
1220 + 2x2° +3x27 + (K + 1)x287 = (k)x2k+2 + 2

1220 4+ 2% 22 + 3x2) + k28 + (kK + 1) x2F%2 = (k)x2K+2 ¢ 2 (2]
We have to prove P(k + 1) from P(k), i.e. (2) from (1)

From (1)

1220 + 2%x22 +3%x2% + kx2" = (k—1)x2F+1 + 2

Adding (f + 1) x 2+ ! both sides,

(=21 + 2522 + 3%x2° + kx25) + (b + 1D)x28%L = (k—1)x2%*1 12 + (kK + 1) x2F*1
= jc JEE - 2" * | R 7F * 1 +

=2kx2¢t + 2

=kx2K*? 4+ 2

(1=2" +2%2° £3%x2% + kx2¥) + (k+ 1)x2¥*! =kx28%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

(=2 + 2x22 +3x23) + nx2" =(n—1)x2"*1 + 2

Hence proved.

Queslion: 8

Solution:

To Prove:
2 ” 12
3x27 +37x2% 4+ 3F3x2V 4+ Lx +3"x2"V = — (6"-1)

Letus prove this question by principle of mathematical induction (PMI)
LetP(n):3 x 2% + 3°x 2% + 33x2% + X +3"x2nt?

Forn=1



LHS =3x2°=12 CLASS24

RHS = () x (6' - 1)

[
&)

=—xb=12

w |

Hence, LHS = RHS
P(n)istrueforn=1

Assume P(k]) is true
3x2%0 + 3% x2% + 33x2% + L .x +3x 28+ = Brgk 1y L)

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

» 5 , 12
3Ix27 +37x2% 4 33x2t 4+ Lx #3FIx2R = ekt
o]
2 2 3 3 4 k+1 k+2 12 k+1 12
Ix2® + 37 x2¥ ¢ B2t o X +3 x 2K --—T(_a-)—?
327 +37x2% + 3Fx2t + X +3% x 2K+ 4 kel ok+T
£ (Gk + 1) o 1_2 "'(2}
al 2
We have to prove P(k + 1) from P(k]) ie (2) from (1)
From (1)
i - F 12
3x2° +37x2% + 33x2% + . .x +3Fx2kt = ?(5-‘—1)
Adding 3K+ x 2¥*? both sides
3 x EINEE < 23 1 IR . SR R 2 Sk + 2
12 s .48
-f—_ch)"‘—1)+3A'-:<2“--
5
12 k k k
= —(6*-1) + 3k x2Fx 12
pe ]
12
=?(6"—1)+6"x12
(6“(12+ 12 12)
- 5 ) 5
(?2) 12
~\5 5
:E(6k+1)75
5 5
3x2% + 3% 2% 4+ 33 %2 4+ 4 3 xakrl g ghrly gk
_E(ﬁki‘l) E
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

. 5 12
3x27 +37x2% + 3Fx2t + L .x +3"x27F = ?(6")—?



Ix27 +37x2% + 3FIx2Y + Lx +3x2"T = — (6" 1)

Hence proved

Queslion: 9

Solution:

To Prove:

1 1 1 2n

— + * =

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

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

L p 3+ 1 + 1 _ 2n
et (")‘1 (1+2) (1+2+3+.+n)  (n+1)
Forn=1
LHS =1

_2xr
RHS_."|+|‘|

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

Assume P(k]) is true

1 1 1 2k

...... + = — (1)

1 (1+2) (1 42+3+4 ...+ k) k+1)°

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

. 20k +1) 2k+2
T (kt1+1) k+2
1 1
LHS =- + —— + ... E r
1 (1+2) (L+2+3+ ...+ (k+ 1))
=+ —— 4t J - ! Writing the |
T (1+2) . . . - :+f+q—....+-~-—:|[ il i sl

Second term |

2k 1 .
w0 T Grzearmrteay irom 1]
2k N 1
Tk+1y k+ 1)x(k+2)

2
{1+2+3+4+ . +n=[nn+1)]/2putn=k+11}
_ 2k 2
T kD kT Uxk+2)

2 (R 1
- (E e )
(k+1)\1 k+2
2 (k+1)x(k+1)

= )

| Taking LCM and simplifying ]

k42

_ 2k +1)
T ok+2)

=RHS

CLASS24



1 1 2k+2

1
Therefore ,- + + — =
1 1+2) (L+2+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

Putk=n-1

1 1 ) 1 2n
______ (I1+2+3+ ..x+n) n+1

Hence proved
Question: 10
Solution:

To Prove:

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

Forn=1

1
LHS =— = —

2% 10

1x1 1
(6+4) 10

Hence, LHS = RHS

RHS =

P(n)istrue forn=1

Assume P(k) is true

Lo —— 4 t . B il
2x5 (5%8) (3k—1)x(3k +2) Lcn!\'+-‘1”““( )
We will prove that P(k + 1) is true
RHS = k+1 _ _k+1
T(ek+1)+4)  (6k+10)
1 1 1 P 1
LHS = Zx5 g (5%8) i (Bk—1)%(3k +2) = Gk +1)—D)x(3(k + 1)+ 2)
[ Writing the Last second term ]
1 1 1 1
=— —— + 09 + - T = . >
2x5 (5x8) (3k—1)x(3k + 2) (3(k + 1)-1)x{3(k + 1} + 2)
k 1

T k4 * 13(k+11—1]x(3(k+1}+2_][Usmgl]

T (ek+4)  (3k+2)x(3k+5)

k 1
=— +
(6k +4) (3k +2)x(3k +5)

_ 1 ll3#r+:]\c(k+1
T (3k+2) 2%(3k+5)

} ] ( Taking LCM and simplifying )

k+1
T (6k+10)

=RHS

1 1 1

k+1

“[‘herefore,L +

x5 | (5x8) Fon t (3k—1)x(3k + 2) t B+ -Lx(3(k + 1)+2)  (ok + 10)

CLASS24



LHS = RHS CLASSZ4

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) [3r171]x(3n+2]_ (ornn+4)

Hence proved.
Question: 11
Solution:

To Praove:

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

Letus prove this question by principle of mathematical induction (PMI)

1 + 1 + ; 1 i n
LetP(n): 7 (ax7) = 7 (3n-2)x(3n+1)  (3n+1)
Forn=1
LHS =~ =%

1x4 4

S !

RHS = 1 = |

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

1 1 1 k

=g (=70 8 (il o 10 itk 7y (1)
We will prove that P(k + 1) is true
RHS = k+1 k1
TEk+1)+1) (3k+4)
—+ B + =

LHS = 1x4 {4%7) (3k + 1)-2)x(3(k + 1)+ 1)

1 1 1 1
= T T T s s + +

1x4 (4x7) (3k—2)x(3k + 1) (3k + 1)x{3k+ 4]

[ Writing the second last term ]

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

[Using 1]

1 1
_:3k+1)(k + (3k+4])

_ 1 (¢3k5+4k+1))

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

T3k +4)

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

LHS = RHS



Therefore, P (k+ 1) is true whenever P(k) istrue. CLASS24

By the principle of mathematical induction, P(n) is true for
where n is a natural number
Hence proved.

Question: 12

Solution:
To Prave:
1 1 1 n
— + — t e =
1x3 (3x5) (2n—1)x(2n + 1) (2n + 1)

Letus prove this question by principle of mathematical induction (PMI)

1 1 1 T
LetP(n): T + + + =T

(3x3) (Zn—1)x(Znrn + 1) (Zn+ 11

Forn=1

LHS =~ = 2
1x3 3

A
RHS Tz+1 3
Hence, LHS = RHS
P{n)is true forn =1

Assume P(k]) is true

- LU ’ - == 4

1% iI=51 2k 1xi7k + 1 7k + 11

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

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

LHS =— + —— + ... 4

1x3 ({3x5) (2(k+1,—1}=(2{k+1)+ 1]

1 1 1 1

T 1x3 (3x3) (2k—1)%(2k + 1) (2k+ 1)x(2k +3)

[ Writing the second last term ]

k 1
T (2k+1) (2k + 1)x(2k + 3)

[Using 1]

1 1
= ( +
(lki—l](k (2k+3)

)

1 (2kZ+3k+ 1)
_E2k+1)( (zk +3) )

k+1
T2k +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.

Queslion: 13

Solution:
To Prove:

1 L 1 N N 1 n
2x5 (5x8) 77 (Bn—-1)x3n+2) (6n+ 4)
Forn=1

1

LHS = — = —

2 10
a1
RHS (6+4) 10

Hence, LHS = RHS
P(n)istrueforn=1

Assume P(k) is true

1 1 1 _ k
= —— + . . T venne(1)
2x5 {5x8) (3k—1)=(3k +2) ek + 41
We will prove that P(k + 1) is true
kE+1 k+1
RHS = — =
(6(k+1)+4) (6k+10)
1 H 1 N 1
LHS =22 (6xa) T (3k—11(3k + Gk +1)-1)%(3ik + 1
51 + 1 N . 1 ‘ 1
= axs5 (sx8) 7 (3k—1)x(3k + 2} (3(k+ 1)—1)x(3(k + 1] + 2
k 1
= ar Using 1
(ok + 4) (3(k + 1)-1)x%(3(k + 1]+_'||' 8 J

M k n 1
T (6k+4)  (3k+2)x(3k +5)

_ K 1
T (6k+4)  (3k+2)x(3k +5)

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

= ol [ Tk 5) ] ( Taking LCM and simplifying )
k+1
" (ek+10)
=RHS
1 1 1 1
— + + =—
Therefore, ; /o ¥ 5.5 (Gk—1)x(3k+2)  (Bk+1)-1x(3(k+1)+2)  (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
— —— T ... ... X =
2%5 (5x8) (3n—1)x(3n+2) (6n +4)

Hence proved.

Question: 14

k+1

CLASS24
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Solution:

To Prave:

3 5 7 2n + 1 .
(1+f)x(1+7)x(1+—)x ...... x{1+71}:(n+1}*
1 4 9 n?

Letus prove this question by principle of mathematical induction (PMI)

LetP(n):(l + %)x(l + z)x(l + g)x ...... x {1

Forn=1

1)?

LHS =1 + :—: =4
RHS=(1+ 1)*=4
Hence, LHS = RHS
P{(n)istrue forn=1

Assume P(k) is true

=1+ x(1+)x(1 4 x x{l + 2 = (k + D)
We will prove that P(k + 1) is true

RHS=((k + 1) + ])2 = (k + 2)°

LHS = (1 4 ) x (1 + 2)x (1 + )t xf1 + 2E222Y

[Now writing the second last term |

=(1 + i)x(l : J)x(l : ;)« ...x[l t :kkzl]x{l i ‘\'I'Ztll':i}

=(k + 1)2 X{l 'tl;‘ill';l}[Usingl]
2k + 3)
_U\ l) x[l*(1\+il]
(k+ 10 4 (2k + 3)
=(k [ (k+1)* }

=(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.

Question: 15

Solution:

To Praove:

CLASS24



(1+;)x(1+%)x(1+%)x ...... ><{1+nil]r(n+1)1 CLASS24

Letus prove this question by principle of mathematical induction (PMI)
LetP(n]-(} +5)x(1 +3)><(1 +5)x x{1+—~}=(n+ 1!

. 1 2 3 44444 1 —
Forn=1

1

LHS =1 + - = 2
RHS=(1 + I}t=2
Hence, LHS = RHS
P(n)istrueforn=1

Assume P(k) is true

=1+ Hx(1+ )% (14 x xpt + 2= (kD)
We will prove that P(k + 1) is true

RHS=((k + 1) + 1)! = (k + 2)°

LHs =(1 + ) x {1 + Y x(1 + Hx xf1 +
[Now writing the second last term |
=(1 +§)x(1 + ) x(1+2)x cex s xp 4 —

1
(kB +1)t

=(A’4f1)1>’~'[1 + }[Usinglj

=(k +1)'x |

u'.-+!1+1}
(k+ 1)t

(k +2)!

= (k 2% { )

=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.

Question: 16

Solution:

To Prove:

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

Letus prove this question by principle of mathematical induction (PMI) for all natural numbers
nx({n+1)x(n+2)ismultiple of 6

LetP(n):n x (n+ 1)x (n + 2), whichismultiple of 6

Forn=1P(n)istruesincel x (1 + 1)x (1 + 2) = 6, which is multiple of 6



Assume P(K) is true for some positive integerk, 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,

Sk+1D)=x{(k+1)+1 )= ((k+1)+2)
=(k+1)x{k+2F=x{(k+2)+1}

S[(k+1D)xe{k+2)x (k+2)] +(k+ )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 + 3x[ 2xw ]

= 6m + Gxw

=6(m + w)

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

(k+ 1) x ((k+ 1) +1)x ((k+ 1)+ 2)ismultiple of6

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

CLASS24

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

Hence proved.
Question: 17
Solution:

To Prove:

x "M — y " isdivisible by x + y

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

Let P(n): x*" — y*" isdivisible by x + y

Forn=1P(n)istruesince x’"—y>" = x> —y? = (x + ¥} x(x—- )
which is divisible by x + v

Assume P(k] is true for some positive integerk, ie,

=2k — y2& s divisibleby x + y

Let x** —y** — mx (x + y) ,wheremeN ...(1)

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

— .1'2“"+“~ L2k + 1)

¥

= TR ooyt



= 3(x*k - ),3k + ),-31‘) - -‘_,:.I.- x y? [ Adding and subtracting _\-:k ]
= ¥ (mx(x +y) + _‘.'35‘) — _\.-3"‘ x y? [ Using 1]

=mx(x + y)x? + yHaZ— ykyt

=mx(x + y)x? 4+ y¥F (27 —y?)

=mx(x+ x*+ v Fa-yx +

= (x + { mx? + .‘_,23- (x—y)}. which is factor of (x + v )

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

CLASS24

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

Hence proved
Question: 18
Solution:

To Prove:

¥* ' —lisdivisible by x — 1

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

Let P(n): x*"* — 1 is divisible by v — 1
Forn=1

P(n} is true since 1“7 1 -1 = x= * 1 = (x — 1)

which is divisible by x - 1

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

= x2*1 1 isdivisible by x — 1

Let x**1—1 = mx(x—1).wheremeN ...(1)

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

= y2k+)-1_

oy Thly g

= x?(x%F 1) -1

= x?(x?* ' —1 4+ 1) — 1 [ Adding and subtracting 1 ]

= x*(mx (x—1} + 1) - 1 [Using 1]

= x?(mx(x-1)) + x*x1-1

=y (mx(x—1)) + x2—1

=y mx(x-1) + (- DE+1)

= (x—1){mx?> + (x + 1)}, which is factorof (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.

Question: 19
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To Prove:

41" — 14" isa divisible of 27

Letus prove this question by principle of mathematical induction (PMI) for all natural numbers
LetP(n): 41" — 14" isa divisible of 27
Forn=1P(n)istruesince 41" — 14" = 41' — 14 = 27
which is multiple of 27

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

=41"— 14" isa divisible of 27

-~ 41% —14% = mx 27 ,whereme N ...(1)

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

_ 41k+1_ q1gk+1

418 x 41 — 14" x 14

[

41[4]k —14% ¢ 14!\-) ~14% % 14 [ Adding and subtracting 1-];"_]

= 41(41% —14%) + 41 x 14* — 14" x 14

41(27m) + 14%(41 —14) [ Using 1 ]

41(27m) + 14%(27)

27(41m + 14%)

= 27 xr,wherer=(41m + 14")is a natural number

Therefore 411 — 1457 ! 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.
Hence proved.

Question: 20

Solution:

To Prove:

4" + 15n — lisadivisibleof 9

Let us prove this question by principle of mathematical induction (PMI) for all natural numbers
LetP(n):4" + 15n— lisadivisibleof 9

Forn=1P(n)istruesince4” + 15n1—1 = 4! + 15x1—-1 = 18

which is divisible af 9

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

=4% + 15k —1isa divisible of 9

~ 4% £ 15k —1 = mx9,wheremeN ..(1)



We will now prove that P(k + 1) is true whenever P( k) is true. CLASS24

Consider,

=451 5k + 1)1

=4 x 4 + 15k + 15—1

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

= (4F+L + 60k —4) + 15k + 14— (60k — 4)

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

= 4(9m) — 9(5k —2)

9[ (4m) — (5k — 2)]

= 9xr,wherer=[(4m) — (5k — 2)]is a natural number
Therefare 4% + 15k — 1 isa divisible of 9

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

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

Question: 21

Solution:

To Prove:

3%n+2 _gn —9isadivisibleof 8

Let us prove this question by principle of mathematical induction (PMI) for all natural numbers
LetP(n):3°"*% —8n — 9 isa divisible of 8

For n= 1 P(n) is true since

3Fm+2 _gn—9 = 37*?7—_8x1-9 = 81—17 = 64

which is divisible of 8

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

=32k+2_ 8k — 9isadivisible of 8

~ 3%+2_8k -9 = mx8,wheremeN ...(1)

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

=3k 42 _gk + 1)-9

= 3+ 37 —Bk—8-9

= 3%(37*V_8k—9 + 8k +9) —8k—8—9

[ Adding and subtracting 8k + 9]

= 37(3%k* 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 ] CLASS24

=9(8m) + 64k + 64

=8(9m+ 8k +8)

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

Therefore 325 +2 — Bk — 9is 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.

Question: 22

Solution:

Ta Prove:

23" — 1, which is multiple of 7

Letus prove this question by principle of mathematical induction (PMI) for all natural numbers
23" — 1 is multiple of 7

Let P(n): 2*" — 1, which is multiple of 7

Forn=1P(n)istruesince 2’ — 1 = 8 —1 = 7 ,whichis multiple of 7

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

=23 _1 = 7m,wheremeN ...(1)

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

Consider,

N 23['k+1)_ 1

23 )

= 23k % 23 + 23 — 2% _ 1 [Adding and subtracting 2% |

23 (23 — 1)

= 237m) + 28 = 1 [ Using 1]

23(7m) + 7

=7(2°m+ 1)

= 7%x71,wherer =2%m + 1isa natural number

Therefore 23" — 1 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

Question: 23

Solution:

To Prove:



31’1 > 2?1

CLASS24

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

LetP(n):3" = 2"

Forn=1P(n)istruesince 3" > 2" X e X 3 = 2, which is true
Assume P(k) is true for some positive integerk, ie,

=3k =2F (1)

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

— 3ik+1)

~ 3kl = 3k 535 2% x3[Using1]

=3kx3>2Fx2 X% [Multiplying and dividing by 2 on RHS ]

_ 3k+l - 2k+1 X%

. 3
Now,Z"*‘x:

> 2k+1
3;\'+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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