CBSE Class 11 Mathematics

Important Questions
Chapter 4

Principle of Mathematical Induction
4 Marks Questions
1. For every integer n, prove that 7° —3%;s divisible by 4.
Ans. P(n) : 7"-3" is divisible by 4
For n=1

P(1) : 71 -31 =4 which is divisible by Thus, P(1) is true

Let P(k) be true
75 —3% is divisible by 4
753" =47 _where A e N({)

we want to prove that P (k+1) is true whenever P(k) is true
= (44437 -3 3(from i)

=28i+73 =33

=281+3(7-3)

751 3" s divisible by 4



thus P (k+1)is true when P(k) is true.

Therefore by P ML the statement is true for every positive integer n.

2. Prove that »(n+1|(#n+5] is multiple of 3.
Ans. P(1) - n(n+1)n+35) 1s multiple of 3

for n=1

P(1): 1{1+1) (1+5) = 12 is multiple of 3

let P(k) be true
P(k): K (k+1) (k+5) is muetiple of 3

— k(k+1)(k+35)=3/ where A& N ()

we want to prove that result is true for n=k+1
P(cHD) - (1) (e 2)(cH6)

= KD 2)(k+6)= | (k+1)(k+2) |(k+6)
= k() 2)6 1) (2) )

=k 1) (k5 3+6(k+ 1) (k+2)
=+ 1) (k+5)-3k(k+ 1)+6(k+1)(K+2)

=k (ke D)5+ (ke 1) 6(k+2) =3k |
=k(k+ D)(k+5)+Hk+1)(3k+12)

=k 1)k3) 3kt 1kr4)
=343 (k+1)(k+4) ( from 1)

=3[ A+ (K +1)(K +4)] which is multiple of three
Hence P(k+1) is multiple of 3 .

3. Prove that 10" +1 is divisible by 11



Ans. P(p): 10 +1is divisible by 11

for n=1
P(1) = 107" +1=111s divisible by 11 Hence result is true for n=1

let P(k) be true
P(k): 10¥" +1is divisible by 11 1

= 10%'+1=111 where A € N{)

we want to prove that resultis true for n= k+

=10% 41 =104 11
=10""+1

=10*.10'+1

= (110410310 +1( from 1)
=11004-100+1

=11004-99

=11{1004A=9)is divisible by 11

Hence by PM I P (k+1)1s true whenever P(k) 1s true.
Y 1y 1y o1y, :
4.Prove  1+- | 14+— | 1+= | 1+— =(n+1]
\ 1 |:__h 2 | 3_.| \ 7 _.__| - -

y -
-

Ans. letP(m): 1+- || 1+= | 14+= | 1+— |=(n+1]
U 2 T3 ) T T

for n=1

P(1): | 1+% =(1+1)=2

which is true



let P(k) be true

pao: 1o ll1ei el Pl ke
\ 1_:.' \ F.l‘ _.l: 3_-| \ k_:] - -

- &
S

we want to prove that P(k+1) is true

Pece1)| 140 |1+ 2 L 1e 2 1o (k+2)
U 2 k)T

ras =1+l f1eli+ L
o 2 T RN k1)

=(k+1) SR [ from(D)]
L k+1)
Ck+1+1)

= 1 I

(et j-x KE+1 )

=(K+2)

thus P(k+1)1is true whenever

P (K) is true.

5. Prove 1.2+2.3+3.4+~+n j34+1) = n(n+l)(n+d)

' 3
Ans. p(n):1.2+23+-——n(n+l)= F‘LF"H;L?‘J“-]

for =1

1(1+1)(1+2)

pl(1): 1[i1+1_] =

p(l)=2=2



hence p(1) be true

- . kR kR R+
p(k): 124234 (k)= ——— (i
we want to prove that
plk+1):
12+23+———+(k+1)(k+2)= Lk+1)(k ; 2){k+3)
LHS.

:1.2+2_3+———+k['_k+1_']+[’_k+1_’][’_k+2_’]

Elk+1)(k+2) (k+1)(k+2 - C A
_ek)(kr2) () (k+2)  r g ]

3 1

E(k+1)(k+2)+3(k+1)(k+2)
3

(k+1)(k+ 2_‘][k+3]
3

hence p( k£ +1) is true whenenes p( k) is true

6. Prove (2n+7)<(n+3)>

Ans. pin):(2n+7)<(n +3_']:
for n=1

9<(4)

Q<16

which 1s true



let p(k) be true
(2k+7) <(k+3)’

now
2(k+1)+7=(2+7)+2

<(k+3) +2=1 +6k+11

< I+ 8k +16=(k+4)

=(k+3+1)°

Cp(k+1):2(k+1)+7 < (k+1+3)°

= p(k+1) is true, when ever p( k) is true

hence by PMI p(k) istrueforall ne NV

1 1 1 1

¥i

7. Prove

+——+ 4+ . +- — =
14 47 710 (312-2)(3n+1) (3n+])

. 1 M
Ans. 1) —F—+———+- — - == .
ns. P TS (3n—2)(3n+1) (3n+1)
for n=1
o 1 1 1
pll):- — = =—
(3—-2)(3+1) (3+1) 4
which is true
let p( k) be true
1 1 i
plk):—+—+———+- — - = - - 1)
14 47 (3k-2)(3k+1) (3k+1)

we want to prove that p( £ +1) is true



. .1 1 1 k+1
ple+l)i—+—+———+; — - =- _
' 14 47 |3k+1)(3k+4) (3k+4)
LHS.
1 1 1 1
=t — —+ - — .
14 47 (3k=2)(3k+1) (3k+1)(3k+4)
k 1 - a7
= +- — . | from......(1) |
e+l (3k+1)(3k+4) - -
k(3k+4)+1

T (B3k+1)(3k+4)

3k ak+1 | (3Rs]) (kD)
(3k+1)(3k+4)  (3et]) (3k+4)

plk+1) is true whenever p| k) is true.

8. Prove 1.2+2.22+3.23+...+n.2" = (n-1)2 0 * 142

Ans. p(n):12+22°+3. 2 +———+n2"=(n-1)2"" +2
p(n) 12422 432 +———4n2" =(n-1)2" +2

for n=1

p(1):1.2 =(1-1)2" +2

2 =2 which is true

let p( k) be true

plk): 12422 +———+ k2 =(k-1)27 42 (1)

we want to prove that p ['_k+1_'] is tre
p(h+1):1242 2 +———+(k+1)27 =k27 +2



LHS.
12422 +———+ k2" +(k+1)2%
=(k=1)27+2+(k+1)27e
=27 (k=Y +k+1)+2

=2"k+2

This p(k+1] is true whenever p(k) is true

9. Prove that 2.7 + 3.5 -5 is divisible by 24 7 n = N
Ans. P(n) : 2.7" + 3.5" - 5 is divisible by 24

forn=1

P (1):2.71 + 3.51 - 5 = 24 is divisible by 24

Hence result is true forn =1

Let P (K) be true

P(K):2.7%+3.5K_5

=2 7%+3.5%5=244 when A= NO

we want to prove that P (K+!) is True whenever P (K) is true

2.7K1 135K _5-97K 71,3 5K 515

=7[277+355 535 +5] +3555'5

= /|
=7[244-355+5] + 15553 (from 1)

=Tx244 21 5%+35+155%.5

=Tx2446.55+30



=Tx244-6(5F -5
x24i—64p | -5 —35 is multiple of 4 |
=24TA—-p)., 241is divisible by 24

Hence by PM Ip (n) is true for alln N.

10. Prove that 41™ - 14" is a multiple of 27
Ans. P (n) : 41" - 14" is a multiple of 27
forn=1

P(1):411-14= 27, which is a multiple of 27
Let P (K) be True

P (K): 41K - 14K

= 41%-14%=274, where i e N

we want to prove that result is true forn =K+ 1
41K 14847 = 41K 47.14K 14
=(274+14")41-14" 14( from i)

7A41+145 41-14% 14

=27i41+145(41-14)

=27441+145(27)
=27(414+14%)

is a multiple of 27

Hence by PMI p (n) is true for acen = N.



11. Using induction, prove that 10™ + 3.4™*2 + 5 js divisible by 9 7 n = N.
Ans. P (n) : 10" + 3.4™*2 + 5 is divisible by 9
Forn=1

p (1) : 101 + 3.412 + 5=207, divisible by 9

Hence result is true forn =1

Let p (K) be true

p (K) : 10K +3.4K*2 4 5 i djvisible by 9

= 10" +3.457 +5=9 where A e N (i)
we want to prove that result is true forn =K+ 1

108+ +3 4K+ 1424521 0K 143 4K+345

=10%.10+3.45 4 +5
=(9i-34"7 -9 10+345 4 5 (fromi)

=004 -30457 —50434%F 15
=904 -3045" —45+3 4 4%°

=00/ —184%1 45
=09(104 247 -5

which is divisible by 9.

W2 n(n+102n+1)
6

12. Prove that 1% + 22 + 32 + ——+

g _ nln+1)(dn+1)
6

Ans. Let P(n): 12 + 22+ 32 + —4n




forn=1

P):1' = 1(:;(33‘ =1

which is true
Let P (K) be true

-
PK): 1P+20 + +K = K[K+l§[-f§’+lj 1)
we want to prove that P(K+1) is true

2 2 ; 22
P(KHD) : 1+ 2%+ -+ (K+1)* = EK”HK; YK +3)

LHS= |1: 42 +——+f~;':| +H(K+1)

_ EK+D)(2IK+1) N (K+1)°
& 1

[from (1)

_ K(K+DQE+D)+6(K +1)°
6

(K+D[KQK+D+6(K+1)]
- 5

(K+DQ2K +K+6K +6)
6

(K+D(2K +TK+6)
6

_ (K+IK+2)(2K+3)
6

Thus P (K+1) is true, whenever P (K) is true.

Hence, from PMI, the statement P (n) is true for all natural no. n.

11



13. Prove that 1+3+3% + - + 301 = 3"

Ans. Let

311

-

P(n):1+3+32+__+3n-1:

31

-

P (1) 3= -1

which is true

Let P (K) be true

N K-l_ - 1
];(K)l 3+32+____+3 3
~

we want to prove that P (K+1) is true

PIK+1):1+3+3 +———+3" =
LHS=1+3+3+__+3F143F

3 -1

+3* [From (1)

¥ _1+23%

-

31+ -1

4

-1

-

forn=1

(1)

3}:—1_1

12



Hence p (K+1) is true whenever p (K) is True

14. By induction, prove that 12+22+3%2+_+n

-
-
o
)

Ans.LetP(n):12+22+32+---+n2> -
3

forn=1

12 > 1 which is true

3

Let P (K) be true

K2 > £

P(K):12+22+32+ -+ -~
3

(1)
we want to prove that P (K + 1) is true

P (K+1): 12 + 22 + — + (K+1)?

=%[K3—3(K—lj:]

=%[K3—3K:—3—6K]

=%[(K—1)-‘—(3K—:)]

1 .
== (K+1)°
;& D

2 M, -
> —T neN

-
£
T

3

13



= P(K+1)is true

Hence by PMIP (n)istrue ¥ n =N

15. Prove by PMI (ab)™ = a™ b"

Ans. LetP (n) : (ab)* = a b™
forn=1
ab = ab which is true

Let P (K) be true

(ab)¥ = aK b (1)
we want to prove that P (K+1) is true

(ab)K*1 = gK+1 pK+1

L.H.S = (ab)K*1
= (ab)*. (ab)’

=a™ b". (ab)' [from (1)

E+1 o K+l
=a .b

= P(K +1)is true.

2 n-1_ H[_}' ’ _1_]

16. Prove by PMI a + ar + ar® + - + ar

r—1

2 1 c:f(}‘:"—l

Ans.LetP(n):a+ar+ar®+-+ar =

r—1

forn=1



P (1) = a = a which is true

Let P (K) be true

K-1 _ H(J"I -1)

r—1

2

P(K):a+ar+ar“+-+ar

(1)

we want to prove that

k_ a(x*t=1)

r—1

2

P(K+1):a+ar+ar“+-+ar

LHSs=gtar +arl +—— +c;rrx'1| +art

a(r* -1}
=  ip* [ from (1)
r—1
a[_rK—l_']—ar:"_l—arK

r-1

.ﬁ’fﬁ _a_ar'.-:—l_arxlf B ﬂ[.rK_l _1]
r-1 r-1

Thus P (K+1) is true whenever P(K) is true

Hence by PMI P(n) is true for alln &N

17. Prove that x*" - y?" is divisible by x +y.

Ans. P (n) : x*" - y?*" is divisible by x + y

forn=1

p (1) :x%-y?=(xX-Y) (x +y), which is divisible by x +y

Hence result is true forn =1

15



Let P (K) be true

p (K) : x*X— y?K s divisible by x +y

= x & v =(x+v) A, where A e N({)

we want to prove the result is trueforn =K + 1

5 XD . AEA) _ o T }__.R—‘

= (et A+ ) 2 =3 ) (from i)

= (xty)Axttxt vy oy Ty

=(xtAxt +y (27 -y7)

= (x4 2y (xHy) (x)

= (x+v) [:ﬁ— v [:};—j,.-f]j is divisible by (x+v)

= p (K+1) is true whenever p (K) is true

Hencebvy PM I p(nlisttue Vn e N

18. Prove that n (n + 1) (2n + 1) is divisible by 6.
Ans.P (n) : n (n+1) (2n+1) is divisible by 6 forn =1
P (1): (1) (2) (3) =6 is divisible by 6

Hence result is true forn =1

Let P (K) be true

P (K) : K (K+1) (2K+1) is divisible by 6

16



— K(K+1)(2K +1) =6/ where 2 € N (i)

we want to prove that resultis true forn = K+1

K+1) (K+2) (2k+3) = (K+1) (K+2) [(2K+D +2]
= (K+1) (K+2)(2K+1) + 2 (K+1) (K+2)

=(K+D[(K+D2K+D] +2 (K+1) K+2)
=K (K+1) 2K+1) + 2 (K+1) 2K+1) + 2 (K+1) (K+2)

=61+ 2K +D2K+D+ 2K +1)(K+2) (byi)
=64+ 2K+1) [2K+1+ K +2]

=6+ 2K +DBK+3)
=64+ 6(K+D(K+1)

=6[A+(K+1)0(K+1)]
is divisible by 6.

19. Show that 23" — 1 is divisible by 7.
Ans.P (n) : 23" — 1 is divisible by 7
forn=1

P (1) : 23 -1 = 7 which is divisible by 7
Let P (K) be true

P (K) : 23K — 1 is divisible by 7

= 2%.1=74 where i eN({)

we want to prove that P(K+1) is true whenever P(K) is true
F.rf"}:._].: _ 1 — 231‘:._.:" _ 1

17



= T7(8A+1) which is divisible by 7s
Thus P (K+1) is true

Hence by PM.IP(n)istrue 7 n & N

20. Prove by PM 1.
1.2.3+2.3.4+—-—-+nn+1)(n+2)

_ nln+1Din+ 2)(n+3)
4

Ans.letP(n):1.2.3+2.3.4+—-—+n (n+1) (n+2)

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

Forn=1

P(1)=1(2) @)= UJQ)?)H]

P (1) = 6 = 6 which is true
Let P (K) be true
PXK):1.2.3+2.3.4+-+K(K+1) (K+2)

_ K(K+1)(K+2) (K +3)
4

(1)

we want to prove that

18



DKM L 2,342, 3.4+ + (Ke1) (K+2) (K+3) = o TDIE T IK +3)(K +4)

4
LHS=1.2.3+2.3.4+-+K(K+1) (K+2) + (K+1) (K+2) (K+3)
) ]
_ E(KE+DE+2NKE+3) N (KE+1IHE+20E+3) [fmm (1)
4 1
C(KE+DE+2)(K+3)[K +4]
= 1 i

Thus P (K+1) is true whenever P(K) is true.

21. Prove that : + + 1 + + 1 __n
12 23 34 n(n+l)  n+l

1 1 1 %
et + =
12 23 34 nn+1) n+l

Ans.P(n) :

Forn=1

P(1)=l l which is true
2 2

Let P (K) be true

P(K):— : i+ e __ K (1)
12 23 K(K+1) K+1

we want to prove that P (K+1)1s true

Py L L+____ 1 _Kk+1
12 23 (K+D(K+2) K+2
LHa—i i+---— . :
12 23 KEK+1) (K+IK+2)

19



K, 1
K+1 (K+1)(K+2)

[fmm (1)

_ K(K+)+1
(K HINK +2)

_ K+2K+1 (K+1)7
(K+INK+2) (K #NK+2)

_K+1
E+27

Thus P (K+1) is for whenever P (K) is true.

22. Show that the sum of the first n odd natural no is n

Ans.LetP(n):1+3+5+-—+(2n-1) =n?
Forn=1

P (1) =1=1which is true

Let P (K) be true
P(K):1+3+5+—+(2K1) =K (1)

we want to prove that P (K+1) is true

P (K+1):1+3+5+—+ (2K+1) = (K+1)

LHs< 1#3+5+-—+QK-D+(2K +1)

=K +2K+1 [From (1)

=(K+1)°

Thus P (K+1) is true whenever P(K) is true.

20



Hence by PMI, P(n) is true for alln = N.

23. Prove by PM 1
3 E| 3 3 ( H i".'+1 H':
'+ 4+3+———4n" = ( )|
\ 2 )
E| 3 3 3 ( F i".'+1 H':
Ans.P(n): "'+ 2" +3 +———+5" = ( > ) |
Forn=1
P (1) : 13 = 13 which is true
Let P (K) be true
3 3 3 ':K K+1 n':
PIK): P+ +——+K’= %i (1)
we want to prove that P (K+1) is true
3 3 3 [ K+1WK+2 H::
P (K+1): P42+ —+ (K+1) = | BFDEA) |
| | ]

LHS=F+2 +-—+K +(K+17

_[KE+DY
B 2 )

+(K+1F  [from (1)

_K(K+1y +(f:+1j-‘
4 1

_ KK+ UK
4

21



(K+D* K+ 4K +1) |
- 4

_(K+1)° (K +4K+9)
4

_(K+D)(K+2)
4

:__[K+1:][K+ 2) |

| 2

Thus P (K+1) is true whenever P (K) is true.

=(K+1)° (D)

_.-" 3 "'-,I _.-" 5 "'-,I _.-" ? ! _.-"
24.Prove. | 1+—| [ 14+4—| [ 14+— |——+ 1+
1)y 4 9 A
3V U8 [ (@ntl
AnsP(m): 1+— [ 1+— | —- l—I: - )
1)U a0 gt
Forn=1
P (1) :4 =4 which is true
Let P (K) be true
[ 3Y, .5 (o 2K+D))
PK: 1+—  1+— ——-—1 ( - )|
A 10 4] A E- )

We want to power that P (K+1) is true

PR+ 142 142 |-~/ 1+

5
1)1 4)

LHS= 1421142
vy

2K+3))

(K+1)*
ra ¥ ‘-.I.*f
1+ E'KTD 1+
K )

(K +2)°

(2K+3) )
(K+1)7° )

22



-
&

- Fr .\.‘I
K1y} 1+ 8513

1) [ from (1)

(K +1P+2K+3 |
K+

=(K+1)*

_(K+D)(K +4K+9)
(K+1)°

_(K#DHAK+
(K #1)*

=(K+2)

Thus P (K+1) is true whenever P (K) is true.

25. Prove that 322 _ 8n - 9 is divisible by 8
Ans.P(n) : 3%™*2 _8n - 9 is divisible by 8

Forn=1

P(1):3%*2-8-9=64

which is divisible by 8

Hence result is true forn =1

Let P (K) be true

P (K) : 3%K*2 _ 8K - 9 is divisible by 8

= 3% 8K -9=8, where A& N (i)

we want to prove that result is true for n = K+1

3 QK +1)-9=3"%"1 8K-8-9

23



=3 K -17
=3* 3 8K -17

=343 gk 17
= (84 +8K+9)9-8K 17

=727+ 72K +81-8K 17

= 647+ 64K + 64
=8(84+8K +8)

(from i)
which is divisible by 8
Hence P(K+1) is true whwnever P (K) 15 true.

Hencebvy PMIP(n)isttue Vne N

26. Prove by PMI.
x™-y" is divisible by (x-y) whenever x-y = 0

Ans.P (n) : x"-y" is divisible by (x-y)
Forn=1
P (1) : x -y is divisible by (x -y)

Let P (K) be true
P (K) : xK - yKis divisible by (x - y)

= x5 5=k (x3) ()
we want to prove that P (K+1) is true whenever P (K) is true

Bl Kol Ky Xy

X =x"x-V

24



=( Ax-v)+v" | xv v (from i)

= Alx—y)x+1" x—2"y
o . E ; \
=Alx—ylx+1 [x—y]

=(x— )] ix+1F]

which is divisible by x-v
Hence P (K+1)1s true

27. Prove (x?"-1) is divisible by (x-1).

Ans.P (n) : (x*"-1) is divisible by (x-1).

Forn=1

P :X-1)=x-1DE+1)
which is divisible by (x - 1)

Let P (K) be true
P(K):( " —1] is divisible by x-1 (i)

= x 7 -1=4(x-1)
we want to prove that P (K+1) is true

P(K+1) - x 5P
LHS

K+ _1

kK _ 1

=x " x-1

25



=(h(x-1)+1).x*-1(from i )
=A(x-1).x +x7-1
=h(x-1) %" +(x-1)(x+1)
=(x-1)[ 1 +(x+1) |

which is divisible by (x-1)
Hence p(K+1) is true whenever p(k) is true

28. Prove

1 1 1 2m

+- -+ - -+ +- - = - .
(1+2) (1+2+3) (1+2+——4n) (n+1)

1 1 1 2n
Ans.P (n): 1+- —+- - +——+- - = - :
SR ) T (14 243) (1+2+——+n1) (n+])
1 1 1 2n
1+—+- =
(1+2) (1+2+43) n(n+l)  n+l
2
1 1 2 2;
+- -+ - -+——- : - =
[1+2) (1+2+3) nin+l) n+l
forn=1
2 2
which is true
Let p(k) be true
1 1 2 2k
plk) - 1+- —+ - -+ ———+— - = (1)
(1+2) (1+2+3) k(le+1) K+l

we want to prove that p (k + 1) is true



D) 1 1 2 2(k+D)

. —+ - -+ ———+- . =
(1+2) (1+2+3) (k+1)(k+2) k+2

1 1 2 2
LHS=1+ + $———

. -t - . +— -+ - .
(1+2) (1+2+3) K(k+1) (k+1)(k+2)

2k 2

= -
e+l (k+1)(k+2)

[frn:um (1)

_ 2k(k+2)+2
(e+1)(k+2)

_ 2K+ Ak+2
(k+1)(k+2)

_ 20K +2k+1])
(k+1)(k+2)

_ 2k
(K #Dk+2)

_ 20k+))
(fc+2)

thus p (k+1)is true whenever p(k) is true
Hence by PMI pin)istrue ¥ ne N
29.Prove1.3+3.5+5.7+-+(2n-1) 2n + 1)

nf 4n” +6n—1]
3

Ans.Letp(n):1.3+3.5+-+(2n-1) (2n+1)

nf 4n” +6n—1]
3
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Forn=1

1(4+6-1)

3

PM=MDQA)=

P(1) =3 =3 Hence p (1) is true

Let (k) be true

(4K +6k-1)
3

P(K):1.3+3.5+-+(2k-1)(2K+1)=

(1)
we want to prove that p (k+1) is true

p (k+1): 1.3 + 3.5 + — + (2k+1) (2k+3) = (f+1) 4(k+1)" +6(k+1) -1

3

L.H.S

134354+ ——+2k-D2k+D)+(Qk+D(2k+3)
AR+ 6k—1) (2k+1)(2k+3

_ k@R +6k-1)  (2K+1)( ] Ffrom (1)

3 1

Jo( 4k +6k—1)+3(2k+1)( 2k +3)
- 3

_4k3+13k:+23ﬁc+9[

3 put k=-1 (k+1)1s one fatn:nr]

(k+1)(4k" +14k+9)
- 3

Thus p (k+1) is true whenever p (k) is true.

30. Prove by PMI

28



12

3.22+32231+332%+ 430 o0+l _|r5 —1|; =N.
Ans.Letp (n):3.2%+3223+332%4+ 430 o0t = 1_'|r5 —1|
Forn=1
12 . .
()32 ==(6" 1)
z " .

p(l)=12=12
p(1)is true
Let p(k) be true

N A . 2. )
p(k):3.2°43°.2°+-+3%. 2° 1=1?[_5'- -1) (1)

we want to prove that p (k+1) is true

pll+1): 322432 93 4 3R] 9kI

LHS=312 2 +3 -|-___|_3 +3:.'—1_21.'—2

—?[5 —1]+3'_1F’ - [from (1)
=§-5-5 —£ 3ot 28 ot
266

29



'.-:—13121' 12 12 - . -

165 —1|
Thus p(k+1) is truewhenever p(k) is true.

(27-1)3" +3
4

31. Prove 1.3 +2.32+3.33 + — + n.3" =

oy gyami
Ans.P(n):1.3+2.32+3.33+ —+n.30= |2rn—1)37 +3

4
Forn=1
P(1):1.31= = —D3"+3

4

123

p(l):3="
A
hence p(1) is true
Let p(k) be true
[zk_].JH_l +3

o(k) : 1.3+2.3%+3 3 +—+k 3" = o

4

we want to prove that p (k+1)is true
(2k+1)37° +3

pl:k_lj : 1-3_2_3:—3_33____[-‘1_:_1:]_3'.-:-1= ;

LH.S =13+23 3.3+ +k3" + (k+1).3"

(kD343 (et
4 1
_ E:k—ljjt_1+3+_1|:k+1:]3::—1
4

[from (1)
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C(Qk-1+4k+4).37 43
4
_(6k+3).37"+3
4

_3Q2k+1)3" +3
4

_ (2k+1)357 +3
4

Thus p (k+1) is true whenever p(k) is true.

32. Prove : + : + : +——++ : = ke
is 37 709 (2n+1(2n+3) 3(2n+3)
1 1 1 1 "
Ans. P(n): + + +—— =
35 537 79 (2n+1)2n+3) 3(2n+3)
Forn=1
1 1
p(l): =
(2+D(2+3) 3(2+3)
1 1 .
pil) :?:F Hence p (1) is true
Let p (k) be true
p(k) : + : + : +——+ : = - (1)
35 537 79 (2k+102k+3) 3(2k+3)
we want to prove that p (k+1)is true
plltl) 4+t 1 - _(E+D
35 37 79 (2k+302k+5) 32k+35)
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1 1 1 1 1

LHS=—+4+—4+—+——+ +
35 57 79 Qk+D2k+3)  (Qk+3)(2k+5)
N GRS T TS T
= +| - - || 7 — | [from (1)
3(2k+3) | (2k+3) )| (2k+35) )
_ k(Qk+35)+3
32k +3) 2k +5)
k1
32k +5)

Thus p (k+1) is true whenever p (k) is true

Hence p (n) is true for alln = N.

33. The sum of the cubes of three consecutive natural no. is divisible by 9.
Ans.P(n) [F +Ch+1F +(k+ 2)3] is divisible by 9
Forn=1

P(1):1+8+9=18

which is divisible by 9

Let p (k) be true

p(R):| IF +(k+17 +(k+2) | is divisible by 9
=k +(k+17 +(k+2) =94()

we want to prove that p (k+1)is true

p(let1) : (kH1) + (kt2) +Hkt3)°

LHS = (kt1y + (k+2)* + (k+3)



= (k+17 +(k+2) +k° +9K° + 27k +27
=Ik':+[:ﬁc+1:]':+(ﬁc+2j':l+9[ﬁc: +3k+3)

=9/ +9(k? +3k+3) ( from i)
=9[A+(K +3k+3) ] whichis = by 9.

34. Prove that 12" + 25™1 is divisible by 13

Ans.P(n) : 12" + 25™1 js divisible by 13

Forn=1

P(1):12+(25)%=13

which is divisible by 13

Let p (k) be true

P(k) : 12X + 25K i divisible by 13

=127+ 257 =134()

we want to prove that result is true for n = k+1
12670 4+ 259H =1 2% 12'425F

=(134-25") 12+ 25" (from i)

L&

=13x124-25112+25

LA

=13x124+257(-12+25)
=13(124+25"7)

which is divisible by 13.



35. Prove 11™*2 + 1221 j5 divisible by 133.
Ans. P(n) : 11™% + 1221 s divisible by 133.
Forn=1

P(1): 113 + 123 = 3059

which is divisible by 133

Let p (k) be true

p(k) 1177 127" is divisible by 133
= 117 +12771 =1334 (D)

we want to prove that

result 1s true forn = k+1

L-H.S = 11'.—:—1—: R 12].:“_.:—]_}—]_

=1 1'.-:-3 +1 2:'.-:-:—1

:1 1'.-!-_:_122'.-!-3
=115 117 +12%.12°

=112 11+12% 12°
=(1334-12""1).114+12%.12° ( from i)

=133x114-12% 1 11+12% 12°
=133x11x A+12%(-12 x11+12%)

=133[ (114 +12°(1596) |

which 1s = 133,

34



36. Prove 13 +23+33+ -+ n3= M

4
Ans.P(m):13+23+33+ —+n3= e (n+1)
4
Forn=1
; 17(2)°
I}-1 = =1
p(1) r
which 1s true
Let p(k) be true
3 a3 . K(k+1)
pk): ' +2°+—+Kk = % (1)
we want to prove that p (k+1) is true
.. . C 2 qndon o el
p(k+l): I + 20+ + (er)’ = EFD 4[1“-3

LHS =P+ +-+c+Hk+1)  [from (1)

_KE G+ | (et
4 1

(1) + 4+ 1)
4

_ (41K +4(k+1)]
4

R+ (e+2)
- 4

Thus p(k+1) is true whenever p(k) is true.
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37.Prove (a)+ (a+d)+(a+2d) +-+[a+(m-1)d] = %[Za—[ﬂ—ljd]

Ans.P(n):(a)+@+d)+@+2d)+-—-+[a+m-1)d] = %[Za—[n—ljd]
Forn=1

p:a+(1-1)d=—2a+(1-1)d=a

| =

which is true

Let p (k) be true

B0 (a)+a+drH(a2d)y— (a+ (k-1 )d)=<[ 2a+(k-1)d] (D)

we want to prove that p (k+1) is true

k+1

p(kt1): (a) + (atd) + — + (atkd) = — [ 2a+kd]
LHS=a+ (atd)+—+ atkd
—at(a+td +--+ta+(k-l)d+a+kd

k

-

[2a+(k-1)d]+atkd  [from (1)

=ka+ %(k-nd—a—kd

2ak+c d-ded+2a+2kd

4

Qalk+D)+d(k+1) _ (k+12a+kd)

¥ ¥

proved.
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38. Prove that 2™ > n 7 positive integers n.
Ans. Letp (n): 2" >n

Forn=1

P(1):21>1

Which is true

Let p (k) be true

Pk :2K>k(1)

we want to prove that p (k+1) is true
2K> X by (1)

= 22>k

27 = 2k

27l m 2k =ktk =kt

39. P SR =
-Prove ;= o=t (1) o+l
Ans. P(n) : I V-
ns. P(n) 12 23 34 r.-[_:i+l_l n+1
Forn=1
1 1 C oy
o) =—=— which 1s true

Letp (k) be true



i 1 1 i

k +———+ = 1
P 2703 sl
we want to prove that p (k+1)is true
1 1 1 k+1
Pt —+—+—- =
1.2 23 (E+10k+2) k42
tHs=—+ 4+t b 4 : [from (1)
12 23 hk+1) (E+D(E+2)
k 1
=—+
k+1 (kE+1k+2)
_ k(k+2)+1
(k+1(k+2)
K2kl (kDT
(e+D(k+2) (¥ #DHk+2)
_ k+1
k+2
proved.
1 1 1 "
40. Prove + + +——+ = -
69 0912 n(3n+3) 9n+l)
1 1 1 1 "
Ans.P(n) : + + +——+ = .
i6 69 912 n(3n+3) 9(n+1)
Forn=1
p(l): : = : —i which is true

3(6)  9(2) 18
Let p(k) be true
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11 1 k
plk): 36 69 3k@k+3) 9(K+D 2

we want to prove that p (k+1) is true

plkc+1): i+i+———+ 1 _ kAl

16 69 We+D3k+6)  9(k+2)

1 1 1 1

LHS=

36 6.9 %Gk+3) 3k + DGk 6)
_ ko 1
Ik+1) 3(e+1)3(k+2)
_ k(ket2)+1

et 1)kr2)

k7 A2k

et 1)kr2)

__ D?
SKAL)e+2)

_ k+1
O(k+2)
proved.

[frn:um (1)
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