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Mathematical Induction Ex 12.1 Q1
Pfn):nfn+1) iseven
P(3):3.(3+1) is even

Mathematical Induction Ex 12.1 Q2



£ {n): n®+n is divisible by 3

P (3):3%+3 is divisible by 3

= P (3): 30 is divisible by 3.
P(3)is true

Now,

P (4): 4%+ 3= 67 is divisible by 3

Since, 67 is not divisible by 3

So, P (4) is not true
Mathematical Induction Ex 12.1 Q3

Pn):2" 23n
Given that 2 {r) is true

= 2 = a3

Multiplying both the sides by 2,
2.2 x5

2z 6r

g 3r+3r
z 3+ 3r, [Since 3r 23 = 3r+3rz3+3r]

2t 23(r+1)
= P{r+1] is true

Mathematical Induction Ex 12.1 Q4



Here, P [n): n? +n is even

Given, P(r] is true

= r24+ris even
= réer =21 ---[1)
MNow,

[r+1}2+{r+1}

=risor+1+r+1

=(r2+r)+2r+2

=22+2r+2 [Using eqaation (1)]
= 2(,1+r+1]

= EF

= [r+1]2+[r+1} is even

= P[r+1} is true

Mathematical Induction Ex 12.1 Q5

nln+1
[ } Is true for all ne N

Pln)il+2+3+---+n=



Mathematical Induction Ex 12.1 Q6

P[n}:nz-n+41 is prime

Pf1):1-1+41is prime
=P (1):41isprime
= #(1) is true.

P(2):22-2+41is prime
= P(2): 43 is prime
P (2) is true.

P(3):3%-3+41isprime
= P (3):47 is prime
» P(3) is true,

p(41): [41]2— 41+ 41is prime
P (41): [41]2 is prime
= o [41] is nat true



RD Sharma
Solutions
Class 11 Maths
Chapter 12
Ex12.2



Mathematical Induction Ex 12.2 Q1

1
LetP[n]:1+2+3+——-+n=n{n+ }
For n =1,

LHS of P(n) = 1
RHS of P(n) _1e+n,

Since, LHS = BHS
= P[:n] istrue far n=1

Let £ [n] be true for n =k, =0

1+2+3+———+.f<:=J‘l<[k2-l_1:l ---{1)
Moy
[1+2+3+---+k)+(k+1)
=M+{k+l]
={ﬁ< +1][g+1]
[k +1)(k +2)
-

i [k+1]|:[.f<+1]+1:|

2
= £ {n) istrue for n =4k +1
= P[n] istrue for all m e ™

So, by the principle of mathem atical induction

hinh+1
{ } is true for all B e M

Flr)il+2+3+---+n=

Mathematical Induction Ex 12.2 Q2



2=.r?[.r?+1][2.r'.'+1]
a]

LetP[n}:12+22+32+...+n
Faor h=1

1{1+1)(2+1)

Pl1):1= .

1=1

= o [n] i true for n=1

Let 2 [r) is true for n =k, so

lk +1) 28 +1
Ple)i1®+2% 437+ 4+ k7 = (k + ]6{ +1) - — - 1)

We have to show that £ [n] ictrue for n=& +1

) [k + 1) [k +2) (2& + 3
&

= 12+22+32+...+.f<2+[!<+1:]2
Sa, 12+22+32+...++’<2+[k +1]2

_ kfk +1)fak +1)
i

= I:|‘<+1:l-2'f<2+}l< + (& +1]}

+ [k + 1]2 [USing equation [1}]

& 1

= [k +1)

(202 4 &+ 6k +Eu]
a

- 2
(k1) 2k 2 4 T +E.}

&

(242 4 4k + 3k +E.]

= [k +1) =

2% [k +2)+3{k +2]}

=[k+1][ =

) [k +1][2k+3][k +2]
a]

= £ {n) is true for n =k +1

= £ [n) is true for all ne N by eI

Mathematical Induction Ex 12.2 Q3



-1
2

Let £ {n]: 1+234+3°+.,,+3" 1
Forn=1

P{l]:1=T_

1=1

= £{n) istrue for n=1

Let 2 (r) is true for n =k

*
1434324, 430123 -1 - - - (1)
z

We have to show P{n] istruefar n=%& +1

_ 3."’(’+1_1
2

e 1+3+3% 4,42

Mo,

[1 +3+32+...+3‘f-1]+3k+1—1

3k -1
+
2
¥ _ 1423
2
3.3% -1
2

3¢ [Uzing equation [1]]

3:”(’+1_1
2

= P[n] istruefar n=k +1

= £ {n) is true for all n e & by PMT

Mathematical Induction Ex 12.2 Q4



LetP[n]:i+i+i+...+ ! -
1.2 2.3 3.4 nlr+1) n+1

Far =1

1 1
P{1}'E_1+1

i_1

2 2
= P[n] is true for n =1

Let P [n) is true for n =k, so

ISR SR S K
1.2 2.3 3.4 7 k{k+1]_k+1

We have to show that
1 1 1 1 4
+

--- {1

L4l

Moy,

S S B S -
1.2 23 3.4 7 kk+1)] [k+1){k+2)

k + 1
k41 [k+1][+’<+2]

1 _k[k+2]+1:|
k+1| [ +2)

_ 1 (k2 42k +1
k+1] [.fs:+2]

1 _[k +1) (& +1]:|

k+1| [k +2)

[k +1)
"k +2)

= £ {n) is true for n =k +1

= £ {n) is true for all ne N by BMI

Mathematical Induction Ex 12.2 Q5

12 23 34 "Tkk+D) ReDk+2) [k+2)

[USi ng equation [1]]



Let.ﬂ'[::f‘.':]:1+3+5+...+[2.r'.'—1:]=:f‘.'2

Faor h=1
Pl1)i1=17
1=1
= £ {n) istrue for n=1

Let £ [n) is true for n=k, so
Ple)il+3+5+. +(2k-1)=&7 - - - f1)

We have to show that

1+3+5+. . +[2k-1)+2(k+1)-1= (& +1]2

Mo,
{1+3+5+. .+ (2t - 1)} (28 +1)

= k*+f2k +1) [USing equation [1]]
= k24 +1

= [.fcc+1:]2

= P fn) istrue for =k +1

= £ [n) is true for all ne N by PMI

Mathematical Induction Ex 12.2 Q6



[ . 1 _on
[F R R {3n—1][3n+2]_[6n+4]

LetP[n]:%+

Putn=1
1 1
21— =
{] 2.5 o+ 4
S
10 10
= F{n) is true for n=1

Let & [rn) is true for n =k, so

R . S : . ---{1)
2.5 58 811 7 3k-1)(sk+2) (6k +4)

We hawve to show that,

i 1 1 1 i k1)

25 58 811 BR-1)(3k+2) (3 +2)[3k +5) [6k +10)

M oy,

i+i+ L + - + .
2.5 58 8.11 fak-1)[3k+2)] [3k+2)[3k +5)

k 1
B +4+[3+'< +2] {3k + 5)
k_ 1
23k +2) ([3k +2)(3k +5)

E{3k+3)+2
2{3k+1)(3k+3)
3K +5k+2
2{3k+2)(3k+3)
3K +3k+2k+2
2{3k+1)(3k+3)
3k (k+1)+2(k+1)
2(3k+2){3k+3)

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

Pr)iztroe for n=k+1
P(n) istre for allne Ny PMT
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1 1 1 1 "

LetP[n]: + + ++ -
1.4 4.7 7.10 [3.".‘— 2:][3.".'+1} an+1

Putn=1
1 1
gy — ==
W=7
1_1
4 4
= F{n) is true for n=1

Let & [n] is true for 7=k, so

11 1 1 &
— 4+ + .+ = ---{1)
1.4 47 7.10 [3k =2)[3k +1) 3k +1

We have to show that,

1 1 1 1 1 [t +1)
—_  +—+ +...+ + =
1.4 47 7.10 [3k - 2){ak +1)  [Bk+1)(3k +4) ([3k +4)

M oy,

SN B L + !
1.4 47 7.0 7 [3k-2)(3k +1)|  (3k +1)[3k + 4)



M 0,

1 1 1 1

{ﬁJr%Jr EE TR [3k - 2)(3k +1}}+ (3k + 1) [3k + 4)

K 1
Tk [Ek T D[ + 4)

1| 1
NEEE _T+ 3k +4]}

1 _k[3k+4]+1
NETHIERT ]

1 [3e?+ 4k +1
NETHINERD }
1 {3.f=:2+3.f< +.f=:+1)
NS [k + 4
3k + 1) + [k +1)
T Bk +1)[3k + 4)

(& +1) {3k +1)
(3k +1) {3k + 4)

[k +1)
" Tak + 4)

= Pfn) istrueform=k+1
= £ (n) is true for all ne N by PMI

Mathematical Induction Ex 12.2 Q8



1 1 1 1 n
LEtP{”}'ﬁ+ﬁ+ﬁ+'”+{2n+1j[2n+3] T 3{2n+3)

Put n=1
1 1
35309
1 1
15 1%

= P (n) istrue for n=1
Let 2 () is true far n =k, so

35757 770 Tk v (2K +3)  3{2k +3) ---)

1 1 1 1 &

We have to show that,
11 1 1 1 (i +1)

35 57 78 T[@k+1)(k +3) [@k+3)(2K +5) 32k +5)

[ 3w,

N S S 1 4 L
3.5 57 7.9 a2k +1)(z2k +3)) 2k +3){2k +5)

i 1
T3kt 3 (2k +3V[2k +5)

[LJ sing equatian [1]]

L
1 _k[Ek +5]+3
T re3)| (h+g) }

1 [ek?ask+s
Cfek 43| f2k+5)

_ 1 (242 4 2% +3k + 3
(24 +3)| [2k + 5)

1 _Ek[k+1]+3{k+1]
" ek +3)| 2k + 5) }

1 _[k +1][2.f<+3]}

NEEDIENEES)

) [k +1)
T ok +5

= P[n] ic true for m=k +1

= P (n) iz true for all ne N by PMI
Mathematical Induction Ex 12.2 Q9



1 1 1 n
+ +.o.t =

Let £ [r.-] —+

FE T ekl GRS [4n-1[4n+3) 3{4n+3)
For n=1
L_L
37 2l
B L
21 21
5y P {n) istrue for n=1

Let £ (n) is true for n =k, so

e L on L g @ L = k ---f1)
3.7 7.11 11.15 " [4n-1][4n+3]_3{4k+3]

We have to show that,
1 1 1 1 1 [k + 1)

3. ?.11+11.15+"'+[4k—1}[4k+3]+[4k+3][4ﬁ<+?]= 3[4k +7)

M 0w,

i+i+;+ + L + !
3.7 7.11 11.15 " [4k - 1) (4 +3)]  [4k +3){4k +7)



M o,

i+i+;+ + L + !
3.7 7.11 11.15 7 [4k - 1) {4k + 32} [4k +3){4k +7)

i 1
T 3[4k +3) " [ak +3) [4k +7)

B [44«:1+3] {%4_ +f<1+ ?}
1 [k[4k+7)+2
" [ak+3)| 3[4k +7) ]

_ 1 [ake7k+3
B +3]|_ 3k +7)

1 [ 42 4 a8 43k 4+ 3
" 4k +3) BECT }

1 _4J<[ﬁ<+1]+3[+'<+1]
REEEIEICES }

1 -[4%: +3) [k +1]}

" [ak+3)| 3{ak+7)

B [k+1}

34k +7)

= £ {n) is true for n=k +1

= £ [n) is true for all ne N by PMmrI

Mathematical Induction Ex 12.2 Q10



LetPfn):1.2+2.2°+3.2%+. +n2" =[n-1)2" +2

Forn=1

1.2=02%4+2
=2

= £ {n) istrue for n=1

Let # [n} is true for n =k, so
1.2+42.2243.2%+ . 442" = fk-1)2* " 42 - - 1)

We hawve to show that,

{t2+2.27+3.2% vkt +{rr1)2tt 2 rat? 42

Moy,

{1.242.22+3.2%+ v k2t +(k+1)2"

= [{k - 1]2”‘+1 + 2] + [k + 1]2””1 [USing equation [1]]
= [k -1)2"* 124 (K +1)2*

=2k m1ek +) 42

= oftlop 42

= k2 yp

= £ {n) istrue for n=k +1

= £ [n) is true for all ne N by £MI

Mathematical Induction Ex 12.2 Q11



LetP[n]:2+5+El+11+...+[3n—1]=%n[3n+1]

For n=1

1
g1y 2==.1.f4
(1) 2= 2.1.(4)

2=2=2

= P[n] istruefor n=1

Let £ {n) is true for n =k, =0

2+5+B+11+...+[3k—1}=%k[3ﬁ<+1] ---{1)

\We have to show that,

2+5+8+11+.. . +[3k-1)+(3k +2) = %{k +1)[3k + 4)

M 0,
l2+5+8+11+..+(3k - 1)} + {3k + 2)

=%k{3k +1)+ {3k + 2)

3 E 4k +2 {3k + 2)
2
Tk + Bk + 4
2
W+ Th+ 4
2
T T Ly
2
_ Bkl + 1)+ 4k +1)
2

_ [k +1){3k +4)
2

= P[n] istrue for v="t +1

= P {n) istrue for all ne N by pMI

Mathematical Induction Ex 12.2 Q12



Let 1.3+2.4+3.5+...+n[n+2]= %n[n+1][2n+?]

For n=1

1.2 =

1.(2)(s)

S = Y

3:

= £ (n) istrue for n=1

Let 2 (n) is true for n =4k, so
1.3+2.4+3.5+...++‘<[+‘<+2]=ék[k+1][2k+?] ---f1)

\We have to show that,
[k +1)
1.3+24+3.5+. +k[k+2)+(k+1)[k +3) =T[ﬁ< +2) [2& + 9)

M 0w,
{1.3+2.4+ 3.5+ o+ fi +2]} + [k +1) {k +3)

= ék [k +1)(2k +7) + [k +1) [k +3) [USing equation {1]]

[k (2k +7) ;{+3}
+
& 1

= [k +1)

= [k +1)

(o2 4 Tk 4Bk +1EI}
6

2
(k) 2k 2 4 13k +1e]

L &

(262 4 4k + Ok +1e}
&

= [k +1)

= [k +1)

2 (& +2)+ 9k +2}}
6

(k1) [ {2k +9§{k +2]}

[k +1)[k +2)(2k +9)

| =

= P[n] istrue for h=k+1

= £ (n) istrue for all ne N by M

Mathematical Induction Ex 12.2 Q13



n[4n2+6n— 1)
Let P[n):1.3+3.5+5.7+. . +[2n-1)[2n+1) =

3
For n=1
1 -
T A
3
3=73
= P[n] istrue for =1

Let 2 [n) is true for n =k, so

k[4.f< -;Euk—l) )

1.3+3.5+5.?+...+[:2ﬁ< —1][2ﬁ< +1] =

We have to show that,
[k+1}[4[ﬁ< +1]2+Eu[.f<+1]—1}

1.3+3.5+5.?+...+[2ﬁ< —1}[2k +1]+[2+’< +1][2+’< +3] = 3

M S,
{1.3+3.5+8.7+. .+ (26 -1)(2k + 1)} + {2k + 1) {2& +3)

k{4k2+6k—1)
3
k{4ﬁ<2+6k—1)+3{4k2+5k+2k +3)
3
k¥ pek? -k +12k% 4188 + 6k +9
3
4 +18k% + 23k +9
3

4% 4 4k ? 14k + 148 +98 + 9
3

+(2k + 1) {2k + 3) [USing equation [1]]

{k+1]{4ﬁ<2+8k + 4+ Bk +5-1)
B 3

(% +1][4|[ﬁ< s+ (k +1)- 1}

3

= P[n] is true far n =&k +1

= £ [n) is true for all ne N by PMI
Mathematical Induction Ex 12.2 Q14



nfn+1){n+2)
3

Let P{n] r1.242.3 +3.4+...+n[n+1] =

Forn=1
1{1+1){1+2)
T3

1.2

2=2=2

= 2 {n] is true for n=1
Let & [n] is true for n =k

k[k+1§[k+2] S

= 12+23+34+. +k(k+1)=

We hawve to show that,
[+ 1) (& + 2) [k + 3)
3

1.2+2.3+3.4+...+.f<[k+1]+[+’< +1][k+2]=

M oy,
{1.2+2.3+3.4+ . +k fk +1)]+ [k + 1) {k + 2)

) K[k + 1) [k +2]+[.f< +1) [k +2])
3 1

=[k+1][k+2}[%+1}

) (o +1) (% +2) [k +3)

3
= Fn) is true for n=k+1
= F{n) is true for all ne N by PMI

Mathematical Induction Ex 12.2 Q15



= P{n] istrue for h=1

Let & [} is true for n=k, so

1+1+1+ +1—1—1
2 4 8 2% 2%

We have to show that,

I
=
I
I\Jk_l —
+
rJ
A

]
=
I

= £ {n) istruefor n=1k+1

= £ {n) is true for al ned by eMI

Mathematical Induction Ex 12.2 Q16

-y

[USing equation [1]]



LetP[n]:12+32+52+...+[2n—1]2= %ﬂ{-’-‘l-."'.‘z—l)

For n=1
1 —31[4-1]
=51

1=1

= P[n] istrue for n=1

Let 2 (n) is true for n =4k, so

12 4324524, 4 (2k - 1) = %k{ﬁtkz—l)

\We have to show that,

---{y

12432452442k - 1)+ f2c +1)° = %{k +1][4[.¢<+1]2—1]

M 0,

{12+32+52+...+[2ﬁ< - 1]2] {2k + 1)

= %k[%2—1)+[2k+1}2

_ %k (2k + 1) f2k - 1) + {2k +1)°
= {2k +1) -HLE_I}ﬂEk +1]}

= (2 +1)

[ 012 -k + 32k +1}]
3

= (2k +1) 3

_Eﬁ{z—k+6k+3}

[Ek+1]-[2+'<2+5ﬁ< +3)
) 3

(2k + 1) {22 + 5% + 3)
) 3

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

) (2 + 1) (2% +3) (k + 1)
3

) (i + 1)

[4.f<2+6.f< +2.f<+3:|

]

= {kgl}[drk%ek +4-1]

- @[4& +1)°- 1}

= P{n] is true for n=k+1

= £ [n) is true for all ne N by PMI

[USing equation [1]]



Mathematical Induction Ex 12.2 Q17

n
LetP[n]:a+ar+ar2+...+ar”'1=a[r lJJrﬁl

r-1
Forn=1
plusy
=3
r-1
3=2a
= £ {n) istruefor n=1

Let 2 {r] is true for n =k, so

n .f'k—l
g+ar+ari+. . +arl=a =l =41
r-1
We have to show that,
b+l
a+ar+ar2+...+ar"“1+ar”‘=a[r+—_1]
r-1
M i,
[.5~+.:'.~r+.:'.~r2+...+.:'.~r""‘1]+.:'.~r"'r
=3 -1 +art [USing equation [1}]
r-1
a[rk—1+ ¥ [r—l]]
B F-1
a[r”‘—1+r””1—r”‘]
B -1
a{r"’”l—l)
B F+1
= pfn) istruefor n=k +1

g P {n) istrue for al ned by PyT

Mathematical Induction Ex 12.2 Q18



LetP[n]:a+[a+o‘]+[a+2d]+...+{a+[n—1]d}=g[25+{n—1]d]

For n=1
1
=_|Z 1-11d
E 2[.:'.~+[ ) :|
=3
= P {n) iz true for n=1

Let 2 [n) is true for n =k, so
a+[a+a‘]+{a+2d]+...+{a+[k —1]@'}= g[za+[k —1]0‘] ---f1)

We have to show that,

a+[a+a‘]+[a+2d]+...+{a+[k —1]d}+{a+[k]d}=@[za+kd]

M 0,

{a+[a+a‘]+[a+2d]+...+{a+[k - 1]d}}+[a+kd]

%[Ea + [k - 1]@'] +[a+kd) [USing equation [:1]]

2ka +k (k- 1)d +2[a + &d)
) 5
Dka +kd - kd + 23+ 2kd
2
2ka +2a+ k% + kd
2
2a [k +1:]+::."{.f<:2 +.f<)
2

[k +1)
T T

[Ea +.f<a':|

= P[n] istrue for =k +1

= P (n) is true for all ne N by PMI
Mathematical Induction Ex 12.2 Q19



Let 2 [n): {52° - 1) is divisible by 24

For n=1
54-1=24

ywhich is divisible by 24

= Pn) istruefor n=1

Let 2 [n) is true for n =k

= [52* - 1) is divisible by 24

= 5% _1-242 ---[1)
We have to show that,

[52* - 1) is divisible by 24

s g2 oy

Mo,
g2+ _

-5 g2
= 25,52 _q

2E(242+1)-1 [U sing equation {1]]
25244+ 24
24 (254 + 1)

24

= P[n] istruefar =& +1

= £ (n) is true for all n e N by PMI

Mathematical Induction Ex 12.2 Q20



Let £ [n}: 3% + 7 is divisible by 3

Forn=1
F+7=16

Which is divisible by 8
= P {n) istrue for n=1

Let £ [r) is true for n =k, so

3% + 7 is divisible by 2
= 3% 17 =81

We have to show that,

241 4 7 s divisible by B
Py 7 -

Mo,
J2k) | o

=3%* 32,7
9.3% 47
9.fai-7)+7
724 - 56
2{34-7)

B

= P[n] istruefar n=& +1

= £ [n) is true for all ne & by PMI

Mathematical Induction Ex 12.2 Q21



Let £ (r): 5*"*% - 24n - 25 is divisible by 576

For n=1
c4 2425
625 — 40

576

YWhich is divisible by 576
Let £ [r.-] is true far n =k, so

5242 _ o4y _ 25 s divisible by 576
5¥+2 o4k _ 25 = 5764

We have to show that,

52+4 _o4afk +1)- 25 is divisible by 576

s _oqfk 4 1)-25 = 5764

M o,

#4242 _ogfk +1)-28

= gE+A g2 _our o4 ot
(5764 + 24k + 25) 25 - 24k - 49

25,5764 + 600k + 625 - 24k - 49
25.5764 + 576K + 576
576 (254 +k +1)

5764

= P[n] ic true for mn=k +1

= P (n) is true for all ne N by PMI
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Let £ {r): 3"*% - B - 9 is divisible by 8

For n=1
32+2—B—9
g81-17

G4

It is divisible by &
= P (n) is true for n=1

Let 2 [n) is true for n =k, so

[3%+2 -8k - 9) is divisible by 8

=  3%*Z_gk-og-81 SPT)
We have to show that,

P2 g f +1) - 9 is divisible by 8

P 32 _glr+1)-0< ay

Mo,

F+Hg_ar —a-g

(84 +8k+9)3-8k-8-9
72R+72k +81- 8k - 17
72+ 64k + 64

28[94 + 8k +8)

= Bu

= £ (n) is true for n=1

= £ (n) is true for all ne N by PMI
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Let £ [n] ! [ab]n = 3"H"

Forn=1
(ab)' = a'p!
ah = ab

= f{n) istruefor n=1

Let £ {n) is true for n =k,

(w0} = ot R
We have to show that,

{ab]ﬁﬁl = ghrlpket

Mo,

{ab].{f+1

- (25} (ab)
- {a"b*}{a.b] [Using equation {1)]

_ {a.hi){bkn)

= Pln) istruefor n=4k +1

= £ {n) istrue for all ne N by pMr
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Let # () :nfrn+1)(n+5) is amultiple of 3 for all ne N

Forn=1
1.{1+1){1+5)

= (2)6)
=12
itis a multiple of 3

Let £ (n) is true for n =k
k [k +1)(& +5) is a multiple of 3

Lk +1)(k+5) =31 - --f1)
e have to show that,

[k +1][[ﬁ< +1]+1:|[[ﬁ< +1]+5:| is a multiple of 3
[ + 1) [{k + 1)+ 1]t + 1) + 5] = 3

M 0,

[k +1][ﬁ< +2}[[k +1]+5]

= [k [k +1)+2 [k +1]:||:[.f< +5]+1:|

=k (ke +1){k +8)+ ke + 1)+ 2k + 1)+ 5) + 2 [k + 1)
=3 +kE+k +2{k2+6.f< +5)+2+’<+2

= A+ kTl +2k% 4128 +10+ 2k +2
=32 +3&%+ 15k +12
=3[1+k2+5k+4)

= 3u

= £{n) istrue for n=k+1

= £ (n) istrue for all ne N by M
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Let 2 {n): 7% +2%~2.371 iz divisible by 25

Fornh=1
72 40820
49+ 1

50

itis divisible of 25
= £ {n) istrue for n=1

Let £ (n) is true for n =k,

7 4 2¥-3 241 s divisible by 25
= 7 L o3 gb-l oy

YWe have to show that,

74 L o3k s divisible by 25
?2‘(#+1:| +23%I3.'fc = 254

i [aR"T

FAEAL] | o3k
= 72 4 0% g
[251 - 23*‘3.3*‘1) 40 4 2% g4

23# 3"1{ e
25i.49—?.?.49+2 3

24,285,403 — 273 3% 4g9 4 04 o3 ¥
24,25 ,404 — 25 2% of
25 [24.491—23“.3“)

2L u

= P[n] istruefar n=& +1

= £ [n) istrue for all ne N by pMI
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Let ) 2.77 +3.57 - 5 is divisible by 24

For n=1
2.7+3.5-5§
=24

itis divisible of 24
= P[n] is true for n =1

Let 2 {n) is true for n =k, so

2.7% +3.5% -5 is divisible by 24
o7 y3.5% — 5= 044

We have to show that,

[k+1) (k+1)

2.7 +3.5 5

2. 7% 74+3.5Y5-5
[241- 3,5¢ +5)?+ 15.5% _ 5

24,74 -21.5¢ +35+15.5° _ 5
24,74 - 6.5% + 30
24,74 -6 [5* —5}

24,74 - 6.(20v)

= E4[?E—5Ir‘]

= 24u

= P (n) istrue for n =k +1

= P (n) istrue for all n e N by PMI
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Let # (n): 117 +12%*! is divisible by 133

Forn=1
11% 4127
1331+1728

3059

itis divisible of 133

= £{n) istruefor n=1

Let £ {n) is true for n =k, =0

11+2 4 12+ iz divisible by 133
11%%2 4 127+ - 1332 - - 1)

We have to show that,
1143 4 12%*2 i5 divisible by 133
[ o,

11842 11 4 12241 102
[1331 - 122‘”1) 11+ 12241144

11,1334 - 11,122+ L 144 1p2+1
11,1234 +133,12%+1
123 {111+122*+1)

133

= P[n] istrue for n="t +1

= P {n) is true for all ne Nty pMI

Mathematical Induction Ex 12.2 Q28

Constider equati on

I 114+ 2% 21+ 3x31+ . n = nl

Lets take (n+1)lnl =nl (h+1 - T)=n xnl

How substitue n=1,2,324, 1 in above equation we get
21-11 =111

32l =22l

4131 =35l

fnt+1)lnl=n=n!

Adding all the above terms gives
1= 1+ 2= 21+ 3=31+  n=nal =21-114312441-31 | +Hn+1)lal
Ix 11+2 = 21 + 331+ .0 xnl=nt+1l-1
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Let P(n] be the statement given by
P(n]:n*-7n+3is divisible by 3.

Step I

P(1): 1*-7(1)+ 3is divisible by 3
w1-7+323=-3 iz divisible by 3

= P1)is true.

Step I
Let P(m] is true. Then,

m —7m+ 3 is divisible by 3
= m’ -7m+3 =34 for some 4 eM ...[i)

We have to prove that Plm+ 1) is tue.
(M+1) -7 (m+1)+3=m°+3m°+3m+ 1oTm-7 +3
= m = 7m+ 3+ 3m° +3m+1-7
= [m*=7m+3]+3[m*+ m- 2]
=3+ 3[mT e m=-2) [Using [i]
=3[1+[m2+ m—EJ] which is divisible by 3
= P[m+1]) is true,

Hence by the principle of mathematical induction, the given resultis true for all n e,
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Let P(n) be the statement given by
Pn):1+2+2 4+t 2" =2"" 11 for al nen.

Step I
P(1):1+2' =2 -1
= l+2=4-1
=3=3

L P[1)is true.

Step II:
Let P(m) is true. Then,
1+ 2+ 2% 4ot 2 = 2771 L)

We have to prove that Pm+ 1) is frue.
142422 deeeee 2™ 2 ] 4 D 4 22 4oy DMy DML

= (2" ) 2 [Using (i]]
= [2mrtaea™t) -

=2x2" -1

—om+2_

= P[m+1) is true.

Hence by the principle of mathematical induction, the given resultis true for all nei.
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Let P[n) be the staternent given by

PN):7 + 77 + 777 4ot 77700007 = %[m”i—@m—m] for all neM,

n-digits

Step 1
, 7 1+1
P(1):7 = E[1[:1 - 9(1)-10]

= 7= %(100-9-10)
a1

7
—=7- x5l
31"

=7 =7%(1)
L P[1)is true,
Step 11
Let P(m) is true. Then,
TAHT7+ 777 4ot 777 T = 1[1Dm+1—9m— TORY.... (i
g1
m- digits

We have to prove that P(m+ 1) is frue,

7+ 774777 et 7770 T = T 4 77+ TTT et 7770, 7+777 0 7
m+ 1- digits m—digits m+ 1-digits
%[mm*i 9m-10]+7[1111........ . 1] [Using (i}]
m+ 1-digits
%[mm*i Srm- 1D]+_[9999 ........... 9]
m+ 1-digits
%[mm*i Srm- 1D]+ [Dm“—i]
- %[(n 9)10™! - 9m - 19]
%[mxmm*l 9(m+ 1)-10]
%[mm 9(m+1)-10]

= P[m+1) is true.

Hence by the principle of mathematical induction, the given result is true for all nei.
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7 .5 .3 .2
Let £ [n): HT +%+%+%— % nis a positive integer

For n=1

1 1 1 1 37

7 L5 3 2 210
_ 30+42+70+105-37
- 210

247 -37

© 210

It is a positive integer
= £ (n) istruefor n=1
Let & {n] is true far n =k,

L S S R Y A L

— +—+_—+_—- —_k is positive integer
7 5 3 2 210

7 5 2 2
k_+k_+k_+k__£k=1

7 5 3 2 210

Farn=%+1,
T 5 3 &
(& +1) +[:.f<+1] +{.f<+1] +[:.f<+1] 7
7 g 3 7 210
%[k?+?k5+21k5+35+’<4 +35k% + 2167 4 Tk +1]+%[k5+5k4 +10&% +10&2 + 5K +1]

{k + 1)

+£[.f<3+3.f<2+3.f< +1:|+£[.f<2+2.f<+1:|—ﬁ—i
3 2 210 210

+.f<+l+.f< +l——3?
3 2 210

1 1
RS R 1Ty - (T L T L = Sl N
7 5 3 z
[k_ﬁ_ﬁ_ﬁ__ﬂ} 7 E
T g 3 Z Z210

=,i£+.f<:‘5+3.f<:5+Eu.fs:‘*'+?.f<:3+liu.f<:2+3.f<:+l+l+l+l—i
7 &5 3 2 210

A+ES +3kT vkt + 7Y v ak T 3k 41

Positive integer

= £ (n) istrue forn =k +1

= £ (n) is true for all n e & by pMI
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. Al B3 K g2 . L. .
(n} A el IS5 a positive integer
Forn=1
1 . 1 1 862

— -

— —
11 5 3 165
15+33 455462

165

a5 165
165
Which is a positive integer
LetP(n) istruefor n =k, so
kY kS Kk B2k
—+ —+ —+ —— i5 a positive integer
11 s 3 165
11 L 3
k—-l- k—-l- k 62"( -l .--[i:|
11 5§ 3 165

Forn==Kk+1
(k +1)" NG +1)° NG +1;,
11 5 3 165

kM 41160 4BEETy 1654 %4 330k7 + 4525 + 462k + 330k * + 165k + 55k % + 114 + 1]

[k

11[
+%[k5+5k4+1ﬂk3+lﬂ.k2+5ﬁ: +1]+l[.k3+3!<2+3k +1]+E[ﬁc +1]

11 =1 3
- i—1+k?+%+?§'§] k1“+5k?+15k3+3nk?+42k5+42k5+3ok4+15¢<3+5k?+1+1—11

a2k ek ek et e kZak 4+ 14 B2
5 2 165
=A+k1? +5k7 + 15k% 430k T+ 42K5 + 42k° + 31k +1TEC # BT+ 2K + 1
= An integer
= P(n) is true form=k +1

= P [n) is true for alln e N by PMI
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For n=1
Lean® o Loot[ %) ootx
z 22z
_11 1
2 pan X tEnx
z
1 1

&
1-tanf 2
z
. 1-tar? &
_ _ z
= E
Ztans Ztan~
2 2
s
1-1+tar® 2
2 tans
2
tan? X
_ z
2 tan 2~
z
1. x
=—fan—=
2

= F‘[n] istrue for =1

Let £ {n) is true for n=k, so

1 X 1 X 1 X 1 X
Eteur‘|[§]+ EEH[E}- ...+2_ktar‘|[2_k] = ?COt[g_k] - cotx ———{1]



e have to show that,

1 ¥ 1 X 1 X 1 X 1 X
Etar-l§+?ttan[:t]+"'+2_ktan[2_k]+2‘“1 taﬂ[zlhl}:szl mt[zku]_mt}{

oo,

1t X 1t X 1t X 1 " X
_ 1 EDt[X]—CDtX+ 1 tan[ ul ]
_ 1 cut{x]—cutx+ 1 1
2F T gE 2 oF [x 1]
cot —- =
ok 2
= ! ! +1 tan al L cotxy
2% [x] 2’ 2F )2
tan -
2
[ X
1-tan®
1 [23”] 1 X
= — +otan| — || - ooty
2 x 2
Etan[T]
2+1
[ b e 2 ks
1 1-tan (FJ+tan {EW}
= — . — Ccot
2 Etan{ﬁJ
L 2%t
1 1
= — — cotw
2
tan F
1 X ¢
BT v o B
= Fn) istrue for n=rk+1
= £ (n) is true for all ne & by PMI
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222 )
Above can be written as
=[22—1}[32—1}[42—1} [mz—l}
52 22 PE R
_[.2+1..2—1.][.3+1..3—1.]

22 32
[.4+1..4—1.J [-mb«—l}
i =
{5 -2
02 |\ 52 Jl 42 7 22

In the above product, there are two series in numerator

2L R ——: (n+lland1.2.3.....(n-1)
All numbers from 3 to (n-1) are repeated twice
and 1, 2, n are appeared once in numerator

o after cancelling like terms we get
(ot
" on
Mathematical Induction Ex 12.2 Q36
2n)!
£ n): )t 1

22 ) Bl

= £ (n) istruefor n=1
Let £ [r) is true for n =k, so

[2k)! . 1 L
22 (1 )? T Bk +1 )

We have to show that,

2 fk +1)! .1
2Nk w1y Bk +4




oo,

2k +1)!
2D [k + 1)1

[2k + 2)!
22 22k + 1)1k + 1)

(2 +2) [2k +1)(2k)!
4.27 [k + 1) (k) (k + 1) (k)

2k +1){2k + 1) f2k )
Coafk )2 (k)

22k +1) 1
= .

4{k +1) Jak+1
< {2k+1}. 1

2k +1) 3k +1
£{2k+2]. 1

2k +1) 3k +3+1

[U sing.equation [1]]

< 1 Since, 2k +1< 2k +2
N T 3k 4123+ 4

= P[n] istrue for n=& +1

= F(n) is true for all ned by PMI
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LetP[n]:1+%+é+i+...+i<2—i for all pz 2

16 e I

For =2
1+1<2—£

4 4

g K
e

4 4
= P {n) is true for n=2

Let £ [r.-] is true far n =k,

1 1 1 1
1+ —4+—+—+.. +—<2-—
4 9 1@ 2 k

Mow, we have to show that,

1+l+l+i+...+i+ ! <2 L

4 9 16 PRI T

-::2—l+ :
ko (l+1)°
k2 +2k+1-k

k(k + 1)
kA k]

k(k+1)2
K4k

ik +1)°
 k(k+D

k(k +1)2
e b

k+1

= £ {n) is true for n=4k +1

o P

< 2

< 2
< 2

= Y

= £ [n) is true for all ne N by PMI
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Let 2 [r): 1+ y** 1 is divisible by {x +y)

For =1

w2 2
=X+

= P[n] istrue for =1

Let P [n) is true for n =k,

x% 1 s divisible by x +y)

gLy Rl [ +y) A

“We have to show that,

Xzfc+1 +y2.fc+1 _ {X +}”],-“

Mo,

Xzfr +1 n }'_,E.fc+1

o w2kol,2 k1,2

- [ [x+y]i—y2‘“'1:|x2+yz*'1.y2
- [x +y]ix2—y2"“1.x2+y2"“1.y2
_ {x +y]ix2 _ yz""l {Xz _ yz}
= [ +y]1x2—y2""1 [x +y)[x - )
= [ +y) [sz — et [ - y}]

oy
= £ {n) istrue for n=t +1
= £ {n) is true for all n e & by pMT
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Let 2 (n):sinx +sin3x +...+sinf2n - 1)x = SN A

sinx
Forn=1
. sin? x
Sinx = —
Sin
Sinx = sinx
= P[n] istrueforn=1
Let #{n) is true forn =k, =0
.2
: : . Sin© kx
5mx+5m3x+...+5m[2k —1]X = -
sins

We have to show that

5inx+5in3x+...+5in[2k —1]){ +5ir'|[2.f< +1}x =
M o,
{5inx+ Sin3Y +...+ Sin[Ek - 1}X}+ 5ir'|{2.f< + I]X

Sin? e 5in[2.f< + 1]){
+

s 1
Using equation i},

sin® by + sinf2k + 1)« sinx

Sin X

sin® [k +1)x

Sing

2 5in® kx + CDS[[Ek + 1) —x]— cos[ 2k + X + x |

2 sinx
2 5in? k¥ + cos 2kx - Cos {Ekx + Ex]

2sinx
1- cos2ky + cos 2y — n::DSEX[k + 1]

2sinx
1-cos2x [k + 1]
2sinx

2 sin®x [k +1)

2sinx
sin® x [k +1)

sinx
= £ {n) is true forn =4k +1

= £ [n) is true for all ne & by MY,
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Let P(n) be the statement given by

Pin):cos o + cos(o+p)+cos(a+ 2B) + e + COS (m+[r‘|—1)5)
oos{u+ {n— iJB}sin{ﬂ—BJ
= =
= for all neh.
Sir‘|E
Step 1
cos{m+ [lélJB}sin[l—zﬁ]
P(1):cosa= g
sinz
cosf{o+ D}sin{%]
= COS o= g
sin=
= COS o= COS o
L P[1)is true.
Step II:
Let P[m) is true. Then,
cos o + coslo+ pl+ coso+ 28) + e +.cos {o+ [m-1)B)
m—1 [ mp
) OCIS{DL+[ 5 JB}SIH[?]
- —
sins

We have to prove that P(m+1) is frue.

cos o + cos(o+f)+cos(a+2p) + e + cos [o+ [m)p)

= cosa + cos(o+ B+ cos(a+ 2B) 4+ e +cos [a+(m-1)p)+ cos [a+(m]B)
cosdas+[M=L)plain/ MR

= { ( = ]B} {2 ] +c0s [m+[M)Bl [Using (i}]

B

sin-
2



ke o) ol (252l

SinE
£
llsin[cu (2m+1] B]—sin[u+[2m_l]ﬁj]+ cos{cu (m—l] B}sin[m_ﬁ]
_ 2 2 2 2 2
sir‘|E
2
l[Sir‘l[tnr,+ [Em-l-l] BJ—SiH[U,+[2m_1]BJ]+ llsiﬂ[orﬁ [Em_IJBJ+SiH[—U,+EJj|
_ z e z z z z
sir‘|E
] £
1 Sir'l[ll+ [2m+1] BH+1[SH‘|[—U,+ EH
2| 2 2 2
sinf
2
[ [ZmHJ . [2m+1J B B ]
Z|sinocos B+ cososin B +sinI cospl—c0S= Sino
_ 2 2 2 2 2
sir‘|E
] 2
1 Sinm[cos[szrIJB—COSEJ+cosa[sin[2m+ljﬂ+sinﬁﬂ
2| 2 2
sir‘|E
1 —zsim{[sm[m*l]ngmm—BJ+2cosm{[sm[m—”]gjcosm—ﬁﬂ
_ 2 i 2 2 2 2
sir'lE
2
sin[( mj[cosacos%ﬁ—smusm[( i )BH
) sinf
2
| [( )B]cos{m+m—ﬁj
_ <
Sir‘IE
P

= P[m+1] is true,

Hence by the principle of mathematical induction, the given resultis true for all ne M.
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O T
wEL T mER Bign B

TTaing induction we first show this iz true for n=2

Lo DB
204 12 24 24

Mow lets assume it 15 true for some n=lk,
o, B B

k+1 k+2 2k 24

Finally we need to prove that this implies

S =

it 15 also trae for n=lc+1:

1 1 1
+——t +

k+2 k+3 2h+2

2l 1 1 1 1 1 J
S ! S

k+1 k41 k42 k43 0 2k 2+l 2k+2

—1 1 1

k+1 IRE 2k k42

1

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

Slet1=

=5+

>
13

i —_
k41 ¥
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5‘1=l 5'|:|+i ,,42=l .:-.-1+i and &, =
5 N = 2 e+
2.\:—1
Let P[ﬂ]:a”_ﬁ= o1 -4
an+\|'ﬁ C_l'j_""\ﬁ
Forn=1
-1
5‘1‘\"'3_ &l—ﬁ
.:‘.'1+«,|"E a]_"“\ﬁ
al—ﬂ= -5'1—'\!.?
5‘1+‘\.||'E a]_"‘ﬁ
= P {n) istrue forn=1

Let o [n] is true for n =k

ak‘ﬁrE:[%‘\m]
ak+\|'ﬁ al+«4'ﬁ

We have to show that

T 41 _JE [-5'1— N'I'E]

*

S 7 )
prd
[aﬁc’+1 B "*'Iﬁ]

a.{f+1+\m

: o

1 A

23R
1

E[ak+i]+ﬁ
L a"::- B

) -[ak]2+ﬂ—zakﬁ]2n

_[ak]z +A+23,.4
)

)

g
ak+w,|'ﬁ

=

*

al+ﬁ
= P[n] istrueforn=1k +1

= £ [n) is true for all ne NE by s

Mathematical Induction Ex 12.2 Q43

—(



P ) 2" = 3n

It is given that 2 {r) is true, so
2" = ar

Multiplying both the sides by 2,

2 0= .2
2+ = g
il T

o't =343
2z 3fr +1)

So, P [r+1) is true

Butforr=1
2= 3

Itis true, so

£ (n) isnottrue for all ne N by PMI
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S?z =12 +2><22 +32 +2><-42 ey
Taing induction we first show this 15 true for n=2,

we get 59 =12 +2x 2% =148=9

2
From FHS, we have if # 15 even 5y =@
29
So=—"T7T=8
4 2

Mow using induction we first show this iz true also
for n=3, we get &3 =14+8+5=18

2
From BHS, we have it » 15 odd 5 :m

3;:%:18

Lets assume above 15 true for n=k, we get

2 A ul

ks even, 5 =17+ 2527 37 +2xd™ + L 4E2xET ——1

kis 0dd, Sp =12 +2x28 430 x4 28 il 3
Mow lets prove for n=k+1

If ks even, k+1 15 odd we get

Ser1=12+2x02 432 4 42k HEH] S ———3
From abowe relation, we get
BB 2 k(k+1)°

S =17+ 22T +37 +2x4 T+ FERET= >

Substitute thisin 3, we get

2 (k4112 (k42)
£ - T

k(1) N

Seri= k+1

= RAY (when 't+1"12 odd)

Hence Proved
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Let P(n) be the staternent given by
P(n): The number of subsets of a set containing n distinct elements is 2"

for all nen.

Step 1.
P(1):2'=2
For any set & contaiining 1 element, empty set and set A are two sets always subsets of A,

» P[1)is true.

Step I1:
Let P(m) is true. Then,

£ set containing m distinct elements has 2™ subsets. L. (i)

We have to prove that P(m+ 1) is true,
Let the set A has (m+1) elements,

A={1,2.... , M+ 1}
A=1{1,2. b {m+ 1
Mow using (i) we can say that {1,2,.......,m} being m elemets has 2™ subsets,

For {m+1}, empty set and setitself {m+1} are subsets,
So, {m+1} has 2 subsets,

= Set & has 2™+ 2 subsets
= Set A has 2™ subsets
= P{m+1) is true,

Hence by the prindple of mathematical induction, the given result is tue for all neh.
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Let P[n) be the statement given by
P(n):a, =3x7"" for all nen.

Step I

P(2):a,=3x7"1=21

Given that a, =7 g, for all natural numbersk =z 2
d,=78,=7x3=21

» P[2])is true.

Step II:

Let P[m) is true. Then,
a. =3x7"N. (i)

We have to prove that P[m+ 1) is true.

IE"m+1 = ?am
IE"m+1 =X E'ﬁ'u
B = 7 3TN [ fromiy]

_ m-1+1

Bray = 3%
:>F’[m+1:| is true.

Hence by the principle of mathematical induction, the given resultis true for all ne i,
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Let P(n) be the statement given by
2

Pin):x, = for all nem.
!

Step I
2

P[2): %, = 5= 1

. X
Given that x, = 2L for all natural numbers k = 2
n

My = 5 =57 1

» P[2])is true.

Step II:

Let P[m) is true. Then,
X = ]

We have to prove that P(m+ 1) is true,

3)'<|-|-.+1 = M
m+ 1
® = Zm
m+1 m+1
2
Aer = [from(if]
. = 2
" mi(m o+ 1)
y _ =
m+1 (m+1)|

= P[m+1]) is true.

Hence by the principle of mathematical induction, the given resultis true for all nehl.
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Let P(n) be the statement given by
Pin):x, =5+ 4n for all nen.

Step I

P(1):x, =5+ 4(1)=5+4=9

Given that x, = 4 + x,_, for all natural numbers k
Xy =4 +xy=4+5=9

L PL)is true,

Step I

Let P(m) is true. Then,
Ko = S+ dm (i}

We have to prove that P{m+ 1) is rue,
Hmey = 4+ %

m m+1-1

Kwy = 4+ %,

o = 4+ 54 dm ]
><r|'|+1 = 5+4(m+ 1)

= P[m+1) is true.

Hence by the principle of mathematical induction, the given resultis true for all ne M.
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Let P[n) be the staternent given by

P[n):\.'rﬁ <

1 1 1 1
... + — for all natural numbers nz= 2.
JUW2 B Jn
Step It
P(2):42 = 1.4142
1 1

i+——1+—
AtE T Tas
Bprp

=1+0.7071=17071

L P[2)is rue,

Step I
Let P(rm) is true. Then,

%+%+%+ +i;ﬁ............[ﬁom(i)]
L4t e,

NIV -RNC A r J_ J_
1 1 1 Jmfema L
E+E+E+.. +ﬁ+ﬁ}ﬁ
EIURE SO S SIS S ik
W12 3 oo dmel Jmad

1 1 1 1 1 m+ 1
ﬁ+E+E+" +ﬁ+\fm+1}«fm+1
i+i+i+......+—+ 1 =AM+ 1
N1oA2 3 NmooAmel

= P[m+1) is true

Hence by the principle of mathematical induction, the given resultis true for all ne M.





