CLASS - 11 MATHS NCERT SOLUTIONS

principle of mathematical
induction

Ans:  Let us denote the given equality by P(n), i.e.,

P(n):1+3+3*+....+3"= @
2

For n=1,
L.HS.=3"1=1
3-1
rnso B 312
2 2 2

Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,

1+3+3°+.... +3k‘1=@ (i)

Now, we have to prove that P(k+1) is also true.
Consider

143+3%+, +31 +3(k+1)-1

=(1+3+3°+...+31) +3"

(341 -
:T+3 [Using(i)]
(3k 1)+2.3"

2
(1+2)3<-1
2
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331
2
3k+l _1
2
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle of
mathematical induction.

2. Prove the following by using the principle of mathematical induction for all
neN:
2
13+2°+3%+..... +n3:[—n(nz+1)]
Ans:  Let us denote the given equality by P(n), i.e.,
2
P(1):L+2°+3%+..... +n3:£@)
For n=1,
L.H.S.=1°=1

RHS;GQEQI_@f_l

Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,

1P+2°+3%+..... +k3:(Mj ..... (i)

Now, we have to prove that P(k+1) is also true.
Consider
P+2%+3+ K+ (k+1)

:(Eié;})J +(k+1)’ [Using (i)]
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_ kz(ljl)z (ke 1)
K3 (k+1)” +4(k+1)’
B 4
(k+1)* {k?*+4(k+1)}

4
(k+1)’ {k?+ak+4}

4

(k+1)"(k+2)

(k+1)° (k+1+1)°
4

:((k+1)(k+1+1)J2

2
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle of
mathematical induction.

3. Prove the following by using the principle of mathematical induction for all
neN :

1 1 1 2n

Y 2) T @ezed) T @reesen) (neD)
Ans:  Let us denote the given equality by P(n), i.e.,

1 1 1 2N
P(n):l+—+ +t =
1+2 1+2+3 1+2+3+..n n+l
For n=1,
1
LHS=-=1
1
R.H.S.=E=1
1+1

Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,
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TR S S L -k (i)

(1+2) (1+2+3) (1+2+3+..+k) (k+1)
Now, we have to prove that P(k+1) is also true.

Consider

R S S 1 1

ot +
1+2 1+2+3 1+42+3+..tk  1+2+3+...+k+(k+1)
( 1 1 1 ) 1
= 1+—+ +...+ +
1+2 1+42+3  1+2+43+..+k ) 1+2+3+..+k+(k+1)
2K 1 L
=—+ Using (i
k+1 1+2+3+..+k+(k+1) [Bsing (]

2K 1 {1+2+3...+n: n(r;l)}

i k+1+£(k+1)(k+1+1)j

2
_ 2k N 2
k+1 (k+1)(k+2)
_ 2 (1 j
(k+1)\ k+2
2 k*+2k+1
(k+1)  k+2
2 | (k+1)’
(k+1)| k+2
(k+1
(k+2)
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle of
mathematical induction.

N

N—"

Prove the following by using the principle of mathematical induction for all
NeN:
n+2)(n+3)

1_2.3+2.3.4+...+n(n+1)(n+2)= n(n+1)( .



http://www.vedantu.com/

Ans:  Let us denote the given equality by P(n), i.e.,

P(n):1.2.3+2.3.4+..4n(n+1)(n+2)= n(n+1)(rll+2)(n+3)
For n=1,

L.H.S.=1.2.3=6

R H.S.= 1(1+1)(1+2)(1+3) _1.2.34 .

4 4
Therefore, P(n) is true for n=1.

Let us assume that P(k) is true for some positive integer k, i.e.,
k(k+1)(k+2)(k+3) ()

4
Now, we have to prove that P(k+1) Is also true.

Consider
1.2.3+2.3.4+...+k(k+1)(k+2)+(k+1)(k+2)(k+3)

={1.2.3+2.3.4+...+k (k+1)(k+2)} +(k+1)(k+2)+(k+3)
k(k+1)(k+2)(k+3) .
4

1.2.3+2.3.4+...+k(k+1)(k+2)=

(k+1)(k+2)(k+3)  [Using (i)]
(k+3)(g+1j
(

k+3)(k+4)

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

4
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle of
mathematical induction.

5. Prove the following by using the principle of mathematical induction for all
neN:

(2n-1)3™*+3
4
Ans:  Let us denote the given equality by P(n), i.e.,

1.3+2.3°+3.3%*+...+n.3"=



http://www.vedantu.com/

(2n-1)3"1+3

P(n):1.3+2.3°+3.3°+...+n3"=

For n=1,
LH.S.=1.3 =3

1-1)3"+ 2
RHgo (2113743 43 _12_,

4 4 4
Therefore, P(n) is true for n=1.

Let us assume that P(k) Is true for some positive integer k, i.e.,
2k-1)3“'+3
( ) ..(1)

Now, we have to prove that P(k+1) Is also true.
Consider
1.3+2.3°+3.3 +...+k.3"+(k+1).3"

=(1.3+2.3°+3.3%+..+k.3* )+ (k+1).3*"
(2k-1)3""+3
= +

1.3+2.3°+3.3°+...+k3*=

(k+1)3< [Using (i)]

_(2k-1)3""+3+4(k+1)3"
4

_3“H{2k-1+4(k+1)}+3
- 4
_3t{6k+3}+3

4
_3L3{2k+1}+3

4
3(k+1)+1{2k+1} +3

4
{2(k+1)-1}3% Y43
- 4

Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle of
mathematical induction.
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6. Prove the following by using the principle of mathematical induction for all
NeN:

1.2+2.3+3.4+...+n_(n+1):[”(”J’lg(”*z)}

Ans:  Let us denote the given equality by P(n), i.e.,

P(n):1.2+2.3+3.4+...+n.(n+1):{n(n+1)(n+2)}

3
For n=1,
L.H.S.=1.2=2
1(1+1)(1+2) _1.2.3
3 3
Therefore, P(n) is true for n=1.

Let us assume that P(k) Is true for some positive integer Kk, i.e.,
k(k+1)(k+2
1.2+2.3+3.4+_,,+k.(k+1):{ ( ?))( )}...(i)

Now, we have to prove that P(k+1) Is also true.

Consider
1.2+2.3+3.4+...+k.(k+1)+(k+1).(k+2)

=[1.2+2.3+3.4+..+k.(k+1) | +(k+1).(k+2)

(k+1)(k+2) +(k+1) (k+2) [Using (i)]

(ks ><k+z>( ]
(k+ )(k+2)(k+3)

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

3
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

RH.S.= =2
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7. Prove the following by using the principle of mathematical induction for all
NeN:

n(4n2+6n—1)

3
Ans:  Let us denote the given equality by P(n), i.e.,

4n2+6n-1)

1.3+3.5+5.7+...+(2n-1)(2n+1)=

P(n):1.3+3.5+5.7+...+(2n-1)(2n+1)= n(

For n=1,
L.H.S.=1.3=3

1(4.12+6.1-1 ]
RH.S.= ( )_4+6 1.9,
3 3 3

Therefore, P(n) is true for n=1.
Let us assume that P(k) Is true for some positive integer k, i.e.,

k (4k?+6k-1
1.3+3.5+5.7+...+(2k-1)(2k+1)= ( )

()

Now, we have to prove that P(k+1) is also true.
Consider
(1.3+3.5+5.7+...+(2k-1)( 2k+1) ) +{(k+1)-1}{2(k+1) +1}

_ k(4K +6k-1)
-3

k(4k?+6k-1
= ( 3 )+(2k+1)(2k+3)

+(2k+2-1)(2k+2+1) [Using (i)]

_ k(4K +6k-1) (4 +8kr3)
3

_ k(4k?+6k-1)+3(4k*+8k+3)
B 3
_ 4k®+6k”-k+12k* +24k+9
3
_4k*+18k*+23k+9
3
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_4K*+14K*+9k+4K*+14k+9
- 3
K(4k*+14k+9)+1(4k*+14k+9)
3
k+1 4k2+14k+9)

)
k+1 {4k2+8k+4+6k+6 1}
3
_(k+D) ){4(K*+2k+1)+6(k+1)-1}
k+1 {

3
4(k+1)" +6(k+1)-1|

Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

8. Prove the following by using the principle of mathematical induction for all
NeN:

1.242.2°43.2%+...+n.2"=(n-1) 2" +2
Ans:  Let us denote the given equality by P(n), i.e.,
P(n):1.2+2.2°4+3.2%+....+n.2"=(n-1)2""+2
For n=1,
L.H.S.=1.2=2
R.H.S.=(1-1) 2" +2=0+2=2
Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,
1.2+2.2°+3.2%+...+k.2" = (k-1) 2" +2...(i)
Now, we have to prove that P(k+1) is also true.
Consider
{1.242.2243.2%+...+k. 2"} +(k+1).2
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=(k-1)2"* +2+(k+1)2"*

=2 {(kc 1)+ (k1)) +2

=2 2k+2

:k.2(k+1)+1+2

={(k+1)-1} 2"V +2

Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

9. Prove the following by using the principle of mathematical induction for all
neN:
1 11 1 1

Ans:  Let us denote the given equality by P(n), i.e.,

Therefore, P(n) is true for n=1.
Let us assume that P(k) Is true for some positive integer k, i.e.,

Now, we have to prove that P(k+1) is also true.

Consider

(1 1 1 1) 1
— ettt |t—
2 4 8 2k ) ok
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=1_ik(1j
2°\ 2
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

10. Prove the following by using the principle of mathematical induction for all
NeN:
1 1 1 1 n

+—+ +..+ =
25 58 811 " (3n-1)(3n+2) (6n+4)
Ans:  Let us denote the given equality by P(n), i.e.,

1 1 1 1 _n
P(n). +— + + + =
25 58 8.11 (3n-1)(3n+2) (6n+4)
For n=1,
L.H.S.:i:i
25 10
R.H.S.= 1 :i
6.1+4 10

Therefore, P(n) is true for n=1.

Let us assume that P(k) is true for some positive integer Kk, i.e.,
1,1 1 1 K :
+ + +...+ = (|)

25 58 811  (3k+1)(3k+2) (6k+4)

Now, we have to prove that P(k+1) is also true.

Consider

1.1 1 1
+—+ +...+ +

25 58 811  (3k+1)(3k+2) {3(k+1)-1}{3(k+1)+2}
k 1 o

= U
6k+4+(3k+3-1)(3k+3+2) [Vsing (1)

_ ko, 1

6k+4 (3k+2)(3k+5)

_ ko, 1

2(3k+2) (3k+2)(3k+5)
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)%

(3k+2)\ 2 3k+5
1 [k(3k+5)+2]
(3k+2)|  2(3k+5)
_ 1 3k2+5k+2j

(3k+2)| 2(3k+5)
_ 1 [ (3k+2)(k+1)
T (3k+2)| 2(3k+5) j
_ (k+1)
" Bk+10
(k+1)
6(k+1)+4
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

11. Prove the following by using the principle of mathematical induction for all
NeN:

1 1 1 1 _ n(n+3)
+ + +..+ =
123 234 345  n(n+1)(n+2) 4(n+1)(n+2)
Ans:  Let us denote the given equality by P(n), i.e.,

o1 1 1 1 _n(n+3)
P(n)_ + + ..+ =
123 234 345 n(n+1)(n+2) 4(n+1)(n+2)
For n=1,
LHS=— -1
123 6
RHS 1.(1+3) _ 14 _1

4(1+1)(1+2) 4237 6
Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,
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1 1
+

1, ., 1 k(k+3)

123 234

"345 T k(k)(kr2) a(k+D)(k+2)

Now, we have to prove that P(k+1) is also true.

Consider

1 1
+

1 1
+
{1.2.3 2.3.4
k(k+3)

345 " k(k+1)(k+2)}-(k+1)(
1

1

_-4(k+1)(k+2)4-(k+1)(k+2)(k+3)

(k+1)(k+2)
1

Fd)

(k+1)(k+2)

1

k(k+3)2+4}

L 4(k+3)

(k+1)(k+2)
1

'k(k2+6k+9)+4
4(k+3)

(k+1)(k+2)
1

k3+6k?+9k+4
4(k+3)

(k+1)(k+2)
1

k3+2k?*+k+4k?+8k+4
4(k+3)

(k+1)(k+2)

1

k(k2+2k+1) +4(k2+2k+1)
4(k+3)

(k+1)(k+2)

k(k+1)’ +4(k+1)2}

4(k+3)

(k+1)"(k+4)

:4(k+4)(k+2)(k+3)

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

~4{(k+ 1)+ 1} (k+1)+2)
Therefore, P(k+1) holds whenever P(k) holds.

k+2)(k+3)

[Using (1)]
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Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

12. Prove the following by using the principle of mathematical induction for all
NeN:

a(r"-1
a+ar+ar2+...+ar”'1:(—l)
r_
Ans:  Let us denote the given equality by P(n), i.e.,

a(r'-1
P(n):a+ar+ar2+...+ar“'1:(—1)
I-

For n=1,
L.H.S.=a

a(r-1
R.H.S.= ( ):a

(1)
Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,

k
alre-1
a+ar+ar2+...+ar"‘1=(—1)...(i)
r_
Now, we have to prove that P(k+1) Is also true.
Consider
{atar+ar’+.. +ar!} +ar'
k
afre-1
=(—1)+ar" [Using (i)]
r-
_a(r*-1)+ar*(r-1)
- r-1
_a(r*-1)+art-ar*
- r-1
_ar-a+ar“*-ar”
r-1
a.rk+1_a
r-1

k+1)-1
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a(rk+1_1)
r-1
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

13. Prove the following by using the principle of mathematical induction for all
neN:

() (-2 o

Ans:  Let us denote the given equality by P(n), i.e.,

P(n):(1+%)(H%)(h%)...[ﬂ@]:(n+1)2

For n=1,

i)

R.H.S.= (1+1 =4
Therefore, P(n ) is true for n=1.
Let us assume that P(k) Is true for some positive integer k, i.e.,

(1+§j(1+%)(Hg)..{H(ZE—?)J:(kH)Z...(i)

Now, we have to prove that P(k+1) is also true.

Consider
KH%)(HZJ(HQN 1+(ztjl)jH1+_{2Et:3:1}}
=(ke1)’| 1+ % [Using (i)]

=(k+1)

| (K1) +2(k+1)+1
(k1)
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= (k+1)" +2(k+1)+1
={(k+1)+1)"
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

14, Prove the following by using the principle of mathematical induction for all
neN:

oot oo

Ans:  Let us denote the given equality by P(n), i.e.,

P(n):(1+%)(h%)(ﬂ%)...(h%)z(ml)

For n=1,
L.H.S.:(1+%j=2

RH.S.=(1+1)=2
Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,

P(k):(1+%)(H%j(h%)...(H%j:(kﬂ)...(i)

Now, we have to prove that P(k+1) is also true.
Consider

pto e s

=10 ) using )

= (k+1) (k+1)+1
] (k+1)
=(k+1)+1
Therefore, P(k+1) holds whenever P(k) holds.
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Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

15. Prove the following by using the principle of mathematical induction for all
neN:

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

3
Ans:  Let us denote the given equality by P(n), i.e.,

n(2n-1)(2n+1)
3

12432452+, +(2n-1)" =

P(n):12+32+5%+...+(2n-1)’ =

For n=1,
L.H.S.=1°=1
1(2.1-1)(2.1+#1) _1.1.3
3 E
Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer Kk, i.e.,
k(2k-1)(2k+1) .
2 ..()
Now, we have to prove that P(k+1) is also true.
Consider
{12+32+52+ ..+(2k-1)2}+{2(k+1)-1}2
_ k(2k-1)(2k+1)
3
_k(2k-1)(2k+1)
B 3
_ 2(2k-1)(2k+1)+3(2k+1)°
3
(2k+1){k(2k-1)+3(2k+1)}
3
(2k+1){2k?-k+6k+3]
3

R.H.S.= =1

P(K):12+32+5%+..+(2n-1)’ =

+(2k+2-1)"  [Using (i)]

+(2k+1)’
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(2k+1) {2k’ +5k+3}

(2k+1){2?<2+2k+3k+3}

_ (2k+1){2k?k+1)+3(k+1)}
(2k+1)(k+1):22k+3)
(k+1){2(i+1)—1}{2(k+1)+1}

Therefore, P(k+31) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

16. Prove the following by using the principle of mathematical induction for all
NeN:
1 1 1 1 n

+—+ +...+ =
14 47 710 © (3n-2)(3n+1) (3n+1)
Ans:  Let us denote the given equality by P(n), i.e.,

11 1 1 o
P(n)i—=+-—+_—+..+ =
1.4 47 7.0 (3n-2)(3n+1) (3n+1)

For n=1,
LHs=1 -1

14 4
R.H.S.= 1 :E

3.1+1 4

Therefore, P(n) is true for n=1.

Let us assume that P(k) Is true for some positive integer Kk, i.e.,
(k):i+ 1 N 1 - 1 _ Kk ()
1.4 47 7.10 (3k-2)(3k+1) (3k+1)
Now, we have to prove that P(k+1) is also true.

Consider
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1 + 1 + 1 +..+ 1 + L
{ﬂ 47 710 (3k-2)(3k+1)} [3(k+1)-2}{3(k+1)+1]

k 1 L
Using (i
3k+1 (3k+1 3k+4) [ 9]

k+
3k+4 }

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

3k+

3k+ 3k+4

3k?+4k+1
3k+1 3k+4

3k?+3k+k+1
3k+1 3k+4

k+1 (k
(3k+1)(3k+4)
(k+1)
3(k+1)+1
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

17, Prove the following by using the principle of mathematical induction for all
neN:
1 1 1 1 _n

35 57 79 (2n+1)(2n+3) 2(2n+3)
Ans:  Let us denote the given equality by P(n), i.e.,
1 1 1 1 n
P(n)i——=+——+_—+..+ =
35 57 7.9 (2n+1)(2n+3) 2(2n+3)
For n=1,

L.H.S.=i
3.5
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1 1
3(2.1+3) 35
Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,
(k): LI L -_K ..(0)
35 57 7.9  (2k+1)(2k+3) 2(2k+3)
Now, we have to prove that P(k+1) Is also true.
Consider

R.H.S.=

1 + 1 + 1 +...+ L + 1
{3.5 57 79 (2k+1)(2k+3)} {2(k+1)+1}{2(k+1)+3]

_ kK 1 -
T3(2k+3)  (2k+3)(2k+5) [Using (0]

1 k1
" (2k+3) _§+ (2k+5)}
1 _k(2k+5)+3
(2k+3)| 3(2k+5) }
1 [ 2k2+5k+3
(2k+3)| 3(2k+5) }
_ 1 [ 2k?+2k+3k+3
(2k+3)|  3(2k+5) }
1 _2k(k+1)+3(k+1)
(2k+3)|  3(2k+5) }
(k+1)(2k+3)
3(2k+3)(2k+5)
(k+1)
3{2(k+1)+3}
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.
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18. Prove the following by using the principle of mathematical induction for all
neN:

1+2+3+...+n<%(2n+1)2
Ans:  Let us denote the given equality by P(n), i.e.,
P(n):1+2+3+...+n<%(2n+1)2
For n=1,
1<%(2.1+1)229

Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some positive integer k, i.e.,

1+2+3+...+k<%(2k+1)2 (i)

Now, we have to prove that P(k+1) Is also true.
Consider

1+2+3+,,_+k+(k+1)<%(2k+1)2 +(k+1) [Using (i)]

<={(2k+1)" +8(k+1)|

N

4k2+4k+1+8k+8}

N N
|~ 0| 0| 0| ©|F

2k+3)

N

{
{4K?+12k+9}
(
{2(

2(k+1)+1)"

Hence, 1+2+3+...+k+(k+1)<%(2k+1)2 +(k+1)

Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.
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19.

Ans:

20.

AnNs:

Prove that following by using the principle of mathematical induction for all
NeN:

n(n+1)(n+5)is a multiple.of 3

Let us denote the given statementby P n , i(e.)
P(n):n(n+1)(n+5), which is a multiple of 3.
For n=1,

1(1+1)(1+5)=12, which is a multiple of 3.

Therefore, P(n) is true for n=1.

Let us assume that P(k) is true for some natural number Kk, i.e.,
k(k+1)(k+5) is a multiple of 3.

. k(k+1)(k+5)=3m, where meN ...(i)

Now, we have to prove that P(k+1) is also true whenever P(Kk) is true.
Consider

(k+1){(k+1)+1} {(k+1)+5}
=(k+1)(k+2){(k+1)+5}
=(k+1)(k+2)(k+5)+(k+1)(k+2)

= {k(cr1)(k#5) +2(e) (ke5) +(e1) (v2)
=3m+(k+1){2(k+5)+(k+2)}
-3m+(k+1){2k+10+k+2}
=3m+(k+1){3k+12}
=3m+3(k+1){k+4}

=3{m+(k+1)(k+4)}=3xq, where g={m+(k+1)(k+4)} is some natural number.
Hence, (k+1){(k+1)+1}{(k+1)+5} is a multiple of 3.

Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

Prove that following by using the principle of mathematical induction for all
neN:

10" +1 is divisible by 11

Let us denote the given statement by P(n), i.e.,
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21.

Ans:

P(n):10°"*+1 is divisible by 11.

For n=1,

P(1)=10""'+1=11 and P(1) is divisible by 11.

Therefore, P(n) is true for n=1.

Let us assume that P(Kk) is true for some natural number K, i.e.,
i.e., 10*'+1 is divisible by 11.

-.10%'+1=11m, where me N ...(>i)

Now, we have to prove that P(k+1) is also true whenever P(k) is true.
Consider

102(k+1)—1+1

=102k+2-l+1

=102k+1+1

=107 (10%+1-1)+1

=107 (10™'+1)-10°+1

=10%.11m-100+1 [Using (i)]
=100x11m-99

=11(100m-9)

=11r, where r=(100m-9) is some natural number
Therefore, 102V +1 is divisible by 11.
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

Prove that following by using the principle of mathematical induction for all
nNeN:

x*"-y*" is divisible by x+y .

Let us denote the given statement by P(n), i.e.,

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

For n=1,

P(1)=x**-y**=x?-y*=(x+y)(x-y), which is clearly divisible by x+y.
Therefore, P(n) is true for n=1.
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22,

Ans:

Let us assume that P(k) is true for some natural number Kk, i.e.,
x*-y* is divisible by x+y.

o Let x*-y*=m(x+y), where meN...(i)

Now, we have to prove that P(k+1) is also true whenever P(Kk) is true.

Consider
Xz(k+l)_y2(k+l)

=x* x2-y*.y?
(X -y 4y )y*.y?
=x* {m (x+y)+y* } y*.y?
=m(x+y) x> +y* x*-y* y?
m(x+y)x*+y* (xz-yz)
=m(x+y )Xy (x+y ) (xy)
=(x+y){mx2+y2" (x-y)} , Which is a factor of (x+y).

Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

:X2

Prove that following by using the principle of mathematical induction for all
neN:

3°™2-8n-9 is divisible by 8.

Let us denote the given statement by P(n), le.,

P(n):3*"*-8n-9 is divisible by 8.

For n=1,

P(n)=3"""?-8x1-9=64, which is divisible by 8.

Therefore, P(n) is true for n=1.

Let us assume that P(k) is true for some natural number Kk, i.e.,
3%2-8k-9 is divisible by 8.

. 3%?-8k-9=8m ; where me N...(Q)

Now, we have to prove that P(k+1) is also true whenever P(Kk) is true.
Consider
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32(I<+1)+2 _8( k+1) _9

372 32_8Kk-8-9

=3 (3%-8k-0+8k+9)-8K-17

=3 (3%2-8k-9) +3° (8k+9)-8k-17
=9.8m+9(8k+9)-8k-17

=9.8m+72k+81-8k-17
=9.8m+64k+64
=8(9m+8k+8)

=8r, where r=(9m+8k+8) is a natural number
Therefore, 3“V*2-8(k+1)-9 is divisible by 8.
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

23. Prove that following by using the principle of mathematical induction for all
neN:

41"-14" is a multiple of 27.
Ans:  Let us denote the given statement by P(n), i.e.,
P(n):41"-14" is a multiple of 27.
It can be observed that P(n) is true for n=1
For n=1,
P(1)=41"-14" =27, which is a multiple of 27.
Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some natural number k, i.e.,
41¢-14" is a multiple of 27.
. 41%-14=27m, meN ...(i)
Now, we have to prove that P(k+1) is also true whenever P(Kk) is true.
Consider
41K -14%+
=41.41-14% 14
=41(41-14"+14%)-14% 14
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=41.27m+14* (41-14)

=41.27m+27.14*

:27(41nr14k)

=27xr , where r=(41m—14") Is a natural number.

Therefore, 41'-14*! is a multiple of 27.
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.

24, Prove that following by using the principle of mathematical induction for all
neN:

(2n+7)<(n+3)°
Ans:  Let us denote the given statement by P(n), le.,
P(n):(2n+7)<(n+3)°
For n=1,
P(1)=2.1+7=9<(1+3)" =16, which is true because 9<16.
Therefore, P(n) is true for n=1.
Let us assume that P(k) is true for some natural number Kk, i.e.,
(2k+7)<(k+3)" ...(0)
Now, we have to prove that P(k+1) is also true whenever P(Kk) is true.
Consider
{2(k+1)+7}=(2k+7)+2
~{2(k+1)+7}=(2k+7)+2<(k+3)"+2  [Using (i)]
2(k+1)+7<k’+6k+9+2
2(k+1)+7<k’+6k+11
Now, k*+6k+11<k’+8k+16
- 2(k+1)+7<(k+4)’
2(k+1)+7<{(k+1)+3}"
Therefore, P(k+1) holds whenever P(k) holds.

Hence, the given equality is true for all natural numbers i.e., N by the principle
of mathematical induction.
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