NCERT Solutions for Class-XI Maths

Chapter-4 Exercise-4.1
NCERT Math Class 11

Prove the following by using the principle of mathematical induction for all ne N:

1+3+32+...+3n‘1=—(3n2_1)

Let the given statement be P(n), i.e.,

P(n):1+3+3°+...+3""' = (3“2_1)

For n=1, we have

P(l):=(3—2_1)=%=§=1 , which is true.

Let P(k) be true for some positive integer k, i.e.,

o =_(3k_l)
2

We shall now prove that P(k +1) is true.
Consider
1+3+3% 4. 43 4300

=(1+3+32+...+3“‘1)+3k

k_
B

3k+1 _1
T2
Using (i)
Thus, P(k+1) is true whenever P(k) is true.




Hence, by the principle of mathematical induction, statement P(n) is true for all natural

numbers i.e., N.
Prove the following by using the principle of mathematical induction for all ne N:

m Let the given statement be P(n), as
n(n+1) ?
P(n) P28 43 ] :(Tj

First, we check if it is true forn =1,

P(1):1° =1={1(1—2+1)j2 =(%)2 =12=1

~ Itis true forn=1.
Now we assume that it is true for some positive integer k, such that

P(k):13+23+33...........+k3=(@j .............. (1)

We shall prove that P(k + 1)is true,
Solving the left hand side withn =k + 1,

P+2343 e (k1)
2
:[@j +(k+1)3

K (k+1)*

= +(k+1)3

:>(k+1)2 §+(k+1)j

2

4

4

:>(k+1)2 MJ

:»[{(kﬂ)zl}(kH)J [Ask+2=(k+1)+1]

Which is equal to the Right hand side for n = k + 1.We proved that P(k + 1) is true.
Hence by principle of mathematical induction it is true for all n € N.

Prove the following by using the principle of mathematical induction for all ne N:



LS S 1 o
(1+2) (1+2+3) (1+2+3+...n)_(n+1)

Let the given statement be P(n), i.e.,

1 1 1 2n
P(n):1+—+ +...+ =
1+2 1+2+3 1+2+3+...n n+1
For n=1, we have
P(l):l:ﬂzzzl’ which is true.
1+1 2
Let P(k) be true for some positive integer k, i.e.,
1 1 1 2k
1+ =

.+ .+ =
1+2 1+2+3 1+2+3+...+k k+1
We shall now prove that P(k+1) is true.
Consider
1 1 1 1
+ + +...+ +
142 1+2+3 1+2+3+...+k 1+2+3+...+k+(k+1)

=[1 L A ! +...+ 1 j+ !
1+2 1+2+3 1+2+3+...k 1+2+3+...+k+(k+1)
2k 1
= +
k+1 1+2+3+. . +k+(k+1)
[Using (i)
2k 1

:k+1+[(k+1)(k+1+1)J

2

{ n(n+l)}
1+2+3+...+n= 2

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

(k+ )
k+2
k2 +2k+1

k+2

(k+1)
k+

k 1
(k+1
k 1

+
J’_

k+1

2(k+1)
(k+2)




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

Hence, by the principle of mathematical induction, statement P(n) is true for all natural

numbers i.e., N.

Prove the following by using the principle of mathematical induction for all n € N:
n(n+1)(n+2)(n+3)

1.23+234+...+n(n+1)(n+2) = 2

Let the given statement be P(n), as
n(n+l)(n+2)(n+3)

P(n):1.2.3+2.3.4+...........+n(n+1)(n+2)= 2

First, we check if it is true forn =1,
1(2)(3)(4
P(l):1.2.3=6=%=6;
~Itistrue forn=1.
Now we assume that it is true for some positive integer k, such that
k(k+1)(k+2)(k+3)

P(k):12.342344. ...+ k(k+1)(k+2)= 7R TS (1)

We shall prove that P(k + 1)is true,
Solving the left hand side withn =k + 1

1234234+, k(K +1) (k+2)+(k+1)(k+1+1)(k+2+1)
=[123+234+. .+k(k+1)(k+2) [+ (k+1) (k+2)(k+3)

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

}+(k+1)(k+2)(k+3) [From equation (1)]

:>(k+1)(k+2)(k+3)[%+1}

- (k+1)(k+2)(k+3)(k+4)
4
- (k+1)(k+1+1)(k+1+2)(k+1+3)
2
Which is equal to the Right hand side for n =k + 1.We proved that P(k + 1) is true.
Hence by principle of mathematical induction it is true for all n € N.

Prove the following by using the principle of mathematical induction for all ne N:

2n-1)3"*"+3
134232 +33% +...+n3" :%

Let the given statement be P(n), i.e.,



2 _1 n+l
P(n):1.3+2.32+3.33+...+n3“=M
For n=1, we have

21-1)3" +3 132
P33~ 31 - :3:3=%=3,Whichistrue.

Let P(k) be true for some positive integer k, i.e.,

(2k-1)3*"+3

13+23%+33%+...+k3" =

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

Consider
13+2:3°+3:3 +..+ k-3 +(k+1)-3"

=(1:3+2:3 +3.3 4. +k-35)+ (k+1)- 3"

k+1

_ (2k—1ls +3 (k)
C(2k-1)3" 43 +4(k +1)3"
N 4

32k —1+4(k+1)}+3
- 4

31 (6k +3}+3
=

3302k +1}+3
. 4

3 Ok 143
- 4

{2(k+1)-1}3%1" 43

4

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

Hence, by the principle of mathematical induction, statement P(n) is true for all natural

numbers i.e., N.

Prove the following by using the principle of mathematical induction for all ne N:

_{n(n+1)(n+2)}
- 3

Let the given statement be P(n), as



P(n):1.2+2.3+...........+n(n+1)=w

First, we check if it is true forn =1,
P(U:L2=2:1£%¥32:2

~ Itis true forn=1.

Now we assume that it is true for some positive integer k, such that
k(k+1)(k+2

P(k):1.2+2.3+...........+k(k+1)=% .............. (1)

We shall prove that P(k + 1)is true,

Solving the left hand side withn=k + 1

12423+, otk (k+1) +(k+1) (k+1+1)
=[12+23+. .k (k1) |+ (k+1) (k+2)

— {W}+(k+l)(k+2) [From equation (1)]

:>(k+1)(k+2)[§+1}

(k+1)(k+2)(k+3)
3
(k+1)(k+1+1)(k+1+2)
2
Which is equal to the Right hand side for n =k + 1.We proved that P(k + 1) is true.
Hence by principle of mathematical induction it is true for all n € N.

=

=

Prove the following by using the principle of mathematical induction for all ne N:
n(4n2 +6n— l)

1.3+3.5+5.7+...+(2n-1)(2n+1) = 3

Let the given statement be P(n), i.e.,
n(4n2 +6n— 1)

P(n):1.3+3.5+5.7+...+(2n-1)(2n+1)= 3

For n=1, we have

1(4-1> +6.1-1 _
P(1):1.3=3= ( 3 ):4+§ 1:3:3,whichistrue.

Let P(k) be true for some positive integer k, i.e.,




1<(41<2 +6k—1)

1343.5457+......+(2k -1)(2k +1) = 3

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

Consider
(1.3+3.5+5.7+..+(2k —1)(2k +1)+{2(k +1) - 1}{2(k +1)+1}

k(4k2+6k—1)
:f+(2k+2—1)(2k+2+1)

1<(41<2 +6k—1)
(1) (2 43)

2
:th(%z +8k+3)
k(4K + 6k —1)+3(4k” +8k +3)
3
4K +6k% —k+12k* +24k +9
3
4K +18k* +23k +9
3
4K° +14k* + 9k +4k” +14k +9
3
(k+ 1){4(I + 2k+1) + 6(k +1) -1}
3
(k+1) {4k + 8k +4+6k +6 -1
3
(k+1){4(k+1)* +6(k+1)-1}
3
(kk* +14k +9)

3
Thus, P(k +1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural

numbers i.e., N.
Prove the following by using the principle of mathematical induction for all ne N:

Let the given statement be P(n), as



P(n):1.2422% +........... +n.2"=(n-1)2""+2

First, we check if it is true forn =1,
P(1):1.2=2=(1-1)2"""+2=0+2=2;

~ Itis true forn=1.

Now we assume that it is true for some positive integer k, such that
P(k):1.2422% +.. k28 =(k=1)2" 42 (1)

We shall prove that P(k + 1)is true,
Solving the left hand side withn =k + 1

1.242.2% 4. +k25 4 (k+1)2"*!
=[ 134227+ k2 (k1) 24
[From equation (1)]

= (k=1)2"" 42+ (k+1)2*"!
= (2k)2""+2

= (k)2"*+2

= ((k+1)-1)2%*)" 42

Which is equal to the Right hand side for n =k + 1.We proved that P(k + 1) is true.
Hence by principle of mathematical induction it is true for all n € N.

Prove the following by using the principle of mathematical induction for all ne N:

1 1 1 1 1
e R ] — —
2 4 8 2" 2"
Let the given statement be P(n), i.e.,
P(n):l+l+l+...+i=1—i

2 4 8 2" 2"
For n=1, we have

P(1): Lo L1 hich s true,

2 2! 2
Let P(k) be true for some positive integer k, i.e.,
1 1 1 1 1
—+—+—F. = =1-—
2 4 8 2 2
We shall now prove that P(k +1) is true.

Consider



10.

10.

2k+l

[ Using (i) ]
Thus, P(k+1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction, statement P(n) is true for all natural

numbers i.e., N.

Prove the following by using the principle of mathematical induction for all n N:

111 1 n
— e —t——t.t =
25 58 8.1 Gn-1)(3n+2) (6n+4)

Let the given statement be P(n), as

1 1 1 n
P(n):—+—+...+ =
25 58 (3n-1)(3n+2) (6n+4)
First, we check if it is true forn =1,
1 1 1 1
25 10 (6+4) 10
~ Itis true forn = 1.
Now we assume that it is true for some positive integer k, such that
1 1 1 k

E+§+w+(3k—l)(3k+2)=(6k+4) .............. (1)

We shall prove that P(k + 1)is true,

Solving the left hand side withn =k + 1

S S T

25 58 (3k—1)(3k+2)  (3k+2)(3k+5)

P(k):

= L+L+ ! [From equation (1)]

25 5.8 "“+(3k—1)(3k+2) +(31<+2)(31<+5)
k 1
6k+4) " (3k+2)(3k+5)

~



k(3k+5)+2
~ 2(3k+2)(3k+5)

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

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

(3k+2)(k+1)
2(3k+2)(3k+5)
(k+1)

2(3k+5)
N (k+1)

(6(k+1)+4)
Which is equal to the Right-hand side for n =k + 1. We proved that P(k + 1) is true.
Hence by principle of mathematical induction it is true for all n € N.

=
=
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