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EXERCISE 12.1 PAGE NO: 12.3
1. If P (n) is the statement “n (n + 1) is even”, then what is P (3)?
Solution:
Given:
P(m)=n(n+1)iseven.
So,
P(3)=3(3+1)
=3 (4)
=12

Hence, P (3) =12, P (3) is also even.

2. If P (n) is the statement “n® + n is divisible by 3”, prove that P (3) is true but P (4)
IS not true.

Solution:

Given:

P (n) =n®+ nis divisible by 3

We have P (nN)=n®+n

So,

P(B)=3*+3
=27+3
=30

P (3) =30, So it is divisible by 3

Now, let’s check with P (4)
P@4)=4+4

=64+4

=68
P (4) = 68, so it is not divisible by 3
Hence, P (3) is true and P (4) is not true.

3. If P (n) is the statement “2" > 3n”, and if P (r) is true, prove that P (r + 1) is true.
Solution:

Given:

P (n) =“2">3n” and p(r) is true.

We have, P (n) =2">3n

Since, P (r) is true

So,

2> 3r
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Now, let’s multiply both sides by 2

2%2"™> 3rx2

2" 1> 6r

2"*1>3r + 3r [since 3r>3 = 3r + 3r>3 + 3r]
22> 3(r+ 1)

Hence, P (r + 1) is true.

4. If P (n) is the statement “n” + n” is even”, and if P (r) is true, then P (r + 1) is true
Solution:

Given:

P (n) =n?+niseven and P (r) is true, then r? + r is even
Let us consider r +r=2k ... (i)

Now, (r + 1)+ (r + 1)

P+1+2r+r+1

(r’+r)+2r+2

2k + 2r + 2 [from equation (i)]

2(k +r+1)

2p

o (r+1)2+ (r+1)is Even.

Hence, P (r + 1) is true.

5. Given an example of a statement P (n) such that it is true for all n € N.
Solution:

Let us consider

P(nN)=1+2+3+----- +n=n(n+1)/2

So,

P (n) is true for all natural numbers.

Hence, P (n) is true for all n € N.

6. If P (n) is the statement “n* — n + 41 is prime”, prove that P (1), P (2) and P (3) are
true. Prove also that P (41) is not true.
Solution:
Given:
P(n) =n?-n+ 41 is prime.
P(n)=n?-n+41
P(1)=1-1+41
=41
P (1) is Prime.
Similarly,
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P(2)=22-2+41
=4-2+41
=43

P (2) is prime.

Similarly,

P(3)=32-3+41
=9-3+41
=47

P (3) is prime

Now,

P (41) = (41)2- 41 + 41

= 1681
P (41) is not prime
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Hence, P (1), P(2), P (3) are true but P (41) is not true.
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Prove the following by the principle of mathematical induction:

1.1+2+3+...+n=n(n+1)/2ie., the sum of the first n natural numbersisn (n +
1)/2.
Solution:
Letus considerP (n)=1+2+3+.....+n=n(n+1)/2
For,n=1
LHSof P (n)=1
RHSof P (n) =1 (1+1)/2=1
So, LHS =RHS
Since, P (n)istrueforn=1
Let us consider P (n) be the true for n =k, so
1+2+3+....+k=k(k+t1)/2...(i)
Now,
(1+2+3+...+K) +(k+1)=k(k+1)/2 + (k+1)
=(k+1)(k/2+1)
=[(k+1) (k+2)]/2
= [(k+1) [(k+1) + 1]] / 2
P(n)istrueforn=k+1
P (n) is true for all n € N
So, by the principle of Mathematical Induction
Hence,P(n)=1+2+3+....+n=n(n+1)/2istrue for all n € N,

2.12+ 22+ 32+ ...+ n’=[n (n+1) (2n+1)]/6

Solution:

Let us consider P (n) =12+ 22+ 3%+ ... +n?=[n (n+1) (2n+1)]/6
For,n=1

P (1) = [1 (1+1) (2+1)]/6

1=1

P(n)istrueforn=1

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

P(K): 12+ 22+ 32+ ... + K2 = [k (k+1) (2k+1)]/6

Let’s check for P (n) =k + 1, so

PK)=12+22+32+----- +kZ+ (k+1)>=[k+ 1 (k+2) (2k+3)] /6
=12+22+32+----- + k2 + (k + 1)?
= [k + 1 (k+2) (2k+3)] /6 + (k + 1)?
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= (k +1) [(2k? + k)/6 + (k + 1)/1]
= (k +1) [2k? + k + 6k + 6]/6
= (k +1) [2k? + 7k + 6]/6
= (k +1) [2k? + 4k + 3k + 6]/6
= (k +1) [2k(k + 2) + 3(k + 2)]/6
=[(k+1) 2k +3) (k+2)]/6
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

3.1+3+3%+...+3"=(3"-1)/2
Solution:
LetP(N)=1+3+32+----+3"1=(3"-1)/2
Now, Forn=1
P1)=1=(3*-1)2=2/2=1
P(n)istrueforn=1
Now, let’s check for P (n) is true for n = k
PK=1+3+32+----+31=3-1)2...(3)
Now, we have to show P (n) istrue forn=k + 1
Pk+1)=1+3+3+----+3k=31-1)2
Then, {1+3+32+----+3k1} 4 3k+1-1

= (3k - 1)/2 + 3X using equation (i)

= (3k — 1 + 2x34)/2

= (3x3k-1)/2

= (31 -1)/2
P(n)istrueforn=k +1
Hence, P (n) is true for all n € N.

4.1/1.2+1/23+1/3.4+ ... + 1/n(n+1) = n/(n+1)
Solution:
LetP (n)=1/1.2+1/23+1/3.4+ ... + I/n(n+1) =n/(n+1)
For,n=1
P(n)=1/12=1/1+1
1/2 =1/2

P(n)istrueforn=1
Let’s check for P (n) is true for n = k,
1/1.2+1/23+1/3.4 + ... + 1/k(k+1) + k/(k+1) (k+2) = (k+1)/(k+2)
Then,
1/1.2+1/23+1/3.4+ ... + 1/k(k+1) + k/(k+1) (k+2)

= 1/(k+1)/(k+2) + k/(k+1)
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= 1/(k+1) [k(k+2)+1]/(k+2)
= 1/(k+1) [k? + 2k + 1]/(k+2)
=1/(k+1) [(k+1) (k+1)]/(k+2)
= (k+1) / (k+2)
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

5.1+3+5+...+(2n- 1) =n?i.e., the sum of first n odd natural numbers is n.
Solution:

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

Let us check P (n) is true forn =1

P(1)=1=12

1=1

P(n)istrueforn=1

Now, Let’s check P (n) is true for n = k
Pk)y=1+3+5+...+2k-1)=k>... (i)
We have to show that
1+3+5+...+2k-1)+2(k+1)-1=(k+1)>
Now,
1+3+5+...+Q2k-1)+2(k+1)-1
=k?+ (2k + 1)
=k?+2k+1
= (k +1)°
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

6.1/25+1/5.8 +1/8.11 + ... + 1/(3n-1) (3n+2) = n/(6n+4)
Solution:
LetP (n)=1/25+1/5.8+1/8.11 + ... + 1/(3n-1) (3n+2) = n/(6n+4)
Let us check P (n) is true forn =1
P(1):1/25=1/6.1+4 =>1/10 = 1/10
P (1) is true.
Now,
Let us check for P (k) is true, and have to prove that P (k + 1) is true.
P(k): 1/2.5+1/5.8 +1/8.11 + ... + 1/(3k-1) (3k+2) = k/(6k+4)
P(k+1):1/25+1/5.8+1/8.11 + ... + 1/(3k-1)(3k+2) + 1/(3k+3-1)(3k+3+2)
. k/(6k+4) + 1/(3k+2)(3k+5)
: [k(3k+5)+2] / [2(3k+2)(3k+5)]
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- (k+1) / (6(k+1)+4)
P (k+1)istrue.
Hence proved by mathematical induction.

7.1/1.4+1/4.7+1/7.10 + ... + 1/(3n-2)(3n+1) = n/3n+1
Solution:
LetP(n)=1/1.4+1/47+1/7.10+ ... + 1/(3n-2)(3n+1) = n/3n+1
Let us check forn =1,
P(1):1/1.4=1/4
1/4 =1/4
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P(k)=1/14+1/47+1/7.10+ ... + 1/(3k-2)(3k+1) = k/3k+1 ... (i)
So,
[1/1.4 +1/4.7+1/7.10 + ... + 1/(3k-2)(3k+1)]+ 1/(3k+1)(3k+4)

= k/(3k+1) + 1/(3k+1)(3k+4)

= 1/(3k+1) [k/1 + 1/(3k+4)]

= 1/(3k+1) [k(3k+4)+1]/(3k+4)

= 1/(3k+1) [3k? + 4k + 1]/ (3k+4)

= 1/(3k+1) [3k? + 3k+k+1]/(3k+4)

= [Bk(k+1) + (k+1)] / [(3k+4) (3k+1)]

= [(3k+1)(k+1)] / [(3k+4) (3k+1)]

= (k+1) / (3k+4)
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

8.1/3.5+1/5.7+1/7.9 + ... + 1/(2n+1)(2n+3) = n/3(2n+3)
Solution:
LetP (n)=1/3.5+1/57+1/7.9 + ... + 1/(2n+1)(2n+3) = n/3(2n+3)
Let us check forn =1,
P (1): 1/3.5=1/3(2.1+3)

: 1/15=1/15
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P(K)=1/3.5+1/57+1/79+ ...+ 1/(2k+1)(2k+3) = k/3(2k+3) ... (i)
So,
1/3.5+1/5.7+1/79 + ... + 1/(2k+1)(2k+3) + 1/[2(k+1)+1][2(k+1)+3]
1/3.5+1/5.7+1/7.9 + ... + 1/(2k+1)(2k+3) + 1/(2k+3)(2k+5)
Now substituting the value of P (k) we get,
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= k/3(2k+3) + 1/(2k+3)(2k+5)

= [k(2k+5)+3] / [3(2k+3)(2k+5)]
= (k+1) / [3(2(k+1)+3)]
P(n)istrueforn=k+1

Hence, P (n) is true for all n € N.

9.1/3.7+1/7.11 + 1/11.15 + ... + 1/(4n-1)(4n+3) = n/3(4n+3)
Solution:
LetP (n)=1/3.7+1/7.11 + 1/11.15 + ... + 1/(4n-1)(4n+3) = n/3(4n+3)
Let us check forn =1,
P(1): 1/3.7 =1/(4.1-1)(4+3)
:1/21=1/21

P (n) is true for n =1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P(k): /3.7 + 1/7.11 + 1/11.15 + ... + 1/(4k-1)(4k+3) = k/3(4k+3) .... (i)
So,
1/3.7+1/7.11 + 1/11.15 + ... + 1/(4k-1)(4k+3) + 1/(4k+3)(4k+7)
Substituting the value of P (k) we get,

= k/(4k+3) + 1/(4k+3)(4k+7)

= 1/(4k+3) [k(4k+7)+3] / [3(4k+T7)]

= 1/(4k+3) [4k? + Tk +3]/ [3(4k+7)]

= 1/(4k+3) [4k? + 3k+4k+3] / [3(4k+7)]

= 1/(4k+3) [4k(k+1)+3(k+1)]/ [3(4k+T7)]

= 1/(4k+3) [(4k+3)(k+1)] / [3(4k+T7)]

= (k+1) / [3(4k+T7)]
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

10. 1.2+ 222+ 3.2+ ... +n2"=(n-1) 2"*1 + 2
Solution:
LetP(n)=12+222+3.2°+ ... +n2"=(n-1) 2"*1 + 2
Let us check forn =1,
P(1):1.2=02+2

12=2
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P(k):1.2+222+3.2°+ ...+ k2= (k-1) 2k*1+2 ... (i)
So,
{12+222+3.22+ ... +k2"} + (k + 1)2k*1
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Now, substituting the value of P (k) we get,
=[(k - 1)2k*1 + 2] + (k + 1)2* ! using equation (i)
=(k-1)2%"1+2 + (k + 1)2k*1
=2*Yk-1+k+1)+2
=2K*1x 2k +2
=kx2Kk*2+2

P(n)istrueforn=k+1

Hence, P (n) is true for all n € N.

11.2+5+8+11+...+(Bn-1)=1/2n (3n +1)
Solution:
LetP(N)=2+5+8+11+...+(3n-1)=1/2n(3n + 1)
Let us check forn =1,
P(1:2=1/2x1x4
12=2
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P(ky=2+5+8+11+...+Bk-1)=12k (3k+1)... (1)
So,
2+5+8+11+...+3k-1)+(3k+2)
Now, substituting the value of P (k) we get,
=1/2 xk (3k + 1) + (3k + 2) by using equation (i)
=[3k?+k+2 3Bk +2)]/2
=[3k?+ k+ 6k +2]/2
[3k?+ 7k +2]/2
[3k?+4k +3k +2] /2
= [3k (k+1) + 4(k+1)] / 2
= [(k+1) (3k+4)] /2
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

12.1.3+24+3.5+... +n. (n+2) = 1/6 n (n+1) (2n+7)
Solution:
LetP(n):1.3+24+35+ ... +n. (nt2)=1/6 n (n+1) (2nt+7)
Let us check forn=1,
P(1):13=1/6x1x2x9
:3=3
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
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P(k): 1.3+24+35+ ... +k. (k+2) = 1/6 k (k+1) (2k+7) ... (1)
So,
1.3+24+3.5+ ... +k. (k+2) + (k+1) (k+3)
Now, substituting the value of P (k) we get,
=1/6 k (k+1) (2k+7) + (k+1) (k+3) by using equation (i)
= (k+1) [{k(2k+7)/6} + {(k+3)/1}]
= (k+1) [(2k? + 7Tk + 6k + 18)] / 6
= (k+1) [2k? + 13k + 18]/ 6
= (k+1) [2k? + 9k + 4k + 18] / 6
= (k+1) [2k(k+2) + 9(k+2)] / 6
= (k+1) [(2k+9) (k+2)] /6
= 1/6 (k+1) (k+2) (2k+9)
P(n)istrueforn=k +1
Hence, P (n) is true for all n € N.

13.1.3+3.5+5.7+...+(2n-1) (2n + 1) = n(4n® + 6n - 1)/3
Solution:
LetP(n):1.3+35+57+...+(2n-1) (2n + 1) =n(4n?+ 6n - 1)/3
Let us check forn =1,
P(1):(21-1)(21+1)=1(4.12+6.1-1)/3
: 1x3 = 1(4+6-1)/3
:3=3

P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P(K):13+35+57+...+2k-1) (2k +1) = k(4k?® + 6k - 1)/3 ... (i)
So,
1.3+435+57+...+2k-1)(2k+1)+(2k+1) (2k + 3)
Now, substituting the value of P (k) we get,

= k(4k? + 6k - 1)/3 + (2k + 1) (2k + 3) by using equation (i)

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

= [4k3 + 6k? — k + 12k? + 18k + 6k + 9] /3

= [4k3 + 18k? + 23k + 9] /3

= [4k3 + 4k? + 14k? + 14k +9k + 9] /3

=[(k+1) (4k*+ 8k +4 + 6k +6-1)]/3

= [(k+1) 4[(k+1)? + 6(k+1) -1]] /3
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

14.1.2+23+34+ ... + n(n+l) =[n (n+1) (n+2)] /3
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Solution:
LetP(n):1.2+23+34+ ... +n(n+tl)=[n(nt+1) (n+2)]/3
Let us check forn =1,
P(1):1(1+1) =[1(1+1) (1+2)] /3
12=2
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P(k):1.2+23+34+ ... +k(k+1) = [k (k+1) (k+2)] /3 ... (1)
So,
1.2+23+34+ ... +k(k+1) + (k+1) (k+2)
Now, substituting the value of P (k) we get,
= [k (k+1) (k+2)] / 3 + (k+1) (k+2) by using equation (i)
= (k+2) (k+1) [k/2 + 1]
= [(k+1) (k+2) (k+3)] /3
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

15.12+1/4+1/8+...+12"=1-1/2"
Solution:
LetP (n): 12+1/4+1/8+...+12"=1-1/2"
Let us check forn =1,
P(1):1/2t=1-1/2¢
:1/2=1/2

P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
LetP (K): 172+ 1/4+1/8+ ...+ 1/2k=1-1/2% ... (i)
So,
12+ 1/4+1/8+ ...+ 1/2k + 1/2k+1
Now, substituting the value of P (k) we get,

=1 — 1/2%+ 1/2%*1 by using equation (i)

=1 ((2-1)/2%Y)
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

16. 124+ 32+ 52+ ...+ (2n—-1)?=1/3 n (4n%- 1)
Solution:

LetP (n): 12+ 32+5%+ ... +(2n—1)2=1/3n (4n?- 1)
Let us check forn=1,
P(1):(21-1)2=1/3x1x(4-1)
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1=1
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P():12+32+52+ ...+ (2k-1)>=1/3k (4k*-1) ... (i)
So,
12+ 32+ 524+ ...+ (2k— 1) + (2k + 1)?
Now, substituting the value of P (k) we get,
= 1/3 k (4k? - 1) + (2k + 1)? by using equation (i)
=1/3k 2k +1) (2k - 1) + (2k + 1)?
= (2k + 1) [{k(2k-1)/3} + (2k+1)]
=(2k + 1) [2k? — k + 3(2k+1)] /3
=(2k+1)[2k? -k +6k+3]/3
= [(2k+1) 2k? + 5k + 3] /3
= [(2k+1) (2k(k+1)) + 3 (k+1)] /3
= [(2k+1) (2k+3) (k+1)] /3
= (k+2)/2 [4k? + 6k + 2k + 3]
= (k+2)/2 [4k? + 8k - 1]
= (k+2)/2 [4(k+1)? - 1]
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

17.a+ar+ar’+...+ar" t=a[(r"-D/(r-1], r#1
Solution:
LetP(n):a+ar+ar’+ ... +ar" t=a[(r"-1)/(r-1)]
Let us check forn =1,
P():a=a(rt-21)/(r1)
ra=a
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
Pk):a+ar+ar’+ ... +ar"t=a[(rk-1)/(r-1)] ... ()
So,
a+ar+ar’+ ... +ar® !+ ark
Now, substituting the value of P (k) we get,
=a [(r*- 1)/(r - 1)] + ar* by using equation (i)
=a[r<— 1+ r*(r-1)]/ (r-1)
=a[r<— 1+ — K]/ (r-1)
= a[r<*t - 1]/ (r-1)
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.
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18.a+(a+d)+(a+2d)+... +(a+ (n-1)d) =n/2 [2a + (n-1)d]
Solution:
LetP(n):a+(a+d)+(a+2d)+... +(a+ (n-1)d) =n/2 [2a + (n-1)d]
Let us check forn=1,
P(l):a=%[2a+ (1-1)d]
ra=a

P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P(K:a+t(@+d+(@+2d)+...+(+(k-1)d) =k/2 [2a + (k-1)d] ... (i)
So,
at(a+td)+(a+2d)+...+(a+(k-1)d) + (a + (k)d)
Now, substituting the value of P (k) we get,

=k/2 [2a + (k-1)d] + (a + kd) by using equation (i)

= [2ka + k(k-1)d + 2(a+kd)] / 2

=[2ka + k?d — kd + 2a + 2kd] / 2

=[2ka + 2a + k?d + kd] / 2

=[2a(k+1) + d(k> + k)] / 2

= (k+1)/2 [2a + kd]
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

19. 5%" — 1 is divisible by 24 for all n ¢ N
Solution:
Let P (n): 52" — 1 is divisible by 24
Let us check forn=1,
P(1):52-1=25-1=24
P (n) is true for n = 1. Where, P (n) is divisible by 24
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P (k): 5% — 1 is divisible by 24
5%k 1=24) ... ()

We have to prove,
52k*1.1 is divisible by 24
52(k+1) - 1= 24}/l
So,

- 52(k+1) -1

=5%52-1

=25.5%-1

=25.(241 + 1) - 1 by using equation (1)
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=25.24\+ 24

=24\
P(n)istrueforn=k +1
Hence, P (n) is true for all n € N.

20. 32" + 7 is divisible by 8 for alln ¢ N
Solution:
Let P (n): 3" + 7 is divisible by 8
Let us check forn =1,
P(1):32+7=9+7=16
P (n) is true for n = 1. Where, P (n) is divisible by 8
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P (k): 3%+ 7 is divisible by 8
13K+ 7 =8\
13K =80-7...(0)

We have to prove,
32+1 + 7 is divisible by 8
32k+2 4 7 = 8u
So,

- 32(k+ 1) +7

=3%32+7

=0.3%+7

=9.(8\ - 7) + 7 by using equation (i)

=721L-63+7

=72\ - 56

=891 -T7)

= 8u
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

21.52"*2_24n — 25 is divisible by 576 for all n ¢ N
Solution:
Let P (n): 52"*2 —24n — 25 is divisible by 576
Let us check forn =1,
P(1):5%1*2-24.1-25
: 625 — 49
576
P (n) is true for n = 1. Where, P (n) is divisible by 576
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
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P (k): 5%*2 — 24k — 25 is divisible by 576
1 5%K*2_ 24k —25 =576\ .... (1)
We have to prove,
52k+4 _24(k + 1) — 25 is divisible by 576
5@k+2)+2 _24(k + 1) — 25 =576p
So,
=5@k+2+2_ 24k + 1) — 25
=50k+2) 52 _ 24k — 24— 25
= (576 + 24k + 25)25 — 24k— 49 by using equation (i)
=25.576\+ 576k + 576
=576(25AL +k + 1)
=576u
P(n)istrueforn=k +1
Hence, P (n) is true for all n € N.

22.32"*2_8n-9isdivisible by 8 for all n e N
Solution:
Let P (n): 3*"*2—-8n— 9 is divisible by 8
Let us check forn =1,
P(1):3*1*2-8.1-9
8117
. 64
P (n) is true for n = 1. Where, P (n) is divisible by 8
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P (k): 3%*2 _8k — 9 is divisible by 8
1 3%K*2_8k—9=28L... (i)
We have to prove,
3%+4_8(k + 1) — 9 is divisible by 8
3(2k+2)+2_8(k+ 1) — 9= 8“
So,
=32k+D32_8(k+1)-9
=(8AL+8k+9)9-8k-8-9
=72k + 72k + 81 - 8k - 17 using equation (1)
=72\ + 64k + 64
= 8(9\ + 8k + 8)
=8u
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.
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23. (ab)"=a"b"forallneN
Solution:
Let P (n): (ab)"=a" b"
Let us check forn =1,
P (1): (ab)t=alb?
rab=ab
P (n) is true for n = 1.
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P (k): (@b)k=akbX ... (i)
We have to prove,
(ab) ktl= gk+1lpk+1
So,
- (ab) k+1
= (ab)* (ab)
= (akb¥) (ab) using equation (1)
- (ak+ 1) (bk+ 1)
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.

24.n (n+ 1) (n +5) is a multiple of 3 for all n € N.
Solution:
LetP (n): n(n+ 1) (n+5)isamultiple of 3
Let us check forn =1,
P():1(1+1)(1+5)

12X6

12
P (n) is true for n = 1. Where, P (n) is a multiple of 3
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P (k): k (k+1)(k+5)isamultiple of 3

k(k+ 1) (k+5)=3)1... (i)
We have to prove,
(k+1)[(k+ 1)+ 1][(k + 1) + 5] is a multiple of 3
(k+D[k+1)+1][(k+1)+5]=3u
So,
(k+1)[(k+1)+1][(k+1)+5]
(k+1)(k+2)[(k+1)+5]
[k(k+1)+2(k+1)][(k+5)+1]
k(k+1)(k+5)+k(k+1)+2(k+1)(k+5)+2(k+1)
3L+ k2+k+2(k?+6k+5)+2k+2
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=30+ Kk2+k+2k?+ 12k + 10 + 2k + 2
=3\ +3k?+ 15k + 12
=3(L+k%+ 5k + 4)
=3

P(n)istrueforn=k+1

Hence, P (n) is true for all n € N.

25. 7%" + 2373 3n — 1 is divisible by 25 for all n € N
Solution:
Let P (n): 72"+ 233, 3n — 1 is divisible by 25
Let us check forn =1,
P(1): 7%+ 2°.3°
49+ 1
: 50
P (n) is true for n = 1. Where, P (n) is divisible by 25
Now, let us check for P (n) is true for n = k, and have to prove that P (k + 1) is true.
P (k): 7%+ 23«-3 3k — 1 is divisible by 25
72K 4 233 3K-1=25) ... (i)
We have to prove that:
7%k+1 4 23 3Kis divisible by 25
72k+2 4 23k 3k — 25}/l
So,
— 72(k+ D+ 23k_ 3k
— 72k.71 + 23k_ 3k
= (251 — 2%k-3,3k-1) 49 + 23k 3k by using equation (i)
= 25\ 49 — 2°K/8. 3X/3. 49 + 23k 3K
= 24x25%49), - 2% 3K, 49 + 24 . 23 3k
= 24x25x49) — 25 , 23K, 3k
=25(24 . 49) - 23k, 3%
=251
P(n)istrueforn=k+1
Hence, P (n) is true for all n € N.
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