- SMART ACHIEVERS

Y__E!:_B_g Nurturing Success...

Nurturing Success...

MATHEMATICS - XI | Identity Type Problems NCERT

Date: 9/10/2021

Q1. Foralln>1, prove that 12+ 22+ 32+ 4%+ . + n’= ”("”L(Z" +1)

Q2. Prove that the rule of exponents (ab)” = a"b" is valid for all n, (a, b > 0) by using
principle of mathematical induction for every natural number.

Q3. Provethat1+3+ 32+ .. +3" " %(3"- 1)

Q4. Using the principle of mathematical induction prove that

1 1 1 1 _ n
+ - e + = .
3.6 57 7.9 (2n +1)(2n +3) 3(2n+3)

Q5. Using the principle of mathematical induction prove that

1.2+23+3.4+ .. +nn+1)= %n(n+ 1)(n + 2)

Q6. Using mathematical induction show that

1.23+234+345+.. +nn+1) (n+2)= 11F 1)("4"' 2)(n+3)
Q7. Using Principle of Mathematical Induction for all {n > 1,n € N} prove that1+2 +3 +4 +
§+..+n= w

Q8. Using Principle of Mathematical Induction for n >1 prove that
n(5n +1)
-

Q9. Using Principle of Mathematical Induction for all n>1 prove that1 + 3+ 5+ 7 + ... = n’.

3+8+13+18+..+(5n=2)=

Q10. Using principle of mathematical induction prove that2 +3:2+4.2%+ ...+ (n+1)2" " '=pn.2".

Q11. Using principle of mathematical induction prove that
24 6+18+...+2-3""1=3%-1.

Q12. Using Principle of Mathematical Induction provethat2+4+6+8+ ...+ 2n=n(n+ 1).

Q13. Prove the following by using the principle.of mathematical induction for all n € N.

2
1°+2°+3%+ ... +n°= [n(n2+1)] i

Q14. Prove the following by using the principle of mathematical induction for all n € N.
1.2+2.22+3.22+ ...+ n.2"=(n-1)2""1+ 2,
Q15. Prove the following by using the principle of mathematical induction for all n € N.

L R B 1 __ n(n+3)
1.2.3 2.3.4 3.45  nn+1)(n+2) 4n+1)(n+2)
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Q16.

Q17.

Q1s.

Q19.

Q20.

Q21.

Q22.

Q23.

Q24.

Q25.

Q26.

Q27.

Q28.

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

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

12+32+5%+ . +(2n-1)*=

Using principle of mathematical induction prove that
1 1 1 1 [ 1 ]
—+—+—-+..+ =1 .

2 4 8 2" 2"
Using the principle of mathematical induction, prove that
a+tar+art+, .. +ar1=3AC 1
(r-1)

Using principle of mathematical induction prove that

1 1 1) _
(1+1)(1+E)[1+§]"'(1+F] =(n+1).

Using principle of mathematical induction prove that
1 1 1 1 n
+ + +.o + = .
1.4 47 710 (3n-2)(3n+1) 3n-+1

Using principle of mathematical induction prove that
n(4n? + 6n -1)
3 .

1.3+35+57+...+(2n-1)(2n+1) =

Using principle of mathematical induction prove that

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

13+232+3.3%+...+n3"=

Using principle of mathematical induction prove that

a+(@a+d)+(a+2d)+..+[a+(n-1)d]= g[2a+(n—1)d].

Using principle of mathematical induction prove that

(1+§) [1+§][1+1]..{1+2"—:’1) = (n+ )™
1 )\ n

Using principle of mathematical induction prove that
1 1 1 2n

1 = .
+1+2+1+2+3 " +1 +2 43 +w.+tn  n+1

Using principle of mathematical induction prove that
1+4+7+...+(3n=2) = %n(3n—1)

Using principle of mathematical induction prove that
1 1 1 1 n

+ + + ot = .
25 58 8.11 (3n-1(3n+2) 6n+4

Using the principle of mathematical induction prove that
1 1 1 1 _n
+ + +ua + = .
1.2 2.3 34 nn+1) n+1
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MATHEMATICS - XI | Identity Type Problems NCERT-Solution

S1.

S2.

Date: 9/10/2021

Step I: Let the given statement be P(n).

P(n): 12+22+32+ 4= n(n +115(2n +1) |

Step ll: For n =1, we have
RHS. = 11+ N2 x1+1) _ 1x2x3 _ 1=12=LHS.
6 6

Therefore, P(1) is true.
Step lll: For n=KkK,

Assume that P(k) is true for some positive integer k,

Pk): 12 +2°+ 3%+ 4%+ + k* = Kk +1g2k 1)

StepIV: For n=(k+1)

We shall now prove that P(k + 1) = (k o+ Tk + Zé[Z(k 21+

Now, we have,

k(k +1)(2k £1)

LHS.=(12+22+ 3%+ +/O) ¥ (k+ 1) = 5

+(k+1)7°

_ (K+ Dk +1+)2K + 1) +1)
6

= R.H.S,

Thus, P(k+ 1)is true, whenever P(k).is true. Hence from the principle of mathematical induction.

The statement P(n) is true for.all.natural number n.

Step I:  Let P(n) be the given statement
P(n): (ab)".= a"b".
Step Il: For n=1,(ab)' =a'b'. So'P(n) is true for n = 1.

Step llI: Let P(k) be true,
(ab)* = a* b
Step IV: We shall now prove that P(k + 1) is true, whenever P(k) is true.

For n=(k+1)
(@ab)* ' = (ab)*- ab
= (a"b") - ab
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=(a"-a') - (b*- b

- Akt k+1
=a - b

Therefore, P(k + 1) is also true, whenever P(k) is true. Hence by principle of mathematical
induction, P(n) is true foralln € N.

S§3. Step|l: Letthe given statementbe P(n).

1+3+3°+..+3"'= %(3”—1)

Step ll: For n=1,we have

RH.S. = %(31 —-1)=1=LH.S.

Therefore P(1) is true.

Step lll: For n=k

Assume that P(k) is true for some positive integer k.

1(3"—1)

Pk):1+3+3%+ . +3K"1= >

Step IV: For n=k+1
We shall now prove that P(k + 1) is also true.

Now we have,

LHS. (1+3+3%+ .. +3 1)+ 3K

1 k k
—(3"=1) + 3.
2( )

R.H.S. %(3"*‘ )

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

Hence from the principle of mathematical‘induction the statement P(n) is true for all natural
number n.

S4. Step l: “Letthe given statement be.P(n).
1 1 1 1 _ n

P(N): —— 4 —— 4+ —— 4.+ =
35 57 79 2n+1)(2n+3) 3(2n+3)
Step ll: For n=1,we have
R.H.S. = 1 LS L.H.S.

32x1+3) 3.5
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Step lll:

Step IV:

S§5. Stepl:

Step Il:

Step lll:

Therefore P(1) is true.
For n=k

Assume that P(k) is true for some positive integer k.

P(k)=i+i+___+ 1 = k
5 b7 (2k +1)(2k +3)  3(2k +3)

3
For n=k+1

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

11 L 1

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

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

Hence by principle of mathematical induction P(n) is true foralln € N.

Let the given statement be P(n), then
P(n): 1-12+23+34+ .. +nn+1)= %n(n +1)(n+2)
For n=1

LHS. =2, R.H.S.=%><1><2><3=2

L.H.S.=R.H.S.
Hence P(1) is true.
Let P(k) be true then

Now,
Pk+1)=12+23+34+ ... +Kkk+1)+(k+1)(k+2)

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

W| =

LH.S. 12+23+34 +0. +k(k+ 1)+ (k+1)(k+2)

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

%(k+ 1) (k+2) (k+3)=RH.S.
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= P(k+ 1)is true, whenever P(k) is true.

Hence by the principle of mathematical induction P(n) is true foralln € N.

S6. Step l: Denote the given statement by (P(n))

P(n):12:3+234+345+ _ +nn+1)(n+2)= n(n + 1)(”4+ 2)(n+3)
Step ll: Put n =1 and show that P(1) is true statement
For n=1
L.HS.=1.2.3and
RHs o MAENAL2(143)

4

Therefore, P(1) is true.
Step lll: Suppose that statement is true for n = k.

Let it is true for n =k, then;

P(k): 123 +2.34+345+ . +kk+ 1) (k+2)

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

StepIV: Pk +1):1.2.3+ 234 + .. + k(k + 1) (k + 2)+ (k+ 1)k+ 2)(k + 3)

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

LH.S. =[1.2.3 + 234 + __+ k(k# 1)(k + 2)] + (k + 1)(k+2) (k + 3)

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

2 |+ s 0 2 s

= k(kA+N(k +2)(k + 3) + 4(k + ) (k +2)(k +3)
4
Now taking (k + 1)(k ¥ 2)(k + 3) common in_numerator part, we get

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

_ (K+ DIk + D)k Mk + 1) + 2] [(k +1) + 3]
4

LHS. =

=R.H.S.

Therefore P(k + 1) is true whenever P(k) is true. Hence from principle of mathematical induction,
the statement is true for all natural number n.

S§7. Stepl: Letthe given statement be P(n):

n(n+1)

Pny:1+2+3+4+5+ .. +n= 2
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Step ll: For n=1, we have

RHs. =104 4o ps.
Therefore P(1) is true.
Step lll: Assume that P(k) is true for some positive integer k.
Pl =1+2+3+4+5+ =KD

Step IV: For n=k+1
We shall now prove that P(k + 1) is also true.
Pk+1)=1+2+3+ __ k+(k+1)

Now, we have,

LHS.=1+2+3+ .. . k+(k+1)

(k)(;+1)+(k+1) _ k(k+1);—2(k+1)

_ (k+N(k+2) _ (k+N(k+2)
2 2

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

Hence, from the principle of mathematical induction the statement P(n) is true forall natural
number n.

S$8. Stepl: Letthe given statement be P(n).

P(n)=3+8+13+ 18+ . +(5n=2)= @
Step ll: For n=1, we have
RH.S. = w =3=LHS.

Therefore, P(1) is'true.

Step lll: For n=k

Assume-that P(k) is true for some positive integer k.

Pky=3+8+13+ ..+ (5k—-2) = W
Step IV: For n=(k+1)
We shall now prove that P(k + 1) is also true.
Pk +1):3+8+13+ (5k—2) + (5k + 3) = (1”)(5(2"”1)”).
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S9.

S10.

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

From LHS.=3+8+13+ ..+ (6k—2)+ (5k+ 3)
_ k(52+1)+(5k+3) _ (1+k)[(5(2k+1)+1]

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

number n.

Step I:

Step II:

Step lll:

Step IV:

Let the given statement be P(n).
Pn)=1+3+5+7+..=n°

For n =1, we have

RH.S.=12=1=LH.S.
Therefore, P(1) is true.

For n=k

Assume that P(k) is true for some positive integer k.

P(K):
= 1+3+5+ ... +2k—1)=K

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

Pk+1):1+3+5+7+ .+ (2k—1)+ (2k¥1) = (k + 1)?

Now we have

LHS.=1+3+5+7+ ..+ (2k—1)+(2k+1)

=k + (2k + 1) = (k+*1)°= R.H.S.

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

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

P(n):

P(1):

P(k):

Pk+1): 2+3-2+4-22+  +(k+ 1)2 "+ (k+ 2)2" = (k + 1)2K*!

2+3.2+4.22+ 4. +#4(n+1)2" "=pn.2"
We verify for n =1
2=1.2" = 2=2

= P(1)’is true.
We assume P(k) to be true.
2+3.2+ .. +(k+1)2k 1=k 2k

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

Proof of P(k + 1):

LHS.=[2+3-2+4-22+ _ + (k+ 1)25 "+ (k+ 2)2¥]

=k-25+ (k+2)2K  [From P(k)]
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= (2k + 2)25 = 2(k + 1)2" = (k + 1)2¢*
= P(k+ 1)is true. Hence, by Principle of Mathematical Induction, P(n) is true for all n.

S11. Let the given statement be P(n).
Pn): 2+6+18+...+2-3"""=3"-1
For n=k LHS. =2 RHS.=3"-1=2

L.H.S.=R.H.S.
Hence, P(1) is true.
Let for n = k, P(k) be true.

Pkk): 2+6+18+...2.3"""
=(3"-1)

Now we shall prove that forn=(k+ 1), P(k + 1) is true.

Pk+1): 2+6+18+...+2-31+2.3F
=3k 1+2.3k
=3"_1=RHS.

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

Hence, P(n) is true foralln € N.

§12. Step I:  Let the given statement be P(n).
Pn):2+4+6+8+..+2n=n(n+ 1)

Step ll: For n=1,we have

RHS. =11+1)=2=LH.S.
Therefore, P(1) is true.
Step lll: For n=kK,

Assume that P(k) is true for some positive integer k.
Pk)y=2+4+6+8+ .. +2k=klk+1)
Step IV: For n=(k+1)

We shall now prove that P(k + 1) is\also true.
Pk+1):(2+4+6+ ... +2ky+ (2k+2)=(k+ 1) (k+ 2)

Now we have

LHS. =(2+4+6+ .. +2k) +2(k+ 1)
=k(k+1)+ @Qk+2)=(k+1) (k+2)

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

Hence, from the principle of mathematical induction the statement P(n) is true for all natural
number n.
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$13. Let P(n) be the given statement i.e.,
2 2
ie., P(n): 18+2%+3%+ _+p°= # ()
For n=1, LHS.=13=1
2 2
and RH.s. = 10+ =1:4=1
L.H.S.=R.H.S. ie., P(1)istrue.
Let us suppose that P (k) is true
Putting n = kin Eq. (i), we have
2 2
P(K) : 13+23+33+...+k3=@ ... (ii)
Changing k to (k + 1) in last term i of L.H.S. of Eq. (i), adding (k + 1) to both sides
2 2
1P+224 304 4k (k+ 1) = LEED) (k4+ LIPS
2
_ (k+1)2[k +4(k+1)}
4
_ (k +1)°(K* + 4k +'4)
4
_ (k+ 0)? (k+ 2)°
4
_ (k + D)% (k +1+1)?
4
P(n)istrueforn=k+1,ie., P(k+ 1)is'true.
By principle of mathematical induction P(n) is true for all natural numbers n.
S14. | et P(n) be the given statementi.e.,
ie., P(n): 12+222+32°+..+n.2"=(n-1)2"""+2
Putting n=A1, LHS.=1.2=2
RHS.=0+2=2
P (n) is true forn =1
Assume that P(n) is true for n =k, i.e., P(k) is true i.e.,
Adding itfo.both sides
LHS.=1.2+222+32%+ .+ k. 2"+ (k+ 1) 21
RHS. = (k=214 2+ (k+1). 25"
=2 k=1 +k+1]+2
=2k.2* 1+ 2
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This proves P(n)istrueforn=k+ 1.
Thus P(k + 1) is true whenever P (n) is true.
By principle of mathemetical induction P (k) is true for all values of n € N.

$15. Let P(n) be the given statement i.e.,

: 1 1 1 1 _ n(n+3)
P(n): + + o+ =
123 234 3.45 nn+1)(n+2) 4(n+N(n+2)

Putting n=1 LH.S. = L =l
1.2.3 6

RHS = -0+3) 4 _1

4(1+1H(1+2) 4.2.3 6

P(n)is true forn=1
Assuming P (n) is true forn =k, i.e., P (k) is supposed to be true i.e.,

U R B 1 _ k(k+3)
12.3 2.3.4 3.45 7 k(k+l)(k+2) Ak+N)(k+2)

P(k) :

1

K" term =
k(k +1)(k+?2)
(k+ 1" term = L
(k+1(k +2)(k +3)
Adding this term to both sides.
LHS.= L + L + L + ..+ L + d
1.2.3 2.3.4 3.4.5 kik+1)(k+2) (k+1)(k+2)(k+3)

RHS = —(k+3) | L

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

_ 1 k(k+3) 1
(k+D(k+2)| 4 k+3

_ 1 k(k+3)+4
(k¥ (k+2)  4(k+3)

- L [k (k? + 6k +9)+ 4]
4(k+1)(k+2)(k+3)
k®+6k®>+9k + 4

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

_ (k +1)(k?+ 5k + 4)
4(k+1)(k+2)(k+3)

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

This shows P(n) is true for n =k, i.e., P (k + 1) is true whenever P (k) is true.
Hence, by principle of mathemetical induction P (n) is true for all values of n € N.

$16. Let the given statementbe P(n) ie.,
n(2n -1)(2n +1)

P(n): 1?+3°+5°+ .. +(2n-1)°= 2
For n=1 LHS.=1=1
RHS = H2-D@+1) _113
3 3

P(n)is true forn=1
Suppose P (k) is true forn =k, i.e.,

k(2k —1)(2k +1)
3

1?+3+56%+ .+ (2k—-1)°=

K" term = (2k — 1)?
- (k+ )" term = 2 (k+ 1) = 1)? = (2k + 1)
Adding (2k + 1)? to both sides.
LHS.=12+ 32+ 52+ .+ (@Kk— 1)+ (2k + 1)

k(2k =12k

R.H.S. = (2k +1)2

[k(2k 1)

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

2k +1)'k(2k —1)+3(2k+1)}

3

= (2k +1)

2k” + 5k +3
3

_ (2k +A)(k+ 1) (2K + 3)
3
_lk + D2(k +1) - 1[2(k +1) +1]
3

Thus, P(k+1)is true forn=k, i.e.,
P(k + 1) is'true whenever P (k) is true.
By principle of mathemetical induction P (n) is true for all values of n € N.

S17. Step I:  Let the given statement be P(n)

P(n) : 1+1+1+...+i=[1—i]
2 4 8 2" 2"
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Step ll: For n=1
R.H.S. =(1 —i) =1 L.H.S.
2
Thus P(1) is true.

Step lll: For n=k

Assume that P(k) is true for some positive integer k.

1 1 1 1
P(k) —+—+—+..+2—k—[1—2—k]
Step IV: For n=(k+1)
We shall now prove that P(k + 1) is also true.
17 1 1 1 1
Pk+1): —+—+—+...+—F(+——
( ) 2 4 8 2k 2K

_ 1 1
)t

= 132
= [1 - z*”] =RH.S.

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

Hence, P(n) is true foralln e N.

$18. Let the given statement be P(n).

Then,
P(n):a+ar+ar’+... +ar" "= ﬂ__ﬂ.
(r-1)
When, n=1
1
LHS =2 and RHs = 2 =1 -
(r=1)
L.HS. =R.H.S.
Hence P(1) is true.
Let P(k) be true, then
k
Py a+ar+ar?+. . . +ar-1=23"1
(r=1)

Now,
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(a+ar+...+ar -
Pk+1): a+ar+ar’+...+ar" "+ark=

= P(k+ 1) is true whenever P(k) is true.

Hence, by principle of mathematical induction, P(n) is true forall n e N.

$19. Let the given statement be P(n)

P(n): (1+1)(1+%](1+%]...(1+%) =(n+1)

For n=1
L.H.S.=2, R.HS.=2
L.H.S.=R.H.S.

Thus, P(1) is true.
For n =k, P(k) be true for some positive integer k.

- LTI 1
P(k): m+n@+2jp+3}_@+kj_m+4)

Now, for n=(k+1)

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

- N 1 1
P(k + 1): m+1{1+2][1+3Jm[m+kjm[1+k44}

_ 1
—(k+1)[1+k J

+1

= (k+.2).= R.H.S.

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

Hence, P(n) is true foralln e N.

$20. i 1 1 1 n

1
o+ =
14 47 740 (3n-2)(3n +1) “.3n +1
We verify forn =1

P(1): A
14 3+1 4 4

= P(1)is true.
We assume P(k) to be true.
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P(k):

P(k +

1):

1 1 1 1 k
+ + o+ =
14 47 710 (3k —2)(3k +1) 3k +1

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

1 + 1 + ! +o..+ 1 + 1
14 47 710 (3k —2)(3k +1)  (3k + 1)(3k + 4)

k+1
3k+4

Proof of P(k + 1):

= P(k+ 1)is true. Hence, by the Principle of Mathematical Induction, P(n) is true for all n.

S21. P(n):

P(1):

1 1 1 1 1

LHS. = + + +...+ +
[1-4 4.7 7-10 (3k —2)(3k +1) | (Bk+1)(3k +4)

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

[From P(k)]

_ _k(Bk+4)+1 _ 3k’ +4k+1
(3k +1)(3k +4)  (3k +1)(3k +4)

_ (k+ D)@K+ _ k+1
(Bk+1)(3k +4) 3k+4

n(4n® +6m-1)

1.3+435+57+...+@2n—1)(2n+1)= 3

(4+6-1)
3

1.3=

= P(1)is true.

We assume P(k) to be true.

P(k):

k(4k? +6k 1)
3

13+35+57+.. #(2n—1)(2n+1)=

We will prove that P(k +:1).iS true.
Pk+1): 13+35+w.+(2k-1)2k+ 1)+ (2k+1) 2k + 3)

k1) [4(k+1)23+6k+5]

Proof of P(k + 1):

LHS. =[1.3+35+ ...+ (2k—1) (2k+ 1)] + 2k + 1) 2k + 3)

_ K(4K? +Bk -1)

. 2k + 1) 2k + 3)
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%[4.&3 + 18k% + 23k + 9]

L;” [41C + 14k + 9]

_ (k+ )[4k + 1) + 6k + 5]
3

= P(k+1)is true.

Hence, by the Principle of Mathematical Induction, P(n) is true for all n.

s22. P(n): -
13+232+33%+ . +n3"= (2n—1).43 +3
2
P(1):  13= w -3

= P(1)is true.

We assume P(k) to be true.

P(k):  13+232+33%+ . + k3=

2k —1)3**" + 3
4

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

2K+ )32 +3
4

Pk+1): 1.3+232+33%+ .. +k3+ K+ 1)3"=
Proof of P(k + 1):

LHS.=[1.3+2.3%+ ... + k31 + (k+ 1)3*1

_ (2k-13""243

2 + (k + 1)3%+1 [From. P(k)]

(2k = N3 + 3 + 4(k +1)3*"
4

35" (2k -1+ 4k +4)+ 3
4

3" '(Bk +3)+ 34 (2k +1).3""% + 3
4 4

= P(k +1)is true.
Hence, bythe Principle of Mathematical Induction, P(n) is true for all n.

$23. P(n): "
a+(a+d)+(@a+2d)+. . +a+(n-1)d]=_[2a+(n-1)d]

We verify forn=1
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P(1): a=%[2a+(1—1)d]
= a=a = P(1)istrue.

We assume P(k) to be true.

k

P(k): a+(a+d)+(@+2d)+..+[a+(k-1d]= = [2a+ (k—1)d]

N |

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

k+1

Pk+1): a+(a+d)+(a+2d)+ ...+ [a+ (k=1)d]+[a+kd] = =

[2a + kd ]

Proof of P(k + 1):
LHS. [a+(@+d)+(@+2d)+..+[a+(k-1)d]+[a+kd]

g[za +(k=1)d]+[a+kd]  [From P(K)]

k+1
2

= P(k+ 1) is true. Hence, by the Principle of Mathematical Induction, P(n) is true for all n.

524 P(n): [1 +§] [1 +§][1+ZJ_..(1+ 2”:1] = (n+ 1)
1 4 9 n

P(1): (1+%]=(1+1)2 = 4=4

[2a + kd]

= P(1)is true.

We assume P(k) to be true.
3 5 2k +1
Pk) : | 1 —(1 —)...[1 )=k+12
(k) [+1J t2 50 (k+1)

We assume P(k + 1) to be true.

Pk + 1): [1+§](1+§]...(1+L:1][1+ 2k+32]=(k+2)2
"3 P (k +1)

Proof of P(k +1):
LHS. = [[1 +§J(1+§] [1 L 2K :1]} {1 +L+32J
AN k (k +1)

= (k+ 1)? ((“1)2*22“3] = (k + 2
(k+1)
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= P(k+ 1)is true.
Hence, by the Principle of Mathematical Induction P(n) is true for all n.

s25. 1 1 1 _2n
P(n): 1+ - +..+ =
1+2 1+2+3 1+42+3+...+n n+1
P(1): 1= 20 1 = P(1)is true.
1+1

We assume P(k) to be true.

1 1 1 2k

P(k): 1+ - + ..+ =
1+2 1+2+3 1+2+...+k  k+1
We will prove that P(k + 1) is true.
Pk + 1) 14— 1 1 1 _ 2(k+1)

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

Proof of P(k + 1):

LHS. =1+ L + ! +...+ L !
1+2 1+2+3 1+2+...+k

2k 1x2
kK+1 (k+1)(k+2)

2 P 1 _ 2 (k+1)2=2(k+1)
k +1 k+2| k+1t.k+2 k+2

= P(k+1)is true.
Hence, by the Principle of Mathematical Induction P(n) is true for alln.

$26. p(p): 1+4+7+...+(3n-2)= %ﬂ(3ﬂ—1)

We verify forn=1.

P(1): 1.="=.1.(3=1)

[\ RN

= 1=1 = P(1)is true.
We assume P(k) to be true.

Pk): "+ 4+7+ .. +(3k-2)= %k(sk— 1)

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

+
14+ 2% . . +(k+1)
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S27

Pk+1): 1+4+7+ . +3k—-2)+@3Bk+1)= %(k+1)(3k+2)

Proof of P(k + 1):

L.H.S.

= P(k+ 1)is true. Hence, by Principle of Mathematical Induction, P(n) is true for all-n.

[1+4+7+ .. +@Bk=2)]+3k+1)

= %k(Sk - 1)+ (Bk+ 1) [From P(k)]

= %[k(3k— 1) + 23k + 1)]

= Viak? + 5k + 2]
2

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

. _ 1 1 1 1 _n
P(n): + - +..+ =
25 58 8.11 (3n-1H(3n+2) 6n+4
R L EN I
25 6+4 10 10
= P(1)is true.
We assume P(k) to be true.
P(k): LI SO SN L 2. Kk
25 58 8.1 (3k —1)(3k +2), 6k +4
We will prove that P(k + 1) is true:
Pk + 1): i+i+...+ ] + ! S i
25 538 (Bk -N)(3k+2) (3k+2)(3k+5)" 6k+10
Proof of P(k + 1):

LH.S,

[1 + L ot ! }L L
25 58 (BK=1(3k +2) | (3k +2)(3k +5)

K 1
6k +4  (3k+2)(3k + 5)

(3k+2)| 2 3k +5

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

k+1
6k +10
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= P(k+ 1)is true.
Hence, by Principle of Mathematical Induction, P(n) is true for all n.

$28. Step I:

Step Il:

Step llII:

Step IV:

Hence,

Let the given statement be P(n)

1 1 1 1 _ n
: + + 4.+ =
1.2 2-3 3-4 nn+1) n+1

P(n)

Thus P(1) is true.
For n=k,

Assume that P(k) is true for some positive integer k.
1 1 1 1 _ k

+ + +...+ =
1.2 2.3 3.4 k(k+1)  k+1
Now, we shall prove that P(k + 1) is also true.

P(k) =

= 1 + 1 + 1 + ...+ L + !
1.2 23 3-4 kik+1) (k +1)(k+2)

Ptk + 1)

Kk 1 1 ( 1 )
= + = k. +
(k+1) (k+NDNk+2) (k+%) k+2

_ k+1
K+ 2

=R.H.S.

P(k + 1) is true, whenever P(k) is true_hence P(k) is true for alln'e N.
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MATHEMATICS - XI | Divisibility Type Problems NCERT

Date: 9/10/2021

Q1. Using the principle of mathematical induction prove that (x" — y") is divisible by (x - y) for
alln e N.

Q2. Using the principle of mathematical induction prove that (102"~" + 1) is divisible by 11 for
alln e N.

Q3. Using the principle of mathematical induction, prove that (2 - 7" + 3 - 5" - 5) is divisible by
24 for all n € N.

Q4. Prove by mathematical induction that n(n + 1) (2n + 1) is multiple of 6 for all n € N.

Q5. By using Principle of Mathematical Induction for every integer n, prove that 7" = 3" is
divisible by 4.

Q6. For every positive integer n, prove that 5” — 3" is divisible by 2 using principle of
mathematical induction.

Q7. Using principle of mathematical induction prove that (2*-1) is divisible by 7.

Q8. Prove that n(n + 1) (n + 5) is multiple of 3 using principle of mathematical induction.
Q9. By using principle of mathematical induction prove that n®>+8n? + 5n + 3 is divisible by 3.
Q10. Using the principle of mathematical induction prove that n’ + n is divisible by 2.

Q11. Using the principle of mathematical induction prove that 5" — 5"is divisible
by 4 for all n € N.

Q12. Using the principle of mathematical induction prove that 12" + 25" "is divisible by 13.
Q13. Using the principle of mathematicaliinduction prove that 52"1.is divisible by 24.
Q14. Using the principle of mathematical induction prove that4"+15n — 1 is divisible by 9

Q15. Using the principle of mathematical induction prove thatp”* ' + (p + 1)*"~ ' is divisible by
p? + p + 1 where p is a natural number.

Q16. Using the principle of mathematical induction prove that n® + (n + 1)* + (n + 2)* is divisible
by 9.

Q17. Using the principle of mathematical induction prove that 11" *2 + 122" * is divisible by

133.

Q18. Using the.principle of mathematical induction prove that 52"*2 — 24n—- 25 is divisible by
576.

Q19. Using the principle of mathematical induction prove that (x" — y") is divisible by (x + y)
when n is even.

Q20. Using the principle of mathematical induction that n(n2 — 1) is divisible by 24 when n is
odd.
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MATHEMATICS - XI | Divisibility Type Problems NCERT-Solution

Nurturing Success...

S1.

S2.

S3.

Date: 9/10/2021

Let the given statement be P(n), then
P(n) : (X" = y") is divisible by (x — ).
When, n = 1, the given statement becomes (x' — y') which is clearly true.

P(1) is true.
Let P(k) be true than
P(k) : (x* = y*) is divisible by (x — y).

Now, (KT = Ky = KT Ky e xRy Rt
=X(x—y) + y(x“ = y"

= P(k+1): (X" = y** 1) is divisible by (x — y).
= P(k + 1) is true, whenever P(k) is true.

Hence, given statement is true foralln € N.

Let P(n): (10"~ " + 1) is divisible by 11.

For n =1, the given expression becomes as {10%* '~ +{1}.= 11 which is divisible by 11.

So, P(1) is true.

Let P(k) be true.
P(k) : (10%~" + 1) is divisible by 11.
= {1072 DT+ 13 = (10%* " + 1}

= {10% . 10%*~" + 1} =100 " {10%*~' +.1}- 99
= {100 %11 m}-99
=11 % (100 m — 9) which is divisible by 11.

= P(k+ 1): {10** D=7 + 1} is divisible by 11.

= P(k+ 1) is true whenever P(k) is true.

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

Hence, bythe principle of mathematical induction, P(n) is true for all n € N.

Let P(n): (2 - 7"+ 3 - 57— 5) is divisible by 24.

Forn=1, P(1) =(2- 7"+ 3 - 5'—5) = 24 which is clearly divisible by 24.
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So, the given statement is true for n = 1
P(1) is true.
Let P(k) be true.

P(k): (2 - 7%+ 3 - 5¥—5) is divisible by 24.
=2 -7+3-5~5)=24d mforme N.

Now,

(2-7K*1+3.501_5)=2.75(6+1)+3.5(4+1)-5
=12. (7*= 5K + (2. 7+ 3. 5¢—5)

Since, 7¥ and 5 are odd numbers. Therefore (7 + 5) will be even and 12 (7% + 5%) will be divisible
by 24, the second term will be devisible by 24 (from P(k))

=P(k+1): (2 - 7%* 1+ 3 - 5** 1 5) is divisible by 24.

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

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

Hence, by the principle of mathematical induction P(n) is true foralln e N.

S4. Stepl:
Step ll:

Step lll:

Step IV:

S5. Stepl:

Step II:

Let P(n): n(n + 1) (2n + 1) is multiple of 6.
Forn =1, we have
P(1): 1(1 + 1) (2 + 1) = 6 which is a multiple of 6. So-P(1).is true.

For n = k, assume that P(k) is true.
P(k): k(k + 1) (2k + 1) = 62 for some integer.\.

For n=k+ 1, we have to show that P(k+ 1)'is true.

Pk+1)=(k+1)(k+1+1)[2(k+ 1)+ 1] is a multiple of 6.
Now,
(k+1)(k+1+1)[2(k+.1) +1]

= kik+ 1) 2k + 1) + 6(k + 1)°
= B[A + (k + 1)%] which is multiple of 6.

So, P(k +1).is'true, whenever P(k) is true.

Hence, by principle of mathematicalinduction P(n) is true foralln € N.

Consider the given statementas P(n).
Let P(n): 7" — 3" is divisible by 4.
For n =1, show that P(1) is true statement.

For n=1, we have,
P(1) = 7" — 3" = 4, which is divisible by 4.

Thus P(n) is true forn = 1.
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Step lll: Suppose that result is true.
Forn=k
Let P(k) be true for k € N.

P(k): 7 - 3¥is divisible by 4.
So, we can write
7%~ 3% =4d whend e N.

Show that the result is true forn = (k + 1)
Now, P(k+ 1)=(7¢*1-3k*"
=71 73+ 73 =31 = 7(T%- 39+ 3<(7-3)

= 4(7d + 3% d e N, which is divisible by 4.
Thus, 7%* " = 3K* 1 is divisible by 4, so, P(k + 1) is true, whenever P(k) is true.
Hence, by the principle of mathematical induction the statement is true for every positive
integern € N.
S6. Stepl: Considerthe given statement as P(n).
Let P(n): 5" — 3" is divisible by 2.
Step ll: Put n=1 and show that P(1) is true statement.

L.H.S.=5"-3"=2, which is divisible by 2.
Thus P(n) is true forn=1.

Step lll: Suppose that the result is true for n = k

Let P(k) be true for some natural number k.
P(k): 5% — 3"is divisible by 2.
5¥_3"=2d where d e N

Step IV: Show that result is true'forn = (k + 1)
Now, P(k+ 1)=5%1_ 3k*1
=51_5.3+5.3 - 3"

= 5(5K — 3% + 3%(5 —3) =5 . 2d + 3k - 2 = 2(5d + 3k)
Which.is'divisible by 2.

Thus, 5" - 3K* T s divisible by 2. So, P(k + 1) is true, whenever P(k) is true.

Hence, by principle of mathematical induction given statement is true for every
positive integern € N.
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S§7. Consider the given statement as P(n).
P(n): 2°"- 1is divisible by 7.
Stepl: For, n=12
LHS.=2°-1=7

Which is divisible by 7.
Hence, P(1) is true statement.

Now, let the given statement is being true to n = k.

P(k): 2°*-1 is divisible by 7.
2% _1=7d, where d € N.

Now, we shall prove that given statement is true for n = (k +1).

Pk + 1) =2%¢*D -1
=2%. 28 1=2%. 28 2%+ 28 1=22%-1)+7.

which is clearly divisible by 7.

Hence, P(k + 1) is true, whenever P(k) is true. Hence, given statement is true for
allneN.

S8. Stepl: Letthe given statement be P(n).

P(n): n(n + 1) (n + 5) is multiple of 3.
Stepll: Forn=1

P(1)=11+1)(1+5)=12=3 x 4.
Which is a multiple of 3. So, P(n) istrue forn=1
Step lll: Letitis true forn=k.

P(k) = k(k + 1).(k+ 5)
= K +6K*+ 5k = 3 (L € N)
Step IV: For n=(k+ 1), we have

(k+ 1) (k+ 1T%1) (k+ 1+ 5)
= k> + 9k® + 20k + 12
= (31 — 6K — 5Ky + 9K + 20k + 12

=31+ 3K +15k + 12 = 3(L + kK> + Bk + 4)
which is a multiple of 3.

Therefore,

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

Hence, by principle of mathematical induction the statement is true for all natural
number n.
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S§9. Stepl: Letthe given statement be P(n).
P(n): n® + 3n? + 5n + 3 is divisible by 3.

Stepll: Forn=1
P(1)=1+3+5+3=12=3x4
which is multiple of 3, so P(n) is true forn=1.

Step lll: Letitis true forn=k.
Then P(k) = k> + 3k* + 5k + 3 = 3}, (L e N)

SteplIV: Forn=(k+1)
=(k+1°+3k+1)?+5k+1)+3
=(K+1+3K+3k+3KkK+6k+3+5k+5+3)
=3+ 3k+ 3+ K)

which is multiple of 3.
Therefore, P(k + 1) is true whenever P(k) is true.
Hence by principle of mathematical induction the statement is true for all natural
number n.
§10. P(n):  n*+ nisdivisible by 2.
We verify forn=1.
P(1): 12 + 1 is divisible by 2

12 + 1 = 2, which is divisible by 2.
We assume P(k) to be true.
P(k): 2 + kis divisible by 2

We will prove that P(k + 1) is\true.
Pk + 1): (k+ 1)* + (k + 1) is divisible by 2.
Proof of P(k + 1):

(k+ 12 + (k+ 1) =(k'+ 2) (k+ 1)
=k(k + 1)+ 2(k + 1)

The first term is_divisible by 2 [from P(k)] and‘the"second is also divisible by 2.

= (k+1)* (k+ 1) is divisible by 2.

= P(k+ 1).is true. Hence, by the Principle of Mathematical Induction, P(n) is true for all n.
S11. Let P(n) be statement 5" = 5 is divisible by 4.

Now, P(1) = 5' — 5is divisible by 4.

= P(1)is true.
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{0 is divisible by 4, which is true}
Let P(k) be true.
(5" — 5) = 41, for some integer .

= 5k=4)L+5
P(k + 1): 5°* ' — 5 is divisible by 4.
Consider (5**1'-85)=5.5_5

= 5(4) + 5) =5 =4(5A + 5), which is divisible by 4
= P(k+1)is true.
Hence, by the principle of mathematical induction P(n) is true foralln € N.

S12. P(n): 12" + 25" " is divisible by 13.
We verify forn=1.

P(1): 12" + 25"~ is divisible by 13
12" +25"""=12 + 1 = 13, which is divisible by 13
= P(1)is true.

We assume P(k) to be true.

P(k): 125 + 25" 1 is divisible by 13
We will prove that P(k + 1) is true.

P(k + 1): 12¥*1 + 25 is divisible by 13
Proof of P(k + 1):
1261+ 25K =12 (13 = 1) + 25" (26 - 1)
= 13(12¥+ 2.2555") — (12K + 25 1)

The first term is divisible by 13 and'because of P(k) the second'is also divisible by 13.
= 12¢"7+ 25" is divisible by13
= P(k+ 1)is true. Hence, by the Principle of Mathematical Induction, P(n) is true for all n.

s13. P(n):  5°-1is divisible by 24
We verify forn=1.
P(1): 52 < 1'is divisible by 24

5% =1 =24, which is divisible by 24.
= P(1)is true.

We assume P(k) to be true.

P(k): 5% —1is divisible by 24.
We will prove that P(k + 1) is true.
P(k + 1): 52%*V-1is divisible by 24.
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Proof of P(k + 1):
52KV _ 1 =5%24 + 1)- 1
= 24(5%) + 5% — 1

The first term is divisible by 24 [from P(k)] and the second is also divisible by 24 [from P(k)].
= 52k*1_1 is divisible by 24.
= P(k+ 1)is true. Hence, by the Principle of Mathematical Induction, P(n) is true for all n.

S14. P(n): 4" + 15n— 1 is divisible by 9
We verify forn=1.
P(1): 4"+ 15(1) - 1 is divisible by 9

4" +15(1) — 1 = 18, which is divisible by 9.
= P(1)is true.

We assume P(k) to be true.

P(k): 4"+ 15k—1is divisible by 9
We will prove that P(k + 1) is true.
P(k + 1); 4"+ 15(k+ 1) — 1 is divisible by 9

Proof of P(k + 1):
45"+ 15k + 1) —1=4".4 + 15k + 14
= 459 — 5) + (90k — 75k) + (9 + 5) = 9[4*+ 10k + 1] — B[4" + 15k — 1]

The first term is divisible by 9 and because of P(k), the second term is also divisible by 9.
= 47+ 15k + 14 is divisible by 9

= P(k+ 1)is true. Hence, by the Pringiple of Mathematical Induction, P(n) is true for all n.

S15. P(n):  p"*'+ (p+ 1)*""is divisible'by p* + p + 1
We verify forn=1.
P(1):  p*+(p+ 1)y 'isdivisible by p + p + 1

p?+ (p + 12" T=p® + p + 1, which is divisible by p® + p + 1
= P(1)is true.
We assume P(k) to be true.

P(k):  +p ™+ (p + )%~ is divisible by p? + p + 1.
We will prove that P(k + 1)is true.
Pk +1): p"*2+ (p+ 1)%** 'is divisible by p? + p + 1

Proof of P(k + 1):
pk+2 + (p + 1)2k+1 =p'pk+1 + (p+ 1)2 (p_'_ 1)21'(—‘1
=p- P H[E?+ 20+ D] (p+ 1)
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S16.

S17.

2k -1

=plp "+ 1T+ (PP p 1) (p+ 1)
Because of P(k) the first term is divisible by p?> + p + 1 and the second is also divisible by
2
p-+p+1.

= p*%+ (p+ 1% 'is divisible by p?> + p + 1.

= P(k+ 1)istrue. Hence, by the Principle of Mathematical Induction, P(n) is true for all n.

P(n): n®+ (n+1)°+ (n+ 2)%is divisible by 9.
We verify forn=1.
P(1): 13+ (1+ 1%+ (1 + 2)%is divisible by 9.

, Which is divisible by 9.
= P(1)is true.
We assume P(k) to be true.

P(k): k®+ (k+ 1)+ (k+ 2)%is divisible by 9
We will prove that P(k + 1) is true.
P(k + 1): (k+ 1)°+ (k+ 2)° + (k + 3)% is divisible by 9

Proof of Pk + 1): (k+ 1)° + (k + 2)° + (k + 3)°
=(k+ 1%+ (k+2)°+ K+ 9k + 27k +27
= [K3+ (k+1)° + (k+ 2)°] + 9[k? + 3k.+3]

The first term is divisible by 9 [from P(k) and the second.is also divisible by 9]
= (k+ 1)+ (k+ 2)%] + (k + 3)%is divisible by 9.
= P(k+ 1)istrue. Hence, by the Principle of Mathematical Induction, P(n)is true for all n.
P(n): 1172 + 12%"* 1 is divisible by 133
We verify forn=1.
P(1):  11'"2+122%"is divisible by+133.

113+ 12% = (11 + 12) 112+ 122 = 11.12] , whichris.divisible by 133.
= P(1)is true.
We assume-P(k)'to be true.

P(k): 11%*2 +92%* 1 is divisible by 133
We will prove that P(k + 1) is true.
Pk + 1)7*115"3 + 122" 3 s divisible by 133

Proof of P(k + 1):
1163 4 12263 = 11 1157 2 4 122 127
=11-11°72 + (11 + 133)12%"

= M[1177 2+ 12811+ 133 . 12%*1
The first term is divisible by 133 [from P(k)] and the second is also divisible by 133.
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= 11"%+12%¢*3 s divisible by 133.
= P(k+ 1)is true. Hence, by the Principle of Mathematical Induction, P(n) is true for all n.

s18. P(n):  5"*2-24n-25is divisible by 576.
We verify forn=1.
P(1):  52*2_-24(1)- 25 is divisible by 576

5%_24-25=625-49 =576, which is divisible by 576.
= P(1)is true.
We assume P(k) to be true.

P(k):  5%¢*2? - 24k- 25 is divisible by 576
We will prove that P(k + 1) is true.
P(k + 1): 5%*% _ 24k— 49 is divisible by 576

Proof of P(k + 1):
52k*4 _ 24k — 25 = 25.5%%*2 _ 600k + 576k — 625 + 576
= 25[5%*2 _ 24k — 25] + 576(k + 1)

Because of P(k), the first term is divisible by 576 and the second isalso divisible by 576.
— 5%**_24k— 49 s divisible by 576.

= P(k+ 1)is true. Hence, by the Principle of Mathematicaldnduction, P(n) is true for.alkn.

$19. P(n): x"—y" is divisible by x + y
We verify forn =2

P(x):  x?—y?isdivisible by x + y
x2=y?=(x-y) (x + y), which.is divisible by x + y
= P(2)is true.
We assume P(k) to be true.

P(k):  x*—ykis divisible by'x + y.
We will prove that P(k + 2) is true.
P(k + 2): x¥*% — yX*%s divisible by x + y.

Proof of P(k + 2):
X2 _ yk+2 = yk*+2 _ Xzyk v xzyk_ yk
= X~y Y (- y?)
=xX*(x =y + yx—y) (x + y)

+2

Because of P(k) the first term is divisible by x + y, the second term is also divisible by x + y.

k+2 _  k+2

= X y is divisible by x + y.

= P(k+ 1)is true. Hence, by the Principle of Mathematical Induction, P(n) is true for all even
values of n.
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$20. P(n): n(n? = 1) is divisible by 24
We verify forn=1.
P(1): 1(12 - 1) is divisible by 24

1(1? = 1) = 0, which is divisible by 24
= P(1)is true.
We assume P(k) to be true.

P(k): k(K> — 1) is divisible by 24
We will prove that P(k + 2) is true.
P(k + 2): (k +2) [(k + 2)*> — 1] is divisible by 24

Proof of P(k + 2):
(k+2) [(k+2)?=1] = (k + 2) [k? + 4k + 3]
= k®+ 6k + 11k + 6
= k(k? = 1) + 6(k + 1)?

As kis odd, (k+ 1) will be even.

6(k + 1) will be divisible by 24 and because of P(k) first term will be divisible by 24.
= (k+2) [(k+ 2)* - 1] is divisible by 24.

= P(k+ 2)is true. Hence P(n) is true for all values of n.
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MATHEMATICS - XI | Triangles NCERT

Q1.
Q2.
Q3.
Q4.
Q5.

Q6.

Q7.

Date: 9/10/2021

Using the principle of mathematical induction prove that 3" > 2",

Using the principle of mathematical induction prove that (n* + n) is even for all n  N.
Using the principle of mathematical induction prove that (2n + 7) < (n + 3)* for n € N.
Using the principle of mathematical induction prove that n < 2" for all n € N.

Using the principle of mathematical induction, prove that (12 + 22+ 32+ ... + n?) > %3 ,neN.

By mathematical induction prove that (1 + x)" > (1 + nx) for all natural number n, where
x>-1.

Using the principle of mathematical induction provethat1+2+ 3+ ...+ n< % (2n + 1)
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MATHEMATICS - XI | Triangles NCERT-Solution

Nurturing Success...

S1. P(n): 3"> 2"
We verify forn=1.
P(1): 3'>2" = 3>2 = P(1)is true.

We assume P(k) to be true.
P(k): 34> 2k
We will prove that P(k + 1) is true.

Pk +1); 3¢*T>2k+1
Proof of P(k + 1):
We have 3*> 2X[From P(k)] and 3 > 2

On multiplication, we get
3.3>22

= gk+ 15 gk P(k + 1) is true

Hence, by the Principle of Mathematical Induction, P(n) is.true for all n.

$2. Let P(n): (n*+ n)is even.
For n=1,
P(1) = 12 + 1 = 2, which is even.

So, P(1) is true.
Let P(k) : (K* + k) is even.
= (K + k) =2m, (m € N)

Pk + 1) = (k+ 1)* + (k + 1)
=(K* + k) + 2(k + 1)

= 2[m + (k + 1)] which is even

Hence, by the principle of mathematical induction, P(n) is true foralln € N.

$3. LetP(n): (2n+7)<(n+ 3)?
When n=1
LHS.=2x1+7=9, RHS.=(1+3)°=16

Date: 9/10/2021
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S4.

S5.

Clearly, 9< 16
Thus, P(1) is true.
Let P(k) be true,

P(k) - 2k + 7) < (k + 3)?
Now, 2(k + 1)+ 7= (2k+ 7) + 2 < (k + 3> + 2
Pk + 1): 2(k + 1)+ 7 < (k + 3)%+ 2

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

Hence, by the principle of mathematical induction P(n) is true for alln € N.

Let P(n), n< 2"
When n=1,LHS.=1, RHS. =2"=2
Clearly 1<2

P(1) is true.
Let P(k) be true, then
P(k) : k < 2¥

Now, k<2K = 2k<2K*1
= (k+ k)< 2K+1
= (k+1)<(k+ k)<2k+1

= (k+1)<2f]
Pk+1): (k+1) <2k

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

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

Hence, by the principle of mathematical induction P(n) is true for alln € N.

Let P(n): ,
(12+ 22+ 3%+ % n?) > n
When n=1
3
CHS. =12=1, RHS. = L=
5 3

Since, 1> % P(1) is true.
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Let P(k) be true, then

P(k): (17 + 2%+ ..+ K) > —

k3
3

Now, P(k+ 1) :

12422+ + K2+ (k+ 1)

3
=[12+22+ .+ K]+ (k+ 172> %+(k+ 1)3

K
3

> 1 +w+1f]>%w+1f

1
3

P(k + 1):

12+22+  + 12+ (k+1)72> %(k+ 1)3.

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

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

Hence, by the principle of mathematical induction P(n) is true forall.n € N.

S6. Step |

Step ll:

Step lll:

Step IV:

Let P(n) the given statement then
P(n):(1+x)">(1+nx) forx>-1

Forn=1, we have

M+x)=2(1+x)forx>-1
Thus P(n) is true when n =1
For n = k, assume that P(k) is.true.

P(k): (1 + )" = (1 + kx), x>=1 is true

Forn =k + 1, we haveto show that P(k + 1) is truefor x > — 1 whenever P(k) is true.

Consider the identity

1+ 9 T2+ 00 (1+%)

Giventhatx>-1so(1+x)>0
Therefore by using, (1 + x)kz (1+ kx), we get
(1+ 7 >(1+ kx) (4 x)

Here k is natural number and x* > 0 so that kx* >0
Therefore, (1 + x + kx + kx?) = (1 + x + kx)

1+ T>(1+x+ kx)
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or (1+x)">[1+(1+kx]
Thus, P(k + 1) is true whenever P(k) is true.

Hence, by the principle of mathematical induction, P(n) is true foralln € N.

S7. FAn): 1+2+3+...+n<%(2n+1)2
We verify forn=1.

1 2
P(1): 1< —(2+1 1< >
(1) 8( ) = 5

= P(Q1)is true.
We assume P(k) to be true.

P(k): 1+2+3+.. +k< %(2k+ 1)2

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

Pk+1):1+2+3+ . . +k+(k+1)< %[2;‘{+3»]2

Proof of P(k + 1):

We have, 1+2+3+ .. +k< %(2k+ 1)?

= 1+2+3+ 4 k+(k+1)< %(2k+ 12+ (k + 1)
< {4k + 17+ (k)]

< %[4k2+ 12k +.9)]

1 2
< =(2k+3
5 )

= P(k+ 1)is true. Hence, by the Principle of Mathematical Induction, P(n) is true for all n.
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