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MATHEMATICAL INDUCTION

EXERCISE - 1

Single Choice

10.

Since product of any r consecutive integers is divisible

by r! and not divisible by r+1!.

So given product of 4 consecutive integers is divisible
by 4! or 24.

Let three consecutive natural numbers are n, n+1, n+2,
P(n) = (n)’ + (n+1)* + (n+2)°

P(1)=1° + 2° + 33=36, which is divisible by 2 and 9
P(2) = (2)* + (3)° + (4)* = 99, which is divisible by 9
(not by 2).

Hence P(n) is divisible 9 V n € N.
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Hence P(n) is an integer.

Let P(n)= 10"+ 3.4"2 + ) is divisible by 9
VneN
P(1)=10+34+A=202+A=207+(A-5)
Which is divisible by 9 if A =5

Let p(n) =n?+ n=n(n + 1) is an odd integer since the
product of two consecutive integers is always even.
So hear principle of induction is not applicable.

Let p(n) — 34n+2 + 52n+1
Here  P(1)=3%+53=93+53=14x61
Which is multiple of 14 but not of 16, 18 and 20.

HINTS & SOLUTIONS
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14. T = 1+a+a+ =
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16. Since x" + y" is divisible (x + y) if n is odd.

Here 2n—1isodd V n € N.

18. n® term of the given series

n n+1
TZE. 2 :—n(n+1): 1 _{l_ 1
*n? LICTRRNT nn+1) \n n+l
K 1] [1 1] [1 1] (1 1 q
S = -— SR R [ ) J
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B 1 n
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25. Let P(n)="7"—-48n- 1
P(1)=7"-48.1-1=0,
which is divisible by for alln € N
P(2)=7*-48.2-1=2304,
which is divisible by 2304 not by 25, 26 and 1234.

26. By Theorem-II

28. Let n is a positive integer.
P(n)=n’-n
P(1) = 0, which is divisible by for alln € N
P(2) = 6, which is divisible by 6 (not by 4 and 9)
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30. Let Pm): n°’—n
when p =2
Pm)= n?>-n
P(1)= 0 which is divisible all neN
P2)= 2 which is divisible by 2
P(3)= 6 which is divisible by 2

Hence P(n) is divisible by 2 when n is greater than 1.

32. Let P(n) = cosO . cos20 . cos40 ----- cos 29
sin20
" 2sin0

2sin0 cos0
2sin0

P(1) = cosb =

2(2sin 0 cosB)cos20
4sin0

P(2) = cosB cos26 =

2sin260 cos260
- 4sin0

sin40  sin2%0
" 4sin®  2%sin0

sin2"0
Clearly, P(n) = 2" sn0
34. Here T =n(n+ 1)
S,=ZXT, =Zn’+2¥n’ + Xn
n?(n + 1) nn+1)2n+1) nn+1)
= + 2. +
4 6 2

= %n(n-ﬁ- )(n+2)(3n+5)

36. Let n™ term of the series is T, and
S, =4+14+30+52+80+ 114+ +T_.(I)
S,= 4+14+30+52 +80+--—+T .(i)
Subtract (ii) from (i)
0=(4+10+16+22+28 +34 +-—nterms) - T

Tn:4+10+16+22+----nterms

n
= 5[2><4+(n—1)6]:n(3n+1):3n2+n
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38.

39.

Letp(n)=n*+n+1)*+(n+2),

p(A) =36, p(B) =99 both are divisible by 99
Letitistrue forn=k

K+k+1yP+(k+2)’=9q ;qel

adding 9k? + 27k + 27 both sides

K+ E&+1P+(k+2)y +9k2+27k +27=9q +9k>*+ 27k +27
(k+1P+(k+2P3+(k+3)=9r;rel

Let P(n) =112+ 122"
P(1)=11°+12*=23 x 133, which is divisible by 133 but
not by 113 and 123.
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EXERCISE -2
Subjective Type
2. (i) Given statement is true forn=1
(ii) Let us assume that the statement is true for n =k

1
Lo 142+ 3t k< o 2k 1P

1
= 1+2+3+...... +k:§(2k+1)2—kwherekeR+
(iii)

Forn=k+1,

2
1+2+.......... +k+k+1:%+(k+l)—x

2 2
_ @k+3? L, (2k+))
8 8
So the result is true forn=k + 1

Hence by principle of mathematical induction the

statement is true for alln e N

3. P(1): 1+ l is divisible by 3
P(4) : 4°* +4is divisible by 3
5.

(i) Given statement is true forn=1
(ii) Let us assume that the statement is true for n = k
Le.k(k+1)(k+2)=6\
(iii) Forn=k+1,
(k+1)(k+2)k+3)=k(k+ 1)(k+2)+3(k+1)(k+2)
=06A+3(k+ 1)(k+2)=multiple of 6 as (k+ 1)(k+2) is even
So the result is true forn=k + 1

Hence by principle of mathematical induction the state-

ment is true foralln e N
6. Let P(n);sin®+sin20+....... +sin nO
=i (H—Jrljesinn—ecosec9
sin > > >
P(A) is true
Let P(k)is also true
sinO +sin20 +.......... +sin kO
. (k+1 . kO 0
=sin| —— |Bsin—cosec—
2 2 2
add sin(k + 1)0 both sides

K+1
SN0+ sin20+ ... +sin ko +sin(k + 1)0=sin (%)e

in D 9+ in(k+1)0
sin—~ cosec sin( )
sin@+2cos k+l Gsing
. (kHj 2 2 2
=sin 0
2 sin—
2 .
sink® sin(k+2)0 sink® |
k+1 I
—sin( j@
2 . 0
sin—
2 J
k+1+1 k+1 0
o« Osi 0 0
s1n( > jsm( 2 j . cosec

= P(k+1)istrue

8.

(i) Given statement is true for n =1

(ii) Let us assume that the statement is true for n =k

2k -1)3*" +3
4

fe. 1.3+2.324+3.33+......+k3k=

(iii) Forn=k+1,
LHS.=1.34+2.32+3.3+......+k3+(k+1) 3!

_ (2k-1)3""+3 k1) 3= Qk+1)3*% +3
4 4

= RH.S.

so by principle of mathematical induction the statement
istrue foralln e N

11. (i) Given statement is true forn=1
(ii) Let us assume that the statement is true for n =k
ie.2k+7=(k+3)*~A where A e R
(iii) Forn=k+1,
2(k+1)+7=2k+7+2=(k+3)-1+2
= (k+4)*—2k—-A-5<(k+4)>
So the result is true forn=k + 1

Hence by principle of mathematical induction the state-
ment is true foralln e N
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EXERCISE -3

Part#1 : AIEEE/JEE-MAIN

I. S(Ky=1+3+5+..... +(2K-1)=3+K?

S(1) is not true

let S(K) is true then

SK+1)=1+3+5+....+2K-1)+2K+1)
=S(K)+ (2K +1)
=3+K2+2K+1=3+(K+1)

Hence S(K) = S(K+1)

1242024324 2,42+ 52+ 2.6 + -

n(n+1)>
n terms =

2. Since

, when n is even

When n is odd the n® term of series will be n? in this
case, (n — 1) is even
so for finding sum of first (n — 1) terms of the series, we

replacing n by (n — 1) in the given formula.

(n—1)n?

So sum of first (n — 1) terms = 7

Hence sum of n terms of the series

= (the sum of (n — 1) terms + the n" term)

(n—1)n?

(n+1)n?
= —— 4+nf= ——

2 2

[10][10 10

2 — =
S AT 11] 7 |21
10

3 —
A=19
(10
A:_nl

{n O} {n—l 0 } {1 O}
Now nA—(n—1)I= — = —An
nn 0 n-1 nl

4. = nin+1) <Jn+1)n+1)

Le. Ynin+1) <n+1 Vn eN
Hence statement-2 is true.
For n = 2 given result is true.

let it is true forn =K € N, K > 2 then
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L_{_L_{_ +L> K
1 5t \/E
1 1 1 1 1
— ettt —t——> K+ ——
V12 JK JK+1 JK+1
:\[K(K+1)+1>\/KK+1ZM
\/K+1 \/K+1

(" by statement-2 \/n(n+1) <n+1 = \/; <+Jn+1 )

1 1 1
= —=+—=+..t——=>JK+1
V142 JK+1

Hence statement-1 is true for every natural number

n>2.
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