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Mathematics

(Chapter — 4) (Principle of Mathematical Induction))
(Class - XI)

Exercise 4.1
Question 1:

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

Answer 1:
Let the given statement be P(n), i.e.,

(F-1)

2

Pn):1+3+32+ .+3"1=

For n = 1, we have

3' -1 -
) %: =1, which is true.

P(1):= —( 5=

(SRS

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

O
We shall now prove that P(k + 1) is true. 60 c}o\

| 9
Consider \(& Q

1+3+32+ .. 4314 3keD-1 %

= (14 3+ 32 4. + 3k1) 4 3K OQ &Q

14332 3=
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[Using (i)]

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

for all natural numbers i.e., N.

Question 2:

Prove the following by using the principle of mathematical induction for all

nehN:

n(n+1

1)

P+2°+3 +..+n° ={
Let the given statement be P(n), i.e.,

Answer 2:

P(n): _"(":‘)):

-~

PEE+3 Lt =[

For n = 1, we have

P(1): 13 =1= (

(%)

] =1"=1 , which is true.
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Let P(k) be true for some positive integer k, i.e.,

I’+2‘+3’+....+k"=(@} (1)

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

1B3+23+33+ . +K3+(k+1)3
=(13+23+33+ ...+Kk)+ (k+1)3

(A ey [sing ()]

=k2(++|)2+(k+l):

N K (k+1) +a(k+1)
4
(k1) (K Ak +1))
B 4
B (k+1) {k:+4k+4}
N 4
(k+1)° (k+2)
4
(k1) (k+141)
- 4

(D) (k+1+D)Y
- )

-~

<

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

for all natural numbers i.e., N.

Question 3:

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

I I I 2n

I+ - +..4
(1+2) (1+2+3) (14243+.0) (n+l)

Answer 3:
Let the given statement be P(n), i.e.,

| 1 | 2n
P(n): T+——+ +uet =
[+2 1+2+3 14+2+3+.n n+l

For n = 1, we have

21 2
P(1): 1= m=5=1 , Which is true.
Let P(k) be true for some positive integer k, i.e 60 '\0
&
1 1 1 2k , & Q
1+ 4.t + . SR ED)
N4

+ —
1+2 1+2+3 [+2+3+..+k k+I %
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We shall now prove that P(k + 1) is true.

Consider

IR B l o+ l <
1+2 1+2+3 14243+ +k 14243+ +k+(k+1)

=(I+ + : +...F ! J+ l
1+2 14243 1+243+.k) 14243+  +k+(k+1)

w2 oy : [Using ()]
k+1 14243+, +k+(k+1) .

2k |
N oE [l+2+3+...+n=

S 2k "("+')]
k+1 {(k+l)(k+l+l)}

~

2k 2
- (k+1) ! (k+1)(k+2)

iyl
(k+1) k+2

2 <k2+2k+1>
(k+D\ k+2

3 (k + 1)?
(k+D| k+2

_2k+ 1) Q)
(k+2) 60 ’.\\Q

Thus, P(k + 1) is true whenever P(k) is true. &% Q&(O

Hence, by the principle of mathematical induction, statement P(n) @e %‘
for all natural numbersi.e., N. Q

\

>[5 <
s &\Q
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Question 4:
Prove the following by using the principle of mathematical induction for all

neN: n(n+1)(n+2)(n+3)
1.2.3+234+ ..+nln+1)(n+2)= 4

Answer 4:
Let the given statement be P(n), i.e.,

n(n+1)(n+2)(n+3)
4

P(n): 1.2.3+ 234+ ..+nn+1)(n+2)=

Forn = 1, we have

1(1+1)(1+2)(1+3) | 1.2.34

P(1):1.2.3=6 =
(1) y -

=6 , which is true.

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

1.2.3+2.3.4 + ..+ k(k + 1) (k + 2) =““”“:”“”) (D)

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

Consider

1.2.3+234+ ..+ kk+1)(k+2)+ (k+ 1) (k+ 2)(k+ 3)
={1.23+234+ ... +k(k+1)(k+2)}+ (k+1)(k+ 2)(k+ 3)
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_ k(k+1)(k+2)(k+3)
4

(k) (ke 2) (k) 541

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

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

Question 5:

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

3 1 2n-1 3'l'~l 3
13423433 4 any L2 37

Answer 5:

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

E 3 2n—-1)3""+3
P(n) : 13423 +3.3 +..+n3" =(L)—-— Q)

For n = 1, we have @

(2.1-1)3"+3 3243 12 L \(o Q
P(1):1.3=3 = - =-—=3 , which is true.
4
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(2k-1)3""+3

: . (i)

134237433 +..+43 =

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

1.3 +2.32 4+ 3.33 4+ ... + k.3k+ (k + 1).3k+t
= (1.3 +2.32+3.33 + ..+ k.3X) + (k + 1).3k*1

k4l
_—_(2k—ll3 +3+(k+l)3"" [Using ()]
_(26-1)3"" +3+4(k+1)3""
B 4
32k —1+4(k+1)}+3

B 4
3" {6k +3}+3
a 4
332k +1}+3

4
3k 41} 43
- 4
_{2(k+1)-1}3"""" 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.

> s <
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Question 6:

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

12423434+ .+n(n+1)=

|:n(n+l)(n+2):|
3

Answer 6:
Let the given statement be P(n), i.e.,

P(n): 12+423+34+. . +n(n+l)= {”(’L;('”z)}

Forn = 1, we have

1+1)(1+2 2 .4 )
P(1): l.2=2=|( = g( ik )=|'33=2 , Which is true.

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

’ 2
1242.3+3.4+..... +k(k+n=[kuj4¥k+'q i)
J

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

12+23434+ .. +k(k+1)+ (k+1).(k+2)

(124234344 .. +k(k+ 1]+ (k+1).(k +2) (5&(0 Q
X\
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=k(k+lg(k+2)+(k+l)(k+2) [Using (i)]

=(k+l)(k+2)(§+l)

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

Question 7:

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

n(4n2 +6n—|)
3

1.3+3.5+5.7+...+(2n—-1)(2n+1) =

Answer 7: Q)

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

n +6n-— 6
P(n): |.3+3.5+5.7+...+(2n—1)(2n+|)=M \{0\ Q
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For n = 1, we have

P(1):1.3=3= 1(4'l.+6'l-l)=4+6'1 -2_3 , which is true.

3 3 3

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

k(4K +6k-1) a
aged

13435457+ +(2k=1)(2k +1)=
We shall now prove that P(k + 1) is true.
Consider

(13+354+57+ ..+ k-1)(2k + 1) + {2(k + 1) - 13}{2(k + 1) +

1} bo ’\Q
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k(447 +6k-1)
- 3

. ’;(’k _I')+(2k+ 1)(2k +3)

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

k(447 + 6k =1
B 3
k(4k* + 6k —1)+3(4k" + 8k +3)
3
AR+ 6k —k+12K7 + 24k +9
- 3
AR+ 18K +23k+9
- 3
AR 14K 9k + 4k +14k+9
- 3
k(4K% +14k +9)+1(4k* +14k+9)
3
(A+1)(4k" +14k +9)
- 3
(k1) {47 + 8k + 4+ 6k +6-1

-

(k+1){4(k* +2k+1)+6(k+1)-1
- 3
(k+1){4(k+1) +6(k+1)-1}
= 3

)+(4k3+8k+3)

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

[Using (i)]

Remove Watermark

Wondershare

PDFelement


http://cbs.wondershare.com/go.php?pid=5239&m=db

1%

https://millionstar.godaddysites.com/

mm Wondershare

Remove Watermark g PDFelement

Question 8:

Prove the following by using the principle of mathematical induction for all
neN: 1.2 +

2.22+3.22+ ...4+n2"=(n-1)2"m1 + 2

Answer 8:

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

P(n): 1.2+ 222+ 3.22+ .. +n2"=(n-1) 21 + 2
Forn = 1, we have

P(1):1.2=2=(1-1)2"1 +2 =0+ 2 = 2, which is true.
Let P(k) be true for some positive integer k, i.e.,

1.2 +2.224+3.22+ ..+ k2k=(k-1)2k+1 + 2 . (i)

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

Consider

{

24227432 +..+ k2 P (K +1)- 2"
(k—1)2""+2+(k+1)2""

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

242k +2

Ul 4o <
(k+1)—1}2¢"" 42 60 C}'

Il
E

=~

Q

Thus, P(k + 1) is true whenever P(k) is true. (&% Q
N
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Hence, by the principle of mathematical induction, statement P(n) is true

for all natural numbers i.e., N.

Question 9:

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

Answer 9:

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

1 1 1
P(n): —p e e = = L=~
For n = 1, we have

1
P(1): —==1-—== , whichis true.

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

S S

LK R ' P X

+L= - o (1)
g <

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

Consider Q &Q
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[Using (i)]

2k+l
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.

Question 10:

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

2
2.

Ll 1 n

+ =
5.8 8.11

+
Tt Gn-1)(3n+2)  (6n+4)

N

Answer 10:

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

| n
(3n-1)(3n+2) - (6n+4)

For n = 1, we have

mm Wondershare
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11 1 1
P(')—g-m-m—m , which is true.

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

| k
. =
25 58 811 7 (3k-1)(3k+2) 6k+4

e ()

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

Consider
1 | | | |

et + +

25 58 8.1 (3k=1)(3k+2) {3(k+1)=1}{3(k+1)+2}
__k 1

6k +4  (3k+3-1)(3k+3+2)
__k I

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

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

[Using (i)]

1 (&, 1
(34+2)L 2 3k+5)
1 (k(3k+5)+2
T (Gk+2)| 2(3k+5)

_ 9 3k +5k+2
C(3k+2)| 2(3k+5)
4 (3k+2)(k+1)
T (Gk+2)L 2(3k+5) )
_ (k=)

"~ 6k+10

(k1)
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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.
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Mathematics

(Chapter — 4) (Principle of Mathematical Induction))
(Class - XI)

Exercise 4.1

Question 11:

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

1 1 A I _ n(n+3)
123 234 345 n(n+l)(n+2) 4(l1+l)(n+2)

Answer 11:
Let the given statement be P(n), i.e.,

P(n): L oo B Lo o I - n(n+3)
" 123 234 345 7 n(n+l)(n+2)—4(n+l)(n+2)

For n = 1, we have

1 1-(1+3) 14
2.3 4(1+1)(1+2) 423 1.2.3

, which is true.

P(I):]

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

| I | |  k(k+3)

|-2-3+2-3-4+3-4.5+"'+k(k+1)(k+z)—4(/.-+|)(/.-+2) =l 60 ‘\0

We shall now prove that P(k + 1) is true. \6 Q

Consider OQ &Q
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I I | I I
|i|~2'3+2~3~4+3-4-5+ +k(k+l)(k+2)}+(k+l)(k+2)(k+3)
 k(k+3) !
“a(k)(k+2)  (k+1)(k+2)(k+3)

1 [k(k+3) 1

(A+|)(A+v)1 P +}

A(A+3) +4

(L+l)(A+2) 4(k+3)

k(k* +6k+9)+
4(k+3)

[Using (i)]

(k+l)(A +2

k' +6k% + 9% +41
4(k+3)

i
{
{k + 242 + k + 4k* +8k+4}
-

(k +l)(A +2)

A+I)(A +2) 4(k+3)

k(K2 + 2k +1)+ (& +2k+|)}

(k+l)(l. +2) 4(k+‘¥)

B 1 k(k+1) +4(k+1)°

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

(k1) (k+4)

T4k +1)(k+2)(k+3)
(k+1){(k+1)+3}

T A{(k+ D)+ {(k+1)+2) %)

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

Hence, by the principle of mathematical induction, statement P(n) i

for all natural numbers i.e., N. Q &Q

> 1< Q&
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Question 12:

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

a+ar+ar’+..+ar'” =

Answer 12:
Let the given statement be P(n), i.e.,

A .ril —I
P(n):a+ar+ar’ +..+ar"" =M
r—

For n = 1, we have

u(r'—l)

P(I):a=W=

a , which is true.

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

) k-1 a(rk—l) ’
a+ar+ar: +...... +ar’ = __l R 63
r—

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

Consider

mm Wondershare

H  PDFelement



http://cbs.wondershare.com/go.php?pid=5239&m=db

https://millionstar.godaddysites.com/

mm Wondershare

Remove Watermark g PDFelement

{a+ur+ar: F vernns +ar”} + gt

=%+ar‘ [Using(i)]

a(r* =1)+ar* (r-1)

r—1

a(r‘ - l)+ ar**' —ar*

r—1

A+ £
ar* —a+ar* —ar

r—1
_ ar* —a
T -l
a(r“' l)
- r—1

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.

Question 13:

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

(1+%][|+%)(1+%]...(1+(2—Z:ﬂ)=(n+|): 60 ‘\QQ)

Answer 13:

Let the given statement be P(n), i.e., \(& Q
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For n = 1, we have

3 2 2 . .
P(l):(l +T) =4=(1+1) =2 =4, which is true.
Let P(k) be true for some positive integer k, i.e.,

(1+%](|+%)(1+-;)...[|+(2’;fl)}=(k+l)" . (1)

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

Consider

(1+3) 1 3)(13)- 1 C2 o 0
=(I.-+I)2[|+2((,;:71|_)):I} [Using(l)]
= (k+1) —(k+l)2+2(k+l)+|]

(k+1)°
=(k+1) +2(k+1)+1

={(k+l)+l}:

Thus, P(k + 1) is true whenever P(k) is true. @ Q
Hence, by the principle of mathematical induction, statement P(n) '@Je cb'
for all natural numbers i.e., N.

>[5 1< Q&
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Question 14:

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

()2

Answer 14:
Let the given statement be P(n), i.e.,

P(ii):(l+%][l+%)(l+%]...(l+'l1)=(n+|)

Forn = 1, we have
P(l):(l+%)=2=(l+l) , Which is true.

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

P(k): s I+% baas].. I+L_ =(k+1) (1) (4]
oot g

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

Consider %
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=(k+1) l+k—) [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.

Question 15:

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

. n(2n-1)(2
Fasteste, s (iet) = M) 2nD)

Answer 15: 60 ‘\0

Let the given statement be P(n), i.e., @
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n(2n—1)(2n+1)

P(n)=1P+3*+5 +..+(2n-1) = 3

For n =1, we have

g N20-1)(2141) 113
P(l)=1'=]= ] =5

=1, which is true.

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

P(k)=1"+3+5%+..+(2k-1) = k(»zk_lj)(Zk t) ()

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

{lz +37 45 +...+(2k—l)2}+{2(k+l)—l}

= "(2""3)(2k+')+(2k+2-1)’ [Using (1)]

_k(2k=1)(2k+1)

2

+(2k+1)°

_k(2k=1)(2k+1)+3(2k +1)°

3 .
_(2k+1){k(2h=1)+3(2K+1) 60 c‘)\\o
3
(2k+1){2K* —k + 6k +3) ,b\% R
= : C_)’\
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_(2k+l){2k2+5k+3}
N 3
 (2k+1){24% + 2k +3k +3}
- 3
_ (26 +1) {2k (k+1)+3(k+1)}
3

_ (26 +1) (£ +1)(24 +3)

3
(e 2(k+ D) -1 {2(k+1)+1

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.

Question 16:

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

LI e NS )
14" 47 710 7 (3n-2)(3n+1) (3n+1) b\} )

Answer 16: &6 Q
Let the given statement be P(n), i.e., \(b Cb_

> < Q&
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P(n)

For n=1. we have

P(1 =L=;=1=L. which is true.
1.4 3.1+1 4 14

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

I l I k

|
P(K) =ttt
O a7 0 Gr ) ) ke

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

Consider

1472777100 T Bn-2)(Gn+1)  (3n+1)

()
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F o H oy | I
{§+H+m+"'+ (3k —2)(3k + l)}+ 3(k+1)-243(k+1)+1}

k | .
T3kl (Gk+1)(3k+4) [Using (1)

[ I
=(3k+l){k+(3k+4)}
1 {k(3k+4)+l}

T Gk+1)| (3k+4)

— A 3%+ Ak +1
S (Bk+1)| (3k+4)
0 [k +3k+ k1]
(Gk+1)|  (Gk+4) |
~ (Bk+1)(k+1)

Bk +1)(3k+4)

_ (k+1)
T 3(k+1)+1

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. 60 \0
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Question 17:

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

| L 1 n

1
+..+
35 57 179 (2n+1)(2n+3) 3(2n+3)

Answer 17:

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

P(n):L+L+L+...+ I =0
35 57 179 (2n+1)(2n+3)  3(2n+3)

Forn = 1, we have

1 1
P l e = . . .
(1) 35 3(21+3) 35 ' which is true

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

S =
35 57 79 7 (2k+1)(2k+3)  3(2k+3)

P(k):L+ l +L+ ! : (1) ‘\C)Q)

We shall now prove that P(k + 1) is true. Consider \(b CB'Q
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I 1 1
—_— ..+ +
35 5T 79 (2k+l)(2k+3)] {(2(k+1)+1}{2(k+1)+3)

k 1 .
T3(2k+3)  (2k+3)(2k+3) [Dsing (1]

-1 |k, 1
(2k+3)| 3 (2k+3)
1 [k(2k+5)+3
C(2k+3)| 3(2k+3)
1 [k +5k+3
(2k+3)| 3(2k+5)
1 [ 2K +2k+3k+3
T(2k+3)| 3(2k+5)
1 [ 2k(k+1)+3(k+1)
C(2k+3)| 3(2k+5) }
 (k+1)(2k+3)
3(2k+3)(2k +5)
(k1)
3{2(k+1)+3)

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

& <L
Hence, by the principle of mathematical induction, statement P(n) is true @ O

for all natural numbers i.e., N. % QK@
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Question 18:

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

Answer 18:
Let the given statement be P(n), i.e.,

It can be noted that P(n) is true for n = 1 since

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

We shall now prove that P(k + 1) is true whenever P(k) is true. &% Q

Consider %\Cb %_
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(142+..4k)+(k+1)< l(2/( #1) +(k+1) [ Using(1) ]
{(‘M +1)° +8(k +l)]

k% + 4k + 1+ 8k +8}

A
0| =— 00—~ 0| — OOI— 001—

A

A

<t
{47 +12k +9]
(24
2

(k+1) +I}

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

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.

Question 19:
Prove the following by using the principle of mathematical induction for all

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

Answer 19: @
Let the given statement be P(n), i.e., K% Q

P(n): n(n + 1) (n + 5), which is a multiple of 3. %’\Cb %_

It can be noted that P(n) is true forn = 1since1 (1 + 1) (1 + 5)<\
N4
- D

which is a multiple of 3.
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Let P(k) be true for some positive integer k, i.e.,

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

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

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

Consider

(k+1){(k+1)+ 11}k +1)+5]

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

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

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

=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
Therefore, (& + l){(k +1)+ l}{(k +1) +S} is a multiple of 3.

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

Hence, by the principle of mathematical induction, statement P(n) is true 60 \Q
for all natural numbers i.e., N. @
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Question 20:
Prove the following by using the principle of mathematical induction for all
neNn:

1027-1 + 1 is divisible by 11.

Answer 20:
Let the given statement be P(n), i.e.,

P(n): 102"-1 4+ 1 is divisible by 11.

It can be observed that P(n) is true forn = 1

since P(1) = 1021-1+ 1 = 11, which is divisible by 11.
Let P(k) be true for some positive integer K,

i.e., 102~ 1+ 1 is divisible by 11.

~10%-1+1 =11m, where me N ... (1)

We shall now prove that P(k + 1) is true whenever P(k) is true. 60 c}

Consider %
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10°* 0 4

=101 41

=10"""" +1

=107 (107" +1-1)+1

=107 (10" +1)—10% +1

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

=11(100m —9)

=11r. where r =(100m—9) is some natural number

Therefore, 10" 41 is divisible by 11.
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.
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Mathematics

(Chapter — 4) (Principle of Mathematical Induction))
(Class - XI)

Exercise 4.1

Question 21:
Prove the following by using the principle of mathematical induction for all

neN:
x21 — y2n is divisible by x + y.

Answer 21:
Let the given statement be P(n), i.e.,

P(n): x2" — y27 is divisible by x + y.

It can be observed that P(n) is true for n = 1.

This is so because x2*1 - y2x1 = x2 — 2
(x + y).

(x + y) (x = y) is divisible by

Let P(k) be true for some positive integer k, i.e.,
x?k — y2k js divisible by x + y. Q)
~Let x2k - y2k = m (x + y), where me N ... (1) @

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

Consider Q KQ
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2k +1 2(k+
(k1) _ 3,301

x )

s S _y:t V2

. (x:A — gy )_y:& oy

= x* {m(x+ y)+ ™ } A [Using (I)]

3 2 -~
2k .2

=m(x+y)x*+y* x'—)
=m(x+y)x®+p™ (x: = ",2)
=m(x+y)x*+y* (x+y)(x-y)

=(x+ ,_v){mx: +y™ (x-_v)} . which is a factor of (x+ y).
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.

Question 22:
Prove the following by using the principle of mathematical induction for all

neN: 32"+2-8n -9 is divisible by 8.

Answer 22: @ (b
Let the given statement be P(n), i.e., &% QK
P(n): 32"+2 - 8n - 9 is divisible by 8. %’\{b CB.

It can be observed that P(n) is true forn =1 Q &Q

> 1< Q&


http://cbs.wondershare.com/go.php?pid=5239&m=db

https://millionstar.godaddysites.com/

mm Wondershare

Remove Watermark PDFelement

since 32*1+2 -8 x 1 - 9 = 64, which is divisible by 8.

Let P(k) be true for some positive integer
k, i.e., 32k+2 - 8k - 9 is divisible by 8.
~3%k+2_8k -9 =8m; wheremeN ... (1)

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

33|'l"|)02_8(k+l)_
3*+4.3° -8k —-8-9
31(3- *-—8k—9+8k+9)—8k—|7

37 (37 —8k—9)+3" (8k +9) -8k —17
~9.8m+9(8k+9)—8k —17
=98m+72k+81-8k-17

=9.8m+ 64k +64

=8(9m+8k +8)

=8r, where r =(9m + 8k +8) is a natural number

Therefore, 3***'"** —8(k +1)—9 is divisible by 8.

RO N

Hence, by the principle of mathematical induction, statement P(n) is true % Q&(b

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

for all natural numbers i.e., N. \{b
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Question 23:
Prove the following by using the principle of mathematical induction for all

nenN:

41" - 14" is a multiple of 27.

Answer 23:
Let the given statement be P(n), i.e.,

P(n):41" - 14"is a multiple of 27.
It can be observed that P(n) is true forn =1

since 41'-14' =27 , which is a multiple of 27.

Let P(k) be true for some positive integer k, i.e.,
41k — 14% is a multiple of 27

241k — 145k = 27m, where m € N ..o (1)

We shall now prove that P(k + 1) is true whenever P(k) is true. 60 ,’\\FJ

Consider &
YN
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=41(41" —14° +14" ) 14" 14
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=41.27m+14" (4] -14)
=4127m+27.14"
=27(41m—14")
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=27 xr, where rr = (4 lm—14* ) is a natural number

b+l

Therefore, 41" —14**" is a multiple of 27.

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.

Question 24:

Prove the following by using the principle of mathematical induction for all

neN:

(2n +7) < (n + 3)2

Answer 24:
Let the given statement be P(n), i.e.,
P(n): (2n +7) < (n + 3)2

It can be observed that P(n) is true forn =1

since 2.1 + 7 =9 < (1 + 3)%2 = 16, which is true.

Let P(k) be true for some positive integer k, i.e.,
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Rk +7) < (k+3)..(Q1)
We shall now prove that P(k + 1) is true whenever P(k) is true.
Consider

2(k+1)+7}=(2k+7)+2

s f2(k+1)+7) =(2k+7)+2 < (k+3) +2 [using (1)]
2(k+1)+7 <k’ +6k+9+2

2(k+1)+7 <k’ +6k+11

Now, k* +6k+11<k’ +8k+16

L 2(k+1)+7 <(k+4)
2(k+1)+7 <{(k+1)+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.
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