tovaLeoucarton MATHEMATICS

Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

CH4 - PRINCIPLE OF MATHEMATICAL INDUCTION
Exercise 4.1 page: 94

Prove the following by using the principle of mathematical induction for all
n € N:
1.

(3"-1)

2

1+34+3" +...+3" =

Solution:
We can write the given statement as

Pl +3 28 5. 235 sl
2

Ifn=1 we get

2
= = |_

2 2 2

peiy 1371 _3-1

Which is true.
Consider P (k) be true for some positive integer k

: (3 -1) :
1+3+3 +...+3"7 = = A1)

Now let us prove that P (k + 1) 1s true.

Here

S e LT R e T e D e

By using equation (1)

(3% -1
- { 2 - }+3l.
Taking LCM
(3* -1)+2.3"

-

Taking the common terms out

(1+2)3" =1
B 2

We get

3359

7
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P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true

for all natural numbers, i.e., n.
2.

s . (n(n+1)Y
Frginte gl (M)
i
", = !
Solution:
We can write the given statement as
o w oo : +1)Y
P(n) l-'+2*—3-'+...—n*:[M
'\ 2 !
Ifn=1 we get
(=Y 1oy .,
p(1): 13 = 1=( 10+1) (2] —r=
9 9
L o / Ao
Which is true.

Consider P (k) be true for some positive imnteger k

: . (k(k+D)Y
F+2 +3 +...+k =| s }|
5
-
Now let us prove that P (k + 1) 1s true.
Here
P+2+33+  +B+(+1P=(3+25+33+_ _____+IO+(k+1p
By using equation (1)
[.{:{k +1)
2

h Z

1 +{k+ I}i
S0 we get

= k:{k*”:+[.&+l}

Taking LCM

K (k+1) +4(k+1)°
4
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Taking the common terms out
()R (k1))
4
We get
(k+1)"{&" +4k+4}
4

T =

(k+1) (k+2)
e

By expanding using formula

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

4

F

(k+|}{k+|+l}‘|3

~

B Fi

P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

3.
| ] I 2n
+ + +...t =
(1+2) (1+2+3) (L+2+43+..1) (n+1)
Solution:
We can write the given statement as
4
Pin): 14 [ I Foo.d ] e
1+2 1+2+3 1+2+3+.n n+l
Ifn=1we get
Py 1=2L_2_,
1+1 2
Which is true.
Consider P (k) be true for some positive integer k
1 1 1 2k .
14 +... ;.4 = (1)
1+2 1+2+3 |+2+3+..+4 k+1

Now let us prove that P (k + 1) 1s true.
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Here
I I I I

1+ + +...+ +

(43 14243 LA 434tk T L2130 b b (R 2 1)

T, | 1 A |
=1+ + +..+ -

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

By using equation (1)
2k 1
= +
E+1 14243+ +k+(k+1)

We know that

nin+l)
1+2+34+.. . +n= -

So we get
2k I
= G
k+1 ((k+1)(k+1+1))
2

It can be written as
2k 2
= +
(k+1)  (k+1)(k+2)
Taking the common terms out
.
o P
(k+1)\ k+2)
By taking LCM

2 [xff_x-—zm]

T T

L

We get

_ 3 ‘“k-‘+1k+|1
k+1) k42
(E+1)4

i

2-(k+1)°
(k+1)(k+2)

2(k+1)

(k+2)
P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.
4
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_n{n+ 1)(n+2)(n+3)
4

123+234+ __+n(n+1)(n+2)

Solution:

We can write the given statement as

P(N): 123 +234 + __+n(n+ 1) (n+2)="1+1(n+2)(n+3)

4
Ifn=1we get
- S :
Pty 123262 01+1)(1+2)(1+3) 1234 _
dh 4
Which 15 true.

Constder P (k) be true for some positive integer k

123+234+ _+kik+1)(k+2) = i (-E_”H:z]“ _3} i)

Now let us prove that P (k + 1) 1s true.
Here

123+234+ _ +k(k+DE+D)+ R+ R+ (+3)={123+234+ __ +k(k+1)(k+
M+ E+DGE+DE+3I)

By using equation (1)
K(k+1)(k+2)(k+3

- ; Ly (k1) (k+2)(k+3)

So we get

'

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

£+|\|
Ty

It can be written as
(K+1)(k+2)(k+3)(k+4)
4
By further simplification

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

4
P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true

for all natural numbers, i.e., n.
5.

13423 +3.3 +..+n3"=

(2n—-1)3"" +3

1
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Solution:
We can write the given statement as
P(n) 1 134232 +3.3 4.4 13" =(z”—1}#

Ifn=1 we get

p1) 13=3_(21-1)3"+3 _3"+3_12
- 4 4 4

Which 1z true.
Consider P (k) be true for some positive integer k

+ ..+ k3 =—{:k_]}3“+3
e ;

‘. 3
1.342.3°+3.3

Now let us prove that P (k + 1) 1s true.
Here
13+232 4333+ _+B4E+ 1) ==13+232+335+__+k35+(k+1)3™

By using equation (1)

2k—1)31+3 .
(2RSS e
a .

By taking LCM

(26 -1) 3 +3+4(k +1) 3t

Taking the common terms out
32k -1+ 4(k+1)}+3
i 4

By further simplification
_3"' 16k +3} +3

A 4

Taking 3 as common

3302k +1} +3

4
32k + 1)+ 3

- 4
12(k+1)—1}3" +3

} 4

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

for all natural numbers, i.e., n.
6.

+1 2
2+ 2,3+3,4+,..+n.{n+l}—[”(”—g}{””i|

Solution:

We can write the given statement as

Pin): 1.2+ 1,3+3.4+...+n.{n+]}—[w}

3
Ifn=1we get
(1) 1222 1I+D+2) 123
3 3
Which 1s true.

Consider P (k) be true for some positive mteger k

R S +k,{fc+I]={M] o (i)

-

A

Now let us prove that P (k + 1) is true.
Here
12+23+34+ . +k(k+1)+(k+1). (k+2)=[12+23+34+ . +E(k+1)]+(k+1).(k+2)
By using equation (1)

k(k+1)(k+2
=¢~—{k +1)(k+2)

We can write it as

= (k+1)(k 4 1]|'§+1\:

We get
(k+1)(k+2)(k+3)

-
A

By further simplification

_(k+1)(k+1+1)(k+1+2)
3
P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.
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7.

nl4n’ +6n-1
1.343.5+5.7+...+(2n=1)(2n+1) = f )

-
5]

Solution:
We can write the given statement as

nld4n’ +6n-1
P(n): 1.3+3.5+5.7+...+(2n=1)(2n+1) = f }

3
Ifn=1 we get
(4.1 +6.1-1) 446-1 9
P{1}:1.3=3= = ===3
3 3 3
Which is true.
Consider P (k) be true for some positive integer k
k(4k* +6k—1) _
1.343.5+57+...... F(2k-1)(2k +1) = 22 |

Now let us prove that P (k + 1) 1s true.

Here

(13+35+57+.. +Qk-1DCE+ D+ {206+ 1) -1} {2(k+ 1)+ 1}
By using equation (1)

k(4% + 6k -1
=[;}}+{2f;+2—lj{2f;+2+l}

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHI,CANTT - 110010




tovaLeoucarton MATHEMATICS

Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

:M+{Zk+2—lj[2k+2+ 1)
On further calculation
k(4k +6k—1)
3
By multiplying the terms

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

k(47 + 6k 1)

5
i}

+( 44" +8k +3)
Taking LCM

k(47 + 6k —1)+3(4k + 8k +3)

3
By further simplification
A6k —k+125" + 24k +9

.
|

S0 we get

4k + 18k + 23k +9
3

Tt can be written as
AR 14K 9k + 4k + 14k +9

-
S |

k(45 + 14k +9)+ 1( 45" + 14k +9)
- 3
Separating the terms

(k+1){4k" + 8k + 4+ 6k +6-1]

ey
s |

Taking the common terms out

:{k+|}{4{k’+:k+|'}+{~..{k+|]—|}
3

Using the formula
1 ¥ : 3 |
(£ +I}14{_ﬁ1’v1} +6(k +|}—]}>

-
b ]

P (k + 1) is true whenever P (k) is true.
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Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

8.12+2224+3224 ...+ n22=(n-1) 22142
Solution:

We can write the given statement as

P(n):12+ 2224322+ ...+ n27=(n-1) 271+ 2
Ifn =1 we get
P(1):12=2=(1-1)2H#14+2=0+2=2

Which is true.

Consider P (k) be true for some positive integer k
1.2+4+2224+3224 ..+ k2k=(k-1)2k+1 42 ... (0)
Now let us prove that P (k + 1) is true.

Here

By using equation (1)
=(k=1)2""+2+(k+1)2""
Taking the common terms out
=2 Mk -1)+(k+1)} +2

S0 we get

=210k

It can be wniten as

=k 2V 40

={(k+1)-1}2%" +2
P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true

for all natural numbers, i.e., n.

0.

1 1 l 1
p—t =4 =1

¥l i 2"
Solution:
We can write the given statement as
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ot =1-

: 1
8 P 2"

P(n): ~ + l

Ifn=1 we get

Which 1z true.
Consider P (k) be true for some positive integer k

1 1 1 1 1 .
— b ] - (1)
2 4 8 2 2

Now let us prove that P (k + 1) 1s true.

Here

It can be written as

|
P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.
10.

i +L+ : sy l _”
25 58 8.11 (3n-1)(3n+2) (6n+4)

Solution:

=1-
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We can write the given statement as

] ] ] 1 ]
Pin}: e e o e ¢ =
(n) 25 58 &.11 [31?- 1)(3n+2) (6n+ 4}
Ifn=1 we get
p{”:L:i: ! =i
25 10 6.1+4 10
Which 15 true.

Consider P (k) be true for some positive integer k

Ak | I k

e _=
5.8 %01 (3k-1)(3k+2) 6k+4

2.3

v

Now let us prove that P (k + 1) 1s true.

— - + +
25 58 811 (3k-1)(3k+2) |3(k+1)—1}{3(k+1)+2]

By using equation (1)
ok |
6k+4 (3k+3-1)(3k+3+2)

By simplification of terms
e o 1
6k +4 (34 +2)(3k+5)
Taking 2 as common
k N l
2(3k+2) (3k+2)(3k+5)

Taking the common terms out
|
(3k+2)\ 2 3k+5,

(k1 )

Taking LCM
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o "ﬁ'{lﬂ-—5j+2"'|
C(Gk+2) 2(3k+5)

A

By multiplication

i "

I8k 2
2(3k+3)

1
(3k+2)|

Separating the terms

| ’[3A-+z}(a-+|}“‘|
(3k+2)|  2(3k+5)

By further calculation

. [A-+I]
6k +10

S0 we get
(k+1)
6(k+1)+4
P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

11.
I I I I n{n+3)
+ + +.ot =
1.23 234 345 n(n+1)(n+2) 4(n+1)(n+2)
Solution:
We can write the given statement as
P(n) I . I i ]_+m* I _ n(n+3)
123 234 345 n(n+1)(n+2) 4(n+1)(n+2)
Ifn=1 we get
1-{1+3 .
p{”: I = {+} .= 14..: t.
1-2.3  4{1+1)(1+2) 4.2.3 1.2.3
Which 1s true.
Consider P (k) be true for some positive integer k
I I _ k(k+3)

1)

| l
+ + +..+ =
1-2.3 2.3-4 3:4-5 7 k(k+1)(k+2) 4(k+1)(k+2)
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Now let us prove that P (k + 1) 1s true.

Here

I
+ +

|
1-2.3 2.3.4 3.

o | —

| 1
~:‘~+"'"+k[f: 1) (k4 2]J+(J; F1) (k+2)(k+3)

By using equation (1)
_ k(k+3) N I
C4(k+1)(k+2)  (k+1)(k+2)(k+3)

Taking out the common terms

1 [k(k+3), 1 |
(k+1)(k+2)| 4 k+3|
Taking LCM

) 1 jk{ﬁ- +3) +4|
(k+1)(k+2) | 4(k+3) |

Expanding using formula
B I | k(& +6k+9)+4

(A +1)(£+2) | 4(k +3)
By further calculation

} I |k +6k% + 9%k +4|
(k+1)(k+2)|  4(k+3) |

We can write 1t as

| <I¢‘+2&f+,q-+4ﬁ--‘—m-+4”>

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

Taking the common terms
) I | k(K +2k+1)+4(k* +2k +1)|
C(k+1)(k+2) | 4(k +3) |'

We get

| [k(k+1) +4(k+1)" )
(k+1)(k+2) | 4(k+3)
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Here

(k1) (k+4)
C4(k+1)(k+2)(k+3)

B {k+|}{{e’i+l]+3}
Ak 1)+ (K +1)+2)
P (k + 1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.
12.

| u{:r"—lll

a+ar+ar +..+ar'" = !
r—

Solution:

We can write the given statement as

alr’"—1
P(n):a+ar+ar’ +..+ar"" = {‘ ] )
r—

Ifn=1 we get

Which 15 true.

Consider P (k) be true for some positive integer k

d+ar+ar” +........ +ar’ = . (1)

Now let us prove that P (k + 1) 1s true.
Here

n 2 k-1 {k+1]-1
i” 4+ ar” *...a+ar E +ar !

By using equation (1)

'3
LI{!' l} ,
= +ar
=1

Taking LCM

~ r.r(r'g —1}+.:/:.r’i (r—1)

r—1
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Multiplying the terms

u{r" - ]}+ ar'™ —ar*

r—1

S0 we get

art —g+ar' —-ar*

r—1
By further simplification

ar'™ —a

r—1
Taking the common terms out

_u{f'“ —1}

r—1

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

(NCERT SOLUTION)

[ CLASS XI ]

Therefore, by the principle of mathematical induction, statement P (n) is true

for all natural numbers, i.e., n.
13

(1314201

("JI:I-I]‘I

H-

{.I.P—I-I}:

.-'I .

Solution:
We can write the given statement as

P{n}:[l+| [ J‘I+ ] ‘I s ]—{”“}1

Ifn=1we get
{ 3 = .
P(1):| 1+5 |=d=(1+1) =2° =4,

Whach 15 true.

Consider P (k) be true for some positive integer k

(] *%J[”;J[] +g]...[l+(3‘ij1}:]= (k+1)

Now let us prove that P (k + 1) 1s true.

Here
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' 5‘ " £+l} | IE{M]}HH
l+ ‘|1+4J u) { 2 JHH {;.-+1}'1 ]

By using equation (1)

_{&+|}:{|+2{[£_ I.l].. lﬁ‘

+1)

Taking LCM

_[a’x+|]:[{'{"+]]f"'z{"r"\"']}"'l]
(k+1)

S0 we get

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

By further simplification

={{k F1)+ I}:

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

Therefore, by the principle of mathematical induction, statement P (n) is true

for all natural numbers, i.e., n.
14.

' |‘- l Y | e | ) :
|-x|+i,-|[|+5;|a1_EJ'”LH;,.-':{”HJ

Solution:
We can write the given statement as

L
P{H}:L|+TXH\[+E:I|I\]+§?J...I‘|.+;;I| {J'T+]J
Ifn=1we get
) 1)
P[I}:[I+T|:2:(l+i]

/

Which 15 true.

Consider P (k) be true for some positive integer k

k! g '| %

l,,.|l|+£—_ =(k+1) s 1)
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Now let us prove that P (k + 1) 1s true.

: )
I+I |...[I+1]-‘[1+ 1 ]

By using equation (1)

Here

[f 1V 1
1+ \1+ ]
B T

7 X

={;’r+|}LI+ I |

ﬂ'+1,.'

Taking LCM

'

()

By further simplification

=(k+1)+1

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

Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

15.

ot T B e (2n ]]'ﬂ = H{EH_.IE{&H I]_
=
Solution:

We can write the given statement as

n(2n—1)(2n+1)

P(r)=P+3+5+..+(2n-1) = -
Ifn=1 we get
: HZ1-1}2.1+1 1.3
p()=r =1=m )2 L3
i} 3
Which is true.

Consider P (k) be true for some positive mnteger k

. _k(2k-1)(2k+1)

P(k)=1+3"+5 +__+(2k-1) (1)

Now let us prove that P (k + 1) 1s true.

Here

(243 45044 (2k-1) L+ {2(k +1)-1)
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By using equation (1)

:ff[Ek—I]{]ffH}

A

+(2k+2-1)’

So we get

=k[2k—l][2k+]}

Taking LCM

F(2k+1)°

:&[2&—|]{2&+1}+3{2¢+1}"

Taking the common terms out

(2k+1){k(2k 1)+ 3(2k +1)]

=
=

By further simplification
(2k+1){2K* —k + 6k +3}
3
So we get
(2k+1) {247 + 5k +3}
3

We can write 1t as

(2k +1){ 247 + 2k +3k + 3}

=
2

Splitting the terms
(2k +1){2k (k+1)+3(k +1)]
3

We get
_{2.&' —]}[.ﬁ' +]}{2£‘ +3)
B 3

(k4 ]_}{EH ; [} I}{E{k F1) 4 1}

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

Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

16.
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1 1 I 1 . n

14" 47 700 " Gu-2)(3n+1) {3u+l)

Solution:

We can write the given statement as

P(n): LA 5 +... 4 : =

14 47 7.10 {3;:—2}{31}+l}:[3u+l}
Ifn=1we get
| 1 [l
P(ly=—= ==
1) 1.4 3.1+1 4 14
Which 15 true.

Consider P (k) be true for some positive integer k
| | 1 k
Plhk)=—++ T = I
(k)= 1.4 4? 7.10 (3k-2)(3k+1) 3k+1 M
Now let us prove that P (k + 1) is true.

Here

(2.3 .0 | | |
- + - + o P ; + -
|14 47 7.10 (3k=2)(3k+1)| {3(k+1)=2}{3(k+1)+1{
By using equation (1)

k. 1

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

So we get

s B

= — _A, + 2
(Gk+1) | (3k+4)]
Taking LCM

| |f1m+4+||
TGk + )| (3k+4 _|

Multiplymg the terms

1 [ +4k41]
Gk+1)| (3k+4) |
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It can be written as

C 1 [3k 43k +k+1]
(Bk+1)|  (3k+4) |

Separating the terms

C (Bk+1)(k+1)
(3k +1)(3k + 4)

By further calculation
_ {k+1)
(k+1)+1
P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true

for all natural numbers i.e. n.

17.
|

1 ] n

LES T .
35 57 79 (2n+1)(2n+3) 3(2n+3)
Solution:
We can write the given statement as

P[H}—]—L‘FL— + I = 4
'35 57 79 7 (2n+1)(2n+3) 3(2n+3)

Ifn=1 we get

Which 1z true.
Consider P (k) be true for some posttive integer k

1 | ] |

Pik): + + R eth = -
() 35 57 19 (2k+1)(2k+3)  3(2k+3)

Now let us prove that P (k + 1) 1s true.

Here

I-+-l+](+ +1 I’} +h ‘r]l'} 2
35 57 19 (26 +1)(2k+3) | {2(k+1)+1}{2(k+1)+3

By using equation (1)
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k 1
.
3(2k+3)  (2k+3)(2k+5)

So we get

1|k |
= P s
(2k +3}{3 {2k+5}]
Taking LCM

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

Multiplying the terms

1 [262+5k+3
(2K +3)| 3(2k+3)

It can be written as

I [ 2K + 2k +3k+3
(2k+3)|  3(2k+5)
Separating the terms

L1 [2k(k+1)+3(k+1)
(2k+3)| 3(2k+5)

By further calculation

" (k+1)(2k+3)
C3(2k+3)(2k+5)

Y (k+1)

C302(k+1)+3)

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

Therefore, by the principle of mathematical induction, statement P (n) is true

for all natural numbers, i.e., n.
18.

1 12
1|2|3}...+uqa{2n|lj'

Solution:
We can write the given statement as
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P{n):1+2+3+..4 f?{é-[jj?-' l}'l

Ifn=1 we get

1 » 9
l<—[2.1+1) =

Which 1s true.
Consider P (k) be true for some positive integer k

um...-mé{:;m] (1)

Now let us prove that P (k + 1) 1s true.

Here
(14 2+ %)+ (k4 l}c:é{ﬂk 1) +(k+1)
By using equation (1)
1y 2
{E{[zku] +8(k+1)
Expanding terms using formula
2 {4k + 4k + 1+ 8k + 8]
8
By further calculation
o {4k + 12k +9)
2 )

So we get

| ;
< —{2k+3)
L(2k+3)

:;é{z{k—l}n}‘

1

{I+1+3+...+k}+{k+l]«:l&{2k+lj +(k+1)

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

Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

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

Solution:

We can write the given statement as

P(n):n (n+ 1) (n+ 5), which is a multiple of 3
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Ifn =1 we get

1(1+1)(1+5)=12,which is a multiple of 3
Which is true.

Consider P (k) be true for some positive integer k
k(k+1) (k+5)is amultiple of 3
k(k+1)(k+5)=3m,wheremé€N ...... (D)

Now let us prove that P (k + 1) is true.

Here

k+1D){(k+1D)+1}{(k+1)+5}

We can write it as

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

By multiplying the terms

=k+1D)&k+2)k+5) +(k+1)k+2)

So we get
={kk+1)k+5+2k+1)k+5}+&k+1)(k+2)
Substituting equation (1)

=3m+ (k+1){2(k+5)+ (k+2)}

By multiplication

=3m+ (k+1) {2k+ 10+ k + 2}

On further calculation

=3m+ (k+1) (3k+12)

Taking 3 as common

=3m+3(k+1)(kk+4)

We get

=3{m+ (k+1) (k+4)}

=3 X qwhereq={m + (k+ 1) (k+ 4)} is some natural number
(k+1){(k+ 1)+ 1}{(k+ 1) + 5} is a multiple of 3
P (k + 1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

20.1022-14 1 is divisible by 11

Solution:

We can write the given statement as

P (n): 1022-1+ 1 is divisible by 11

Ifn =1 we get

P (1) =1021-141 =11, which is divisible by 11
Which is true.

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHI,CANTT - 110010




tovaLeoucarton MATHEMATICS

Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

Consider P (k) be true for some positive integer k
1024-1+4 1 is divisible by 11

1024-14+ 1 =11m,where me€N ...... (1)

Now let us prove that P (k + 1) is true.

Here

102&+D-141

We can write it as

—102k+2-14 1

=10 2k+1 + 1

By addition and subtraction of 1
=102(10%1+1-1)+1

We get

=102 (10%k14+1)-102+1

Using equation 1 we get

=102.11m-100+1

=100 X 11m - 99

Taking out the common terms

=11 (100m - 9)

= 11 r, where r = (100m - 9) is some natural number
10 2+ D -1+ 1 js divisible by 11

P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

21. x2n - y2njg divisible by x+ y

Solution:

We can write the given statement as

P (n): x27 - y2nis divisible by x+ y

Ifn =1 we get
P(1)=xx1-p2x1=x2-y2=(x+ y) (x-y), which is divisible by (x +y)
Which is true.

Consider P (k) be true for some positive integer k
x2k — y2kis divisible by x+ y

x2k— y2k=m (x+ y), where meN ...... (D

Now let us prove that P (k + 1) is true.

Here

x 20k +1) — y 2(k + 1)

We can write it as
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=x 2k, x2 - y2k y2
By adding and subtracting y2k we get

= x2 (x2k — y2k 4 y2k) — y2k y2

From equation (1) we get

=x*{m (x +y) + y*} -y2k y?

By multiplying the terms

=m (X +y) x? + y?k x2 - y2k y2

Taking out the common terms

=m (X +y) x* + y2k (x2 - y?)

Expanding using formula
=m(x+y)x*+y*x+y)(x-y)

So we get

= (x +y) {mx2 + y2k (x - y)}, which is a factor of (x + y)
P (k + 1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

22.322+2-8pn-9 is divisible by 8

Solution:

We can write the given statement as

P (m): 3272+2 - 8n- 9 is divisible by 8

Ifn =1 we get

P (1) =32x1+2-8 x 1 -9 = 64, which is divisible by 8
Which is true.

Consider P (k) be true for some positive integer k
32k+2 - 8k-9 is divisible by 8

32k+2 - 8k-9 =8m where meN ...... (D

Now let us prove that P (k + 1) is true.

Here

320+ D+2-8(k+1)-9

We can write it as

=32%+2 32-8k-8-9

By adding and subtracting 8k and 9 we get

=32 (3%+2-8k-9+8k+9)-8k-17

On further simplification

=32 (3%+2-8k-9)+32(8k+9)-8k-17

From equation (1) we get

=9.8m+9 (8k+9)-8k-17
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By multiplying the terms
=9.8m + 72k +81-8k-17

So we get

=9.8m + 64k + 64

By taking out the common terms

=8(9m + 8k + 8)

= 8r, where r = (9m + 8k + 8) is a natural number
So32k+D+2_8 (k+ 1) -9isdivisible by 8

P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

23.412- 147is a multiple of 27

Solution:

We can write the given statement as

P (n):417 - 147is a multiple of 27

Ifn =1 we get

P (1) = 41! - 141 = 27, which is a multiple by 27
Which is true.

Consider P (k) be true for some positive integer k
41k - 144s a multiple of 27

41k-144=27m, where meN ...... (D)

Now let us prove that P (k + 1) is true.

Here

41k+ 1-14 k+1

We can write it as

=41k 41 - 14k 14

By adding and subtracting 14k we get

=41 (41k - 14k + 14k) - 14k 14

On further simplification

=41 (41k - 14%) + 41. 14k - 14k 14

From equation (1) we get

=41.27m + 14k (41 - 14)

By multiplying the terms

=41.27m + 27. 14k

By taking out the common terms

=27 (41m - 14k)

= 271, where r = (41m - 14X) is a natural number
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So 41k+1 - 14k+1js a multiple of 27

P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.
24.(2n+7) < (n+ 3)2

Solution:

We can write the given statement as
P(n): 2n+7)<(n+ 3)2

Ifn =1 we get
21+7=9<(1+3)2=16

Which is true.

Consider P (k) be true for some positive integer k
Ck+7)<(k+3)2..(1)

Now let us prove that P (k + 1) is true.
Here

2k+1D)+7}=02k+7)+2

We can write it as

={2(k+1)+7}

From equation (1) we get
2k+7)+2<(k+3)2+4+2

By expanding the terms
2(k+1)+7<k2+6k+9+2

On further calculation
2(k+1D)+7<k+6k+11

Here k? + 6k + 11 <k?+ 8k + 16

We can write it as
2(k+1D)+7<(k+4)2
2(k+1D)+7<{(k+1)+ 3}?

P (k + 1) is true whenever P (k) is true.
Therefore, by the principle of mathematical induction, statement P (n) is true
for all natural numbers, i.e., n.

%k 3k %k %k %k k 3k %k k %k 3k %k k %k %k k k
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