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CBSE Class-11 Mathematics
NCERT Solutions
Chapter - 4 Principle of Mathematical Induction

Exercise 4.1

Prove the following by using the principle of mathematical induction for all 77 £ N:

i ) 3% 1]
Lis3+3°+ +3"‘1=[- —
Ans. Let P ['_::-_'| =1+3+3*+ +3*! _ [.3 -_1.]
¥
For s =1
. 3 -1
=‘=‘-‘P[.1_|=1=[- -
—=1=1
~.P(1) istrue.
Now, let P[] be true for » =
=P(k)=1+3+3"+_ . +37 _ S N @
¥
For ps = k+1
L : g (3T-1) |
= P(k+1)=1+3+3"+__. +377 43" = —— 43" [Usingeq. ()]
P ~ ok P i+l
Z‘r‘-‘P['_Ec+1_'I=3 1+23 :3.3 1:3 1

g ¥
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~P(k+1) is true.

Therefore, P | k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 £ N.

2. P+ 27+ + . +ir = —— |
' 2
. .| n(n+1)
Ans.Let Pn|=1"+2"+3 + + =) —
For =1
1[1+1]
= P(l]=1=| |
=1=1
. P(1) istrue.
Now, let P | a:-:| be true for 3 =k
s k(s
:J’P[k]zl'-l—:'-kj'-l— __________ +_A:'=IT| .......... (1)
For o= k+1
P(h+1)=P+2+3+ _ +& +(k+1)
(k(k+1)T

=.—| +(k+1)
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. . | &
= Plk+l)=(k+1) ] T+ﬁc+1 |

. L 4k+4 ]
= (k+1) — |

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

(k+1)(k+2) _|:

- ’

= P(k+1)=

S Pk+1) istrue.
Therefore, P |'j5c:| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

! 1 1 2
3. 1+- —+ - —t +- - = - ?.
(1+2) (1+2+3) (1+2+3+.+n) (n+])
P(n)=1+ N 1 N . 1 2
Ans. L ML) = . . . i U . - == -
ne e RV T ) 1+ 2+3) (1+2+3+...+n) (n+])
For =1
21

—=P(1)=1=222
. 1+1

—=1=1
- P(1] is true.

Now, let P[ 77| be true for 3 = [
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- ] 1 ] 2k
PR =1+t~ - = )
ST E) 1+ 2+43) (14243 +....+k) (k+])
For o= i+1
. 1 ] 1
— P(k+1)=1+——+- - .
ST R T (1+2+3) 14243+ +k)
. 1 2k 1 o
(=237 =k=1) [(k=1) [1=2-3=.k=1) (oWl
41
P(k+1)= =k +- .1. :
= VT T k41 (k1) (k+2)
2
2k 2
S T —
k1 (k+1)(k+2)

2 [ (k+1)7 | 2(k+1)
k+1| k+2 |  k+2

S Pk+1) istrue.
Therefore, P |'j5c:| is true..

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

n(n+l)(n+2)(n+3)

£123423 4+ +n(n+1)(n+2)= r
[ 32 1 9 s ATET !
Ans. Let P [-.;:..-] =123+234+ +n [-. . +1..] [.. i} +2._] _ (7 +1]) [_i'._:‘ 2)(n+3)
For 3 :1
lx2x3xd

= P(1)=1x2x3=
1 .
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—=6=6
- P(1) istrue.
Now, let P( :| be true for 3 = I

CP(k)=12342344 . +k(k+1)(k+2)= ) ”‘: SEES) o

For =k +1
CP(E+1)=123+234+ +h(k+1)(A+2)+(k+1)(k+2)(k+3)

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

P +(k+1){k+2)(k+3) [Usingeq. )]

= P(k+1)=(k+1)(k+2)(k+3)| 5 +1]

NPVRRORING T

= (k1) (k+2) (ke +3) —— |

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

= P(k+1)=

c P k+1) is true.
Therefore, P I'ﬁc:l is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 7z = N.

, . =113 + 3
5.13423° 433+ +n3t = 11

(2n-1)3" 43

Ans. Let P ['.;;._'] =13+23*+33+. . +n3" 1
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For 7 =1

(2x1-1)3""+3

= P(l)=1x3=
=3=3

~.P(1) istrue.
Now, let P ( :| be true for 3 = I

(2k—1)3""+3

P[k]=13+23:+333+ __________ +k.3:: _ .

For o= k+1

—
(2k—1)3"" +3

Pk+1)=13+23+33F+ +k3 +(k+1)37 = (k+1)3H
o (213 o
:*P[Ec+1]=[- ) +§+[k+1]3=-1
cal 2k—1 1 3
= 3"'1i +h+1|+=
L 1 4
] 2E-144k+47 3
= P(k+1)=3"" 2
e ] 4 13
_ :_-_1'f|5k+3~1: 3
=3 W J+_
o 33 (2k+1
> p(ken) =), 3

4

(2k+1)377 +3
4
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S Pk+1) istrue.

Therefore, P | k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 72 = N.

[ (n+1)(n+2) 1

[ (n+1)(n+2) 1

6. 12+234+34+ +n(n+l)=| 3

Ans.Let P(n)=12+23+34+ +n(n+l)=|

For 3 =1 _

= P(1)=1(1+1)= 11+1){+2)

=2=2

- P(1] is true.

Now, let P (7| be true for » =k

LP(R)=12.423 4 +k(k+])= ‘E‘['-‘E"”-'B”'-‘E"”-] .....
For w=k+1

PR+ =12+25+ +h(k+1)+(k+1)(k+2)

Kk )(k42) g e

= P(k+1) = (k+1) (k+2)| 3+1]
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. . JE+30
= k+1)(k+2) 3

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

o P k+1] istrue.
Therefore, P | k| is true.
Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

" ['_—h:-: + 6 —1_']

T13435 45T b +(2n-1)(2n+1) = 3

7 [..—hiz + 6m —1_']
3

Ans. Let p (n)=13+35+57+ ... +(2n-1)(2n+1) =

1] 4(1) +6x1-1]
For ?FZIP[1]=[2K1—1][2}{1+1]= | A 3 |

==3=3
~.P(1) istrue.
Now, let P 7 :I be true for 3 = I

k(4K +6k—1]
3

CP(K)=134354574  +(2k—1)(2k+1) =

For o= i+1

P(k+1)=13+35+5T+....... +(2k=1)(2k+1)+[2(k+1) 1] 2(k+1)+1]
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k(4K +6k-1) .
= “+[2(k+1)-1][ 2(k+1)+1]

= P(k+1)= e ?“ K +(2k+1)(2k+3)

_ 4K + 6k —k+3(4k +8k+3)

3
3 1 112 A
() PR k12K +24k+0
el 3

_ 4l +18K° +23k+9

3
_(E+1)( 4 +14k+9)

3

S Pk+1) istrue.

Therefore, P | k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 72 = N.

Ans.Let P(n)=12+22+32°+ +n.2" =(n-1)2"" +2
For n=1P(1)=1x2"=(1-1)2"" +2

—=2=2

~.P(1) istrue.

Now, let P (1| be true for 3; = I
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SP(E)=12+22 4327+ +i2 =(k-1)2""+2
For = Fk+1
P(l+1)=12+22"+32+ +h2 +(k+1) 27 = (k=1) 2" 42+ (k+1) 2%

= P(k+1)=(k-1) 27 +2+(k+1) 27

1l

Tk-1+k+1)+2
=27 % 2k +2= k27 42
S Pk+1) istrue.
Therefore, P( | is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 72 = N.

1 1 1 1
9. —+—+—+_ . +—=1-—
2 4 8 2 2
AnsLetP[a]_l+1+1+ __________ +i}_:1—i}_
2 4 8 2" 2"
1 1
FOI‘;I _]_P[].]—?_ _?
1 1
= —=—
2 2
. P(1) is true.

Now, let P(n) be true for 3; = [

P[A]__+_+l_|_ __________ +i=1_i
2 8 2 2
For y=Fk+1
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:;uP['ﬁc+1']=i+l+i+ __________ +i:_+i_1=1—i:_+f1_1
KT)=377 7 _ T T

. : "1 11
:}P['k-l_l']:l_ih?_ =

[ B

S Pk+1) istrue.
Therefore, P |'j5c:| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

1 1 1 1 r-

10 — +—+——+_ +- — =

25 58 811 (3n—1)(37+2) [6n+4)
UETYE U SN S 1 .

. H|l=—t—+——+ . . — - = .
e e Ty s s TR (3n-1)(3n+2) (6n+4)
For =1

. I ]
= P(l)=- — - = - .
[3x1-1){3=x1+2) (6x1+4)
11
10 10

S P(1) istrue.
Now, let P (77| be true for 3; = I

o111 1 k
Pkt A=
- $8 811 (3k—1)(3k+2) (6k+4)

Ly
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For o= k+1
—

Plk+l)= Lo L +- .; —t— 1 —
' ' 58 811 (3k-1)(3k+2) |3(k+1)-1]| 3(k+1)+2

5 5

ok 1
= P(k+1) = 5 + Groes)

. . 1 [k 1 ]
= Plk+1]=- — —+
[' ) (3k+2) | 2 3k+5_|

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

B 1
(3k+2)]

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

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

=P(k+1)= frl
' C o Bk+10

S Pk+1) istrue.

Therefore, P| k| is true.
Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

1 1 1 n(n+3)
11. + +o +— — - =
1.23 234 345 nin+l)in+2) 4in+l)in+2)
1 1 n(n+3)
+ + o +— — -
345 nin+l)n+2) dn+l)n+2)

Ans.Let P(n) =
-0 123 2134

For 1 =1
12/29
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~ 1 _ Ni+3)
T+ (1+2) 4(1+1)(1+2)

- P(1] is true.

Now, let P[ 77| be true for 3 = [

. 1 1 1 1 k(k+3)
=Plk|= + + —F e +— — - =
123 234 345 k[_k+l_][_k+ 2_] —1[_k+1_] [_k+2_]
For 37 = Ir+1
['k+1']['ﬁ:+—1']
—=R.H.S. = — —— —
—1[_k+ 2_] [_k+3_]
klk+3) 1
And L.H.S. = : ' + [Using eq. ()]

HE+2)(k+3) (k+1)(k+2)(Kk+3)

i 1 fﬁcf+3ﬁc+ 1
(E+1){k+2) 4 k+3

) 1 7k-‘+5kf+9ﬁc+4_|
(k+1)(k+2)  4(k+3)

) 1 (k41 (k+4) |
['_k+1_']['_k+2_’]i -1['_k+3_']

B [ﬁ. + 1.'] [ﬁ. + —1.']
 4{k+2)(k+3)

S Pk+1) istrue.
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Therefore, P| k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 7z = N.

. _oalr" -1y
2. svar+ar+. +arl=_2 '
r—1
- i _oalrt -1
AnS'LetP[?i]=c1r+c;rr+c;rr‘+ __________ = ;
o r—1
For =1
S
. alr —1|
= P(l)j=ar™=—
. r—1
= a=a
- P(1] is true.
Now, let P| a:-:| be true for 3 =k
. ﬂ oalr-1) .
= Plkl=a+ar+ar+. ... tarTt e &
o r—1
For pp = ik+1
el
rus. - 47 1
r—1
k_
S L.H.S. :% + ark [Using eq. (1)]
L.H.S. = ﬂ—i-'—a}‘::
r—1 r—
F ’ 1 -': el
=ar | —+1|——
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S Pk +1) istrue.
Therefore, P| k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 72 = N.

C3N sy T T 2m+1 .2
13. 14+— | 1+—  14+— ... 1+ Fﬁ =(n+l)
L 1_:_|:_"_ 4;' ) gil ) . f_I - :
A S AT I VA A " 2n+1Y .2
Ans.Let P(wn)= 14+—- 14+— | 1+— . 1+ ;ﬁ =(mn+1]
o 4 9) L ne )¢ '
. 2x141) .2
=4 -4
~.P(1) istrue.
Now, let P ::-:l be true for 3 = [
A S B T AT S A 2k+1 2
= Plk)=1+=| 14+— | 14+—=|. ... 1+ ———— =(k+1) . 6)
R ¥ N 4]0 9] \ Il
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For o= k+1
RHS.= (k+2)

- - ]
S LHS. = (Ek+1) l+ﬂ \[Using eq. (i)]
' ' |c+1] )

(k1) + 243 |

LHS. = (k+1)
o (ke+1)° ;__|

= i+ 4k +4=(k+2)
~P(k+1) is true.
Therefore, P( k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

14, 1+ 1+= | 1+— | .. 1+— | =(n+1]
Co1in 20 3) oon) '
AT A4 1 Foo1y :
Ans. LetP[r]— I+- 1 1+ 0 1+— 1+— |=(n+1]
L L) 20 3) L on) '
IRy
For r—lP[l]_ 1+T|_1+1
= 2=12
. P(1] is true.
Now, let P | r.-:l be true for 3 = I
A S BT N1 A .
= Plk)j=1+- | 1+— || 1+— .. 1+— | =(k+1)
oo 20 3) L k) '
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For o= k+1

RHS.= +2

-

-
k!

. N 1 3
S.LHS.= | k+1] 1+—— [Usingeq. (i)]
' A k+1)

(k+1+17

LHS. = (k+1)
S k+1 )

[ k+2)

S Pk+1) istrue.
Therefore, P | k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 72 = N.

2 n(2n—1)(2n+1)

15. 1:+3:+5:+ __________ +[2;|-E—1]‘ = 3

] o . F — 1 "'_I-_.I !
Ans. Letp['_,:,_']=12+3:+5:+ __________ +(2n-1) = m( 2m lj]['-h—'_l']
For 7 =1

i 'y o1 1% .
_ P['_l_']=['_2:x:1—1_']‘=1[-'K1 1)(2=1+1}

3
=1=1
~.P(1) istrue.
Now, let P ( :| be true for 3 = [
e e s . a2 k(2k-1)2k+1 .
—= P [_k_] =143 +5+ ... - [_2,?{ —1_] = ! N ). 6}

3

For o= k+1
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g o et 2k+1)(2k+3)
3

R.

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

. L.H.S.

+(2k+1)’ [Using eq. ()]

-2k +1) (52 + 2R+ 1))

- (2k+1) (2k2—k;—6k+3))

_(2k+1)( 2k +5k+3]
3

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

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

P ['_ﬁc + 1_'] is true.
Therefore, P |'j5c:| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

1 1 1 1 "
16. + + + ot + - — - = - .
14 47 710 (3n—2)(3n+1) (3n+1)

1 1 1
+ + P + - — - = - ? .
14 47 7.10 [3n—2)(3n+1) (3n+1)

Ans. Let P(n] =

For =1

1 1

P(1)= -
== GG Brae)

Material downloaded from myCBSEguide.com. 18/29


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets

—

| =
e | =

- P(1] is true.

Now, let P (] be true for 3; = I

o1 1 1 k
—= Pli|l=—+—+—+ +- — - = .

14 47 710 (3k-2)(3k+1) (3k+1)
For ps = k+1

E+1
RHS. = —

3 +1
" L.H.S. = . + :
U 3k+1 (3k+1)(3k+4)
L.H.S.=L'Ec+ : |

3k+1] 0 3k+4]

1 3 4+
3c+1] 3k+4

1 [(BR+N(k+1) | k1
3k+1| 3k+4  3k+4

S P(Ek+1) istrue.

Therefore, P | k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 2= N.

1 1 1 . 1 _onm
'35 57 79 (2n+1)(2n+3) 3(2n+3)
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c ]
Ans.Let P(n)=—+——+<

1 M

For 7 =1
. 1 1
= P(l)=- — - = — :
[2=x1+1)(2=1+3) 3(2x1+3)
1 1
= =
15 15

~.P(1) istrue.
Now, let P 7 :I be true for 3 = I

. 1 1 1
=Pl k|= + +

35 57 79

For 3 = k+1
RILS k+1
—R.H.S. = 3[..3__'_5..]
i 1
—L.HS. =

1 k

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

[ & 1
—+

(2k+3)1 3 2k+53

1 ._Eﬁc:+f~ﬁc+3_|
(2k+3)| 3(2k+5) |

1 ._['_k+1_']['_2ﬁc+3_']_|
(2kc+3)| 3(2k+3)

+
3(2k+3)  (2k+3)(2k+5)
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 k+l
- 3(2k+5)

S Pk+1) istrue.

Therefore, P | k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

18. 1+ 2+3+ ... +n c:é['_2?i+l_']:
Ans.Let P(n)=1+2+3+____. +n< é[:lic-+l_']:
For 31 =1

= P(1)=1= é['_2x1+1_']:

=1« E

8
~.P(1) istrue.
Now, let P # :| be true for 3 = I
Plk)=1+2+3+...... +k = é[’}kﬂ"}z .......... @)
For yy = k+1,

= Plhk+1)=1+2+3+_.... +thk+(k+l)= é[’_ﬂ-ﬂ_’]: +(k+1)

Now, adding | kz+1 on both sides of eq. (i), we have

Material downloaded from myCBSEguide.com.

21/29


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets

1+2+43+...... +h+(k+1) c:é['_2k+1_']:+['_ﬁc+1_']

= 1+ 24+3+ +hk+(k+1) c:é['_4ﬁc:+4ﬁc+l+8ﬁc+8_']
= 1+243+... +h+(k+1) c:é['_4k3+12k+9_1

= 1+2+3+. ... +h+(k+]) = é[’_lkﬂ_’]:

_ (e+1)(k+2) 1

2 "3

(2k+3)°
= 4(k+1)(k+2) <4k +9+6k
= (I +3k+2) <4k +9+ 6k

= 4 +12k+8 < 412 +9 + 6k
= 8<9
S Pk +1) istrue.

Therefore, P| k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 72 = N.

19. 7 n+1)(n+5) is a multiple of 3.
Ans. Let P(#n)=n(n+1)(n+5) isa multiple of 3.
For n =1

= P(1)=1@1+1) (1 +5)is amultiple of 3 = 12 is a multiple of 3
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~.P(1)is true.

Let P () be true for n =k,

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

= k(k+1)(k+5)=34

= k* +6k” +5k=34

= =3i-6k"—5k .0

For w=[k+1,

= P(k+1)=(k+1)(k+2)(k+6) is a multiple of 3
Now, (k+1)(k+2)(k+6)

=k +9k +20k+12

= 3i—6k" —5k+9%" +20k+12 [Using ()]

= 3143k +15k+12

= 3(A+k +3k+4)

=(k+1){k+2){k+6) is amultiple of 3

S Pk+1) istrue.

Therefore, P( | is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 72 = N.

20. 10" &1 is divisible by 11.

Ans. Let P =10 =1 11 is divisible by 11.
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For 7=1 P(1)=10""" +1 is divisible by 11
= 11 is divisible by 11
o P (1) is true.
Let P () be true for n =k,
= P(k)=10"" +1 is divisible by 11
= 10 +1=114
= 10" =114 =1 oo 6)
For 1 =k+1.
= P(k+1)=10""""+1 is divisible by 11
= P(k+1)=10"""+1 is divisible by 11
Now, 10" +1=10%"10% +1
= (114-1).10° +1=1100A-100+1
= 11{1004-9)
" 10¥ 1 L1 is divisible by 11
S P(Ek+1) istrue.
Therefore, P( k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 2= N.

21. x*" — " is divisible by (x+ 1.
Ans. Let P [ I ] = .T::: -V 2 is divisible by [ x+V ]
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For n =1

= P(1)=x""—1"" isdivisible by (x+1)

= (x+y)(x—y) is divisible by (x+v)

. P (1) is true.

Let P| :| be true for 3 = [,

= P(k)=x" —p" isdivisible by (x+ )

= -1 =4 [+ 1]

= =y = (x4 ) e )

For n=k+1

= P(k+1)= """ = """ is divisible by ( x+ v

Now,

— :132k+2 _ y2k+2 — £C2k+2 _ x2ky2 + $2ky2 _ y2k+2

[
-
-

e
&

2 (7 =y7 |+ ¥7A(x+ V) [From eq. ()]

(x+3)|x™ (x-)+ A2 |

Pl 25 g divisible by (x+ 1]

S PAk+1) istrue.

Therefore, P| k| is true.
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Hence by Principle of Mathematical Induction, P(n) is true for all 72 = N.

22. 371 _g,. _q is divisible by 8.
Ans.Let P(n)= 37" _83% —9 is divisible by 8.
For n =1

1=1+1

= P(1)=3"" —-8x1-9 is divisible by 8

— 64 is divisible by 8

S.P (1) is true.

Let P| :| be true for 3 = I,

= P(k)=3"" -8k -9 is divisible by 8
= 37 8k -9=8/

= 3 048k 40 e, 6)

For n =k+1
=P(k+1)= 3L —8({k+1)-9 is divisible by 8
= P(k+1)=3"""3" -8k -89 is divisible by 8

Now, 342 08k —17

|84+8k+9)9-8k—17 [Fromeq. ()]

T2A+T2k+81-8k—17

T2A+64k+64

= 8(94+8k+8)
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37 gk +1)—9 is divisible by 8
P k+1) istrue.

Therefore, P| k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

23. 11* —14" is a multiple of 27.

Ans. Let P(n) =4 1" —14" is a multiple of 27.
For n=LP(1)=4 1' —14' is a multiple of 27
— 27 is a multiple of 27

S.P (1) is true.

Let P () be true for 3 = I,

= P k] =417 —14" is a multiple of 27

For n = k+1.

= P(k+1)=41""~14"" is a multiple of 27
Now, 415t —14%

= 4171 417 14 44175 — 147

= 417 (41-14) +14 (41 - 147)

27(41° +144)
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Co 4151 2145 is a multiple of 27
P k+1) istrue.

Therefore, P| k| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.

24. (2n+7) <(n+ 3_']:

Ans. Let P(7) = (2n+7) <(n+3)
For =1
P(1)=(2x1+7)<(1+3)
—9<16

P (1) s true.

Let P (] be true for » =

P ['_k_'] = ['_ 2+ ?_'] < ['_,EL-+3_']: .......... (1)
For y7 = k+1
P(k+1)=2(k+1)+7<(k+1+3)
= 2(k+1)+7 < (k+4)

Now, adding 2 on both sides in eq. (i),
(2+7)+2<(k+3)" +2

= 2(k+1)+7 < k' +9+6k+2
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= 2(k+1)+7 < k' +6k+11

= 2(k+1)+7 <k +6k+11

Also 2(k+1)+ T < IF +6k+11<(k+4)
2 k1) 4T < (k+4)

S Pk+1) istrue.

Therefore, P( ir| is true.

Hence by Principle of Mathematical Induction, P(n) is true for all 77 = N.
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