Some Special Series

Exercise 13A
Q. 1. Find the sum of the series whose nth term is given by:
(3n? +2n)
Answer : It is given in the question that the n'" term of the series,
an=3n2+2n

Now, we need to find the sum of this series, Sn.

Sy = Z (3n% + 2n)
n=1
n
= Z (3n%) +
n=1 n=
n n
= SZ (n?) + EZ (n)

n=1 n=1

n

(2n)

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Qk=

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z L2 n(n+ 1)6(211+ 1)

k=1



I1l. Sum of cubes of first n natural numbers, 12 + 23 + 33 +.....n3,

. 5 n(n+1) ?
DK = (T)

k=1

IV. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

Sy = 3i(112)+ Ei(n)

n=1 n=1

From the above identities,

n n
Sy = BZ[IF) + EZ(H)
n=1 n=1

s, =3 (11(11 + 1)6(2114— 1)) iy (Il(llz-i- 1))

) (W) +n(n+1)

Zn+1
2

:11(11 +1) ( + l)

_3(114— 1)(2n+ 3)

S, =-(n+1)(2n+3
Hence, Sum of the series, " 2 ( )( )

Q. 2. Find the sum of the series whose nth term is given by:
nn+1)(n+4)

Answer : Itis given in the question that the n" term of the series,



an=n(n+1)(n+4)

Now, we need to find the sum of this series, Sn.

S, = Z (n(n+ 1)(n+4))

_Xh_(n®+5n%+ 4n)
_2Za=1(n®)+ 5 X0 (n?) + 4X0-1(n)

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Q=

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....

n

Z 12— n(n+ 1)6(2114— 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13+ 23 + 33 +

n

5 n(n+1) ?
ZRZGTTJ

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,



n n n
Sy = Z(na)+52(nz)+ -'-}Z(n)
n=1 n=1

n=1

From the above identities,

n

n n
Sy = (113)+EZ(112)+ -'-}Z(n)
1 n=1 n=1

n=

n

(11(1124— 1))2 LK (11(114— 1)6(2114— l)) 4 (11(1124— 1))

s — (n(n + ZL))2 e (11(11 +1)(2n+1)

n = 4 6 ) +2(n(n+ 1))

=n(n+1) (—11(11;— 2, +5 (Eng— 1) + 2)

nn+1
= % (6n(n+ 1) +20(2n+ 1) + 48)

nn+1
= % (6n® + 46n + 68)

nin+1
= % (63 + 23n + 34)

__ n{n+1)
n - 17

) (63 + 23n + 34)
Hence, the Sum of the series,

Q. 3. Find the sum of the series whose nth term is given by:
(4n3+6n? + 2n)

Answer : Itis given in the question that the n" term of the series,
an=4n3+6n2+2n

Now, we need to find the sum of this series, Sn.



n
Sn: z dp
n=1

n
Sy = Z (4n® + 6n* + 2n)
n=1

n

= ) (4n¥)+ i[énz)-l- i(ﬁﬂ)

n= n=

4i[113) + Gi[nz) +2 i[n)

n=1 n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
D=5

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z 2 n(n+ 1)6(211+ 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,

n

5 n(n+1) ?
P (T)

V. Sum of a constant k, N times,

N
Zk: Nk
k=1

So, for the given series, we need to find,



Sy = 4i(113)+ Bi(nz) +2 i(n)

n=1 n=1 n=1

From the above identities,

Sy = 4i(113)+ Bi(nz) + Ei(n)

n=1 n=1 n=1

n -

A (11(11;— ZL))2 e (11(114— 1?6[211 + 1)) ‘o (11(11;— 1))

= (n(n+1D)?*+nn+1)2n+ 1) +n(n+1)
=n(n+ Dnn+1)(2n+ 1)+ 1]

= n(n+ 1)[n® + 3n + 2]
=n(n+1)*(n+ 2)

Hence, the Sum of the series, Sa = n(n+1)*(n+2)

Q. 4. Find the sum of the series whose nth term is given by:
(3n2=3n +2)

Answer : Itis given in the question that the n" term of the series,
an=3n2-3n+2

Now, we need to find the sum of this series, Sn.

n
Sy = Z (3n*—3n+2)
n=1



n

= (3n?) —i(En) +i(2)

n= n= n=

Bi(nz)— 32(11)-!—2(2]

n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)

k=
2

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

i L2 n(n+ 1)(2n+1)
a 6

k=1

I1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,

n

5 n(n+1) ?
)K= (T)

k=1

IV. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n n n
S 32(112) — BZ(H) + Z(E)
n=1 n=1 n=1

S, = 3 (11(11 + 1)6(211+ 1)) . (11(11; 1)) om




(11(11+ 1)(2n+1) —3n(n+ 1)+ -'-}11)
2

On simplifying,
S, =n(n?+1)

— 2
Hence, the sum of the series, Sn = (1" + 1)

Q. 5. Find the sum of the series whose nth term is given by:
(2n2=3n +5)

Answer : Itis given in the question that the n" term of the series,
an=2n°-3n+5

Now, we need to find the sum of this series, S.

n

Sy = Z(an —3n+5)

n=1

= i[znz) —
Ei(nz) - 3i(n) + 21(5)

n=1 n=1

n

(3n) + 2(5)

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Qk=

k=1



Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z 12— n(n+ 1)6(2114— 1)

k=1
I1l. Sum of cubes of first n natural numbers, 12 + 23 + 33 +.....n3,
i 3 n(n+1) ?
B 2
k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

1

Sy = Ei(nz)— 3§(Il)+ Z(B)

I
n=1

s _ o (11(11 +1)(2n+ 1)) _a (11[11 + 1)) .

n 6 2

(211[114— 1)(2n+1) —9n(n+ 1) + 3[}11)
B 6

(-‘-}113 —3n%+ 2311)
6

n
= (4n® —3n + 23)

S, = —(4n% —3n + 23)
Hence, the sum of the series, * &

Q. 6. Find the sum of the series whose nth term is given by:

(n®-3")



Answer : Itis given in the question that the n™ term of the series,
an=n3-3"

Now, we need to find the sum of this series, Sn.

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Q=

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z L2 n(n+ 12(211—% 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,

n

5 n(n+1) ?
P (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1



So, for the given series, we need to find,

n n
Sa= D (%) + ) (3
n=1 n=1

n{n+1) 2
Sa= (*57) + 206" _

(1)

n ny _ =1 2 . an
The second term in the equation, n=1(3")= 3"+ 3"+ -3 ,

Forms a GP, with the common ratio, r = 3.
Sum of n terms of a GP, a, ar, ar?, ar3...ar".

a(rn _ 1)
5, = ——
n r—1
Here,a=3,r=3;
So,

331 3(3"-1)
Sn= To3 T 2 5 (2)

Substitute (2) in (1);

n(n+1\> 3(3"—-1)
s (T )t

B (n{n+l])2+ 3(20-1)
Hence, the sum of the series, 2 2

Q. 7. Find the sum of the series:
(22 + 42 + 62 + 82 + ... to n terms)
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series given is ... 22 + 42 + 62 + 82 + ... to n terms.



The series can be written as, [(2 x 1), (2 x 2)?,
(2 x3)%... (2xn).

So, n'" term of the series,

an = (2n)? = 4n?

Now, we need to find the sum of this series, Sn.

Sy = Z (4n?)
n=1
= 42 (n?)

n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Q=

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 3%+, ...

n

Z L2 n(n+ 1?6[2114— 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13+ 23 + 33 +

n

5 n(n+1) ?
DK = (T)

k=1

V. Sum of a constant k, N times,



M
Zk= Nk
k=1

So, for the given series, we need to find,

Sy = -‘-}Z (n?)
n=1

From, the above identities,

I
Sy = -‘-}Z (n?)
n=1

(11(11 +1)(2n+ 1))

S, = 4
6

n

= %[n(n-l— 1)(2n+ 1)]

n

— %[11(11 +1)(2n+ 1)]

2
So, Sum of the series Sn = 5[11(11+ 1)(2n+ 1)]

Q. 8. Find the sum of the series:
(22 + 43+ 63+ 8% +... to n terms)
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series giveniis ... 23+ 43+ 6% + 8% + ... to n terms.
The series can be written as, [(2 x 1)3, (2 x 2)3,

(2x3)3... (2xn)3.



So, nt term of the series,
an = (2n)% = 8n?3

Now, we need to find the sum of this series, Sn.

n
S, = Z (8n?)

n=1

= Bi(na)

n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Q=

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....

n

Z L2 n(n+ 12(211—% 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +. .

n

5 n(n+1) ?
P (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1



So, for the given series, we need to find,

n
Sy = HZ (n*)
n=1

From, the above identities,

n
S SZ (n*)
n=1

2
nin+1
Sp = 8(—( > ))

= 2[n(n+ 1)]?

= 2
So, Sum of the series, °n = 2[n(n + 1)]

Q. 9. Find the sum of the series:
(52+ 62+ 7%+ ...+ 209
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series given is 52, 62, 72 ...20%.

The series can be written as, [(1 + 4)?, (2 + 4)%, (3 + 4)%... (16 + 4)2].
So, n" term of the series,

an = (n + 4)?

With n = 16,

an=n?+8n+16

Now, we need to find the sum of this series, Sn.



= Z[nz) —I—Z[SH) —I—Z(lﬁ)
Note

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
D=5

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z 12— n(n+ 1)6(2114— 1)

k=1

I1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,

n

5 n(n+1) ?
ZRZGTTJ

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n n n
Sy = Z (n?) + Z (8n) + Z(lﬁ)
n=1 n=1 n=1



From, the above identities,

n

Sy = Z (n?) + i(an) + i(lﬁ)

n=1

s _ (11[11+ 1)(2n+ 1))+8(11(112+ U)-I—lén

n 6

Here, n = 16 (from the question);

s, = ((16)(16?)(33)) . ((3)(1?(1;:)

)—|— l6x 16

Sn =2840

So, Sum of the series, Sn = 2840.

Q. 10. Find the sum of the series:
(1x%x2)+(2x3)+(3x4)+(4x5)+...tonterms

Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The seriesgivenis (1 x2) + (2% 3)+ (3 x4)+ (4 x5)+ ... ton terms.
The series can be written as, [(1 x (1 + 1)), (2x (2 + 1)),
B3x(3+1)),...(nx (n+1))].

So, n'" term of the series,

an=n(n+1)

an=n2+n

Now, we need to find the sum of this series, Sn.



n=1
n n
= Z(nz) +Z(11)
n=1 n=1
Note

V. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
QK=

k=1

VI. Sum of squares of first n natural numbers, 12 + 22 + 32+....

n

Z L2 n(n+ 1?6(2114— 1)

k=1

VII. Sum of cubes of first n natural numbers, 13 + 23 + 33 +

- 5 n(n+1) ?
ZRZGTTJ

k=1

VIIl. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n n
S Z (n?) + Z(n)
n=1 n=1

From, the above identities,



n n

Sy = Z(Ilz) +Z[n)

n=1 n=1

< _ (11(11+ 1)(2n+ 1)) N (11(11+ 1))

n 6 2

_ (11(1124— 1)) (211; 4)

n

_ (Il[llz-l- 1)) (2113:!— -’-})

_ (11{11+ 1)(n+2 ])

So, Sum of the series, 3

Q. 11. Find the sum of the series:
(3%x8)+(6x11)+(9x14) +... ton terms
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series givenis (3 x 8) + (6 x 11) + (9 x 14) + ... to n terms.

The series can be written as, [([3x1)x (3x1+5)), (3x2)x(3x2+5))...(3nx (3n +
5))1.

So, nt" term of the series,
an=3n (3n +5)
an=9n?+ 15n

Now, we need to find the sum of this series, Sn.



n

Sy = Z (9n* + 15n)

n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
2

k=
k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 3%+, ...

n

Z L2 n(n+ 1?6(2114— 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13+ 23 + 33 +. ...

n

- 11(114—1)2
2= ()

IV. Sum of a constant k, N times,

M
Zk: Nk
k=1

So, for the given series, we need to find,

n n

S, = ‘f—lz (n?) +Z (n)
n=1 n=1

From, the above identities,

S, = i (9n?) + i (15n)

n=1 n=1



5. = 9 (11[11 + 1?6(211+ 1)) 1 (11(11; 1))
= (@) (én+ 18)

S, = 3n(n+1)(n+3)

So, Sum of the series, 5n = 30(n+1)(n+3)

Q. 12. Find the sum of the series:
(1x29)+(2%x3%)+(3x4%)+...tonterms
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series given is (1 x 22) + (2 x 3%) + (3 x 4%) + ... to n terms.

The series can be written as, [(1 x (1 +1)?), (2x 2+ 1)?... (nx (n + 1)?].
So, n" term of the series,

an=n(n+1)>

an=n3+2n%+n

Now, we need to find the sum of this series, Sn.

n
Sy = Z (n® + 2n® +n)
n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,



n(n+ 1)
2

k:
k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z L2 n(n+ 1L(EII+ 1)

k=1

I1l. Sum of cubes of first n natural numbers, 12 + 23 + 33 +.....n3,

. 5 n(n+1) ?
DK = (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n n
Sy = Z (n?) + EZ (n?) +
n=1

n=1

n

(n)

n=

From, the above identities,

n n n
Sy = Z(ng) + EZ(IF) + Z(n)
n=1 n=1 n=1

n(n + 1)\’ n(n+1)(2n+ 1) nn+1)
(552 + 2 (M) ()

n

_ (11(1124— 1)) [11[11;— 1) N 2(21;+ 1) N 1]

3n?+ 11n+ 10
6

5, = (11(1124— 1))




. (n{n+1]
So, Sum of the series, 12

) (3n2+ 11n + 10)
Q. 13. Find the sum of the series:
(1x2%)+(3x3%)+(5x4%)+...tonterms

Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series given is (1 x 22) + (3 x 3?) + (5 x 4%) + ... to n terms.

The series can be written as, [(1 x (1 +1)?), (2 x (2 + 1)? ... (2n-1 x (n + 1)2].
So, n" term of the series,

an=(2n-1) (n + 1)?

=(2n-1) (N?+2n+1)

=2n+3n?-1

Now, we need to find the sum of this series, Sn.

n

Sy = Z (2n®+3n*—1)

n=1
Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

. n(n+ 1)
k= ——
Z 2
k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,



n

Z L2 n(n+ 1L(EII+ 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13+ 23 + 33 +

n

X n(n+1) ?
DK - (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n n n
Sy = EZ(HE) + 32(112) — Z( 1)

n=1 n=1 n=1
From, the above identities,

Sy = Ei(nEH—Bi(nE)— i(l)

n=1 n=1 n=1

. (11(114— ZL))2 L3 (11(11 +1)(2n+ 1)) .

Sp = 2 6
= (@) n(n+ 1)+ (2n+1)] —n

s — (11(11+ 1)

5 )[112+311+ 1] —n

Sy = (g) [(n+1)(n*+3n+ 1) — 2]

n
Sy = (E) [n® + 4n* + 4n — 1]



—(z 3 2 _
So, Sum of the series, Sn = (2) [n® + 4n° + 4n — 1]

Q. 14. Find the sum of the series:
(3x1%)+(5%x2%)+(7x3%)+...tonterms
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series given is (3 x 12) + (5 x 22) + (7 x 3?) + ...to n terms.
The series can be written as, [(3 x 12), (5x 22 ... ((2n + 1) x n?].
So, n" term of the series,

an=(2n+1) n?

an=2n3+n?

Now, we need to find the sum of this series, Sn.

Sy = Z (2n® + n?)
n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
D=5

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,



n

Z , nm+1)(2n+1)
K= 6

k=1

[1l. Sum of cubes of first n natural numbers, 13+ 23 + 33 +

n

X n(n+1) ?
DK - (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n n
Sy = Z (2n®) + Z (n?)
n=1 n=1
From, the above identities,

Sy = Ei(ng) +i[nz)

n=1 n=1

n -

n(n+ 1)\’ n(n+1)(2n+ 1)
(050 + ()

- (5 e 0+ 55

3n®+5n+1
3

s, - (11(1124— 1))

nin+1}

=|(——)(Bn*+5n+1
So, Sum of the series, ( 6 ) ( )



Q. 15. Find the sum of the series:
(1x2x3)+(2x3x4)+(3x4x5)+..tonterms
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series givenis (1 x2x3)+ (2x3x4)+(3x4x5)+...tonterms.

The series can be written as, [(1 x(1+1)x(1+2)),2x(2+1)x(2+2)...(nx(n+ 1)
X (n+ 2)].

So, n" term of the series,
an=n(n+1)(n+2)
an=n3+3n%2+2n

Now, we need to find the sum of this series, Sn.

n
Sy = Z (n® + 3n% + 2n)
n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Q=5

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z L2 n(n+ 1)6(2114— 1)

k=1



1. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,
i 3 n(n+1) ?

- 2
k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n n n

Sy = Z(na) +Z[3112) + Z[En)

n=1 n=1 n=1

From, the above identities,

n n n
Sy = Z(ng) + 32(112) + EZ(H)
n=1 n=1 n=1

n(n+ 1)y’ n(n+1)(2n+ 1) n(n+1)
:( 2 )+3( 6 )+2( 2 )

n

_ (11(11 + 1)) m(n+ 1)

> > +(2n+1) -|—2]

(11(11 + 1)) n” +5n+6
B 2 2

B (n[n + 1)) (n+3)(n+ 2)
a 2 2

. (n{n+l]{n+2]{n+3])
So, Sum of the series, 4



Q. 16. Find the sum of the series:
(1x2x4)+(2x3x7)+(3x4%x10)+...ton terms
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series givenis (1 x2x4)+(2x3x7)+ (3 x4 x10)+ ... ton terms.

The series can be written as, [(1 x(1+1)x(3x1+1)),2x(2+1)x(3x2+1))... (nx
(n+1)x(3xn+1).

So, n" term of the series,
an=n(n+1)(3n+1)
an=3n*+4n?+n

Now, we need to find the sum of this series, Sn.

Sy = Z (3n® + 4n* +n)
n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Q=

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z L2 n(n+ 1?6[2114— 1)

k=1

I1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,



n

X n(n+1) ?
DK - (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n n n
Sy = Z (n?) + EZ (n®) + Z(n)
n=1 n=1 n=1

From, the above identities,

Sy = 3i(I13)+4i(112)+ i(n)

n=1 n=1 n=1

S, = 3

n

n(n+ 1)\’ nn+1)(2n+1) n(n+1)
(52 + () ()

_ (11(1124— 1)) [311(1;; 1) N 4(21};— 1) N 1]

9n? + 25n + 14
6

s, - (11(1124— 1))

_ (nin+1) 5
So, Sum of the series, " ( 12 ) (9n° + 25n + 14)

Q. 17. Find the sum of the series:

1x2 2x3 3x4 ...Tonterms

Answer : In the given question we need to find the sum of the series.



For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

1 1 1
The series givenis 1¥2  2x3  3x4 " ton terms.

1 1 1 1
The series can be written as, 1 x2°2x3 3x4" "  nx(n+l])

So, nt" term of the series,

1
n = n(n+ 1)

By the method of partial fractions, we can factorize the above term.

1 1 1

a4, = —— =
" nn+1) n n+1

a, = 1—51 . (1)

=352

1 1 th .
a = — — == (n-1)"" equation
n—1 n—1 n |: ] Quc
a=——=>_"_, n™ equation
n n{n+1) n  n+l 4

Now, we need to find the sum of this series, Sn.

This can be found out by adding the equation (1), (2)...up to n" term.

L 1 n
no n+1 n+1




n

n+1

So, Sum of the series,

Q. 18. Find the sum of the series:
1
1x2 2x3 3x4  (2n-1)(2n+1)

Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

1 1 1
The series givenis 1*2  2x3  3x4 _ {onterms.

So, n" term of the series,

1
n = (2n—1)(2n+ 1)

By the method of partial fractions, we can factorize the above term.

1 A . B
n = (2n—1)(2n+1) 2n—1 2n+1

1=A(2n—1)+B(2n+1)
On equating the like term on RHS and LHS,

2A + 2B =0 — (a)

A+B=1-(b)
, : = E; B=— =
On solving, we will get; 2 2
1 1
1 2 1 1

: - e
“n (2n—1)(2n+1) 2n—1 2n+1 2\2n—-1 2n+1



(1-3)~

o ¥
(&

Il
[N

u=3(-1) @

pal

1 1 1 ) th :
= - — n-1 equation
dn-1 2(211—3 2n—1 > ) QL

1 1 1 th .
a, = - — » N equation
2 vin-1 2Zn+1

Now, we need to find the sum of this series, Sn.

This can be found out by adding the equation (1), (2)...up to n" term.

1[1 1 ] n
no9 2n+ 11 2n+1

n

S
So, Sum of the series, "  2n+1

Q. 19. Find the sum of the series:

R S 1
(I1x6) (6x11) (11x16) ~~ (Gn—-HGn+1)

Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the n'" term of the series so that we can use summation of

the series with standard identities and get the required sum.

The series given is (1 x 22) + (2 x 3%) + (3 x 42) + ... to n terms.

The series can be written as, [(1 x (1 +1)?), (2x 2+ 1)?... (nx (n + 1)?].

So, nt" term of the series,



an=n(n+1)>2
an=n3+2n%2+n

Now, we need to find the sum of this series, Sn.

n
S, = Z (n® + 2n? +n)

n=1

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Q=

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....

n

Z L2 n(n+ 1)6(211+ 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +

= 5 n(n+1) ?
PR (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,



n

n n
Sy = Z (n?) + EZ (n?) +
n=1

n=1

(n)

n=

From, the above identities,

n n

Sy =Z(113)+2i[112)+ Z(n)

n=1 n=1 n=1

n(n+ 1)y’ n(n+1)(2n+ 1) n(n+1)
=(T)”( 6 )+(T)

n

_ (n[nz—l— 1)) [11(11; 1) N 2[21;+ 1) N 1]

3n®+ 11n + 10
6

s, - (11(1124— 1))

nin+1}

. On T (————)[3n2+-11n4—1ﬂ)
So, Sum of the series, 12

Q. 20. Find the sum of the series:

1 1+3 1+3+5 to n terms
Answer : In the given gquestion we need to find the sum of the series.

For that, firs, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

1# 134 2% 13+ 23433

The series given is 1 1+3 1+3+5 to n terms

The series can be written as,

12 1%+2% 12+2%+43° 1%+ 2%43%+40?

1 "143+5++(2n-1)

r r L

1+3 1+3+5

So, nt" term of the series,



1°+ 22 +3%+...n°.
a =
" 143454+ (2n-1)

The denominator of ‘an’ forms an AP with first term a = 1, last term = 2n-1 and common
difference, d= 2.

n
Now, Sum of the AP, Tn = 2 [2a+ (n—1)d]

= E[E +(n—1)2] =n?

2
n(n+ 1)\’
2 (n+ 1)2
An = n2 - 4
n“+2n+1
an = f

Now, we need to find the sum of this series, Sn.

n=1
n 2
n“+2n+1
Sn = Z 4
n=1
Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

nn+ 1)
Q=g

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z 2 n(n+ 1)6(211+ 1)

k=1



I1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,

n

5 n(n+1) ?
DK = (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,

n

Sy =% [Z(Ilz)+2i(n)+ i(l)]

n=1 n=1 n=1

From, the above identities,

n

Sy = % Lzll(nz) + EZ(H) + Zl( 1)

n

s _ % '(11[11 +1)(2n+ 1)) Ly (11(11; 1)) N Ill

6

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

6 +(n+1) +l]

2n® +9n+ 13
6

= ()

= (2 2
So, Sum of the series, S0 = (24) (2n" +9n + 13)

Q. 21. Find the sum of the series:
3+ 15+ 35+ 63 +...to nterms

Answer : In the given question we need to find the sum of the series.



For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series given is 3, 15, 35, 63 ... to n terms.

The series can be written as, [22 - 1, 4-1, 62-1... (2n)?-1].
So, n'" term of the series,

an=(2n)?-1

an=4n?-1

Now, we need to find the sum of this series, Sn.

n(n+ 1)
Q=

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z K2 n(n+ 1)6(2114— 1)

k=1

I1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,

n

X n(n+1) ?
DK - (T)

k=1

V. Sum of a constant k, N times,



M
Zk= Nk
k=1

So, for the given series, we need to find,

Sa= ) (4n%)= ) (1)
n=1 n=1

From, the above identities,

n=1 n=1
nin+1)(Zn+1
Sn = 4( ( :5( )) - [Il)

= (g) [2(n+1)(2n+ 1) — 3]
S, = (g) [4n? + 6n — 1]

S, ==-[4n® + 6n — 1]
So, Sum of the series, " 32

Q. 22. Find the sum of the series:
1+5+12+22+35+...to nterms
Answer : In the given guestion we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series givenis1+5+ 12+ 22+ 35 ... to n terms.
This question can be solved by the method of difference.

Note:



Consider a sequence a1, az, as ...such that the Sequence az —ai, as — az... is either an.
A.P.oraG.P.

The n'" term, of this sequence, is obtained as follows:
Szaitax+as+...+an1+an— (1)
Szaitax+...+an2+an1+an— (2

Subtracting (2) from (1),

We get, an = a1t [(az—a1) + (as—az) +... (an — an-1)].

Since the terms within the brackets are either in an A.P. or a G.P, we can find the value
of an the nt" term.

Thus, we can find the sum of the n terms of the sequence as,

n

Sp = Z dx

k=1
So,

By using the method of difference, we can find the n' term of the expression.
Sn=1+5+12+22+35+..... +an— (1)

Sn=1+5+12+22+35+ .... +an— (2)

1)-(2)>0=1+4+7+10+..... - an

So, n" term of the series,

an=1+4+7+10+ ...

So, the n'" term form an AP, with the first term, a = 1; common difference, d = 3.

The required n" term of the series is the same as the sum of n terms of AP.

S, = ~[2a+ (n— 1)d]
Sum of n terms of an AP, 2

n
S, = E[Exl +3(n—1)]



3n? —n

n
= 5[311—1]= 5

. a
So, nt" term of the series, ™ 2

Now, we need to find the sum of this series, Sn.

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

n(n+ 1)
Qk=

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 3%+, ...

n

Z K2 n(n+ 1)6(2114— 1)

k=1

[1l. Sum of cubes of first n natural numbers, 13+ 23 + 33 +

= X n(n+1) ?
DK - (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1

So, for the given series, we need to find,



S = > [ZEH) _(n)]

n=1 n

From, the above identities,

Sy = % -BEEIIE) —i[ﬂ)]

1 [ /n(n+1)(2n+ 1) n(n+ 1)
511—5_3( 6 )—(—2 )l
- (M D) an s 1 - 1)

n®(n+ 1)
% = (T)

So, Sum of the series,

Q. 23. Find the sum of the series:
5+7+13+31+85+.... Tonterms
Answer : In the given question we need to find the sum of the series.

For that, first, we need to find the nt" term of the series so that we can use summation of
the series with standard identities and get the required sum.

The series givenis5+7 +13+31+85+ .... + nterms.
This question can be solved by the method of difference.
Note:

Consider a sequence a1, az, as ...such that the Sequence a2 —ai, as — az... is either an.
A.P.oraG.P.

The n'" term, of this sequence, is obtained as follows:

Szart+taz+as+...+an1+an— (1)



Szair+ax+...+an2+an1+an— (2)
Subtracting (2) from (1),
We get, an = a1t [(az—a1) + (as—az) +... (an — an-1)].

Since the terms within the brackets are either in an A.P. or a G.P, we can find the value
of an, the nt" term.

Thus, we can find the sum of the n terms of the sequence as,

n

Sn = Z dy

k=1
So,

By using the method of difference, we can find the n' term of the expression.
Sn=5+7+13+31+85+..... +an— (1)

Sn=5+7+13+31+85+.... +an— (2)

1)-2)—>0=5+2+6+18+54+ ... + (an— an-1) - an

So, nt" term of the series,

an=5+2+6+18+54 +....

In the resulting series obtained, starting from 2, 6, 18...forms a GP.

So, the n'" term forms a GP, with the first term, a = 2; common ratio, r = 3.

The required n' term of the series is the same as the sum of n terms of GP and 5.

The GPis 2 + 6 + 18 + 54 +... (n-1) terms.

a{rn—lj
Sum of n terms of a GP, ™ r-1
S . H{l‘n_l—l]
Sum of (n-1) terms of a GP, " r-1

2(3"1-1)
Sn = T



— 31‘1—1_ 1

31’1
=—-1
3
n n
a,=>—1+5=211+4
So, n" term of the series, 3 3

Now, we need to find the sum of this series, Sn.

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

nn+ 1)
Q=g

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....

ikz _ n(n+1)(2n+1)
Bl 6

k=1

[1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +

n

5 n(n+1) ?
P (T)

k=1

V. Sum of a constant k, N times,

M
Zk= Nk
k=1



So, for the given series, we need to find,

n

311
o= (ea)

n=1

From, the above identities,

1
Sn = E E:l(SH) + EE=14 N (a)

The first term in (a) is a GP, with the first term, a = 3 and common ratio, r = 3.

1 _ a1

Sumofntermsof GP, ™ r-1

. 33 -1 3(3°-1)

o 3-1 2
1/3(3%—1)
Sa=3(t g ) m
ES“—l))
= |———|+4

( ) I

n

[811 + 3" — 1]
2

S, = —[8n+3™—1]
So, Sum of the series, * 2

Q. 24. If . k , prove that ,

(8.2+ 82+ 8,7 ) =_-(2n% + 9n +13)

(1+2+3+k)
. Sk= ——7—
Answer : Given, k

S, 2+ S,24--§5.2)==(2n2+9n+ 13



1+2+3+--k
k

(Sx) =

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

n

nn+ 1)
Q=g

k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

n

Z L2 n(n+ 1L(EII+ 1)

k=1
I1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,
i 3 n(n+1) ?
B 2
k=1

IV. Sum of a constant k, N times,

N
Zk: Nk
k=1

So,

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

(51;):

Now, the Left hand side of the condition given in the question can be written as,
n
( S12 + 522 + - 5n2 )= Z Sk:2
k=1

— n 2
The required LHS, Sp = =15k



k=1
B k? +2k +1
B 4
k=1
1 n n n
:E(Zkuzzmzl)
k=1 k=1 k=1
1|/nn+1)(2n+ 1) nn+1)
Y (RS LEE) NI

| =

B | (2n+1)

=2 _n[n+ 1) (T)+l +n
_n [ (n+1)(2n+7)+6

-5

S = " [2n? + 9n + 13]
n= 5 n n

So,

n
(52+ 8,2+ 5,7 )= ZS,E= Sp = 5 [2n" +9n +13]

(5.2+ $,%+-- 5,7 )= [2n® +9n +13]

Withs, = F220

Q. 25. If Snh denotes the sum of the cubes of the first n natural numbers and sn
n

S,

Z_h

. . — 3,
denotes the sum of the first n natural numbers then find the value of k=l "k |



Answer : Given in the question, Sn denotes the sum of the cubes of the first n natural
numbers.

sn denotes the sum of the first n natural numbers.

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

nn+1)
2

k=
k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n?,

i 2 — nn+1)(2n+1)

6
k=1

I1l. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,
i 3 nn+1) ?

B 2
k=1

IV. Sum of a constant k, N times,

N
Zk=Nk
k=1

So,

Sn denotes the sum of the cubes of the first n natural numbers. (Given data in the
question).

5 nin+ 1) ?
Sn = ka - (T)

sn denotes the sum of the first n natural numbers.



nn+ 1)

S, = k= 2
k=1
k(k + 1))\
S, \T 2 )  k(k+1)
s, k(k+1) ~ 2
2

To determine the given ratio in the question,

n n

So. gy

k=1 k=1

n

l n
- 2
_42k+zk
=1

k=1

1|/fnn+1)(2n+ 1) nin+1)
-3 () ()

_n(n+1) '((Zn-l— 1)) 1

4 3

nn+1) [{(2n+ 4)
—55)

nin+1)ln+2)
- 6

nin+1)l{n+2)

- 5k
So, the value of ZE:lS—R = .

Exercise 13B
Q. 1. Findthesum (2+4+6 + 8 +... + 100).

Answer : Itis required to find the sumof (2+4 +6 + 8 +... 100).



Now, consider the series (2 +4 + 6 + 8 +... 100).

If we take a common factor of 2 from all the terms, then,
the series becomes,

2(1+2+3+4+...50).

So, we need to find the sum of first 50 natural numbers.

Note:

Sum of first n natural numbers, 1 + 2 +3+...n,
i ; nn+1)

B 2
k=1

From the above identities,

. nin+1)
So, Sum of first 50 natural numbers 2
50(51)
2
= 1275

(2+4+6+8+...100)=2(1+2+3+4+...50)

=2 x 1275 = 2550

Q. 2. Find the sum (41 +42 + 43 + .... + 100).

Answer : Itis required to find the sum (41 + 42 + 43 + .... + 100).

(41 +42 +43 + .... + 100) = Sum of integers starting from 1 to 100 — Sum of integers
starting from 1 to 40.

Note:

Sum of first n natural numbers, 1 + 2 +3+...n,



nn+1)

k:
2

k=1
From the above identities,

_ nin+1)
So, Sum of integers starting from 1 to 100 :

100(101)
2

= 5050

. nin+1)

So, Sum of integers starting from 1 to 40 -2

_40(41)
T2

=820

(41 +42 +43 + .... + 100) = Sum of integers starting from 1 to 100 — Sum of integers
starting from 1 to 40.

(41+42+43+.... +100) = 5050 — 820 = 4230
Q. 3. Find the sum 112 + 122 + 13%+ ...20?
Answer : It is required to find the sum 112 + 122 + 132+ ...20?

112 + 122 + 132+ ...20% = Sum of squares of natural numbers starting from 1 to 20 —
Sum of squares of natural numbers starting from 1 to 10.

Note:

Sum of squares of first n natural numbers, 12 + 22 + 3%+....n?,

i 2 nn+1)(2n+1)

6
k=1

From the above identities,



Sum of squares of natural numbers starting from 1 to 20

Sum of squares of natural numbers starting from 1 to 10

_ 100Dy

385
6

112 + 122 + 132+ ...20%= Sum of squares of natural numbers starting from 1 to 20 — Sum
of squares of natural numbers starting from 1 to 10.

112 + 122 + 13+ ...20% = 2870 — 385 = 2485
Q. 4. Find the sum 6%+ 73 + 8% + 93 + 10°.
Answer : It is required to find the sum 63 + 73 + 83 + 93 + 103,

6 + 73 + 83 + 93 + 103= Sum of cubes of natural numbers starting from 1 to 10 — Sum of
cubes of natural numbers starting from 1 to 5.

Note:

Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,
i 3 n(n+1) ?
B 2
k=1
From the above identities,

Sum of cubes of natural numbers starting from 1 to 10

10(11)
(5

2
) = 3025

Sum of cubes of natural numbers starting from 1 to 5

5(6)\
- (T) =225



6 + 73 + 83 + 93 + 10°% = Sum of cubes of natural numbers starting from 1 to 10 — Sum
of cubes of natural numbers starting from 1 to 5.

63+ 73 + 83+ 93 + 103 = 3025 — 225 = 2800

1 1
If 'k =210, find the value of Zkz.

Q- 5 k=1 k=1
Itis given that, ¥_. k =210

Answer : o L=

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,
i , nn+1)

B 2
k=1

Il. Sum of squares of first n natural numbers, 12 + 22 + 32+....n2,

i 2 = nn+1)(2n+1)

6
k=1

From the above identities,

T

nin+1
Zk=¥=zlﬂ

2
k=1
n?+n =420
n>+n-420=0

(n=20)(n+21)=0
n=20or-21

Since, n is the number of integers, n = 20



i 2 nn+1)(2n+1)

k=1 6

op Lhmth? = 202088 _ 2870
o!

1 il
>k =45, find the value aka“’.
k=1

0.6. k=1
It is given that, X7_, k =45

Answer :

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

nn+1)
2

k=
k=1

Il. Sum of cubes of first n natural numbers, 13 + 23 + 33 +.....n3,

2 nn+1) ?
D= (T)

From the above identities,

- nn+1
Zk=¥= 45

2
k=1

We need to find,

n 2

nin+1
Z k3 = (%) = 452 = 2025
k=1

Q. 7. Find the sum of the series {22 + 4% + 6 + .... + (2n)?}

Answer : We need to find the sum of the series {2% + 42 + 62 + ..

.. +(2n)%}.



So, we can find it by using summation of the n term of the given series.
The n'" term of the series is (2n) 2 = 4n?

(Given data)

an = 4n?

- n
Now, sum of the series, Sp = Zi=1

n

n n
S, = Zak= 4n? = "-}ZHE
k=1 k=1

k=1

Note:

|. Sum of squares of first n natural numbers, 12 + 22 + 3%+....n2,

nn+1)(2n+1)
6

nn+1)(2n+1)
. 4
6
k=1
S, =122 + 42 + 62 + ...+ (2n)?]

nh+1)2n+1)
6

2
S, = En(n—k 1)(2n+1)

~ o
Q. 8. Find the sum of 10 terms of the geometric series ‘/: - '\'(E +18 +....
Answer : We need to find the sum of 10 terms of GP.

Sum of n terms of GP, with first term, a, common ratio, r,



a(r"—1)

§ =
n r—1

So, the sum of given GP up to 10 terms, with a = V2,
r=+3,n=10

a(r"—1)  V2((V3)**—1)

S5, =

r—-1 V3—1
The requires sum, Va-1 '

Q. 9. Find the sum of n terms of the series whose rt" term is (r + 2").
Answer : We need to find the sum of n terms of series whose " termis r + 2.
ar=r+2'

So, n"term, an=n + 2"

So, we can find the sum of the series by using summation of the n" term of the given
series.

T

1
S, = Zak= k + 2%
k=1 k=1

n n n ke
Sp= k=1 = Xg=1k + Xi=12 — (1)

Note:

[. Sum of first n natural numbers, 1 + 2 +3+...n,

T

nin+1)
D k=

k=1
Second term in (2) is a GP, with first term a = 2, common ratio r = 2.

Sum of n terms of GP, with the first term, a, common ratio, r,



a(r"—1)

§ =
n r—1

So, the sum of given GP, witha=2,r=2

a(r"—1)  2(2"—1)

St = —2(2"—1
n T_l 2_1 ( )
n n
SH=ZR+ Zz’f
k=1 k=1
The required sum,
nn+1)
“:T+ 2(2" - 1)
n2+n+4(2") -4 n*f+n-—4+(2™7)
n 2 B 2

The sum of n terms of the series whose rt" termis (r + 2",

n* +n—4+(2"2)
S, = >




