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Abstract

The purpose of the present paper is to get the necessary and sufficient
conditions for absolute matrix summability of infinite series.

1 Introduction

Let
∑
an be an infinite series with its partial sums (sn). Let C = (cnv) be a

normal matrix which means a lower triangular matrix of nonzero diagonal entries,
then two lower semimatrices C̄ = (c̄nv) and Ĉ = (ĉnv) are defined as follows:

c̄nv =
n∑
i=v

cni, n, v = 0, 1, ...

ĉ00 = c̄00 = c00, ĉnv = c̄nv − c̄n−1,v, n = 1, 2, ....

Let (ϕn) be a sequence of positive numbers. The series
∑
an is said to be

summable ϕ− | C; δ |k, k ≥ 1, δ ≥ 0, if [1]
∞∑
n=1

ϕδk+k−1n | Cn(s)− Cn−1(s) |k<∞,
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where

Cn(s) =

n∑
v=0

cnvsv, n = 0, 1, ...

and

∆̄Cn(s) = Cn(s)− Cn−1(s) =

n∑
v=0

ĉnvav. (1)

By taking δ = 0 in the definition of ϕ−| C; δ |k summability method, ϕ−|C|k
summability is obtained [2].

If C is a normal matrix, then C ′ = (c′nv) denotes the inverse of C, and Ĉ = (ĉnv)

is a normal matrix and it has two-sided inverse Ĉ ′ = (ĉ′nv) which is also normal
(see [3]).

Lemma 1. [4] Let k ≥ 1, p ≥ 1 and 1
k + 1

k′ = 1, 1
p + 1

p′ = 1. Let

dn =
∞∑
m=0

hnmqm, n ≥ 0

vm =
∞∑
n=0

hnmun, m ≥ 0.

In order that d ∈ lp whenever q ∈ lk if and only if v ∈ lk′ whenever u ∈ lp′ , where
lk is defined by lk :=

{
x = (xj) :

∑
|xj |k <∞

}
.

2 Main Result

There are many studies on matrix summability methods. Let us mention about
some of the recent ones. Karakaş [5,6] , Kartal [7,8], Özarslan [9–12], Özarslan and
Kartal [13, 14], Özarslan, Şakar and Kartal [15] proved theorems on the sufficient
conditions to absolute matrix summability of infinite series by using different class
of sequences. The object of this paper is to get the necessary and sufficient
conditions to absolute matrix summability.
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Theorem 1. Let k ≥ 1 and 0 ≤ δ < 1
k . Let C = (cnv) and D = (dnv) be two

positive normal matrices satisfy

cnn − cn+1,n = O(cnncn+1,n+1) (2)

dn0 = 1, n = 0, 1, ...

n∑
v=r+2

|d̂nv ĉ′vrγv| = O
(∣∣∣d̂n,r+1γr+1

∣∣∣) . (3)

Then
∑
anγn is summable ϕ− | D; δ | whenever

∑
an is summable ϕ− | C; δ |k if

and only ifϕ−δ− 1
k′

v

dvv
cvv
|γv|+

∞∑
n=v+1


∣∣∣∆v

(
d̂nvγv

)∣∣∣
cvv

+
∣∣∣d̂n,v+1γv+1

∣∣∣
+

∞∑
n=v+2

∣∣∣d̂n,v+1γv+1

∣∣∣
 ∈ lk′ .

Proof of Theorem 1

Let (In) and (Un) denote C-transform and D-transform of the series
∑
an and∑

anγn, respectively. Then we get

xn = ∆̄In =
n∑
v=0

ĉnvav and yn = ∆̄Un =
n∑
v=0

d̂nvavγv

by (1). Also, using the above equalities, we get av =
∑v

r=0 ĉ
′
vrxr and yn =∑n

v=0 d̂nvγv
∑v

r=0 ĉ
′
vrxr. Then, we obtain

yn =
n∑
v=1

d̂nvγv

v∑
r=0

ĉ′vrxr

=
n∑
v=1

d̂nvγv ĉ
′
vvxv +

n∑
v=1

d̂nvγv ĉ
′
v,v−1xv−1 +

n∑
v=1

d̂nvγv

v−2∑
r=0

ĉ′vrxr

= d̂nnγnĉ
′
nnxn +

n−1∑
v=1

(
d̂nvγv ĉ

′
vv + d̂n,v+1γv+1ĉ

′
v+1,v

)
xv

+
n−2∑
r=0

xr

n∑
v=r+2

d̂nvγv ĉ
′
vr. (4)
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For δnv(Kronecker delta), by using the equality
∑n

k=v ĉ
′
nk ĉkv = δnv, we get

d̂nvγv ĉ
′
vv + d̂n,v+1γv+1ĉ

′
v+1,v =

d̂nvγv
ĉvv

+ d̂n,v+1γv+1

(
− ĉv+1,v

ĉvv ĉv+1,v+1

)
=

d̂nvγv
cvv

− d̂n,v+1γv+1
(c̄v+1,v − c̄vv)
cvvcv+1,v+1

=
d̂nvγv
cvv

− d̂n,v+1γv+1
(cv+1,v+1 + cv+1,v − cvv)

cvvcv+1,v+1

=
∆v(d̂nvγv)

cvv
+ d̂n,v+1γv+1

(cvv − cv+1,v)

cvvcv+1,v+1
.

If we write the above equality in (4), we obtain

yn =
dnnγn
cnn

xn +

n−1∑
v=1

∆v(d̂nvγv)

cvv
xv +

n−1∑
v=1

d̂n,v+1γv+1
(cvv − cv+1,v)

cvvcv+1,v+1
xv

+

n−2∑
r=0

xr

n∑
v=r+2

d̂nvγv ĉ
′
vr.

Let Xv = ϕ
δ+1− 1

k
v xv, then let us define the sequence (hnv) as in the following form

hnv =


ϕ
−δ+ 1

k−1
v

(
∆v(d̂nvγv)

cvv
+ d̂n,v+1γv+1

(cvv−cv+1,v)
cvvcv+1,v+1

+
∑n
r=v+2 d̂nrγr ĉ

′
rv

)
, 1 ≤ v ≤ n− 2

ϕ
−δ+ 1

k−1
v

(
∆v(d̂nvγv)

cvv
+ d̂n,v+1γv+1

(cvv−cv+1,v)
cvvcv+1,v+1

)
v = n− 1

ϕ
−δ+ 1

k−1
v

d̂nvγv
cvv

v = n

0, v > n

Thus we can write yn =
∑∞

v=1 hnvXv. It can be clearly seen that the necessary
and sufficient condition for the series

∑
anγn to be summable ϕ−| D; δ | whenever∑

an is summable ϕ− | C; δ |k is∑
|yn| <∞ whenever

∑
|Xn|k <∞. (5)

Also by Lemma 1, (5) holds if and only if
∑∞

v=1 |
∑∞

n=v hnvun|
k′ < ∞ whenever

un = O(1). By (2), (3), we can say that
∑∞

v=1 |
∑∞

n=v hnvun|
k′ < ∞ whenever
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un = O(1) if and only ifϕ−δ− 1
k′

v

dvv
cvv
|γv|+

∞∑
n=v+1


∣∣∣∆v

(
d̂nvγv

)∣∣∣
cvv

+
∣∣∣d̂n,v+1γv+1

∣∣∣
+

∞∑
n=v+2

∣∣∣d̂n,v+1γv+1

∣∣∣
 ∈ lk′

holds. Hence the proof is completed.

For δ = 0, the necessary and sufficient conditions for ϕ− | D | summability
of the series

∑
anγn whenever the series

∑
an is summable ϕ− | C |k can be

achieved.

References

[1] Özarslan, H. S. (2018). A new study on generalised absolute matrix summability
methods. Maejo Int. J. Sci. Technol., 12 (3), 199-205. https://doi.org/10.14456/
mijst.2018.13

[2] Özarslan, H. S., & Kandefer, T. (2009). On the relative strength of two absolute
summability methods. J. Comput. Anal. Appl., 11 (3), 576-583.

[3] Cooke, R. G. (1950). Infinite matrices and sequence spaces. Macmillan & Co.
Limited.

[4] Sargent, W. L. C. (1960). Some sequence spaces related to the lp spaces. J. London
Math. Soc., 35, 161-171. https://doi.org/10.1112/jlms/s1-35.2.161

[5] Karakaş, A. (2018). On absolute matrix summability factors of infinite series. J.
Class. Anal., 13 (2), 133-139. https://doi.org/10.7153/jca-2018-13-09

[6] Karakaş, A. (2022). A study on generalized absolute matrix summability. Cumhuriyet
Sci. J., 43 (2), 316-320. https://doi.org/10.17776/csj.1018894

[7] Kartal, B. (2019). On an extension of absolute summability. Konuralp J. Math.,
7 (2), 433-437.

[8] Kartal, B. (2021). Factors for generalized matrix summability. Erc. Unv. J. Inst. Sci
and Tech., 37 (3), 462-467.

Earthline J. Math. Sci. Vol. 14 No. 4 (2024), 589-594

https://doi.org/10.14456/mijst.2018.13
https://doi.org/10.14456/mijst.2018.13
https://doi.org/10.1112/jlms/s1-35.2.161
https://doi.org/10.7153/jca-2018-13-09
https://doi.org/10.17776/csj.1018894


594 Hikmet Seyhan Özarslan and Bağdagül Kartal Erdoğan

[9] Özarslan, H. S. (2019). An application of absolute matrix summability using almost
increasing and δ-quasi-monotone sequences. Kyungpook Math. J., 59 (2), 233-240.

[10] Özarslan, H. S. (2019). A new factor theorem for absolute matrix summability.
Quaest. Math., 42 (6), 803-809. https://doi.org/10.2989/16073606.2018.
1498407

[11] Özarslan, H. S. (2021). Generalized almost increasing sequences. Lobachevskii J.
Math., 42 (1), 167-172. https://doi.org/10.1134/S1995080221010212

[12] Özarslan, H. S. (2023). A new theorem on generalized absolute matrix summability.
Azerb. J. Math., 13 (1), 3-13.

[13] Özarslan, H. S., & Kartal, B. (2017). A generalization of a theorem of Bor. J. Inequal.
Appl., 179, 8pp. https://doi.org/10.1186/s13660-017-1455-3

[14] Özarslan, H. S., & Kartal, B. (2020). Absolute matrix summability via almost
increasing sequence. Quaest. Math., 43 (10), 1477-1485. https://doi.org/10.
2989/16073606.2019.1634651

[15] Özarslan, H. S., Şakar, M. Ö., & Kartal, B. (2023). Applications of quasi power
increasing sequences to infinite series. J. Appl. Math. & Informatics, 41 (1), 1-9.

This is an open access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted, use,
distribution and reproduction in any medium, or format for any purpose, even commercially
provided the work is properly cited.

http://www.earthlinepublishers.com

https://doi.org/10.2989/16073606.2018.1498407
https://doi.org/10.2989/16073606.2018.1498407
https://doi.org/10.1134/S1995080221010212
https://doi.org/10.1186/s13660-017-1455-3
https://doi.org/10.2989/16073606.2019.1634651
https://doi.org/10.2989/16073606.2019.1634651
http://creativecommons.org/licenses/by/4.0/

	Introduction
	Main Result

