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1. Introduction

The notion of statistical convergence, which is an extension of the idea of usual convergence,
was introduced by Fast [10] and also independently by Schoenberg [|38]] for real and complex
sequences, but rapid developments were started after the papers of Salat [21] and Fridy [12].
Nowadays, it has become one of the most active area of research in the field of summability.
Maio and Kocinac [15] introduced the concept of statistical convergence in topological spaces
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and statistical Cauchy condition in uniform spaces and established the topological nature of
this convergence. Quite recently, Savas [30] studied Jg-statistical convergence for sequences
in topological groups where more references on this important summability method can be
found. In many branches of science and engineering we often come across double sequences,
i.e. sequences of matrices and certainly there are situations where either the idea of ordinary
convergence does not work or the underlying space does not serve our purpose. Therefore to
deal with such situations we have to introduce some new type of measures which can provide a
better tool and suitable frame work. Cakalli and Savas [5] studied the statistical convergence
of double sequences to topological groups. Also lacunary statistical convergence of double
sequences in topological groups was studied in [29]. Recently, Savas [36] introduced new notion,
namely, J)-double statistical convergence in topological groups and also some inclusion relations
between J-double statistical and J)-double statistical convergence were investigated. Also, in
[28] J1-double statistical convergence of order a in topological groups was introduced by Savas.
Mursaleen et al. [17] studied generalized statistical convergence and statistical core of double
sequences.

Recall that a subset E of the set N of natural numbers is said to have “natural density”
O (E) if

1
O0(E)=lim—|{k<n:keE},
non

where the vertical bars denote the cardinality of the enclosed set. The number sequence x = (x3)

is said to be statistically convergent to the number ¢ if for each £ > 0,
1
Iim—|{k<n:lxp—¥¢|=¢€}=0,
non
(see, Fridy [12]]).
On the other hand in [1,6] a different direction was given to the study of statistical
convergence where the notion of statistical convergence of order a, 0 < a < 1 was introduced by

replacing n by n% in the denominator in the definition of statistical convergence. One can also
see [[7] for related works.

We present some definitions and preliminaries before continuing with this paper:

By a lacunary sequence, we mean an increasing sequence 0 = (k,) of positive integers such
that kg =0 and A, :k, —k,_1 — 0o as r — oo. Throughout this paper, the intervals determined
by 6 will be denoted by I, =(k,_1,k,], and the ratio (k,)(kr_1)"! will be abbreviated by q,.

In [11], a new type of convergence called lacunary statistical convergence was defined as
follows:

A sequence (x) of real numbers is said to be lacunary statistically convergent to L (or, Sg-

convergent to L) if for any £ > 0,
1
lim —|{kel,:|xp,—L|=¢€}|=0,
r—oo h,

where |A| denotes the cardinality of A < N. In [[11] the relation between lacunary statistical
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convergence and statistical convergence was established among other things. The (relatively
more general) concept of J-convergence was introduced by Kostyrko et al. [[14] in a metric space.
Later on, it was further studied by Dems [9] and Das et al. [8]]. Several papers deal with this
problem, see [[13,/18,23-27,35].

2. Definitions and Notations

We recall some basic definitions which will be needed.

Definition 2.1. A family Jc 2" is said to be an ideal of N if the following conditions hold:
(a) A,BeJimplies AuBel,
(b) A€eJ, Bc A implies BeJ.

Definition 2.2. A non-empty family F c 2V is said to be an ideal of N if the following conditions
hold:

(a) ¢p¢F,

(b) A,B€F implies ANBE€F,

(c) AeF, AcB implies BEF.

If J is a proper ideal of N (i.e., N ¢ J), then the family of sets F(J)={M cN: 3Ae€J: M =N\A}
is a filter of N. It is called the filter associated with the ideal.

Definition 2.3. A proper ideal J is said to be admissible if {n} € J for each n € N.

Definition 2.4 (See [14]). Let J < 2V be a proper admissible ideal in N.
The sequence (x,) of elements of R is said to be J-convergent to L € R if for each € > 0 the set
A)={neN:|xp—-L|=¢c}el.

By X, we will denote an abelian topological Hausdorff group, written additively, which
satisfies the first axiom of countability. For a subset A of X, s(A) will denote the set of all
sequences (x;) such that x, isin A for n =1,2,...,c(X) will denote the set of all convergent
sequences. In 3], a sequence (xz) in X is called to be statistically convergent to an element L of
X if for each neighbourhood U of 0,

1
Iim —|{k<n:x,-Le¢U}| =0,

n—oo
where the VertiZal bars indicate the number of elements in the enclosed set. The set of all
statistically convergent sequences in X is denoted by st(X).

Also, Cakalli [4] defined lacunary statistical convergence in topological groups as follows:
A sequence (x3) is said to be Sg-convergent to L (or lacunary statistically convergent to L) if for
each neighborhood U of 0, }i%‘o(hr)_l Hkel,:xp—L¢U} =0. In this case, we write

Sg-klim Xk =L or Xk —>L(Sg).
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3. Definitions and Notations

By the convergence of a double sequence we mean the convergence in Pringsheims sense ([20]]).
A double sequence x = (x;) of real numbers is said to be convergent in the Pringsheim’s sense
or P-convergent if for each € > 0 there exists N € N such that |x;; —L| < €, whenever &,/ = N
and L is called Pringsheim limit (denoted by P-limx = L).

Recently the studies of double sequences has a rapid growth. Mursaleen and Edely [16]
extended the idea of statistical convergence of single sequences to double sequences of scalars
and established relations between statistical convergence and strongly Cesaro summable double
sequences. Also, the double lacunary statistical convergence was introduced by Patterson and
Savas [19].

Mursaleen and Edely has presented main definition as follows:

Definition 3.1 ([16]). A double sequences x = (x, ;) is said to be P-statistically convergent to L
provided that for each € >0

1
P-lim —{number of (¢,l):k<m and [l <n,|xz; —L|=€}=0.
m,n mn

In this case we write st2-lir§1xk,l = L and we denote the set of all statistical convergent

s

double sequences by st2.

It is clear that a convergent double sequence is also s¢2-convergent but the inverse is not
true, in general. Also, note that a st?-convergence need not be bounded. For example, the
sequence x = (x3 ;) defined by

kl, ifk and ! are square
X =
kit 1, otherwise
is st?-convergent. Nevertheless, it neither convergent nor bounded.

The double sequence 6 = {(k,,[;)} is called double lacunary if there exist two increasing of

integers such that

ko=0,h,=k,—kp_1—00 as r— oo
and

10:0,}_'43 :ls_ls_lﬁm as s — OQ.

Notations. &, ;=k,ls, h, ¢ =h,h, 0 is determine by I, ={(k): kr_1 <k<k,}, [,={(1):1ls_1<l<lg},
Ig={k,D):k, 1 <k<k,andly 1 <l<lg, ¢, = 2, s = 7 and ¢, = ¢,Gs. We will denote

kr-1’ ls—1

the set of all double lacunary sequences by Ny, , .

Let K <N x N has double lacunary density 53(1{ ) if
1

P-lim {(k,0)el,s:(k,])eK}| exists.
s Ry g
In 2005, Patterson and Savas [19] studied double lacunary statistically convergence by

giving the definition for complex sequences as follows:
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Definition 3.2. Let 6 be a double lacunary sequence; the double number sequence x is st(%-

convergent to L provided that for every € > 0,
1

P-lim —[{(k,0) € I, 5 : |xp — LI = €} = 0.
r,s

r,s

In this case write stg-limx =L or xp; — L(Sg).

More investigation in this direction and more applications of double lacunary and double
sequences can be found in ([21, [22], [32], [33], [34], [37]).

We have the following definition:

A double sequence x = (xp;) of points in X is said to be convergent to a point L in X in the
Pringsheims sense if for every neighbourhood U of 0 there exists N € N such that x3; —LeU
whenever £,/ = N. L is called the Pringsheim limit of x.

Throughout, Jo will stand for a proper strongly admissible ideal in N x N.

A double sequence x = (xp;) of real number is said to be convergent to the number L with
respect to the ideal J, if for each € > 0

A(e)={(k,l)eNxN:|xz; —L| =€} es.

In this case we write jz-lliel?xkl =L.

>

Quite recently, Cakalli and Savas[5]] defined the statistical convergence of double sequences
x = (x1 ;) of points in a topological group as follows.
In a topological group X, double sequence x = (xz;) is called statistically convergent to a
point L of X if for each neighbourhoud U of 0 the set
{(R,)),k<nandl<m:xp;—L¢U}
has double natural density zero. In this case we write S2_ll?}lxkl =L and we denote the set of

’

all statistically convergent double sequences by S?(X).
The definition of double lacunary statistical convergence in topological groups was defined
by Savas [29] as follows:

Definition 3.3. A sequence x = (x3;) is said to be Sg-convergent to L (or double lacunary
statistically convergent to L) if for each neighborhood U of 0,

P- lim (k)™ [{(k,1) € Irs 01 — L ¢ U = 0.
In this case, we write
Sz = Mim xp =L or xy— L(S2).
Let K< N xN. If7(m,n) eNxN, by K, , here we denote the cardinality of the set
{(,D)eK:1<sk<=mand1l=<l<n}.
Let 0 < @ <1 be a real number. Define (%£,!) in K such that 2 <n and [ <m. Write

5_%(K):P—111n111’%nf mr;;)“ and 63(K):P-lu;117snup(m':;a.
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These are called the lower and upper double density of order a of the set K, respectively. If the

Km,n

limit P-lim Ty exists in Pringsheim’s sense then we say that the double density of order a of
m,n ’
the set K exists and we denote it by 65(K).
Now we are ready to present the main definitions of J-double statistical convergence of order

a and J-double lacunary statistical convergence of order a in topological groups as follows:

Definition 3.4. A double sequence x = (xz;) of points in a topological group X, is said to be
J-double statistically convergent of order a to L or S(J9)%-convergent to L if for each 6 >0 and
for each neighbourhood U of 0,
{(m,n)ENXN:LI{k <m and I <m:x;;—L¢U}| 25}632.
(mn)*
In this case, we write xz; — L(S(J2)%). The set of all S(J)*-double statistically convergent
sequences will be denoted by simply S(J2)*(X).

Remark 3.5. For J3 = Jor;, = {A =NxN, A is a finite}, S(J2)*-convergence coincides with double
statistical convergence of order a in a topological group X which was studied by Savas [28]]. For
J=Jfin={AcN:Ais afinite}, and a = 1, J-double statistical convergence becomes statistical
convergence in topological groups which is studied by Cakalli and Savas [5].

Definition 3.6. A sequence x = (x3;) of points in a topological group X, is said to be J-lacunary
double statistically convergent of order a to L or Sy(J2)%-lacunary convergent to L if for each

neighbourhood U and any 6 >0
1

a
rs

{(r,s)el\lxl\l: |{(k,l)€Irs:xkl—L6€U}|25}672-

In this case, we write

Se(ﬂz)“-khm xp =L or xp; — L(S%(J2)%)

J—o0

and define

SQ(JQ)“(X) = {x = (.’X?kl) : for some L,Sg(jz)a-klim Xl = L} .

,l—00

Remark 3.7. For J; = Jor;,, ={A cNxN, A is finite}, J-lacunary double statistical convergence
of order a becomes lacunary double statistical convergence of order « in topological groups. For
J=TJfin ={A=N:A is afinite}, and a = 1, J-lacunary double statistical convergence of order a

becomes lacunary double convergence in topological groups which is studied by Savas [29].

It is obvious that every J-lacunary double statistically convergent sequence has only one
limit, that is, if a double sequence is Jg-statistically convergent to L1 and Lo then L1 = Lo.

We now present the following theorems.

4. Inclusion Theorems

In this section, we prove the following theorems.
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Theorem 4.1. Let 0 < a < B<1. Then Sy(J2)*(X) < Sp(J2)P(X).

Proof. Let 0<a<p<1. Then
H(k,l) €Irs ‘XEL -L¢ U} < |{(k,l)€lrs Xkl -L¢U}|
rP - s
and so for any 6 > 0 and for each neighbourhood U of 0,

I,s: —L
{(r‘,s)el\lxl\l:l{(k’l)E s - Tl Ul 25}
Bb
rs
I.: —-L
c{(r,s)el\lxl\lzl{(k’l)€ hfkl eU}lzé}.
rs
Hence if the set on the right hand side belongs to the ideal J then obviously the set on the left
hand side also belongs to J. This shows that Sg(J2)*(X) c Sp(J2)B(X). O

Corollary 4.2. If a sequence is J-lacunary double statistically convergent of order a to L for some
0< a <1 then it is J-lacunary double statistically convergent to L i.e. Sg(J2)*(X) c Sp(Ia)(X).

Similarly, we can show that:

Theorem 4.3. Let 0<a<pf<1. Then
(1) ST)%X)cSI2)P(X).
(ii) In particular S(J2)*(X) < S(J2)(X).

We now prove some analogues for double sequences. For single sequences such results have
been proved by Savas [30]. We now have

Theorem 4.4. For any double lacunary sequence 6 = {(k,,ls)}, Jo-statistical convergence of
order a implies Jo-lacunary statistical convergence of order a, that is S(J9)*(X) c Sg(J2)*(X) if
liminf gy >1 and liminf ¢§ > 1.

Proof. Suppose that liminfg¢¥ > 1, and liminf¢¢ > 1, liminfq¥ = y; and liminf ¢¢ = ya (say).
Write f1 =(y1—1)/2 and B2 = (y2 — 1)/2. Then, there exist two positive integers r¢ and s such
that g% =1+ 1 for r 2rg and ¢¢ = 1+ g for s = sg. Thus for r = rg, and s = s,

REEDHTIID T 21 -+ D) TA -0+ B2)™H = (B1(1+ 1) D(Ba(1+ o) D).
Take any x = (x;) € S(J2)“(X), and S(Jg)“-kllim xr1 =L (say).
,L—00
We have that Sg(ﬂg)“-(klli)m xr; = L. Let us take any neighborhood U of 0. Then for r = r, and
s =8g, we get ,
EH 1Y Mk <k,and l <l;:xp - Le U}
>R R, D) e g a3 — L ¢ UY|
=he (DA TR TR, D € Lyg i xp — L ¢ U
> B1(1+B1) B+ B2) A Lk, ) € Ig 1 x4y — L ¢ U}
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Then for any 6 >0, we get
{(r,9) eNxN: (h) T (R, D) € I s 0y — L € U] = 8)
S {(r,s) eNxN: ()Y  k <kp,l <lg:ap - LUl
> 5p1(1+ P17 Pa(l+P2) ) €T3, 0

For the next result we assume that the double lacunary sequence 6 satisfies the condition
that for any set C € F(Jg), U{(n,m):k,_1<n<k,and l;_1 <m <l (r,s)e C}e F(Js).

Theorem 4.5. For any lacunary sequence 6 = {(k,,ls)}, satisfying the above condition
r-1s-1 Hh%

SpJ2)*(X) = S(U)*(X) if sup ) _ il

=B (say) <oo.
rs 20 (Rre1ls-1)® Vs

Proof. Suppose that Sg(Jg)“-kllim x,1 =L (say). For any neighborhood U of 0 and for 6,51 >0
define the sets ,
1
C= {(r,s)el\l xN: h_al{(k’l)EIrS cxp; —L ¢ U} <6}

rs
and

T:{(n,m)el\lxl\l: I{kSnandlSm:xkl—LeU}|<61}.

(n,m)“
It is obvious from our assumption that C € F'(J;), the filter associated with the ideal Jo. Further

observe that

1 ..
Ai,j = ﬁl{(l’J)EIij xp—LeU}l <o
i

for all (i,j) € C. Let n and m be such that 2, 1 <m <k, and I;_1 <n <[, hence we have the

following

( )al{kSmandZSn:xk,l—LeU}l
mn

rLs (ki1 — k)L — 1))

= sup A j-sup Z PN
(i,))eC s i,j=0 r-1"s-1

< Bb}.

Choosing 61 = % and in view of the fact that u{(m,n):k,_1<n <k, ls_1<m<l, (r,s)eC}cT,
where C € F(Js) it follows from our assumption on 8 that the set T also belongs to F'(Js) and
this completes the proof of the theorem. O

Theorem 4.6. If

a
liminf—=- >0
rs—o0 k.l

then S(J9)(X) < S%(J2)*(X).

Proof. For neighbourhood U of 0, we have
{k<krandl<ls:xp;—Le¢U}{(k,1)el, s:xp;—L ¢U}.
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Therefore,
1 1
71 {kskrandlsls:xkl—LeEU}zkl {(R,1)el,s:xp— LU}
rvs rvs
h% 1
:ﬁ'ha {(R,1)el,s :xp—LegU}.
rvs rs

= v then from definition {(r,s)EN : ]:lrglss < I}is finite. For 6 > 0 and for each

2
neighbourhood U of 0,
{(r,s) eNxN:(R%) {(k,1) € I,s:x1; — L ¢ U} =5}

.. he
If liminf =
r,s—oo Frts

1 Y hrs v
c4(r,s)eNxN: He<k,l<lg:xp;—Le¢eU}==6,U5(r,s)NxN:——< =+,
rls 2 kels 2
The set on the right hand side belongs to Jo and this completed the proof. O

Finally, we prove the following theorem.

Theorem 4.7. Let 0 = {(k,,15)} and 0 = {(k,,1,)} be two double lacunary sequences such that
I,.scd,s forall (r,s)e NxN, if

[e4

h
lim inf—==>0 4.1)
r,s—00 A

then Sg1(J2)(X) < Sp(J2)(X).

Proof. Suppose that I,.; <, for all (r,s) e N x N and let (4.1) be satisfied. For neighbourhood
U of 0, we have

{(R,D)eds:xp—LeUy2{(k,1)el,s:xp—Le¢U}.

Therefore, we can write
() (R, D) € Jrg tapy =L € UM = RE(C2) RE) iR, ) € Ipg sy — L € UM
and so for all (r,s) e N x N, we have
{(r,s) ENXN: (%) L |{(k,1) € I g : 3 — L ¢ U} = 6}
c{(r,s) ENxN: (02 {(k,1) € Jps 1 a3y — L ¢ UN = 6h%,(1%) M € g

for all (r,s)eNxN where I, s={(k,l):kr_1<k<k,and ls_1<l=<ls},and J, s ={(p,q) : pr-1<p=<p-
and g,-1<q<=gq;}. Hence S}(J2)*(X) € Sp(J2)*(X). O

5. Conclusion

Double lacunary sequence was studied by Savas and Patterson. It is natural question that
whether this concept will be work for lacunary double statistical convergence of weighted g. In
this paper, we gave some answers of this question and also we prove that J-double statistical
convergence a better tool than double statistical convergence.
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