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ABSTRACT:  The purpose of this paper is to define and study a new classes of sets, called the class of N*-closed
sets, which lies between the class of a-closed sets and the class of strongly ag-closed sets and *N-closed sets in
topology. Also , the basic properties of these N*-closed sets ,N*-open sets , N*T ;,-spaces , N*- continuous functions,
N*-irresolute functions and N*-connected spaces , *N-closed functions , pre-*N-closed functions and always *N-
closed functions are studied in this paper.
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I. INTRODUCTION

After , introduction of g-closed sets in topology for the first time by Levine [ 15 ], it is noticed that many of the
weaker forms of closed sets have been generalized in topological spaces. In 1963 , 1965 ,1982 and 1986, respectively,
N.Levine [14] ,O.Njastad [25] ,A.S.Mashhour et al [17] and D.Andrijevic [1] have defined and studied the concepts of
semiopen sets , ai-open sets, preopen sets and semipreopen sets in topology. In 1994, 1995,1998 , 2000 , 2002 , 2006,
respectively, H.Maki et al [16 , Dontchev [9], Noiri et al [ 26] , M.K.R.S.Veera Kumar [29]&[30] , P.Rajrajeswari et
al [27] , have defined and studied the concepts of ga-closed sets , ag-closed sets , gsp-closed sets ,gp-closed sets , g*-
closed sets , g*p-closed sets and strongly ag-closed sets . Recently, Navalagi [20 & 23 & 21] has defined and studied
the new classes of generalized closed sets , called G*-closed sets,g*sp-closed sets and *G-closed sets in topology .
The purpose of this paper is to define and study a new class of sets , called .The purpose of this paper is to define and
study a new classes of sets , called the class of N*-closed sets and the class of *N-closed sets in topological spaces.
Also, we define and study their basic properties.

Il. PRELIMINARIES

Throughout this paper (X,7) and (Y,o) (or simply X and Y) always means topological spaces on which no separation
axioms are assumed unless explicitly stated. Let A be a subset of space X. We denote the closure of A and the interior
of A by CI(A) and Int(A) respectively. A subset A of a space X is called regular open (in brief, r-open) if A = Int CI(A)
and regular closed (in brief, r-closed) if A = CI Int(A).
The following definitions and results are useful in the sequel :

Definition 2.1 : A subset A of a space X is said to be:

Q) preopen [17 ] if A < Int CI(A).

(i) semiopen [14] if A < ClInt(A).

(iii) semipreopen [ 1] if A < Cl Int CI(A).

(iv) a-open [ 25] if A < Int Cl Int(A).

The complement of a preopen (resp. semiopen , semipreopen, a-open ) set of a space X is called preclosed [10 ]

(resp. semiclosed [4 ] ,semipreclosed [1] , a-closed [18 ]).
Definition 2.2 [2]: The union of all semipreopen sets contained in A is called the semipreinterior of A and is denoted
by spint(A) .

pInt(A)[ 19] and sInt(A)[8 ], aInt(A) [18 ] can be similarly defined .
Definition 2.3[2]: The intersection of all semipreclosed sets containing A is called the semipreclosure of A and is
denoted by spCI(A).

pCI(A)[10 ] and sCI(A)[7] , aCI(A) [18] can be similarly defined .
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DEFINITION 2.4 : A subset A of a space X is called :

(i) generalized closed set (in brief , g-closed) set [15] if CI(A)c U whenever A — U and U is open in X.

(i) generalized semiclosed (in brief , gs-closed) set [ 2] if sCI(A)c U whenever A < U and U is openin X .

(iii) generalized semipreclosed (in brief, gsp-closed) set [ 9] if spCI(A)c U whenever A = U and U is open in

X.

(iv) generalized preclosed (in brief, gp-closed) set [ 26 ] if pCI(A)c U whenever A c U and

Uis openin X.
(v) gpr--closed set [ 11] if pCI(A) < U whenever A c U and U is r-open in X .

(vi) g*-closed set [ 29] if CI(A) < U whenever Ac U and U is g-open in X.

(vii) g*-preclosed (in brief, g*p-closed) set [30 ] if pCI(A)c U whenever A — U and U is g-open in X.
(viii) g*sp-closed set [ 20] if spCI(A) < U whenever A — U and U is g-open in X.

(ix) gr*-closed set [ 12] if rCI(A) < U whenever Ac U and U is g-open in X .

x) a-generalized closed (in brief, ag-closed) set [16 ] if aCI(A)cU whenever A < U and U is open in X.
(xi) G*-closed set [ 21] if gspCI(A) < U whenever A — U and U is g-open set in X.

(xii) strongly ag-closed [ 27] if aCI(A) < U whenever Ac U and U is g-open set in X.

(xiii)  ag*-closed [ 28] if aCI(A) < U whenever Ac U and U is ag-open set in X.
(xiv)  gp*-closed [ 13] if CI(A) < U whenever Ac U and U is gp-open set in X.
(xv) oag*p-closed [28 ] if pCI(A) = U whenever Ac U and U is ag-open set in X.
(xvi)  *G-closed [ 23] if gsCI(A) < U whenever Ac U and U is g-open set in X.

(xvii)  g#-closed [31]if CI(A) c U whenever Ac U and U is g-open set in X.

Definition 2.5 [ 22]: The union of all gsp-open sets contained in A is called the gsp-interior of A and is denoted by

gspint(A) .

Definition 2.6 [22 ]: The intersection of all gsp-closed sets containing A is called the gsp-closure of A and is denoted

by gspCI(A).

Lemma 2.7 [22] : For every subset A — X, the following hold.
Q) gspCI(X-A) = X-gspint(A) .
(i) gspInt(X-A) = X-gspCI(A).

Definition 2.8 : A function f: X =Y is called :

Q) precontinuous [17 ] if the inverse image of each open set of Y is preopen in X.

(i) o-continuous [ 18] if the inverse image of each open set of Y is a-open in X.

Definition 2.9 : A function f: X =Y is called :

(i g-continuous [3 ] if the inverse image of each closed set of Y is g-closed in X.

(i) stag-continuous [ 27] if the inverse image of each closed set of Y is stog-closed in X.
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(iii) g*-continuous [29 ] if the inverse image of each closed set of Y is g*-closed in X.

(iv) ag*-continuous [ 28] if the inverse image of each closed set of Y is ag*-closed in X.

(V) gp*-continuous [ 13] if the inverse image of each closed set of Y is gp*-closed in X.

(vi) g#-continuous [31 ] if the inverse image of each closed set of Y is g#-closed in X.

(vii) ag*p -continuous [28 ] if the inverse image of each closed set of Y is ag*p-closed in X.
Definition 2.10 [ 6 ]: A space X is said to be g-Hausdroff if whenever x and y are distinct points of X there exist
disjoint g-open sets U and V such that xeU and yeV.

Definition 2.11[21] : A space X is said to be G*-Hausdroff if whenever x andy are distinct
points of X there exist disjoint G*-open sets U and V such that xeU and yeV.

I1l. PROPERTIES OF N*-CLOSED SETS
We, define the following.

Definition 3.1: The union of all ag-open sets contained in A is called the ag-interior of A and is denoted by aglnt(A) .
Definition 3.2: The intersection of all ag-closed sets containing A is called the ag-closure of A and is denoted by
agCI(A).

We , prove the following.

Lemma 3.3 : For every subset A < X, the following hold.
M agCI(X-A) = X-agInt(A) .

(i) aglnt(X-A) = X-agCI(A).
Next, we introduce the following .

Definition 3.4: A subset A of a space X is said to be N*-closed set if agCI(A) < U whenever A< U and U is g-open
in X.

The complement of a N*-closed set is called N*-open set.

In view of Definitions-2.4 and 3.4 , we have the folloing implications hold true :
Lemma 3.5 : Every, closed (and hence a-closed , strongly ag-closed , ag*-closed , g*-closed , gp*-closed ) set is N*-
closed set. Hence,
Lemma 3.6 : Every, open (and hence o-open , strongly ag-open , a.g*-open , g*-open , gp*-open ) set is N*-open set.
Lemma 3.7: Every ,N*-closed set is G*-closed set.
Lemma 3.8: N*-closed and gp-closed sets are independent.

We , define the following.
Definition 3.9: A subset A of a space X is said to be N**-closed set if agCI(A) < U whenever A< U and U is open
in X.

The complement of a N**-closed set is called N**-open set.
Lemma 3.10: Every, closed (and hence a-closed, strongly ag-closed , N*-closed , g*-closed ) set is N**-closed set.
Lemma 3.11: A subset A of space X is called N*-open set if F — aglnt(A) whenever F — A and F is g-closed set in

X
We , define the following
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Definition 3.12 : The union of all N*-open sets which contained in A is called the N*-interior of A and is denoted by
N*Int(A) .

Definition 3.13 : The intersection of all N*-closed sets containing set A is called the N*-closure of A and is denoted
N*CI(A).

Lemma 3. 14 : Let xeX, then x e N*CI(A) if and only if VA = & for every N*-open set V containing X.

Remark 3.15 : The N*-closure of a set A is not always N*-closed set.

We , state the following.

Lemma 3.16: Let A and B be subsets of X. Then
(i) N*Cl (&) =& and N*CI(X) = X

(ii) If Ac B, N*Cl (A) c N*CI(B) .

(iii) A < N*CI(A)

Lemma 3.17: Let A and B be subsets of X. Then
(i) N*CI (A) = N*CI(N*CI(A))

(i) N*CI (A) u N*CI (B) = N*CI(AUB)

(i)  N*CI (AN B)  N*CI(A)  N*CI(B)

Theorem3.18: If agInt(A) c B < A and Ais N*-open, then B is N*-open.
Proof: Obvious.

We, define the following.

Definition 3.19: A function £:X—Y is called N* -continuous if f* (V) is N*-closed in X for every closed subset V of
Y.

Clearly, every continuous (and hence a-continuous , stag-continuous , ag*-continuous , g*-continuous and gp*-
continuous ) function is N*-continuous.

Definition 3.20 : A function f:X—Y is called N*-irresolute continuous if f* (V) is N*-closed
in X for every N*- closed subset V of Y.
Clearly , every N*-irresolute function is N*- continuous.

Definition 3.21 : A function f: X—Y is called strongly N*-continuous if the inverse image of each N*-open set of
Y isopen in X.
Clearly , every strongly N*- continuous function is N*-irresolute .

Definition 3.22 : A function f: X—Y is called (o, N*)-continuous if the inverse image of each a-open setof Y is
*N-open in X.

Definition 3.23 : A function f: X—Y is called (g*, N*)-continuous if the inverse image of each g*-open set of Y is
N*-open in X.

Definition 3.24: A function f: X—Y is called (ag*, N*)-continuous if the inverse image of each ag*-open set of Y
is N*-open in X.

Definition 3.25: A function f: X—Y is called (gp*, N*)-continuous if the inverse image of each gp*-open set of Y
is N*-open in X.

We, prove the following

Theorem 3.26 : Let f : X—Y be a function, then the following are equivalent :
(i f is N*-continuous.

(i) The inverse image of each open set A in Y is N*-open in X.
Proof : Easy.
Theorem 3.27 : Let f: X — Y be N*-continuous and g:Y —Z be continuous, then gof : X »Z is N*-

continuous.
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Proof : Let B be an open set in Z , then g "(B) is an open set in Y. Again , f is N*-continuous function and g*(B) is
opensetinY , then f1(g?*(B)) = (gof ) (B) is N*-open setin X .Thus, gof is N*-continuous function. .

Theorem 3.28 : A function f: X — Y is N*-irresolute if for each N*-open set A of Y, f*(A) is N*-open setin X.
Proof : Easy.

Theorem 3.29 : If f: X — Y is N*-irresolute function, then for each B < X, f (N*CI(A)) < N*CI(f(A)).

Proof : Let B X , then N*CI(f(B)) is N*-closed set in Y , but fis N*-irresolute function , therefore f*(N*CI(f(B))
is N*-closed set in X . Again , as B < f(f(B)) < fY(N*CI(f(B))). Thus , N*CI(B) = N*CI(f}(N*CI(f(B)))) = f
L(N*CI(f(B))) . This implies that f(N*CI(B)) = N*CI(f(B)).

We , state the following.

Theorem 3.30 : Let f: X — Y be N*-irresolute and g : Y —Z be (o, N*)-continuous , then gof : X —»Z is (a,N*) -
continuous.

Theorem 3.31 : Let f: X — Y be N*-irresolute andg: Y —Z be (g*, N*) - continuous , then gof : X »Z is
(g* ,N*)-continuous.

Theorem 3.32 : Let f: X — Y be N*-irresolute and g:Y —Z be (ag*, N*) -continuous , then gof : X —»Z is
(g™, N*)-continuous.

Theorem 3.33: Let f: X — Y be N*-irresolute and g : Y —»Z be (gp*, N*) - continuous , then gof : X —»Z is
(gp*, N*) - continuous.

We, prove the following.

Theorem 3.34 : Let f: X — Y be (o, N*)-continuous and g:Y —Z be a-continuous, then gof : X -»Z is N* -
continuous.

Proof : Let V be an open set in Z , then g(V) is an a-open set in Y since g is a-continuous . Again , f is (\a, N*)-
continuous and g(V) is an a-open set in Y, then (gof) *(V) is N*-open set in X . Therefore , gof is N*-continuous .
Theorem 3.35: Let f: X — Y be (g*, N*) -continuous andg:Y —Z be g¢g*-continuous, then gof : X —»Z is
N*-continuous.

Proof : Let V be an open set in Z , then g™(V) is an g*-open set in Y since g is g*-continuous . Again , f is ( g*,
N* )-continuous and g™(V) is an g*-open set in Y, then (gof)*(V) is N*-open set in X . Therefore , gof is N*-
continuous .

Theorem 3.36 : Let f: X — Y be (ag*, N*) -continuous and g : Y —»Z be ag*-continuous, then gof : X »Z is
N*-continuous.

Proof : Let V be an open set in Z , then g*(V) is an ag*-open set in Y since g is ag* -continuous . Again , f is
( ag* , N*)-continuous and g*(V) is an ag*-open set in Y, then (gof)*(V) is N*-open set in X . Therefore , gof is
N*-continuous .

Theorem 3.37: Let f: X —> Y be (gp*, N*) - continuous and g: Y —Z be gp* - continuous , then gof : X —»Z is
N* - continuous.

Proof : Let V be an open set in Z , then g™(V) is an gp*-open set in Y since g is gp*-continuous . Again , f is (gp*,
N* )-continuous and g*(V) is an gp*- open set in Y, then (gof)*(V) is N*-open set in X . Therefore , gof is N*-
continuous .

We, define the following.

Definition 3.38 : A subset A of aspace X is called N*-clopen if it is both N*-open set and N*-closed set.

Clearly , every clopen set is N*-clopen set , every N*-clopen set is N*-open and N*-clopen set is N*-closed set also.
Definition 3.39 : A function f : X — Y is said to be totally N*-continuous if the inverse image of each open set of Y is
N*-clopen set in X.

Clearly , every totally continuous function is totally N*-continuous.

We , define the following.

Definition 3.40 : A space X is said to be N*-Hausdroff if for any pair of distinct points x ,y of X , there exist
disjoint N*-open sets A and B such that xe A and yeB.
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Next , we prove the following.

Theorem 3.41 : If f: X — Y is totally N*-continuous injection and Y is To-Space , then X is N*- Hausdorff space.
Proof : Let x and y be any two distinct points of X . Then, f(x) = f(y) since f is injective. As Y is To-space , there exists
an open set V containing say, f(x) but not f(y) . Then xe f*(V) and
y & f}(V) . Since f is totally N*-continuous , (V) is N*-clopen set of X . Also, xe f}(V)and y e X — f}(V).
Therefore , X is N*- Hausdroff space.

We , define the following.
Definition 3.42 : A space X is said to be N*-connected if X cannot be expressed as the union of two non-empty
disjoint N*-open sets .

The routine proof of the following is omitted.

Theorem 3.43 : If fis a totally N*-continuous function from a N*-connected space X onto any space Y, then Y is an
indiscrete space.

IV.BASIC PROPERTIES OF *N-CLOSED SETS
We, define the following.

Definition 4.1 : The union of all gp-open sets contained in A is called the gp-interior of A and is denoted by gpInt(A) .
gint (A) [5] can be similarly defined .

Definition 4.2: The intersection of all gp-closed sets containing A is called the gp-closure of A and is denoted by
gpCI(A).
gCI(A) [5] can be similarly defined .

Note 4.3: For a subset A of a space X, the following hold true :
(M every closed set is g-closed set & every g-closed set is gsp-closed set .Hence we have ,

gCI(A) = CI(A) and gspCI(A) < gCI(A) , therefore we obtain, gspCI(A) < gCI(A) < CI(A).
(i) every , closed set is a-closed ; a-closed set is preclosed ; preclosed set is gp-closed ;

gp-closed set is gsp-closed . Hence we have, aCI(A) < CI(A) ; pCI(A) < aCI(A) ;
gpCI(A) < pCI(A) ; gspCI(A) < gpCI(A) , therefore we obtain , gspCI(A) < gpCI(A) < pCI(A) < aCI(A) < CI(A).
(iii) every , a-closed setis ag-closed ; ag-closed set is gp-closed ; gp-closed set

is gsp-closed . Hence we have , agCl(A) < aCI(A) ; gpCI(A) = agCI(A) ; gspCI(A) = gpCI(A) ; therefore we
obtain , gspCI(A) = gpCI(A) < agCI(A) < aCl(A) = CI(A) .

Note 4.4 : For a subset A of a space X, the following hold true :
(1 A'is closed set if A =CI(A),

(i) A'is preclosed set if A=pCI(A),

(iii) A is semipreclosed set if A =spCI(A),
(iv) A is gsp-closed set if A =gspCI(A),
(v) A'is gp-closed setif A =gpCI(A),

(vi) A'is ag-closed set if A = agCI(A) .

We , define the following .
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Definition 4.5 : A subset A of a space X is called *N-closed set if gpCI(A) — U whenever A — U and U is g-open in
in X.

In view of Definitions- 2.4 & 4.5, we have the following implications :

Lemma 4.6: Every closed ( and hence preclosed , g-closed ) set is *N-closed set.

Lemma 4.7: (i) Every g"-closed set is *N-closed set .

Pf. Let A be a g"-closed set in X.Let U be a g-open set such that A = U. Since every g-open set is ag-open set and
hence we have CI(A) c U .But, gpCI(A) = CI(A) < U.Thus, A is *N-closed set.

We state the following .

Lemma 4.8 : (i) Every *N-closed set is G*-closed set,(ii) Every N*-closed setis *N-closed set,(iv)Every N*-closed
set is G*-closed set,(v)Every g*-closed set is *N-closed set,(vi) Every g*p-closed set is *N-closed set,(vii) *N-closed
and gpr-closed sets are independent,(viii) Every gr*-closed set is *N-closed set, (ix) gp-closed (and hence gsp-closed)
sets and *N-closed sets are independent each other and (x) Every ag*p-closed set is *N-closed set .

We, prove the following .

Lemma 4.9 : Let A be a *N-closed set of space X.Then,
(i gpCI(A)-A does not contain any nonempty g-closed set.

(i) If Ac B < gpCI(A), then B is also a *N-closed set of X.

Proof . (i) Let F be a g-closed set contained in gpCI(A) —A , then gpCI(A) < X — F since X — F is g-open with A < X-
F and A is *N-closed set. Then, F < ( X-gpCI(A) ) n (gpCI(A)-A) < (X-gpCI(A) ) ngpCI(A) =& . Thus , F = &.
(ii)Let G be a g-open set of X suchthat B < G.Then, Ac G. Since Ac G and A is *N-closed set , then gpCI(A)
G . Then, gpCI(B) < gpCIl(gpCI(A)) = gpCI(A) since B < gpCI(A). Thus,

gpCl(B) < gpCI(A) G . Hence , B is also a *N-closed set of X.

Next, we introduce the following .

Definition 4.10 : A space X issaidtobe a :

(M *T,- space if every *N-closed set in it is closed .

(i) **T p-space if every *N-closed set in it is preclosed .
(iii) ** T 4—space if every *N-closed set in it is g-closed.
(iv) #T 4-space if every *N-closed set in it is g#-closed.

(v) **T \-space if every N*-closed set in it is ag*p-closed.
(vi) *Tne -space if every *G-closed set initis *N-closed .

Lemma 4.11: A subset A of space X is called *N-open set if F < gpInt(A) whenever F — A and F is g-closed set in
X

We , define the following
Definition 4.12 : The union of all *N-open sets which contained in A is called the *N-interior of A and is denoted by
*NInt(A) .
Definition 4.13 : The intersection of all *N-closed sets containing set A is called the *N-closure of A and is denoted
*NCI(A).
Lemma 4 .14 : Let xeX, then x € *NCI(A) if and only if VIMA = O for every *N-open set V containing x.
Remark 4.15 : The *N-closure of aset A is not always *N-closed set.
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We , state the following.

Lemma 4.16: Let A and B be subsets of X. Then
(i) *NCI (&) = and *NCI(X) = X

(i) If AcB,*NCI (A) c *NCI(B) .

(iii) A c*NCI(A)

Lemma 4.17: Let A and B be subsets of X. Then
(i) *NCI (A) = *NCI(*GCI(A))

(i) *NCI (A) U *NCI (B) = *NCI(AUB)

(i) *NCI (AN B) < *NCI(A) n *NCI(B)

Theorem4.18: If gpInt(A) c B < A and Ais *N-open, then B is *N-open.
Proof: Obvious.

We, define the following.

Definition 4.19 : A function f:X—Y is called *N -continuous if f* (V) is *N-closed in X for every closed subset V of
Y.

Clearly, every continuous (and hence precontinuous , g-continuous , ag*p-continuous , g*-continuous and g#-
continuous ) function is *N-continuous.

Definition 4.20 : A function f:X—Y is called *N-irresolute continuous if f* (V) is *N-closed
in X for every *N- closed subset V of Y.
Clearly , every *N-irresolute function is *N- continuous

Lemma 4.21 : Let f: X—>Y be a *N-continuous function .

(i) If X isa*T,-space, then f is continuous.

(i) If X isa**T ,-space , then f is precontinuous.
(iii) If X isa** T ,—space, then f is g-continuous.
(iv) If X'is a #T ¢-space , then f is g# -continuous.

(V) If Xisa **T \-space, then f is ag*p-continuous.

Lemma 4.22 : Let f: X— Y be a G*-continuous function .If X is *Tyg —Space , then f is *N-continuous .
We, define the following.

Definition 4.23 : A function f: X—Y is called strongly *N-continuous if the inverse image of each *N-open set of
Y is open in X.

Definition 4.24 : A function f: X—Y is called (g, *N )-continuous if the inverse image of each g-open set of Y is
*N-open in X.

Definition 4.25 : A function f: X—Y is called (p, *N )-continuous if the inverse image of each preopen set of Y is
*N-open in X.

Definition 4.26: A function f: X—Y is called (g*, *N )-continuous if the inverse image of each preopen set of Y is
*N-open in X.

Definition 4.27 : A function f: X—Y is called (g*p, *N )-continuous if the inverse image of each g*p-open set of Y
is *N-open in X.

Definition 4.28 : A function f: X—Y is called (G*, *N )-continuous if the inverse image of each G*-open set of Y
is *N-open in X.
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We, define the following.

Definition 4.29: A space X is said to be *N-Hausdroff if whenever x andy are distinct points of X , there exist
disjoint *N-open sets U and V such that xeU and yeV.

Definition 4.30 : A space X is said to be g*p-Hausdroff if whenever x and y are distinct points of X there exist
disjoint g*p-open sets U and V such that xeU and yeV.

Definition 4.31 : A space X is said to be g*-Hausdroff if whenever x and y are distinct points of X there exist
disjoint g*-open sets U and V such that xeU and yeV.

Definition 4.32 : A space X is said to be p-Hausdroff if whenever x and y are distinct

points of X there exist disjoint preopen sets U and V such that xeU and yeV.

Next , we prove the following.

Theorem 4.33: Let X be a space and Y be Hausdorff . If f:X—Y be *N-continuous injective , then X is *N-
Hausdorff .

Proof : Letx and y be any two distinct points of X . Then f(x) and f(y) are distinct points of Y,

because f is injective. Since Y is Hausdorff , there exist two disjoint open sets U and V such that

f(x)eU and f(y)eV . Since fis *N-continuous and U NV = & , we have f!(U) and f*(V) are disjoint *N-open sets in
X such that xe £1(U) and ye f(V).Hence X is *N-Hausdorff space.

Theorem 4.34 : Let X be a space and Y be *N-Hausdorff . If f:X—Y be *N-irresolute injective, then X is *N-
Hausdorff .

Proof : Let x and y be any two distinct points of X . Then f(x) and f(y) are distinct points of Y,

because f is injective. Since Y is *N-Hausdorff , there exist two disjoint *N-open sets U and V such that f(x)eU and
f(y)eV . Since fis *N-irresoluteand U "V =&, we have f*(U) and  f!(V) are disjoint *N-open sets in X such
that xe F1(U) and ye f*(V). Hence X is *N-Hausdorff space.

Theorem 4.35 : Let X be a space and Y be g-Hausdorff . If f:X—Y be (g, *N)-continuous injective, then X is *N-
Hausdorff .

Proof : Let x and y be any two distinct points of X . Then f(x) and f(y) are distinct points of Y,because f is injective.
Since Y is g -Hausdorff , there exist two disjoint g-open sets U and V such that f(x)eU and f(y)eV . Since f is (g, *N)-
continuous and U NV = & , we have f*(U) and  f*(V) are disjoint *N-open sets in X such that xe f*(U) and ye f
(V).Hence X is *N-Hausdorff space.

Theorem 4.36 : Let X be a space and Y be g*p-Hausdorff . If f:X—Y be (g*p, *N) -continuous injective, then X is
*N-Hausdorff .

Proof : Let x and y be any two distinct points of X . Then f(x) and f(y) are distinct points of Y ,because f is injective.
Since Y is g*p -Hausdorff , there exist two disjoint g*p-open sets U and V such that f(x)eU and f(y)eV . Since f is
(g*p , *N)-continuous and U NV = & , we have f*(U) and (V) are disjoint g*sp-open sets in X such that xe f
Y(U) and ye f*(V).Hence X is g*sp-Hausdorff space.

Theorem 4.37 : Let X be a space and Y be *N-Hausdorff . If f:X—Y be strongly *N-continuous injective, then X is
Hausdorff .

Proof : Let x and y be any two distinct points of X . Then f(x) and f(y) are distinct points of Y,because f is injective.
Since Y is *N-Hausdorff , there exist two disjoint *N-open sets U and V such that f(x)eU and f(y)eV . Since f is
strongly- *N -continuousand U "V =&, wehave f*(U) and f*(V) are disjoint open sets in X such that xe f
Y(U) and ye f*(V).Hence X is Hausdorff space.

We, state the following.

Theorem 4.38 : Let X be a space and Y be p-Hausdorff . If f:X—Y be (p, *N) -continuous injective, then X is *N-
Hausdorff .

Theorem 4.39 : Let X be a space and Y be g*-Hausdorff. If f:X—Y be (g*, *N) -continuous injective, then X is *N-
Hausdorff .

Theorem 4.40 : Let X be a space and Y be G*-Hausdorff . If £:X—Y be (G*, *N) -continuous injective, then X is
*N-Hausdorff .

We define the following.

Definition 4.41: A function f:X—Y is said to be *N-open if the image of each open set of X is *N -openin.
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Definition 4.42: A function f:X—Y is said to be always - *N-open if the image of each *N- open set of X is *N-open
iny.
Clearly , every always- *N-open function is *N-open.

Definition 4.43 : A function :X—Y is said to be *N-closed if the image of each closed set of X is *N- closed in Y.
Definition 4.44 : A function f:X—Y is said to be pre - *N-closed if the image of each preclosed set of X is *N-
closediny.
Definition 4.45 : A function f:X—Y is said to be always - *N-closed if the image of each *N-closed set of X is *N-
closedin'y.

Clearly , every always - *N -closed function is *N -closed.

We ,state the following.
Theorem 4.46: Let f:X—Y be a bijection. Then the following are equivalent.
(i) fis always - *N -open.
(i) f is always - *N -closed.
(iii)f " is *N - irresolute.
We , define the following .
Definition 4.47: A function f:X—Y is said to be strongly *N-open if the image of each *N-open set of X is openin.

We ,state the following.

Theorem 4.48: Letf:X—Y and g :Y—Z be any two functions. Then,

(i) If fis *N-open and g is always *N-open , then gof is *N-open.
(i) If fis strongly *N-open and g is *N-open , then gof is always *N-open.
(iii) If fisalways *N-open and g is strongly *N-open ,then gof is strongly *N-open.

We , define the following .

Definition 4.49: A function f:X—Y is said to be strongly *N-closed if the image of each *N-closed set of X is closed
iny.

We ,state the following.

Theorem 4.50: Letf:X—Y and g: Y—Z be any two functions. Then,

(1 If f is *N-closed and g is always *N-closed , then gof is *N-closed.

(i) If fis strongly *N-closed and g is *N-closed , then gof is always *N-closed.

(iii) If fisalways *N-closed and g is strongly *N-closed ,then gof is strongly *N-
closed.

Definition 4.51: A bijection f:X—Y iscalled *N —homeomorphism if fisboth *N —continuous function and *N
—open function .
Theorem 4.52 : Every homeomorphism is an *N - homeomorphism..

We , define the following.
Definition 4.53 : A bijection f:X — Y is said to be always *N - homeomorphism if both f and f * are *N —
irresolute functions.

Theorem 4.54: Every always *N - homeomorphism is an *N - homeomorphism.
Proof: Obvious.
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V. CONCLUSION

We have defined and studied two classes of generalized closed sets,namely , N*-closed sets and *N-
closed sets in topological spaces in this paper. In the upcoming research papers , our aim is to establish some
more basic properties of these new generalized closed sets in topology.

REFERENCES

[1] D.Andrijevic , Semipreopen sets, Mat.Vesnik ,38 (1886),24-32.

[2] S. P. Arya and T.M.Nour,Characterizations of s-Normal spaces, Indian J.Pure & Appl. Math. 21(1990), N0.8,717-
719.

[3] K.Balachandran, P.Sundaram and H.Maki , On generalized continuous maps in topological spaces, Mem.
Fac.Sci.Kochi Univ.Ser.A Math.,12 (1991) ,5-13.

[4] N.Biswas, “On characterization of semi-continuous functions”, Rendiconti, Accademia Nazionale Dei Lincei, April
1970.

[5] M.Caldas ,S.Jafari and T.Noiri , Notions via g-open sets , Kochi J.Math.,2(2007),43-50.

[6] Chawalit Boonpok , Preservation Theorems Concerning g-Hausdorff and rg-Hausdorff Spaces , Naresuan
University Journal , 11(3) (2003) ,75-77.

[71 S.G.Crossley and S.K.Hildebrand, “Semi-Closure”, Texas J. Soci., 22,N0.2-3(1970), 99-112.

[8] P.Das “Note on some applications of semi-open sets”, Progre. Math. Soc.( Allahabad), 7(1973), 3-44.

[9] Julian. Dontchev, “On generalized semi-preopen sets, Fac. Sci. Kochi Univ. Ser. A, Math., 16(1995), 35-48.

[10] S.N.El — Deeb, 1. A. Hasanein, A. S. Mashhour and T. Noiri, “ On p-regular Spaces”, Bull. Math. Soc.Sci.
Math. R.S.Roumanie (N.S), 27 (75), (1983), 311-315.

[11] Y. Gnanambal , On generalized pre-regular closed sets in topological spaces, Indian J.Pure Appl.Math., 28(3) ,
(1997),351-360.

[12] K.Indrani , P.Shatishmohan and V.Rajendran, On gr*-closed sets in topological spaces, IIMTT ,Vol.6 (Feb.
2014) ,142-148.

[13] P.Jayakumar , K.Mariappa and S.Sekar , On gp*-closed sets in topological spaces , IIMA, Vol. 33(7) (2013),1635-
1645.

[14] N.Levine, “Semi-open and semi-continuity in topological spaces”, Amer. Math. Monthly, 70(1963), 36-41.

[15] N.Levine, Generalized Closed Sets in Topology. Rend. Circ. Mat. Palermo. 19(2) (1970), 89-96.

[16] H.Maki , R.Devi and K.Balachandran , Generalizes a-closed sets in topology , Bull.Fukuoka Univ.Ed.Part 111
42(1993), 13-21.

[17] A. S. Mashhour, M.E.Abd EI-Monsef and S.N.EI-Deeb, On Precontinuous and weak precontinuous mappings,
Proc. Math. Phys. Soc. Egypt, 53(1982) 47-53.

[18] A.S.Mashhour ,1.A.Hasanein and S.N.EIl-Deeb , On a-continuous and a-open mappings, Acta Math.Hungar,
41(1983), 213-218.

[19] A. S. Mashhour, M. E. Abd EI-Monsef and 1.A.Hasanein “On pretopological Spaces”, Bull. Math. Soc. Sci. Math.
R.S. Roumanie, 28(76) (1984), 39-45.

[20] Govindappa Navalagi and Sujata Mookanagoudar , Properties of of g*sp-closed sets Topological spaces,
IJIRSET , Vol.7 ,Issue 8 (August, 2018) , 22251-22258.

[21] Govindappa Navalagi,Properties of G*-closed sets in topological spaces , IJRSR , Vol.9,N0.8 (August-2018),
28176-28180.

[22] Govindappa Navalagi and R.G.Charantimath , Some allied gsp-continuous , open and closed functions in
topology , JARIIT,Vol.4,Issue 4, (2018),538-542.

[23] Govindappa Navalagi , Properties of always *G-continuous functions in topological spaces, IJIRSET ,Vol.9 Issue
7 (July-2020), 5832-5838.

[24] Govindappa Navalagi, Properties of gs-closed sets and sg—closed sets in topology , Topology Atlas Preprint
(2002) .

[25] O.Njastad, On some classes of nearly open sets , Pacific J.Math., 15 (1965), 961-970.

[26] T.Noiri, H. Maki and J.Umehara, ‘Generalized preclosed Functions’ Mem. Fac. Sci.Kochi. Univ. (Math.)
19(1998), 13-20.

[27] P.Rajarajeswari , K . Ramasamy and P. Sundaram , Strongly ag-closed sets , Antarctica J.Math., 3(1) , (2006) ,
113-125.

[28] C.Sekar and J. Rajakumari , A new notions of generalized closed sets in topological spaces, IIMTT, Vol.36
(2)(August-2016) , 124-129.

IJIRSET © 2020 | An SO 9001:2008 Certified Journal | 6495


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

@ | e-ISSN: 2319-8753, p-1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
IJIRSET

|| Volume 9, Issue 7, July 2020 ||

[29] M.K.R.S.Veera Kumar , Between closed sets and g-closed sets, Mem.Fac.Sci.Kochi Univ. (Math.),21(2000),1-19.
[30] M.K.R.S.Veera Kumar , g*-preclosed sets , Acta Ciencia Indica ,Vol. XXVIII M .No.1, (2002), 51-60.

[31]] M.K.R.S.Veera Kumar , g#-closed sets in topological spaces , Mem.Fac.Sci.Kochi Univ. Ser. A
(Math.),24(2003),1-13.

IJIRSET © 2020 | An SO 9001:2008 Certified Journal | 6496


http://www.ijirset.com/

