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ABSTRACT 
The aim of this paper is to introduce and study the new classes of generalized closed set namely g^^p -closed sets. 
Furthermore the relations with other notions connected with the forms of closed sets are investigated. Also we define 
the space namely Tpˆ space using this definition. 
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1. INTRODUCTION 
 
The study of generalized closed sets in topological space was initiated by Levine [10] in 1970 and concept of            
T1/2 -space was introduced. Manoj Garg and Shikha Agarwal, C.K.Goel [14] introduced the concept of g^^-closed sets 
in topological space. 
 
In this paper we first introduce a new class of closed sets namely g^^p –closed sets which is placed in between the class 
of closed sets and the class of g-closed sets and then investigate some of its properties . We also introduce new class of 
spaces namely Tpˆ space, ˆ Tp space, Tpˆˆ space, α Tpˆ space. 
 
2. PRELIMINARIES 
 
Throughout this paper (X, τ) (or X) represents topological spaces on which no separation axioms are assumed unless 
otherwise mentioned. For a subset A of a space (X, τ), cl(A), int(A) and Ac denote the closure of A, interior of A and 
complement of A respectively in X.  
 
We recall the following definitions which are useful in the sequel. 
 
Definition 2.1: A subset A of a topological space (X, τ) is called 

(1) a pre-open set [15] if A ⊆ int(cl(A)) ⊆ A. 
(2) a semi-open set [9] if A ⊆ cl(int(A)). 
(3) an α-open set if [16] A ⊆ int(cl(int(A))). 
(4) a semi-preopen set [1] (= β -open ) if A ⊆ cl(int(cl(A))). 

 
The class of all closed subsets of a space (X, τ) is denoted by C(X, τ). The intersection of all semi closed (resp. pre-
closed, semi-preclosed, α-closed) sets containing a subset A of (X, τ) is called the semi-closure (resp. pre-closure, semi-
pre-closure and α-closure) of A and is denoted by scl(A)(resp. pcl(A), spcl(A) and αcl(A)). 
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Definition 2.2: A subset A of a space (X, τ) is called 

(1) a g-closed set [10] if cl(A) ⊆ U whenever A ⊆ U and U is open in (X, τ). 
(2) a g*- closed set [19] if cl (A) ⊆ U whenever A ⊆ U and U is g-open in (X, τ). 
(3) a semi-generalized closed set [4] (briefly sg-closed) if scl (A) ⊆ U whenever A ⊆ U and U is semi-open in     

(X, τ).  
(4) a generalized semi-closed set [2] (briefly gs-closed) if scl (A) ⊆ U whenever A ⊆ U and U is open in (X, τ). 
(5) a generalized α-closed set [11] (briefly g α-closed) if αcl(A) ⊆ U whenever A ⊆ U and U is α-open in (X, τ). 
(6) an α-generalized closed set [12] (briefly αg-closed) if αcl(A) ⊆ U whenever A ⊆ U and U is open in (X, τ). 
(7) a generalized semi-preclosed set [5] (briefly gsp-closed) if spcl (A) ⊆ U whenever A ⊆ U and U is open in   

(X, τ) . 
(8) a gene ralized pre closed set [13] (gp-closed) if pcl (A) ⊆ U whenever A ⊆ U and U is open in (X, τ). 
(9) a generalized preregular closed set [8] (briefly gpr-closed) if pcl (A) ⊆ U whenever  A ⊆ U and U is regular 

open in (X, τ). 
(10) g* p -closed set [21] if pcl (A) ⊆ U whenever A ⊆ U and U is open in (X, τ). 
(11) g# -closed set [20] if cl (A) ⊆ U whenever A ⊆ U and U is αg-open in (X, τ). 
(12) g* s -closed set [17] if scl (A) ⊆ U whenever A ⊆ U and U is gs-open in (X, τ). 
(13) g^^-closed set [14] if cl(A) ⊆ U whenever A ⊆ U and U is sg-open in (X, τ). 

  
Definition 2.3: A subset A of a space (X, τ) is called 

(1) locally closed (briefly lc) set [7] if A = U ∩ F, where U is open and F is closed in (X, τ). 
(2) generalized locally closed (briefly glc) set [3] if U = F ∩F, where U is g-open and F is g-closed in (X, τ). 
(3) g^ -locally closed (briefly g^lc) set [22] if A = U ∩ F, where U is g^ -open and F is gˆ-closed in (X, τ). 
(4) g# -locally closed (briefly g# lc) set [23] if A = U ∩ F , where U is g# -open and F is g# -closed in (X, τ). 
(5) g _ -locally closed (briefly g _lc) set [24] if A = U ∩ F, where U is g _ -open and F is g _ -closed in (X, τ). 
(6) g* s -locally closed (briefly g* slc) set [18] if A = U ∩F, where U is g* s –open and F is g* s -closed in (X, τ). 

 
Definition 2.4: A topological space (X, τ) is called 

(1) Sub maximal space [6] if every dense subset of (X, τ) is open in (X, τ). 
(2) Semi-pre-T 1/2 space [4] if every gsp-closed set is semi-preclosed. 

 
Proposition 2.5: 

(1) [14] Every open set is gˆˆ-open. 
(2) [14] Every gˆˆ -open set is g -open. 

 
3. BASIC PROPERTIES OF gˆˆ p -CLOSED SET 
 
In this section we introduce the following definition. 
 
Definition 3.1: A subset A of (X, τ) is called a gˆˆp -closed set if pcl(A) ⊆ U whenever A ⊆ U and U is gˆˆ -open in   
(X, τ ) 
 
Theorem 3.2: Every closed set is ˆˆgp -closed. 
 
Proof: Let A be a closed set. Then cl(A) = A. Let U be any gˆˆ -open set containing A.  
 
Since pcl(A) ⊆  cl(A) = A ⊆ U . Then A is gˆˆ p -closed. 
 
Remark 3.3: The following example supports that a gˆˆ p -closed set need not be closed. 
 
Example 3.4: Let X = {a, b, c} and τ = {φ, {a}, X}. gˆˆ pC(X) = {φ, {b}, {c}, {a, b}, {b, c}, {a, c}, X}. Here {a, b} is 
gˆˆ p -closed but not a closed set of (X, τ). 
 
Theorem 3.5: Every g* -closed set is gˆˆ p -closed set. 
 
Proof: Let A be a g* -closed set. Let U be an gˆˆ -open set containing A. Since pcl(A) ⊆  cl(A) ⊆  U, A is ˆˆgp -closed. 
 
Remark 3.6: The converse of the above theorem need not be true as seen from the following example. 
 
Example 3.7:  Let X = {a, b, c} with τ = {φ, {c}, {b, c}, X}. gˆˆ pC(X) = {φ, {a}, {b}, {a, b}, {a, c}, X}.  
 
Here B = {b} is gˆˆ p -closed but not a g* -closed set. 
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Theorem 3.8:  Every g* p -closed set is g ˆˆ p -closed set. 
 
Proof:  Since every gˆˆ -open set is g -open, the theorem follows. 
 
Remark 3.9: The converse of the above theorem need not be true as seen from the following example. 
 
Example 3.10: Let (X, τ) be as in example 3.4, the set {a, b} is gˆˆ p –closed but not a g* p -closed set. 
 
Theorem 3.11: Every gα-closed set is gˆˆ p -closed set in (X, τ). 
 
Proof: Let A be a gα-closed set. Let U be an gˆˆ -open set containing A. Since pcl(A) ⊆  αcl(A) ⊆ U, A is gˆˆ p -closed. 
 
Remark 3.12: The following example shows that the converse of the above theorem is not necessarily true as seen 
from the following example. 
 
Example 3.13: Let X = {a, b, c} with τ = {φ, {a}, {a, b}, X}. Then gˆˆ pC(X) = {φ, {b}, {c}, {b, c}, {a, c}, X}. The set 
{a, c} is gˆˆ p -closed set but not a gα-closed set. 
 
Theorem 3.14: Every gˆˆ p -closed set is gsp-closed set in (X, τ). 
 
Proof: It follows from the fact that every open is ˆˆg -open and spcl(A) ⊆  pcl(A) ⊆ cl(A) ⊆ U for any  subset A of    
(X, τ). 
 
Remark 3.15: The converse of the above theorem need not be true as seen from the following example. 
 
Example 3.16: Let X = {a, b, c} with τ = {φ, {a}, {b}, {a, b}, X}. Then gˆˆ pC(X) = {φ, {c}, {b, c}, {a, c}, X}. The set 
{a} is gsp-closed but not a gˆˆ p -closed set. 
 
Theorem 3.17:  Every gˆˆ -closed set is gˆˆ p -closed in (X, τ). 
 
Proof:  Let A be a gˆˆ -closed set. Let U be an gˆˆ -open set containing A. Since pcl(A) ⊆ cl(A) ⊆ U, A is gˆˆ p -closed 
set. 
 
Example 3.18:  Let X and τ be as in example 3.13, the set {a, c} is gˆˆ p –closed but not a gˆˆ -closed set in (X, τ). 
 
Theorem 3.19:  Every pre-closed set is gˆˆ p -closed. 
 
Proof: Obvious 
 
Remark 3.20:  The converse need not be true as seen from the following example. 
 
Example 3.21:  Let X = {a, b, c} with τ = {φ, {c}, {a, c}, X}. Then gˆˆ pC(X) = {φ, {a}, {b}, {a, b}, {b, c}, X}. The 
set {b, c} is gˆˆ p -closed but not a pre-closed in (X, τ ) . 
 
Theorem 3.22: Every g# -closed set is gˆˆ p -closed set in (X, τ). 
 
Proof: Let A be g# -closed set . Let U be an gˆˆ -open set containing A. Since pcl(A) ⊆  cl(A) ⊆ U, A is gˆˆ p -closed. 
 
Remark 3.23: The converse need not be true as seen from the following example. 
 
Example 3.24: Let X and τ be as in example 3.13, the set {a, c} is gˆˆ p –closed but not a g# -closed set. 
 
Theorem 3.25: Every gˆˆ p -closed set is gpr-closed. 
 
Proof:  Since every gˆˆ-open set is regular open, the theorem follows. 
 
Remark 3.26: The converse need not be true as seen from the following example. 
 
Example 3.27:  Let (X, τ) be as in example 3.16, the set {a, b} is gpr-closed but not a gˆˆ p -closed. 
 
Remark 3.28: Thus the class of gˆˆ p -closed sets properly contains the closed sets, g* -closed sets, g* p -closed sets,    
g α-closed sets, gˆˆ -closed sets, g# -closed sets and is properly contained in the classes of gsp-closed sets and            
gpr-closed sets. 



1B. Meera Devi*, 2R. Madathi / New class of Locally closed sets in Topological Space / IJMA- 6(10), Oct.-2015. 

© 2015, IJMA. All Rights Reserved                                                                                                                                                                       200   

 
Remark 3.29:  gˆˆ p -closed sets are independent of semi-closed set, semi-preclosed set, g* s -closed set, gs-closed set, 
sg-closed set as it can be seen from the following examples. 
 
Example 3.30: Let (X, τ) be as in example 3.4, the set {a, b} is gˆˆ p –closed but neither semi-closed nor semi-
preclosed. In example 3.16, the set {b} is both semi-closed and semi-preclosed but not a gˆˆ p -closed. 
 
Example 3.31: Let X = {a, b, c} and τ = {φ, {b, c}, X}. Then the set {c} is gˆˆ p -closed but it is neither sg-closed set 
nor gs-closed in (X, τ). 
 
Example 3.32:  In example 3.16, the set {b} is both gs-closed and sg-closed but not a gˆˆ p -closed set. 
 
Example 3.33: Let X and τ be as in example 3.31, the set {c} is gˆˆ p –closed but not g* s -closed set in (X, τ). 
 
Example 3.34:  In example 3.16, the set {a} is g* s -closed set but not a gˆˆ p -closed in (X, τ). 
 
Remark 3.35:  Union of two gˆˆ p -closed sets need not be gˆˆ p -closed set as can be verified from the following 
example. 
 
Example 3.36:  Let X and τ be as in example 3.31, gˆˆ pC(X) = {φ, {a}, {b}, {c}, {a, b}, {a, c}, X}. 
  
Here A = {b}, B = {c} are gˆˆ p -closed set but A∪B = {b, c} is not gˆˆ p -closed. 
 
Remark 3.37:  Intersection of two gˆˆ p -closed sets need not be gˆˆ p -closed set as can be verified from the following 
example. 
 
Example 3.38: In example 3.4, the sets {a, b} and {a, c} are gˆˆ p -closed sets but {a, b} ∩ {a, c} = {a} is not gˆˆ p -
closed set in (X, τ). 
 
Theorem 3.39: A is a gˆˆ p -closed set of (X, τ). Then pcl(A)⊆A does not contain any non-empty gˆˆ -closed set. 
 
Proof:  Let F be gˆˆ -closed set of (X, τ) such that F ⊆ pcl(A) ⊆ A. Then A⊆X−F. Since X − F is gˆˆ -open, A ⊆X − F 
and A is gˆˆ p -closed,  pcl(A) ⊆   X − F , and thus F ⊆   X − pcl(A) . This implies that  
F ⊆ (X − pcl(A)) ∩ (pcl(A) − A) ⊆ (X − pcl(A)) ∩ pcl(A) = φ and hence F = φ. 
 
Theorem 3.40:  If A is a g ˆˆ p -closed set of (X, τ) such that A ⊆ B ⊆ pcl(A), then B is also a gˆˆ p –closed set of      
(X, τ). 
 
Proof: Let U be a gˆˆ -open set of (X, τ) such that B ⊆U. Then A ⊆ U. Since A ⊆ U and A is gˆˆ p -closed set,     
pcl(A)⊆U. Then pcl(B) ⊆ pcl(pcl(A)) = pcl(A), since B ⊆  pcl(A). Thus pcl(B) ⊆  pcl(A) ⊆  U . Hence B is also gˆˆ p -
closed set. 
 
Remark 3.41:  From the above discussions we have the following implications where A → B (resp. A = B) represents 
A implies B but not conversely (resp. A and B are independent of each other). 
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4. gˆˆ p -LOCALLY CLOSED SETS 
 
Definition 4.1: A subset A of (X, τ) is called gˆˆ p -locally closed (briefly gˆˆ plc) if A = U ∩ F, where U is gˆˆ p -open 
and F is gˆˆ p -closed in (X, τ). The class of all gˆˆp -locally closed sets in X is denoted by GˆˆPLC(X). 
 
Example 4.2:  Let X = {a, b, c} and τ = {φ, {a}, X}. Then gˆˆ p -lc set = P(X). 
 
Theorem 4.3:  Every locally closed set is ˆˆgp -lc set. 
 
Proof:  Let A be lc set in (X, τ). Then there exist an open set U and closed set F such that A = U ∩ F. Since every 
closed set is gˆˆ p -closed and, its complement is gˆˆp –open, A is gˆˆp - lc set. 
 
Remark 4.4:  The converse need not be true as it can be seen from the following example. 
 
Example 4.5:  In example 4.2 gˆˆp -lc = P(X). Here the set {a, b} is gˆˆp - locally closed set but not locally closed set in 
(X, τ). 
 
Theorem 4.6:  Every ˆg -lc set is gˆˆp -lc set in (X, τ). 
 
Proof:  Let A be gˆ-lc set. Then there exist an gˆ -open set U and gˆ -closed set F such that A = U ∩ F. Since every     
gˆ-closed set is gˆˆp -closed set, its complement is gˆˆp –open, A is gˆˆp - lc set. 
 
Remark 4.7:  The converse need not be true as seen from the following example. 
 
Example 4.8: Let (X, τ) be in example 3.13, gˆˆp -lc = P(X) . Here the set {b} is gˆˆp -locally closed but not gˆ -locally 
closed set. 
 
Theorem 4.9: Every g*-lc set is gˆˆp -lc set. 
 
Proof: Let A be g*-lc set. Then there exist an g* -open set U and g* -closed set F such that A = U ∩ F. Since every       
g* -closed set is gˆˆp –closed, and its complement is g* -open, A is gˆˆp - lc set. 
 
Remark 4.10:  The converse need not be true as seen from the following example. 
 
Example 4.11: In example 4.2, gˆˆp -lc = P(X). Here the set {c} is gˆˆp - locally closed set but not g*-lc set in (X, τ). 
 
Theorem 4.12:  Every g# -lc set is gˆˆp -lc set. 
 
Proof: Let A be g# - lc set. Then there exist an g# -open set U and g# -closed set F such that A = U ∩ F. Since every   
g# -closed set is gˆˆp -closed and its complement is gˆˆp -open. Then A is gˆˆp - lc set. 
 
Remark 4.13: The converse need not be true as seen from the following example. 
 
Example 4.14:  Let X = {a, b, c} with τ = {φ, {a}, {b, c}, X}. Then the set {a, b} is gˆˆplc but not g# - lc set. 
 
Definition 4.15:  A subset A of a space (X, τ) is called 

(i) gˆˆp –lc* set if A = S ∩ G, where S is gˆˆp -open in (X, τ) and G is closed in(X, τ). 
(ii) gˆˆp –lc** set if A = S ∩ G, where S is open in (X, τ) and G is gˆˆp –closed in (X, τ). 

 
The class of all gˆˆp -lc _ (resp. gˆˆp –lc**) sets in a topological space (X, τ ) is denoted by Gˆˆ PLC* (X)               
(resp.ˆˆ GPLC** (X)). 
 
Theorem 4.16:  Every locally closed set is gˆˆp -lc* set in (X, τ). 
 
Proof:  Let A be lc set. Then there exist U and closed set F such that A = U ∩ F. Since every open set is gˆˆp -open, A 
is gˆˆp - lc_ set. 
 
Remark 4.17:  The converse need not be true as seen from the following example. 
 
Example 4.18:  Let X = {a, b, c} with the topology τ = {φ, {a}, X}. Then the set {a, c} is gˆˆ plc* set is not locally 
closed set. 
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Theorem 4.19:  Every locally closed set is gˆˆ p –lc** in (X, τ). 
 
Proof:  Let A be locally closed set. Then there exist an open set U and closed set F such that A = U ∩ F. Since every 
closed set is gˆˆ p -closed, A is gˆˆ p –lc**.  
 
Remark 4.20:  The converse of the above theorem need not be true as seen from the following example. 
 
Example 4.21:  In example 4.18, the set {a, c} is gˆˆ plc** set but not locally closed set. 
 
Theorem 4.22:  Let A and B be any two subsets of (X, τ). If A in Gˆˆ PLC(X) and B is gˆˆ p -open, then  
A ∩ B ∈ Gˆˆ PLC(X). 
 
Proof: Let A in Gˆˆ PLC(X). Then there exist an gˆˆ p -open set U and gˆˆ p –closed set F such that A = U ∩ F. So, A 
∩ B = (U ∩ F) ∩ B = (U ∩ B) ∩ F in Gˆˆ PLC(X). 
 
Theorem 4.23: Let A and B be any two subsets of (X, τ). If A in Gˆˆ PLC** (X) and B in Gˆˆ PLC* (X), then A ∩ B in  
Gˆˆ PLC(X). 
 
Proof:  Let A = S ∩ G, where S is open and G is gˆˆ p -closed and B = P ∩ Q, where P is gˆˆ p -open and Q is closed. 
Then A ∩ B = (S ∩ G) ∩ (P ∩ Q) = (S ∩ P) ∩ (G∩Q) where S ∩ P is gˆˆ p -open and G∩Q is gˆˆ p -closed. Therefore, 
A ∩ B in Gˆˆ PLC(X). 
 
Theorem 4.24: Let A and B be any two subsets of (X, τ). If A∈ Gˆˆ PLC** (X) and B is open or closed, then                
A ∩ B ∈ Gˆˆ PLC** (X, τ). 
 
Proof:  If A in Gˆˆ PLC** (X, τ). Then there exist an open set U and gˆˆ p –closed set F such that A = U ∩F. If B is 
open, then A∩B = (U ∩F)∩B = (U ∩B)∩F in  Gˆˆ PLC** (X, τ ) . If B is closed, then  
A ∩B = (U ∩ F) ∩B = U ∩ (B ∩ F) in Gˆˆ PLC **(X, τ). 
 
Theorem 4.25:  Let A and B be any two subsets of (X, τ). If A ∈ Gˆˆ PLC(X) and B is gˆˆ p -open or gˆˆ p -closed, then 
A ∩ B ∈ Gˆˆ PLC(X, τ). 
 
Proof:  Let A in Gˆˆ PLC(X, τ). Then there exist an gˆˆ p -open set U and gˆˆ p -closed set F such that A = U ∩B. If B 
is gˆˆ p -open, then A∩B = (U ∩F)∩B = (U ∩ B) ∩ F in  Gˆˆ PLC(X, τ ). If B is gˆˆ p -closed, then  
A ∩ B = (U ∩ F) ∩ B = U ∩ (B ∩ F) in Gˆˆ PLC(X, τ). 
 
Theorem 4.26:  For a subset A of (X, τ) the following are equivalent: 

(1) A ∈ Gˆˆ PLC* (X, τ ) 
(2) A = P ∩ cl(A) for some gˆˆ p -open set P 
(3) cl(A) − A is gˆˆ p -closed 
(4) A ∪ (X − cl(A)) is gˆˆ p -open 

 
Proof:  
(1) ⇒ (2): Let A∈Gˆˆ PLC* (X, τ). Then there exist an gˆˆ p -open set P and a closed set F in (X, τ) such that A = P ∩F. 
Since A ⊆ P and A⊆cl(A), we have A ⊆ P ∩cl(A). Conversely, since cl(A) ⊆ F, P ⊆ cl(A) ⊆ P ∩F = A, we have that   
A = P ∩ cl(A) . 
 
(2) ⇒ (1): Since P is gˆˆp -open and cl(A) is closed, we have P ∩ cl(A) ∈ GˆˆPLC* (X, τ). 
 
(3) ⇒ (4): Let F = cl(A) − A. By assumption F is gˆˆ p -closed. X − F = X ∩ Fc = X ∩ (cl(A) − A)c = A ∩ (X − cl(A)). 
Since X − F is gˆˆ p -open, we have that A ∪ (X − cl(A)) is gˆˆ p -open. 
 
(4) ⇒ (3): Let U = A ∪ (X − cl(A)). By assumption U is gˆˆ p -open. Then X − U is gˆˆ p -closed.  
X − U = X − (A ∪ (X − cl(A)) = cl(A) ∩ (X − A) = cl(A) − A, cl(A) − A is gˆˆ p -closed. 
 
(4) ⇒ (2): Let U = A ∪ (X − cl(A)) . By assumption, U is gˆˆ p -open. Now  
U ∩ cl(A) = A ∪ (X − cl(A)) ∩ cl(A) = (cl(A) ∩ A) ∪ (cl(A) ∩ (X − cl(A))) = A∪ φ = A. Therefore A = U ∩ cl(A) for 
the gˆˆ p -open set U. 
 
(2) ⇒ (4): Let A = P ∩ cl(A) for some gˆˆ p -open set P.  
 
Now A ∪ (X − cl(A)) =P ∩cl(A)∪(X−cl(A)) = P ∩(cl(A)∪(X−cl(A))) = P ∩X = P is gˆˆ p -open. 
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Remark 4.27:  From the above discussions and known results, we have the following implications where A → B (resp. 
A = B) represents A implies B but not conversely (resp. A and B are independent of each other). 

                                                                          
                                                                
5. APPLICATIONS OF gˆˆ p -CLOSED SET 
 
Now we introduce new type of spaces namely Tpˆ spaces, Tpˆˆ spaces, ˆ Tp spaces, αTpˆ spaces  αTpˆˆ spaces,  sTpˆ 
spaces . 
 
Definition 5.1: A space (X, τ) is called 

1. Tp ˆ space if every gˆˆ p -closed set is closed. 
2. ˆTp space if every g α-closed set is gˆˆ p -closed. 
3. Tpˆˆ space if gˆˆ p -closed set is gp-closed. 
4. α Tpˆˆ space if every gˆˆ p -closed set is α-closed. 
5. p Tpˆˆ space if every gˆˆ p -closed set is pre-closed. 
6. s Tpˆˆ space if every gsp-closed set is gˆˆ p -closed. 

 
Theorem 5.2:  

1. Every Tp ˆ space is Tpˆˆ space. 
2. Every Tpˆ space is α Tpˆˆ space. 
3. Every p Tpˆˆ space is Tpˆˆ space. 

 
Proof:  

1. Follows from the fact that every closed set is gp -closed and pre-closed set. 
2. Follows from the fact that every closed set is α-closed. 
3. Since every pre-closed set is gp -closed. 

 
Remark 5.3:  The converses of the above theorem need not be true as seen from the following examples. 
 
Example 5.4: Let X = {a, b, c} and τ = {φ, {c}, {a, c}, X}. Here (X, τ) is Tpˆˆ space but not Tpˆ space. 
 
Example 5.5: In example 5.4, (X, τ) is αTpˆˆ space but not Tpˆ space. 
 
Example 5.6: Let X = {a, b, c} and τ = {φ, {a}, {a, b}, X}. So (X, τ) is Tpˆˆ space but not p Tpˆˆ space. 
 
Theorem 5.7: 

1. Every s Tpˆˆ space is ˆTp space. 
2. Every α Tpˆˆ space is p Tpˆˆ space. 

 
Proof: 

1. Since every gα-closed set is gsp -closed. 
2. Since pcl(A) ⊆ cl(A) (2) follows. 

 
Remark 5.8:  The class of Tpˆ space is properly contained in the class of α Tpˆˆ space and class of p Tpˆˆ space. The 
class of s Tpˆˆ is properly contained in the class of ˆTp space. The class of p Tpˆˆ space is properly contains in the class 
of α Tpˆˆ space. 
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Theorem 5.9:  Every semi-pre-T 1/2 space is ˆTp and Tpˆˆ space. 
 
Proof.  Every gα-closed set is gsp -closed and also gˆˆ p -closed set is gsp –closed in (X, τ). 
 
Remark 5.10:  s Tpˆˆ is independent from Tpˆ, Tpˆ ˆ, α Tpˆ ˆ, p Tpˆˆ and semipre- T 1/2. Also Tpˆ is independent from 
semi-pre-T 1/2 as it can be from the following examples. 
 
Example 5.11: Let X = {a, b, c} with τ ={φ, {a},{a, b},X}. Then (X, τ) is a s Tpˆˆ space but it is not Tpˆ, Tpˆ ˆ,            
α Tpˆ ˆ, p Tpˆˆ, semi-pre-T 1/2. 
 
Example 5.12:  Let X = {a, b, c} with τ ={φ,{a},{b},{a, b}, X}. Then (X, τ ) is a Tpˆ, Tpˆ ˆ, α Tpˆ ˆ, p Tpˆ ˆ, semi-pre-
T 1/2 but it is not s Tpˆ ˆ. 
 
Example 5.13:  Let X = {a, b, c} and τ ={φ, {a},{b, c}, X}. Then (X, τ) is semi-pre-T 1/2 space but it is not Tpˆ space. 
 
Example 5.14:  Let X = {a, b, c} with τ ={φ,{a},{a, c}, X}. Then (X, τ) is Tpˆ space but it is not semi-pre-T 1/2 space. 
 
Definition 5.15:  A subset A of a space (X, τ) is called gˆˆ p -dense if gˆˆ p -cl (A) = X. 
 
Example 5.16:  In example 5.4, the set {a, b} is gˆˆ p -dense in (X, τ). 
 
Theorem 5.17:  Every gˆˆ p -dense set is dense. 
 
Proof:  Let A be an gˆˆ p -dense in (X, τ). Then gˆˆ p -cl(A)= X. Since gˆˆ p - cl(A) ⊆ cl(A) , we have X ⊆ cl(A). Also 
cl(A) ⊆ X. So cl(A) = X. Thus A is dense. 
 
Remark 5.18: The converse need not be true as it can be from the following example. 
 
Example 5.19:  In example 5.4, D(X, τ) = {φ, {a}, {a, b}, {a, c}, X}. 
 
Here the set {a} is not gˆˆ p -dense in (X, τ). 
 
Definition 5.20: A topological space (X, τ) is called gˆˆp -submaximal if every dense subset in it is g ˆˆp -open in       
(X, τ). 
 
Example 5.21:  Let X and τ be in example 5.4, gˆˆ p -open= {φ, {a}, {b}, {a, b}, {a, c}, X}. We have every dense 
subset is g ˆˆp -open and hence (X, τ) is gˆˆ p -submaximal. 
 
Theorem 5.22:  Every Submaximal space is gˆˆ p -submaximal. 
 
Proof: Let (X, τ) be a submaximal space and A be a dense subset. Then A is open. But every open set is gˆˆ p -open 
and so A is gˆˆ p -open. Therefore, (X, τ) is gˆˆ p -submaximal. 
 
Remark 5.23:  The converse need not be true from the following example. 
 
Example 5.24:  Let X = {a, b, c} and τ = {φ, {a}, {b}, {a, b}, X}. Then gˆˆ p -submaximal= {φ, {a}, {b}, {a, b}, X}. 
Here the set {a} is not submaximal. 
 
Theorem 5.25:  A space (X, τ) is gˆˆ p -submaximal if and only if P(X) = Gˆˆ PLC* (X, τ). 
 
Proof: Necessity. Let A∈P(X) and let V = A ∪ (cl(A))c. This implies that cl(V) = cl(A) ∪ (cl(A))c = X. Hence         
cl(V ) = X. Therefore V is a dense subset of X. Since (X, τ) is gˆˆ p -submaximal, V is gˆˆ p -open.  
 
Thus A ∪ (cl(A))c is gˆˆ p -open and by Theorem 4.26, we have A∈ Gˆˆ PLC* (X, τ). 
 
Sufficiency. Let A be a dense subset of (X, τ). This implies A ∪ (cl(A))c = A ∪ Xc = A∪ φ = A.  
 
Now A ∈ Gˆˆ PLC* (X) implies that A = a ∪ (cl(A))c  is gˆˆ p -open by Theorem 4.26.  
 
Hence (X, τ) is gˆˆ p -submaximal. 
 
 
 



1B. Meera Devi*, 2R. Madathi / New class of Locally closed sets in Topological Space / IJMA- 6(10), Oct.-2015. 

© 2015, IJMA. All Rights Reserved                                                                                                                                                                       205   

 
REFERENCES 
 

1. Andrjvic, Semi-preopen sets, Mat. Vesnik, 38(1) (1986), 24-32. 
2. S.P.Arya and T.Nour, Characterization of s-normal spaces, Indian J.Pure. Appl.Math., 21(8)(1990), 717-719. 
3. K.Balachandran, P.Sundaram and H.Maki, Generalized locally closed sets and glc-continuous functions, 

Indian J.Pure.Appl.Math., 27(3) (1996) 235-244. 
4. P.Bhattacharya and B.K.Lahiri, Semi-generalized closed sets in topology, Indian J.Math., 29(3) (1987),      

375-382. 
5. J.Dontchev, On generalizing semi-preopen sets, Mem. Fac. Sci. Kochi Ser A.Math., 16(1995), 35-48. 
6. J.Dontchev, On submaximal spaces, Tamkang J.Mat., 26(1995), 253-260. 
7. M.Ganster and I.L.Reilly, Locally closed sets and LC-continuous functions, Internat. J.Math & Math. Sci., 

12(3) (1989), 417-424. 
8. Y.Gnanambal, On generalized preregular closed sets in topological spaces, Indian J.Pure. Appl. Math., 28(3) 

(1997), 351-360. 
9. N.Levine, Semi-open sets and Semi-continuity in topological spaces, Amer. Math. Monthly, 70(1963), 36-41. 
10. N.Levine, Generalized closed sets in topology, Rend. Circ. Math. Palermo, 19(2) (1970), 89-96. 
11. H.Maki, R.Devi and K.Balachandran, Generalized α-closed sets in topology, Bull. Fukuoka Univ. Ed. Part III, 

42(1993), 13-21. 
12. H.Maki, R.Devi and K.Balachandran, Associated topologies of generalized α-closed sets and α-generalized 

closed sets, Mem. Fac. Kochi Univ. Ser. A.Math., 15(1994), 57-63. 
13. H.Maki, J.Umehara and T.Noiri, Every topological spaces is Pre-T 1/2, Mem.Fac.Sci.Kochi. Univ. 

Ser.A.Math., 17(1996), 33-42. 
14. Manoj Garg and Shikha Agarwal, C.K. Goel, On gˆˆ -closed sets in topological spaces, Acta Ciencia. Indica. 

Vol. XXXIIIM, No.4. (2007). 
15. A.S. Mashhour, M.E.Abd EI-Monsef and S.N.EI-Deeb, On pre-continuous and weak pre-continuous mapping, 

Proc.Math. and Phys.Soc. Egypt, 53(1982), 47-53. 
16. O.Njastad, On some classes of nearly open sets, Pacific J.Math., 15(1965), 961-970. 
17. A.Pushpalatha and K.Anitha, g* s -closed sets in topological spaces, Int. J. Contemp. Math. Sciences, Vol. 6, 

2011, no.19, 917-929. 
18. A.Pushpalatha and K.Anitha, g* s - locally closed sets in topological spaces, Int. J. Contemp. Math. Sciences, 

Vol. 6, 2011, no.19, 917-929.  
19. M.K.R.S.Veer kumar, Between Closed sets and g-closed sets, Mem.Fac.Sci.Kochi.Univ.Ser.A.Math., 

21(2000), 1-19. 
20. M.K.R.S. Veera kumar, g# -closed sets in topological spaces, Mem. Fac. Sci. Kochi Univ. Ser. A. Math 24 

(2003), 1-13. 
21. M.K.R.S. Veera kumar, g*-preclosed sets , Acta ciencia Indica (Maths) Meerut XXVIII(M)(1) (2002) , 51-60. 
22. M.K.R.S.Veerakumar, gˆ -locally closes sets and GˆLC -functions, Indian J.Math. 43(2) (2001), 231-247. 
23. M.K.R.S.Veerakumar, g# -locally closed sets and G# LC-functions, Antartica J.Math., 1(1) (2004), 35-46. 
24. M.K.R.S.Veerakumar, g* -locally closed sets and G_LC -functions, Univ. Becau. Stud. St. Ser. Mat 

(ROMANIA) 13 (2003), 49-58. 
 

Source of support: Nil, Conflict of interest: None Declared 
 

[Copy right © 2015. This is an Open Access article distributed under the terms of the International Journal 
of Mathematical Archive (IJMA), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.] 
 
 


