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1. Introduction and Preliminaries

The concept of fuzzy sets and fuzzy set operations was introduced by L.A. Zadeh
in his classical paper [15] in the year 1965, describing fuzziness mathematically for
the first time. This inspired mathematicians to fuzzify mathematical structures.
Subsequently several authors have applied various basic concept from general
topology to fuzzy sets and developed a theory of fuzzy topological spaces. The study
of fuzzy topological spaces by considering the properties by which a space may
achieve a certain degree or level was first introduced by Gantner, Steinlage and
Warren [4] in 1978. They initiated a new definition of fuzzy compactness, termed as
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a—compactness, by which they could assign degrees to compactness. Thereafter,
several Mathematicians like Malghan and Benchalli [7], Georgion and
Papadopoulos [5] have dealt with a—compactness in different ways. The approach of
Gantner et al. [4] resulted into the investigation of countable a—compactness,
a—Lindelof property [8], a—Hausdorffness axiom [10], local a—compactness [7],
a—closure [6] etc. in fuzzy topological spaces. In Section 2, we described and
characterized a—compactness of Gantner et al. [4] and other compact-like covering
properties such as a—almost compactness, a—s-closedness, a— 8 *rigidityness etc. of
a fuzzy topological space by means of corresponding properties of a—N-topological
space associated with the fuzzy topological space. Countable o—compactness,
a—-Lindelof  property are also studied. In  Section 3, we characterized
Rodabaugh's [10] a—Hausdorffness of a fuzzy topological space with the help of
Hausdorffness of a—N—topological space. Moreover a—Hausdorffness of a fuzzy
topological space is studied using Rodabaugh's modified definition [1]. In
Section 4, a—connectedness in a fuzzy topological space is studied.

Throughout the present paper, by (X,7) we mean a fuzzy topological space
(fts, shortly) in Chang's [2] sense. The class of all fuzzy sets in X is denoted by I*.
The notations ClA, IntA and 1 — A stand respectively for the fuzzy closure [2],
fuzzy interior [2] and fuzzy complement [12] of a fuzzy set A in a fts. X.

2. a-limit points, a-closed sets, a-N-open sets, a-/N-topological space

In this section we propose to define a new class of crisp subsets of a fts. (X,7)
termed as a—N—open sets and we observed that the collection of all a—N—open sets
in X produces a special class of ordinary topological space which is denoted by
To(N) where 0 < a <1 and termed as a—N-topological space. This provides
gradation (fuzziness) in ordinary topological spaces. Our aspiration is to study and
characterize o—compactness of Gantner et al. [4] and other compact-like covering
properties by means of corresponding properties of a—N—topological space and vice-
versa. The concept of a—limit points of an ordinary subset of a fts. and the concept
of a—closed sets were introduced and studied in [3]. Changing slightly the range of
a we introduced the following definitions.

Definition 2.1. Let0 < a <1.Let(X,7) beaftsand A € X. Anelementx € X is
said to be an a—adherent (a—limit point) of A if for each fuzzy open set U in X with
U(x) > a, there exists y € A (y € A\{x}) such that U(y) > a.

The set of all a—limit points of A will be denoted by A"
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Definition 2.2. A subset C of X of is said to be a—closed if it contains all its
a—limit points.

Definition 2.3. a-closure of a set A € X, denoted by a—CIA , is defined as
a-ClA=AU A"

Remark 2.1.  Obviously A € a—Cl A and if A" € A then a—CIA < A.
A set A € X issaid to be a—closed iff a—Cl A = A.

Definition 2.4. Let0 < a <1. Let(X,7)beaftsand A S X. Anelementx € X is
said to be an a—semiadherent (a—semilimit) point of A if for each fuzzy semiopen
set U in X with U(x) > «a, there exists y € A (y € A\{x}) such that U(y) > a.

The set of all a—semilimit points of A will be denoted by A*~SIP .

Definition 2.5. A subset C of X of is said to be a—semiclosed if it contains all its
a—semilimit points.

Definition 2.6. a—semiclosure of a set A € X, denoted by a—SclA , is defined as
a-Scl A=A U A*SP,

A few but basic properties of a—closed sets are given by the following theorem.

Theorem 2.1. Let (X, T) be a fts and A and B be two ordinary subsets of X. Then

(a) ASB = A" < B%andhence a—ClA S a-CIB.

(b) a—Cl(AUB) =a-ClAUa-CIB.

(¢) a—Cl(AnB) € a—ClAna-CIB.

(d) the intersection of an arbitrary family of a—closed sets is a a—closed set.
(e) the union of an finite collection of a—closed sets is a a—closed set.

Proof. (a) Straightforward.

(b) In view of (a) a—CIA U a-CIB € a—CI(AUB)...(1). Let x € a—CIL(A U B).
Then x€ (AUB)and x € (AUB)® If x € (AU B) then clearly x € a—CIA
Ua-CIB. If x € (AU B) * then if possible let x € A* U B*. Then for some V € T
with V(x) > a, V(y) < afor all y € A\{x} and for some W € T with W(x) > «,
W(z)< afor all z € B\{x}. Then S=VAW €t with S(x)> a such that
St)< a forall te€ (AUB)\{x} and hence x €& (AUB)"--—-- a contradiction.
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Thus a-CI(AUB) S a-CIA Ua-CIB...(2). From (1) and (2) we have
a—CI(AUB) = a—ClA U a-CIB.

(c) Follows from (a).
(d) It is an immediate consequence of (a).

(e) Let A, and A, are two a—closed sets in X. Let x € A;U A,. Then x & A, and
x & Ay. As A, and A, are a—closed , it follows that x is not a a—limit point of A, as
well as of A,. Then for some U € 7 with U(x) > a, U(y) < a for all y € A,\{x} and
for some V € T with V(x) > a, V(z)< afor all z € A)\{x}. Then W =UAV €1
with W(x) > a such that W (t)< a for all t € (AU A,)\{x}. So x is not a a—limit
point of A, U A,. Hence A, U A, is a—closed.

Definition 2.7. Let (X,7) be a fts. A subset A of X is said to be a—N—open set in X
if its complement A’ is a—closed in X.

Definition 2.8. Let (X,7) be a fts. A subset B of X is said to be a—N-semiopen set
in X if its complement B’ is a—semiclosed in X.

Theorem 2.2. The union of an arbitrary family of a—N—open sets in X is a—N—open
set.

Proof. Let A, Ai,A4,...... be an arbitrary family of a—closed sets in a fts. X.
Then A,',A,',A5,...... are all a—N-open sets in X. Let x € ( A, U 4, U
...... )'.Then x & (A; NA,N......). As (A; NA,N......) is the intersection of
an arbitrary collection of a—closed sets in X, (A4 NA4,N......... ) is a—closed.
So x is not a a—limit point of (A; N A4, N...... ). That is , x is not a a—limit point
of (4, U A,/ u........ ). So (4, U A,y uU... ) is a—closed. Hence
(4,/U A, U ... ) is a—N-open.

Theorem 2.3. The intersection of a finite collection of a—N—open sets in X is
a—N-open set.

Proof. Obvious.

Remark 2.1. From the theorems 2.2 and 2.3 it is clear that collection of a—N—
open sets in X in a fts. (X, 7) produces a base for an ordinary topology. We denote
these topologies by 7,(N) where (0 < a < 1).
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Definition 2.9. An ordinary set X with topology 7,(N), denoted by (X, T,(N)), is
called an a—N—topological space.

We now recall from [4] the following definitions.

Definition 2.10. Let (X, 1) be a fuzzy topological space. A collection S c I is
called an a—shading of X, where 0 < a <1 if for each x € X , there exists some
U, € S such that U,(x) > a.

Definition 2.11. A subcollection S, of an a—shading S of a fts (X, 7), that is also
an a—shading of X is called a—subshading of S.

Definition 2.12. A fts. (X, 1) is called a—compact if every a—shading of X by
fuzzy open sets of X has a finite @—subshading.

Theorem 2.4. Let0 < a <I.Let (X,7) beafts. (X,7) is a—compact if and
only if a—N—topological space (X, 7,(N)) is compact.

Proof. Let (X,7) beafts. Let (X,7) is a—compact. Let {A;: i€ A} bea
cover of X by a—N-open subsets A; of X. Thatis, X € U;epd;, 4; € X, i € A
Let x, EX = x; € A; forsome i €EA. Letx; €A;. Then x; € A;'. As A is
a—N-open, A;" is a—closed. So x; is not a a—limit point of A;’. Then there exists a
fuzzy open set Uy, in X with Uy (x;)>a and Uy (y)<a forall y€ A
Similarly, for x, € X, we must have a fuzzy open set U,, in X with Uy, (x;) > a
and Uy (y)<a forall ye A,' (say). Proceeding in this way, we must have a
collection F = { Uy, : x;€X; i€A } of fuzzy open sets in X such that
Uy, (x;) > a, i =1,23,....... . Obviously F is a a-shading of X by fuzzy open sets
Uy, in X. As X is a—compact, there must be a finite subcollection F' = { Uy,

X, €EX,i=123,...... ,np of F such that Uy (x;)>a foreach x; €X, i=

Therefore, { A; ,i=1,23,...... ,n} is a finite subcover of X by a—N-open subsets
A;of X. Hence (X, 1, (N)) is compact. Conversely, let (X, 7,(N)) is compact.
Let A={ A4, A,,........ } be a cover of X by a—N—open subsets A4, 4, ... ... of X.
Thatis, X € Ujep4;. Letx € X. Then x € A; forsome i € A. Let x € A;.
Then x & A;'. As A; is a—N—open, A;' is a—closed. So x is not a a—limit point
of A;'. Then there must exists a fuzzy open set U, in X with U,(x) > a such that
Uylp) <a forall p €A, Similarly, for y € X, we must have a fuzzy open set
U, in X with U,(y) > a such that U,(z) <a forall z€ A, (say). Proceeding
in this way, we must have a collection F = { U, : x € X } of fuzzy open sets in X
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such that U, (x) > a forall x € X. Clearly F is a a—shading of X. As (X, 7,(N))
is compact there must be a finite subcollection B of A such that X € UL, B;,

B; €B,i=123,......... ,n. As B < A, we must have a finite subcollection
F'= {Uy, :x;€X,0i=123,...... ,n} of F such that Uy (x;) > a for each
x; €X, i=123,...... . So F'is a finite a-subshading of X.  Hence

(X,t) is o—compact.
Countably compactness of an fts. has been studied in [8],[11],[13].

Definition 2.13. [1] Let 0 < a <1. A fts. (X, 7) is said to be countably a—compact if
every countable a—shading of X by fuzzy open sets in X has a finite a—subshading.

It is easy to verify the following.

Theorem 2.5. Let0 < a <1.Let (X,7) beafts. (X,t) is countable a—compact
if and only if a—N—-topological space (X, 7,(&V) ) is countable compact topological
space.

Lindelof fuzzy topological spaces were studied in [8],[9],[14].
Lindelof fuzzy topological spaces, using shading family are given below.

Definition 2.14. [1] Let 0 < o <1. A fts. (X, 1) is said to be a—Lindelof if and only
if every a—shading of X by fuzzy open sets in X has a countable a—subshading.

It is easy to verify the following.

Theorem 2.6. Let 0 < a <I1. A fts. (X, 7) is said to be a—Lindelof if and only if
(X, t,(N)) is Lindelof topological space.

We now set the following definitions compact-like covering properties for a fts.

Definition 2.15. Let 0 < a <1. A fts. (X, 7) is said to be a—AC ( resp. a—s-closed)
space if for every a—shading S of X by fuzzy open ( resp. fuzzy semiopen) sets of
X, there exists a finite subset Sy of S such that for each x € X there exists U € S,
such that ClU(x) > « (resp. SclU(x) > a).

It is easy to verify the following.

Theorem 2.7. Let0 < a <1.Afts. (X,t) is a—AC space if and only if a—N—
topological space (X, 7,(N)) is almost compact.
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Theorem 2.8. Let 0 < a <1. A fts. (X,7) is a—s-closed space if and only if a—
N—topological space (X, 7,(N)) is s-closed.

Definition 2.16. Let 0 < a <1. A fts. (X, 7) is said to be a—6*rigid space if for
every o—shading S of X by fuzzy semiopen sets of X, there exists a finite subset S,
of S such that for each x; € X there exists Uy, € Sy such that Scl(Vi_; Uy, (x;)) >

a, x;i €X.

Theorem 2.9. Let0 < a <l. A fts. (X,7) is a—0%*rigid space if and only if a—
N—topological space (X, 7,(N)) is B*rigid.

Proof. Let (X,7) beafts. Let (X,7) is a—0%*rigid space. Let {4;: i €A}
be a cover of X by a—N-semiopen subsets A; of X. That is, X S U;ep4;
A€ X, ieAN  Let xq,X5,X3, ... € X. Then by the same argument given in the
proof of the theorem 2.4, we must have a collection F = { Uy, : x; €X; i € A } of
fuzzy semiopen sets Uy, in X such that Uy (x;) > a@ for each eachx; € X, i=
1,2,3,0.cc...... and F is clearly a a—shading of X by fuzzy semiopen sets in X. As
(X, 7) is a—B*rigid space, there must be finite subcollection F' = { U, : x; € X,
i=123,..... ,n } of F such that Scl(Vi, Uy, (%)) > a foreach x; €X, i=
1,2,3,........ ,n. Now for each x; €X, x; €4;, i =123,........,n. Therefore,
x; €{a-SclA;},i=123,...... n.So X € UL, A;. Therefore,,

X C a-Scl (U, 4;). Hence (X,7,(N)) is O*rigid.

Conversely, let (X, t,(N)) is O*rigid. Let A= { A1, A,,....... } be a cover of X
by a—N-semiopen subsets A;,A,,...of X. Thatis, X € U;cp 4;. Let,y,z, ... € X.
Then by the same argument given in the proof of the theorem 2.4, we must have a
collection F = { U, : x € X} of fuzzy semiopen sets in X such that U,(x) > a for
all xeX. ....... (1). Clearly F is a a—shading of X by fuzzy semiopen sets of X.
As (X, 14(N)) is O%*rigid, there must be a finite subcollection B of A of a —N-
semiopen sets in X such that X € a-Scl (U, B;), Bi€B. As x;€X, x; €
oa-Scl (UL, B;) for somei= 1,23,....... ,n  which implies that x; is a
o—semiadherent point of (UL, B;) for some i = 1,2,3,...... ,n. Then for x; € X
there exists fuzzy semiopen set Uy, in X with Uy, (x;) > a such that Uy, (p) > a for
all pe€ (UL,By), i =1,2,3,...... ,n. (by(1)). Thus we get a finite subcollection
F'={Uy:x; €X,i=123,...n} of F suchthat Uy (x;))>a, i=123,...... .
As U (x)>a, (Ve Up)x)>a,  i=123,......... ,n.  That s,
Scl(Vit Uy, (%)) >a,x; €X,i=1.23,...... ,n. Hence X is a—O%*rigid.

3. a—Hausdorffness of fuzzy topological spaces
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Definition 3.1. [10] Let 0 < a <I. A fts. (X, 7) is said to be a—Hausdorff if for
each x,y € X with x # y, there exist fuzzy open sets A and B in X, such that
A(x)> a,B(y)>aand AAB = 0y.

Theorem 3.1. Let 0 < a <1.Ifafts. (X,t) is a—Hausdorff then a—N-topological
space (X, t,(N)) is Hausdorft.

Proof. Let (X, 7) is a—Hausdorff. Let x,y € X with x # y. Then there must exist
A,B S Xsuchthatx € A,y € B and AN B = ¢. By a—Hausdorffness of X, there
exist fuzzy open sets U and V in X such that U(x) > a, V(y) > a and U AV = Oy.
Therefore, inf(U(x), V(x)) =0, Vx € X. By a« —Hausdorffness of X, U(x) > a.
So V(x)=0, for some x € X. That is, U(x)>a, V(x)<a (since, 0 <
a<l)....... (1). Also inf(U(y), V(y)) =0, Vy € X. By «a —Hausdorffness of
X,V(@y)>a. So U(y) =0, for some y € X. That is, V(y) > a, U(y) < a (since, 0
< a<l)....... (2). By (1) and (2), we have U(x)> a, Uy) £ a...... (3) and
V(iy)> a,V(x) < a...(4). From (3) it follows that x is not a o—limit point of B. So
B is a—losed and B’ isa—N-open. As x € A and ANB = ¢, it follows that
x € B' .Similarly, from (4) it follows that y is not a @—limit point of A. So A4 is a—
closed and A’ isa—N-open. As y € B and AN B = ¢, it follows that y € A".
Thus there exist two a—N-open sets B'and A’ such that for two distinct
elements xand y in X, x e B',y€ A" and B'NA" = ¢. Hence (X, 7, (N)) is
Hausdorff.

Converse of the above theorem holds only for « = 0 which is justified by the
following theorem.

Theorem 3.2. Let (X, 7) be a fts. If 0—N—topological space (X, 7o(N)) is Hausdorff
then (X, 7) is 0—Hausdorft.

Proof. Let (X,79(N) ) is Hausdorff. Then for every distinct points x;,x, € X,
there exist 0—N—open sets A1, A, in X such that x; € 4;,x, € Ayand 4; N4, = ¢.
As x; €A, x; € A;'. As A;is 0-N-open, A;' is O—closed. So x; is nota 0—
limit point of A,’. Then there exists a fuzzy open set U;in X with U;(x;)> 0
and Uj(y)=0 for all y € A;". Thatis, Uj(x;)>0 and U;(x,) = 0( since

X, €A ).l (1). Similarly, as x, € A, , we must have a fuzzy open set U, in X
with U, (x;)>0 and U,(z) =O0for all z€ A,". That is, Uy(x;) >0 and
Uy(x;) = 0(since x; €A,"). ........ (2). From (1) and (2) we have, U;(x1) >0,

U,(x1)= 0 and Uy(x3) > 0, U;(x2)= 0. x1,x, € X. Thatis, inf(U;(x), U, (x)) =
0, Vx € X. This implies U; AU, = 0y . Hence (X, t) is 0—Hausdorff.
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Definition 3.2. [1] Let X beasetand 0 < a <1 . A family {A4,}4en of fuzzy sets
in X is said to be a—disjoint if (Agep4g) (%) < a.

It is evident from the above definition that two fuzzy sets A and B in X are
a—disjoint if and only if for each x € X either A(x) < a or B(x) < a.

Rodabaugh's [10] definition of a—Hausdorftness can suitably modified in the
following way.

Definition 3.3. [1] Let 0 < a <1. A fts. (X, 7) is said to be a—Hausdorff if for
each x,y € X with x # y, there exist fuzzy open sets A and B in X, such that
A(x)>a,B(y)>a and A and B are a—disjoint.

For the modified class of a—Hausdorff fuzzy topological spaces, we have the
following theorem.

Theorem 3.3. Let 0 < a<l. A fts. (X,7) is a-Hausdorff if and only if
a—N—-topological space (X, t,(N)) is Hausdorff.

Proof. Let (X, 7t) is a—Hausdorff. Let x, y € X with x # y. Then there must exist
A,B S Xsuchthatx € A,y € B and AN B = ¢. By a—Hausdorffness (modified
definition) of X, there exist fuzzy open sets U and V in X such that U(x) > a,
Viy)>a and UAV < a. Therefore, inf(U(x), V(x))<a, Vx€X. By
a—Hausdorffness of X, U(x)>a. So V(x) < a, for some x € X. That is,
Ux)>a, V(x)<a (since, 0 < a<l)........ (). Also inf(Uy), V(y)) < a,
Vy € X. By a —Hausdorffness of X, V(y) > a. So U(y) < a, for some y € X. That
is, V(y)>a, Uly) <a (since, 0 < a <l)........ (2). By (1) and (2), we have
Ux)>a,Uly) < a...... B)and V(y) > a,V(x) < a...(4). From (3) it follows that
x is not a o~limit point of B. So B is a—closed and B’ is a—N—open. As x € A and
AN B = ¢, it follows that x € B'. Similarly, from (4) it follows that y is not a a—
limit point of A. So A is a—closed and A" is a—N-open. As y € B and ANB = ¢,
it follows that y € A'. Thus there exist two ~ a—N-open sets B'and A’ such that for
two distinct elements xand y in X, x € B',ye A'land B'nA" = ¢. Hence
(X, 74(N) ) is Hausdorff.

Conversely, let (X, T,(N) ) is Hausdorff. Then for every distinct points x;,x, € X,
there exist a—N—open sets A4, A, in X such that x; € A;,x, € A,and A4 N A, =
¢.As x; EA;, x; € A;’. As A;is a—N-open, A;' is a—closed. So x; isnota
a—limit point of A;". Then there exists a fuzzy open set U; in X with U;(x;) > a
and Uj(y)<a forall y€ A;'. Thatis, Uj(x;)>a and Uj(x;)< a ( since
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Xy, €EAy')on.. (1). Similarly, as x, € A, , we must have a fuzzy open set U, in X
with U,(x) > @ and U,(z)< a forall z € A,'. Thatis, U,(x;) > a and U,(x;)<
a (sincex; € A4,)......... (2). From (1) and (2) we have, U;(x;)> a, U,(x))< «
and Uy(xy)>a, Uj(xy)<a. x1,x; €X. That is, inf(Ui(x), U, (x)) < a,
Vx € X. This implies U; A U, < a. Therefore U; and U, are a—disjoint. Hence
(X, ) is a—Hausdorff.

4. a—Connected fuzzy topological spaces

Definition 4.1. [1] Let 0 £ a <1. Let X be a non-empty set. A fuzzy set A in X is
said to be an empty set of order a if A(x) < a for each x € X.

A fuzzy set A in X is said to be non-empty of order « if there exists xy, € X
such that A(xy) > a.

Definition 4.2. [1] Let 0 < a <1. A fts. (X, 1) is said to be a—disconnected if
there exists an a—shading of two fuzzy open sets in X which are non-empty of order
a and a—disjoint.

Definition 4.3. [1] Let 0 < a <1. A fts. (X, 7) is said to be a—connected if there
does not exists an a—shading of two fuzzy open sets in X which are non-empty of
order a and a—disjoint.

Theorem 4.1. Let 0 < a<1. A fts. (X,t) isa—connected if and only if
a—N-topological space (X, 7,(N)) is connected.

Proof. Let (X, 1) is a—connected. If possible let (X, t,(N)) is disconnected. Then
there exist non-empty disjoint a—N—open sets A and B of X such that AU B = X.
So A’ and B'are a—closed, disjointand A" UB' = X. Let x € A', y € B'. Clearly,
y is not a a—limit point of A’. Then there exists a fuzzy open set U; in X with
Ui(y)>a and U;(x)< a forall x € A’. Similarly, as x is not a a—limit point of
B', there exists a fuzzy open set U, in X with U,(x) > a and U,(y)< a for all
y € B'. Thus we get a family F ={ U;, U,} of two fuzzy open sets such that
Uiy)>a, Uyx)>a ,x ,y€X. So F={U,U,} is an a—shading of two fuzzy
open sets in X. Now U,(x)> a,U;(x)< a and Uy(y) > a, U,(¥)< a, x,y € X.
That is, Min{U,(x), Uz(x)} < a, x € X. That is, (U; A U,)( x)< a. Therefore, U; and
U, are a—disjoint. As there exist x € X, y € X such that U;(y) > a, U,(x) > a and
this implies U; and U, are non-empty fuzzy sets of order . Thus F ={ Uy, U,} is
an a—shading of two non-empty fuzzy open sets U; and U, of order a and which
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are a—disjoint. So (X,7) is a—disconnected, which contradicts the hypothesis.
Hence (X, t,(N)) is connected.

Conversely, let (X, t,(N) ) is connected. If possible let (X, T) is a—disconnected.
There exists an a—shading F ={ U;, U,} of two non-empty fuzzy open sets U; and
U, in X of order a and which are a—disjoint. So there exist x, € X and x," € X
such that U;(xg) > a,Uy(xg) > a, and for each x € X, (U; AU,)(x)< a, ie,
Min{U;(x), U,(x)} < a,x € X......... (1). As F ={U,,U,} is an a—shading of X,
for each x € X, either U;(x) > a or U,(x) > a. Let x = x . Then either U;(xy) > «
or Uy(xg) > a. Since U;(xy) > a, Uy(xg)< a (by (1)). Again let x = x,’, then either
Ui(xg")>a or Uy(xg')>a. Since Uy(xy')>a, Ui(xy)<a (by(l)). Let
X9 €EAc X and x,' € B € X with AN B = ¢ such that AU B = X. Now U;(xq) >
a, Uy(x")< a implies x, is not a a—limit point of B. So B is a—closed. Hence B’ is
a—open. Again U,(x,") > a and U,(xy)< a implies x,' is not a @—limit point of A.
So A is a—closed. Hence A’ is a—open. Also A’ N B’ = ¢p and A’ U B’ = X (since
ANB = ¢ and AU B = X). Thus there exist two non-empty disjoint a—N—open sets
A'and B’ in X such that A’ U B’ = X. Hence (X, 7,(N) ) is disconnected which
contradicts the hypothesis. Hence (X, ) is a—connected.
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