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Abstract:

This research deals with the subject nano-topological groups which are group with
topology structure is nano topology , and from this we can define the others concepts
topology on its, like the nano continuousm nano compact , and nano-separtion
axioms . In this research we find the relation between the nano-separtion axiom and
the nano topological group and introduced the definition of nano-connected in nano-

topological groups.



Introduction

Topology is an umbrella term that includes several fields of study. These include
point set topology, algebraic topology, and differential topology. Because of this it
is difficult to credit a single mathematician with introducing topology. The following
mathematicians all made key contributions to the subject: Georg Cantor, David
Hilbert, Felix Hausdor , Maurice Frechet, and Henri Poincar.

In general, topology is a special kind of geometry, a geometry that doesn't include a
notion of distance. Topology has many roots in graph theory. When Leonhard Euler
was working on the famous Konigsberg bridge problem he was developing a type
of geometry that did not rely on distance, but rather how different points are
connected. This idea is at the heart of topology. A topological group is a set that has

both a topological structure and an algebraic structure.

Nano Topology in engineering and medical provides an interdisciplinary forum
uniquely focused on conveying advancements in nano science and applications of
nano structures and nano materials to the creative conception, design, development,
analysis, control and operation of devices and technologies in engineering, medical
and life science systems. The notation of nano topology was introduced by Lellis
Thivagar which was defined in terms of approximations and boundary region of a
subset of an universe using an equivalence relation on it and also depend nano closed
sets, nano interior and nano closure. In this paper, we introduced a new class of
topological group is called nano topological group and we study some of its

properties.



1.1 Topological group

1.1.1 Definition [2]:

A topological group is a set G with two structures :

1) G is a group with respect to * .
2) G is a topological space .

Such that the two structures are compatible, i.e , the multiplication map

M:GxG—G and the inversion .

1.1.2 Examples [2]:

Map U: G—G are continuous,

D) (R,+,UR) is a topological group , such that :
1) (R,+) isagroup .

2) (R, Ug) is the usual metric topology .

I) (R,*,Tp) is a topological group ,such that :
1) (R,*) isagroup .

2) (R, Tp) is a discrete topological space .

1.1.3 Definition[2]:

We say that H is a topological sub group of G, if H is a sub group of G and H is a

topological group with respect to the sub space topology,



1.1.3 Example [2]:

Z is the topological sub group of R with a discrete topology on Z .

1.1.4 Definition [2]:

A morphism f:G—H of topological groups is continuous group homorphism .

1.1.5 Definition [2]:

1) 1:G—G, 14(x)=gx, is called left multiplication by g, This map has inverse I4*

which is also continuous , so Iy is homeomorphism fromGto G .

2) similary, all right multiplication ry:G—G ,rg(X)=xg are homeomorphism .

1.1.6 Definition [2]:

A topological space is called a homogeneous space, if for all a,b € G, there is a
homeomorphism f: G—G , such that f(a)=b .

1.1.7 Note [2]:

If (G,*,T) be a topological group then the (G, T) is homogeneous space , because ,
ifa,beG,then Il t(a)=(bat)(a)=b, or,rsup*(a)=a(a*b)=b

1.1.8 Definition [2]:

Let A,B € G and geG, such that, G is a topological group , then :

1) Ag=A rg={ag:a€A},is called the right translate of A by g,

3



ii) gA=Al,
III) AB=UpegAb=U,c2aB

iv)Al={at.aeA}

1.1.9 proposition [2]:

let G be a topological group ,A,B € G,geG then:
1) G is a homogeneous space .

i) A open implies Ag and gA open .

iii) A closed implies Ag and gA closed .

iv) A open implies AB and BA open .

V) A closed and B finite implies AB and BA closed .

1.1.10 Definition [2]:

Let G be a topological Group. and let H be a subgroup of G .
let G/H ={xH: xeG} the set of left costs of H.

The map q: G—G/H defined by q(x)=xH defines a qoutient topology on G/H . we

note that q is open map

If H is a normal sub group of G, then G/H is a topological group .



1.1.11 Definition [2]:

Let X be a topological space :

1) X'is T;—space if for any a,beX, a#b there exists a neighbourhood of a not

containing b .

2) X is a To—space (or a Hausdorff space) if for any a,beX ,a#b there exists

nighbourhoods of a and b which are disjoint .

3) A space X is T-—space if for any a,beX ,a#b,there exists an open containing

exactly one of them.

1.1.12 Note [2]:

Xis a T;—space if and only if every singleton subset of x is closed .

1.1.13 Proposition [2]:

Every of topological group is Hausdorff .

1.1.14 Definition [2]:

Aspace X is regular if every neighbourhood of each point X contains a closed

neighbourhood of X,

I.e,for every closed set Ac x and every point bg A , then exist open sets u,v in X

such that AcU ,beV and UNV=0.



1.1.15 Proposition [2]:

A regular T;—space is Hausdorff space .

Proof:
let X be a regular T;—space

Let a,b €X, a#b ,since X is T;—space then there exists an open neighbourhood U

such that aeU and bgU
—agU°¢ UCclosed ,beU°®

Now , since X is regular space then there exists open set V,W such that U°’c V

aeVand VOhw=0 — WcV°® — aeVe, VCis closed set .
Since UcV — U NVe=0
~ aeVC, beU®, UNve =@ ,Uc V¢ are closed sets.

~ Xis T,— space .

1.1.16 Proposition [2]:

Every topological group G is regular .

connected if is non—empty and can not be written X=AUB where A and B are

non— empty disjoint open sub sets of X.

1.1.18 Note [2]:

A non_empty space X is connected if and only if the only sub sets of X which

are both open and closed are @ and X.



1.1.19 Proposition [2]:

A connected topological group has no proper open sub groups .

1.1.20 Proposition [2]:

If x is connected and f:X—Y is a continuous function,then f(x) is connected .

1.1.21 Proposition [2]:

Let G be a topological group , and let H be a sub group of G ,then:
1) G connected — G/H connected .

i1) H connected and G/H connected — G connected

1.2 Nano Topological space :

1.2.1 Definition [1]:

Let U be a nano_empty finite set of objects called the universe and R be an

equivalence relation on U Ther pair (U,R) is called the approximation space .
Let XcU':

1) The lower approximation of X with respect to R is:
Lr(X)=Uxeu{R(X):RcX},where R(x) is the equivalence class of X.
1) The upper approximation of X with respect to R is :
Ur(X)=U{R(X):R(X)N X2}

1ii) The boundary region of X with respect to R is:



BR:UR(X)-LR(X) .

1.2.2 Proposition [1]:

let (U,R) is an approximation space and X,Y cU , then:
1) Lr(X)=XcUR(X)

2)Lr(D)=Ur(D) and Lr(u)=Ur(u)=U
3)Ur(XWY)=Ur(X)UUr(Y)
4)Ur(XNY)cUr(X)NUR(Y)
5)La(XUY)2La(X)ULr(Y)
6)La(XY)=Lr(X)Lr(Y)

7)La(X)=La(Y) and Ur(X)cLr(Y) , XY
8)Ur(X®)=[Lr(X)]® and Lr(X®)=[Ur(X)]°
9)UrUr(X)=LrUr(X) =Ur(X)

10) LRLR(X):URLR(X): LR(X)

1.2.3 Definition [3]:

Let (U,R) is an approximation and let XcU
Tr(X)={U,J,Lr(X),Ur(X),Br(X)}

Then tr(X) is a topology on U called the nano topology on U with respect to X

,We call (U,tr(X)) as the nano topological space .

The elements of tr(X) are called as nano open sets.



1.2.4 Definition [3]:

Let (U,tr(X)) is a nano topological space with respect to X ,where XcU and AcU

, then :

1) The union of all nano _open subsets of A is called the nano interior of A and it
is denoted by Nin(A) .

2)The intersection of all nano closed sets containing A is called the nano closure of
A and it is denoted by Nci(A)

1.2.5 Examples [5]:

1) Let U={a,b,c,d} with U/R={{a},{c}{b,d}} and X={a,b} .Then the nano
topology ,w=(X)={U,J,{a}{a,b,d},{b,d}} .

The nano closed sets are U,&,{b,c,d},{c} and {a,c}.

2) Let U={py1,p2,ps,pa} with U/R={{p1}.{ps}.{p2.ps}} and X={ps1pz} ,Then
TR(X)={3,{P1},{P2,P4+}{P1,P2,P4},U} is a nano topological space .

1.2.6 Definition [4]:

A function f:(U,tr(X))—(V,tr(Y)) is called a nano_continuous function ,if the
inverse images of every nano open(nano closed) set in V is nano open (nano

closed) in U .

1.2.7 Example [4]:

Let U={a,b,c,d} ,U/R={{a},{c}{b,d}} and X={a,b}

A nano topology tr(X)={U,J,{a}{b,d},{a,b,d}}

9



V={xy.zw}VIR={{x}.{y w}{z}} . Y={y.w}
TR(Y):{V7@7{y1W}}
F:U->V f(a)=z ,f(b)=w ,f(c)=x ,f(d)=y

Then f is nano_continuous .

10



Chapter Two

2.1 Separation axiom and compactness in nhano topological space.

2.1.1 Definition [6]:

Let X be a topological space :

1) X'is nano T;—space if for any a,beX, a#b there exists a nano open set U

contains a and not containing b .

2) X is a nano T,—space (or a nano Hausdorff space) if for any a,beX ,a#b there

exists nano nighbourhoods of a and b which are disjoint .

3) A space X is nano T-—space if for any a,beX ,a#b,there exists a nano open

containing exactly one of them.

2.1.2 Proposition [6]:

X is a nano T;—space if and only if every singleton subset of x is nano closed .

Proof:

Let X is a nano T;—space

2.1.3 Proposition [6]:

Every nano topological group is nano Hausdorff .

2.1.4 Definition [5]:

Aspace X is nano regular if every nano neighbourhood of each point X contains a

nano closed neighbourhood of x,
11



I.e,for every nano closed set Ac X and every point bg A, then exist nano open

sets u,v in X such that AcU ,beV and UNV=0.

2.1.5 Proposition [5]:

A nano regular nano T;—space is nano Hausdorff space .

Proof:
let X be a nano regular T;—space

Let a,b €X, a#b ,since X is nano T;—space then there exists an nano open

neighbourhood U such that acU and bgU

—agU° UCis nano closed ,beU°®

Now , since X is nano regular space then there exists nano open set VV,W such that

Uc V ,aeV and VNW=0 — WcV°¢ — aeV°, V¢is nano closed set .
Since U°cV — UNV=0
s~ aeVC, beU®, UNVe =@ ,U°c,V° are nano closed sets.

~ X'is nano T,— space .

2.1.6 Definition/Nano-compactness [6]:

A collection {A;};¢; of nano-open sets in a nano topological space (U,R(X)) is

called a nano-open cover of a subset B of U if B € U;¢; 4; holds.

12



2.1.7 Definition [ 6]:

A subset B of U is said to be nano-compact relative to (U,R(X)), if for every
collections {A; : iel} of nano-open subsets of (U,R(X)) such that B € U;¢; 4; if

there exists a finite subset I of I such that B < U;¢,, 4;

2.1.8 Theorem [6]:

A nano-closed subset of nano-compact space (U,R(X)) is nano-compact relative to
(U, R(X)).

Proof.

Let A be a nano-closed subset of a nano compact topological space (U, R(X)).
Then A® is nano-open in (U, R(X)). Let S ={Ai : iel} be an nano-open cover of A
by nano-open subsets in (U, R(X)). Then $* = S U A€ is a nano-open cover of (U,
R(X)).

Thatis U = AU A° € U A; U A€ [By hypothesis (U,R(X)) is nano-compact]

and hence S* is reducible to a finite subcover of (U,R(X)) say

U = Ujer, 4; U A°. Thus a nano open cover S of A contains a finite subocver.

Hence A is nano-compact relative to (U,R(X)).

2.1.9 proposition [6]:

The image of a nano-compact space on a nano continuous map is nano-compact.

13



Proof.

Letf: (U, R(X)) = (V, R1(Y )) be a nano-continuous map from a nano-compact
space (U, R(X)) onto a nano topological space (V, R1(Y)). Let {Ai:i € I} be an
nano-open cover of (V, R1(Y )). Then {f*(Ai) : iel} is a nano-open cover of (U,
R(X)), since f is nano-continuous. As (U, R(X)) is nano-compact, the nano-open
cover {f1(Ai) : i el} of (U, R(X)) has a finite subcover {f *(Ai):i=1, 2,3, ....n}.
Therefore U =U = U;¢; f~1(4;). Then f(X) = U;e; 4;, that is V = U;¢; 4;. Thus
{A, A, .....,Aq} is a finite subcover of {A; : i €1} for (V, R1(Y )). Hence (V, R1(Y

)) is nano-compact.

2.1.10 Definition [5]:

A nano topological space (U, R(X)) is countably nano-compact if every countable

nano-open cover of (U, R(X)) has a finite subcover.

2.1.11 Theorem [5]:

Let (U, R(X)) be a space and (V,R1(Y )) be a nano-Hausdroff. If f : (U, R(X)) —
(V, R1(Y)) is nano-continuous injective, then (U, R(X)) is nano-Hausdroff.

Proof.

Let x and y be any two distinct points of (U, R(X)). Then f(x) and f(y) are distinct
points of (V, R1(Y )), because f is injective. Since (V, R1(Y )) is nano-Hausdroff,
there are disjoint nano-open sets A and B in (V, R1(Y )) containing f(x) and f(y)
respectively. Since f is nano-continuous and A N B = @, we have f*(A) and f}(B)
are disjoint nano-open sets in (U, R(X)) such that x € f1(A) and y € f(B). Hence
(U, R(X)) is nano-Hausdroff.

14



2.1.12 proposition [1]:

If f: (U, R(X)) > (V, R1(Y)) is nano-continuous and bijective and if U is

compact and V is nano Hausdroff, then f is a nano homeomorphism.

Proof.
We have to show that the inverse g of f nano-continuous.

For this we show that if A is nano open in (U, R(X)) then the pre-image g 1(A) is
nano open in (V, R1(Y)). Since the nano open (or nano closed) sets are just the
complements of nano closed (respectively nano open) subsets, and g%V — A)=U

— g 1(A). We see that the nano continuity of g is equivalent to:

if B is nano closed in (U, R(X)) then the pre-image g *(B) is nano closed in V. To
prove this, let B be a nano closed subset of U. Since g is the inverse of f, we have

g 1(B) = f(B), hence we have to show that f(B) is nano closed in V.

implies that B is nano compact. Since V is nano Hausdroff space implies that f(A)
is nano closed in (V, R1(Y)).

2.1.13 Definition [6]:

A nano topological space (U, R(X)) is said to be nano-Lindelof space if every

nano-open cover of (U, R(X)) has a countable subcover.

15



2.1.14 proposition [5]:

Every nano-compact space is a nano-Lindelof space.

Proof:

Let (U, R(X)) be nano-compact. Let {A; : iel} be an nano-open cover of (U,
R(X)). Then {A; : iel} has a finite subcover {Ai:i1=1,2,3, ... n}, since (U,
R(X)) is nano-compact. Since every finite subcover is always a countable subcover
and therefore, {Ai: 1 =1, 2, ....n} is countable subcover of {A; : iel} for (U, R(X)).
Hence (U, R(X)) is nano-Lindelof space.

2.1.15 Theorem [6]:

The image of a nano-Lindelof space under a nano-continuous map is nano-
Lindelof .

Proof.

f: (U, R(X)) = (V, RL(Y)) be anano-continuous map from a nano-Lindelof
space (U, R(X)) onto a nano topological space (V,R1(Y )). Let {Ai:iel} be an
nano-open cover of (V, R1(Y)), then {f (A} : ie I} is an nano-open cover of (U,
R(X)), since f is nano-continuous. As (U, R(X)) is nano-Lindelof, the nano-open
cover {f(A)) : ie 1} of (U, R(X)) has a countable subcover {f }(A) :i=1,2... }.
Therefore X = U;¢; 1 (4;)which implies f(U) = V = U;¢;(4;), that is {A1,A2.....
} is a countable subfamily of {Ai : i 1} for (V, R1(Y )). Hence (V, R1(Y)) is

nano-Lindelof space.

16



2.2 Nano topological group.

2.2.1 Definition:

1) G is a group with respect to * .
2) G is a nano topological space .

Such that the two structures are compatible, i.e , the multiplication map u:GxG—G

and the inversion v:G—G are nano continuous.

2.2.2 Definition:

We say that H is a nano topological sub group of G is a sub group of Gand H is a

nano topological group with respect to the sub nano space topology,

2.2.3 Definition:

A nano morphism f:G—H of nano topological groups is nano continuous group

homorphism .

2.2.4 Definition:

1) 1:G—G , 14(X)=gx, is called nano left multiplication by g, This map has inverse

l;* which is also nano continuous , so Iq is nano homeomorphism from G to G .

2) similary, all nano right multiplication ri:G—G ,rg(X)=Xg are nano

homeomorphism .

17



2.2.5 proposition :

let G be a nano topological group ,A,B € G,g€eG then:
1) A nano open implies Ag and nano open .

i) A nano closed implies Ag and gA nano closed .

1ii) A nano open implies AB and BA nano open .

Iv) A nano closed and B finite implies AB and BA nano closed .

Proof:

1) We note that a nano right multiplication ry:G—G ,rg(X)=xg is nano

homeomorphism for some g, thus ry(A)=Ag is nano-open .

Similarly, we can prove (ii),(iii),and (iv).

2.2.6 Definition :

Let G be a nano topological Group. and let H be a subgroup of G .
let G/H ={xH: xeG} the set of left costs of H.

The map q: G—G/H defined by q(x)=xH defines a qoutient nano topology on G/H
. we note that g is nano open map

If H is a normal sub group of G, then G/H is a nano

topological group .

18



2.2.7 Proposition :

Every nano topological group G is nano regular .

Proof:
Consider the map f:GxG—G defined by :

f(a,b)=ab™. This map is always nano-continuous in a nano-topological group.
Now take xeU, where U is an nano-open set in G. Then f1(U) contains (x,e), so
we have (x,e)eVxWCf1(U) for some nano-open subsets V and W such

that xeV and eeW. Hence, xeV. Furthermore, VN(X-U)W=0VN(X-U)W=0,
since any element in the intersection corresponds to aeV, beW, such

that ab'¢U, which is a contradiction.

Since (X—U)W is an nano-open set containing X—U, X is nano-regular.

2.2.8 Definition:

A nano topological space X is called nano connected if is non—empty and can not
be written X=AUB where A and B are non— empty disjoint nano open sub sets of
X.

2.2.9 Remark:

1- A non-empty space X is nano connected if and only if the only sub sets of X

which are both nano open and nano closed are @ and X.

2- A nano connected topological group has no proper nano open sub groups .

19



2.2.10 Proposition:

If X is nano connected and f:X—Y is a nano continuous function,then f(X) is nano

connected .

Proof:

Suppose that X is nano connected and f:X—Y is a nano continuous function,and

f(X) is not nano connected then by Definition of nano-connected space we have:
There are two non— empty disjoint nano-open sets A,B such that: f(X)=AuUB
Xc F{f(X))=f1(A) u F1(B) but f1(A) U f}(B) = X

Thus X=f1(A) u f1(B), but f1(A), f1(B) are disjoint nano-open set since f is

nano-continuous, this contradiction , thus we have f(X) is nano connected.

2.2.11 Definition J1]:

Let (U,tr(X)) be a nano topological space and A — U, Then A is said to be: i) nano
semi_open if Ac Ncl (N int (A))

ii) nano pre_open if Ac Nint (N cl (A))
iii) nano o open if A < N int ( N cl (A))

NSO (U,X) , NPO(U,X) and t%r(x) respectively denote the families of all nano

semi_open , nano pre_open and nano o_open subsets of U .

20



2.2.12 Definition J1]:

Let (U,tr(X)) be a nano topological space and A cU . A is said to be nano o_closed
(respectively,nano semi _closed , nano pre _closed ),if its complement is nano

o._open (nano semi _open , nano pre_open ).

2.2.13 Example :

Let U={a,b,c,d} with U/R={{a},{c},{b,d}} and X={a,b}. Then the nano topology
wr(X) ={U,d,{a},{a,b,d} , {b,d}}. The nano closed sets are U ,&,{a,b,d},{c} and
{a,c} .Then ,NSO (U,X)={U,Jd,{a}{a,c}{a,b,d}{b,c,d}},

NPO (U, X)={U,Z {a{{b}{d}.{a,b}{a,d}.{b,d}{ab,c}{ab,d}{a,c,d}} and
1*r(X)={U,,{a},{b,d}{a,b,d}}.We note that ,NPO(U,X) does not form a topology
on U, since {a,c} and {b,c,d}eNSO(U,X) but {a,c} n{b,c,d}={c}&NSO(U,X).
Similarly, NPO(U,X) IS not atopology onU,since
{a,b,c}~{a,c,d}={a,c}¢NPO(U,X), even though {a,b,c} and {a,c,d}NPO(U,X).
But the sets of t°&(X) form a topology on U. Also, we note that {a,c} eNSO(U,X)
but is not in NPO(U,X) and {a,b}eNPO(U,X) but does not belong to NSO(U,X).
That is , NSO(U,X) and NPO(U,X) are independent.

2.2.14 Theorem [1]:

TR*(X)NSO (U,X) in a nano topological spce (U,tr(X)) .

Proof: If Aetw*(X),AcN Int (N cl (N int (A)))<(N cl(N int(A)) , and hence
AeNSO(U,X) .
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2.2.15 Remark :

The converse of the above theorem is not true. In example (2.2.13), {a,c} and

{b,c,d} and nano semi-open but are not nano a-open inU .

2.2.16 Theorem [5]:

R*(X)<N PO(U,X) in a nano topological space (U,t(X)).

Proof: If Aet®(X) ,AcNint(N cl (N int (A))) . SinceN int (A) cA ,Nint (N cl (N
int(A)))<(N int (N cl (A)) . That is,Ac N int (N cl (A)) . Therefore, AeNPO(U,X) .
That is,t*r(X)cNPO(U,X) .

2.2.17 Remark:

The converse of the above theorem is not true. In example *, the set {b} is nano

pre-open but is not nano a-open in U

2.2.18 Theorem [5] :

If, in a nano topological space (U,tr(X)), , then Lr(X)=Ur(X)=X ,then U,J,Lr(X)
=Ugr(X)) , and any set A o Lr(X) are the only nano-a-open sets in U.

22



Proof:

Since Lr(X)=Ugr(X)=X, the nano topology,tr(X)={U,d,Lr(X)} . Since any nano-
open set is nano-a-open U, & and Lr(X) are nano o -open in U. If A < Lr(X) , then
N Int(A)=9 , since O is the only nano-open subset of A. Therefore N cl (N Int
(A))=9 and hence A is not nano a-open. If Ao Lr(X) , Lr(X) , is the largest nano-
open subset of A and hence,N Int(N CI(N Int(A))) =N Int (N CI (Lr(X)))=N Int
(Br(X))=N int (U) , since Br(X)=L. Therefore N Int (N CI ( N int (A)))=U, and
hance, A< N Int (N CI (N Int (A))) . Therefore, A is nano a-open. Thus ,U,J,Lr(X)
and any set AoLg(X) are the only nano a -open sets in U, if Lr(X)=Ugr(X) .

2.2.19 Theorem|[5]:

U,J,Ur(X) and any set Ao Ugr(X) are the only nano a_open sets in a nano

_topological space (U, tr(X)) if Lr(X)=Z
Proof:

since Lr(X)=Z , Br(X)=URr(X). Therefore , tr(X)={U ,& ,Ur(X)}and the members
of tr(X) are nano_open in U. Let A < Ugr(X).Then N Int (A)=& and hence largest
nanom_open subset of A. Therefore , N Int (N CI (N Int (A)))=N Int (N CI
(Ur(X))=N Int (U) and hence A N Int (N CI ( N Int (A))). Thus any set A > Ugr(X)
is nano a_open in U . Hence , U & ,Ur(X) and any superset of Ugr(X) are the only

nano o, open sets in U .
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2.2.20 Theorem [5] :

If U R(X)=U and Lr(X)#< , in a nano topological space (U , tr(X)) , then U,J..
Lr(X) and Br(X) are the only nano a -open sets in U.

Proof:

Since Ur(X)=U and Lr(X)#9 , the nano-open sets in U are U ,&J ,Lr(X) and b
Br(X) and hence they are nano a -open also. If A= ,then A is nano a -open.
Therefore, let A=J . When Ac Lr(X) ,N Int(A)=2 , since the largest open subset
of A is & and hence Az N Int (N CI(N Int(A))) , unless A is & . That is, A is not
nano a-open in U .When Lg(X)c A, N Int (A)= Lr(X) and therefore,N Int(N CI
(Lr(X))) =N Int(Br(X)%) =N Int (Lr(X)) =Lr(X) = A . That is,AzN Int (N CI (N Int
(A))) . Therefore, A is not nano a-open in U . Similarly, it can be shown that any set
Ac Bgr(X) and A o Bgr(X) are not nanoa -open in U . If A has atleast one element
each of Lr(X) and Br(X) , then N Int (A)=& and hence A is not open sets in U when
Ur(X=U and Lr(X)=J .

2.2.21 Corollary :

’CR(X): ’CRG(X) ,if UR(X):U .
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2.2.22 Theorem [5]:

Let Lr(X)= Ur(X) where Lr(X)=U and in a nano topological space (U,tr(X)) .
Then U,J,Lr(X) ,Br(X),Ur(X) and any set A > Ugr(X) are the only nanoa -open

setsinU .

Proof:

The nano topology on U is given by tr(X)={U,d,Lr(X),Br(X),Ur(X)}, and hence
U, J,Lr(X) , Br(X) and Ur(X) are nano a-open in U. Let AcU such that A
SUR(X).ThenN Int (A)= Ugr(X) and therefore, N Int (N Cl (Ur(X))) =U . Hence , A
<N Int (N CI(N Int(A)). Therefore , any A> Ugr(X) is nano o, open in U . when Ac
Lr(X),N Int (A)=< and hence N Int (N CI (N Int (A)))= and hence A is not nano
a_open in U . when Ac Ur(X) such that A is neither a subset of Lg(X) nor a subset
of Br(X) N Int (A)=0 and hence A is not nano a_open in U . Thus , U ,J,Lr(X),
Br(X),Ur(X) and any set A o Ur(X) are the only nano a_open sets in U .
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