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1.INTRODUCTION
Ganster and Reily [4] discussed Lc continuous functions. Dontchev [3] had given contra continuous functions. Lellis Thivagar
[5] introduced a nano topological space with respect to a subset X of an universe which is defined in terms of lower and upper
approximations of X. The elements of a nano topological space are called nano open sets. ‘Nano’ is a Greek word which means
‘very small’. The topology studied here is given the name nano topology as it has at most five elements Certain weak forms of
nano sets were studied by various authors. Here we study a new form of closed functions called Nα𝑔∗ s closed function and its
relation to various other closed functions. Also we analyze a new form of contra continuous function namely, Nα𝑔∗ s contra
continuous function and its relation to other contra continuous functions.

2. PRELIMINARIES
Definition 2.1: [5] Let 𝒰 be a non-empty finite set of objects called the universe and R be an equivalence relation on 𝒰 named as
the indiscernibility relation. Elements belonging to the same equivalence class are said to be indiscernible with one another. The
pair (𝒰, 𝑅) is said to be the approximation space. Let X⊆ 𝒰.
(i)
The lower approximation of X with respect to R is the set of all objects, which can be for certain classified as
𝑈
{𝑅(𝑥): 𝑅(𝑥) ⊆ 𝑋}, where R(x) denotes
X with respect to R and it is denoted by 𝐿𝑅 (𝑋). That is, 𝐿𝑅 (𝑋) =
𝑥𝜖𝒰
the equivalence class determined by 𝑥.
(ii)
The upper approximation of X with respect to R is the set of all objects, which can be possibly classified as X
𝑈
{𝑅(𝑥): 𝑅(𝑥) ∩ 𝑋 ≠ ∅}.
with respect to R and it is denoted by 𝑈𝑅 (𝑋) . That is, 𝑈𝑅 (𝑋)=
𝑥𝜖𝒰
(iii)
The boundary region of X with respect to R is the set of all objects, which can be classified neither as X nor
as not-X with respect to R and it is denoted by 𝐵𝑅 (𝑋). That is 𝐵𝑅 (𝑋)=𝑈𝑅 (𝑋) − 𝐿𝑅 (𝑋).
Definition 2.2:[5] let 𝒰 be the universe, R be an equivalence relation on 𝒰 and 𝜏𝑅 (X)= { 𝒰, 𝜑, 𝐿𝑅 (𝑋), 𝑈𝑅 (𝑋), 𝐵𝑅 (𝑋)}, where X⊆
𝒰. 𝜏𝑅 (X) satisfies the following axioms.
(i)
𝒰 and 𝜑𝜖𝜏𝑅 (𝑋).
(ii)
The union of the elements of any subcollection of 𝜏𝑅 (X) is in 𝜏𝑅 (X).
(iii)
The intersection of the elements of any finite subcollection of 𝜏𝑅 X) is in 𝜏𝑅 (X).
That is, 𝜏𝑅 (X) forms a topology on 𝒰 called as the nano topology on 𝒰 with respect to X. we call (𝒰, 𝜏𝑅 (X)) as the nano topological
space. The elements of 𝜏𝑅 (X) are called as nano-open sets. A set A is said to be nano closed if its complement is nano-open.
Definition 2.3: [5] If (𝒰, 𝜏𝑅 (X)) is a nano topological space with respect to X where X⊆ 𝒰 and if A⊆ 𝒰, then the nano interior
of A is defined as the union of all nano-open subsets of A and it is denoted by Nint(A). That is, Nint(A) is the largest nano-open
subset of A. The nano closure of A is defined as the intersection of all nano closed sets containing A and it is denoted by Ncl(A).
That is, Ncl(A) is the smallest nano closed set containing A.
Definition 2.4: A nano subset A of a nano topological space (𝒰, 𝜏𝑅 (X)) is called a
(i) Nano pre closed if Ncl Nint(A) ⊆ 𝐴
(ii) Nano semi closed if Nint Ncl(A) ⊆ 𝐴
(iii) Nano α closed if Ncl Nint Ncl(A) ⊆ 𝐴
(iv) Nano semi pre closed if Nint Ncl Nint(A) ⊆ 𝐴
(v) Nano regular closed if Ncl Nint(A) =𝐴
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For a nano subset A of (𝒰, 𝜏𝑅 (X)) the intersection of all nano pre closed (nano semi closed, nano α closed, nano semi pre closed)
sets of (𝒰, 𝜏𝑅 (X)) containing A is called nano pre closure of A (nano semi closure of A, nano α closure of A, nano semi pre closure
of A) and is denoted by Npcl(A) (Nscl(A), Nαcl(A), Nspcl(A)).
Definition 2.5: A nano subset A of a nono topological space (𝒰, 𝜏𝑅 (X)) is called a
1) Nano generalized closed (briefly Ng closed) if Ncl(A) ⊆ 𝑈 𝑤henever A⊆ 𝑈 and U is nano open in 𝒰.
2) Nano generalized semi closed (briefly Ngs closed) if Nscl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is nano open in 𝒰.
3) Nano α generalized regular closed (briefly Nαgr closed) if Nαcl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is nano
regular open in 𝒰.
4) Nano α generalized semi closed (briefly Nαgs closed) if Nαcl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is nano semi
open in 𝒰.
5) Nano α generalized closed (briefly Nαg closed) if Nαcl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is nano open in 𝒰.
6) Nano generalized semi pre closed (briefly Ngsp closed) if Nspcl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is nano open
in 𝒰.
7) Nano generalized pre closed (briefly Ngp closed) if Npcl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is nano open in 𝒰.
8) Nano 𝑔∗ pre closed (briefly N𝑔∗ p closed) if Npcl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is Ng open in 𝒰.
9) Nano generalized pre regular closed (briefly Ngpr closed) if Npcl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is nano
regular open in 𝒰.
10) Nano semi generalized closed (briefly Nsg closed) if Nscl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is nano semi open
in 𝒰.
11) Nano 𝑔⋕ 𝛼 closed (briefly N𝑔⋕ 𝛼 closed) if Nαcl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is Ng open in 𝒰.
12) Nano 𝑔⋕ 𝑠 closed (briefly N𝑔⋕ 𝑠 closed) if N𝑠cl(A) ⊆ 𝑈 whenever A⊆ 𝑈 and U is Nαg open in 𝒰.
The complements of the above mentioned nano closed sets are respective nano open sets.
Definition: 2.6 Let (𝒰, 𝜏𝑅 (X)) and (𝛾,𝜏𝑅′ (Y)) be nano topological spaces. A function f: (𝒰, 𝜏𝑅 (X))⟶ (𝛾, 𝜏𝑅′ (Y)) s called
1. N𝑔∗ s closed function if the image of every nano closed set of 𝒰 is N𝑔∗ s closed in 𝛾.
2. N𝛼𝑔𝑟 closed function if the image of every nano closed set of 𝒰 is N𝛼𝑔𝑟 closed in 𝛾.
3. N𝛼𝑔𝑠 closed function if the image of every nano closed set of 𝒰 is N𝛼𝑔𝑠 closed in 𝛾.
4. N𝛼𝑔 closed function if the image of every nano closed set of 𝒰 is N𝛼𝑔 closed in 𝛾.
5. N𝑔𝑠 closed function if the image of every nano closed set of 𝒰 is N𝑔𝑠 closed in 𝛾.
6. N𝑔𝑠𝑝 closed function if the image of every nano closed set of 𝒰 is N𝑔𝑠𝑝 closed in 𝛾.
7. N𝑔𝑝 closed function if the image of every nano closed set of 𝒰 is N𝑔𝑝 closed in 𝛾.
8. N𝑔𝑝𝑟 closed function if the image of every nano closed set of 𝒰 is N𝑔𝑝𝑟 closed in 𝛾.
9. N𝑔∗ p closed function if the image of every nano closed set of 𝒰 is N𝑔∗ p closed in 𝛾.
10. Nsg closed function if the image of every nano closed set of 𝒰 is Nsg closed in 𝛾.
11. N𝑔⋕ 𝛼 closed function if the image of every nano closed set of 𝒰 is N𝑔⋕ 𝛼 closed in 𝛾.
12. N𝑔⋕ 𝑠 closed function if the image of every nano closed set of 𝒰 is N𝑔⋕ 𝑠 closed in 𝛾.
Definition: 2.7 Let (𝒰, 𝜏𝑅 (X)) and (𝛾,𝜏𝑅′ (Y)) be nano topological spaces. A function f: (𝒰, 𝜏𝑅 (X))⟶ (𝛾, 𝜏𝑅′ (Y)) is called
1. N𝑔∗ s contra continuous function if 𝑓 −1 (𝑉) is N𝑔∗ s closed in 𝒰 for every nano open set V of 𝛾.
2. N𝛼𝑔𝑟 contra continuous function if 𝑓 −1 (𝑉) is N𝛼𝑔𝑟 closed in 𝒰 for every nano open set V of 𝛾.
3. N𝛼𝑔𝑠 contra continuous function if 𝑓 −1 (𝑉) is N𝛼𝑔𝑠 closed in 𝒰 for every nano open set V of 𝛾.
4. N𝛼𝑔 contra continuous function if 𝑓 −1 (𝑉) is N𝛼𝑔 closed in 𝒰 for every nano open set V of 𝛾.
5. N𝑔𝑠 contra continuous function if 𝑓 −1 (𝑉) is N𝑔𝑠 closed in 𝒰 for every nano open set V of 𝛾.
6. N𝑔𝑠𝑝 contra continuous function if 𝑓 −1 (𝑉) is N𝑔𝑠𝑝 closed in 𝒰 for every nano open set V of 𝛾.
7. N𝑔𝑝 contra continuous function if 𝑓 −1 (𝑉) is N𝑔𝑝 closed in 𝒰 for every nano open set V of 𝛾.
8. N𝑔𝑝𝑟 contra continuous function if 𝑓 −1 (𝑉) is N𝑔𝑝𝑟 closed in 𝒰 for every nano open set V of 𝛾.
9. N𝑔∗ p contra continuous function if 𝑓 −1 (𝑉) is N𝑔∗ p closed in 𝒰 for every nano open set V of 𝛾.
10. Nsg contra continuous function if 𝑓 −1 (𝑉) is Nsg closed in 𝒰 for every nano open set V of 𝛾.
11. N𝑔⋕ 𝛼 contra continuous function if 𝑓 −1 (𝑉) is N𝑔⋕ 𝛼 closed in 𝒰 for every nano open set V of 𝛾.
12. N𝑔⋕ 𝑠 contra continuous function if 𝑓 −1 (𝑉) is N𝑔⋕ 𝑠 closed in 𝒰 for every nano open set V of 𝛾.
3. Nα𝑔∗ s CLOSED FUNCTION
Definition:3.1 A subset A of a nano topological space (𝒰, 𝜏𝑅 (X)) is said to be Nα𝑔∗ semi closed (briefly Nα𝑔∗ s closed) set if
Nαcl(A) ⊆U, whenever A⊆U and U is Ngs open in (𝒰, 𝜏𝑅 (X)).
Definition:3.2 Let (𝒰, 𝜏𝑅 (X)) and (𝛾,𝜏𝑅′ (Y)) be nano topological spaces. A function
f: (𝒰, 𝜏𝑅 (X))⟶ (𝛾,𝜏𝑅′ (Y)) is called Nα𝑔∗ s continuous. If 𝑓 −1 (𝑉) is Nα𝑔∗ s open in 𝒰 for every nano open set V of 𝛾.
Definition:3.3 Let (𝒰, 𝜏𝑅 (X)) and (𝛾,𝜏𝑅′ (Y)) be nano topological spaces. A function
f: (𝒰, 𝜏𝑅 (X))⟶ (𝛾,𝜏𝑅′ (Y)) is called Nα𝑔∗ s closed if the image of every nano closed set of 𝒰 is Nα𝑔∗ s closed in 𝛾.
Theorem:3.4 Every nano closed map is Nα𝑔∗ s closed but not conversely.
Proof: Let f: (𝒰, 𝜏𝑅 (X))⟶ (𝛾,𝜏𝑅′ (Y)) be a nano closed map. If A is nano closed in 𝒰, then f(A) is nano closed in 𝛾 and hence
Nα𝑔∗ s closed in 𝛾.
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Example:3.5 Let 𝒰= {𝑎, 𝑏, 𝑐}, 𝒰/R={{𝑎, 𝑏}, {𝑐}} , X = {𝑐}, 𝜏𝑅 (X) = {𝒰, 𝜑, {𝑐}}
Define f: (𝒰, 𝜏𝑅 (X)) ⟶(𝒰, 𝜏𝑅 (X)) by f(a)= a, f(b)= a, f(c)= b.
f is Nα𝑔∗ s closed but not nano closed function as f ({𝑎, 𝑏}) = {𝑎} is not nano closed.
Theorem:3.6
1. Every Nα𝑔∗ s closed function is N𝑔∗ s closed
2. Every Nα𝑔∗ s closed function is N𝛼𝑔𝑟 closed
3. Every Nα𝑔∗ s closed function is N𝛼𝑔𝑠 closed
4. Every Nα𝑔∗ s closed function is N𝛼𝑔 closed
5. Every Nα𝑔∗ s closed function is N𝑔𝑠 closed
6. Every Nα𝑔∗ s closed function is N𝑔𝑠𝑝 closed
7. Every Nα𝑔∗ s closed function is N𝑔𝑝 closed
8. Every Nα𝑔∗ s closed function is N𝑔𝑝𝑟 closed
9. Every Nα𝑔∗ s closed function is N𝑔∗ p closed
10. Every Nα𝑔∗ s closed function is Nsg closed
11. Every Nα𝑔∗ s closed function is N𝑔⋕ 𝛼 closed
12. Every Nα𝑔∗ s closed function is N𝑔⋕ 𝑠 closed
Proof: Obvious from [2]
The converse of the above statements need not be true can be seen from the following examples.
Example:3.7 Let 𝒰= {𝑎, 𝑏, 𝑐, 𝑑}, 𝒰/R={{𝑎}, {𝑐}, {𝑏, 𝑑}} , X = {𝑎, 𝑏},
𝜏𝑅 (X) = { 𝒰, 𝜑, {𝑎}, {𝑎, 𝑏, 𝑑}, {𝑏, 𝑑}}
Define f: (𝒰, 𝜏𝑅 (X)) ⟶(𝒰, 𝜏𝑅 (X)) by
f(a)= b, f(b)= a, f(c)= c, f(d)= d
f is N𝑔∗ s closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.8 Refer Example 3.7
f is N𝛼𝑔𝑟 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.9 Refer Example 3.7
f is N𝛼𝑔𝑠 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.10 Refer Example 3.7
f is N𝛼𝑔 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.11 Refer Example 3.7
f is N𝑔𝑠 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.12 Refer Example 3.7
f is N𝑔𝑠𝑝 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.13 Refer Example 3.7
f is N𝑔𝑝 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.14 Refer Example 3.7
f is N𝑔𝑝𝑟 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.15 Refer Example 3.7
f is N𝑔∗ 𝑝 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.16 Refer Example 3.7
f is N𝑠𝑔 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.17 Refer Example 3.7
f is N𝑔⋕ 𝛼 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Example: 3.18 Refer Example 3.7
f is N𝑔⋕ 𝑠 closed function but not Nα𝑔∗ s closed function as f{𝑎, 𝑐}={𝑏, 𝑐} is not Nα𝑔∗ s closed.
Theorem:3.19 If f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is nano closed and g: (𝛾, 𝜏𝑅′ (Y)) ⟶(𝜂, 𝜏𝑅′′ (Z)) is Nα𝑔∗ s closed, then g o f: (𝒰, 𝜏𝑅 (X))
⟶( 𝜂, 𝜏𝑅′′ (Z)) is Nα𝑔∗ s closed.
Proof: obvious.
Theorem:3.20 A map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is Nα𝑔∗ s closed if and only if for each nano subset S of 𝛾 and each nano open
set U of 𝒰 such that 𝑓 −1 (𝑆) ⊆U, there is Nα𝑔∗ s open subset V of 𝛾 such that S⊆V and 𝑓 −1 (V) ⊆U.
Proof: Let f be Nα𝑔∗ s closed. Let S⊆ V and U be a nano open set of 𝒰 such that 𝑓 −1 (𝑆) ⊆U.
𝒰 − 𝑈 is closed in 𝒰. f (𝒰 − 𝑈) is Nα𝑔∗ s closed in 𝛾.
V= 𝛾 − f (𝒰 − 𝑈) is Nα𝑔∗ s open in 𝛾.
𝑓 −1 (V)= 𝒰-𝑓 −1 (f (𝒰 − 𝑈)) ⊆ 𝒰- (𝒰 − 𝑈)=U
Conversely, let F be nano closed in 𝒰.
𝑓 −1 (f (𝐹 𝑐 )) ⊆ 𝐹 𝑐 and 𝐹 𝑐 is nano open in 𝒰.
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By assumption, there exists a Nα𝑔∗ s open subset V of 𝛾 such that f (𝐹 𝑐 ) ⊆ 𝑉 and
𝑓 −1 (V) ⊆ 𝐹 𝑐 .
This implies F⊆ (𝑓 −1 (V))𝑐
Hence 𝑉 𝑐 ⊆ (𝑓(𝐹 𝑐 ))𝑐 = 𝑓(𝐹) ⊆ 𝑓(𝑓 −1 (V))𝑐 ⊆ 𝑉 𝑐
So, f(F)=Vc , which is Nα𝑔∗ s closed.
Definition:3.21 Let 𝒰 and 𝛾 be a nano topological space. A map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is called Nα𝑔∗ s open map if the image
of every nano open set of 𝒰 is Nα𝑔∗ s open in 𝛾.
Theorem:3.22 For any bijection map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)), the following are equivalent:
1. 𝑓 −1 : (𝛾, 𝜏𝑅′ (Y)) ⟶(𝒰, 𝜏𝑅 (X)) is Nα𝑔∗ s continuous map.
2. f is Nα𝑔∗ s open map.
3. f is Nα𝑔∗ s closed map.
Proof: (1)⟹(2)
Let U be nano open in 𝒰. (𝑓 −1 )−1 (U) is Nα𝑔∗ s open in 𝛾. That is f(U) is Nα𝑔∗ s open in 𝛾.
(2)⟹(3)
Let F be a nano closed set of 𝒰. Then 𝐹 𝑐 is open in 𝒰.
By assumption, f (𝐹 𝑐 ) is Nα𝑔∗ s open in 𝛾.
f (𝐹 𝑐 ) = f (𝐹)𝑐 is Nα𝑔∗ s closed open in 𝛾. f(F) is Nα𝑔∗ s closed in 𝛾.
(3)⟹(1)
Let F be nano closed in 𝒰. f(F) is Nα𝑔∗ s closed in 𝛾. f(F)= (𝑓 −1 )−1 (F) is Nα𝑔∗ s closed in 𝛾.
Hence 𝑓 −1 is Nα𝑔∗ s continuous map.
4. Nα𝑔∗ s CONTRA CONTINOUS FUNCTIONS
Definition:4.1 A function f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is called Nα𝑔∗ s contra continuous function if 𝑓 −1 (V) is Nα𝑔∗ s closed in 𝒰
for every nano open set V of 𝛾.
Example:4.2 Refer Example 3.5
Define f: (𝒰, 𝜏𝑅 (X)) ⟶(𝒰, 𝜏𝑅 (X)) by f(a)= c, f(b)= a, f(c)= b
f is Nα𝑔∗ s contra continuous function.
Definition:4.3 A function f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is called almost Nα𝑔∗ s contra continuous if 𝑓 −1 (V) is Nα𝑔∗ s closed in 𝒰
for every nano regular open set V of 𝛾.
Theorem:4.4 Every Nα𝑔∗ s contra continuous function is almost Nα𝑔∗ s contra continuous.
Proof: The proof is obvious as every nano regular open set is nano open.
The converse of the above theorem need not be true can be seen from the following example.
Example:4.5 Refer Example 3.5
Let f be the identity function. f is almost Nα𝑔∗ s contra continuous but not Nα𝑔∗ s contra continuous an 𝑓 −1 ({𝑐}) = {𝑐} is not
Nα𝑔∗ s closed.
Theorem:4.6
1. Every Nα𝑔∗ s contra continuous function is N𝑔∗ s contra continuous.
2. Every Nα𝑔∗ s contra continuous function is N𝛼𝑔𝑟 contra continuous.
3. Every Nα𝑔∗ s contra continuous function is N𝛼𝑔𝑠 contra continuous.
4. Every Nα𝑔∗ s contra continuous function is N𝛼𝑔 contra continuous.
5. Every Nα𝑔∗ s contra continuous function is N𝑔𝑠 contra continuous.
6. Every Nα𝑔∗ s contra continuous function is N𝑔𝑠𝑝 contra continuous.
7. Every Nα𝑔∗ s contra continuous function is N𝑔𝑝 contra continuous.
8. Every Nα𝑔∗ s contra continuous function is N𝑔𝑝𝑟 contra continuous.
9. Every Nα𝑔∗ s contra continuous function is N𝑔∗ p contra continuous.
10. Every Nα𝑔∗ s contra continuous function is Nsg contra continuous.
11. Every Nα𝑔∗ s contra continuous function is N𝑔⋕ 𝛼 contra continuous.
12. Every Nα𝑔∗ s contra continuous function is N𝑔⋕ 𝑠 contra continuous.
Proof: Obviuous from[2]
The converse of the above statements need not be true can be seen from the following examples.
Example: 4.7 Refer Example 3.7
Define f: (𝒰, 𝜏𝑅 (X)) ⟶(𝒰, 𝜏𝑅 (X)) by f(a)= a, f(b)= b, f(c)= d, f(d)= c.
f is N𝑔∗ s contra continuous but not Nα𝑔∗ s contra continuous as 𝑓 −1 ({𝑎}) = {𝑎} is not Nα𝑔∗ s closed in 𝒰.
Example: 4.8 Refer Example 3.7
Define f: (𝒰, 𝜏𝑅 (X)) ⟶(𝒰, 𝜏𝑅 (X)) by f(a)= d, f(b)= b, f(c)= a, f(d)= c.
f is N𝛼𝑔𝑟 contra continuous but not Nα𝑔∗ s contra continuous as 𝑓 −1 ({𝑏, 𝑑}) = {𝑎, 𝑏} is not Nα𝑔∗ s closed in 𝒰.

IJERTV10IS100051

www.ijert.org
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

513

Published by :
http://www.ijert.org

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 10 Issue 10, October-2021

Example: 4.9 Refer Example 3.7
Define f: (𝒰, 𝜏𝑅 (X)) ⟶(𝒰, 𝜏𝑅 (X)) by f(a)= a, f(b)= a, f(c)= a, f(d)= c.
f is N𝛼𝑔𝑠 contra continuous but not Nα𝑔∗ s contra continuous as 𝑓 −1 ({𝑎}) = {𝑎, 𝑏, 𝑐} is not Nα𝑔∗ s closed in 𝒰.
Example: 4.10 Refer previous Example
f is N𝛼𝑔 contra continuous but not Nα𝑔∗ s contra continuous as 𝑓 −1 ({𝑎}) = {𝑎, 𝑏, 𝑐} is not Nα𝑔∗ s closed in 𝒰.
Example: 4.11 Refer Example 3.7
Define f: (𝒰, 𝜏𝑅 (X)) ⟶(𝒰, 𝜏𝑅 (X)) by f(a)= a, f(b)= b, f(c)= d, f(d)= d.
f is N𝑔𝑠 contra continuous but not Nα𝑔∗ s contra continuous as 𝑓 −1 ({𝑎}) = {𝑎} is not Nα𝑔∗ s closed in 𝒰.
Example: 4.12 Refer Example 4.9
f is N𝑔𝑠p contra continuous function but not Nα𝑔∗ s contra continuous function.
Example: 4.13 Refer Example 4.8
f is N𝑔p contra continuous function but not Nα𝑔∗ s contra continuous function.
Example: 4.14 Refer Example 4.8
f is N𝑔pr contra continuous function but not Nα𝑔∗ s contra continuous function.
Example: 4.15 Refer Example 4.8
f is N𝑔∗ p contra continuous function but not Nα𝑔∗ s contra continuous function.
Example: 4.16 Refer Example 4.11
f is Nsg contra continuous function but not Nα𝑔∗ s contra continuous function.
Example: 4.17 Refer Example 4.9
f is N𝑔⋕ 𝛼 contra continuous function but not Nα𝑔∗ s contra continuous function.
Example: 4.18 Refer Example 4.9
f is N𝑔⋕ 𝑠 contra continuous function but not Nα𝑔∗ s contra continuous function.
Theorem:4.19 Let arbitrary union of Nα𝑔∗ s open sets be Nα𝑔∗ s open. Then the following statements are equivalent for a map f:
(𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y))
1. f is Nα𝑔∗ s contra continuous.
2. For every nano closed set F of 𝛾, 𝑓 −1 (F) is Nα𝑔∗ s open in 𝒰.
3. For each x∈ 𝒰 and each nano closed set F of 𝛾 containing f(x), there exists Nα𝑔∗ s open set U containing x such that f(U)
⊆ 𝐹.
4. For each x∈ 𝒰 and each nano open set V of 𝛾 not containing f(x), there exists Nα𝑔∗ s closed set K not containing x such
that 𝑓 −1 (V) ⊆ 𝐾.
Proof: (1)⟹(2)
Let F be nano closed in 𝛾. Then 𝛾 − 𝐹 is nano open in 𝛾. By (1) 𝑓 −1 (𝛾 − F) = 𝒰 − 𝑓 −1 (F) is Nα𝑔∗ s closed in 𝒰. So, 𝑓 −1 (F)
is Nα𝑔∗ s open. Hence (2) holds.
(2)⟹(1)
Let G be nano open in 𝛾. Then 𝛾 − 𝐺 is nano closed in 𝛾. By (2) 𝑓 −1 (𝛾 − G) = 𝒰 − 𝑓 −1 (G) is Nα𝑔∗ s open in 𝒰. So, 𝑓 −1 (G) is
closed in 𝒰 . Hence (1) holds.
(2)⟹(3)
Let F be nano closed in 𝛾 containing f(x). Hence x∈ 𝑓 −1 (F). By (2), 𝑓 −1 (F) is Nα𝑔∗ s open in 𝒰. Let U=𝑓 −1 (F). This implies
U is Nα𝑔∗ s open in 𝒰 containing x and f(U)=F ⊆ 𝐹. So (3) holds.
(3)⟹(2)
Let F be a nano closed set of 𝛾 containing f(x). So, x∈ 𝑓 −1 (F). By (3), there exists Nα𝑔∗ s open set 𝑈𝑥 of 𝒰 containing x such
that f (𝑈𝑥 ) ⊆ 𝐹. So, 𝑓 −1 (F) = 𝑈{𝑈𝑥 : 𝑥 ∈ 𝑓 −1 (F)}. This is a union of Nα𝑔∗ s open sets, hence it is Nα𝑔∗ s open. Hence (2) holds.
(3)⟹(4)
Let V be nano open in 𝛾 not containing f(x). Then 𝛾 − 𝑉 is closed in 𝛾 containing f(x). By (3), there exists Nα𝑔∗ s open set U in
𝒰 containing x such that f(U) ⊆ 𝛾 − V. This implies U⊆ 𝑓 −1 (𝛾 − V) = 𝒰 − 𝑓 −1 (𝑉). Hence𝑓 −1 (𝑉) ⊆ 𝒰-U. Let K= 𝒰-U, K is
Nα𝑔∗ s closed in 𝒰 not containing x such that 𝑓 −1 (𝑉) ⊆ 𝐾. Hence (4) holds.
(4)⟹(3)
Let F be nano closed in 𝛾 containing f(x). Then 𝛾 − 𝐹 is nano open in 𝛾 not containing f(x). From (4), there exists Nα𝑔∗ s closed
set K in 𝒰 not containing x such that 𝑓 −1 (𝛾 − F) ⊆ 𝐾.
This implies 𝒰 − 𝑓 −1 (𝐹) ⊆ 𝐾. Hence 𝒰 − 𝐾 ⊆ 𝑓 −1 (𝐹). That is, f (𝒰 − 𝐾) ⊆ 𝐹. Let U= 𝒰 − 𝐾. Then U is Nα𝑔∗ s open in 𝒰
containing x such that f(U) ⊆ 𝐹. So (3) holds.
Theorem:4.20 The following are equivalent for a map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y))
1. f is almost Nα𝑔∗ s contra continuous.
2. 𝑓 −1 (𝑁𝑖𝑛𝑡(𝑁𝑐𝑙(𝐺))) is Nα𝑔∗ s closed in 𝒰 for every nano open set G of 𝛾.
3. 𝑓 −1 (𝑁𝑐𝑙(𝑁𝑖𝑛𝑡(𝐹))) is Nα𝑔∗ s open in 𝒰 for every nano closed set F of 𝛾.
Proof: (1)⟹(2)
Let G be nano open in 𝛾. Then Nint (Ncl(G)) is nano regular open in 𝛾. Hence 𝑓 −1 (𝑁𝑖𝑛𝑡(𝑁𝑐𝑙(𝐺))) is Nα𝑔∗ s closed in 𝒰.
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(2)⟹(1) obvious
(1)⟹(3)
Let F be nano closed in 𝛾. Then 𝑁𝑐𝑙(𝑁𝑖𝑛𝑡(𝐹)) is nano regular closed in 𝛾. Hence 𝑓 −1 (𝑁𝑐𝑙(𝑁𝑖𝑛𝑡(𝐹))) is Nα𝑔∗ s open in 𝒰.
(3)⟹(1) obvious
Definition:4.21 A map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is said to be nano R-map if 𝑓 −1 (𝑉) is nano regular open in 𝒰 for each nano
regular open set V of 𝛾.
Definition:4.22 A map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is said to be nano perfectly continuous if 𝑓 −1 (𝑉) is nano clopen in 𝒰 for each
nano open set V of 𝛾.
Theorem:4.23 For two mappings f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) and g: (𝛾, 𝜏𝑅′ (Y)) ⟶(𝜂, 𝜏𝑅′′ (Z)), then for g o f: 𝒰 ⟶ 𝜂, the following
properties hold:
1. If f is almost Nα𝑔∗ s contra continuous and g is a nano R map then g o f is almost Nα𝑔∗ s contra continuous.
2. If f is almost Nα𝑔∗ s contra continuous and g is nano perfectly continuous, then g o f is almost Nα𝑔∗ s contra continuous
and almost Nα𝑔∗ s continuous.
Proof: (1) obvious
(2) Let V be nano regular open in 𝜂. 𝑔−1 (𝑉) is nano clopen in 𝛾 and hence nano regular open and nano regular closed.
𝑓 −1 (𝑔−1 (𝑉)) = (𝑔 𝑜 𝑓)−1 (𝑉) is Nα𝑔∗ s open and Nα𝑔∗ s closed in 𝒰 as f is almost Nα𝑔∗ s contra continuous. So, g o f is almost
contra Nα𝑔∗ s continuous and almost Nα𝑔∗ s continuous.
Definition:4.24 A nano topological space (𝒰, 𝜏𝑅 (X)) is called 𝑇Nα𝑔∗s space if every Nα𝑔∗ s open set is nano open.
Theorem:4.25 Let f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) be a Nα𝑔∗ s contra continuous map and g: (𝛾, 𝜏𝑅′ (Y)) ⟶(𝜂, 𝜏𝑅′′ (Z)) be Nα𝑔∗ s
continuous. If 𝛾 is a 𝑇Nα𝑔∗ s space, then g o f: 𝒰 ⟶ 𝜂 is an almost Nα𝑔∗ s contra continuous map.
Proof: Let V be nano regular open in 𝜂 . 𝑔−1 (𝑉) is Nα𝑔∗ s open in 𝛾. As 𝛾 is 𝑇Nα𝑔∗ s space, 𝑇Nα𝑔∗s space, 𝑔−1 (𝑉) is nano open in
𝛾. 𝑓 −1 (𝑔−1 (𝑉)) = (𝑔 𝑜 𝑓)−1 (𝑉) is Nα𝑔∗ s closed in 𝒰. Hence g o f is almost Nα𝑔∗ s contra continuous map.
Definition:4.26 A map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is called strongly Nα𝑔∗ s open (strongly Nα𝑔∗ s closed) if (V) is Nα𝑔∗ s open
(Nα𝑔∗ s closed) in 𝛾 for every Nα𝑔∗ s open (Nα𝑔∗ s closed) set V of 𝒰.
Theorem:4.27 If f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is surjective strongly Nα𝑔∗ s nano open (strongly Nα𝑔∗ s closed) map and g: (𝛾, 𝜏𝑅′ (Y))
⟶(𝜂, 𝜏𝑅′′ (Z)) is a map such that g o f: 𝒰 ⟶ 𝜂 is an almost Nα𝑔∗ s nano contra continuous, then g is almost Nα𝑔∗ s contra
continuous.
Proof: Let V be any regular closed (nano regular open) set in 𝜂. As g o f is almost Nα𝑔∗ s contra continuous, (𝑔 𝑜 𝑓)−1 (𝑉) =
𝑓 −1 (𝑔−1 (𝑉)) is Nα𝑔∗ s open (Nα𝑔∗ s closed) in 𝒰. Since f is surjective and strongly Nα𝑔∗ s open (nano strongly Nα𝑔∗ s closed),
f (𝑓 −1 (𝑔−1 (𝑉)))= 𝑔−1 (𝑉) is Nα𝑔∗ s open (Nα𝑔∗ s closed) in 𝛾. Hence g is almost Nα𝑔∗ s contra continuous.
Definition:4.28 A map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is called weakly Nα𝑔∗ s continuous if for each x∈ 𝒰 and each nano open set V
of 𝛾 containing f(x), there exists Nα𝑔∗ s open set U of 𝒰such that f(U) ⊆ 𝑁𝑐𝑙(𝑉).
Theorem:4.29 If a map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is Nα𝑔∗ s contra continuous, then f is weekly Nα𝑔∗ s continuous map.
Proof: Let x∈ 𝒰 and V be an open set in 𝛾 containing f(x). Ncl(V) is closed in 𝛾 containing f(x). Since f is Nα𝑔∗ s contra
continuous, 𝑓 −1 (Ncl(V)) is Nα𝑔∗ s open in 𝒰. Let U=𝑓 −1 (Ncl(V)). f(U)=f(𝑓 −1 (Ncl(V))) ⊆Ncl(V). So, f is weakly Nα𝑔∗ s
continuous.
Definition:4.30 A space 𝒰 is called locally Nα𝑔∗ s indiscrete if every Nα𝑔∗ s open set is nano closed in 𝒰.
Theorem:4.31 If a map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is almost Nα𝑔∗ s contra continuous and 𝒰 is locally Nα𝑔∗ s indiscrete, then f
is almost nano continuous.
Proof: Let V be nano regular open in 𝛾. As f is almost Nα𝑔∗ s contra continuous. 𝑓 −1 (𝑉) is Nα𝑔∗ s closed in 𝒰. Since 𝒰 is locally
Nα𝑔∗ s indiscrete space, 𝑓 −1 (𝑉) is nano open in 𝛾. Hence f is almost nano continuous.
5. DIFFERENT Nα𝑔∗ s FUNCTIONS
Definition:5.1 A function f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is said to be Nα𝑔∗ s continuous if and only if the inverse image of every nano
open set in 𝛾 is Nα𝑔∗ s open in 𝒰.
Definition:5.2 A function f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is said to be Nα𝑔∗ s nano contra continuous if and only if the inverse image
of every closed set in 𝛾 is Nα𝑔∗ s open in 𝒰.
Theorem:5.3 Let f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) be Nα𝑔∗ s contra continuous. Thus 𝑓 −1 (𝐵) ⊆Nα𝑔∗ s (Nint ( 𝑓 −1 (𝑁𝑐𝑙𝐵))), for every
B ⊆ 𝛾.
Proof: f is Nα𝑔∗ s contra continuous. Ncl(B) is nano closed in 𝛾. 𝑓 −1 (Ncl(B)) is Nα𝑔∗ s open in 𝒰. So, Nα𝑔∗ s
(Nint(𝑓 −1 (Ncl(B)))= 𝑓 −1 (Ncl(B))
𝑓 −1 (B) ⊆ 𝑓 −1 (Ncl(B)) = Nα𝑔∗ s (Nint(𝑓 −1 (Ncl(B)))
Theorem:5.4 For a function f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)), the following conditions are equivalent.
1. f is Nα𝑔∗ s contra continuous.
2. For each x∈ 𝒰 and each nano closed set V in 𝛾 with f(x) ∈ 𝑉, there exists an Nα𝑔∗ s open set U in 𝒰 such that x∈ 𝑈 and
f(U)⊆ 𝑉, if arbitrary union of Nα𝑔∗ s open sets Nα𝑔∗ s open.
3. The inverse image of each nano open set in 𝛾 is Nα𝑔∗ s closed in 𝒰.
Proof: (1)⟹(2)
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Let f be Nα𝑔∗ s contra continuous.
Let x∈ 𝒰 and V be a nano closed in 𝛾 containing f(x).
So, x∈ 𝑓 −1 (𝑉), which is Nα𝑔∗ s open in 𝒰.
Let 𝑓 −1 (𝑉) = 𝑈.
Hence x∈ 𝑈.
f(U)=f𝑓 −1 (𝑉) ⊆ 𝑉.
(2)⟹(1)
Let V be nano closed in 𝛾. Let x∈ 𝑓 −1 (𝑉). So, f(x) ∈V. Hence, there exists Nα𝑔∗ s open set 𝑈𝑥 containing x such that f (𝑈𝑥 ) ⊆ 𝑉.
That is, x∈ 𝑈𝑥 ⊆ 𝑓 −1 (𝑉). Therefore 𝑓 −1 (𝑉) is Nα𝑔∗ s open in X.
(3)⟹(1) is obvious
Definition:5.5 A subset S of 𝒰 is called locally nano Nα𝑔∗ s closed if S=U∩ 𝐹,
where U is Nα𝑔∗ s open and F is Nα𝑔∗ s closed.
Definition: 5.6 f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is said to be Lc- Nα𝑔∗ s continuous if and only if the pre image of every nano open set
of 𝛾 is locally Nα𝑔∗ s closed.
Theorem:5.7 Every Nα𝑔∗ s continuous function is Lc- Nα𝑔∗ s continuous.
Proof: Let f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) be Nα𝑔∗ s continuous. Let V be nano open in 𝛾. 𝑓 −1 (𝑉) = 𝑓 −1 (𝑉) ∩ Nα𝑔∗ s (Ncl (𝑓 −1 (𝑉))),
which is locally Nα𝑔∗ s closed in 𝒰. Hence f is Lc- Nα𝑔∗ s continuous.
Definition:5.8 Let (𝒰, 𝜏𝑅 (X)) be a nano topological space. A subset A⊆ 𝒰 is said to be Nα𝑔∗ s clopen if and only if it is Nα𝑔∗ s
closed and Nα𝑔∗ s open.
Definition: 5.9 A function f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is said to be strongly Nα𝑔∗ s continuous if and only if the inverse of every
subset of 𝛾 is Nα𝑔∗ s clopen.
Theorem:5.10 Every strongly nano Nα𝑔∗ s continuous function is Nα𝑔∗ s contra continuous.
Proof: Let f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) be strongly Nα𝑔∗ s continuous. Let V be nano closed in 𝛾. Then 𝑓 −1 (𝑉) is Nα𝑔∗ s is Nα𝑔∗ s
clopen and hence 𝑓 −1 (𝑉) is Nα𝑔∗ s open. So f is Nα𝑔∗ s contra continuous.
The converse of the above theorem need not be true can be seen from the following example.
Example:5.11 Let 𝒰= {𝑎, 𝑏, 𝑐}, 𝒰/R={{𝑎, 𝑏}, {𝑐}} , X = {𝑐},
𝜏𝑅 (X) = { 𝒰, 𝜑, {𝑐}}
Define f: (𝒰, 𝜏𝑅 (X)) ⟶(𝒰, 𝜏𝑅 (X)) by
f(a)= c, f(b)= a, f(c)= b
f is Nα𝑔∗ s contra continuous but not Nα𝑔∗ s strongly continuous as 𝑓 −1 {𝑎, 𝑏}={𝑏, 𝑐} is not Nα𝑔∗ s clopen.
Theorem:5.12 Every perfectly Nα𝑔∗ s continuous function is Nα𝑔∗ s contra continuous.
Proof: Let f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) be perfectly Nα𝑔∗ s continuous. Let V be nano open in 𝛾. 𝑓 −1 (𝑉) is Nα𝑔∗ s clopen which is
Nα𝑔∗ s closed. Hence f is Nα𝑔∗ s contra continuous. The converse of the above theorem need not be true can be seen from the
following example.
Example:5.13 Refer Example:5.11
f is Nα𝑔∗ s contra continuous but not Nα𝑔∗ s perfectly continuous as 𝑓 −1 {𝑎}={𝑏} is not Nα𝑔∗ s clopen.
Definition: 5.14 A nano topological space (𝒰, 𝜏𝑅 (X)) is called strongly S- Nα𝑔∗ s closed if and only if every Nα𝑔∗ s closed cover
of 𝒰 has a finite sub cover.
Theorem:5.15 Nα𝑔∗ s nano contra continuous images of strongly S- Nα𝑔∗ s closed spaces are nano compact.
Proof: Let f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) be Nα𝑔∗ s contra continuous and onto. Let 𝒰 be strongly S- Nα𝑔∗ s closed. Let (𝑉𝑖 )𝑖∈𝐼 be an
nano open cover of 𝛾. Then (𝑓 −1 (𝑉𝑖 )𝑖∈𝐼 ) is a Nα𝑔∗ s closed cover of 𝒰. Since f is Nα𝑔∗ s contra continuous, then for some finite
𝑈 −1
𝑈
J⊆ I, we have 𝒰 =
𝑓 (𝑉𝑖 ). As f is onto 𝛾 =
𝑉 . That is, 𝛾 is nano compact.
𝑖∈𝐽
𝑖∈𝐽 𝑖
′
Definition: 5.16 A map f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅 (Y)) is called Nα𝑔∗ s irresolute if and only if the inverse image of every Nα𝑔∗ s
closed set in 𝛾 is Nα𝑔∗ s closed in 𝒰.
Remark:5.17 f is Nα𝑔∗ s irresolute ⇔ the inverse image of every Nα𝑔∗ s open set under f is Nα𝑔∗ s open.
Theorem:5.18 Let f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)), g: (𝛾, 𝜏𝑅′ (Y)) ⟶(𝜂, 𝜏𝑅′′ (Z)) be functions. Then
1. If f is Nα𝑔∗ s continuous and g is nano continuous, then g o f is Nα𝑔∗ s continuous.
2. If f and g are Nα𝑔∗ s irresolute, g o f is Nα𝑔∗ s irresolute.
3. If f is Nα𝑔∗ s irresolute and g is Nα𝑔∗ s continuous, then g o f is Nα𝑔∗ s continuous.
Proof: obvious
Definition: 5.19 f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is said to be almost Nα𝑔∗ s continuous if and only if the inverse image of every nano
regular open set is Nα𝑔∗ s open in 𝒰.
Theorem:5.20 f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) be a function. f is Nα𝑔∗ s continuous⇒ f is almost Nα𝑔∗ s continuous.
Proof: Let f be Nα𝑔∗ s continuous. Let U be nano regular open in 𝛾. As nano regular open sets are nano open, U is nano open in
𝛾. So, 𝑓 −1 (𝑈) is Nα𝑔∗ s open in 𝒰. Hence f is almost Nα𝑔∗ s continuous.

IJERTV10IS100051

www.ijert.org
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

516

Published by :
http://www.ijert.org

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 10 Issue 10, October-2021

Definition: 5.21 A nano topological space (𝒰, 𝜏𝑅 (X)) is said to be Nα𝑔∗ s Hausdorff if and only if x and y are distinct points of
𝒰, there exists disjoint Nα𝑔∗ s open sets U and V containing x and y respectively.
Theorem:5.22 Let (𝒰, 𝜏𝑅 (X)) be a topological space and let (𝛾, 𝜏𝑅′ (Y)) be a nano Hausdorff space. If f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y))
is injective and Nα𝑔∗ s continuous, then 𝒰 is a Nα𝑔∗ s Hausdorff space.
Proof: Let x and y be distinct points of 𝒰. Since f is injective f(x) and f(y) are distinct points of 𝛾. As 𝛾 is nano Hausdorff, there
exists disjoint nano open sets U and V containing f(x) and f(y) respectively.
Since f is Nα𝑔∗ s continuous and U and V are disjoint, 𝑓 −1 (𝑈) and, 𝑓 −1 (𝑉) are disjoint Nα𝑔∗ s open sets. So 𝒰 is Nα𝑔∗ s
Hausdorff.
Following the same lines, we can prove the following.
Theorem:5.23 Let (𝒰, 𝜏𝑅 (X)) be a nano topological space and let 𝛾 be Nα𝑔∗ s Hausdorff. If f: (𝒰, 𝜏𝑅 (X)) ⟶(𝛾, 𝜏𝑅′ (Y)) is injective
and Nα𝑔∗ s irresolute, then 𝒰 is Nα𝑔∗ s Hausdorff.
REFERRENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

S.P. Arya and T.M. Nour, “Characterization of subnormal spaces,” Indian J. Pure. Appl. Math 21(8) (1990), 717-719.
M.Dharani,V.Senthilkumaran and Y.Palaniappan,” On nano α𝑔∗ s closed sets in topological spaces”,Annals of Pure and Applied
Mathematics,Submitted.
J. Dontchev, “Contra continuous function and strongly S closed spaces, “Int. J. Math and Math. Sci (19) (1996) 303-310.
M. Ganster and I.L. Reily, “ Locally closed sets and L.c. continuous functions,” Int. J. Math and Math. Sci (1989) 417-424.
M. Lellis Thivagar and Carmel Richard, “Weak forms of nano continuity,” IISTE 3(2013) No 7.
N. Levine, “Generalized closed sets in topology,” Rend. circ. Math. Palermo 19(2) (1970) 89-76.
A.S. Mashour, M.E. Abd-el-monsef and S.N. Eldeeb, “ α continuous and α open mappings, “Acta Math Hung. 41(34) (1983) 213-218.
O. Njastad, “On some classes of nearly open sets, “Pacific. J. Math 15(1965) 961-970.
T.D. Rayana gouder, “On some recent topics in topology” Ph.D, thesis, Karnatak University (2007).

IJERTV10IS100051

www.ijert.org
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

517

