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Abstract 

This paper deals with two new classes of 𝐀𝐋∗ pairwise and 𝐀𝐋𝟐∗  pairwise paracompact spaces 
in bitopological spaces some characterizations and several basic properties of 𝐀𝐋∗ and 𝐀𝐋𝟐∗  
pairwise paracompact spaces are obtained.  Also introduced the 𝐀𝐋∗-pairwise normal spaces 
in bitopological spaces and its properties were discussed.   
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I. INTRODUCTION 
 We are focused on the ideas of 𝐴𝐿∗ -pairwise paracompact spaces, 𝐴𝐿2∗ -pairwise 

paracompact spaces and 𝐴𝐿∗ - pairwise normal  in bitopological spaces.  “The different 
definitions of bitopological compactness have appeared in the literature of Fletcher [10]”.The 
bitopological paracompactness has also been considered by Datta.M.C [6], 𝐶-paracompact 
and 𝐶2-paracompact were characterized by Arhangelskii. Lufti Kalantan [13] used the idea of 
Arangeskii's definition 𝐶 and 𝐶2-paracompact spaces in [16]. He introduced 𝐿-paracompact 
spaces and 𝐿2 -paracompact spaces. Lufti kalantan and Moha Mohammed  saeed [12] 
introduced 𝐿-normality. 

 In this paper, every  bitopological space are assumed to be Pairwise Hausdorff. Due to 
Fermlin D.H [4], we consider a space 𝑃 angelic if for every relatively countably  compact 
subset 𝐸 of 𝑃 the ensuing hold:  (a) 𝑆 is relatively compact  (b) If 𝑠 ∈ 𝑆̅, then ∃ a sequence in 
𝑆 that converges to 𝑠. 

  We use the idea of an angelic spaces in 𝐿-pairwise paracompact and 𝐿2 -pairwise 
paracompact and 𝐿 -pairwise normal in bitopological spaces. Throughout this paper 𝑝𝑤 
denotes pairwise and BTS denotes bitopological space.    

II.  PRELIMINARIES 

Definition  2.1:[5] 

 A  BTS  (𝑃, 𝜏1, 𝜏2)  termed as a pairwise compact (𝑝𝑤-compact), if every 𝑝𝑤-open 
cover of  (𝑃, 𝜏1, 𝜏2)  has a finite subcover.   
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Definition  2.2:[10]` 

 A  BTS (𝑃, 𝜏1, 𝜏2) is pairwise paracompact (𝑝𝑤-paracompact), provided it is pairwise 
Hausdorff, every 𝜏-open cover has a 𝜏2-open, 𝜏2-locally finite refinement, and 𝜏2-open cover 
has a 𝜏2-open, 𝜏2-locally finite refinement. 

Definition  2.3:[6] 

 A  BTS (𝑃, 𝜏1, 𝜏2) termed as a Pairwise Hausdorff  (𝑝𝑤- Hausdorff), if two distinct 
points can be separated by disjoint  𝜏1- open and 𝜏2- open sets.  

Definition  2.4:[6] 

 A  BTS  (𝑃, 𝜏1, 𝜏2) is said to Pairwise Regular (𝑝𝑤-Regular), if a 𝜏1-closed  (𝜏1-
closed) set and a point not belonging to this set can be separated by disjoint  𝜏2- open (𝜏1- 
open) and 𝜏1- open (𝜏2- open) sets. 

Definition  2.5:[6] 

 A  BTS  (𝑃, 𝜏1, 𝜏2) is said to Pairwise Normal (𝑝𝑤-Normal), if disjoint 𝜏1-closed and 
𝜏2-closed sets can be separated by disjoint 𝜏2-open and 𝜏1-open sets respectively.  

Definition  2.6:[11] 

Let (𝑃, 𝜏1, 𝜏2)  and (𝑆, 𝛿1,𝛿2) be two BTSs.  A function ℎ: (𝑃, 𝜏1, 𝜏2) → (𝑆, 𝛿1,𝛿2) 
termed as a  pairwise continuous(𝑝𝑤 -continuous) if ℎ: (𝑃, 𝜏1) → (𝑆, 𝛿1)  and ℎ: (𝑃, 𝜏2) →
(𝑆, 𝛿2) are continuous. 

Definition  2.7:[11] 

Let (𝑃, 𝜏1, 𝜏2)  and (𝑆, 𝛿1,𝛿2) be two BTSs.  A function ℎ: (𝑃, 𝜏1, 𝜏2) → (𝑆, 𝛿1,𝛿2) 
termed as a  pairwise homeomorphism(𝑝𝑤 -homeomorphism) if ℎ: (𝑃, 𝜏1) → (𝑆, 𝛿1)  and 
ℎ: (𝑃, 𝜏2) → (𝑆, 𝛿2) are homeomorphism. 

 

Definition  2.8:[11] 

A BTS (𝑃, 𝜏1, 𝜏2) termed as a Pairwise Lindel�̈�f (𝑝𝑤- Lindel�̈�f) if every 𝜏1- open 
cover 𝑃 can be reduced to a countable 𝜏1-open cover and 𝜏2-open cover of  𝑃 can be reduced 
to a countable 𝜏2-open cover. 

III. 𝑨𝑳∗AND 𝑨𝑳𝟐∗-PAIRWISE PARACOMPACTNESS IN BITOPOLOGICAL SPACES 
 

Definition 3.1: 

Let (𝑃, 𝜏1, 𝜏2 )  be an angelic space and (𝐸, 𝜏1, 𝜏2 )  be an angelic  𝑝𝑤 -Lindel �̈� f 
subspace of (𝑃, 𝜏1, 𝜏2).  If there is a bijection mapping ℎ: (𝑃, 𝜏1, 𝜏2) → (𝑆, 𝛿1, 𝛿2), (𝑆, 𝛿1, 𝛿2) is 
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an angelic 𝑝𝑤 -paracompact space and the restriction ℎ|𝐸:𝐸 → ℎ(𝐸)  is a  𝑝𝑤 -
homeomorphism, then (𝑃, 𝜏1, 𝜏2) termed as a 𝐴𝐿∗-𝑝𝑤 paracompact space. 

Definition  3.2: 

  Let (𝑃, 𝜏1, 𝜏2) be an angelic space and (𝐸, 𝜏1∗, 𝜏2∗) be an angelic  𝑝𝑤- Lindel�̈�f subspace 
of (𝑃, 𝜏1, 𝜏2).  If there is a bijection mapping ℎ: (𝑃, 𝜏1, 𝜏2) → (𝑆, 𝛿1, 𝛿2), (𝑆, 𝛿1, 𝛿2) is a 𝑝𝑤-
Hausdorff 𝑝𝑤 -paracompact space and the restriction ℎ|𝐸:𝐸 → ℎ(𝐸)   is a  𝑝𝑤 -
homeomorphism, then ℎ|𝐸:𝐸 → ℎ(𝐸)  termed as a 𝐴𝐿∗-𝑝𝑤  paracompact space.  

Theorem 3.1: 

  If (𝑃, 𝜏1, 𝜏2) is an 𝐴𝐿∗-𝑝𝑤   paracompact (𝐴𝐿2∗-𝑝𝑤   paracompact) and of countable 
tightness and ℎ: (𝑃, 𝜏1, 𝜏2) → (𝑆, 𝛿1, 𝛿2 ), (𝑆, 𝛿1, 𝛿2 )  is a witness function of the 𝐴𝐿∗ -𝑝𝑤   
paracompactness (𝐴𝐿2∗-𝑝𝑤  paracompactness) of (𝑃, 𝜏1, 𝜏2), then ℎ is  𝑝𝑤-continuous. 

Proof: 

  Since (𝐸, 𝜏1∗, 𝜏2∗) is a non-empty subset of (𝑃, 𝜏1, 𝜏2). Consider 𝑞 ∈ ℎ(𝐸)��� is arbitrary 
and 𝑝 ∈ (𝑃, 𝜏1, 𝜏2) is a unique element ∋ ℎ(𝑃) = 𝑞. Then 𝑝 ∈ (𝐸, 𝜏1∗, 𝜏2∗). choose a countable 
subset 𝐸0 ⊆ (𝐸, 𝜏1∗, 𝜏2∗ ) ∋ 𝑝 ∈ 𝐸0 . Take 𝐵 = {𝑝} ∪ 𝐸0 then 𝐵  is a 𝑝𝑤 - Lindel�̈�f subspace of 
(𝑃, 𝜏1, 𝜏2), and ℎ|B:𝐵 → ℎ(𝐵)  is  𝑝𝑤-homeomorphism. Suppose 𝑉 ⊆ (𝑆, 𝛿1, 𝛿2) is a  𝑝𝑤-open 
neighborhood of 𝑞; next 𝑉 ∩ ℎ(𝐵) is  𝑝𝑤-open in subspace ℎ(𝐵) including𝑞. hence, ℎ−1(𝑉) ∩
𝐵  is  𝑝𝑤 -open in 𝐵  including 𝑞 . Hence, ℎ−1(𝑉) ∩ 𝐵 ∩ 𝐸0 ≠ ∅ . So ℎ−1(𝑉) ∩ 𝐵 ∩ 𝐸0 ≠ ∅ . 
Thus, ∅ ≠ ℎ(ℎ−1(𝑉) ∩ 𝐵) ∩ 𝐵 ⊆ ℎ(ℎ−1(𝑉) ∩ 𝐸) = 𝑉 ∩ 𝐸 . Hence 𝑞 ∈  ℎ(𝐸)  and ℎ  is 𝑝𝑤  
continuous. 

Corollary 3.1:  

  Any 𝐴𝐿2∗-𝑝𝑤  paracompact space which is of countable tightness must be at least 𝑝𝑤-
Hausdorff. 

Theorem 3.2: 

   Let (𝑃, 𝜏1, 𝜏2)  be the 𝑇3 separable 𝐴𝐿2∗-𝑝𝑤 paracompact and of countable tightness.  
Then (𝑃, 𝜏1, 𝜏2)   is an angelic 𝑝𝑤-paracompact 𝑇4.  

Proof :  

 Suppose (𝑆, 𝛿1, 𝛿2 ) be an angelic 𝑝𝑤  -paracompact space and ℎ: (𝑃, 𝜏1, 𝜏2) →
(𝑆, 𝛿1,𝛿2) be a bijective witness to an 𝐴𝐿2∗-𝑝𝑤 paracompactness of (𝑃, 𝜏1, 𝜏2). Then ℎ is  𝑝𝑤-
continuous because (𝑃, 𝜏1, 𝜏2 ) is of countable tightness, by Theorem 3.1. Consider 𝐷 ⊆
(𝑃, 𝜏1, 𝜏2 ). We produce ℎ  is 𝑝𝑤 -closed. Assume that 𝐻  is a non-empty  𝑝𝑤 -closed proper 
subset of (𝑃, 𝜏1, 𝜏2). Suppose ℎ(𝑃) ∈ 𝑖𝑛𝑓(𝐻); next 𝑝 ∉ 𝐻. Using regularity, take  𝑈 and 𝑉 is 
disjoint  𝑝𝑤-open subsets of (𝑃, 𝜏1, 𝜏2) including 𝑝 and 𝐻, respectively. Then 𝑈 ∩ (𝐷 ∪ {𝑝}) is  
𝑝𝑤-open in the angelic  𝑝𝑤-Lindel�̈�f subspace 𝐷 ∪ {𝑝}  including 𝑝, so ℎ(𝑈 ∩ (𝐷 ∪ {𝑝})) is  
𝑝𝑤 -open in the subspace ℎ(𝐷 ∪ {𝑝})of (𝑆, 𝛿1, 𝛿2 ) including 𝑞 . Thus ℎ�𝑈 ∩ (𝐷 ∪ {𝑝})� =
ℎ(𝑈) ∩ ℎ(𝐷 ∪ {𝑝} = 𝑊 ∩ ℎ(𝐷 ∩ {𝑝}) for some  𝑝𝑤-open subset 𝑊 in (𝑆, 𝛿1, 𝛿2) with 𝑞 ∈ 𝑊. 
We claim that 𝑊 ∩ ℎ(𝐻) = ∅. 

 Suppose otherwise, and take 𝑞 ∈ 𝑊 ∩ ℎ(𝐻). Let ∈ 𝐻 ∋ ℎ(𝑝) = 𝑞. Note that 𝑝 ∈  𝑉$. 
By the reason 𝐷 is dense in (𝑃, 𝜏1, 𝜏2), 𝐷 is also dense in the  𝑝𝑤-open set  𝑉. Thus 𝑝 ∈ 𝑉 ∩ 𝐷. 
Now since 𝑊 is  𝑝𝑤-open in (𝑆, 𝛿1, 𝛿2) and ℎ is  𝑝𝑤-continuous, ℎ−1(𝑊) is an  𝑝𝑤-open set in 
(𝑃, 𝜏1, 𝜏2); it also includes 𝑝. Thus we can choose 𝑑 ∈ ℎ−1(𝑊) ∩ 𝑉 ∩ 𝐷. Next 𝑝(𝑑) ∈ 𝑊 ∩
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ℎ(𝑉 ∩ 𝐷) ⊆ 𝑊 ∩ ℎ(𝐷 ∪ {𝑝} = 𝑔�𝑈 ∩ (𝐷 ∪ {𝑝})�.   So ℎ(𝑑) ∈ ℎ(𝑢) ∩ ℎ(𝑉).  Hence 𝑊 ∩
ℎ(𝐻) = ∅.  Note that 𝑞 ∈ 𝑊. As 𝑞 ∈ (𝑆, 𝛿1, 𝛿2) was arbitrary, ℎ(𝐻) is  𝑝𝑤-closed. So ℎ is a  
𝑝𝑤-homeomorphism and (𝑃, 𝜏1, 𝜏2) is an angelic 𝑝𝑤-paracompact. Since (𝑃, 𝜏1, 𝜏2) is also 𝑇2, 
(𝑃, 𝜏1, 𝜏2) is 𝑝𝑤 normal. Note that (𝑃, 𝜏1, 𝜏2) is also an angelic  𝑝𝑤-Lindel�̈�f being separable 
and an angelic 𝑝𝑤-paracompact. 

Theorem 3.3: 

           Every 𝐴𝐿∗ - 𝑝𝑤   paracompactness (𝐴𝐿2∗ -𝑝𝑤   paracompactness) has a topological 
property. 

Proof : 

            Suppose (𝑃, 𝜏1, 𝜏2) is an 𝐴𝐿∗-𝑝𝑤 paracompact space and (𝑃, 𝜏1, 𝜏2) ≅ (𝑍, 𝜆1, 𝜆2). Since 
(𝑆, 𝛿1,𝛿2)  be an angelic 𝑝𝑤-paracompact space and ℎ: (𝑃, 𝜏1, 𝜏2) → (𝑆, 𝛿1, 𝛿2)  be a bijection 
∋ ℎ|𝐸:𝐸 → ℎ(𝐸)  is 𝑝𝑤-homeomorphism for every angelic  𝑝𝑤-Lindel�̈�f subspace (𝐸, 𝜏1∗, 𝜏2∗) 
of (𝑃, 𝜏1, 𝜏2 ). Take 𝑘: (𝑃, 𝜏1, 𝜏2) → (𝑍, 𝜆1, 𝜆2 ) is  𝑝𝑤 -homeomorphism. Then 
ℎ ∘ 𝑘: (𝑍, 𝜆1, 𝜆2) → (𝑃, 𝜏1, 𝜏2) fulfills topological property. 

Theorem 3.4: 

Every 𝐴𝐿∗-𝑝𝑤 paracompactness (𝐴𝐿2∗-𝑝𝑤 paracompactness) has an additive property. 

Proof: 

 Since (𝑃𝛼, 𝜏1, 𝜏2) be an 𝐴𝐿∗-𝑝𝑤   paracompact space for every 𝛼 ∈ Λ. Consider their 
sum ⊕𝛼∈Λ    (𝑃𝛼, 𝜏1, 𝜏2) is an 𝐴𝐿∗-𝑝𝑤   paracompact. For every 𝛼 ∈ Λ, take an angelic 𝑝𝑤 -
paracompact space (𝑃𝛼 , 𝜏1, 𝜏2)  and a bijective function $𝑝𝛼  ∶ (𝑃𝛼, 𝜏1, 𝜏2) →  (𝑆, 𝛿1, 𝛿2) ∋
 ℎ𝛼|𝐶𝛼 ∶ 𝐶𝛼 →  ℎ𝛼  (𝐶𝛼)$  is   𝑝𝑤-homeomorphism for every angelic  𝑝𝑤-Lindel�̈�f subspace 𝐶𝛼 
of (𝑃𝛼, 𝜏1, 𝜏2) . Suppose (𝑆𝛼,𝛿1, 𝛿2)   is an angelic 𝑝𝑤   paracompact for every 𝛼 ∈ Λ , 
afterwords the sum ⊕𝛼∈A    (𝑆𝛼, 𝛿1, 𝛿2) is an angelic 𝑝𝑤  paracompact. Consider the function 
sum, ⊕𝛼∈Λ    (𝑃𝛼 , 𝜏1, 𝜏2) :  ⊕𝛼∈Λ    (𝑃𝛼 , 𝜏1, 𝜏2) → (𝑆𝛼,𝛿1, 𝛿2)  defined by ⊕𝛼∈Λ 𝑝𝑤(𝑚) =
𝑝(𝑚)   if 𝑚 ∈  𝑀𝛽 ,  𝛽 ∈ Λ . let 𝐶 ⊆ ⊕𝛼∈Λ    (𝑃𝛼, 𝜏1, 𝜏2)  is an angelic  𝑝𝑤 -Lindel�̈� f iff the 
Λ0 = {𝛼 ∈ Λ:𝑄 ∩  (𝑃𝛼 , 𝜏1, 𝜏2) ∉ ∅} is finite and 𝐶 ∩  (𝑃𝛼, 𝜏1, 𝜏2) is an angelic  𝑝𝑤-compact in 
(𝑃𝛼, 𝜏1, 𝜏2) for each 𝛼 ∈ Λ0 . If 𝑆 ⊆ ⊕𝛼∈Λ   (𝑃𝛼, 𝜏1, 𝜏2) is an angelic  𝑝𝑤 -compact, hence 
⊕𝛼∈Λ   (𝑃𝛼, 𝜏1, 𝜏2)|𝐶  is  𝑝𝑤  -homeomorphism as 𝑃𝛼|𝐶∩(𝑃𝛼,𝜏1,𝜏2)   is  𝑝𝑤 -homeomorphism for 
every 𝛼 ∈ Λ0. 

 Theorem 3.5: 

           Let (𝑃, 𝜏1, 𝜏2) be the second countable 𝐴𝐿2∗-𝑝𝑤  paracompact space.  Then (𝑃, 𝜏1, 𝜏2)  
is metrizable.  

Proof: 

Since (𝑃, 𝜏1, 𝜏2)  is a second countable space, then (𝑃, 𝜏1, 𝜏2)  is an angelic  𝑝𝑤 -
Lindel�̈�f. If (𝑃, 𝜏1, 𝜏2) is also 𝐴𝐿2∗-𝑝𝑤  paracompact, then (𝑃, 𝜏1, 𝜏2) will be homeomorphic 
to a 𝑇2 angelic 𝑝𝑤-paracompact space (𝑆𝛼,𝛿1, 𝛿2) and, in particular, (𝑆𝛼, 𝛿1, 𝛿2) is 𝑇4. Thus 
(𝑃, 𝜏1, 𝜏2) is second countable and 𝑝𝑤 regular, hence metrizable. 

Corollary 3.2: 

           Let (𝑃, 𝜏1, 𝜏2)  𝑇2  second countable 𝐴𝐿∗ -𝑝𝑤  paracompact space.  Then (𝑃, 𝜏1, 𝜏2)  is 
metrizable. 
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IV. 𝑨𝑳∗-𝒑𝒘 NORMAL AND ITS PROPERTIES   
Definition 4.1: 

            A BTS (𝑃, 𝜏1, 𝜏2) is termed as an 𝐴𝐿∗-𝑝𝑤 Normal if ∃ a 𝑝𝑤 normal space (𝑆𝛼, 𝛿1, 𝛿2) 
and a bijective function $ℎ: (𝑃, 𝜏1, 𝜏2) →  (𝑆, 𝛿1,𝛿2) , (𝑆𝛼, 𝛿1,𝛿2)  is an angelic 𝑝𝑤  
paracompact space and the restriction ℎ|𝐸:𝐸 → ℎ(𝐸) for each angelic  𝑝𝑤-Lindel�̈�f subspace 
(𝐸, 𝜏1∗, 𝜏2∗) ⊆  (𝑃, 𝜏1, 𝜏2). 

Example 4.2: 

             𝐴𝐿∗-𝑝𝑤 normal does not imply 𝐴𝐿∗-𝑝𝑤paracompactness 

Proof: 

Consider (𝑃, 𝜏1, 𝜏2) =  [0,∞).  Define 𝜏1, 𝜏2   =  {∅,𝑃} ∪ {[0, 𝑝): 𝑝 ∈  ℝ, 0 <  𝑝} . 
declare that (𝑃, 𝜏1, 𝜏2) is 𝑝𝑤 normal because there are no two non-empty  𝑝𝑤-closed disjoint 
subsets. Thus (𝑃, 𝜏1, 𝜏2) is an 𝐴𝐿∗-𝑝𝑤 normal. Declare that $(𝑃, 𝜏)$ is second countable, thus 
hereditarily angelic  𝑝𝑤-Lindel�̈�f. (𝑃, 𝜏1, 𝜏2) cannot be an angelic 𝑝𝑤  paracompact because 
(𝜏1, 𝜏2)   is coarser than the particular point topology on (𝑃, 𝜏1, 𝜏2), here the particular point 
is 0. That is because any non-empty 𝑝𝑤-open set includes 0. Therefore, (𝑃, 𝜏1, 𝜏2) is an 𝐴𝐿∗-
𝑝𝑤 normal but not an 𝐴𝐿∗-𝑝𝑤  paracompact. 

Theorem 4.1:  

Every 𝑇3 separable 𝐴𝐿∗-𝑝𝑤 normal and of countable tightness is 𝑝𝑤 normal. 

 Proof : 

 If (𝑆, 𝛿1, 𝛿2)  is a 𝑝𝑤  normal space and ℎ: (𝑃, 𝜏1, 𝜏2) →  (𝑆, 𝛿1, 𝛿2) , be a mapping 
witness to 𝐴𝐿∗-𝑝𝑤 normality of  (𝑆, 𝛿1, 𝛿2). Then ℎ is 𝑝𝑤-continuous because (𝑆, 𝛿1, 𝛿2) is of 
countable tightness. Consider 𝐷 ⊆  (𝑆, 𝛿1, 𝛿2). We produce ℎ is  𝑝𝑤-closed. Assume 𝐻 is a 
non-empty  𝑝𝑤 -closed proper subset of (𝑆, 𝛿1, 𝛿2) . Suppose ℎ(𝑝) = 𝑞 ∈  𝑄/ℎ(𝐻) ; then 
𝑝 ∉  𝐻 . Using regularity, consider 𝑈  and 𝑉  be disjoint  𝑝𝑤 -open subsets of (𝑆, 𝛿1, 𝛿2) 
including 𝑝 and 𝐻, respectively. Then 𝑈 ∩  (𝐷 ∪  {𝑝}) is  𝑝𝑤-open in   𝑝𝑤-Lindel�̈�f subspace 
𝐷 ∪  {𝑝}  including 𝑝 , so ℎ(𝑈 ∩  (𝐷 ∪ {𝑝}))  is  𝑝𝑤 -open in the subspace ℎ((𝐷 ∩  {𝑝}))  of 
(𝑆, 𝛿1,𝛿2)  including 𝑞 .Thus, ℎ�𝑈 ∩  (𝐷 ∪ {𝑝})� = ℎ(𝑈) ∩  ℎ(𝐷 ∩  {𝑝}) = 𝑊 ∩  ℎ(𝐷 ∩  {𝑝})  
for some  𝑝𝑤-open subset 𝑊 in (𝑆, 𝛿1, 𝛿2) with  𝑞 ∈  𝑊. 

We claim that 𝑊 ∩  𝑓(𝐻) = ∅. Suppose otherwise, and take 𝑞 ∈  𝑊 ∩  𝑔(𝐻). Let 
𝑝 ∈  𝐻 ∋ ℎ(𝑝) = 𝑞. Note that 𝑝 ∈  𝑉. As 𝐷 is dense in (𝑃, 𝜏1, 𝜏2), 𝐷 is also dense in the  𝑝𝑤-
open set 𝑉 . Thus, 𝑝 ∈  𝑉 ∩  𝐷 . Now since 𝑊  is  𝑝𝑤 -open in (𝑆, 𝛿1, 𝛿2)  and 𝑔  is  𝑝𝑤 -
continuous, ℎ−1 (𝑊) is an  𝑝𝑤-open set in (𝑃, 𝜏1, 𝜏2); it also includes 𝑝. Thus, we can choose 
𝑑 ∈  ℎ−1 (𝑊) ∩  𝑉 ∩  𝐷$. Next ℎ(𝑑) ∈  𝑊 ∩  ℎ(𝑉 ∩  𝐷) ⊆  𝑊 ∩  ℎ(𝐷 ∪ {𝑝} ) = ℎ(𝑈 ∩ (𝐷 ∪
{𝑝} ) ). So ℎ(𝑑) ∈  ℎ(𝑈) ∩  ℎ(𝑉) is contradiction. Hence, 𝑊 ∩  ℎ(𝐻) = ∅. Note that 𝑞 ∈  𝑊. 
As 𝑞 ∈  (𝑆, 𝛿1, 𝛿2) was arbitrary, ℎ(𝐻) is  𝑝𝑤-closed. Thus ℎ is a  𝑝𝑤-homeomorphism and  
(𝑃, 𝜏1, 𝜏2) is 𝑝𝑤 normal.  

Theorem 4.2:  

Let (𝑃, 𝜏1, 𝜏2) be an 𝐴𝐶∗-𝑝𝑤  normal space ∋ each angelic  𝑝𝑤-Lindel�̈�f subspace is 
included in an angelic  𝑝𝑤-compact subspace. Then (𝑃, 𝜏1, 𝜏2) is an 𝐴𝐿∗-𝑝𝑤 normal.  
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Proof: 

             Since (𝑃, 𝜏1, 𝜏2) is a 𝐴𝐶∗-𝑝𝑤Normal space ∋ if (𝐸, 𝜏1∗, 𝜏2∗) is an angelic  𝑝𝑤-Lindel�̈�f 
subspace of  (𝑃, 𝜏1, 𝜏2) , ∃  an angelic  𝑝𝑤 -compact subspace 𝐵  such that (𝐸, 𝜏1∗, 𝜏2∗) ⊆  𝐵 . 
Consider (𝑆, 𝛿1, 𝛿2) is a  𝑝𝑤  normal space and $ℎ: (𝑃, 𝜏1, 𝜏2) →  (𝑆, 𝛿1, 𝛿2),  be a bijective 
mapping ∋ ℎ|𝐶:𝐶 →  ℎ(𝐶) is  𝑝𝑤 -homeomorphism for every angelic  𝑝𝑤 -compact 𝐶 ⊆  𝑃 . 
Now, consider (𝐸, 𝜏1∗, 𝜏2∗) be any angelic 𝑝𝑤-Lindel�̈�f subspace of (𝑃, 𝜏1, 𝜏2). Take an angelic  
𝑝𝑤 -compact subspace 𝐵  of (𝑃, 𝜏1, 𝜏2)  ∋  (𝐸, 𝜏1∗, 𝜏2∗) ⊆  𝐵 ;   ℎ|𝐵:𝐵 →  ℎ(𝐵)  is  𝑝𝑤 -
homeomorphism; thus, ℎ|𝐸:𝐸 →  ℎ(𝐸) is a  𝑝𝑤-homeomorphism as �ℎ│𝐵�|𝐸 = 𝑔|𝐵. 

CONCLUSION 

 Our main results includes the two new concepts of an 𝐴𝐿∗-𝑝𝑤  paracompact spaces 
and an 𝐴𝐿2 ∗-𝑝𝑤  paracompact spaces.  Also proved that, every 𝐴𝐿∗-𝑝𝑤 parcompactness and 
an 𝐴𝐿2 ∗-𝑝𝑤 parcompactness has a topological property.   We also investigated the 𝐴𝐿∗-𝑝𝑤 
normal and its properties. 
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