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Abstract

The main goal of this work is to create a general type of proper G — space , namely, strongly
regular Palais proper G - space and to explain the relation between st — r — Bourbaki proper
and st — r — Palais proper G — space and studied some of examples and propositions of
strongly regular Palais proper G - space.
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Introduction:-
Let B be a subset of a topological space (X,T). We denote the closure of B and the interior of B

by B and B®, respectively. The subset B of (X, T) is called regular open (r — open) if g — B
.The complement of a regular open set is defined to be a regular closed (r — closed) Then the
family of all r — open sets in (X,T) forms a base of a smaller topology T' on X ,called the semi —
regularization of T.

In section one of this work, we include some of results which needed in section two, section
two recalls the definition of Palais proper G — space, gives a new type of Palais proper G — space
(to the best of our Knowledge), namely, strongly regular Palais proper G — space, studies some of
its properties and is given the relation between st — r — Bourbaki proper and st — r — Palais proper G
— space. ( where G- space is meant T, — space topological X on which an r — locally r— compact,
non — compact, T, — topological group G acts continuously on the left).

1. Preliminaries
First ,we present some fundamental definitions and proposition which are needed in the next
section.

1.1 Definition [15]:A subset B of (X, T) is called regular open (r — open) if B=B". The
complement of regular open set is defined to be a regular closed (r — closed) . If B = B° then the

family of all r — open sets in (X,T)forms a base of a smaller topology T'on X ,called the semi —
regularization of T

1.2 Proposition [2]:

Let X and Y be two spaces. Then A; X, A, <Y be an r —open (r — closed) sets in X and

Y, respectively if and only if A;xA; is r —open( r— closed) in XxY .
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1.3 Definition[2]: A subset B of a space X is called regular neighborhood (r — neighborhood) of xeX if

there is an opens subset O of X such that xeO < B.
1.4 Definition [2]: Let X and Y be spaces and f: X—Y be a function. Then:

(i) f is called regular continuous (r— continuous) function if f(A) is an r — open set in X for
every openset AinY.

(i) f is called regular irresolute (r — irresolute) function if f(A) is an r — open set in X for
every r-opensetAinY.
1.5 Proposition [2]:
Let f:X—Y be a function of spaces. Then f is an r - continuous function if and only if
FY(A) isanr - closed set in X for every closed set Ain Y.
1.6 Proposition :
Let X and Y be spaces and let f: X—Y be a continuous, open function .Then

fis r —irresolute function.
Proof:

Let A be an r-open set of Y, then A= A .Since f is continues and open then

FHA= FL(A )= [f *1(K)T = {f _1(A)T, FYA) is an r-open set of X.

1.7 Definition [2]:

(i) A function f: X—Y is called strongly regular closed (st — r — closed) function if
the image of each r — closed subset of X is an r — closed set in Y.

(i) A function f: X—Y is called strongly regular open (st — r — open) function if
the image of each r — open subset of X isan r —open setin Y.

1.8 Remark :

(i)A function f:(X, T)— (Y,7) is r—continuous function if and only if f:(X, T")— (Y,7") is
continuous.

(ii)A function f: (X, T) — (Y1) is r — irresolute function if and only if f:(X, T)— (Y, 1) is
continuous.

..1.9 Definition [2]:Let X and Y be spaces. Then a function f: X — Y is calleda st—r
— homeomorphism if:

(i) fis bijective .

(if) f is continuous .

(iii) f is st—r —closed (st — r — open).
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1.10 Proposition[ 2 ]: Every r-homeomorphism is st — r — homeomorphism

1.11 Proposition [2]: Let X, Y be spaces and f: X—Y be an r - homeomorphism function. Then f
is a st—r— closed function

1.12 Definition [2]: Let (y4)dep be a net in a space X , xeX. Then :

i) (xa)aep is called r — converges to x (written xg——> X) if (ya)aep is eventually in every r —
neighborhood of x . The point x is called an r — limit point of (y¢)dep, and the notation "yq
— ' yoo" is mean that (xg)d¢ep has no r — convergent subnet.

r

i) (xa)dep IS said to have x as an r — cluster point [written xq“ X] if (xq)dep IS frequently in
every r - neighborhood of x .

r

1.13 Theorem|[2]: Let (yq)dep be @ net in a space (X, T) and X, in X. Then yq ¢ X, if and only
if there exists a subnet (gm)dmep OF (%d)dep such that ygm—— Xo.

1.14 Remark:
Let (xa)dep be a net in a space (X, T) such that yqer X, xeX and let A be an r — open set in X

which contains x. Then there exists a subnet (Ygm)dmep Of (Xa)den IN A such that ygm ——X.

1.15 Proposition [2]: Let X be a space and A < X, xeX. Then xe ‘A" if and only if there exists a net (yq)gep iN

Aand g ——>X.

1.16 Remark [1]: Let X be a space, then:

(1) If ()a)dep IS @ net in X, xeX such that yg —— x then yg ——>X .

(i) If (xa)dep is @ netin X, xeX such that x4 ¢ x then ygq a X.

(iii) If (xa)gep is a netin X, xeX. Then yg ——x in (X, T) if and only if x4 —x in (X, T), and
2 @ xin (X, T) if and only if xq axin (X, T').

1.17 Proposition: Let f: X—Y be a function, xeX. Then:
(i) f isr—continuous at x if and only if whenever a net (34)d¢ep in X and g —— X

then f(3a) —> f(X).
(ii) fis r—irresolute at x if and only if whenever a net (yq¢)¢ep in X and yg —— X

then f(xd) —— f(X).
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Proof: (i) = Let xeX and (xq)4ep be a net in X such that yq—-> x (To prove thatf(yq) —

f(x)). Let V be a open neighborhood of f(x). Since f is r — continuous, then f*(V) is r —
neighborhood of x, but yg—"— X, then there is BeD such that yq ef™(V),
v d > B Then f(xa) € f(f*(V)) < V. Thus f(xq) is eventually in every open neighborhood

of £(x), then f(yq) —> f(X).

< Suppose that f is not r — continuous. Then there exists xeX such that f is not r —
continuous at x. Then there exists an open set B in Y such that f(x) eB and f(A) & B for each
A'is an r — open in X such that xeA. Thus there exists yacA and f(ya)¢B for each A isr —
open in X . Then ya———>x . But f(ya) B for each Ae N((x), then f(ya) is not convergent to

f(x) and this is a contradiction. Then f is r — continuous.

(ii) = Let xeX and (3q)¢ep be a net in X such that yy—> x .Then by Remark(1.16,iii) xq
——xin (X, T"). Since f: (X,T)——>(Y,1) is r — irresolute then by Remark(1.8,ii)
fr (X, TY——(Y, t") is continuous. Thus f(xs) —— f(X) in (Y,t"), so by Remark (1.16,iii)
f) —— (%)

<By Remark (1.16,iii) and Remark (1.8,ii) we have f: (X, T)——(Y, t") is continuous ,
then f is r —irresolute.

1.18 Definition [2]:A subset A of space X is called r — compact set if every r — open cover of
A has a finite sub cover. If A=X then X is called a r — compact space.

1.19 Proposition [2]: A space (X, T) is an r — compact space if and only if every net in X has
r — cluster point in X

1.20 Proposition [2]: Let X be a space and F be an r — closed subset of X. Then FNK is r —
compact subset of F, for every r — compact set K in X.
1.21 Definition :

(i) A subset A of space X is called r- relative compact if Aisr— compact.

(i) A space X is called r—locally r — compact if every point in X has an r — relative
compact r— neighborhood.
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1.22 Definition [2] Let f: X—Y be a function of spaces. Then:

(i) £ is called an regular compact (r — compact) function if f *(A) is a compact set in X for every r
—compact setAinY.

(ii) f is called a strongly regular compact(st — r — compact) function if f (A) is an r — compact set
in X for every r — compact set Ain Y.

1.23 Definition [6]: A topological transformation group is a triple (G,X,¢) where G isa T, —

topological group, X is a T, — topological space and ¢ :GxX — X is a continuous function

such that:

(1) 9 (91,9 (92, X)) = @ (9192, X) for allg;,9.€G , xeX.

(i) ¢ (e, x) = x for all xeX , where e is the identity element of G.

We shall often use the notation g.x for ¢ (g,x) g.(h,x)= (gh).x for ¢ (g, ¢ (h,x))= ¢ (gh,x).

Similarly forH < G and A< X we put HA={ga/a < H,a e A}for ¢ (H, A). A set

A is said to be invariant under G if GA = A.

1.24 Remark [6]:

(i) The function ¢ is called an action of G on X and the space X together with ¢ is called a G
— space ( or more precisely left G — space ).

(ii) The subspace {g.x / geG} is called the orbit (trajectory) of x under G, which denoted by
Gx [or y(x)], and for every xeX the stabilizer subgroup Gy of G at x is the set {geG/ gx = x}.
(iif) The continuous function ly: G — G defined by y — gy is called the left translation by g.
This function has inverse I which is also continuous, moreover Iy is a homeomorphism.
Similarly all right translation rq:G —G are homeomorphism for every geG.

(ixX)Ag= rq (A) ={ag:acA};Aqg is called the left translate of A by g, where A = G, geG.
(X)gA=ly (A) ={ga:acA};gA is called the right translate of A by g,where A c G, geG.

2 - Strongly regular Bourbaki Proper Action

2.1 Definition [2]: Let X and Y be two spaces. Then f: X—Y is called a strongly regular
proper (st —r - proper) function if :

(i) f is continuous function.

(i) f xlz: XxZ—Yx=Z is a st — r — closed function, for every space Z.

2.2 Proposition [2]: Let X, Y and Z be spaces, f: X—Y and g: Y—Z be two st — r — proper
function. Then gof:X—Z is a st — r — proper function.

2.3 Proposition [2]; Let fi: X;—Y: and f2: X;—Y, be two function. Then fixfy:
X1xX—Y1xY; is st — r- proper function if and only if f; and f, are st — r — proper functions.

2.4 Proposition[2]: Let f: X—P={w} be a function on a space X. Then f is a st — r — proper
function if and only if X is an r — compact, where w is any point which dose not belong to X.
2.5 Lemma:[2] Every r-irresolute function from an r — compact space into a Hausdorff space
is st-r-closed.
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2.6 Proposition [2]: Let X and Y be a spaces and f: X—Y be a continuous function.If Y is
T,-space. Then the following statements are equivalent:
(i) f isast—r— proper function.
(i) f is a st — r— closed function and ™ ({y}) is an r — compact set, for each yeY. .
(iii) ) If (xg)aep isanetin X and yeY is an r — cluster point of f (yg), then there is an
r — cluster point xe X of (y4)dep Such that f (x) =y.

2.7 Proposition [2]: Let X and Y be a spaces, such that Y is a T, — space and f: X—Y be
continuous,r— irresolute function. Then the following statements are equivalent:
(i) fisast—r—compact function.

(ii) f isa st— r— proper function.
2.8 Proposition:[3 ]: Let X, Y and Z be spaces, f: X—Y is an st- r — proper functions and g: Y—Z is
homeomorphism function . Then gof:X—Z is an st- r — proper function.

2.9 Proposition: Let X be a Hausdorff-spase then the diagonal function A :X——> Xx X is st-r-
proper function

Proof: Since A4 is continuous and X is T, Let (yg)dep be a net in X and y = (X3, x2) eXxX beanr —

cluster point of A(yg). Then A(xq) = (xd, x4) a (X1, X2), so by Proposition (1.13) there exists a subnet of
(%d» Xa) ,Say itself, such that (y4, xa) —— (X1, X2),then ys—— X3 and yg—— X», since X is a T, — space ,
then x;=x, . Then there is x; X such that yq a X1 and A(x1) = y. Hence by Proposition (2.6.iii) A is a st
—r — proper function.

2.10 Proposition: Let fi1: X—Y; and f,: X—Y; be two st — f — proper functions. If X is a Hausdorff
space, then the function f: X—Y1xY,, f(X) = (f1(X),f2(X)) is a st — r- proper function

Proof: Since X is Hausdorff, then by Proposition (2.9) 4 is a st — r — proper function. Also by
Proposition (2.3) fi1xf is a st-r—proper function. Then by Proposition (2.2) f=fixfoAisa st —r —
proper function.

2.11 Proposition : Let G be a topological group and (gq¢)¢ep be a net in G. Then:
(i)If gg ——>e, where e is identity element of G, then gg¢ ——> g (or g¢ g ——>g ) for each geG.
(i) If gg——> oo, then ggg ——> 0 (or g4 g ——> o) for each geG.

(i) If gg——> oo, theng, ——>00
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Proof:

I) Since ry:G —G is continuous and open , where Iy is right translation by g. then rg is r — irresolute.
Thus by Proposition (1.17,ii) gg g——> g for each geG.
i) Let gg——> oo and geG. suppose that ggg ——> @i, for some g1 €G. Since ry is r- irresolute, then

by Proposition(L.17,ii) r-*(g,g)—>r;*(g,) -Then ga——> ¢:g, a contradiction. Thus gq g ——>
Q0,

iii) Let gt 5 g. Since the inversion map of a topological group G, v: G — Gis r — irresolute,

then gs——> g™ Thus if gg——> oo, theng-1__r 5.

2.12 Proposition: If (G, X,¢) is a topological transformation group, then ¢ s r — irresolute.

Proof: Let AxB is an open set in GxX, then ¢ (AXB) = AB. Since AB = { xeX/x = ab, a€A,

beB} = U aB= U @(B) . Since g.: X =X is homeomorphism from X on itself such that
acsA

acA

aeG. Then aB is an open set in X, so | JaB = AB is open. Since ¢ is continuous and open

acsA

function, then it's clear that the action ¢ is an r — irresolute

2.13 Definition : A G — space X is called a strongly regular Bourbaki proper G — space (st —r —
proper G — space) if the function & GxX—XxX which is defined by € (g, X) = (x, g.X) isa st —r —
proper function.

2.14 Example:
The topological group Z, = {-1, 1} (as Z, with discrete topology) acts on the topological

spaceS" (as a subspace of R™™ with usual topology) as follows:
1. (X1, X2, -0y Xne1) = (X1,X2,. ., Xn+1)

-1, (X1, X2,.. . Xn+1) = (X1, X2, ..., ~Xn+1)

Since Z, is an compact, then by Proposition (2.4) the constant function Z,—P is an r — proper.
Also the identity function is an r — proper, then by Proposition (2.3) the function of Z,x S" into Px
S"is an r — proper.

Since PxS" is homeomorphic to S", then by Proposition (2.8) , the composition Z,xS" — S" is
an r — proper function , hence Z,xS" — S" is a st- r — proper function . Let ¢ be the action of Z, on
S". Theng continuous,. Since S" is T, — space. Then by Proposition (2.4) ¢ is st- r — proper
function . Thus by Proposition (2.9) Z,xS" — S"xS" is a st — r — proper function ,thus S"is st-r -

proper Z,- space.
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2.15 Proposition [6]: Let X be a G — space then the function 8: GxX—XxX which is defined

by 6 (g, X) = (X, g.X) is continuous function and o™ ({(x, y)}) is closed in GxX for every (x,
y)eXxX.

3 — Strongly regular Palais proper action:
in this section by G — space we mean a topological T, — space X on which an r — locally r
— compact, non — compact, T, — topological group G continuously on the left (always in the
sense of st — r - Palais proper G — space) , definitions, propositions, theorems and Example of
a strongly regular Palais proper G - space (st — r - Palais proper G — space) is given and the
relation between st — r — Bourbaki proper and st — r — Palais proper G — space is studied.

3.1 Definition:

Let X be a G — space .A subset A of X is said to be regular thin (r — thin) relative to a subset
B of X if the set ((A, B)) = {geG / gANB=¢} has an r — neighborhood whose closure is r —
compact in G. If Ais r — thin relative to itself, then it is called r — thin.
3.2 Remark: The r — thin sets have the following properties:
(i) Since (JANB) = g(ANg™B) it follows that if A is r — thin relative to B, then B is r — thin

relative to A.
(i) Since (gg1ANg.B) = gz(gz_lg g:A N B) it follows that if A is r — thin relative to B, then so

are any translates gA and gB.

(iii) If A and B are r — relative thin and K; A and K, < B, then K; and K; are r —relatively
thin.

(iv) Let X be a G — space and Ky, K, be r — compact subset of X, then ((K1, K)) is  r — closed
in G.

(v) If K1 and K; are r — compact subset of G — space X such that K; and K, are r —
relatively thin, then ((K1, K2)) is an r — compact subset of G.

Proof: The prove of (i), (ii), (iii) and (v) are obvious.

(iv) Let ge (K., K,)) . Then there is a net (ga)gep in (K1, K2)) such that gg—"->g. Then
we have net (K;)qep in Ky, such that gq kﬁ €Ky, since K; is r — compact, then by Theorem
(1.10) there exists a subnet (g, kj ) of (gak;) such that g4 k; ——>kZ, where kZ € Ko.
But (kjm ) in Ky and K; is r — compact , thus there is a point k; € Ky and a subnet of kf,m say

itself such that k ——k;. Then g, k; ——>gk:=kZ2, which mean that ge((Ky, Ka)),

therefore ((Ky, Kz)) is r — closed in G.
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3.3 Definition:
A subset S of a G — space X is an regular small (r — small) subset of X if each point of X
has r — neighborhood which r — thin relative to S.

3.4 Theorem:
Let X be a G — space. Then:
(1) Each r — small neighborhood of a point x contains an r — thin neighborhood of x.
(ii) A subset of an r — small set is r — small.
(ii1) A finite union of an r —small sets is r — small.
(iv) If Sisan r—small subset of X and K is an r— compact subset of X then K'is r
— thin relative to S.

Proof:

1) Let S is an r — small neighborhood of x. Then there is an r — neighborhood U of x which
is r — thin relative to S. Then ((U, S)) has r — neighborhood whose closure is r — compact. Let
V= UNS, then V is r — neighborhood of x and ((V, V)) < ((U, S)), therefore V is r — thin
neighborhood of x.

ii) Let S be an r —small set and K — S. Let xe X, then there exists an r — neighborhood U of
X, which is r — thin relative to S. Then ((U, K)) < ((U, S)), thus ((U, K)) has r — neighborhood
whose closure is r — compact. Then K'is r—small.

iii) Let {S;}; be a finite collection of r — small sets and yeX. Then for each i there is r —
neighborhood K; of y such that the set ((Si , Kj)) has r — neighborhood whose closure is r —

n

compact. Then LnJ ((Si , Kj)) has r— neighborhood whose closure is r — compact. But ((LnJ S;,
i=1 1

i= i=1

Ki)) < LnJ ((Si, Ky)), thus LnJ Siis an r—small set.

iv) Let S be an r —small set and K be r — compact. Then there is an r — neighborhood Uy of
K, VkekK, such that Ui is r — thin relative to S. Since K gkUK Ui .i.e., {UiJkek is r — open

cover of K, which is r — compact, so there is a finite sub cover {Uki }L of {Uy}kek , since ((

n
Uki ,5)) has r— neighborhood whose closure is r — compact , thus ((U1U K, 1 S)) sois . But
1=

(K,S)) < ((ulU K, ,S)) therefore K is r — thin relative to S.

3.5 Definition:

A G — space X is said to be a strongly regular Palais proper G - space (st — r — Palais
proper G — space) if every point x in X has an r — neighborhood which is r — small set.

38



Journal of AL-Qadisiyah for computer science and mathematics
Vol.6 No.2 Year 2014

Habeeb.K/Inam.F
3.6 Examples:

(i) The topological group Z,={-1, 1} act on itself (as Z, with discrete topology) as

follows:

M.ry=rnr; Vriraes.
for each point x € Z, , there is an r — neighborhood which is r — small U of x where U={x} ,
i.e., for any point y of Z,, there exists an r — neighborhood V of y such that V={y} and ((U,
V)) = {re Z, / rUNV=g } = Z, , then ((U, V)) has r — neighborhood whose closure is
compact.
(i) R — {0} be r — locally r — compact topological group (as R — {0} with discrete topology)
acts on the completely regular Hausdorff space R? as follows:

r.(Xy, X2) = (rXa, rXz) , for every reR — {0} and (x1, X2)eR? .
Clear R?is (R — {0}) — space . But (0,0)e R? has no r — neighborhood which is an r — small.
Since for any two r- neighborhood U, V of (0,0) then ((U,V)) = R — {0} . Since Risnotr —
compact . Thus R? is not a st — r — Palais proper (R — {0}) — space.

3.7 Proposition:
Let X be a G —space . Then:

(i) If X is st —r— Palais proper G — space , then every compact subset of X is an r — small set.
(i) If X is a st — r — Palais proper G — space and K is a compact subset of X , then ((K,K)) is an
r — compact subset of G.

Proof:

i) Let A be a subset of X such that A is an compact. Let xeX, since X is a st — r — proper G
— space then there is an r — neighborhood U which is r — small of x. Then for every acA there
exist an r- neighborhood U, which is r —small , then A < U U, , since A is compact then A is

acA

n
r — compact , then there exists aj;, a, ..., a, €A such that A g_UUai , Thus by Theorem
i=1

ii) Let X be a st —r — proper G — space and K is compact , then by (i) K isan r — small
subset of X , and by Theorem (3.4.iv) K is r — thin, so ((K,K)) has r — neighborhood whose
closure is r — compact . Then by Remark (3.2.iv) ((K,K)) is r — closed in G. Thus ((K,K)) is r —
compact .

3.8 Definition: Let X be a G —space and xeX. Then J' (x) ={yeX: there is a net (gg)dep in G

and there is a net (yg)¢ep iN X With gg—" 300 and yg —"» X such that ggx—"y} is called
regular first prolongation limit set of x.

3.9 Proposition: Let X be a G — space. Then X is a st — r — Bourbaki proper G — space if and
only if 37 (x)=¢ for each xeX.
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Proof: = Suppose that ye - (x), then there is a net (gg)aep in G with g¢—— o0 and there is a

net (xa)deo iN X with g x such that gaxa—"—Y, s0 & ((94,xa))=(Xd, Yaxa) —— (X, ). But X
is a st — r — Bourbaki proper, then by Proposition (2.6) there is (g, X1) e GxX such that (gq, Xq)

& (g, X1). Thus (gq)dep has a sub net (say itself). such that gq—'—g, which is contradiction,
thus J7(x)=¢.
< Let (04, xa)dep be a net in GxX and (x, y)eXxX such that @ ((94, %a))=(xd, 9axa) < (X, Y),

SO (x4, 9axd)dep has a sub net, say itself, such that (x4, axs) ——s (X, y), then yqg— X and gaxd

—' Y. Suppose that gg— oo then ye J"(x), which is contradiction . Then there is geG
such that gg—" g, then (gq4, xa) —— (9, X) ,since @is an r-irresolute thend ((g4, x1)) —— 6

@, %) ,i.e (g gaxs) ——%,g.X),but (ra, Gaxs) ——>(X,y),since XxX isT, space then
(x,0.X)=(x,y) i.e  6(g, X) = (X, y). Thus by Proposition (2.6) X is a st — r — Bourbaki proper
G — space.

3.10 Proposition: Let X be a G — space and y be a point in X . Then y has no r — small
whenever ye 3" (x) for some point xeX.
Proof:

Letye J"(x) , thenthere is a net (gq)aep in G with g¢ —— oo and a net (xg)dep iN

X with yg — x such that ggxs —— Y. Now, for each r- neighborhood S of y and every r —
neighborhood U of x there is d,eD such that y4 €U and gqgyq €S for each d > d,, thus
gae((U,S)), but gg—— oo, thus ((U,S)) has no r — compact closure . i.e., S is not an r — small
neighborhood.

3.11 Proposition: Let X be a st —r — Palais proper G —space. Then 3" (x) = ¢ for each xeX.
Proof:

Suppose that there exists xeX such that 3" (x) #¢, then there exists ye J"(x) . Thus there
is a net (gqg)dep IN G With gg—s00 and a net (yg)dep IN X with g —— x such that ggys ——»
y. Since X be a st — r— Palais proper G — space, then there is an r — small (r — thin) r —
neighborhood U of x. Thus there is d , €D such that gqygeU and yqeU for each d >d , , S0 g4
€ ((U,V)), which has an r — compact closure , therefore (gq)¢ep must have an r— convergent
subnet , which is a contradiction. Thus J"(x) = ¢ for each xeX.

In general, the definition of a st — r — Palais proper G — space implies that st — r— Bourbaki
proper G — space, which is review in following proposition.

3.12 Proposition: Every st —r — Palais proper G —space is st —r — Bourbaki proper G —
space.

Proof:
By Propositions (3.11) and (3.9).
The converse of Propositions (3.12), is not true in general as the following example shows.
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3.13 Example:

Let G be a topological group where G is not r — locally r — compact, then G is acts on itself
translation. The map 0 : GxG—>GxG, which is defined by & (91, 92) = (92, 0102), V¥ (91,
g2)eGxG is a st — r — homeomorphism , hence it is st — r — Bourbaki proper G — space . But it
is not st — r — Palais proper G — space, because G is not r — locally r— compact.

3.14 Lemmal2]: Let X be an r — locally r — compact G — space . Then J"(x) =¢ for each
xeX if and only if every pair of point of X has r— relatively thin r— neighborhood.

3.15 Proposition Let X be an r — locally r — compact G — space. Then the definition of st —r
— Palais proper G — space and the definition st — r — Bourbaki proper G — space are
equivalent.

Proof:

The definition of st — r — Palais proper G — space implies to the definition st — r — Bourbaki
proper G — space. by Propositions (3.12).

Conversely, let X be a st — r — Bourbaki proper G — space, then by Proposition (3.9)
J " (x)=¢for each xeX. Let xeX, we will how that x has a r — small r — neighborhood. Since
X is r — locally r — compact, then there is a r — compact r — neighborhood Uy of X, we claim
that Uy is an r — small r — neighborhood of x. Let yeX, we may assume without loss of
generality , that Uy is an r — compact r — neighborhood of y such that U, and Uy are r — relative
thin i.e., ((Uy, Uy)) has r— compact closure, therefore Uy is an r — small r — neighborhood of
X. Thus X is st — r — Palais proper G — space.

41



Journal of AL-Qadisiyah for computer science and mathematics
Vol.6 No.2 Year 2014

Habeeb.K/Inam.F

References
[1] AL-Badairy, M. H. ,"on Feebly proper Action” . M.Sc. ,Thesis, University of Al-
Mustansiriyah,(2005).
[2] Fadhila , K.R. , "On Regular proper Function", M.Sc., Thesis, University of

Kufa,(2011).

[3] Bredon, G.E., "Introduction to compact transformation Groups” Academic press, N.Y.,
1972.

[4] Galdas, MGeorgiou,D.N. and Jafari,S. ,"Characterizations of Low separation axiom via
o-open sets and a-closer operator” , Bol. Soc. paran. Mat. , SPM,Vol. (21) , (2003) .

[5] Habeeb K. A. and Ahmed T. H." Feebly Limit Sets" University of Al — Muthana(2010)
[6] Habeeb K. A. and Ahmed T. H." Strongly feebly Bourbaki proper Actions" University of Al —

Muthana(2010)

[7] Jankovic, D. S. and Reilly, I.L.,” On semi — separation properties”, Indian J. pur Appl.
Math. 16(9), (1985), 957 — 964.

[8] Maheshwari, S. N. and Tapi, U. "On o — irresolute mappings™ ,Ann. Univ. Timisoara S.
sti. math. 16 (1978), 173 — 77.

[9] Maheshwari, S. N. and Thakur, S.S. "On o — irresolute mappings" ,Tamkang math. 11
(1980), 209 — 214.

[10] Maheshwari, S. N. and Thakur, S.S. "On o — compact spaces” , Bulletin of the Institute
of Mathematics, Academia Sinica, Vol. 13, No. 4,Dec. (1985), 341 — 347.

[11] Navalagi, G.B., "Definition Bank in General Topology", (54) G (1991).

[12] Navalagi, G.B., "Quasi o — closed , strongly a — closed and weakly o — irresolute
mapping" , National symposium Analysis and its Applications, Jun. (8 — 10), (1998).

[15] Dugundji,J."Topology",Allyn and Bacon ,Boston , (1966).

[14] Reilly, I.L. and Vammanamurthy, M.K.,” On a — continuity in Topological spaces”,

Acta mathematics Hungarica, 45, (1985), 27 — 32.

[13] Saddam, J.S., On Strongly proper Actions”, M.Sc., Thesis, University of Al-
Mustansiriyah,(2000).

42



Journal of AL-Qadisiyah for computer science and mathematics
Vol.6 No.2 Year 2014

Habeeb.K/Inam.F
@m Pha.ud\ aall G—slad

Habeeb Kareem Abdullah Inam Farhan Adhab
Department of Mathematics Department of Mathematics
College of Education for Girls The Open Educational
University of Kufa College —OEC-

B AE G|

lphel 54l G — slimd o G — Clelimd (go (Lale Cn)yan £ aa g Gandl 13 o sl gl
QX 5 g7 (x) Aesanad) Gn 5 4l G eliab G AR Ly o o Lindl) 3gs Aualall lijual) Gianyy ailiad
o SUy sl 5l alatiall 2l G- slab (g iy A

Strongly regular Palais proper G — space

Abstract

The main goal of this work is to create a general type of proper G — space , namely,
strongly regular Palais proper G - space and to explain the relation between st — r — Bourbaki
proper and st — r — Palais proper G — space and is studied some of examples and propositions
of strongly regular Palais proper G - space.
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