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§1. Preliminaries. Innormal spaces, C. H. Dowker [1] gave the
characterizations of countably paracompact spaces. After a time, F.
Isikawa [3] discussed about the generalizations of its characterizations.

One of our purposes, in this paper, is to study the gaps, in which
their characterizations of countably paracompact spaces need not be
identical without the normality. Recently, P. Zenor [7] (resp. S. Sasada
[4]) defined the topological class which was contained in the countably
paracompact class and was a generalization of the property being stated
by F. Isikawa [3] (resp. C. H. Dowker [1]: Theorem 2).

Another purpose of this paper is to find the gaps between the above
topological spaces. Before stating properties, we will recall or define
the terms which are used in this paper.

Let A={A,|a ¢ A} be a collection of subsets of a topological space
X. U is said to be monotone increasing (resp. monotone decreasing) if
A is well ordered and A,DA, (resp. A,CA,) for each a, fe A with
a>p. The space X is said to have a B-property (resp. a weak B-prop-
erty) if for each monotone decreasing family {F,/a € A} of closed sets
of X with vacuous intersection there is a monotone decreasing family
(resp. a simple collection){G,|ac A} of open sets of X such that
N G =0 and G,DF, for each ac¢ A. X is said to have a countable

a€Ad
B-property (resp. a countable weak B-property) if the indexed set A of
the definition of the B-property (resp. the weak B-property) is the
countable set. X is a B-space (resp. a weak B-space, o countadble B-
space, o countable weak B-space) if X has the A-property (resp. the
weak B-property, the countable B-property, the countable weak B-prop-
erty).

There is natural dual characterizations of B-property ete. in terms
of the monotone increasing open covering (see T. Tani and Y. Yasui [6]).
The following properties are equivalent: (1) the countable B-property
(2) the countable weak B-property, (3) the countable paracompactness
(see F. Ishikawa [3]).

The normal B-space (resp. the normal weak B-space) is said to be

1) G. denotes the closure of Ga.
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a,-space (resp. a,-space) by S. Sasada [4].

§2. Propositions. In normal spaces, the countable paracompact-
ness is equivalent to (x) every countable closed collection {F';|7=1,2, - - .}
with the vacuous intersection has the countable open collection {G;|%
=1,2,...} with the vacuous intersection such that G;DF; for each
1=1,2, ... (see C. H. Dowker [1]: Theorem 2). Without the normal-
ity, the following property is well known:

Theorem 1 (F. Isikawa [3]). A space X is countably paracom-
pact if and only if X is the countable B-space.

While the countable B-property is stronger than the property (%),
we will show that the converse is not true. The symbol E (resp. P)
will always denote the real numbers (resp. the irrational numbers) with
the usual topology.

Lemma. There exist two uncountable subsets X,, X, of P having
the following properties:

1 X,NX,=0

(2) X,DP fori=1,2 (where the closure denotes in B) and

B) GNX,;is uncountadble for i=1, 2 and any nonempty open set
G.of E.

Proof. Let B,={(a,b)|a, be P, b—a=1/5" for each positive in-

teger n, and let B={) B;, then it is seen that {B,|i=1,2, ---} is the
=1

mutually disjoint collection (where we may suppose that B is well
ordered and hence B={B,|a<w,}*.

For each a <w,, let B,=(a,,b,) for some a,, b,c P. Furthermore
let ¢, =(40,+b,)/5, duyy=(a,+40)/5, poy=Cppy—1/5"*-1/(m+1)
and by, =y +1/5"*'-1/(m+1) for each m=0,1,2, ... and B, ¢ B,.
Then we have:

1) lm @y =~Coym and lim b, ,,=d,, ., for each a <w,,

@) 3/5""'<bywy—Cma <1/5™ for each m=1,2,3, ... and B, ¢ B,
and (3) if a# B, then (Gn e, Dinay) # @isys bspy) for each m, t=0,1, - - -,
w®.

If we consider that A(a)={m(a)|0<m<w,} has the natural order
(G.e. m(ae)<n(a) if and only if m<n) for each a<w,, then we may
assume that () A(a) will denote the product set [0, w,] X [0, w,) with the

a<oy

dictionary order, and hence we may let 8'={B;|A¢ | A(a)} where we

a<loy

let B;=(a,, b,) for each A¢ | A(a). From (1),(2) and (8), we will find

a<oy

the subset {z;|4¢ | A(a)} of P such that x, is in PN(B,—{x,| £ <4}

a<loy

2) A symbol v, denotes the first uncountable ordinal number.
3) A symbol o, denotes the first infinite ordinal number.
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for each ¢ | A(a) (it will be possible from the fact that {z,| # <4} is

a<lwy

countable for each 4¢ | A(a)). Let X,={x,|2: the limit ordinal num-

a<lwoy

ber of () A(a)} and X,={x,|2: not the limit ordinal number of | A(a)},

a<lwoy alwy

then X, and X, have been chosen so that our requirement of the lemma
is satisfied. It completes the proof of the lemma.

The proof of the following theorem is the same as for the above
lemma.

Theorem 2. If X is an uncountable subset of R such that GNX
is uncountable for every non-empty open set G of R, then there exist
the uncountable subsets X,, X, of X having the following properties:

1 X=X UX,

2 X, NX,=0

3) X, is densein R fori=1,2
and (4) X;NG is uncountable for every non-empty open set of E.

§3. Examples.

Example 1. Let X be the subset {(x,¥)|y=0} of EX R with the
following neighborhood base {S,(p)|¢>0} at p=(x,y) e X:

D S.®={w,v) e X|d(u,v),"p)<e} if y>0,

@ S.(0)=1{(u,v) e X|d(@,v), (z,)<s}U{p} if y=0.

Then this completely regular, not normal space X has the property (x)
but not the countable B-property, that is, X is not countably paracom-
pact.

Proof. We put L={(z,y) e X|y=0}.

X having the property (x). &={G;|i=1,2, -.-} be any increasing
open covering of X. Since G;N(X—L) is an open set of B X R, we have
the countable increasing closed subsets {F%|j=1,2, ---} of RX R such

that G,N (X -—L):O Fi.  F% being the closed set of B X E and being
j=1
contained in (X—L), F% is the closed set of X for each ¢, j=1,2, ....
If we let F, = ( U Fg) U(G.NL) foreachn=1,2, - - -, it is easily

i+f=n+1
seen that {F', |n} is a closed covering of X and G,DF, for each n=1, 2,
Therefore X has the property (x).
X being not countably paracompact. From Theorem 2, we have
the countable subsets {B;|t=1,2, - - -} of L such that

(i)L=QBh

(ii) B;NB;=0 for i+7,
and (iii) G N B, is uncountable for any nonempty open set G of B, and
1=1,2,....

4) d denotes the usual metric function of Iij_B_
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Let G,=(X—-L)U (Ln) Bi> for n=1,2, ..., then {G,|n} is the increasing
i=1

open covering of X by the property (i). Assume X being countably
paracompact, then there exists a countable open covering {D; |} of X
such that G,DD, for each i=1,2,.... But, from the properties (ii)
and (iii) of {B;|%}, we can show that D;NL being countable for each
1=1,2, ... under the adequate computations. This contradicts the
cardinality of L, that is, X is not the countably paracompact space.

Example 2. Let S be the Sorgenfrey line (see R. H. Sorgenfrey
[5]), i.e., S consists of the set of real numbers, topologized by taking as
a base all half-open intervals of the form [a, b) with a<b. While it is
well known that S is the Lindelof space (and hence B-space) (see R. H.
Sorgenfrey [5]), SxS is not the countably paracompact space (and
hence not the B-space).

Proof. The fact that S xS is not the countably paracompact space
is seen under the same way of Example 2, that is, instead of the real
line L of the proof of Example 2, we consider the line {(x,v)|(x,¥)
e Sx S, xr+y=1}. We omit the proof.

Lastly we will discuss the gap between the B-property and the
weak B-property.

Example 3. Let X=[0, w,) with the order topology, then X s
normal and the weak B-space (and hence, the countable B-space), but
not the B-space.

Proof. Itis well known that X is normal and countably compact,
and therefore X is the countable B-space.

X being not the B-space. Let F,=[a, w,) for each a e X, then
{F,|a e X} is the monotone decreasing closed collection with vacuous
intersection. Suppose that X has the B-property, then there exists a
monotone decreasing open collection {G,|a € X} of X such that N G, =0

and G,OF, for each « ¢ X. For each ac X, let f(a)=minimum of
{B1(B, w)CG,}, then it is easily seen that f is well defined and the
mapping from X to X such that:

1) fle)<a for each a>1,
and

©2) fla)=r(P for a, B<w, with a>f.

Since, from the definition of f(«@), (f(a), w,)CG, for each a, we
have [f(a)+1,w,)C G, and hence N [f(e)+1,w)C M G,=0. This

a<loy a<lwy

fact means that
3 {f(®)|a<w)} is cofinal® in [0, w)).
From (1), there exists some element «, of X such that

5) The subset A of [0, ;) is said to be cofinal in [0,w,) if, for each e <w;, there
exists an element g of A with f>a.
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@ {aja<w, fl@)<a,;} is cofinal in X.

For a,, there exists an element «, of X such that f(a,)>a, (by (3)) and
hence, there exists an element a, of X such that a,>a, and f(a)<a,
(by (4)). Furthermore, by (2), we have a,< f(a)<f(a,)<a, This is
the contradiction.

X being the weak B-space. Let F={F,|Ae A} be an arbitrary
monotone decreasing non-empty closed sets of X with the vacuous in-
tersection. Let f(a) be the minimum of {A|2¢ 4, [0,a]lNF,=0} for
each a e X, then f(a) being well defined is easily seen. We will show
that 4,={f(a)|@ € X} is cofinal in 4. For this purpose, we assume that
A4, is not cofinal in 4, i.e., there exists 4, of 4 such that f(a)<4, for
each a € [0, ), and hence, [0, a]l N F', =0 for each a € [0, w,), contradict-
ing the non-empty set of F,,.

Let a, be any fixed element of f~'(A)(for each 4 € 4,), then {a;|4 € A}
being cofinal in [0, w,) is clear. Lastly we let

G,=(a;, w) if 2¢ 4,
and
G,=10, ) if e A—4,,
then {G,|4} is the open subsets of X such that Q G,=9 and G,DOF, for

each ¢ 4. On the other hand, since X is normal, this follows are
trivial.

Remark. The space of Example 8 is clearly the a,-space but not
the a,-space.
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