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SOME EXAMPLES OF NORMAL MOORE SPACES
MARY ELLEN RUDIN AND MICHAEL STARBIRD

1. Introduction. A normal Moore space is non-metrizable only if it fails to
be A-collectionwise normal for some uncountable cardinal A [1].

For each uncountable cardinal X we present a class %\ of normal, locally
metrizable Moore spaces and a particular space Sy in #\. If there is any space
of class % which is not A-collectionwise normal, then S, is such a space. The
conditions for membership in %\ make a space in ¥’ behave like a subset of a
product of a Moore space with a metric space. The class %) is sufficiently large
to allow us to prove the following. Suppose ¥ is a locally compact, 0-dimen-
sional Moore space (not necessarily normal) with a basis of cardinality A and M
is a metric space which is 0-dimensional in the covering sense. If there is a
normal, not A-collectionwise normal Moore space X where X C ¥V X M, then
Sy is a normal, not A-collectionwise normal Moore space.

It is consistent with the usual axioms of set theory that there exist, for each
uncountable cardinal A\, a normal, not A-collectionwise Hausdorff Moore space
[3]. It follows from the results quoted above that it is consistent that each Sy
be a normal, non-metrizable Moore space.

We alsc present, for each uncountable cardinal \, a locally metrizable Moore
space 7 related to Sy. If there is a first-countable, normal, not A-collectionwise
normal space, then T) also fails to be A-collectionwise normal. P. Nyikos has
shown that 7 is normal if and only if it is metrizable, so T\ itself cannot be
an example of a normal, non-metrizable Moore space.

Both .S\ and T\ are purely set theoretic in nature, being built from families
of subsets of \.

Either a proof that some S\ is not collectionwise normal or a proof that it
is consistent that all T\ are collectionwise normal (or, equivalently, normal)
would settle the normal Moore space conjecture.

2. The class ¥, and the normality lemma. The class .¥\ was defined
as a result of investigation of normal Moore spaces which are subsets of a
product of a Moore space with a metric space. Theorem 1 below gives a
description of some of the spaces of this type which are in .%). The conditions
listed for membership in ., are those which allow our proof of normality
to work.
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Suppose that A is an uncountable cardinal. The class %\ will contain all
Moore spaces S for which the following hold.

(1) There is a discrete family {C,}aex Of closed sets in S.

(2) D =S — U.aC, is discrete.

(8) If A C X, there are disjoint open sets U and V in S with UeeaCo C U
and UBE)\—ACﬁ C V.

(4) There is a metric space M and, for each @ € \, a subspace M, of M and
homeomorphism #k, from M, onto C,.

(5) There is a clopen basis & for M such that Z = U ;% ; where each
 ;is a discrete open cover of M; and, for each 7 € w, there isa (discrete)
family {Og|B € &} of open sets in S such that A, (B M M,) C Op and
(0 N Co) C k(BN M,) for each a in N\. (Note that B = B and
Op = Og. It is written in the preceding form fer future reference.)

If there is a normal, non-metrizable Moore space, there is one which has
properties (1)—(3) above. If there is a locally metrizable, normal, non-me-
trizable Moore space, there is one which has properties (1)-(4) above. Property
(5) is a contrived assumption which makes a space in %) look enough like a
subset of a product so that our proofs of normality and Theorem 3 below work.

A somewhat larger class of spaces could be obtained by weakening (5) by
assuming only that & is an open, rather than clopen, basis for M and that
each &, is a discrete family of open sets which may not cover M. The proof
below suffices to show that any space in this larger class is still normal.

NorMALITY LEMMA. If S is in class S, then S 1s normal.

Proof. First note that it is sufficient to show that every pair of disjoint
closed sets which lie in U.enC, can be separated by disjoint open sets.

Let H and K be disjoint closed subsets of UqerCo. We show that H and K
can be separated by producing two countable collections { U;} ;c, and { V;} ;¢ of
open setssuch that H C UeoUsy K C U o Vi, and, foreachi € o, U;N K =
Pand V,\H = 0.

Using & as described in (5), for each B € & let

Hp = {a € Nhe(BN M) "H # @ but ho (BN M,) N\ K = 0}.

Similarly let K = {a € Mho(B N M,) N K 7= @but h(B N M,) N\ H = @}.
By (3), there are disjoint open sets Xp and Yp in S with UaexyCa C Xp and
Uaer—z5Ca C V5. Also there are disjoint open sets Zp and Wz in S with
UaEKBCa C Zp and Uae)\—KBCa C Ws.

Let U; = Upeg:(0s M Xp) and V; = Ugeg: (O M Zg) where Op is de-
fined as in (5).

Observe that { U;} 4., covers H. For suppose p € C, M H. Thereisan 1 € w
and B € &, such that p € h (BN M,) but k(BN M,) N K = §. Thus
p € 0 N\ X C U, Similarly {V} . covers K.
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To show that ¥, N\ H = @, again assume p € C. M H. Since {Os|B € Z
is discrete, there is at most one B E_gé’i with p € Op. If p € ho(B f_\ M,), then
p € Wgand p ¢ Zs. Thus, since (05 N Ca) C ha (BN M), p € V. Similarly

Thus U; and V; have the desired properties.

3. Some spaces in .#,. In the theorem below we describe a natural con-
struction which yields spaces in %\ and which, in fact, helped motivate the
definition of .#,.

THEOREM 1. Let ¥ be a Moore space with a discrete family {C)'}aer of closed
sets such that each C,' 1s compact and 0-dimensional. Let M’ be a metric space
which 1is O-dimensional in the covering sense. Let X' be a subspace of ¥V X M’.
Let X be the space obtained from X' by making (Y — U.aCe) X M) N X'
discrete.

Then if X 1s normal, X belongs to S.

Proof. Since X is a Moore space, we proceed to check that X satisfies proper-
ties (1)-(5). Each C, in (1) is (C)/ X M')MN X. The D in (2) equals
(Y — UaarC) X M’) N\ X. Property (3) is guaranteed by the normality
of X.

Let E be the Cantor set. Then the M of (4) is E X M’. Note that each C,’
is a compact, 0-dimensional metric space; hence there is a subset E, of E and
a homeomorphism 4,” from E, onto C,’. Then &, = h,/ X idy : E, X M’ —
Co' X M’ is a homeomorphism. Now M, in (4) is (k)" (X M (G X M.))
and 7, in (4) is h,” restricted to M,.

Let ' = U@/ be a nested basis for E so that each & is a discrete
open cover of E. Let Z" = U ;0@ ¢’ be such a basis for M’. Each &, in (5)
equals {B’ X B"|B’ ¢ &/ and B” € #/'}. And & = U will be the
basis of M = E X M’ required in (5).

For each i € w, let # = {B;;},-™. By the normality of X, there are dis-
joint open sets {0/} ,=1" in X so that for each j, U.a\ba (B X M') M M,)
C 04f. Let Op,;rxsr = 04/ M (Y X B'). This collection of O’s satisfies (5).

4. The description of S\. In this section we describe the space Sy in %\
which is a normal, non-metrizable Moore space if any space in %) is such a
space. (See Theorem 3 below.)

Assume that \ is an uncountable cardinal. We think of 22" as the set of all
collections of subsets of N\. We think of (22")* as the set of all functions from A
into 22", The metric space M associated with the space .Sy is obtained by taking
the product (with the product topology) of w copies of (22')* with the discrete
topology. As a countable product of discrete spaces, M = ((22))* is me-
trizable. A function f: v — (22 is a point of M and the nth basic open set
for fis B,(f) = {g € Mlg|n=f|nwheren =1{0,1,2,...,n — 1}}. The
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set Z, = {B,(f)|f € M} is an open cover of M by disjoint clopen sets: a dis-
crete family in the strongest sense.

We now turn to the definition of .S.

For a € \, Mo = {f: w— (22")) if 4 C \, then there is an 7 € » with
A € f(n)(@)}. Let Cy = {{e, f)|f € M.} and C = UserCs. Then C will be the
set of all nondiscrete points of Sy.

The set of discrete points D is divided into w pieces. So D = U,¢, D,. Each
D, is divided into pieces indexed by unordered pairs {a, 8} of elements of A.
The part of D, associated with {«, 8} contains the points of potential inter-
section of a basic open set of a point in C, with a basic open set of a point in Cs.
The precise definition below of D, is technical and the reason for its being
defined as it is will not become apparent until we check that Sy has property (3).

Forn € w, let D, = {{{a, B}, f, n)l@a € \, B € N\, f € M, and, if 4 € f(7)(a)
M f(7)(B) for some ¢ < nand j < n, then a € A4 if and only if 8 € 4}. Recall
that D = U,eD, and that D is the set of discrete points of S,.

Foreachn € wand {(a,f) € C, we define the nth basic open set for {«, f) to be
Un((a ) = 1o, 8) € Calg I n = £ [0} U {(la, B}, h,m) € DIg € N Jo [ n =
f [ nand m = n}.

The space Sy equals C \U D topologized by using D \J { U, (e, f))|{e, f) € C
and # € w} as a basis.

We want to prove that .S, is a Moore space of class.%#\; we begin by showing
that Sy satisfies (1)-(5).

Certainly D is open and discrete and {C,}.c\ is a discrete family of closed
sets of Sh.

Define M and &%, as in the first paragraph of this section. If we topologize
M, as a subspace of M, then h,: M, — C, defined by ho(f) = (@, f) is a
homeomorphism. Let & = Unw¥Z, and for B = B,(f) € &, let O =
Uaar U, (o, f)). Then {Op|B € &,} is a cover of C by disjoint open (hence
clopen) sets. Thus, since k(B M M,) = U,({a, f)) M C and B and Op are
both clopen, (5) holds.

It remains to check (3), so assume that A C \. If p = (o, f) € C,, by the
definition of A, there is an #, € w such that 4 € f(n, — 1)(a). Let U =
Ul U, ()|p € Ca and o € A} and V = U{U,,(¢q)l¢ € Cs and B € X — A4}.
Certainly UkeaCoe C U and Uga—aCs C V. To check that UNTV =0
assume that @« € A, B € X — A, p = (a, f), and ¢ = (B, g). Suppose a point
x € U, (p) N U,(¢). Then x ¢ C so x = ({a, B}, h, m) where m = n,,
m=ng hln,=f|n, and b [n, = g [ n, By definition of #n, and =,
A€ fny, — 1)(@) Ngn, —1)B) = h(n, — 1)(a) N k(n, — 1)(B). Butsince
a € Aand B € N — A4, the supposed point ({a, 8}, &, m) does not belong to D,,.
This proves that UM V = @ and also shows why D,, was defined as it was.

To see that Sy is a Moore space, for each p = {(a, f) € C, choose a k, € w
with {a} € f(k, — 1)(a). If ¢ = (B, g) € Cs for some B # a, thereisan € w
with {a} € g(@ — 1)(8); thus U,(¢) N Uy, (p) = 8. Hence { U, (p)|n > k,} isa
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clopen basis for p in Sy contained in the metric space C, \J D. From this it is
easy to check that Sy is 74 and regular and that 9 = U,e.¥, where ¥, =
D\U {U,(p)|p € C} is a development for Sy; therefore, Sy is a Moore space
of class %

5. The universality of Sy in .%#). In this section we prove that if S is
collectionwise normal, then every space in %) is collectionwise normal. The
following lemma is used in the proof.

LEMMA 2. Let { Cylaen be a family of disjoint seis in a space X. Let C = UaeaCa.
For each n in w let { U *faex be a discrete collection of open sets in X so that for
each a, (Us" M C) C Coand Cy C Upeo Ua™

Then the C.'s can be mutually separated by disjoint open sets.

Proof. For n € wand a € \, let Z,* = U — U{Us'li £ nand B 5 a}. Let
Zo = UneZa". Then for each « in \, C, C Z, and the Z,'s are disjoint open
sets, so the lemma is proved.

THEOREM 3. If Sy is collectionwise normal, then every space in class £y is
collectionwise normal.

Proof. Let X € #\. Let C.*, h*, M.* Z,.* and Oz* be as described in
conditions (1)-(5) for X. Assume further that for each # € w, #Z,.,* refines
B*. Let Coy hoy Moy Z,, and Op be the related objects for Sy.

Note that it is sufficient to prove that the C,*’s can be mutually separated
by disjoint open sets.

Since X is a Moore space and each k,* is a homeomorphism, we assume that
foreacha € \,and B € #*, we have a neighborhood N (B, &) of h* (B M M,*)
contained in Og* such that {N (B, a)|B € #*} is a basis in X for the points of
C.* and N(B, a) N\ Cs* = P for B € Z* and B # o. We also assume that if
_B1 < g*, Bz € g*, and Bl C B2, then N(Bl, a) C N(Bz, Ol).

By condition (3), for each A C A, there are disjoint open sets U4 and V4 in
X such that UeesCo* C Uy and Upgan—aCs* C V4.

For x € C,* we choose a point p, = {a, f) € C, as follows. For n € w and
B € Nletf(n)(B) = {A CNN@B,B8) C Uyor NB,B) C V,where B € #,*
and x € N(B, a)}. Since {N (B, a)|B € #*} contains a basis for x, for each
A C X\ there is an 7 so that 4 € f(n)(a). Thus f € M, and p, = (e f) € C.

If Sy is collectionwise normal, there is a family { W,}.ex of disjoint open sets
in S\ with C, C W, for each a. For each point p in C, choose 7(p) € w so that
Ui (p) C We.

Now we can choose an integer j(x) for each point x in C.* as follows. Let
j(x) = 2(p). This integer will tell us the size of the neighborhood of x which
we need. Let B(x) be the open set in & ;»* which contains %,*~1(x). Let
W(x) = N(B(x), a).

Foreachn € wanda € A\ let W,» = U{W(x)|x € C* and j(x) = n}. Note
that for each a, C.* C UnewWa". To finish the proof we will modify each
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collection {W,"}qer so that the new collections will satisfy the hypotheses of
Lemma 2.

First we show that { W,"}4e\ is a disjoint collection of open sets. To this end
suppose that x € C*, y € Cg*, p, = {a, f), oy = (B, ¢), and j(x) = j(y) = n.
We will show that W(x) N\ W(y) = 0. If B(x) # B(y), then W(x) =
N(B(x),a) C Opw*and W(y) = N(B(y),8) C Opw*, but Os* M Opy* =
@so W(x) \ W(y) = 0.

Thus we assume that B(x) = B(y). Therefore, f [#n = g [ n. Recall that
n = i(p,) = 1(p,). Therefore, back in S, now, U,(p,) N U,(p,) = B. In par-
ticular, {{a, B}, f, n) ¢ U,(p,) N U,(p,). There must therefore be r < n,
s <m,and A C Msuch that 4 € f(r)(a) N f(s)(B) but exactly one of « and S
belongs to 4. Suppose @ € A and 8 € A — A. By the way we associated {(a, f)
with x, we know that N(B,a) C U, where x € N(B, a) and B € & ,*. By the
nesting properties of the N(B, a)’s, we know that N(B(x), ) C U,. Similarly,
N(B(y),B) C V4 Since U4 NV, =0, W(x) N\ W(y) = @. This shows that
{Wa"}aen is a disjoint set.

The final step is to modify each W," slightly in order to get a discrete set as
required in Lemma 2.

For each B € #,*, let A(B) = {a € \|N(B, «) = W(x) forsome x € C*}.
Let Ua and Vi, be disjoint open sets so that Ukeam Coa* C Uawy and
Usex-a@ Cs* C Vamw. Let Y(B) = (UacawN (B, @)) N Uaw)- Let Z =
(UspegnxY(B)) N\ W,". The collections {Z,"}acrn meet the requirements of
of Lemma 2, proving the theorem.

A consequence of Theorem 3 is, of course, that if any normal, non-metrizable
Moore space can be constructed as described in Theorem 1, then an S is a
normal, non-metrizable Moore space.

THEOREM 4. Let Y be a locally compact, 0-dimensional Moore space (not
necessarily normal) with a basis of cardinality \. Let M be a metric space which
15 0-dimensional in the covering sense. Let X be a normal Moore space such that
XCYXM.

Then if S\ 1s collectionwise normal, X s collectionwise normal. (Note that X
is not necessarily in 5y.)

Proof. Let & be an open cover of ¥ so that for each B € ¥, B is compact.
Let {D,}nco be a o-discrete closed refinement of ¥ [1].

For each n € w, let X,, be the space obtained from X by making the points
XN (Y —\I{DID € 2,}) X M) discrete.

By Theorem 1, X, belongs to %). By Theorem 3, each X, is collectionwise
normal. We are now ready to prove that X is collectionwise normal using
Lemma 2.

Let {H.}«c. be a discrete collection of closed sets in X. For each n € w, let
{ Uan}acu be a disjoint collection of open sets in X, such that H, C U,,. There
are open. sets { Van}acu in X so that for each o, (Hy M (Upeg.D X M)) C Van.
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By the normality of X, there is a discrete family { Wa,}aecs of open sets in X
so that (Hy N (Upeg.D X M)) C W, for each a € u and W,., N\ Hz = 0
for o # B. By Lemma 2, X is collectionwise normal.

6. The consistency of S, not being collectionwise Hausdorff. It is
known to be consistent with the usual axioms for set theory that any normal
Moore space be collectionwise Hausdorff [2]. It is also known to be consistent
that there be a normal Moore space which is not w;-collectionwise Hausdorft
[3]. Thus the following theorem shows that it is consistent that S,, fail to be
collectionwise Hausdorff.

THEOREM 5. If there is a first-countable space X which is normal but not
N\-collectionwise Hausdorff, then Sy is not collectionwise Hausdorff.

Proof. Let {xa}acr be a closed discrete set of points in X which cannot be
separated by disjoint open sets. Let {N;(x.)} . be a nested countable basis
for w,.

Since X is normal, for each 4 C ) there are disjoint open sets U, and V4
such that {xJa € 4} C Ugand {X;5|8 € N — A} C V4.

We will use the same notation here in referring to the parts of Sy as was used
in its original description in Section 4.

We choose an f € M as follows. If » € wand 8 € \, let

fn)(B) = {4 CANN,(x5) C Uy or N,(x5) C Vau}.

Suppose that A C \. If B € 4, thereisan i € w with N,(xs) C Us. If 8 ¢ A4,
there is an 7 € o with N;(xg) C V4. Thus for each 8 € \ there is an 7 € w
with 4 € f(z)(8). Therefore, f € Mg for all B € A

The subset {{a, f)l.er of Sy is discrete. So, if Sy is collectionwise Hausdorff,
for each @ € \ there is an i, € w such that {U,({a, f))}«er are disjoint. We
claim that in this case the x,'s could be separated by disjoint open sets. To see
this note first that for each # € w, { N (x2)|ia = n} are disjoint. This is true
since if 2o = 15 = n, ({a, B}, f, n) € Uw({a, f)) M Up({B, f)). So there is an
A C X such that 4 € f(n)(a) M f(n)(B) and exactly one of o and 8 belongs
to A. But then, if a € 4 and B € A — 4, N,(x2) C U, and N,(x5) C V4 so
Nta(xa) N Niﬂ(xﬁ) = 0.

Using the normality of X, we can find for each # € w a discrete collection
{Welia« = n} of open sets in X so that for each a with i, = n, x, € W, C
N o (x,) and for B # «, x5 ¢ W,. By Lemma 2 then, the x,’s can be separated
by disjoint open sets.

7. A special class of neighborhoods in S,. Let &/ = {7 |.&/ is a finite
family of subsets of \}. For each.o/ € &/ and p = {a, ) € C, let n(&Z, p) be
the smallest integer n such that &7 C f(n —1) («). Let Vo = Upeca Uncw.m (P)-

One hope that S is not A-collectionwise normal is based on the following fact.

THEOREM 5. If { o}acr C A then {V ooz} aer are not disjoint.
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Proof. By a A-system argument [1], there are 7 = n < w and an infinite
subset L of X such that, for all @ % 8 in L:

(a)JZ/a = AanAlay e yAna;

(b) forj < 4, A;u = Ays;

(c)fori £j < mn A, @ Ap;

(d)forl £j=na€ Ajifand only if B € 4 4.

Choose a # B in L arbitrarily. Choose f € M, M Mg with.2Z, = f(0) (a) and
g = f(0)(8). Then ({e, 8},f,0) € Ur({f,a)) N U:({f,B)). Since n(Za, {f,c))
=1= n(&/ﬁv <fv 6>)r Vda,&m V.sz/ﬁ,ﬁ # 0.

8. The description of T',. There is a metric space M’ associated with T
obtained by taking the product (with the product topology) of w copies of
22 with the discrete topology. That is, M’ = (22Y¢ and, if f € M, then
B,(f) = {g € M'|f]n = g|n} is the nth basic open set for f. Thus 4, =
{B.(f)If € M’} is an open cover of M’ by disjoint clopen sets.

For each a € \, let M, = {f: w— 22|if A C \, there is an # € w with
A € f(n)}. Note that M, = My for eacha, 8 € \. Let C)/ = {{a, f)|f € M.}
and C' = U.aC). The points in C’ will be the non-discrete points of 7.

Forn € w, let D,/ = {{{{e, f), (B, g)}, n)|{e, f) and (B, g) belong to C’ and
if A € f(&) M g(j) forsomei < nandj < n,thena € 4 if and only if g € 4}.
Let D' = U,cD,’. The points in D’ will be the discrete points in 7.

For each n € w and (o, f) € C" let U,({e, f)) = {{a, g) € C'|g | n = f | n}
U {({{e, g), B, h)},m) € D'lm =2 nand g |[n=f]n}

Let 7\ equal C'\U D’ topologized by using D' \J {U,({a, f))|n € v and
(@, f) € C'} as a basis.

The space T) is a Moore space which satisfies conditions (1)—(4) required
for a space of class.#y. The same proof given for Sy proves this fact. However,
T does not satisfy (5) and P. Nyikos has shown that normality of T is
equivalent to its metrizability.

However we do know the following fact.

THEOREM 7. If there is any mormal, first-countable space X which is not
N-collectionwise normal, then T’ 1s not N-collectionwise normal.

Proof. Let {C.*}qen be a discrete family of closed sets in X which cannot be
separated by disjoint open sets. For each x € U,aCe* let {N;(x)}ico be a
nested neighborhood basis for x.

Since X is normal, for each 4 C X there are disjoint open sets U4 and V4 in
X such that UaeACa* C U, and UﬂEX—ACB* C V.

Recall in the description of T’ the definitions of C,’ and U,(p) for p a point
of C,/. For each x € C,* we choose p, = (o, f) € G,/ as follows. Let f(n) =
{A CA\N,(x) C Uy or Ny(x) C V,u}. Since {N;(x)}ic0 is a basis for «x, for
each 4 C \ thereis an n € w so that N,(x) C U, if « € A or N,(x) C V4
if a ¢ A. Thus f belongs to M,’ so {a, f) is a point of C,’.
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Suppose T is collectionwise normal. Then there is a collection of disjoint
open sets { Wa}eer in T3 so that G, C W, for each a.

For each p € C, there is an 1(p) € wsuch that U;qy (p) C We. Let W* =
Uzeco*Nipy (®). We will show that {We*}.,en are disjoint and thus that
{Ca*laen can be separated by disjoint open sets contrary to assumption.

To this end, assume that a # 8, x € C,* and y € Cs*. Letp = p, = (o, f)
and ¢ = p, = (B, g). We want to show that N, (x) N Ny, (y) = 0.

Assume that i(p) =< i(g). Let f' € M. so that f' [i(p) = f [+(p) and
f'(G) = Bfori(p) <37 < i(g). Recall that U,y (p) M Uy (g) = B. Therefore
(e, 1), B, )}, 2(q)) ¢ Uiy (p) M Uiy (g). Thus there must be an 4 C A,
1 < i(q) and j < 2(q) so that A € f'(z) M g(j) and exactly one of o and B
belongs to 4. But then 7 < 2(p). So 4 € f(z) M g(j). Thus, if say @ € 4 and
BEN—A, then Ny, (x) C N;(x) C Uy and Nypy(y) C N,(y) C V4. But
UsN Vy = @ hence Nygy(x) N Nyp(y) = 0.

Peter Nyikos has observed that T3 is normal if and only if it is metrizable.
To see this fact, let H; = {{a, f) € C'|f(j) = 0 for j < 7 and f; # @}. Then
{H}ico i1s a countable, discrete collection of closed sets whose union is C’.
Suppose T is normal, then there are disjoint open sets {V} ¢, with H, C V;
for every 1 € w. Foreach p € (’, let n(p) be an integer such thatU,,» (p) C V,
for some . For each f € M’ define f+ by f+(k + 1) = f(k) and f+(0) = 0.
For each point {(a, f) € (', let m({a, f)) = max {n({a, f)), n({a, f+))}. For
each a € Nlet Us = Ujpecy Uniny (P). Then { Unlaer is a disjoint collection of
open sets which separate the C,”’s making 7’ the discrete union of metrizable
subsets, hence making 75 metrizable.

Thus one cannot hope that 7 itself is an example of a normal, non-metrizable
Moore space; however, a proof that 73 is not collectionwise normal would still
be of interest since it would provide an example of a Moore space with a
normalized collection of closed sets which cannot be mutually separated.
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