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Abstract. We prove that in some families of planar rational compacta there are no
universal elements.

1. Introduction. The spaces considered in this paper are separable
and metrizable and the ordinals are countable. For a subset @ of a space
X we denote by |Q] the cardinality of @ and by diam(Q) the diameter of
Q@ when X is a metric space. A compactum is a compact metrizable space;
a continuum is a connected compactum. A space is said to be scattered iff
every non-empty subset has an isolated point. A space is said to be planar
iff it is homeomorphic to a subset of the plane.

A space T is said to be universal for a class A of spaces iff both the
following conditions are satisfied: (a) T € A, (B) for every X € A, there
exists a homeomorphism of X onto a subset of 7. If only condition (/) is
satisfied, then T is called a containing space for the class A.

An ordinal « is called isolated iff « = 8 + 1, where (8 is an ordinal.
A non-isolated ordinal is called a [limit ordinal. Hence, the ordinal zero
is considered as a limit ordinal. By N we denote the set {0,1,2,...} of
non-negative integers.

Let M be a topological space. Let M = M and let M) be the
set of all limit points of M in M. For every ordinal o we define the set
M) putting M(® = (M@=1)1) if o is an isolated ordinal and M(®) =
ﬂﬁ<a M®) if o is a limit ordinal. M(®) is called the a-derivative of M (see
[Ku], Vol. I, §24.1V).

If M(®) = (), we say that M has type < o, and we write type(M) < a.
If « is the least such ordinal, we say that M has type o, and we write
type(M) = a. Obviously, type(M) =0 iff M = 0.

We note the following properties:

(1) A compactum is scattered iff it is countable.
(2) The type of a non-empty countable compactum is an isolated ordinal.
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(3)
[M-S)).
(4)

(5) If f is a continuous map of a scattered compactum M onto @ such
that f~'(x) is finite for every x € @, then f(M(®)) = Q(® for every ordinal
a and, hence, type(Q) = type(M).

For every isolated ordinal « there exist compacta having type « (see

If M and @ are compacta having type < «, then M UQ has type < «.

We recall that a closed subset M of a space X separates X iff there exists
an integer m > 1 such that X \ M =U; U...UU,,, where U;, i =1,...,m,
is a non-empty regular open set (that is, U; is the interior of the closure
of U;) and U;NU; = 0 if i # j. In this case we say that M separates X into
m parts (see [I]).

For the notions of upper semicontinuous partition, quotient space and
natural projection see, for example, [K].

A space X is said to have rim-type < «, and we write rim-type(X) < «,
iff X has a basis of open sets whose boundaries have type < a. If « is
the least such ordinal, then we say that X has rim-type o and we write
rim-type(X) = a.

A space X is said to be rim-finite iff X has a basis of open sets whose el-
ements have finite boundaries. Let RF' be the family of all rim-finite spaces.

Nobeling (see [N]) proved that for every rim-finite space Y there exists a
rim-finite continuum X which is not topologically contained in Y. From this
it follows that in the family of all rim-finite spaces, or rim-finite compacta,
or rim-finite continua, there is no universal element.

A generalization of the family RF' of all rim-finite spaces is the family
Rrim-com(q) - where « is a given ordinal. A space X belongs to R"™ ™ (q)
iff X has a basis of open sets whose elements have compact boundaries of
type < a. Obviously, if a = 1, then R"™°™(q) = RF.

In [I] the result of Nobeling is generalized for the family R™°™(q),
a > 0. For every Y € R'™<o™m(q) there exists a locally connected continuum
X of rim-type < « which is not topologically contained in Y. In general, X
is not planar.

We also note the following result of [M-T]: There exists a planar locally
connected continuum of rim-type « + 1 which is a containing space for the
family of all planar compacta of rim-type < «. This gives an affirmative
answer to Problem 5 of [I].

The main result of the present paper is the following: for every Y €
Rrim-com () o > 0, there exists a locally connected planar continuum of
rim-type « which is not topologically contained in Y. In particular, in the
family of all planar continua (or planar locally connected continua, or planar
compacta) having rim-type < «, there is no universal element. This gives a
negative answer to Problem 1 of [I].
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2. Definitions and notations. We denote by L,, n =1,2,..., the set
of all ordered n-tuples iy ...4,, where iy =0 or 1, £ =1,...,n. Also, we set
Lo = {0} and L =J,—, Ly,. For n =0, by convention i ..., denotes the
element () of L. We write i1...4, < j1...jm if either n =0, or n < m and
iy = j; for every t < n. The elements of L are also denoted by i, j, i1, etc.
If i =41...9, and j = j1...jm, then ij or iji...j,, denotes the element

Let C denote by the Cantor ternary set. By C;, where i =iy ...i, € L,
n > 1, we denote the set of all points of C' for which the ¢-th digit in the
ternary expansion, t = 1,...,n,is 0if i; = 0, and 2 if i; = 1. Also, we set
Cp=2C.

We denote by a(Cj5) (respectively, b(C;)) the element ¢ of C; for which
¢ < z (respectively, x < ¢) for every z € C;. Also, we set a(i) = b(C;y) and
b(z) = a(Ch).

Let C? = CxC andifi,j € L,,n=0,1,..., thenset C%(i,j) = C; x Cj.
For every x € C? and n € N we denote by st?(x,n) the set C2(3, j) for which
r € C?(i,j) and i,j € Ly,.

For every n € N and for every i,j € L, the following pairs of sets:
C2(i0,70) and C2(i0,51), C2%(i0,51) and C?(il,51), C?(il,j1) and
C?(i1, j0), C*3(il1, j0) and C?(i0, jO) are called adjacent.

We denote by E? the plane with a Cartesian coordinate system. We con-
sider C? as a subset of E2. For any distinct points = and y of E? we denote
by [z,y] the straight line segment joining = and y (including the ends).

3. Partitions D of C? and D of E2. Let a be an isolated ordinal.
For every n € N and i € L,, let P; be a scattered compact subset of
Ci\ {a(i), (i), a(C5), b(C5) ) o

For every i,7 € L,, we define a collection D(%, j) of two-element subsets
of C%. Let = (a,b), y = (c,e) € C?. Then {z,y} € D(i,j) iff either
a=ce P;and {b,e} = {a(j),b(j)}, or b =e € P; and {a,c} = {a(i),b(:)}.
Also we set Dy, = U; 5¢1, D(i,7) and D(1) = U, ey Dn-

We denote by D the collection of subsets of C? consisting of all elements
of D(1) and all singletons {x}, where x € C? does not belong to any element
of D(1).

Let D(1) denote the set of all straight line segments [z, y], where {z,y} €
D(1). We denote by D the collection of subsets of E2? consisting of all
elements of D(1) and all singletons {z}, where = € E? does not belong to
any element of D(1).

It is not difficult to see that D is a partition of C? and Da partition of
E?. We denote by p the natural projection of C? onto the quotient space D
and by p the natural projection of E? onto the quotient space D.
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Let i,j € L, and i1 € L,,. We denote by D" (i,7) (respectively,
D; (i,7)) the set of all elements {(a,b), (c,e)} of D(7,7) such that a = ¢ €
P; N G35, (respectively, b= e € P; N Cj3,).

The following properties are easily proved:

(1) If F is a closed subset of C? (respectively, of E?), n € N and 4,j €
Ly, then the union (Dg(i,))* (respectively, (Dg(i,7))*) of all elements of
D(i,7) (respectively, of D(i,)) which intersect F is a closed subset of C2
(respectively, of E?).

(2) If ip,jn € Ln and (D(in,jn))* (respectively, (D
union of all elements of D(iy, j,) (respectively, of D(in, jn

/—\

'Ln,]n))*) is the
), then we have

(1n7.7n) = 0)'

U>v

lim,, .o diam(D (i, jn))* = 0 (respectively, lim,, ., diam(

4. LEMMA. (1) D and D are upper semicontinuous partitions of C% and
E?. respectively.
(2) The quotient space D is homeomorphic to E? and the quotient space
is a planar compactum. )
3) For everyn,m €N, i,j € L,, and iy € L,, the subsets D' (i,5) and
i,7) of D are homeomorphic to P; 0 Cyz, and P; N Cj;,, respectively.
) If for every n € N and i € L,, type(F;) < «, then rim-type(D) < a.
(5) Let ng € N and ig, jo € Ln0 If for every i > ig and for every j > jo,
PiNCy #0, PNCyy # 0, P;NCh0 # 0 and P;NCyy # 0, then p(C?(io, jo))

is connected and locally connected.

D
(
D; (
(4

Proof. (1) We prove that D is an upper semicontinuous partition of C2.
Let d € D and let d C U, where U is an open subset of C2. For every n € N
and for every i,j € L, by property (1) of Section 3 the set F'U (Dg(7,7))*
is a closed subset of C2?, where F = C2\ U. By property (2) of Section 3 so
is F1 = Upen Ui jer, FU(Dr(G,7))*. Thus V.= C?\ F is an open subset
of C? which is a union of elements of D. Obviously, d C V C U, that is, D
is an upper semicontinuous partition of C2. The proof for D is similar.

(2) Since every element of Disa singleton or an arc, the quotient space
Dis homeomorphic to the plane E? (see [Ku], Vol. II, §61.1V).

Obviously, D is a compactum. To prove that D is planar, we construct
a homeomorphism ¢ of D onto a subset of D.

Let d € D. If d = {z}, then we set i(d) = d, and if d = {x,y}, then
i(d) = d', where d' = [x,y]. Obviously, i is a one-to-one map of D onto a
subset of D.

To prove that ¢ is continuous, let i(d) = d’ and let U be an open neigh-
bourhood of @ in D. Then p~1(U) is an open subset of E? which is a union
of elements of D. Hence, W = p~}(U)NC? is an open subset of C? which is
a union of a collection, say V, of elements of D. Thus, V is an open subset
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of D,d € V and i(V) C U. Hence, i is continuous. Since D is a compactum,
i is a homeomorphism onto a subset of E?.

(3) Let f : B;NC5;, — C? be defined by f(a) = (a,a(j)) for a € PNC53,.
Obviously, f is continuous and one-to-one. Also, po f is a continuous one-to-
one map of P5NC5;, onto D™ (4, 7). Since P;NCy3, is a compactum, po f is
a homeomorphism. Similarly, we can prove that Dj; (,7) is homeomorphic
to P3 N C; i

(4) Let d € D and let U be an open neighbourhood of d in D. If d = {x},
then there exist n € N and 4,5 € L,, such that d C C?(i,j) C p~1(U). If
d = {z,y}, then there exist n € N and iy,12,J1,752 € Ly such that d C
C2(i1, j1) U C(i2, j2) € p~ (V).

Let V be the set of all elements of D which are contained in C?(i, j)
(respectively, in C?(iq,j1) U C?(i2,ja)). Obviously, d € V C U. We prove
that the boundary Bd(V) has type < «. Indeed, it is easy to verify that
Bd(V) C Uj_o Dk By the assumption and (3), type(_, D) < a. Hence,
type(Bd(V)) < a. Thus, rim-type(D) < a.

(5) Suppose that D° = p(C?(ig,jo)) is not connected. Then D° =
D' U D?, where D' and D? are simultaneously open and closed non-empty
subsets of D° with empty intersection. Hence, C? = p~1(D')NC?(iy, jo) and
C2 = p~1(D?)N C? (g, jo) are simultaneously open and closed in C?(ig, jo).
Moreover, it is easy to see that C? and C2 are not empty and if d € D° and
d C C?(ip, jo), then either d C C? or d C C3.

There exists an integer n > ng such that if 4,5 € L,, i > ig and j > jo,
then C2(i, ) is contained either in C% or in C3. We can suppose that n is
the minimal such ordinal.

If n < ng, then either C?(ig,j0) € C? or C?(ig,jo) C C3. Hence, either
C? = () or C3 = (), which is impossible. Thus, n > ng.

There exist 7,7 € L,_1 such that i > ig, j > jo, C?(i,5) € C? and
C?(i,7) € C3. On the other hand, each of the sets C?(i0,50), C*(i0,j1),
C2(i1,40) and C?(i1, j1) is contained either in C% or in C3. It is easy to see
that there are two of them which are adjacent with one being contained in C3
and the other in C%. Suppose C?(i0, j0) and C?(i0,51) have this property.

By the assumption there exists a € P;NCj,. Then by the definition of D
we have {z,y} = d € D, where x = (a,a(j)) and y = (a,b(j)). Obviously,
x € C?(i0,50) and y € C?(i0,51) and, hence, d C C?(ig, jo), d € C? and
d ¢ C2, which is a contradiction.

For another pair of adjacent sets the argument is similar. Hence, D° is
connected.

Now, we prove that D is locally connected. It is sufficient to prove that
if d € D° and U is an open neighbourhood of d in D, then there exist an
open neighbourhood V of d in D° and a connected subset W of D such
that de VC W CU.
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Let d € D° N U, where U is an open subset of D. If d = {z}, then
x € C?(lig, jo) and, hence, there exist an integer n > ng and i,j € L, such
that d C C?(i,5) C C?(ig,j0) N p~1(U). The set V of all elements of D
which are contained in C2(i, j) is an open neighbourhood of d in D, which
is contained in DY. On the other hand, by the above, W = p(C?(i, 7)) is
connected. Obviously, d € V CW CU.

Let d = {z,y} and d C C?(ip,j0). There exist n € N and elements
51,51,52,52 € L, such that x € 0261,51), Yy € 02(52,52) and 02(51,51) U
C?(ia,j2) € C?%(ig,jo) Np~1(U). As above, the set V of all elements of D
which are contained in C2(iy, j;) U C?(i2, j2) is an open neighbourhood of d
in D, which is contained in D°. Also, W = p(C?(i1,j1)) Up(C?(ia, j2)) is a
connected subset of D® because p(C? (i1, j1)) and p(C?(iz, j2)) are connected
and intersect each other. Obviously, d e V C W CU.

Finally, let d = {z,y} such that x € C?(ip,j0) and y & C?(ig,jo)-
There exist an integer n and 41,12, j1,j2 € Ly such that x € C?(iy,751) C
C?(ig, jo) Np~ Y (U) and y € C?(ia,j2) C (C?\ C%(ig, jo)) Np~ 1 (U). The set
V' of all elements of D which are contained in C? (i1, j1) U C?(is, j2) is an
open neighbourhood of d in D, and V = V' N D is an open neighbourhood
of d in D°. It is easy to see that V consists of all elements d’ of V' for which
d' N C%(iy,51) # 0. Hence, d € V C W C U, where W is the connected set
p(C? (i1, 41)). Thus, p(C?(ig, jo)) is locally connected.

5. LEMMA. Let M be a scattered compact subset of D, ng € N and
10, J0 € Ln,- Suppose that for every n € N, n > nq, for every i,j € L, with
i >ig and j > jo and for every iy € Lo we have either type(Q) > type(M),
or 0 < type(Q) = type(M) = a and |Q~| > [M©@D] (hence, Q # 0),
for both Q = P; N Cq;, and Q = P; N Cj5,. Then p(C2%(ig, jo)) \ M is
connected.

Proof. We prove the lemma by induction on the ordinal type(M) = a.
If « = 0, then M = () and by Lemma 4(5), p(C*(io, jo)) is connected.

Suppose that the lemma is proved for all @ < §. Since the type of a
scattered compact space is an isolated ordinal we may suppose that 3 is
also isolated.

Let M be a scattered compact subset of D having type 3. Then p~*(M)
is a compactum having type 3 and, hence, p_l(M(ﬁ_l)) is finite. It is easy
to see that p~ (M B~ = (p~1(M))B-1),

Hence, there exists an integer ni; > ng such that if x and y are distinct
elements of p~1(M®=1), then st?(z,n1) Nst?(y,ny) = 0.

First, we prove the following assertions:

(1) Ifn > no, ia.} € Lna % > gO? 5 > jO and 02(57‘;) mpil(M(Bil)) = (Dv
then p(C?(i,7)) \ M is connected.
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(2) If n > ny, x € p~Y(MPV) and st?(x,n) C C?(ig,jo), then
p(st?(x,n) \ st?(x,n + 1)) \ M is connected.
(3) For x and n as in (2), p(st?(z,n) \ st?>(z,n +2)) \ M is connected.

Obviously, in (1), p(C2(i,5)) "M PB~1) = . Thus, type(p(C?(i,7)) N M)
< (3. Hence, by induction, p(C?(4,7)) \ M is connected.

To prove (2), let st?(z,n) = C?(i,j). Then st?(x,n + 1) is either
C2(i0, j0), C2(i0, j1), C?(i1, j0), or C?(i1, j1). Suppose that st?(x,n+1) =
C?(i0, j0); the other cases are treated similarly.

Let & = |M=1|. Since C2(i,5) C C?(ig,jo) we have i > iy and j >
jo. Hence, since P; N C;y € P; N Cyy, we have either type(P; N C;) =
and |(P; N C3)P=D| > k, or type(P; N C5y) > B. Also, either type(FP; N

51) = B and [(P; N C;l)(ﬁ_l)] > k, or type(P; N C5) > B. From the
above and Lemma 4(3) it follows that D (i,j) ¢ M and D; (i,j) € M,
where i; = 1 € L. Let d € DU(3,5) \ M. If d = {y,z}, then either
y € C?(i1,70) and z € C?(il,j1), or z € C?(il,40) and y € C?(il,j1). In
both cases (p(C?(i1,50)) \ M) N (p(C?(il,51)) \ M) # 0. Similarly, we have
(p(C2(i0, 1)) \ M) N (p(C?(i1,j1)) \ M) # 0.

Since n > ny and o € C?(70, j0) we have type(C?(:0, j1)Np~1(M)) < S,
type(C?(il, j0) N p~1(M)) < 8 and type(C?(il,j1) Np~*(M)) < 3. Hence,
by (1), the sets p(C*(i0, j1)) \ M, p(C(i1,j0)) \ M and p(C3(il, j1)) \ M
are connected.

Since the first two of them intersect the third, the union of the three
sets, equal to p(C?(i1,50) U C2(i0, 1) U C?(i1,51)) \ M, is connected.

But st?(z,n) \ st?(z,n+1) = C%(il, j0) U C?(i0, j1) U C?(il, j1). Hence,
p(st?(x,n) \ st?(x,n + 1)) \ M is connected.

Now we prove (3). Obviously, st?(x,n) \ st?(z,n + 2) = (st?(z,n) \
st?(x,n + 1)) U (st?(z,n + 1) \ st?(z,n + 2)). By (2), the sets p(st?(z,n) \
st?(z,n + 1)) \ M and p(st?(z,n + 1) \ st?(z,n + 2)) \ M are connected.
Hence, in order to prove (3) it is sufficient to show that they intersect each
other.

As in (2), without loss of generality we can suppose that st?(z,n +1) =
C2(i0, j0). Then st?(z,n)\st?(z,n+1) = C2(i0, j1)UC?(il, jJO)UC?(il, j1).

The set st?(z,n + 2) is either C2(:00, 700), C2(:01, 00), C2(i00, j01), or
C?(i01, j01). By the assumption of the lemma and by Lemma 4(3) the sets
D (i,5)\ M and D*(i,5) \ M, where i; = 00 € Ly and i = 01 € Lo, are
not empty.

Let d € D% (i,5)\ M if st?>(z,n+2) # C?(i00, jO1) and d € D*(i,5)\ M
otherwise. If d = {x,y}, then one of the two points, say z, belongs to
C?(i0, j1). Then y € C?(i00, j01) if d € D" (4,5) \ M, and y € C?(i01, j01)
if d e D™(i,5) \ M.
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In both cases, the intersection considered is non-empty. Thus, (3) is
proved.
From (1)—(3) the next statement follows:

(4) Let i,j € Ly, and C*(i,j) C C?(io,jo). Then p(C*(i,j)) \ M is
connected.

Indeed, if C%(i,7) Np~ " (MP=1D) = ), then this is assertion (1). Oth-
erwise, by the choice of the integer ni, this intersection is a singleton {z}
and, hence, st?(z,n;) = C2(i, 7).

Obviously, p(st?(z,n1))\M = U;>_,(p(st?(z, n1+m)\st?(z, n1 +m+2))\
M). By (3) each term of the union is connected. Since any two consecutive
terms intersect each other, p(st?(z,n1)) \ M is also connected.

Finally, we prove that p(C? (g, jo))\M is connected. By (4) it is sufficient
to prove the following statement:

Let m € N and let i,j € Ly, be such that ng <m, m+1 < nl,_C’2_(%,j) -
C?(ig, jo) and the sets p(C*(i0, j0))\ M, p(C*(i0, j1))\ M, p(C*(i1, j0))\ M
and p(C?(il,31)) \ M are connected. Then p(C?(i,7)) \ M is connected.

Consider the sets D" (i,7) \ M and D; (4,7) \ M, where i; € Ly. By the
assumption of the lemma and by Lemma 4(3) all these sets are not empty.
Let d = {z,y} € D" (i,5) \ M, where iy = 0 € L. Then one of the points x
and y belongs to C?(i0, j0) and the other to C2(i0,51). Hence, the first of
the connected sets in the assumption of the statement intersects the second.
Similarly we can prove that it also intersects the third, and that the third
set intersects the fourth. Since p(C?(7,7)) \ M is the union of the four sets,
it is connected. The proof of the lemma is complete.

6. THEOREM. Let 0 < k(2),k(3),...,k(n),... be an increasing sequence
of integers and let o be an isolated ordinal. There exists a locally connected
planar continuum X having rim-type < « such that if a compact scattered
subset M of X has type o and separates X into m > 2 parts, then |M(°‘_1)]
> k(m).

Proof. Let kg, k1,...,kn, ... be an increasing sequence of integers such
that k,, > k(4"*1). We construct a partition D of C? by defining the sets
P; as follows: if i € L,, n € N, then P; is a scattered compact subset
of C;\ {a(i),b(i),a(C5),b(C;)} such that type(P; N C57,) = a and [(B; N
ngl)(a_1)| > k,,, where i; € Ly. We prove that the quotient space D is the
required space X.

Indeed, by (2), (4) and (5) of Lemma 4, D is a locally connected planar
continuum having rim-type < a. Let M be a compact scattered subset of
D which has type a and separates D into m > 2 parts.
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Suppose that |[M(@~D| < k(m). There exists an integer ¢ > 1 such that
4971 < m < 49. Then, if [M(@~D| = k, we have k < k(m) < k(49) < k,_1.

Let ng = ¢ — 1 and let iq, jo € Ly,,. Let n > ng and let 1,7 belong to L,
with 5_2 ig and j > jo. If Q denotes any of the sets P; N Cii, or PN 055,
where i1 € Lo, then by the construction of the partition D and the choice of
the integer ng we have type(Q) = a and |Q©@Y| >k, > k,, = ky_1 > k.
By Lemma 5 it follows that p(C?(ig,j0)) \ M is connected.

On the other hand, D\ M = U;5¢r, (p(C?(i,7)) \ M). Since each term
of the last union is connected, it follows that m < |L,, X L,,|. Obviously,
| Ly X Ly, | = 4™ = 4971 < m, which is a contradiction. Hence, |M (@] >
k(m) and D is the required space X.

7. THEOREM. Let v be a limit ordinal and let a(2), «(3),...,a(n),... be
an increasing sequence of ordinals such that lim,,_,, a(n) = a. There ezists
a locally connected planar continuum X having rim-type < « such that if a
compact scattered subset M of X has type < a and separates X into m > 2
parts, then M has type > a(m).

Proof. Let ag,a1,...,a,,...bean increasing sequence of isolated ordi-
nals such that o, > «(4"*1) and a,, < a. We construct a partition D of C?
by defining the sets P; as follows: ifi € L,, n € N, then P; is a scattered com-
pact subset of C; \ {a(i), (%), a(C5),b(C5)} such that type(P N C57,) = an,
where i1 € L1. The quotient space D is the required locally connected pla-
nar continuum X. The proof is the same as the corresponding part of the

proof of Theorem 6.

8. THEOREM. Let Y € R'™cm(q), where o > 0. There exists a locally
connected planar continuum X having rim-type < o which is not topologi-
cally contained in Y .

The proof is the same as the proof of the Theorem of [I]. Instead of
Lemmas 6 and 7 of [I] we here use Theorems 6 and 7.

COROLLARY. The following families of spaces have no universal ele-
ments:

(1) the family of all (locally connected) planar elements of R™ ™ (),
(2) the family of all (locally connected) planar compacta having rim-type
< a,

(3) the family of all (locally connected) planar continua having rim-type
<a.

This corollary gives a negative answer to Problem 1 of [I]. It should be
understood so that each “locally connected” may be either disregarded or
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considered part of the statement, thus giving 6 families without universal

elements.
References
[I] S.D. Iliadis, The rim-type of spaces and the property of universality, Houston
J. Math. 13 (1987), 373-388.
[K] J. L. Kelley, General Topology, Van Nostrand, Princeton 1957.
[Ku] K. Kuratowski, Topology, Vols. I, II, Academic Press, New York 1966, 1968.
[M-T] J. C. Mayer and E. D. Tymchatyn, Containing spaces for planar rational
compacta, Dissertationes Math. 300 (1990).
[M-S] S.Mazurkiewiczet W. Sierpinski, Contribution a la topologie des ensembles
dénombrables, Fund. Math. 1 (1920), 17-27.
[N] G.Nébeling, Uber regular-eindimensionale Riume, Math. Ann. 104 (1931), 81

91.

DEPARTMENT OF MATHEMATICS
UNIVERSITY OF PATRAS
PATRAS, GREECE

Received 18 March 1991



