CONTINUOUS SELECTIONS WITH
NONMETRIZABLE RANGE

BY
H. H. CORSON(!) AND J. LINDENSTRAUSS(?)

1. Introduction. Let X and L be topological spaces and let ¢ be a map from
X to 2% the space of all nonempty subsets of L. A continuous function f from X
to L is said to be a continuous selection for ¢ if f(x) € ¢(x) for every x € X. The
notion of continuous selection was introduced and studied in detail by E. Michael
(cf.[10],[11],[12] and the references there). We shall consider here only mappings
¢ which are lower semicontinuous (l.s.c.), that is, mappings for which
{x:¢(x) NV # &} is an open subset of X for every open subset V of L. This is
a natural restriction on ¢ since, as observed in [10], it is a necessary condition
for the existence of selections for ¢ which take at a given point x, € X a preassigned
value y, in ¢(x,). If L is metrizable (or even only first countable) and X is the
one point compactification of the integers, then it is easily seen that every l.s.c.
map ¢ from X to 2% admits a continuous selection. It is also easily seen that
this is no longer the case if L is not first countable. This simple observation is the
main reason for the difficulties encountered in proving and applying selection
theorems with a nonmetrizable range.

Selection theorems are in an obvious way generalizations of extension theorems.
An extension problem is a selection problem in which ¢(x) is, for every xe X,
either a single point or the whole space L. In the introduction of [10] Michael
pointed out that the main result of his selection theory is the fact that most of
the known extension theorems can be slightly changed and essentially generalized
to suitable selection theorems. The known extension theorems for functions from
a topological space X to a topological linear space L fall into two classes. One
class of these theorems states that under various normality conditions on X every
continuous function from a closed subset X, of X into a metrizable locally convex
space L (or only into a Banach or a separable Banach space) can be extended
to a continuous function from X to L. The paper [10] is devoted to the proofs
and applications of selection theorems which correspond to these extension
theorems.

In the second class of extension theorems the main assumption is the metri-
zability of the domain X rather than the range L. The main result in this direction,
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due to Dugundji [5], states that if X is metrizable and if X, is a closed subset
of X, then every continuous function f from X, to a locally convex space L can
be extended to a continuous function F from X to L so that F(X) is contained
in the convex hull of f(X,). The purpose of this paper is to prove selection theorems
which correspond to this extension theorem.

The main question which arises in this connection is the following. For which
metric spaces X and linear spaces (or subsets of linear spaces) L, is it true
that every ls.c. map ¢ from X to 2%, for which ¢(x) is closed and convex for
every x € X, admits a continuous selection? The assumption that ¢(x) is closed
and convex for every x is a natural one (it is through the convexity assumption
that the linear structure of L enters into the selection problem) and, as Michael
showed in [10], it is also an unavoidable assumption.

It seems unlikely, in view of the many different situations which arise, that it is
possible to characterize in a reasonable manner all pairs of X and L for which
the above selection theorem is valid. The results we prove in this paper (together
with the examples) give, however, a reasonably good understanding of the general
situation. It turns out that the selection theorem holds for nonmetrizable linear
spaces L only if their topology is sufficiently weak. For example, if we take a
Banach space in the weak (w) topology then in general no continuous selection
exists but it is often possible to take a still weaker topology than the w-topology
and thereby obtain a Hausdorff locally convex space for which the selection
theorem holds (if X is separable and complete). Thus in order to obtain selection
theorems for the more common linear topological spaces one has to restrict
the attention to topological spaces L which are compact sets in linear spaces
rather than whole linear spaces. Examples show also that the selection theorem
may fail if L is a general compact set in a locally convex space. The right setting
for the selection theorems seems to be the situation where L is a w-compact set
in a Banach space.

We state now a special case of our selection theorem which exhibits the essential
points of the more general result. Let ¢ be a l.s.c. map from a separable metric
space X to the space of nonempty subsets of an Hilbert space H (H need not be
separable and it is taken in the w-topology). Assume that ¢(x) is closed and
convex for every xe X and that Ux x @(x) is bounded. Then ¢ admits a con-
tinuous selection. This selection theorem is a consequence of a selection theorem
of Michael and the fact (proved in [3]) that the space of the w-continuous func-
tions from a separable metric space X to a nonseparable Hilbert space is a
Lindel6f space in the topology of pointwise convergence.

The selection theorems are stated and proved in the beginning of §2. Next we
show that the assumptions implying the existence of a continuous selection also
imply that the continuous selections form a dense subset of the set of all Borel
selections. (For a precise definition of this notion see the discussion preceding
Theorem 2.4.) §2 ends with some applications of our results. We indicate how
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some facts concerning linear operators between C(K) spaces, which were proved
(in [1], [12]) for compact metric K by using Michael’s theorems, can be extended
to some nonmetrizable compact K by applying the selection theorems proved here.

In §3 we give examples which show the role of the various assumptions in the
selection theorems of §2. One of the examples in §3 answers a problem raised
by Michael [12].

Our notations and terminology are standard (taken from [6], [7]). We use also
the notations given in the introduction of the preceding paper [3]. We recall
that we consider linear spaces over the reals (this assumption is used only in the
applications, Theorems 2.6, 2.7 and 2.8).

2. Selection theorem. We pass now to the statements and proofs of the
selection theorems.

THEOREM 2.1, Let T be a discrete space and let X be a paracompact topological
space such that every point x in X has a neighborhood which is a continuous
image of a complete separable metric space (e.g. X may be any locally compact
metric space). Let ¢ be a l.s.c. map from X to 2M such that ¢(x) is a compact
convex (nonempty) subset of Co(T') for every x € X. Then ¢ admits a continuous
selection.

Proof. We assume first that X itself is a continuous image of a complete sep-
arable metric space. Let {I,},.qdenote the set of all countable subsets of I, and
order Q by inclusion (i.e., « > Biff I', o I'y). For every a € Q, let P, be the canonical
projection from Cy(T") onto Cy(I")/T,, and put

Fa = {f: fG Cp(Xa CO(F))’ Paf(x) € Pa¢(x) for every x}'

Suppose we knew that ﬂ,Fa # . We claim that every member of this inter-
section is a continuous selection for ¢. Indeed, let fe naFa and let x, € X. There is
an a,€Q such that P, f(xo) = f(x,). For every a > a, we have that
f(xo) =P.f(xo) = P,y, for some y,ed(x,). Since ¢(x,) is compact the net
{¥a}a>«, has a subnet converging to some y, € ¢(x,). It is clear that y, = f(x,)
and hence f(x,) € ¢(x,).

Thus we have only to prove that ﬂ,Fa # . Since C,(X,Cy(I")) is a Lindelof
space (Theorem 2.2 of [3]) and every F, is closed, it is enough to show that

121 F,, # for every sequence {o;};/2, in Q. Let « € Q satisfy o > o, for every i.
Then P,P,=P,, and hence F, =();2;F,,. Therefore we have only to prove
that F, # & for every a.

Let aeQ. We can clearly identify Co(I)/T’, with Co(I',) and thus consider
CoI)/T, as a subset of C,(I,). The mapping ¢,: X~ 267 T2 defined by
¢(x) = P,¢(x) is ls.c. and for every xe X, ¢,(x) is a (nonempty) convex and
closed (even compact) subset of C,(I’,). Since X is paracompact and C,(T,) is a
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complete metrizable locally convex space, ¢, admits a continuous selection f by
a theorem of Michael [10, Theorem 3.2"]. We have that, for every x €X,
f(x)eP,p(x) = Co(I)T, = Co(I'), and hence P,f(x) = f(x)e P,p(x). This con-
cludes the proof if X is a continuous image of a complete separable metric
space.

Let now X be a general space satisfying the assumption of the theorem. Then
X has a locally finite open covering by sets {Gg}, psuch that each G; is a con-
tinuous image of a complete separable metric space. Let ¢ be a Ls.c. map from
X to 2 ©®gych that ¢(x) is convex compact for every x. By what we have already
proved there is for every fe B a continuous function f; from G to Co(I') such
that fy(x) € ¢(x) if x € Gy Let (Y;}z. 5 be a partition of unity subordinate to the
covering {Gg}s.p- The function f(x)= Zp(x)f4(x) is a continuous selection
for ¢.

If, in Theorem 2.1, the range of ¢ is contained in a compact subset of Cy(I")
then Theorem 2.3 of [3] enables us to weaken somewhat the assumptions on X.

Theorem 2.2. Let T be a discrete space and let X be a paracompact topological
space such that every x€ X has a neighborhood which is a continuous image
of a separable metric space. Let ¢ be a ls.c. map from X to 2°°D such that,
for every xe X, ¢(x) is a compact convex set. Assume also that for every x there
is an open set G, containing x such that UzeG.. ¢(2) is compact. Then ¢ admits
a continuous selection.

Proof. As the last part of the proof of Theorem 2.1 shows, it is easy to pass from
the local situation to the global one. Hence, without loss of generality, we may
assume that X itself is a continuous image of a separable metric space and that
L =U,‘e x®(x)is a compact subset of Co(I'). Let {I',},.qand P, be the same as in
the proof of Theorem 2.1. Put L = UGEQPaL. L is also a compact subset of Cy(T).
Indeed, let {P, y,} be a net in L (y,eL for every v). By the compactness of L
there is for every yeI' a number 4, such that | y(y)[ < 4, for every y e L. Hence
L and therefore L is contained in the compact space []=[],r[ — Ay4,]. Let
{P,, y,/} be a subnet of {P, y,}such that y,. converges to some point y e L and
P, .y, converges to some point y, € [|. For every yeI" we have that y,(y) = 0 or
Yo(y) = y(y). Consequently y, = P,y for some «y€Q and hence y,eL.

We now proceed exactly as in the proof of Theorem 2.1. We have only to replace
the space C,(X,Co(I)) used there by the space C,(X,L) which is a Lindeldf space
by Theorem 2.3 of [3].

The following special case of Theorem 2.2 seems to be the most useful result
for applications.

COROLLARY 2.3. Let X satisfy the same assumptions as in Theorem 2.2. Let
K be a w-compact set in the Banach space L,(1), 1 < p< oo (u an arbitrary
measure), or a w*-compact set in L(u) (with p o-finite). Then every lLs.c. map
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¢:X - 2% such that ¢(x) is closed (nonempty) and convex for every x admits
a continuous selection (K is taken in the w resp. w*-topology).

Proof. Use Theorem 2.2 and the discussion following Theorem 2.3 of [3].

Our next aim is to state the selection theorems in a slightly stronger form.
It is clear that once a selection theorem is proved it ensures in general not only
the existence of one continuous selection but the existence of many such selections.
In [10] and [11] Michael gave some results elaborating this point. Here we want
to prove another result in this direction which, we feel, might be useful in applying
the selection theorems. Our result can be stated briefly as follows: The continuous
selections are dense in the Borel selections. In order to make this statement precise
we have, of course, to specify the selection problem which we consider, the notion
of a Borel selection, and in particular, the topology in which density is proved.
There are many possibilities for choosing the setting and a suitable topology;
we state here only one such result.

Let X be a separable metric space and let L = L,(u) for some 1 < p < oo and
some measure y. Let S be the unit cell of L in the w-topology. A function
g:X - S"is called a Borel function if g¢* (V) is a Borel set in X for every open
subset 7 of S* Let p be a finite regular Borel measure on X and let g: X — S*
be a Borel function. The integral [yg dp is the unique point yeL for which
y*(») = [xy*(g(x))dp(x) for every y* in L*. Let ¢: X — 25"be a L.s.c. map such
that ¢(x)is a closed convex (nonempty) set for every xe X. By # ,we denote the class
of all Borel selections of ¢, i.e., all Borel functions g: X—S"such that g(x) € ¢(x)
for every x. The class of all continuous selections of ¢ will be denoted by € ,.

With these notations we have

THEOREM 2.4. Let T be the map from B, to L defined by Tg = [xgdp. Then
T€, is norm dense in T,

Proof. T% is clearly a convex subset of T#, and therefore if T%,# TA,
there would exist a y* e L* with || y* " =1,an ¢>0and a g, € %, such that, for
every fe%,,

@.1) f PN + oS jx Y(go(Ndp(x).

The real-valued function y*(gy(x)) is a bounded Borel function on X and hence
it is a uniform limit of simple Borel functions (i.e. Borel functions with a finite
range). Let 6 >0 and put V;={y: yeL,| y*(y)| < 0}. By the regularity of p
there are closed subsets {K;}/- in X and points {y;}7-; in S such that

6) KiNK;= if i#j,
(i) go(x)—y;eV;  ifxek,
(iii) lo| (X~U K,) <6

i=1
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(| | (4) denotes the variation of p on the set 4). We define now ¢o: X —»2°" by
)N+ Vs) ifxekK;,

9 =1 4(x) if xeX ~ |JK.
i=1

It is easily checked that ¢, is l.s.c. and that every ¢(x) is closed convex and
nonempty. By Corollary 2.3 ¢, admits a continuous selection, f say. Clearly
fe€,and

| fx YHS() — go(x))dp(x)|

< 3 1060 - son]d] o)

+ (| y*(8oG) | + | y*(FCN P | p|(x)
X ~ VK;

I\

'>=:l 28|p|(K) +2|p|(X ~ UK) 25| p|| +26

and this contradicts (2.1) if < &/2(| p || + 1).
For the application of our selection theorems we need the following lemma
which is proved in [4].

LEMMA 2.5. Let K be a compact Hausdorff space. Then the unit cell of
C(K)* in the w*-topology is affinely homeomorphic to a subset of Cy(I') for
some discrete I" if and only if K is homeomorphic to a subset of CyI) for
some discrete T'.

It follows from Theorem 2.2 and Lemma 2.5 that the following stronger version
of a result of Michael [12] is true.

THEOREM 2.6. Let K, be a compact subset of Co(I') for some discrete spaceT’
andlet K, be a compact metric space. Assume that there is a continuous open
map Y from K; onto K,. Then there exists a linear operator T from C(K,)
into C(K,) such that

(22) inff[y~" (k)] < Tf (k) < supf[¥ (k)]
for every ke K, and fe C(K,).

Michael [12] proved this result under the assumption that K; is compact
metric. The proof given in [12] works also in the present, more general, situation
if Theorem 2.2 is used instead of Michael’s selection theorem. We shall show
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in the next section that Theorem 2.6 may fail to hold if K, is a general compact
Hausdorff space.

The theorems of this section can also be used for obtaining some additional
information concerning the main result of [1]. We present here two results in this
direction. The proofs are very similar to that of Theorem 1 of [1]. We omit the
details.

PROPOSITION 2.7. Let K, be a compact subset of Co(T') for some discrete space
I' and let K, be a compact metric space. Denote by S(K,,K,) the set of all
linear operators T from C(K,) to C(K,) with |T|<1. Let T,eS(K,,K,).
ThenT, is an extreme point of S(K, K,) if and only if T, is of the form

23) Tof(k) = Mk)f((K)), keK,, feC(K;)
where Y € C(K,,K,) and Ae C(K,) with |A(k)| =1 for every ke K,.

ProrosiTION 2.8. Let K, and K, be compact Hausdorff spaces, and assume
that K, is separable (i.e. has a dense countable subset). Denote by W(K,,K)
the set of all linear weakly compact operators T from C(K,) to C(K,) with
|T.| £1. Let T, e W(K,,K;). Then Ty is an extreme point of W(K,,K,) if
and only if T, is of the form (2.3).

REMARK. Itis easily seen that every w-compact T, of the form (2.3) is compact.

It is likely that Propositions 2.7 and 2.8 hold for all compact Hausdorff K, and
K,. Proposition 2.8 can be proved, for metrizable K,, by using Theorem 2.2
(C(K)* is Ly(u) for some measure ). However, it is easy to reduce the problem
to a selection problem with a metrizable range, and so the selection theorem of
Michael suffices for this purpose.

3. Examples. The purpose of the first half of this section is to examine the
necessity of the various assumptions in Theorems 2.1 and 2.2.

(1) Theorem 2.1 does no longer hold (even for countable I') if we weaken the
assumption that ¢(x) is compact convex for every x by assuming only that ¢(x)
is closed and convex. To see this, take as I" the integers N and let X =[0,1].
Order the rational points in X into a sequence r, and put

{ {y: yeCo(N), |y()| £ 1,i=1,2,-} if x is irrational,

) = 1 {y: yeCo), [y £ 1, i=1,2,-,y(n) = ?%} ifx =1

It is easily checked that ¢ is l.s.c., and that ¢(x) is closed convex and bounded for
every x. ¢ does not admit a continuous selection. Indeed, assume that
f:X - CyN) is continuous and that f(x)e ¢(x) for every x. Then there is an
open interval I, around r, such that [f(x)(1)| 2 1/4 if xe I,. Let n,>n, =1
be such that r,,eI,. There is an open interval I, = I, around r,, such that
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| f(x) (n2)| = 1/4if x € I,. Continuing in this manner we get a sequence of integers
l1=n;<n,<n;<-- and a sequence of intervals I, oI, oI;--- such that
|fG)(m)| 2 1/4 if xe . Let xoe(\%=1 J then f(x,) has an infinite number
of coordinates = 1/4 and this contradicts the assumption that f(x,)e Cyo(N).
This example is a variant of Example 6.2 of Michael [10].

We shall now give examples which show that if we consider l.s.c. mappings
¢ into the compact convex subsets of a Banach space in the w-topology, there
may be no selection for ¢ if de)(x) is not contained in a w-compact set. In, fact
evenif X = N*, the one point compactification of the integers, and ¢(x) is norm
compact and convex for every x, Corollary 2.3 may fail to hold if K is not w-
compact:

(2) Let us consider the map ¢: N* — 2" defined by

¢(") = {y'y =(yl’y29"”yn91/230,0’"')s‘=21 Iyil = 1/2}

if ne N and ¢(0) = {0} (co denotes the point in N* ~ N). In I, a sequence con-
verges w to 0 iff it converges in norm to 0. Hence ¢ does not have a continuous
selection. Clearly ¢(n) is convex and norm compact for every n. Let us verify
that ¢ is ls.c. if we takein I, the w-topology. Let u’=(u},uj,--), j=1,--,k
be elements in I,,. We have to show that there exists an integer n, such that for
n > ng there is a ye ¢(n) with |(u’,y)| =| Zfu;y;| <1 for every j. Denote by
ll/(n) the set {y:y = (yl’st’"’ynso,Oa"')’ 2i"‘=1 |yil = 1/2}’ and let T: ll "’Rk
be defined by Ty(j) = (u’,y), j=1,--,k. Since Ty(n,) = Ty(n,) if n, <n,,
it follows by the compactness of U,, Ty (n) that there is an ngsuchthat, for every
n > ngand y € Y(n), there is y, eY(n,) such that

(3'1) l(uj’yo)_(uj’y)lél3 j=1’29"'ak-

Let now n> n4 and take y =(0,0,---,0,1/2,0,-:-) (1/2 in the (n + 1)th place
and all other coordinates are 0) and let y, € y/(n,) satisfy (3.1). Then j=y —y° e ¢(n)
and |(u”,9)| < 1 for every j.

(3) In the example just described, all the ¢(n) are contained in the unit cell of I,.
If 1 < p < oo, then every w-closed and bounded subset of I, is w-compact. Con-
sequently, in order to construct a Ls.c. ¢:N* -2, with ¢(n) compact convex
for every n, which does not admit a continuous selection, Uj‘,°=1 ¢(n) must be
unbounded. Take, for example, p = 2 and define ¢: N* - 2 "2by

¢(n) = {y: y =(yx,J’z,"',ym",O,O,“'), .El}’zlz _S. nZ}

andlet ¢(c0) = {0}. If we take the w-topology in ,, then ¢ is Ls.c. (cf. Lemma 3.1
below) but ¢ does not have a continuous selection.
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We turn now to selections with range in a w*-compact set of a conjugate Banach
space. The mapping ¢: N* — 2" of example (2) can also be considered as a mapping
$:N* 21" =2% (we embed I, canonically in /}**). The mapping & is l.s.c. (we
take in 1.} the w*-topology), ¢(x) is closed and convex for every xe N*, and
(U ®(n) is contained in the w*-compact unit cell of I, Since ¢ does not have
acontinuous selection we seethat Corollary 2.3 does not hold if K is an arbitrary
w*-compact set. Actually, the corollary does not hold even for K the unit cell of
(Ly(w)* in the w*-topology if u is not o-finite (thus the o-finiteness assumption
in the statement of the corollary cannot be discarded). In fact, every w*-compact
set can be embedded (affinely and topologically) in the unit cell of 1 ,(T") = I,(I)*
if I' is a discrete set of a sufficiently large cardinality.

We now consider the question of the necessity of the assumptions on X in
Theorems 2.1 and 2.2. We do not know whether the completeness assumption in
Theorem 2.1 is necessary. The assumption of the local separability of X in Theo-
rems 2.1 and 2.2 is essential as the following example shows.

(4) Let H be a Hilbert space having an orthonormal basis of cardinality ;.
We denote a fixed basis of H by {e,}, where « ranges over all the ordinals less than
the first uncountable ordinal Q. Let X be the subspace of H consisting of the points
e /n(a<Q, n=1,2,-.-) and 0. We take in X the metric induced on it by the norm
of H. X is a complete metric spaceand Ois the only nonisolated point in it. Let
S" be the unit cell of H in the w-topology. For every infinite ordinal « < Q we
orderthe set {#: < a}into a sequence and denote this sequence by By 4,8, .-

Define ¢: X - 25" by

{0} if x =0 or x = e,/n with « a finite ordinal,

d(x) =

[e..es,.] if x = e,/n with « an infinite ordinal,

where[u,v]denotes the closed segment joining the points u and v.

We show that ¢ is lower semicontinuous, i.e., that for every w-neighborhood
V of 0 in S¥ there is an nysuch that ¢(e,/n) N V # & for every a« < Q andevery
n>ng. Letay,a,, -, be ordinals < Qand let n, be an integer such that o;=8,, ,,
with m < n, whenever o; <a; (1 £1i, j <k) and «; is infinite. Let o« be an in-
finite ordinal < Qand letn > ny. If a # a;, j =1, -, k then

eae¢(ea/n)n{u: uesw’ (u9eaj) = Oa.’ = 1,”" k}°
If « = «; for some j < k then by the choice of n,

€. EPle/mN{uuesS” (u,e,)=0,j=1,-,k}.

This shows that ¢ is L.s.c.
The map ¢ does not admit a continuous selection. Indeed, assume that
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f: X - S¥ is a continuous function such that, for infinite? a, f(e,/n)

= Ma,n)e, + (1 — A(x,n))eg, , with 0<Aa,n) <1, and f(0)=0. Then for
every y < Q there is an n, such that for n > n, and every a < Q, (f(e,/n),e,)<1/3.
There is an n, and an uncountable set I' = {«: & < Q} such that n, = n, for every
yeT. Let yoeT be such that I N {a: a < y,}is infinite. Then there is a y, e’
such that y, = B, ,, with n > n,. Hence

j'(‘)'09'1) = (f(e'yo/n)’eyo < 1/3
and
L= A(y0,n) = (f(eyo/n),e,) < 1/3,

and this is a contradiction.

Since every metric space which is not locally separable has a closed subset
homeomorphic to the space X of example (4), it follows that Theorem 2.2 (and
Corollary 2.3) hold for a metric space X if and only if X is locally separable.

There are examples [8], [9], [2] of compact Hausdorff spaces X for which
Theorems 2.1 and 2.2 do not hold. These examples show that even the extension
theorem which corresponds to (i.e. is a special case of) Theorem 2.1 may fail to
hold. In the examples X may be taken to be even separable or a w-compact set in
aBanach space (but of course not both w-compact and separable). We refer to [2]
for details.

We conclude the paper with an example which shows that Theorem 2.6 may
fail to hold if K, is an arbitrary compact Hausdorff space. This solves a problem
raised by Michael [12].

(5) Let H” be the separable Hilbert space [, with the w-topology, and let
B(H™) be its Stone-Cech compactification. For every ne N let A, be the subset
of H” defined by

An= {yiy=()’1,.V2,"‘,ym",0,"'), 2 |y,~|2§n2}.
i=1

Each A4, is compact (even norm compact) and hence it is a closed subset of S(H").
Let K be the subset of N* x S(H") defined by

K = L=J1 ({n} x 4,) Y ({0} x BH™)).

K is a closed subset of N* x B(H") and hence it is compact Hausdorff. Let i be

the map from K to N* defined by ¥(y,y) =y, ye N*, ye f(H"). Clearly v is
continuous and onto. That ¥ is open follows from

LEMMA 3.1. Let V be an open subset of H". Then there is an n, such that for
n>ng A,NV #£J.

Proof. V contains a set of the form {y: |(y—z, u")l <1, j=1,-,m} for
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some z and {u’}7-,in H*. We assume, as we may, that the u’= (uj,uf,---) are
linearly independent. Hence there exist integers k; <k, < -+ < k,, such that the
m X m matrix M =(u,{‘)1 <i,jsm 18 nonsingular. Let n >k, and consider the
system of equations

m
Z aiul{i': _u£+(uj’z)/n’ j= 19"':m-
1=1

Since M is nonsingular this system has a unique solution (a,(n),x,(n), :--,®,(n))
given by
ay(n) —u, + (u',2)/n

ay(n) = M-!

_un2 + (uz’z)/n

ac,,,(:n) L—uy, + ™, 2)/n

Since for every j, ui—0 and (u’,z)/n -0 as n— oo there is an n, such that,
for n > ngy, X;™,&(n) < 1. Hence for n > ngythe vector

y'l = (0: "'aOanal(”)ao;'”,oanaz(n),()’ "',0,"&,,,("),0, ""0,”,0,0'”)
(nay(n) stands at the k;th place and n at the (n + 1)th place) belongs to 4,. Also

Mz

Wy =

na(mui, + nul = (', 2),
1

for every j, and hence y"e V. This concludes the proof of Lemma 3.1 and hence
of the fact that y is open.

We shall now prove that there does not exist a linear operator T from C(K)
to C(N*) for which (2.2) holds. This assertion is easily seen to be equivalent to
the following:

(a) There does not exist a w*-convergent sequence of measures y,,i,,--- on K
suchthat p, = 0, u,({n} x 4,) =1 and p,(K ~ {n} x A4,) =0 for every n.

We shall show here that the following stronger assertion is valid.

(b) There does not exist a w*-convergent sequence of finite measures p,,u,, -
on f(H™) such that u,(4,) = 1 and such that the support of u, is contained in 4,
for every n.

That (b) = (a) follows from the fact that if fe C(B(H")) then the function f is
an element of C(N* x B(H")) where f(y,y) = f(»), ye N*, yeB(H").

For the proof of (b) we shall need the following, certainly essentially known,
lemma.

LemMA 3.2. Let {u,},=, be a sequence of finite measures on [ — 1,1]. Assume
that for every bounded and continuous function g from R into itself

1
lim g(nt)du,(®)
1

n—+o -
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exists. Then for every ¢ >0
lim |, |({t: [t]| > eh=0.
n— o0

(|,ul(B) denotes the total variation of u on the set B.)

Proof. Assume there is a 6 >0 and a sequence n; <n, <ny--- of integers
such that l;t-,,k[({t: |t| > ¢}) > 5. We may assume that en, ., > n, for every k.
Let 6, = C(R) satisfy |0,(t)| S 1 for every t, () #0 = em,<|t| <m, and
JL10(m)du, () > 6/2. Let g(t) = L%, g0,(t) with g = + 1 where the signs
&, are chosen inductively so that

(32 | [ souauno~ [ son-stin | >op.

This is possible since changing the sign ¢, does not change the value of

1
j 8n- s, (0,

while

1
[ etnunau, o

is changed by at least 8. But (3.2) contradicts our assumption and thus we have
proved the lemma.

We pass to the proof of statement (b). Suppose (b) were false. In view of the
definition of A, there would be, for every n, a measure v, on the set

Sn = {y: yest y= (yl,yZ’ "',}’,,,0,0,0, "'), " y " = 1}
with v,(S,) =1, such that for every bounded f in C(H") the following limit
(3'3) lim f(nJ’n”}’z"",nJ’mn,O,O,"')d"n()’)
n— oo S,

exists. Let u = (u,u,,++,u;,0,0---) be any point in H” with only a finite number
of nonzero coordinates. We claim that for every ¢ > 0

(34 l_i}f) [va]({y: y €S0y |, )| > €D =0.

Indeed, let g(t) be any bounded function in C(R). Then f(y)=g((u,y)) is a
bounded function in C(H"). Hence, by (3.3),

n— o

k
@3.5) lim g (n > u,y,) av,(y)
S, i=1

exists. Consider now the measures p, on I=[ —|u|,|u|] defined by p,(4)
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=v,({y: yeS,, (u,y) € A}) for every Borel subset A of I. By applying Lemma 3.2
to the measures p, we see that (3.5) implies (3.4).
It follows from (3.4) that for every ¢ > 0

(3.6) lim ( J‘ arctg(n(u, y) + ne)dv,(y) — nv;,(S,,)/2) =0,
n-o Sn

and

3.7 lim (f arctg(n(u,y) — ne)dv,(y) + nv,,(S,,)/2) =0.

By (3.6), (3.7) and an easy inductive argument it follows that there is a sequence
ny < n, < n,--- of integers such that if & is the point in H" defined by

N {(—1)"/2"+l ifi=n+1, k=0,1 ---,
u; =

0 for all other i,
then

(3.8) J;

"k

= /4, k even,

arctg| n Ekz’i : + myily, )dv,, {
g( el iy kn+1 NE)) < — /4, k odd.

But (3.8) contradicts (3.2) for the function f defined by f(y) = arctg(u,y). This
concludes the proof of assertion (b) and thus of the nonexistence of an operator
T satisfying (2.2).
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