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SHAPE PROPERTIES OF WHITNEY MAPS
FOR HYPERSPACES

HISAO KATO

ABSTRACT. In this paper, some shape properties of Whitney maps for hyperspaces
are investigated. In particular, the following are proved:

(1) Let X be a continuum and let § be the hyperspace 2% or C(X ) of X with the
Hausdorff metric. Then if « is any Whitney map for §, for any 0 < s < 1 < w(X)
w7 !(t) is an approximate strong deformation retract of w}([s,t]). In particular,
Sh(w™! (1)) = Sh(w™!([s, 1])).

(2) Pointed 1-movability is a Whitney property.

(3) For any given n < oo, the property of (cohomological) dimension < 7 is a
sequential strong Whitney-reversible property.

(4) The property of being chainable or circle-like is a sequential strong Whitney-
reversible property.

(5) The property of being an FAR is a Whitney property for 1-dimensional
continua.

Property (2) is an affirmative answer to a problem of J. T. Rogers {16, 112].
Properties (3) and (4) are affirmative answers to problems of S. B. Nadler [20,
(14.57) and 21).

0. Introduction. By a continuum we mean a compact connected metric space. For a
given continuum X, by the hyperspaces of X we mean

2% = {4 c X| A is a nonempty closed subset of X }s
C(X)= {4 €2¥|Aisconnected},

which have the Hausdorff metric p ¢ (see [20]). The term mapping is a continuous
function. Let § = 2% or C(X). A mapping w: § — [0, w(X)] is called a Whitney
map for © [20 or 31] provided that the following conditions are satisfied:

(a)if 4 € Band 4 # B, then w(A4) < w(B),

(b) w({x}) = 0 for each x € X.
In 1932, H. Whitney [31] showed that Whitney maps always exist. The notion of
Whitney map is a convenient and important tool for hyperspace theory. A topologi-
cal property P is said to be a Whitney property [20 or 21] provided that whenever a
continuum X has property P, so does w™'(¢) for each Whitney map w for C(X ) and
0 <7 < w(X). It is well known that connectibility is a Whitney property. If w is a
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Whitney map for § = 2¥ or C(X), then Whitney levels w~ (1) are coverings of X
which, as r gets close to zero, converge to w '(0) = X. Hence, it is of interest to
obtain information about the structure of Whitney levels and determine those
properties which are preserved by the convergence of positive Whitney levels to the
zero level. A topological property P is said to be a strong Whitney-reversible property
[20 or 21] provided that whenever X is a continuum such. that w™!(¢) has property P
for some Whitney map « for C(X) and for 0 <t < w(X), then X has property P.
The notions of Whitney property and strong Whitney-reversible property are “con-
verses” to each other. A topological property P is said to be a sequential strong
Whitney-reversible property [20 or 21] provided that if X is a continuum such that
there is a Whitney map w for C(X) and a decreasing sequence {7,},_,, — 0as
n — oo such that w™'(z,) has property P for each n, then X has property P. Clearly,
sequential strong Whitney-reversible property implies strong Whitney-reversible
property.

The purpose of this paper is to investigate Whitney properties, strong Whitney-
reversible properties and sequential strong Whitney-reversible properties.

In [20], S. B. Nadler proved that the property of being arcwise connected is a
Whitney property. In relation to this result, J. T. Rogers had the following problem
[16, 112]: Is the property of being pointed 1-movable a Whitney property? In the
first section, we show that for any continuum X and any Whitney map  for 2% or
C(X), w™ (1) is an approximate strong deformation retract of w (s, t]) for0 < s <
t < w(X). As a corollary, it is shown that Rogers’ problem has an affirmative
answer. Also, it is shown that some shape properties are sequential strong Whitney-
reversible properties, e.g., the property of being approximately n-connected (= AC™)
or fundamental dimension < n, etc. In [21], S. B. Nadler proved that for any given
n < oo, the property of dimension < n is a strong Whitney-reversible property. He
had the following question [21, (2.10)]: Is the property of dimension < n a sequen-
tial strong Whitney-reversible property? In the second section, we show that for a
given ANR M, the property of being extendable with respect to M is a sequential
strong Whitney-reversible property. As a corollary, we obtain that the property of
(cohomological) dimension < 7 is a sequential strong Whitney-reversible property.
In [10]. J. Krasinkiewicz showed that the property of being chainable or proper
circle-like is a Whitney property. In [20, (14.57)], S. B. Nadler asked if the converses
to Krasinkiewicz’ results are true, i.e., is the property of being chainable or circle-like
a (sequential) strong Whitney-reversible property? In [21, (5.5), (5.7) and 33}, it was
shown that the answer to this question is “yes” in the hereditarily indecomposable
case and in the hereditarily decomposable case. In §3, we show that the property of
being chainable or circle-like is a sequential strong Whitney-reversible property. In
[22], A. Petrus showed that the property of being an FAR is not a Whitney property.
More precisely, she showed that there exist a 2-dimensional FAR X (in fact, X = a
disk) and a Whitney map w for C(X) such that w~}(t) is not an FAR for some
t € (0, w(X)). Also, she proved that if X is a dendrite (= 1-dimensional AR), then
for any Whitney map w for C( X), w~1(1) is contractible for each ¢ € [0, w( X)]. She
had the following question: Is the property of being contractible a Whitney property
for 1-dimensional continua? In §4, we prove an “approximation theorem for
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Whitney maps.” By using this theorem, we show that the property of being an FAR
is a Whitney property for 1-dimensional continua. In the last section, we give some
problems that are related to this paper.

Almost all of the results in this paper are proved by the ideas and techniques of
ANR and shape theories. The author believes that those theories are also very useful
when studying the structures of Whitney maps.

We refer readers to [1, 4, 8 and 18] for shape theory and strong shape theory, and
to [20] for hyperspaces theory.

1. Shapes of w'(¢) and w™'([s, t]). In this section, we show that for any Whitney
map «: © — [0,w(X)] for © = 2% or C(X), w’!(z) is an approximate strong
deformation retract of w™([s, t]) for 0 < s < ¢ < w(X). In particular, Sh(w (1)) =
Sh(w™'([s, t]). As a corollary, it is shown that pointed 1-movability is a Whitney
property. Also, it is shown that some shape properties are sequential strong Whit-
ney-reversible properties.

A subcompactum X of a compactum Y is said to be an approximate strong
deformation retract of Y provided that for any ANR M containing Y, there exist
mappings 7: Y X [0,00) > M and D: Y X [0, 00) X I — M satisfying the conditions

(%) r(x,1) = x for x € X and ¢ € [0, c0), and for any neighborhood U of X in M
there is a real ¢, > 0 such that (Y X [#y,0)) C U,

(%) D(x,t,5)=x forx € X, t €[0,00), and s € [, D(y,1,0)=y, D(y,t,1) =
r(y,t) for y € Y and t € [0, 0), and for any neighborhood V of Y in M there is a
real ¢, > 0 such that D(Y X [t,,00) X I) C V.

Clearly, the inclusion i: X < Y is a (strong) shape equivalence (e.g., see [1, 4, 8 or
18]). Hence Sh( X) = Sh(Y). A continuum X is said to be pointed 1-movable [13 or
18] provided that for any ANR M containing X and each neighborhood U of X in
M, there is a neighborhood ¥ C U of X in M such that each loop in (¥, x,) can be
deformed within (U, x,) into any neighborhood of X in M. It is well known that
planar continua are pointed 1-movable but nonplanar circle-like continua are not
pointed 1-movable. Let X be a continuum and x, y € X. Then we say that x and y
are joinable in X [13 or 18] provided that for any ANR M containing X, there is a
mapping ¢: I X [0, 00) > M satisfying the condition

@(0,1) = x, ¢(1,1) = y for each ¢ € [0, 00), and for each neighborhood U of X in
M there is a real ¢, > 0 such that (I X [£500)) C U.

Such a map ¢ is called an approximate path from x to y in X. If each pair of
points of X is joinable in X, then X is said to be Jjoinable.

Note that the properties of being “approximate strong deformation retract” and
being “joinable” are not dependent on the choice of ANR M and embeddings of X
and Y into M (cf. [1 and 13]).

In relation to pointed 1-movability and joinability, J. Krasinkiewicz and P. Minc
proved

(1.1) (J. Krasinkiewicz and P. Minc [13)). 4 continuum X is pointed 1-movable if
and only if X is joinable. In particular, arcwise connected continua (more generally,
A-connected continua) are pointed 1-movable.
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The following result will be used many times in this paper.

(1.2) (L. E. Ward, Jr. [30)). If Y is a continuum and X is a subcontinuum of Y, then
any Whitney map for C(X) (resp. 2%) can be extended to a Whitney map for C(Y)
(resp. 2¥).

The main result in this section is the following

(1.3) THEOREM. Let X be a continuum and let w: © — [0, w(X)] be any Whitney
map for © = 2% or C (X ) Then w™\(t) is an approximate strong deformation retract
of w'([s.1]) for 0 < < w(X). In particular, Sh(w™'(1)) = Sh(w (s, 1])).

(1.4) THEOREM. Let X be a continuum and let w: C(X) — [0,w(X)] be any
Whitney map for C(X). Suppose that A;, A, € w ([0, 1,]) for some t, € [0, w(X)]
and A, and A, are joinable in w'([0,¢,]). If B,, B, € w’!(t;) for t, > t, and
A,N B, #+ @ (i = 1,2), then B, and B, are joinable in w™'(1,).

As a corollary of (1.1) and (1.4), we have

(1.5) COROLLARY. For any Whitney map w for C(X), if w™'(t) is pointed
1-movable for some t € [0, w( X)), then w™*(t) is also pointed 1-movable for t’ > t. In
particular, the property of being pointed 1-movable is a Whitney property.

Proor oOF (1.3). For simplicity, we assume that s = 0. The case s > 0 will be
proved by the same method. Suppose that X is lying in the Hilbert cube Q =
[1%2,[-1,1]. Choose a decreasing sequence X; O X, D X; D --- of Peano continua
such that for each n, X, is a closed neighborhood of X in Q and X = N, X,. By
(1.2), there is a Whitney map p: ' — [0, n(Q)] which is an extension of w, where
D' =29if ©=2% and § = C(Q)if © = C(X). By [32], © is an ANR. Set
px =KD, where §,=2%if $=2% and 9, = C(X ) if § = C(X). Clearly,
px, is a Whitney map for $,. Note that p () D py() D px()D -+ and
‘l(t) = ﬂ,,_lpx(t) Now, for each n = 1,2,..., we shall construct mappings r,:
@ 1[0, t]) = p3 (t) and homotopies F,: w“([O t]) X I - py (t) such that r,|w™!(2)
= the identity mapping on w™!(z) and F,: r, =r,,, tel. 1(t) in py(¢). Since X,
is a Peano continuum, X, has a convex metric d,,. Asin [5, (1.2) Theorem] define a
homotopy K, : &, X [0,00) = §, by letting

K,(A4,s)={x€X,|d,(x,a) <sforsomea € 4}.
For each n = 1,2,..., define a function r,: w™'[0,t]) = p3(¢) by
r.(A4) = K, (4,87(4)), wherepy(K,(4,0"(4)))=1.

Then we can easily see that r, is continuous (cf. [5, (3.1) Proposition]).
Next, we shall construct homotopies F, (n = ..). For this purpose, we need
to define homotopies R,: @ }([0,t]) X I = p7y ([0 t]) (n =1,2,...)by

R,(A.s) =K, (4,6/(4)), wherepy(K,(4,6/(4))) =5 1+(1 = s5)ux(4).

By a way similar to [5, (3.1) Proposition], R, is continuous. Note that R (A 1=
r,(A) foreach 4 € w!([0, 1]). Also, define homotoples S,: @ 1([0,£]) X I - py ([0 t)
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(n=1,2,...)by
R (A,1 —2s if 0 <
5,(4,5) = | 2! ) o<y
R,..(4,2s-1) if1/2<
Set F, =r,°S,: w'([0,1]) X I > p3(1). Then we have
Fn(A’O) = ran(A’l) = rnrn(A) = rn(A)’
F(A4,1)=r,R,,,(4,1) =rr,(4) =r,.,(4) for4 e w([0,7]),
and

<1/2,
s< 1.

F(A,5)=A ford€w(t)and0 <s < 1.
Hence F, (n = 1,2,...) are desired homotopies. By using F,, we can easily define a
mapping r: » ([0, ¢]) X [0, 0) = $’ satisfying condition () (see Figure 1).

0 l 2 3 -]
w-—l([o’ t]) M Fl 72 FZ 73 F3 Ya F4
Y
\'d
©I
FIGURE 1

Next, we shall construct a mapping D: w ([0, 2]) X [0, 0) X I — & satisfying
condition (x*). For n = 1,2,..., define mappings T,: w™'([0,1] X I X I - py([0,])
by

T;r(A’ S, S’) = Kd,,(Sn(A’ S), 05'}(Sn(A’ S))),
where
b Ka(S,(4,9),02(5,(4,5))) =5 - 1 +(1 = ')y (5,(4.5)).
By using the homotopies 7,,, we can easily obtain homotopies D,: ([0, 7]) X I X I
= p%.((0, #]) such that
D,(A,s,0) =4, D,(A4,s,1)=F,(A,s),

D,(4,0,5s") = R,(4.5"),  D,(4,1,5')=R,,,(4,s")
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for A € w ([0, t]), and
D,(A,s,5')=A ford € w!(t)and0<s, s <1.

By using D,, we can define a mapping D: « ([0, ¢]) X [0, 00) X I = & satisfying
condition (=) (see Figure 2).
To prove (1.4), we need the following lemma.

(1.6) LEMMA. Let X be a subcontinuum of a continuum Y and let x, y € X. If X is
an approximate strong deformation retract of Y, and x and y are joinable in Y, then x
and y are also joinable in X.

PROOF. Assume that M is an ANR which contains Y. Let y: Y X [0, 0) = M be
a mapping satisfying condition (*). Since x and y are joinable in Y, there is an
approximate path ¢: I X [0,00) = M from x to y in Y. Since M is an ANR, there
is a neighborhood W of Y X [0, o0) in M X [0, c0) and an extension ¥: W — M of
y. By changing the parameter ¢ € [0, c0), we may assume that (p(I X {t}),t)Cc W
for each t € [0, o0). Define a mapping ¢’: I X [0, 0) = M by ¢'(s, 1) = ¥(9(s, 1), 1)
for (s,1) € I X [0, ). Clearly, ¢’ is an approximate path from x to y in X.

PROOF OF (1.4). By [7], there are segments a,: I — «~!([0, £;]) such that «;(0) = 4,
and «;(1) € w’!(z,) for i =1,2. Then e, (1) N B; # @ (i = 1,2), hence by [20,
(14.8.1)] there exist arcs B, in w™'(¢;) from a,(1) to B, (i = 1,2). Since 4, and A, are
joinable in w™!([0,¢,]), B, and B, are joinable in & !([0, #,]). By (1.3) and (1.6), B,
and B, are joinable in w!(#,). This completes the proof.

0 F, 1 F, 2 F, 3 F, + o

w™1([0,1])

A\
@I

FIGURE 2
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(1.7) REMARK. In (1.4) and (1.5), we cannot replace “ Whitney map for C(X)” by
“Whitney map for 2% In fact, it is well known that there is a Whitney map «:
2! - [0, w(I)] such that for some ¢t € (0,w([)), w~I(¢) is not connected (see [20,
(14.61))).

(1.8) EXAMPLE. It is easily seen that if X is a Peano continuum, then for any
Whitney map w for § = 2% or C(X), w™'(¢) is a strong deformation retract of
w([s, 1]) for 0 < s < t < w(X). For such a case, this is a stronger result than (1.3):
But, if X is not a Peano continuum, w!(¢) is not always a strong deformation
retract of w !([s,?]). Moreover, w™!(¢) is not always homotopy equivalent to
@ !([s, t]). Consider the following subsets X, Y in the plane E*> and Z in the
Euclidean 3-dimensional space E* (see Figure 3).

X = Cl{(x,sin[1/x]) € E?|0 <x <1}
UCI{(x,2 + sin[1/x]) € E*| -1 < x < 0},
Y = CI{(X,sin[1/x]) € E2|0 < x <1} U{(0,y) € E*|1 <y <2}
UCI{(x,3 + sin[1/x]) € E*| -1 < x < 0},
Z = the mapping cylinder of the mapping f: Y — X defined by f | 4
={(0,y)eE*|1<y<2
= the constant map to the point (0,1) € E* and f|Y — A is one-to-one.

Let w be any Whitney map for C(X). Then there is ¢, € (0, w(X)) such that if
0 < t < t,, then w™(¢) is homeomorphic to Y (see [20, (14.43.2))). Also, @ I([0, t]) is
homeomorphic to Z. Since w'([0, ¢]) is homotopy equivalent to & '(0) = X and X
and Y are not homotopy equivalent, w™!(f) = Y is not homotopy equivalent to
w ([0, t]). Note that for some & > 0 and any ¢ € (0, w(X)) there is no mapping g:
w1(0) > w7!(z) such that p4({x}, g({x})) < e for x € X (cf. (3.1)).

In (1.3), if s = 0 and ¢ = w( X), we have the following well-known result.

(1.9) (J. KRASINKIEWICZ [12)). If X is a continuum, then Sh(C(X)) = Sh(2¥) = ».

(1.10) COROLLARY. Let X be a continuum and let w be a Whitney map for © = 2X
or C(X). Suppose that t, >t,>ty> --- s a decreasing sequence of positive
numbers in [0, w(X)] andt = lim,, _, _ t,. Then

(1) (S. B. NADLER [21] 0rR A. KoYaMa [9)). If w7X(¢,) is contractible with respect to
an ANR M, then w™! is contractible with respect to M. In particular, the property of
being an FAR is a sequential strong Whitney-reversible property.

(2) (S. B. NADLER [21]). If H(w7!(1,)) = 0, then Hi(w™}(2)) = 0.

(3) If w™X(t,) is approximately m-connected (= AC™), then w™(t) is AC™

(4) If pro-H(w'\(1,)) =0, then pro-H(w (1)) =0. Also, if H(w'(1,)) =0,
then H.(w™(1)) = 0.

(5) If Fd(w™X(t,)) < m, then Fd(w™'(¢)) < m.

(See [1 and 18] for the definitions in statements (3), (4), and (5).)
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3

FIGURE 3

PrOOF. Note that w™!(r) = N®_,w (1, t,]). The proof follows from the following
commutative diagram in shape category (see [1, 18] for the definition of shape
category):

wlea]) e WNnn]) e WNng]) e
n l T l‘zl T nl T
w(1y) - w™(1,) < wl(ty) o«

rle(e) nlwl(e)



SHAPE PROPERTIES OF WHITNEY MAPS FOR HYPERSPACES 537

where r,: w7!([t,1,]) = w7(2,) is a (strong) shape equivalence that is induced by the

maping r,: @ '([£,7,]) X [0,00) > §’ as in the proof of (1.3). By continuity of
shape, (1)-(5) are easily proved.

(1.11) COROLLARY. Let X be a continuum and let w be any Whitney map for § = 2¥
or C(X). If X is an FANR, there is t, € (0, w( X)) such that Sh(X) < Sh(w~'(¢))
for eacht € [0, t,].

PROOF. Since X is an FANR, by [3], there is ¢, € (0, w( X)) such that w(0) is an
approximate retract of w~([0, ¢,]), i.e., there is a mapping r: & !([0, #,]) X [0, 00) —
M satisfying condition (*), where M is an ANR that contains «w!(0). Hence »}(0)
is (strong) shape dominated by w7([0,¢,]). Since w'([0,]) is (strong) shape
equivalent to w~!(¢), X is (strong) shape domainated by w™!(¢) for 0 < ¢ < ¢,.

(1.12) ExaMpLE. In the statement of (1.11), we cannot conclude that Sh(X) =
Sh(w~!(2)) for 0 < 7 < t,. Consider the following sets (see [22, Example 5]. In the
Euclidean 3-dimensional space E3, let 4, = {(x, y,z) € E}|x?+y? =1, z =0}
and 4, = {(x,y,2) € E}|x*+y?=1,2z=1/2""1}(n=1,2,...). Let X, be the
annulus that is contained in the sphere with center (0,0,3/2"*!) and radius

1 +(1/2"*!) and is bounded by circles 4, and 4,,,. Let Y =U%_ X, Z =
{(x,y,z)€ E3|x*+y?<land z=1},and T= Y U Z. Let P, be paths in E3
and let 7,, be a reduced copy of T in E? such that lim diam 7, = 0, lim diam P, = 0,
PNP=0, TNT,=@ (i#j) and PNT, = {x}, bNT_, = {x} as below
(see Figure 4). Set X =UZ_, P, UU%., T,. Note that X is an AR, hence an FAR.
Let S, = {(x,y,2)€ E3|(x — (3/2"")2 +y =(1/2""1)?} (n=1,2,...) and
let S =U%.,S, (see Figure 4). Let w: C(X) — [0, w(X)] be the Whitney map for
C(X) as defined by [31] and the usual Euclidean metric. Then, by similar argument
as in [22, Example 5], there is a decreasing sequence ¢, > t, > --- of positive
numbers in [0, w(X)] such that limz, = 0 and for each n there exist mappings f,:
wl(z,) > S and g,: S - w(z,) such that f,g, = 1. Since S is not an FANR,
w7l(¢,) is not an FANR, i.., the property of being FANR is not a Whitney
property. Also, Sh(w™(¢,)) # Sh(X) = *.

In [29)], J. T. Rogers showed that there is always a monomorphism H'(w™(¢)) =
H'(X) for any continuum X, any Whitney map « for C(X), and 0 < 7 < w(X). In
[15), A. Y. Lau showed that if X is a 1-dimensional continuum and H'( X) is finitely
generated, then there is 0 < ¢ < w(X) such that H(X)= HY(w '(s)) for each
s < t. Now, we shall give more precise information about the morphism H(w™'(¢))
— H'(X) and show that in the result of Lau the condition that X is 1-dimensional
is not essential.

Let r: w™!([s,]) X [0, 0) = &’ be the approximate retraction from w~!([s, t]) to
w7!(t) as in the proof of (1.3). Let f,,: w™!(s) = w™(¢) be the shape morphism
induced by the restriction r|w™(s) X [0, ). Note that f,,f,, = f,, for s<t < u.
Then we have the following

(1.13) CorOLLARY (CF. J. T. ROGERS [29] AND A. Y. LAU [15])). Let X be a
continuum and let w be any Whitney map for C(X). Then H(f,): H'(w \(1)) >
H(w™Y(s)) is a monomorphismfor 0 < s < t < w(X).
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FIGURE 4

PRrOOF. Consider the following exact sequence of Cech cohomology:
. . 'y
(&7 1([0,11).7(0) » B (w7 ([0.11) = B (07(0)),

where i: w'(0) = w’!([0,¢]) is the inclusion mapping. By [15, Theorem 2],
H'(w™Y([0, 1]), @ '(0)) = 0. Hence H'(i) is a monomorphism. By using the homo-
topy D (see the proof of (1.3)), we can easily see that jf,, = i, where j: w™'(t) -
w7 ([0, 1]) is the inclusion mapping. Since j is a shape equivalence, H'(f,,) is a
monomorphism. Let 0 < s < t. Since f,, = f,,f,.» H'(f,,) is a monomorphism.
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(1.14) COROLLARY. Let X be a continuum and let w be any Whitney map for C( X).
Suppose that H'(X) is finitely generated. Then for any s € [0, w(X)), there is s’ > s
such that H\(f,,): H'(w™\(1)) > HY(w™!(s)) is an isomorphism for each s < t < s'.

PROOF. Since H'(f,,): H'(w™'(s)) » H'(X) is a monomorphism, H'(w™'(s)) is
also finitely generated. We may assume that H'(w™!(s)) = [w™!(s), S'], where S" is
a circle and [Y, Z] denotes the homotopy classes of mappings from Y to Z. Let [g;],
(8] --..[g,] be generators of H'(w™'(s)), where g;: w™'(s)— S is a mapping
(i=1,2,...,n). Since S! is an ANR, there is s’ > s and extensions g;: ™ '([s,s])
- S'(i=1,2,....n)of g. Let s <t < s". Then H'G)([g]) =[g](i=12,...,n),
where it w(s) = w }([s,t]) is the inclusion mapping. Hence H(i) is an epimor-
phism. Note that i = jf,, where j: w (1) = w ([s, t]) is the inclusion mapping.
Hence H'(i) = H'(f,)H'(j), which implies that H'(f,,) is an epimorphism. By
(1.13), H'(f,,) is an isomorphism. This completes the proof.

(1.15) ExaMpLE. In the statement of (1.14), we cannot omit the condition that
H'(X) is finitely generated. Consider the set X = U%_, S, in the plane E?, where S,
is the circle in E? with center ((n — 1)/n,0) and radius 1/n. Note that HY(X)is
not finitely generated. Now, we shall show that for each ¢ € (0, w(X)], H'(f,,):
H'(w™\(t)) > H\(X) is not an epimorphism. Consider the morphism H'(i):
[« ([0, t]), S'] = [ X, S!], where i: X < 7 }([0, 7]) is the natural inclusion mapping.
Since lim,, _,  diam S, = 0, there is n, such that C(S,) C w™'([0, ¢]) for n > n,. Let
g,. X = S' be a mapping such that g,|S, = a homeomorphism. Since C(S,) is a
disk, Image H'(i) ? [g,] (n > n,). Since i =jf,, and j is a shape equivalence,
Image H'( f,,) ? [g,] (n > n,). Hence H'( f,,) is not an epimorphism.

2. Extendability with respect to an ANR. In [21], it is shown that for any given
n < oo, the property of dimension < n is a strong Whitney-reversible property.
Also, S. B. Nadler had the following question [21, (2.10)]: Is the property of
dimension < n is a sequential strong Whitney-reversible property? In this section,
we prove that the property of being extendable with respect to an ANR M is a
sequential strong Whitney-reversible property. As a ‘corollary, it is shown that
Nadler’s question has an affirmative answer.

Let M be an ANR. A continuum X is said to be extendable with respect to M
provided that for any closed subset 4 of X and any mapping f: 4 — M, there
exists an extension f: X - M of f.

The following is the main theorem in this section.

(2.1) THEOREM. Let M be an ANR and let X be a continuum. Suppose that :
© > [0,w(X)] is a Whitney map for © =2% or C(X) and t;, >t,> -+ is a
decreasing sequence of positive numbers in [0, w( X)) such that limt, = t. If w”'(¢,) is
extendable with respect to M, then w™'(t) is extendable with respect to M.

If we consider the case § = C(X) and M = n-sphere S” or M = the Eilenberg-
Mac Lane complex K(Z, n), then we have the following

(2.2) CoRrOLLARY. For any given n < co, the property of (cohomological) dimen-
sion < n is a sequential strong Whitney-reversible property.



540 HISAO KATO
To prove (2.1), we need the following

(2.3) J. L. KeLLEY [7, (1.5)]). Let X be a continuum and let w be any Whitney map
for © = 2% or C(X). Then for any ¢ > 0O there is n(e) > O such that if A, B€ §,
A C B, and w(B) — w(A) <n(e), then py(A, B) < ¢, where pg denotes the Haus-
dorff metric on .

(2.4) THEOREM. Let X be a.continuum and let w be any Whitney map for © = 2% or
C(X). Suppose that M is an ANR that contains ©. Then, for any € > 0 there is
n(e) > 0 such that if 0<t<t' <w(X) and t' —t <n(§), then w (') is an
e-approximate strong deformation retract of w™* ([¢,1’]) in M.

Let Y be a compactum in an ANR M. A subcompactum X of Y is said to be an
e-approximate strong deformation retract of Y in M provided that there exist
mappings r: Y X [0,00) > M and D: Y X [0,0) X I = M satisfying conditions
(*), (**) and

(%+) d(y,D(y,s,t))<e foranyy€ Y,s € [0,00)and t € 1.

Note that Y is contained in the e-neighborhoad of X in M.

SKETCH OF THE PROOF OF (2.4). Assume that X is lying in the Hilbert cube Q and
p: ©’ — [0, (Q)] is an extension of w, where ' =29 or C(Q). Let i: U - M be
an extension of iy: § — §, where U is a neighborhood of § in &’. Choose ¢’ > 0
such that if p.(A4, B) < ¢, then d(i(A4),i(B)) < e. By (2.3), there is (¢’) > 0 as in
(2.3) for p: o’ — [0, n(Q)]. We shall show that n(e’) is a desired positive number.
Let ¢, ¢’ €[0,w(X)], t <t’, and ¢' — ¢t < n(¢'). In the proof of (1.3), we can see
that r,(4) D> A, R,(A,s)D A, S,(A,s)D A, and F,(A,s)D A for each n =
1,2,..., A€ w'(1,1']), and 0 < s < 1. Hence we conclude that D(A4,s,s’) D A
for A € w™!([¢,1']), s € [0, ), and s’ € I. Note that p(D(4,s,s’)) — p(A4) < n(&).
By (2.3), py(D(A4,s,s’), A) < & for A € w™!([¢t,¢']). Without loss of generality, we
may assume that D(w '((t,7’]) X [0,00) X I) C U. Then D = io D: w7 }([t,']) X
[0, o0) X I — M is a desired mapping.

PROOF OF (2.1). Let N be an ANR that contains H. Let A be any closed subset of
wl(¢) and f: A > M be any mapping. Since M is an ANR, there is a closed
neighborhood U of A in N and there is an extension f;: U > M of f. Take a
positive number & such that {4 € N |d(A, B) < ¢ for some B€ A} C IntU. Let
n(e) be the positive number as in (2.4). Choose ¢, such that r, — ¢t < n(e). Since
w~!(t,) is extendable with respect to M, there is an extension g: w™'(z,) = M of
f, lU N w7\(z,). Since M is an ANR, there is a neighborhood W of «w~'(z,) in N and
an extension §: UU W —> M of g and f,. By (2.4), there is a mapping D:
w1([t,1,]) X [0,00) X I = N satisfying conditions (*), (++) and (***). Choose s, €
[0, ) such that D(w™}([t,1,]) X [s4, 00) X {1}) € W. Consider the homotopy H:
w 1(t) X I > N defined by H = D|w™(t) X {50} X I. Then H(A,0) = A, H(A4,1)
€ W, and d(H(A,s),A) <e for A € w!(¢) and 0 < s < 1. Note that H(A X I)
C IntU. Let V be a neighborhood of A in w~!(7) such that H(V X I) € U. Choose



SHAPE PROPERTIES OF WHITNEY MAPS FOR HYPERSPACES 541

a mapping a: w~'(t) = I such that a(4) = 0if 4 € A and a(4) = 1if 4 € wI(1)
— V. Then H(A,a(A)) € UU W for A € w!(t). Define a mapping f: w!(t) > M
by

f(A4)=gH(A,a(A)) for A € wi(t).

Clearly, f is an extension of f. Hence w~!(¢) is extendable with respect to M. This
completes the proof.

3. The property of being chainable or circle-like is a sequential strong Whitney-
reversible property. In [10], J. Krasinkiewicz proved that the property of being
chainable or proper circle-like is a Whitney property. In [20, (14.57)], S. B. Nadler
asked if the converses are true, i.e., is the property of being (a) chainable or (b)
circle-like a (sequential) strong Whitney-reversible property? In [21, (5.5), (5.7) and
33], it was shown that the answer is “yes” in the hereditarily indecomposable case
and hereditarily decomposable case. In this section, we show that the property of
being chainable or circle-like is a sequential strong Whitney-reversible property.

In this section, we need the following definitions. A mapping f: X — Y between
compacta is said to be an e-mapping provided that for each y € Y, diam f1(y) <e
(f ~}(y) may be empty). In this paper, “e-mapping” does not imply “surjective.” Let
B be a given ANR-family. A compactum X is said to be weak B-like provided that
for each € > 0 there is an e-mapping from X to some P € 8. A compactum is said
to be B-like provided that for any £ > 0 there is an onto e-mapping from X onto
some P € P.

First, we show the following

(3.1) THEOREM. Let X be a continuum and let w be any Whitney map for § = 2% or
C(X). Suppose that t; > t, > --- is a decreasing sequence of positive numbers in
[0, w( X)) such that t = limt,. If w’!(t,) is weak R-like, then w™\(t) is also weak
R-like.

For the case § = C(X), we have the following

(3.2) COROLLARY. The property of being weak WR-like is a sequential strong
Whitney-reversible property.

Note that X is weak arc-like if and only if X is arc-like (chainable), and X is
weak tree-like if and only if X is tree-like. Hence by (3.2), we have the following
which is an affirmative answer to [20, (14.57) and 21, (3.6)].

(3.3) COROLLARY. The property of being chainable or tree-like is a sequential strong
Whitney-reversible property.

To prove (3.1), we need the following simple lemma. For completeness, we give
the proof.

(3.4) LEMMA. Let X be a subcompactum of a compactum Y. Let f: X — Z be an
e-mapping and let f: Y — Z be an extension of f. Then there is a closed neighborhood
Uof Xin Y such that f |\U: U - Z is an e-mapping.
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PROOF. By the compactness of X, there is a positive number ¢ such that g <€
and f: X — Z is an ¢-mapping. Choose 8 > 0 such thatif 4 C Z and diam 4 < §,
then diam f “!(A4) < ¢,. Take 8" > 0 such that if x, y € Y and d(x, y) < &, then
d(f(x), f(y)) < 8/2. Define a neighborhood U of X in Y by letting

U= {y € Y|d(y,x) < min{(e —¢)/2,8"} for some x € X}.

We shall show that f|U: U - Z is an e-mapping. Let x, y € U and f(x) = f(y).
Take points x” and y’ of X such that d(x,x’) < 8’ and d(y, y’) < é’. Then we
have

d(f(x). /() <d(f(x). f(x)) + d(7(y). [(»)) < 8.

which implies that d(x’, y’) < ¢,. Also, we have

d(x,y) <d(x,x')+d(x' y") +d(y", y)
<(e—g)/2+¢ +(e—¢)/2=¢.

Hence f |U: U > Z is an e-mapping.

PrROOF OF (3.1). Let ¢ > 0. Assume that M is an ANR that contains §. By (2.4),
there is a positive number n(e/3) such that if 7, 1" € [0,w(X)] and 0 < ¢’ — 1 <
n(e/3), then w~!(¢") is an (e/3)-approximate strong deformation retract of w™!([7,1'])
in M. Choose ¢, such that ¢, — t < n(e/3). Since w™'(1,) is weak P-like, there is an
(e/3)-mapping f: w !(z,) = P for some P € ‘B. Since P is an ANR, by (3.4) there
is a neighborhood U of w™!(¢,) in M and there is an extension f: U > Pof f which
is an (&/3)-mapping. Let r: w7!([t,1,]) X [0,00) > M be a mapping satisfying
conditions (*), () and (***). Choose a real s in [0, 00) such that

r(w'l([t,t"]) X [s, oo)) c U.
Set g = rlw (1) X {s}: w(t) > U. Now, we shall show that fog: w'(r) > P is

an e-mapping. Let A, B € w !(1) and fg(A) = fg(B). Since f is an (&/3)-mapping,
d(g(A), g(B)) < ¢/3. Then we have

ps(A,B)<d(A,g(A4))+d(g(4),g(B))+d(g(B),B)
<e¢/3+e/3+¢e/3=c¢

Hence w™!(¢) is weak -like. This completes the proof.
Next, we shall prove the following

(3.5) COROLLARY. The property of being circle-like is a sequential strong Whitney-
reversible property. More precisely, the property of being proper circle-like or chainable
and circle-like is a sequential strong Whitney-reversible property.

To prove (3.5), we need the following definitions. A continuum X is said to be
n-decomposable provided that X is the essential sum of n continua, ie., X = X; U
X, U -+ UX,, where X, is a subcontinuum of X such that X, —U ., X, # 2. A
continuum X is said to be n-indecomposable 2] provided that X is n-decomposable
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and not (n + 1)-decomposable. Clearly, X is indecomposable if and only if X is
1-indecomposable.

(3.6) (C. E. BURGESS [2, THEOREM 7). If X is chainable, then in order that X should
be circle-like, it is necessary and sufficient that X is either indecomposable or
2-indecomposable.

(3.7) PROPOSITION. Let X be n-decomposable and let w be any Whitney map for
C(X). Then there is ty, € (0, w( X)) such that if t < t,, then w™}(t) is n-decomposable.

PROOF. Let X = 4, U 4, U --- UA, be the essential sum of n continua. Choose
points a;, (i=12,...,n) of X such that a,€ 4, —U,,, 4, Set &=
min{d(a,U,,;4,)|i=12,...,n} > 0. Choose f, € (0,w(X)) such that 4 €

w~'([0, t,]), then diam 4 < &. Consider the following sets in w™(¢) for 1 < 1,.
X(A,0,0)={Keo()|KnA4,# 2} (i=12,...,n).

By [14, 3.2 Corollary], X(A4,,«,t) is a subcontinuum of w!(z). Then w™'(t) =
" X(A,, @, t) is the essential sum of n continua, which implies that w™!(z) is
n-decomposable.

PROOF OF (3.5). By (3.2), we see that X is chainable or circle-like. Since the
property of being chainable is a Whitney property [10], the property of being proper
circle-like is a sequential strong Whitney-reversible property. Now, we must show
that the property of being chainable and circle-like is a sequential strong Whitney-
reversible property. By (3.6), it is sufficient to prove that (a) the property of being
indecomposable and chainable or (b) the property of being 2-indecomposable and
chainable is a sequential strong Whitney-reversible property. By (3.3) and (3.7), the
properties (a) and (b) are sequential strong Whitney-reversible properties. This
completes the proof.

J. Krasinkiewicz [12, 3.3 Corollary], proved that if X is circle-like, then for any
Whitney map w for C(X), Sh(X) = Sh(w™(¢)) for each ¢ € [0, w(X)). Hence, we
have

(3.8) COROLLARY. Let X be a continuum and let w be any Whitney map for C( X).
Suppose that t; > t, > --- s a decreasing sequence of positive numbers in [0, w( X)]
such that limt, = 0. If w’\(¢,) is circle-like, then X is circle-like and Sh(X) =
Sh(w™'(1)) for each 0 < t < w(X).

(3.9) ExaMPLE. In the statement of (3.1), we cannot conclude that if w7!(z,) is
P-like, then w!(¢) is B-like in the case $ = 2*. Consider the arc X in the plane as
below (see Figure 5). Let w: 2¥ — [0, w(X)] be the Whitney map for 2* as defined
by [31] and the usual Euclidean metric. Then there is a decreasing sequence
t, >1,> --- of positive numbers in [0, w( X)] such that limz, = 0 and «7!(z,) is
not connected. Hence there is a family 8 of compact polyhedra such that each
member of B is not connected and w7'(z,) is B-like (n = 1,2,...) (see [17]). Since
X is connected, X is not P-like.
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()

4. Inverse limits and approximations for Whitney maps. In this section, we consider
the relation between inverse limits and Whitney maps.

In [22], A. Petrus showed that the property of being an FAR is not a Whitney
property, more precisely, there exist a 2-dimensional FAR X (in fact, X = a disk)
and a Whitney map w for C(X) such that «7!(z) is not an FAR for some
t € (0, w( X)) (cf. (1.12)). Also, she proved that if X is a dendrite (= 1-dimensional
AR), then for any Whitney map « for C(X), w () is contractible for each
t € [0, w( X))]. She had the following question [22]: Is the property of being contract-
ible a Whitney property for 1-dimensional continua? In relation to this question, we
prove the following

FIGURE 5

(4.1) THEOREM. The property of being an FAR is a Whitney property for 1-dimen-
sional continua.

To prove (4.1), we need the following approximation theorem for Whitney map.

(4.2) THEOREM (APPROXIMATION FOR WHITNEY MAP). Let X = { X, p, ...} be an
inverse sequence of continua and let X = l(iin X. Suppose that w is a Whitney map for
= 2X or C(X). Then there exist Whitney maps w, (n > 1) for &, = 2% or C(X,)
satisfying the conditions: for any € > 0, there is n such that

d(w,w,p¥) = sup{lw(A) - w,,p,;"(A)HA = @} <e and
d("-’mP:.n»w,,) <¢ foreachn = m = n,,

where p,: X — X, denotes the projection and p¥: © — 9, denotes the mapping
defined by py(A) = p,(A) for A € .

Proor. Consider the Freudenthal space o X of X, i.e., 0X is the set X U UX_; X,
with the topology defined by assuming that the totality of open subsets of the spaces
X, and sets of the form p,"(U)UU,, ., p,}.(U), where U is an open subset of X,
(n = 1), is an open base of 0X. Then oX is a compact metric space (e.g., see J.
Krasinkiewicz, On a method of constructing ANR-sets. An application of inverse
limits, Fund. Math. 92 (1976), p. 98). Assume that oX is lying in the Hilbert cube Q.
By (1.2), there is a Whitney map p: $’ — [0, n(Q)] = [0, ) for $’ = 29 or C(Q),
which is an extension of w. Set w, = u| 9, where §, = 2% or C(X,,). Note that for
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any ¢ > 0, there is n, such that if n > m > n,, then d(iy, p,) < ¢ and d(ix, p,u..)
< ¢, where iy: X = X = ¢X is the natural inclusion and p,: X = X, = oX, etc.
By using this fact and the continuity of p, we can easily see that there exist n,
satisfying the desired conditions.

PROOF OF (4.1). Since X is tree-like, there is an inverse sequence X = { X, P, ,.1}
such that each X, is a tree and X = l(ig X. Let g, > ¢, > &5 > --- be a decreasing
sequence of positive numbers such that £¢; < co. By (4.2), without loss of general-
ity, we may assume that there are Whitney maps w, for C(X,) such that

d(w,w,p*) <e, and d(w PE s Wm) <&, form>n
Let 1 € (0, w(X)). Let 4 € ;2 ([t — T2 .18 ¢ + £2,.1¢]). Then we have

Iwnpn.n+l(A) - | \|wnpn.n+1(A) - wn+1(A)| +|wn+l(A) - t|

o0 oC
<g, + Z £ = Z,e,-.

i=n+1 i=n

Hence
otz o )
i=n
This implies that
00 )
p:.n+lw;-1!-l(|:t_ Z €,~,t+ Z Ei])c ([ Ze,,t+ ZE])
i=n+1 i=n+1 i=n

Consider the following inverse sequence w™();
wi'([t — a1 + a]) I‘,l_z“’il([t — a1+ a,]) 1‘,'2‘3“’51([’ — a3, 1+ ay]) <,

where a, = L2

=n l

Let A € w (). Then we have
|0, pX(A) — t] =|w,pF(A4) —w(A4)| <e,,
which implies that
pr(w(n)) c w'([t — et +&,]) Co([t — a1+ a,]).
Let(4,), € l(iglw“(t). Set 4 = l(il_n{A,,, Pun+1lA,:1} Then 4 € C(X). Also,
w(A4) = t] <|w(4) = w,pX(A) | +]w,p3(4) 1]
<g,+a, foreachn.

If n > o, then ¢, + a, — 0. Hence w(A) = t. Therefore, we conclude that w™'(¢) =
llmw 1(t) Smce each X, is a tree, by the proof of [22, Proposition 12 or 5, (2. 17)),

we can see that w ([t — «,,, ¢ + a,]) is an AR for each n = 1,2,.... Hence w™'(?) is
an FAR. This completes the proof.

5. Problems. In this section, we give the following problems.

(5.1) Is it true that the movability is a Whitney property?

(5.2) Is it true that the property of being pointed 1-movable, or movable is a
(sequential) strong Whitney-reversible property?

(5.3) Is it true that the property of being B-like is a sequential strong Whitney-
reversible property?
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(5.4) Is the property of being an FANR a Whitney property for 1-dimensional
continua?

ADDED IN PROOF. Recently, the author proved that (5.1) has a negative answer.
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