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§1. Introduction. _ _

Let f: X—Y be a continuous mapping onto Y. If & is a discrete collec-
tion of Y, then {f'l(d) :deD} is the -discret:e collection of X. (Theorem 1)
As a mutually exclusive opén collection of a separable space is a countable .
one, a hormal space that can be expressed as a continuous image of a separable
collectionwise normal space is the collectionwise normal space. (Theorem 2)
Ernest, Michael has prouved that each open covering G of a pointwise para-
compact collectionwise normal space X has a locally finite open covering of X
which refines G. With this results a pointwise paracompact normal ‘space
that can be expressed as a compact pseudo-open image of a separable collect-
‘tionwise normal T, space .is a paracompact space. {Theorem 3) A re_ghlar
screenable space that can be expressed as a continuous image of a separable
space is the pointwise paracompact normal space. (Theorem 4) A pointwise
paracompact normal screenable T, space is paracompact. m With this results
a normal screenable space that can be expressed as a compact pseudo open ‘image
of a Hausdorff separable space is a paracompact space.

§2. Definition _

1. Amapping f: X —7Y is cdntinuous, if the inverse of each 6pen set is
open.

2. A continuous mapping f:X—7Y is said to be pseudo- open if for
any pomt y and. any neighbourhood U of its pre image f' (y) Int £(U)
(the interior of f(U)) contains y.

3. A mapping f:X—Y is said to be compact, if for any pomt Ys f' ()]
is compact.

4. A collection D of X is said to be discrete, if for any “subcollection
D, of D, {d:d e D, } is a mutually exclusive collection and
u{d d €D }is closed c

5. A space X 1s said to be pointwise paracompact .if each open cover-

 ing ¢ of X has a point finite open covering of x which refines G.
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6. A space X is said to be screenable, if for any open covering # of X,
there exists a countable mutually exclusive open collections

H, H

1 eesese, such that ) H, refines H and covers X.

2 neklN

7. The open covering G 10 G s****++, of X are said to be developments
of X, if for any mteger n, G >Gn+1 and for any point p and any
nelghboarhood Uof p, there exists an integer m such as G (p) cu.
This space X is said to be a developable space.

8. A space X is said to be collectionwise normal, if for any discrete
collection {da}a er ? there exists a mutually exclusive open collec-
tion {Ua}ae - Such that for any o of A, d € U

9. A space X is said to be F -Screenable, if for any open covering G,

there exists a countable discrete collections Dl, D,

that ' D -~ covers Xxand 3} {d:d €D }<G.
nen nel "
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10. Let X be a developable space. A compact pseudo-open mapping
fix—y _is said to be a developable mapping (metrizable mapping),
if for any point y of Y and any open set ¥V containing y, there exists an
integer n such that if p is a point of ¥ and ¢ (f' @) f" ) #9¢,
then' Int f(G, Ceer (f(g, e c V)

§3. Theorems : _
THEOREM 1. Let f:X—>Y be a continuous mapping onto Y. If {d }

1€l -
ig a discrete collection of Y, then {f~ l(d )} zs a discrete coZZectwn of
X.
. PROOF. As f is continuous, f~ l(ZZ-.), is a closed set. Hence
S I, I -
»f' (di)Cf' (di)' For two members d d of {dfo}ze\ , dindj—tb. Hence
@0 @) =4, Hence FAINST (dj)-¢. Suppose

Ye A’{f_I(di)} (A°C A) is not closed set. -There exists a point xzeX such

that xeU, .- { f'l(di)} and ‘each open set U containing x intersects
Yien- {f (d )} Let f(x)=y. If yeu, ,. {d;}, there exists an open set U

containing y and Un(l_-lie 1% {ﬂ) =¢. Hence _f'l(U) containing x dose not

interesect U e A;{f_I(di)} If ye d (J e A) there exists an open set V

such that yeV and Vn(ui {d }) ¢. Hence f~ 1) contammg x dose
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not intersect U, ©- J.{f'l(d.)}. Let W=X~ f'l(dj) . f‘l(V)n W 1is an open

set containing x and dose not intersect U; . A’{ f—l(di)}. By this contreadic-
tion, U,

-1 . -1
161\&{ f (di) } is a closed set. Hence {f (di) }
collection of X. W

. is a discrete
1€

THEOREM 2. Let f:X—=Y be a continuous mapping from X onto normal
space Y. If X is a collectionwise normal separable space, then Y is a

collectionwise normal separable space.

PROOF. It is obvious that ¥ is separable.

Let {di}i A is a discrete collection of Y. By theorem 1, {f—l(di)}ie/\
is a discrete collection of X. As X is a collectionwise normal space, there
exists a mutually exclusive open collection {v;}; 5 such that for each 7 €A,
f"l(di) CU-::' As X is separable, {Ui}i A is a countable collection. Hence,
{di}ie p 1is a countable collection. Then {d ], ¢y  is a countable closed
discrete collection. As Y is a normal space, there exists mutually exclusive
open collection { Vi}i ep Such that for each €A, dicgcvi. Hence y is

a collectionwise normal separable space. ®

Every point-finite open Covering G of a collectionwise normal space S
has a locally finite open covering of S which refines G.

THEOREM 3. Let f:X——Y be a compact pseudo-open mapping onto a point-
wise paracompact normal space Y. If X is a collectionwise normal separable
Tl space, then Y is a paracompact separable space.

PROOF. letpand q are points of Y. As X is a Hausdorff space and f"l(p)
and f'l(q) are compact sets, f'l(p) and f~ l(q) are closed sets and
Ffe)InF@=¢. Let u=x~f1(q). Then pelnt f£(¥) and qeInt F(1).
Hence Y is a T, space. By theorem 2, Y is a collectionwise normal separable
space.

Hence Y is a pointwise paracompéct collectionwise normal separable '

space. Hence Y is a paracompact separable space. B

THEOREM 4. Let f: X—Y be a continuous mapping onto a regular screen-
able space Y. If X ie a sparable space, then Y is a pointwise paracompact
normal screenable space.
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PROOF. Let G is an open covering of Y. As Y is a regular space, for
each point y of Y there exists an open set Uy containing y and there is an

open set Vof ¢and U cV. Let g={y} .
. y Yyyel
As v is a screenable space there exist mutually exclusive open

collections Ki (Z=1,2,+++¢+) each of which refines H and 2 K covers Y.
1€ IV
For each integer < and each klE Ki k eK f' (k )nf" (k J)=¢. As X is a

separable space, for each integer 7 { f" (%) : keKi} is a countable open

collection. Hence )} K, is a countable open collection which covers Y.
1eN
Y is a regular space and each open covering G of ¥ has a countable open

covering of Y which refines ¢. Hence y is a normal space.

Let t;ﬂ K, = {Wl, W eeee+}, TFor each Wys there is an open set G,€6
such as %.eq..
i 71
1-1 =~

Let M, =G, M; =G~ uJ - Wj (2<7). {M‘L}zE y is an open covering of
Y. and each point p of Y is contained only finite member of {Mi}i ¢ - Hence

Y is a pointwise paracompact normal screenable space. B

A space X is a paracompact space if and only if X is a pointwise para-
compact normal screenable Tl space.

THEOREM 5. Let X — Y be a compact pseudo-open mapping onto a regular
screenable space Y. If X is a Hausdorff separable space, then Y i8 a para-

compact space.

PROOF. By theorem 3, Y is a T, space. By theorem 4, Y is a normal point-
wise paracompact space. Hence Y is a normal screenable pointwise paracompact
T1 space. By , Y is a paracompact space. B

Let X be a Hausdorff developable space and ¥ is a Topological space. If
f:X—Y is a developable mapping onto Y, then Y is a developable T, space.
[z] If f is a metrizable mapping onto Y, then Y is metrizable, E]

THEOREM 6. Let f: X —Y be a developable mapping onto a regular screen-
able space Y. If X is a Hausdorff separable developable space, then Y ig

metrizable.
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PROOF. By theorem @, Y is a developable T, space. By theorem 4, Y is
a normal space. Hence Y is a normal screenable developable T, space. Then
Y is metriable. N

COROLLARY 1. Let f:X—Y be a compact pseudo-open mapping onto a
normal Fo-screenable space Y. If X is a separable collectiomwise normal

T, epace, then Y is a paracompact space.

COROLLARY 2. Let f:X —Y be a continuous mapping onto a normal Moore
space Y. If X is a separable collectionwise normal space, then Y is
metrizable .

COROLLARY 3. Let f: X —Y be a continuous mapping onto a screenable
Moore space Y. If X is a separable space, then Y is metrizable.

COROLLARY 4. ILet f:X—+Y be a developable mapping onto a screenable
gpace Y. If X is a separable Hausdorff developable space, then Y is metriazable.
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