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On Exact Sequences of Quojections

G. METAFUNE and V. B. MOSCATELLI

ABSTRACT. We give some general exact sequences for quojections from which
many interesting representation results for standard twisted quojections can be
deduced. Then the methods are also generalized to the case of nuclear Fréchet spaces.

INTRODUCTION

A Fréchet space E is a quojection if it is the projective limit of a sequence
(E,, R,) of Banach spaces E, and surjective maps R,: E,., — E,. In this case
we write E=quoj,(E, R,). A quojection is called rwisted if it is not
isomorphic to a countable product of Banach spaces.

It is well known that a quotient of a quojection is again a quojection
(possibly Banach). Here we want to investigate quotients of products with
respect to quojection subspaces with regard to the property of being twisted
or not. This has an intrinsic interest as well as implications to the existence or
not of unconditional bases. It is clear that the problem is equivalent to the
study of short exact sequences of quojections of the form

‘(%) 0—F—G—E—0,

where, in our case, G is a product. Thus, in §1 we characterize the vanishing
of the first derived functor Ext! (E, F), which is equivalent, for fixed £ and F,
to the splitting of any exact sequence as (*). To introduce the argument we
show that, for any given quojection E, there always exist a quojection F and
a cardinal d for which we have an exact sequence as (*) with G=(/))N. This
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could also be deduced by carrying on further the proof of the result in [1],
but, for the convenience of the reader (and because the effort is the same), we
prefer to give here the full proof. In §2 we then give a general exact sequence
for standard quojections. Based on the fact, proved in [16], that if E or F are
standard twisted quojections, then no sequence (*) can split, in §3 we are able
to obtain from our general sequence many interesting representation results
involving standard twisted quojection and, consequently, unconditional
bases. Last, but not least, applications are made in §4 to the case of nuclear
spaces.

The notation we follow is standard, but, for brevity’s sake, we use the term
«surjection» to mean a linear and continuous surjective map.

1. ON THE VANISHING OF THE FUNCTOR Ext'
FOR QUOJECTIONS

Theorem 1.1. [f E is a quojection, then there is a cardinal d and a
surjection T: (I))N— E such that ker T is a quojection.

Proof. By definition we have E=quoj,(E,, R,), where the E, are
Banach spaces and the maps R,: E,+, — E, are surjective. Let d=dens (E)
and let T,:[;— E, be a surjection. Supposing that 7,,:(/})" — E, has been
defined, let T, be a lifting of T, into E,y, (i.e., R, T,=T,), let S,: [}, — ker R,
be a surjection and define T, :(l})"x = E,;\ by Top,=T,+S, The
required map is then obtained by setting T(x,)=(T,(x,..., x,) ), for (x,) €
(Z)N. For the surjectivity, take any (y,) € E; since y, € E, there is x, €/} with
yi=T,x;=R, T, x,. But y,= R, y, with y,€E,, hence y,— T, x; =S, x, for
some x,€ [y, i.e. y= T, (x}, X,). Inductively we obtain y,= T, (x, ..., x,) for

all n, hence (y,) = T(x,) with (x,)€(I))N. It remains to show that ker 7 is a
quojection.

For each n let P, ([)"*'—(/})" be the canonical projection; then
ker T=proj, (ker T,, P,). Let z=(x,,...,x,)€ker T,; then 0=T,z=R, T,z
implies T,z ker R, and we may choose x,,,, €/} with T,,z+ S, x,.+; =0. This

means (z, x,,4)€ker 7,4, hence each P,:ker T, ,— ker T, is surjective and
ker T is a quojection, as claimed.

_Theorem 1.1 is the analogue for quojections of the classical result for
Banach spaces. However, the analogy stops here. In fact, while for a
~separable Banach space X not isomorphic to /' there is a unique, up to an
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automorphism of /', surjection 7:/' — X (cf. [10, I, Theorem 2.f.8., p. 108]),
so that the kernels of all such maps T are isomorphic, for quojections the
situation is completely different, as the following example shows.

Example 1.2. Let 7:(/')N— (PN be the canonical surjection induced by
the quotient map q:/'— /2. Clearly, ker T=(ker g)N and so ker 7T is a
quojection. Now let N be a nuclear Fréchet space not isomorphic to w: by [ 11,
Proposition 1.14] (/)N N is isomorphic to (/2)N and we denote by J one such
isomorphism. It follows that, if Q: (/2)N— (I)N/N is the quotient map, then
the map S=JQT is a continuous surjection of (/')N onto (/2)N for which
ker § (=T-'(N)) is not a quojection, hence not isomorphic to ker 7.

Remark 1.3. At this stage one might think that the kernels of two maps
from (/)N onto the same separable quojection (not isomorphic to a
complemented subspace of a product of the form X x(/')N with X Banach)
would have to be isomorphic if they were both quojections. However, not
even this is true, as will be shown in Example 3.13 below.

In the rest of this section we shall discuss some consequences of Theorem
1.1 and related results. We recall that the vanishing of the first derived functor
Ext! (E, F) for Fréchet spaces E and F means that every exact sequence
0—-F-G—E—~0

splits and, consequently, G=E® F. For a discussion of this topic see [20].

Proposition 1.4. Let E be a quojection. The following are equivalent:
(i) Ext'(E, F)=0 for every quojection F;
(i) E is isomorphic to a complemented subspace of (I)N for some

cardinal d (and hence either E=I} o,l\xw(d’<d) or E contains a
complemented copy of (I"YN).

Proof. (i) — (ii): By Theorem 1.1 there is an exact sequence
0—ker T—(IO)NLE—0

and by assumption this sequence splits. Then the assertion in brackets follows
essentially from the proof of Theorem 1.2 in [15].

(it) — (i): This is a consequence of [20, Remark b), pag. 173].



196 G. Metafune-V. B. Moscatelli

Remark 1.5. In the separable case, assertion (ii) above may be replaced
by E={',w,!' < wor (I")N(cf. [15, Theorem 1.2]).

Proposition 1.6. Let F be a Fréchet space. The following are equivalent:
(i) Ext'(E, F)=0 for every quojection E;

(i) F is isomorphic to a complemented subspace of (I7)N for some
cardinal d (and hence either F= X, w, X x w (X an injective Banach space) or
F contains a complemented copy.of (IF)N).

Proof. (i) — (ii): Let d be such that Fis a subspace of (iff)N. By assumption
the exact sequence

0— F— (I )N =N F—0
splits and (ii) follows from [15, Proposition 3.8 or Propisition 3.14].

(ii) — (i): This is immediate, since F is injective.

Proposition 1.7.  Let F be a Fréchet space. The following are equivalent:
(i) Ext! ((I)N, F)=0 for every cardinal d;

(i) Ext' ((IWN, F)=0;

(iii) Ext' (w, F)=0;

(iv) F is a quojection.

Proof. (i) — (ii) — (iii): Clear.
(iii) — (iv): By [19, Theorem 5.2].
(iv) — (i): By Proposition 1.4.

Proposition 1.8. Let F be a separable Fréchet space. The following are
equivalent: ’

(1) Ext' (!, F)=0;

(i) F is quasinormable.
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Proof. First of all, observe that Ext!'(/!, F)=0 is quickly seen to be
equivalent to the following: for any exact sequence

(1) 0—-F-GLE=0

with G separable and Fréchet and F=ker g, every map T /' — E can be lifted
to amap 7:/'— G such that g 7= T. In turn, this happens if and only if g lifts
the bounded subsets of E to bounded subsets of G. Thus it suffices to show
that Fis quasinormable if and only if for any sequence (1) the map g lifts the
bounded subsets. Now if Fis quasinormable, then q lifts the bounded subsets
by [4, Proposition 2]. Conversely, if this is the case, represent F as a reduced
projective limit F= proj,, F of Banach spaces F,. By [20, Lemma [.1] we have
an exact sequence

0—F—||F,%||F,—~0
n n

Since ¢ lifts the bounded subsets by assumption and | | F, is quasinormable

by [3, Theorem, Pag 159] (cfr. also [5], Pag. 33) F ianuasinormable. Note
that in general F is quasinormable if and only if Ext' (), )=0 with
d=dens (F).

We conclude this section by showing that Proposition 1.4 cannot be
improved by relaxing the condition that F be a quojection. In other words,
from (/)N being a quotient it does not follow, in general, that it is also a
complemented subspace. At the same time, this will show that Proposition
3.3 and Corollary 3.4 of [15] do not hold for quojections. Precisely, we now
exhibit examples of separable quojections having (/")N as a quotient but not
even as a subspace.

Example 1.9. Let X be a separable Banach space such that no power X"
contains an isomorphic copy of /' (e.g., X=c¢, or I', 1 <p<eo) and put
E=1["x XN. Next, choose a biorthogonal system {(y,,, ¥,): y,€ X, y,€ X’} with
(y,) total over X and [jy;]| =1.

Then, define a map i: X—/'" by i(x)=02"<x,y,>); clearly i is
continuous and has a dense range. Now write /! in E as /' (/') and define
T: E— ()N by T((a,), (x”))—(a,,+1(x,,)) for (a,)€!'(!") and (x,)€ XN. T is
continuous and surjective: in fact, given (b,) € (/")N, choose (x,) € XN so that
(b,—i(x el (") if a,=b,—i(x,), then T((a,), (x,))=(b,). Thus E has a
quotient isomorphic to (l')N. We show that no subspace of F'is isomorphic to

(N

Arguing by contradiction, suppose that there exists an isomorphism J of
(/)N into E. For (a,(x,)) € E, with a€ /' and (x,) € XN, put

P (a' (Xn)): ”alll
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and

it
Pi+1 ((1, (Xn)): ”tl“ | +2| Hxn“X'

n=

Also, for (a,)€ (/N put

A
qi (au):z ”an”l‘
n |

Then (py) and (q,) are fundamental sequences of seminorms for £ and (/)N
respectively and for any h€(/")N we must have

(2) api(Ib)=q(b)=qi i (D)= cp; | (D)= ¢34, (b)
for suitable positive constants ¢, ¢,, ¢; and integers k< j<m. If J, and J, are

the restrictions of J to (/')* and (/') respectively, from (2) we obtain the
following diagram

J>
(/I)m —-)/I x X/
ol lp
(M —J-» /!

where P, resp. Q, is the projection onto the first component, resp. the first k
components, and PJ,b=J, Qb for all be(/;)”. Now consider the (k+1)—st
copy of /' in (/) and denote it by /},,. It follows from (2) that J, is an
isomorphism on /},,. But if b€l,,, then Qb=0, hence PJ, b=0 and,
therefore, J, b€ X/. However, this contradicts our assumption on X.

Note that, with reference to the above example, it follows from
Proposition [.4 that for any surjection S: E— (I")N, kerS is not a quojection.
It is also follows from Theorem 1.1 that every separable quojection is a
quotient of E.

~ Finally, we observe that Theorem 1.l has as a consequence also the
following:

Proposition 1.10. Every strict (LB)-space G is a subspace of (I7)N for
some cardinal d.

Proof. G’ is a quojection and hence a quotient of (/)N with respect to a
quojection subspace, by Theorem 1.1. Since the quotient map lifts the
bounded subsets, G” is a subspace of (/7)N, whence so is G.
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2. AN EXACT SEQUENCE FOR STANDARD QUOJECTIONS

Theorem 1.1 of the previous section tells us that every quojection £ can be
realized as the quotient ol (/)N by a quojection subspace F. Now, in genceral,
even if £is given, there is nothing we can say about F or about the possibility
of replacing (/)N by some other product (depending on E, of course). This is
due to our lack of knowledge about general quojections. There is, however,
an important class of quojections for which we can say a great deal and which
we shall examine in this section.

We recall that at present there are only two methods for constructing
twisted quojections, plus an exceptional case discussed in [16, §2]. The first
was originally devised in [17]: because of its semplicity and versatility, it is
still the major source of examples and counterexamples. The second, treated
in [12], is much less concrete and, so far, it has been of very little use.
Therefore, it is not surprising that we shall appeal once again to the former
method. In doing so, we find it convenient to introduce a specific notation,
for which we recall the construction in [17] in the following form.

Let (X,) and (Z,) be two sequences of Banach spaces for which there are
surjections s,,: X, — Z,. If L is a Banach sequence space, we form the steps

Fi=(®Z,).=L(Zy)
and, for all %,

FA"H = [g@S/‘ Xn) @ (n%i Zn)] = L[(Xn)nSA" (Zn)n>k]'

Clearly the maps s, induce, together with the identies of X, and Z,,
surjections S, : Fy+, — F,. The projective limit of the sequence (Fy, S)) is,
therefore, a quojection, which we shall denote by Q[(X,), (Z,), (s,); L]. Such
quojections form a subclass of the class of Fréchet spaces defined in [2] and
we shall refer to quojections isomorphic to them as standard quojections.
Note that Q[ (X,), ({0}), (0); L]=|]| X,, so that every countable product of

Banach spaces is a standard quojection.

The above construction has the added advantage that it may be performed
also when the X, Z, and L are Fréchet spaces (as implicitly done in [17]) and
we shall give an interesting application of this in the last section.

If the spaces Z, above are quotients of the X, with respect to closed
subspaces Y, and if the s, are the quotient maps, the corresponding standard
quojection will de denoted by Q[ (X,), (X,,/ Y,); L] if no confusion is likely to
arise. Clearly, we always have

QL(X,). (Z,), (s,): L= QL(X,). (X,/ker s,); L],
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To end our preparations, we find it useful to state the following lemma,
which is essentially Theorem 1.1 of [16] (the «only if» part of the lemma being
obvious).

Lemma 2.1. Q[ (X,), (Z,). (S,); L] is twisted if and only if ker s, is not
complemented-in X, for ‘infinitely many n.

Now the proof of our main result of this section begins with the following
lemma, which is at the heart of the matter.

Lemma 2.2. Let Q[ (X,), (X,/Y.) L] be any standard quojection and let
(Z,) be a sequence of Banach spaces admitting a sequence (f,,) of continuous
linear maps f,:Z,— Y, with dense ranges. Then there is a surjection
S:L(X)x|| Z,— Q[ (X,), (X,] Y. L] such that ker S is a Fréchet space of

Moscatelli tnype (cfr. [2, Definition 1.3]).

Proof. First of all, put E= Q[ (X,), (X,,/ Y,..); L] and observe that, by [2,
Proposition 1.4], algebraically we have

(3) E={(x,)e Inl X (@n(x,))EL(X,/ X))},

where ¢,: X,— X,/Y, is the quotient map for every n. Moreover, the
topology of E may be defined by the system (p;) of seminorms given by

p1 () = 11U gn () 1L, ) s
@) )
Pr+i (Xn) =P (xn) + Z ”xn“/\'”-

n=1

Now for ((x,), (z,))€ L(X,)x || Z, the equation
n

(5) S (('xlfl)'! (ZII)) = (xll _+_fll (ZH))

defines a linear map S: L(X,)x|| Z,— | | X,. Using (3) and (4) it is easy to

see that S takes its values in £ and is contmuous as a map into E; hence, it
remains to prove that S is surjective and ker S is of the required type.

Let (x,) € E; by (3) there is (v,) € L(X,,) with g (v,)=g,(x,) for all n. Put
v, =X,— Vv,; since y,€ Y, and f, has a dense range, we can find z,€ Z, such
that (v, — £, (z.)) € L(Y,). Thus, if 4, = v, + v, —f(z,) for all n, then (1) € L(X,)
and S((u,), (2,))=(x,).
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Finally, by (5) we have

(6) ker S={((—/.(2))). (z,):(z,) € lnl Ly, (fn(z))E L(Y,)}

from which the assertion about ker § follows, again by [2, Proposition 1.4].

Theorem 2.3. Under the assumptions of Lemma 2.2 suppose that the
maps f, can be chosen to be surjections and denote them by s,. Then

(7 ker §= Q[(Zn)w (Y,), (s»); L].
Consequently:
(a) ker S is Banach if and only if ker s, =0 for all but finitely many n;

(b) ker S=wx Banach if and only if 0<dim (ker s,)<oo for all but
finitely many n;

(c) ker S is twisted if and only if ker s, is not complemented in Z, for
infinitely many n.

Moreover, we have established the existence of an exact sequence

®)  0—=0Q[(Z), (Y)), (s,); L]— L(X,)x lni Z,= Q[(Xy), (X,/Y,): L]—0.

Proof. (7) follows from (6) and Proposition 1.4 of [2], while (8) follows
from (7) and Lemma 2.2. It is then an easy matter to verify that (a), (b) and
(c) hold (for (c) use Lemma 2.1).

The above theorem has many interesting corollaries, which will be given
in the next section. Here we conclude with the following consequence of
Lemma 2.2.

Propcsition 2.4.  Let E be any standard quojection of the form Q[ (X,),
(X,/ Y,); I'], with Y, separable for all n. Then for every sequence (Z,) of
Banach spaces there is a surjection S:1' (X,)x || Z,,— E such that ker S is not

n
distinguished (hence not quasinormable). In particular, this holds for
E=11Y,

n

Proof. For each ntake a compact map f,: Z,,— Y, with a dense range (f,
may be constructed more or less as / was in Example 1.9). Then the surjection
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S constructed in the proof of Lemma 2.2 meets the requirement, by [2,
Corollary 2.5].

Remark 2.5. It is interesting to note that, if in the above proposition we
take X,=Y,=Z,=1" and f,=f for all n, with f(a;)=(k~! a;) for (a,) €,
then for the corresponding surjection S: (/")N— (/)N we find that ker Sis the
non-distinguished Fréchet space of Ko6the-Grothendieck (cfr. [9, §31, 7, pag.
435]).

3. CONSEQUENCES

This section is devoted to the investigation of various consequences of
Theorem 2.3. Here «product» means a countable (and not finite) product of
Banach spaces. Moreover, whenever all the Banach spaces X,, (resp., Z,) and
maps s, are taken equal to one fixed space X (resp., Z) and map s, we simply
write Q (X, Z, s; L) for the corresponding standard quojection.

The first consequence of Theorem 2.3 is the folloWing quite strange

Corollary 3.1. Every standard twisted quojection is isomorphic to the
quotient of a product by a Banach space.

Proof. Taking in Theorem 2.3 Z, =Y, and s, = the identity map of Y,
for all n, we obtain from (8) an exact sequence -

9 0—L(Y,)— L(X,)x lnl Y, = Q[(X,), (X,/ Y,); L]—0.
It is clear that we can also represent a standard twisted quojection as the
quotient of a product by a product. Consequently, since a standard twisted

quojection is never complemented in a product [16, Theorem 1.5 (b)], we
have

Corollary 3.2. Let E be any standard twisted quojection. Then there is
Banach space X and a product F such that

Ext'(E, X)#0 and Ext' (E, F)#0.

Next, we observe that Corollary 3.1 has the following counterpart.

Corollary 3.3. Every standard twisted quojection can be embedded as
subspace F of a product G such that G/ F is again a product.
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Proof. Represent the given quojection as Q[(Z,), (Y,), (s,); L], put
X,=Y, for all n and apply (8) to obtain an exact sequence

(10) 0— Q[(Zn)s (iYn)s (Sn); L] - L( Yn) X |n| Zn - ll’ll Y,,—’O.

Corollary 3.4. Let F be any standard twisted quojection. Then there
exists a product E such that Ext' (E, F)#0.

Here we pause to note that it is not possible to obtain an exact
counterpart of Corollary 3.1, namely, the conclusion of Corollary 3.3 cannot
be improved to «G/ F is Banach» on account of the following

Proposition 3.5. Let E be a quojection and let F be a subspace of E such
that E/ F is Banach. Then F is a quojection. Moreover, 1/ Eis a product, then
also F is a product.

Proof. Let F=quoj,(E, R,) and write F as the reduced projective limit
F=proj,(F, R,),where each F, is a closed subspace of E,. Then E/ F=quoj,

(E,/F,, R,), where the maps R,: E,+/F,+, — E,/F, are induced by the maps
R,:E,.,—E, If E/F is Banach, we may assume that each R, is an
isomorphism. In particular, for all n,

0=ker R,=(R;' (F)+ Fyi) Forr

which implies that in E,,, we must have R;' (F,)C F,,. Hence
F= quojn(Fm Rn)

Suppose now that Eis a product | | X, of Banach spaces X, and, for each
nt! k

n, let R, | | X — | | X, be the canonical projection. With F, C X, from Ry!
k=

(F))= F, we obtain Fz Fyx X, and, in general, F,= F; X | | Xy (n>1), so
that F is a product, as claimed.

Remark 3.6. Note that F may be a product even if E is twisted, as shown
in [11, Corollary 2.3].

Going back to the consequences of Theorem 2.3, now we have

Corollary 3.7. Every quojection Q[ (X,), (X, Y,): L], with Y,5 [} for
infinitely many n and all cardinal numbers d, is isomorphic to the quotient of
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a product by a standard twisted quojection. In particular, the conclusion
holds for every product of Banach spaces Y, as above (¢fr. (10)).

Proof. Take d=dens (Y,) for all n, then choose surjections s,: [}, — Y,
and apply Theorem 2.3 (c) with Z, =1/,

Corollary 3.8. Let (Y,) be a sequence of Banach spaces and suppose that
there are two infinite subsets N,, N, of N such that, if n€N,, Y, is not
injective and, if n€ N>, Y, is not projective. Put

E=Q[(X,), (X,/ Y,); L] and F=Q[(Z,), (Y,), (s,); L].

Then, given any twisted E (resp., F) there exist a twisted F (resp., E) and a
product G for which we have an exact sequence

0—-F—-G—-E-0

and, consequently, Extl (E, F)#0.

We note the following special case of Corollary 3.8 (or 3.7), which should
be compared with Theorem [.1.

Corollary 3.9. Let Y be a subspace of I' with Y= 1" and let s: I' — Y be
a surjection. Then there is an exact sequence

0— QU Y, s: Y~ (IYN=Q(", I'Y; I')—0,

where, of course, both quojections are twisted.

Remark 3.10. We do not know if the above result holds with /' replaced
by /" (1 <p <oo,p5£2). It is easy to see that it holds for / and ¢, and also for
C([0,1]) and L'(0, 1), with appropriate choices of Y, but again we know
nothing about the case of L7 (0, 1) (1 <<p<eo, p#2). However, it «almost»
holds for L/(0,1) in the sense that we have, putting L'(0,1)= L' for all
1 <t<oo,

Corollary 3.11. Let p, g, r, s be positive real numbers satisfying

1<p<g<2<r<s<oo
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and let L be reflexive. Then the reflexive product
G=L(L"®L)x(L'® LN

contains a standard twisted quojection F such that also G/ F is a standard
twisted quojection.

Proof. By [10, II, Corollary 2.f.5, p. 212] L4 is (isometrically) a subspace
of L”, whence L' is a quotient of L*. Since /" is a subspace of L’, we see from
[8, Corollary 3, p. 168] that L” cannot be isomorphic to a subspace of L*. This
implies also that L¢ cannot be isomorphic to a complemented subspace of 1.
Now observe that L”® L'/ LY® L' = L”/L4 and form the standard quojection
E=Q(L’®L’, L”/L4; L). Then, by Theorem 2.3 (or Corollary 3.8), E= G/F,
where F=Q(Li® LY, L1® L', s; L) (here s: LY@ 1" — 14® L’ is the map which
is the identity on L4 and the quotient map on L*).

Clearly the above result holds also with L¢ and L’ replaced by /¢ and /-
respectively. Moreover, an application of (9) and (10) establishes the
following particular case of Corollaries 3.1 and 3.3 which we find worth
mentioning because all the spaces involved are reflexive.

Corollary 3.12.  There are exact sequences
0— LI9— MLy (LN — Q(Lr, 17| L4; [)— (),
0— QL Ly IN— L' x (15N = (LN -0,
where | <p<g<2<r<s<oe,

We terminate our list of direct consequences of Theorem 2.3 by giving the
example promised in Remark 1.3.

Example 3.13. Let X=C([0,1]) and E= Q(X, X//I': I'). From Theorem
2.3 (a) we obtain a surjection S;:/'(X)x(/)N—E with ker S,=/'. If
Sy ' (N =" (X) x ("N is the surjection which on (/)N is the identity and
on /' is the quotient map onto /' (X), then S=§, S, is a surjection of ("N onto
E such that ker $=57'(/") is Banach. Now let 7% (/')Nx(/')N— E be the
surjection which is S on the first copy of (/)N and is the zero map on the
second copy. Then ker T=ker Sx(/')Nsker S.

Now we shall give some less direct consequences of Theorem 2.3.
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Corollary 3.14. There are reflexive quojections E,, E, FE; having
unconditional bases and containing subspaces F,, F,, Fs respectively, such
that:

(a) F|, but not E\| F\, has an unconditional basis;

(b) E»/ F5, but not F,, has an unconditional basis;

(c) F; and E;| Fy have no unconditional bases.

Proof. Follows from Corollaries 3.11, 3.12 and the result in [7]. Part (c)
of the above corollary shows that the property of not having an unconditional
basis is not a three-space property for the class of separable Fréchet spaces,
thus providing the counterpart to Corollary 2.4 in [[1].

At this point we cannot drop the word «unconditional» in the above
statement, since twisted quojections may indeed have (conditional) bases, as
shown in [13]. This, however, will be done in §4.

Now, as in [11], denote by SUM the class of countable direct sums of
Banach spaces and call s-LB the class of strict (LB)-spaces. Evidently,
s-1.B\SUM s the class of rwisted, strict (LB)-spaces (cf. [12, §1]). Then,

dualizing Corollaries 3.11 and 3.12 we obtain (for the «moreover part» use [6,
Proposition 3.1]).

Corollary 3.15. Fori=1, 2, 3 there are reflexive G;€ SUM containing
respectively subspaces H.€ s-1.B such that G,/ H;€s-1.B and

(a) Hy¢SUM, G\/H ¢ SUM;

(b) H,¢ SUM, G,/ H,e SUM;

(¢) I, Gy/Hy ¢ SUM.

Moreover, the analogue of Corollary 3.14 holds.

Finally, it is perhaps superfluous to note that, by duality, (8), (9) and (10)
yicld corresponding exact sequences for reflexive spaces in s-1.B.
4. APPLICATIONS TO NUCLEAR SPACES

First of all we observe that, with relerence to the construction of standard
quojections Qf (X,,). (7,). (s,,); 1.] outlined at the beginning of §2, if the spaces. .
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X Z, and L are Fréchet spaces with continuous norms (each space having a
fundamental system of norms fixed once and for all), then the same
construction yields a Fréchet space without continuous norm which is twisted
if and only if ker s, is not complement in X,, for infinitely many # (cfr. Lemma
2.1). The details of all this are left to the reader; but we point out that in the
nuclear case the above construction was implicitly performed in [17, §2],
where it was explicitly carried out in the dual space. Here too we shall confine
ourselves to the nuclear case and indicate how some of the results of §§2 and
3 go over to this case. (Note that §1 has no nuclear analogue, since there is no
quotient-universal nuclear space).

The first result is the following analogue of Theorem 2.3.

Theorem 4.1. Let (X,), (Y,) be two sequences of nuclear Fréchet spaces
with continuous norms for which there exist surjectionsr,: X, w— Y,. Further,
let (Z,) be a sequence of nuclear Fréchet spaces with continuous norms Sfor
which there are surjections s,,: Z,,— ker r,. Then we have an exact sequence

0—Q[(Z,). (ker r,), (5,); L]— L(X,)x lnl Z,— Q[(X,),

( Yn)» (7',,); L] - Oa

(r)
Srom which the analogues of (9) and (10) may also be derived.

Proof. It suffices to note that the proofs of Lemma 2.2 and Theorem 2.3
g0 over to this case.

Of course, Theorem 4.1 is not as far reaching as Theorem 2.3 so that,
although Corollaries 3.1 and 3.3 have nuclear analogues, there is no hope of
getting something like Corollaries 3.7 and 3.8. However, we wish to draw
attention to the following analogue of Corollaries 3.11 and 3.12.

Let @ =(a,) be an increasing sequence of positive real numbers such that

I 3
(12) lim—E2—0 and sup 2 <oo

n n n a,

and let A; = A (a) be the associated nuclear power series space of finite type.
Then we have

Corollary 4.2. There is a surjection r: A\ — A, such that the space
F=Q(A, Ay, r; N) is twisted. Moreover, we have the following three exact
sequences, none of which splits:
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(13) 0—F—AY—F—0,
(14) 0—A —AV— F—0,
(15) 0— F—AY—AY=0.

Proof. Since A{®A;=A,, by [18, Satz 5.4] there is-an exact sequence

0—A—~A A —0

with ker r not complemented in A,. Since ker r=A,, we have a surjection s:
A, — ker r with ker s not complemented in A;. Also, A (A)=A,® A;=A, by
(12), and (13) follows from (I1) by appropriately choosmg everythmg
Similarly for (14) and (15). By [16, Theorem 2.3] none of the sequences splits.

Remark 4.3. We note the curious fact that all the steps in Q(A, Ay, 7}
A)) are isomorphic to A,.

From Corollary 4.2 (13) we immediately derive, via [17, §2] or [6,
Proposition 4.1], the announced improvement of Corollary 3.14(c).

Corollary 4.4. The property of not having a basis is not a three-space
property for the class of separable (even nuclear) Fréchet spaces. The same is
true also for the classes of separable (LB)— or (DF)— spaces.

Remark 4.5. The first assertion in the above corollary should be
compared with the result in [14].

Finally, we observe that (14) also holds for nuclear power series spaces of
infinite type. In [act, suppose that « satisfies (12), and sup log i/ a,,<oo and
put Ae= Ax(a). Then we have

Corollary 4.6. There is a nuclear Fréchet space Y (depending on ) with
a continuous norm and surjection v: A —Y such that Q(A<, Y. 17 A) s
twisted and we have the following exact sequence (which does not split):

0— Aw— AN~ Q(Ax, Y. r; Au)—0.
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Proof. Let 8=(f,) be an increasing sequence of positive real numbers

satisfying (12), and li'm a,/B,=0. By [2], Lemma 3.3] there is a subspace E
of A and an exact sequence

0— Aw— A A, (B)® E—0.

Since A () is not isomorphic to a complemented subspace of A, ker ris not
complemented in A. and the result follows by taking Y=A,(B)® E. ‘
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