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0. Introduction

Let E be a Banach sequence space with the property that if («;) € E and | ﬂ,-|§|a,-| for
all i then (B)eE and ||(B)||lz<||(x)||e- For example E could be c,, I or some Orlicz
sequence space. If (X,) is a sequence of real or complex Banach spaces, then E can be
used to construct a vector sequence space which we will call the E sum of the X,’s and
symbolize by @ X,. Specifically, @ £X,={(x,)|(x,) € X, and (||x,|[) € E}. The E sum is a
Banach space with norm defined by: ||(x,)||=||(||x.]])||c. This type of space has long been
the source of examples and counter-examples in the geometric theory of Banach spaces.
For instance, Day [7] used E=1? and X =%, with appropriate choice of ¢, to give an
example of a reflexive Banach space not isomorphic to any uniformly convex Banach
space. Recently VanDulst and Devalk [33] have considered Orlicz sums of Banach
spaces in their studies of Kadec-Klee property.

In [8] we showed that a Banach space with a one-unconditional Schauder basis could
be written as an E sum of Hilbert spaces. In [9] and [14] we used the decomposition to
obtain characterizations of the surjective isometries as well as the 1-parameter groups of
such isometries. Simpler proofs of some of these results have been recently obtained by
Arazy, see [1].

Recently Rosenthal [26], has obtained several results concerning the geometric
structure of real Banach spaces which are l-unconditional sums of Hilbert spaces of
dimension at least two. To state Rosenthal’s main result on isometries we need some
terminology. An operator A is said to be skew hermitian if Re{f(Ax)}=0 for all linear
functionals f and all vectors x such that f(x)=||f]|[|x||. A real Banach space U with a
normalized one unconditional basis (1) is said to be pure if there are no rank-two
skew-Hermitian operators on U. We can state the main isometry result of Rosenthal:

Theorem. Let (H,),.r be Hilbert spaces all of dimension at least two, u=(uy), a

one-unconditional basis for a pure space U, and B=() @ H,),. Let S(B) denote the set of
all bijections o: T - T so that

(a) (uy) is isometrically equivalent to (u,),.r and
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(b) H,y, is isometric to H,.

Let o in S(B). For each €T, let T,: H,—H,,, be a surjective isometry. There is a unique
T in I(B) so that for all x=(xg),r in B, (Tx), = Tx,for all xeT". Conversely, every T in
I(B) is of this form.

This theorem obviously applies to Banach spaces over the complex field and should
be compared with our Theorem 3.7. In our case, the factor spaces can be more general
because we don’t require them to be Hilbert spaces. For instance, the factor spaces can
be sequences of Banach spaces which admit only trivial hermitian operators.

We have also been influenced by the recent paper of Jakimovski and Russell [17]. In
this paper the authors’ primary objective was the representation of the linear functionals
on certain spaces. To accomplish this, they show how many of the spaces in ergodic
theory, harmonic analysis, and summability theory are isometric to E-sums of appropri-
ate sequences of Banach spaces.

For instance one of the sequence spaces which arises in summability theory is the

following.
Example 0.1. w9 is defined to be the set of all complex sequences (x,) for which
limy_ , 1/N Z,f’:l |x[P=0. For 1<p<oo, w) is a Banach space with norm: |x||=
sup(27%Y'37 ! |x|")*/". This space is isometric to @,,B, where B,={x=(x)[2*<
i<2¥*1 —1}, with coordinate wise addition and scalar multiplication. The norm on B,
is: ||x|le=2"%"7||(x)||,» where || ||, is the usual /, norm.

There is a “continuous” version of this space which was studied by Borwein in [6]
and we will consider it in later section.

The Banach spaces considered in [17] may not be generally thought of as “classical”
Banach spaces, but they are still interesting objects of study from the geometrical point
of view. As a result of Jakimovski and Russell's work we can determine the form of the
surjective linear isometries of many of the spaces considered in [17]. Our results are not
limited to these spaces and the representations of the isometries for the spaces in [17]
are obtained as corollaries of more general results. For example we will determine the
isometries of the space w) by obtaining a result for ¢, sums of Banach spaces with
trivial L®-structure and then show that w9 belongs to this class.

Our primary goal in this paper is to obtain representations of the isometries of
certain E-sums of Banach spaces. Because of our techniques, there are other types of
operators we consider because of their close ties with isometries. In particular, we obtain
characterizations of hermitian operators for the various spaces in question. Once the
structure of the hermitians is determined we describe precisely the action of the
isometries on @gX, provided the “factor spaces™ X, belong to certain classes.

In the last part of the paper we will give some results concerning hyponormal
operators (see [23]) as well as adjoint abelian operators (see [32]).

1. Definitions and terminology

All Banach spaces considered in this paper will be linear spaces over the complex
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numbers. Given a Banach space X, B(X) and H(X) will denote the bounded and
hermitian operators respectively. Recall that T € H(X) iff one of the following conditions
hold:

(h.1) |je"T||=1 forall aeR,

(h.2) T is the generator of a uniformly continuous group of isometries,
(h3) |le“T||s1 for w«eR,

(h4) ||I+ixT||=14+0) as a—0 or,

(h.5) W(T)={[Tx,x]}|[x,x]=1}<R, where [, ] is a semi inner product (sip.)
compatible with the norm on X.

For the most part we will use (h.5) and so we give a few properties of semi inner
products. See Lumer {217 and [22] for general properties of semi inner products.

Definition 1.1. Let X be a normed linear space. A sip. is a function [, ]
X x X —C such that

(1.1.1)  [ax+y,z]=afx,z]+[y,2] for x,y,z in X and a in C,
(1.1.2) [x,x]=0 and equality holds only if x=86.

(1.13)  |[x y]| £ [x. X112 [y, y1'72
The s.i.p. is said to be compatible with the norm on X if
(1.14)  ||x||*=[x,x] for every xe X.

Remarks. It is well known that every normed linear space has at least one s.i.p.
compatible with the norm. Furthermore, a space has unique s.i.p. iff the unit sphere is
smooth. A s.ip. is symmetric iff the induced norm is Euclidean. A s.i.p. need not be
conjugate homogenous in the second argument but there always exists such a si.p.
compatible with the norm. We will assume that our s.i.p.’s have this property. Finally,
we will use the fact ([21]) that any compatible s.i.p. can be used to test (h.5).

Now we suppose that E is a Banach sequence space satisfying the conditions outlined
in the introduction and furthermore we will assume that the natural basis is a
normalized 1-unconditional (or hyperorthogonal) Schauder basis for E. Thus if X =
@ X, the sequence (X,) is an unconditional Schauder decomposition of X and so each
xe X can be written uniquely as x=2xj, where x;e X ;. For each k we let P,; X — X, be
the projection P,‘(Z x;)=x, and Q,X,—X be the injection Q,‘x,‘=z y; where y;=0 for
i#k, and y,=x,. With each AeB(X) we associate an operator matrix (A4;) where
Ay =P;AQ,. Since we are dealing with an unconditional decomposition, the usual
matrix operations apply.

2. A special case—®, X,

We begin by considering ¢, sums of Banach spaces. This situation is the most
transparent and should serve as an introduction to our methods. In what follows we use
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| to denote the norm on each X, and the norm on X=X, will be given by
x|, =max ||x|. Occasionally, we use || ||, to denote the norm on X, if it is important
to make a distinction.
Since for each x=(x,)e X there exists at least one positive integer k=k(x) for which
lIxll =]|xll, it is easy to give a compatible s.i.p. for X.

Lemma 2.1. For each xe X let k(x) be the least positive integer for which “x,‘” =||x||w.
Let [ , ] denote any compatible s.i.p. on X,. For each x and y let

[x, ¥]: =[x Yeorduon- (2.1.1)
Then [ , ]is as.i.p. on X compatible with the norm.
The proof is routine and we omit it.

Proposition 2.2. T is a hermitian operator on @®. X, iff there exists a bounded
sequence (T,) of operators such that T,e H(X,) for each k and T(x,)=(T,x,).

Proof. These conditions are clearly sufficient. To see that they are necessary let
T,;=P,TQ;. Let k#j and choose xeX,x;€eX; such that [x])2|x x=
©,...,x,,0,...,x;,0.)e®,X, and using notation of Lemma (2.1), k(x)=k Tx=
(Taxy + T;jx;). From (2.1.1) we have

[Tx, x]= [ Txi, xiJx + [ Tipx s XpJi- (2.2.1)

This has to be real for all choices of x, and x; for which ||x,||2(|x;||. First choose x;=6,
to get that [T, x;, x;, ], € R for all x,. Now replace x; by ix; to get

i[T;x;, xJxeR for all admissible x,, x;. (2.2.2)
It is clear that
[Ti;x;, x, 1k =0 for all admissible x,, x;. (2.2.3)

Now let z,,z; be non zero vectors in X, X; respectively. Since z,/||z,]| and z;/||z)|| are
admissible it follows that

Z; Z
Ty, —"-]=0. (2.2.4)
[ Nzl 2]
From this last equality it follows that
| Tzl =0 2.2.5)
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for all z; and so T;;=0. The fact that the diagonal sequence must be bounded follows
from the boundedness of T.

This proposition will allow us to prove a theorem on the isometries of ®.,X,. Before
stating the theorem there are several notions which will arise as hypotheses about the
factor spaces X, which we must consider.

Let v be a normalized absolute norm on RZ That is, v is a norm with v(x,,x;)=
v(|x,|,|x2]) and v(1,0)=v(0,1)=1. Paya Albert [25] introduced the notion of a
“v-projection” which generalized the earlier idea of an LP-projection due to Behrends
[3]. A bounded projection Q on a Banach space X is a v projection if for every x
x| =v(|@x]|, ||x— @x|). In the L” case, v(x,,x;)=(|x["+]|x,|")*" for 1 <p<oo, while
v(xy, x,) = Max(|x]|,|x;]) for p=oc0. X has trivial L? structure if 0 and I are the only L?
projections. For the purposes of this section, L® projections will suffice but we will state
all of the lemmas for the general case.

>

Lemma 2.3. Let X and Y be Banach spaces. Let U be a surjective isometry from X to
Y. Let T be hermitian on X and Q be a v projection on X. Then,

Q is hermitian on X, (2.3a)
UQU™! isav projectionon Y, and (2.3b)
UTU™! is hermitian on Y. (2.3¢)

Proof. First we prove (2.3.3). Since Q?>=Q it follows that for any aeR,e“@=
(I— Q)+ Q. Hence, Qe"*?=¢"Q and (I —Q)e*?=(I — Q). Now for any xe X,

lle*@x]| = v(]|@e"2x]|, |1 — Q)= x)
=v(|leQx|, 71— Q)|
il (2.3.1)

This last equality follows from the fact that Q is a v-projection. From (h.1) it is clear
that Q is hermitian.
To prove (2.3.b) let ye Y. Then
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lugu~'y||=]|QU~'y|| and likewise ||y— UQU 'y||=||[U " 'y—QU 'y
Thus,
v(luQUYy|L.lly=UQU~ty[h=v(leU ~'y|.I[U~*y—QU "yl
=luy= =l (232
The proof of (2.3.c) follows from the equality

exp(iaUTU Y =Ue*"U ! (2.3.3)
and the fact that U is a surjective isometry.

Remarks. (2.3.c) can be used to give a short proof of the classical Banach Stone
Theorem for isometries between C(Q;) and C(Q2,), where Q, and Q, are compact
Hausdorf spaces. See Section 6.

Before stating our first result on isometries we need an additional fact concerning

v-projections.

Lemma 24. Let Q: ®X,—»®P:X, be the “diagonal map” Q(x,)=(Q,.%,). If Q is a
v-projection, then each Q,, is also a v-projection on X ,.

Proof. Suppose Q is a v-projection. For each positive integer k, Q,, is clearly a
projection and furthermore,

”(0, 0,. ey xk,O. . .)”E=V(”(O, veey Qkkxk,O .. ')”E’ “(0, “ee ,xk_Qkkxk, O)”E
i.e. | %/l = V(| Quxallis ||%e— Quxalli)- Thus, Q, is a v projection on X,.

Theorem 2.5. Let (X,) be a sequence of complex Banach spaces such that any one of
the following holds for every X ,,.

(2.5a) X, has trivial L®-structure.

(2.5b) X, has only trivial hermitian projections.

(2.5¢) X, has only trivial hermitian operators.

(2.5d) H(X,) contains no nontrivial hermitian projections.
(2.5¢) AH(X,)B={0} impliesthat A=0 or B=0.

T is a surjective isometry of @.X, iff there exists a permutation n of the positive
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integers Z* and a sequence of isometric operators U ., such that T(x,)=U zmXnxm SfOr
each (x,)e ®.X,. Moreover, the space X ,,,=X,,.

Proof. Let T be a surjective isometry of @.x, and suppose that the matrix
representations of T and T~' are denoted by (T;) and (S;) respectively. For each
positive integer k let Q* be defined by

04(x)=(0,0,...,x,,0,0...). (2.5.1)

From Lemma (2.3), T~ 'Q*T and TQ*T~! are both hermitian and L® projections. By
Proposition (2.2) T~ !Q*T is diagonal and by Lemma 2.4 each diagonal entry is both
hermitian and an L% projection on the corresponding factor space. Hence, if (2.5a),
(2.5b) (2.5¢) holds, these diagonal operators must be either the zero operator or the
identity. :

If (2.5d) holds we obtain a similar conclusion as follows: since the hermitians on
®.,X, are diagonal, Q* commutes with every hermitian. As a consequence, T~ 'Q*T is a
diagonal operator with hermitian projections on the diagonal. It follows that each
diagonal entry of T !Q*T must commute with every hermitian operator on the
corresponding factor space. By (2.5d), the only such projections are 0 or I.

Therefore for any of the first four hypotheses we get that for each positive integer k

Siﬂ;q:o

;i for i# j(where 0;; is the zero operator)

I.

;oor 0, if i=j. (2.5.2)

J

Since T™!Q*T is not the zero operator, there must exist at least one positive integer
which we denote by n(k) for which

Szok Tentiy = Lnery- (2.5.3)
Since,

[ %] = (T ™ T)Xi, X1 = 2. [S i TinXins X0l (2.5.4)

it follows that given k there is at most one n(k) for which (2.5.3) holds.

Therefore, the mapping k—n(k) is a one to one function on Z*. Moreover, the map
k—n(k) is surjective, for if A¢n(Z*), Tz=0 when z=(0,...,x;,0...) and this is
impossible. We say that n is induced by the conjugation Q—»T " 'QT.

Since T(T™'Q*T)T~!=Q* for each k, it follows that the “conjugation” TQ*T ™!
induces the permutation ¢ which is inverse to n. Thus as before

0, if i#j
(TQ*T~ Y= TySy= 4 O if i=j#o(k) (2.5.5)
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I if i=j=a(k)
From (2.5.3) we have

Sk Thj=Ony; for j#m(k)
and consequently

nn(k)sn(k)h T; j= Tl‘m(k)on(k)j = ij- (2.5.6)
From (2.5.5) we have that T,,,S,ux = I and so,
T,;=0,; for j#n(k). (2.5.7)

Therefore, we have shown that (T;;) has exactly one non zero operator entry per row
and column and so for each x=(x,) in @, X, we have the formula

(TX)y = TnmXxin)- (2.5.8)

By taking vectors with “single entries” it follows that ||T,emXxmll.=||Xzeml| for each n.
Since T is surjective it follows that T,,.,, maps X, onto X, and so X, and X, are
congruent. This essentially completes the proof of the theorem for the first four
hypotheses. The proof in the case of the last hypothesis is almost exactly the same as
the case that the X, are all Hilbert spaces and this argument is given in [9] and we will
not repeat the arguments here.

Remark. See the remarks following Theorem 3.1 concerning hypotheses (2.5¢).
As an illustration of this theorem we will consider several spaces from the paper of

Jakimovski and Russell. The first space is wd which has already been defined. The

second space is due to Borwein [6] and is defined as follows:

1 T
Wﬁ:{flf is measurable on [1, 0], lim T j'|f]P=O},
: 1

T-w

with the usual vector addition and scalar multiplication. As noted by Jakimovski and
Russell, if one defines

2k+1 l/p
(Bo| [l =LP[2%, 25+, ||f||a=(2'“ ) Iﬂ") ’

for keZ*, then Wo=@,B,. (L?[2*-2**?) denotes the usual L? space defined by
Lebesque measure on [2*-2%*1)).

Corollary 2.6. If U is a surjective isometry of w or WY then there exists a sequence
(Uprwy) of operators such that
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(@) for wd n(k)=k for each k, and there is a surjection o of {2%2*+1,...,2** -1}
and a sequence of real numbers 0, such that U (x;))=(e'*x,,;) for 2L j<2**1.

(b) for W, there exists for each n a measurable point mapping T, of J, onto J ., such
that if f,=f1,, then

Um:(n)fn(n) = hnfn(n) ° T;l .

(We have used I, to denote the indicator function of the set 4 and h, to denote the
“(1/p)th” root of the Radon-Nikodym derivative of the measure mT~! with respect to
m).

Proof. All that needs to be verified is that the “factor spaces” in each case have
trivial L®-structure. This fact follows from the work of Behrends [3]. He showed that
LP(y) spaces have only L? projections and so with 1<p<co, LP[2",2"*!) and I’ have
only trivial L™ projections. The description of the isometries on the factor spaces is
known and follows from the work of Banach and Lamperti [2, 20].

Remark. There are other spaces described in [17] satisfying the hypotheses of
Theorem 2.5. Rather than give explicit descriptions of their isometries we choose to
point out which of the hypotheses is satisfied in each case. For example, the space 0[A4],
is isometric to a ¢, sum weighted I? spaces (see page 283 of [17]). Since these I? spaces
have trivial L*® structure it follows that condition (2.5a) holds. Likewise, the space C, .,
p>1, (see page 283 of [17]) is isometric to a ¢, sum of L? spaces and these spaces also
have trivial L® structure.

So far, only one hypothesis of Theorem 2.5 has been used in our illustration of the
theorem. To see an application of some of the other hypotheses, we turn to a class of
Banach spaces that comes from abstract harmonic analysis.

In [19], J. LaDuke introduced a class of Banach spaces which he called &, spaces.
One of these spaces can be described as a ¢, sum. To be specific, let I be a countable
index set and suppose that for each iel, H; is a finite dimensional Hilbert space. &y(I) is
the * sub algebra of I, , B(H;) with coordinate wise operations and satisfying the
condition that (E)) e &(I) if and only if {ieI:||E|2¢} is finite for all £>0. The norm for
&(I) is supnorm, i.e. ||(E)||. =sup||Ei|l, where ||Ei|| is the operator norm on B(H,).

In order to apply Theorem 2.5 to the space &y(I) we need to show which of the
hypotheses is satisfied. The lemma which follows will provide the answer. We state it in
its most general form.

Lemma 2.7. Let Z# C,(H) be B(H), or any minimal normed ideal in B(H) in which the
finite rank operators are dense. If Q is a hermitian projection on Z which commutes with
every hermitian operator on Z then Q is 0 or I.

Proof. Let Q be an hermitian projection. It follows from work of Sinclair [29], and
Sourour [31] that there exists operators 4,, 4, such that each A; is hermitian on the
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Hilbert space H and for each TeZ, Q(T)=A,T+TA,. Since @ is a projection, it
follows from Sourour [31] that Q(T)=A,T for all T or else Q(T)=TA, for all T 1t is
obvious that in either case A4; must be a projection on H. If we now envoke the
hypothesis that Q commutes with every hermitian on Z it follows that A, (or
respectively 4,) must commute with every hermitian on H and consequently with every
operator on H. Clearly then A, =04 or I; and so Q 1s 0; or .

From the preceding lemma, it is clear that the spaces of LaDuke satisfy (2.5d).
Theorem 2.5 and Sinclair’s characterization of the surjective isometries of B* algebras
yield the following result.

Corollary 2.8. Let W be a surjective isometry of &I). Then there exists a permutation
¢ of the positive integers and unitary operators Uy, Vg such that for E=(E),

UisirEiy Vo
W(E)= or

t
Ul'¢(i)E¢(i) V¢(i)l'

where for each i, H;=H ,; and “t” denotes the transpose with respect to some orthonormal
basis for H .

3. Hermitians and isometries on @ X,

In this section we will investigate the structure of the hermitian operators and the
surjective isometries of more general sums. Much of what is done in this section is
generalization of results from [8] and [9]. We begin all of this by recalling essential
notions from [8].

Definition 3.1. A s.i.p. on X =® X, is said to be sufficiently /*-like if there exists a
sequence of nonnegative functions a; defined on X such that
(3.1.1)  ayx)=ay(y) for each k if ||x;||;=||yill; for i= 1.
(3.1.2)  a{ix)=adx) for every nonzero scalar A.
(3.1.3)  For every (i, j)3x;e X, x;e X; such that if x=x;,+x;, then it follows that
afx)=ayfx).
(3.14)  For every pair k# j there exists xeX with x,#6, and x;#0; such that
a(x)#afx). Let [ , ]; denote a compatible sip. on X; For x=(x;) and
y=( ;) in X,
(3.1.5)  [x,y]1=Y a{x)[x; y:]; defines a s.i.p. on X compatible with the norm.
In [8] we showed that every Banach space with a normalized one unconditional basis

(e;) can be written as an E-sum for an appropriate E and possesses a sufficiently [P-like
s.i.p. In that situation, each X, is an [ space of appropriate dimension and [ , J; is in
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fact an inner product for each i. We also defined two “coordinates” i and j to be
equivalent if whenever x=Y x,e, and y=Y y.e, belong to X with |x|>+|x|*=
|v:>+|y,1* and |x,|=]|ys| for n#i, j then ||x||=]||y||- In what follows we will require that
the sequence space E have no equivalent coordinates. In this situation the x; are just
complex numbers and so [x;, y;};= x,5;, where y; denote the complex conjugate of y;.

We now record a lemma the proof of which is essentially contained in Lemma 4.6 of

[8].

Lemma 3.2. Let X=®gX, and suppose E has a l-unconditional basis and no
equivalent coordinates. Then X has a sufficiently I° like s.i.p.

Proof. Let [, f]1=) ofiap) denote a s.i.p. which is sufficiently 1” like. For x=(x,)
and y=(y,) € X define

(%, y1=2" [Xn VslaAu(x),

where 4,(x):=a,(|x|li), and [ , 1, is any compatible s.i.p. on X,
It follows that this is the required s.i.p. on X which has the required properties and in
particular (3.1.4) follows from the fact that E has no equivalent coordinates.

Once the lemma is known the next theorem follows exactly as in [8]. A careful
reading of the proof of Theorem 2.6 of {8] shows that only s.i.p. properties were used
and consequently the argument there transfers to this situation with only minor
changes.

Theorem 3.3. Let X =@gX, where E has a l-unconditional basis and no equivalent
coordinates. If T is hermitian on X then, there exists a sequence (T,) of operators such
that T, is hermitian on X, and T(x,)=(Tx,) for each (x,)€ X. Furthermore the sequence
{IT.|I} is bounded. These conditions are also sufficient.

Remark. The hypothesis concerning no equivalent coordinates in E rules out [?
sums. It appears that [ sums are much more complicated to deal with. For instance, it
is not clear that hermitians on X ,@®,X, need be diagonal when X,, X, are non Hilbert
spaces. See the papers of Berkson and Sourour [5] and Partington [24] for some results
on this question. In [S§] Berkson and Sourour showed that the hermitian operators on
I sums of Banach spaces are “diagonal” for 1Sp<oo,p#2. The following corollary
generalizes their results to the case of Orlicz sums of Banach spaces.

Let ¢ be an Orlicz function satisfying the strong A, property and further suppose
that ¢ is differentiable and that ¢t~ '¢'(¢) is one to one. If (X,) is a sequence of complex
Banach spaces let 14(X,)=@®gX,, where E is usual Orlicz sequence space [,. It is well
known that the usual basis vector (§;)j>, are an unconditional basis for [, when ¢
satisfies the strong A, condition and furthermore this basis is 1-unconditional when [ is
normed by the Luxemburg norm
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[|(etn)|| =inf {JIZ ¢<Iaj1—”l)§ 1}- (3.4)

The hypothesis concerning t~'¢'(t) insures (see [9] that I, has no equivalent
coordinates. Thus, by Theorem 3.3 we have

Corollary 3.5. Let E=l, where ¢ is differentiable, satisfies the strong A, property and
t~1¢'(t) is one to one. If (X,) is a sequence of complex Banach spaces and W=@gX,,
then T is hermitian on W iff there is a sequence (T,) of uniformly bounded operators such
that

T(x,)=(T,x,) for (x)eW and T,eH(X,) (3.5.1)

for every n.

Remark. If ¢(t)=1t?/p, then E=I” and we get the result of Berkson and Sourour.
Also note that the hypotheses rule out p=2.

As noted earlier, spaces such as E=1I, have at least one semi inner product which is
compatible with the norm and sufficiently I like. The following proposition gives such a

s.1.p.
Proposition 3.6. Let ¢ and (X,) be as above. Then,

[(xa), ()] = k; Lxis yidian(y), (3.6.1)

where

ak<y>=[zuymnmw(”ﬁ;Hm)}"qs'('ll(y*#) (362

is a s.i.p. compatible with the norm on @ X, E=1,.

Proof. The fact that (3.6.1) is a compatible s.i.p. is given in [18]. It is routine to
verify that it is sufficiently /? like.

As we noted earlier, our main quest is the characterization of isometries of E sums of
Banach spaces. We now have the necessary preliminaries and we proceed to the main
result. Before stating the theorem we list some terminology. For the most part we are
just restating conditions we have imposed on the sequence spaces E. Let us say that the
sequence space E is “admissible” if:

(a) (a)€E and |B;]<|ey] for all i implies (8) € E and {|(B)]|e < [[()]|e-
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(b) the vectors (1,0,0,...),(0,1,0,...), etc,, form a 1-unconditional (hyperorthogonal)
Schauder basis for E. :

(¢) E has no equivalent coordinates.

Definition 3.7. Let E be an admissible sequence space. A permutation 7 is said to be
a symmetry of the norm if ||(atye)||e=]l(2)l|£ for all (a,) € E.

Theorem 3.7. Let E be an admissible sequence space and let (X,) be a sequence of
complex Banach spaces such that any one of the following holds for every X .
(3.7a) X, has only trivial hermitian projections.
(3.7b) X, has only trivial hermitian operators.
(3.7c) H(X,) contains no nontrivial hermitian projections.
(3.7d) AH(X,)B={0} implies that A or B=0.

If T is a surjective isometry of X =@X, then there exists a symmetry n of the
sequence norm and a sequence (U ,,,) of surjective isometries such that

T(xn) = ( Urm(n)xn(n)) (37 1)

for each (x,) e X. Furthermore, X, and X, are isometric for each n.
These conditions are also sufficient.

Proof. If n is a symmetry of the sequence space norm and (U,,) is a sequence of
onto isometries then,

[Tl =IAT=)alDlle = [NV sor*zinllles (37.2)

1Tl =[xl aelle = lCHealllle=%]I- (37.3)

Thus the conditions are sufficient.

The necessity of the conditions given the hypothesis follows as in the proof of
Theorem 2.5. The reason for this is that the hypotheses on E imply by Theorem 3.3 that
the hermitians are diagonal and the only other time that structure of E enters in an
essential way is that the norm on E may not allow every possible permutation. This is
where the symmetries of E enter the picture.

Remark. If E=I[? then an additional sufficient condition can be added, namely that
each X, has trivial L? structure. The result is known and due to P. Greim [15].

Corollary 3.8. Ler ¢ be an Orlicz function which is differentiable, satisfies the strong

A, property, and t~'¢'(t) is one to one. Let (K,) be a sequence of complex Hilbert spaces
and E=I,, the Orlicz sequence space associated with ¢. If W=@¢K, and T is a
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surjective isometry then there exist a symmetry n of the E-norm and a sequence (U,,q)) of
unitary operators such that

T(x,) =(UppmyXnmy) for every x=(x,) in W (3.8.1)

The converse is also true.

Remark. The hypothesis of Theorem 3.8 which is satisfied by the K,’s is (3.7d). This
was observed by the authors in [9]. We know of no Banach space that satisfies (3.7d)
which is not a Hilbert space. We suspect that this property may in fact characterize
Hilbert space. The next proposition provides more evidence that our suspicions are
correct.

Proposition 3.9. Let X be a Banach space with a normalized 1-unconditional Schauder
basis. If AH(X)B={0} implies that A=0 or B=0 then X is a Hilbert space.

Proof. Let (¢) be a basis satisfying the hypothesis. Recall that two “coordinates” i
and j are said to be equivalent if |x;|*+|x|*=|y)* +|y|* and |x|=|y| for ki or j
implies || x,e,]|=||2 yaea|l- To show that X is Hilbert space it is sufficient to show that
every pair of coordinates are equivalent.

In [8] we showed an operator T is hermitian on X if and only if its matrix (t,,,) with
respect to the basis (e,) satisfies the condition

tm, =0 if m is not equivalent to n
(39.1)
ton =1L, if mis equivalent to n.

Now suppose that for some pair of positive integers i and j that i is not equivalent to j.
Define A e B(X) by A=(a,,,) Where ‘

Am,=0 if (m,n)#(, j)
(39.2)
1 if (m,n)=(,))

Since i is not equivalent to j, every hermitian operator T has a matrix representation
(tmn) in which ¢;=t;=0. It follows then that ATA=0 for every TeH(X) and this
contradicts the hypothesis. Thus every pair of coordinates is equivalent and X is a
Hilbert space.

Remark. At this point we could give another application of the isometry theorem to
some of the other spaces considered by LaDuke. Some of the spaces he considers are
essentially I” sums of B(H,)’s where each H, is a finite dimensional Hilbert space. In this
case each “factor space” satisfies (3.7d).
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We should also point out that our theorem applies to the space Ly, of Schoenberg
given in [17]. The space is an I* sum of spaces with trivial L' structure.

4. Adjoint abelian operators on special sums

The idea of an adjoint abelian operator was introduced in the paper of Stampfli [32].

Definition 4.1. T e B(X) is adjoint abelian (a.a.) if for some s.i.p. compatible with the
norm on X it is true that

[Tx,y]=[x,Ty] forevery x,yeX. (4.1.1)

In general it seems that this class is quite small but Stampfli asked one question
which still seems to be open. The question is whether or not a.a. operators must be
scalar type spectral operators. We have answered this question (see [10,117]) for the
special spaces, C(Q), Q compact metric, L?(u, H) 1 <p<oo, p#2, and ®gH,, when H, is
a Hilbert space for each k and E=1/". :

In this section we want to record some extensions of our earlier results.

The first is in keeping with the other sections of the paper but the second is in a
slightly different setting than considered so far.

Proposition 4.2. Let (X,) be a sequence of Banach spaces and E=1?, 1 <p< o0, p#2.
If S=@®gX, then A€ B(S) is adjoint abelian with respect to s.i.p.

_ llyall\*~
) =Exnd( o (4.2.1)

if and only if

A =AU where U is an isometry such that U*=1.

Proof (outline). The converse is proven in [9]. Since A2=T is hermitian and adjoint
abelian with respect to he same s.i.p. it follows that T=(T,,) and each T,, is a.a. on X,.
It follows from the definition and special choices of x and y in (4.2.1) that if T,,y,=0 for
some k then y,=0,. By an appropriate choice of x and y we can show that if y, #0 and
y;#0 then

| Tayille _ N Tavill;

vl Wil

If we let 2 to be the common value then it follows that A~'T is an isometry. From
Theorem 6 of [10] it follows that there exists an isometry W such that W2=/I and

(4.2.2)
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=AW. Now use the fact [33] that ||A2||—||A”2 to get that A is a multiple of an
1sometry U and again by Theorem 6 of [10], U

Remark. As we noted in [10], every a.a. operator satisfying the conclusion of the
theorem is scalar type.

Given the previous result, it is natural to attempt to extend the proposition to the
Bochner LP(u, X) spaces. At this time we can characterize a.a. operators on the Bochner
LP spaces only for special X’s and for finite measures. Thus we have:

Theorem 4.3. Let L”(u,X) be a Bochner space, 1<p<oo, p#2, u a probability
measure and X a Banach space with trivial hermitian operators. If A is a.a. with respect to
asip. [, ]on LP(u,X) for which

1
[fe] =ﬂg—”,,.—2! Lf (@), g(0)1]|g®)|P~ 2 dp (4.3.1)

holds for simple functions ge LP(u, X), then A= AU where U is an isometry such that
U=

Proof. Let T=A2 Then T is both hermitian and a.a. with respect to the given s.i.p.
By Sourour’s Theorem, [30], there exists a strongly measurable H(X) valued function
K(.) such that

(Tf)s)=K(s)f(s) forevery feL’(u,X). 4.3.2)

Since H(X)={rl |reR}, there exists a bounded nonnegative scalar valued function k(s)
such that

(Tf)s)=k(s)f(s) forevery [ in LP(uX). (4.3.3)
Furthermore, since k(s) is nonnegative,
[k(s) S (s), g(s)1=LS(s), k(s)g(s)]=k(s)[ f(s), &()] (4.3.4)

for every f and g in LP(u, X).
Since T is a.a. we have

[T/gl=[/Tg]l forevery fg in L%uX) (4.3.5)

and so for every simple g we get

p—2 k p—2
[KOLI) g(s)](”ﬁ( ﬁ”) du=jk(s)[f(s),g(s)1(”%ﬁi‘—”s—’”> . (436)
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Let S(k)={s|k(s)#0} and o =S(k) with u(s)>0. With f =x,g we get from (4.3.6) that

el ((NTelN~2_  o-2) g
S (g2 (( ||g||) K ’)"*“" (437)

for every simple g. If we let veX and set g=v (the constant function) then
| Tg|lP = |k(s)v |> du=||k||"||v||" and so from (4.3.7) we obtain
ks)|loll”
[lP=TolP
From (4.3.8) we get that there exists o,=s(k) with u(c,)=0 and k(s)=||k|| for all
se S(k)\o,.

We claim that u(Q\S(k))=0. For suppose that u{(Q\S(k))>0. Let 3, cQ\S(k) and
8,<S(k) be sets of positive measure. Let v,,v, be in X and set y=y; v, + 50, If

Jlos[|=]lvzl|=1 then ||g||P= u(8,) + (67), and
(Tg)(s) = k(8)x5,(5)v + k(8)x5,(5)02 = k(5)x5,(S)V2-
Thus, || Tg||” =||%["«(6,), and

| TellP=2 _ |IkllP~ 232y
€lP=2 ~ (u(8,) + (8,)y

If we use (4.3.9) in (4.3.7) with ¢ =4, and the fact that k(s)=||k|| we obtain:

[ll|lP =2 — k(s)*~ 2] du=0. (4.3.8)

where r=(p—2)/p. (4.3.9)

LN S, .
HS,) [ (ul(dy) + m(02)) p=r (4.3.10)

This gives us
I s [ MY —1]—0 .
TR Zanc) [PTATRYER) dul e @3.11)

ThlS last equation is not possible if u(d,)>0. Therefore, for every measurable subset
S Q\S(k), u(6,)=0. We conclude that k(s)=||k|| a.e.
We have just shown that A2=||k||I and we can conclude that A=|k||W for some
isometry W for which W2=1.

Remarks. First of all if X is smooth then L?(u, X) has a unique s.i.p. (1 <p<®), and
formula (4.3.1) holds for every f and g in LP?(u, X). Furthermore smooth spaces with
trivial hermitians exist, e.g. see [12].

This theorem raises several questions

https://doi.org/10.1017/50013091500028583 Published online by Cambridge University Press


https://doi.org/10.1017/S0013091500028583

186 R. J. FLEMING AND J. E. JAMISON

(4.Q.1) Does the result of Theorem 4.3 hold for X’s with nontrivial hermitians?

(4.Q.2) Which Banach spaces X can be equivalently renormed so that H(X) is trivial?
In particular what happens if X is smooth?

(4.Q.3) Does the result of Theorem 4.3 hold for C(€, X) when  is compact metric?

(4.Q4) Is every aa. operator on C,(H), the Schatten p-class, | <p< oo, p#2, a scalar
operator?

5. Hyponormal operators—some special cases

K. Mattila [23] introduced the notion of a hyponormal operator on a Banach space
X.

Definition 5.1. T e B(X) is hyponormal iff there exist hermitian operators H and K
such that T=H+iK and i(HK—KH)20, ie. the numerical range of i(HK—KH) is
contained in R*.

The idea of a normal operator was defined earlier by Lumer. He defined an operator
T e B(X) to be normal if T=H +iK where H and K are hermitian operators such that
HK—KH=0.

Remarks. Given the characterizations of the hermitians on the spaces in question, it
is obvious that on the spaces L”(u,), reflexive Orlicz spaces Ly(u) and C(Q) for Q
compact, the hyponormal operators and the normal operators are the same class.

Proposition 5.2. Let Y=L"u, X) 1 Sp<w,p#2, or C(, X), Q compact Hausdorff, or
Y=@X,, where E is admissible. T is hyponormal on Y iff there exists an operator valued
Sfunction A(t) in B(X) (A(n)e B(X,) in the last case) such that A(t) is hyponormal on X (or
X, in the last case) for which

(TY)(s)=A(s)f(s) for every feY.

Proof. The proofs of all cases are essentially the same so we will give only the proof
for C(Q,X). Let T=K,;+iK, where K,,K, are hermitian and i(K,K,—K,K,)=0.
From [13] it is clear that there exists H(X) valued functions K,(s) and K(s) such that
TAs)=(K(s)+iK(s)) f(s) for every seQ. Let d(s)=i(K,(s)K,(s) — K (s)K(s)). We need
to show that d(s)=0 for each seQ. To do this let [ , ] be any compatible s.i.p. for X.
Let ¢ be a choice function with domain C(Q,X) and range Q such that

(@) e {s|llg(s)|=]lg]}}- Then
[f&l,:=0S(¥(2). &(¥(g))] (5.2.1)

is a s.i.p. which is compatible with the norm on C(Q, X).
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If xeX,. let x denote the constant function which takes the value x at every point.
Since T is hyponormal

[0x, x]y = [i(K (Y (x) K 2(¥(x)) — K2(W(x) K (¥(x)))x,x] 2 0. (5.22)

Since ||x(s)|| =||x|| for every s€Q, and since each choice function leads to a compatible
s.i.p. on C(, X), it follows that the operator i(K,(s)K,(s) — K,(s)K (s)) 20 for each se Q.

In ([23, Theorem 2.4]) Mattila show that if T=H +iK is hyponormal on X and X is
complex strictly convex then Tx=0 iff Hx=Kx=0. Using this result and Proposition
5.2 we have:

Corollary 5.3. Let X be complex strictly convex and Q compact Hausdorff. If T is a
hyponormal operator on C(Q,X) and Tf =Hf +iKf=0then Hf =K f=0.

Proof. Suppose T=H+iK is hyponormal and Tf=0. By Proposition 5.2, there
exists an operator valued functions K (s) such that K(s) is hermitian for each seQ and
K,(s)+iK, is hyponormal on X for each s. So Tf =0 implies that Tf(s)=K,(s)f(s)+
iK,(s5)f(s)=0. It follows by Mattila’s theorem that K(s)f(s)=0 and K,(s)f(s)=0 for
each s. Thus Hf =0 and K f =0.

Remark. This corollary shows that complex strict convexity of the range space in
Mattila’s Theorem 2.4 is not a necessary condition because C(£,X) is not complex
strictly convex if Q contains at least two points.

In Hilbert space it is known that of an operator is both compact and hyponormal
then it is normal. So it is a natural question to ask, is every compact hyponormal
operator on a Banach space normal? This result is true for Banach spaces with 1-
unconditional bases. The reason for this is that the hermitians are diagonal and hence
hyponormal operators are diagonal. Hyponormality of the original operator implies that
the diagonal elements are hyponormal on their domains. Compactness of the operator
implies compactness of the diagonal operators and since the factor spaces are Hilbert
spaces the diagonal operators are normal and consequently the original operator is
normal. This type of argument can be extended to a different setting as follows:

Proposition 5.4. Let T be a hyponormal operator on C(Q,X) where X is a Hilbert
space. If T is compact and hyponormal then T is normal.

Proof. We have already shown that there exists a function A(s) defined on Q with
values in B(X) such that A(s) is hyponormal for every s and (Tf)(s) = A(s) f(s). To prove
that T is normal it is sufficient to prove that A(s) is compact for each s.

Let (x,) be a bounded sequence in X. The sequence of constant functions (x,) is
bounded in C(Q, X). Since T is compact there exists a subsequence x, such that Tx,, is
convergent to some g e C(Q, X). So
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| T, —g||=>0 as k—oo, (54.1)

Hence
| Tx,(s)—g(s)|| =0 uniformly in s. (5.4.2)

Thus,
|| A(s)% . —£(s)|| 0 uniformly in s. (5.4.3)

It follows that for each s, A(s) is compact. Siince A(s) is also a hyponormal and X is a
Hilbert space, A(s) is normal for each s.

6. Banach spaces with trivial hermitians and the Banach Stone Theorem

In this section we will use property (2.3¢c) of Lemma 2.3 plus a result from [13] to get
a Banach Stone type Theorem. Before proceeding with this we note that Behrends has a
stronger result [4], and we are just offering a different proof for the complex case.
Before stating the theorem we recall that a Banach space is said to have trivial
hermitians if the only hermitian operators are real multiples of the identity.

Proposition 6.1. Let Q; and Q, be compact Hausdorff spaces and X,,X, Banach
spaces with trivial hermitians. An operator T:C(Q,,X,)—=C(Q,,X,) is a surjective
isometry iff there exists a homeomorphism 1:Q,-Q, and a surjective isometry U: X, - X,
such that '

(TY(w)=UWw)f(1(w)) forevery feC(Q,,X,). (6.1.1)

Proof. Let he Cx(Q,). Then (M, f)(w)=h(w)f(w) clearly defines a hermitian operator
on C(Q,,X,). By Lemma 2.3 TM,T"! is hermitian on C(Q,, X,). From Theorem 4 of
[13] and the hypothesis that X, has only trivial hermitians it follows that there exists a
unique g € Cx(€Q,) such that

T™M, T '=M,. (6.1.2)

Define ¢(h)=g. It follows easily that ¢ is an algebra isomorphism of Cg(Q,) into

Cr(Q,). To see that ¢ is onto, let ge Cg(Q,). Then M, is hermitian on C(Q,, X,). By

Lemma 23 T~ 'M,T is hermitian on C(Q,,X,). Hence there is a ke Cg(;) with

T 'M,T=M,. Clearly ¢(k)=g and so ¢ is a algebra isomorphism of Ck(Q,) onto
Cr(9,). Again from [13] we obtain a homeomorphism 7:Q,—-Q, such that

¢(h) = hor. (6.1.3)

For each weQ, and xe X, define
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U(w)x=Tx(w), where x(w)=x forevery weQ,. (6.1.4)

U(w) is clearly a linear transformation from X, to X,. Furthermore, U(w) is uniformly
bounded since

U] = TxW| £ ]| Tx[|oo = [Ix]|oo = || (6.1.5)

We claim that not only is U(w) uniformly bounded but in fact U(w) is an isometry for
each w. For suppose there is an x,€ X, of norm 1 and w, such that || Txo(wo)|| < 1. Then
there is a neighbourhood 0, of w with ||x¢(w)||<1 for all weO0,. Since Q, is normal,
there is an 0, such that 0;<0,. By Urysohn’s Lemma there exists an f e Cg(Q,) such
that f(Q,)<[0,1] and f(0,)=1 and f(0%)=0. Let g:=(f0r !)x,. Then g belongs to
C(Q X, and ||g||=1. However,

Tg(w)=TM, T 'Txo(w)=f(w)Txo(w) and so (6.1.6)
I7ello=Max o) Txo0m) <1 .
and this contradicts the fact T is an isometry. Therefore
|[Uw)x||=||x|| forevery xeX. (6.1.8)
We have shown that for fe Cx(Q,), xeX,
T(fx)(w)=TM T 'x(w)= f(z(w))U(w)x or (6.1.9)
T(f x)(w) = U(w) f(t(w))x. (6.1.10)

Since linear combinations of functions of the form f(w)x are dense in C(Q,, X,) we have
shown that (6.1.1) holds if T is a surjective isometry of C(Q,, X,) onto C(R,, X,). The
converse is obvious.

Remarks. We wish to point out that because of Lemma 2.3 most of the isometry
theorems in this paper could be stated in a slightly more general way. For example,
Theorem 3.7 could be stated for an isometry between an E sum of {X;} and an E sum
of {Y;} provided the X; satisfied the hypotheses of (3.7).
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