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Abstract

Topological algebra bundles whose fibre (-algebras) admit functional representations constitute a
category, antiequivalent with that of (topological) fibre bundles having completely regular bundle
spaces and locally compact fibres.
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In [5] B. R. Gelbaum has proved the following. We are given a fibre bundie E on
a space X with fibre a commutative or Q-uniform Banach algebra 4 and
group-bundle the group of isometric automorphisms of 4. Then, the maximal
ideal space of the Banach algebra of sections of E is a fibre bundle over the same
base as F, fibre the maximal ideal space of 4 and group-bundle the group of
self-homeomorphisms of the latter space.

In this paper we enrich the previous picture by getting a kind of an inverse of
Gelbaum’s result. Furthermore, the whole stage is put within a more general
framework, that of “topological algebra bundles”. So, one considers a triplet
§=(E,n, X), where m: E— X is a given map of a set £ into a topological
space X, the latter map being further specified, up to equivalence, by “algebraic”
atlases. The preceding is patterned after certain current results of A. Mallios [11,
12], as well as some ideas in the above quoted work of B. R. Gelbaum.
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(2] On topological algebra bundles 399

More particularly, in Section 1 we deal with standard facts of the general
theory of topological algebra bundles getting thus results analogous to those of
the classical theory of vector bundles [7] (see Theorem 1.3, Remark 1.1). More
specifically, we give a characterization of a topological algebra bundle through a
system of transition functions on X (Theorem 1.2), a technique which is sys-
tematically applied throughout the rest of the paper. Then in Section 2 we exhibit
the set of continuous sections of E as a topological algebra (see (2.3)ff), in effect,
as an algebra of continuous functions with values in the algebras-fibres of the
bundle E (Theorem 2.1). The above makes it possible to get our main results, as
these are presented in the subsequent Sections 3 and 4.

Thus, more precisely, let £(X) be the category of topological algebra bundles
over X and M (£) the “spectrum bundle” of an object § in &(X), defined
through the “spectrum functor” I (see (3.9) and Theorem 3.1). Moreover, let
F (X) be the category of fibre bundles over X. Then, one defines a contravariant
functor ¥: F(X) — &(X) (Theorem 3.2), which is fully faithful [7], if the objects
of #(X) have completely regular bundle spaces and locally compact fibres (we
denote this subcategory of #(X) by ‘% (X)). Thus, if ‘€( X) denotes the category
of topological algebra bundles whose fibres (M,, « € K) admit functional repre-
sentations (viz. €(IM(M,)) = M,), then the categories ‘(X)) and ‘F(X) are
antiequivalent (Corollary 3.1). In particular, one concludes that § € "% (X) and
%(£) € '6(X) (Theorem 3.2) are in a kind of “canonical dualtiy”’; namely, £ is
isomorphic to the bundle obtained from € (£) (Theorem 3.1) via the application
of the “spectrum functor” IR. Naturally, this constitutes one further application
of the classical concept of numerical spectrum (Gel’fand space) of a topological
algebra. Analogous results are valid for holomorphic (algebra) bundles (Scholium
3.1). The above are mainly based on the following fact: Taking a topological fibre
bundle § = (E,w, X) from F(X), €.(E) is identified (as a locally m-convex
algebra) with I'(%¢(£)) (see Theorem 3.3). This same result exhibits a generaliza-
tion in the context of the theory of fibre bundles of the well known identity
C(XXY)= (X, %,(Y)), with Y a locally compact space [4].

Finally, we consider in an Appendix (Section 4) another realization of the
spectrum bundle M (£) of a suitable £ € £(X), proving that the (numerical)
spectrum of the algebra of sections of ¢& (MM (T'(£))) defines a fibre bundle over
the compact base X of § (Theorem 4.1). The latter extends, within the present
framework, an analogous result of Gelbaum in [5]. The technique applied is both
different from that in [5] and simpler from some points of view. In addition the
preceding specializes to the standard result that I (%.( X)) and X are homeo-
morphic, when X is a completely regular space [9]. A similar result has been given
in [6] by considering fibre tensor product bundles. In a future publication we
hope to extend Theorem 4.1 to the case of a non compact base space X.
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It is a pleasant duty to express my sincere thanks to Professor Anastasios
Mallios for generous help and advice, as well as lively interest, during the
preparation of this work. Among other things it was his idea to set the whole
stage in the context of topological algebras in general (not locally convex or yet
locally m-convex ones), and also to apply a categorical language to my initial
main result.

Given a set E, a (Hausdorff) topological space X and a map #: E — X, an
algebraic chart (or simply chart) of E is a triplet s = (U, ¢, M), where U is an
open subset of X, M a topological algebra and ¢, a bijection

(1.1) o, UXM->a }(U)

such that 7(@,(x, a)) = x, for any (x,a) € U X M; thus, for every x € U, the
map

(1.2) Puyi= <p[;1|,,-1(x): 7 (x)> M

is a bijection. Now, given two charts s; = (U, ¢, M) and s, = (V, ¢, N) we say
that they are compatible, if the next two conditions are satisfied:

(1.3a) ¥y, ° Py € Hom(M, N)
for every x € U N V, and moreover the map
(1.3b) x>y, ool UNV > Hom (M, N)

is continuous, where Hom (M, N) is the set of continuous algebra morphisms of
M into N equipped with the simple convergence topology induced on it by
ZL.(M,N). If the algebras involved have identities, the elements of Hom(M, N)
are assumed to respect identities. Moreover, since

~1yv ! _
(14) (ll/V,x ° (pU,lx) = q)U,x ° ‘PV,Ix € HOm(N, M)’

for every x € U N V, we observe that the range of (1.3b) is, in fact, the set of
topological algebraic isomorphisms of M onto N, denoted by Iso(M, N).

Furthermore, the compatibility of s;, s, is, in effect, equivalent with the
existence of a continuous map, say A, such that

(1.5) AMUNV->Hom(M,N): x> Ax)i=y, op,L.
Thus, for any x € UN V and a € M, one has

(1.6) (vi'eou)(x,a) = (x,[A(x)](a)) = (x,A(x)a).
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A family & = {(U,, @, M)} . x Of charts of E is called an algebraic atlas (or
simply atlas) of E, if the charts of .« are mutually equivalent and X = U, U,.
Moreover, two atlases &/, # of E are said to be equivalent (& ~ Z) if L/ UZ is
also an atlas of E. The last notion provides an equivalence relation in the set of
all atlases of E, in such a way that one sets

DEFINITION 1.1. (A. Mallios). A triplet £ = (E, 7, X), as above, is said to be a
topological algebra bundle over X, if we are given an equivalence class of algebraic
atlases, say [ /], of E.

Locally (m-) convex algebra bundles will have the obvious meaning by special-
izing to the pertinent class of topological algebras for the fibres.

Now, given an atlas & of E, and hence its equivalence class [&/], we may
always consider the associated to &/ maximal atlas of E say &/ *, consisting of all
charts of £ compatible with the charts of ., that is,

(1.7) = |J 2.
Re(H)

As we shall presently see, the last atlas defines E, in a unique way, as a
topological algebra bundle.

We first give the following lemma, a useful tool for the realization of a
topological algebra bundle (see Theorems 1.1 and 1.2 below). It also extends
within the present context an analogous result of [11, Lemma 2.1}, [7, Theorem
1.12, page 3].

LEMMA 1.2. Given the topological algebras M, N and a (Hausdorff) topological
space X, consider the following two assertions:

(1) The map h: X - Hom (M, N) is continuous.

(2) The map h: X X M - X X N:(x,a)~ h(x,a) = (x,[h(x)|(a)) is continu-
ous.
Then, (2) = (1). Moreover, if Hom (M, N) is a locally equicontinuous subset of
L(M,N), then the previous two assertions are equivalent. In this respect, one
defines x — h(x):=h_(=h(x,), x € X.

PROOF. (2) = (1): The map h(x) = (p,° k), (partial map of p, o k), where p,
is the projection p,: X X N — N, is continuous for every x € X. Thus, the
relation

[(2)](a) = p,(h(x, a)),

with (x, a) € X X M, proves the assertion.
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Now, if Hom(M, N) C # (M, N) is locally equicontinuous, one still proves
that (1) = (2): Indeed, the map £ is the composition of the maps

é €
XXM->XXHom,(M,N)XxM— XXN,

where (x, a) = 8(x, a):= (x, h(x), a) is a continuous map by the continuity of
h; besides, (x, h(x), a) = e(x, h(x),a):= (x, h(x)a) is also continuous by hy-
pothesis for Hom (M, N) (see [3, Chapter X, Section 2.2, Corollary 4]).

The local equicontinuity of Hom (M, N) was, of course, a crucial assumption
for the proof of the previous lemma, and this is also the case for the next
Theorems 1.1, 1.2. This condition is valid, for example, in case of Fréchet locally
convex algebras, when by Hom (M, N) one should mean, of course, continuous
morphisms of the whole structure {3, Chapter X, Section 3.1, Example 2)].

Now, given a topological algebra bundle ¢ = (E, 7, X), we topologize E as
follows: A subset A of E is open, if @7 (4 N 7 YU,)) € U, X M, is open, for
every a € K, where &= {(U,, ¢,, M)}, x 18 a given atlas of §. Thus, one gets a
topology 7, of E (not necessarily Hausdorff), which is. of course, independent of
the atlas ./ considered.

The next result is analogous to that of [11, Lemma 2.2} for A-vector bundles.

THEOREM 1.1. Let £ = (E,m, X) be a topological algebra bundle and of =
{(Up» @0 M)} o x an atlas of & such that the sets lsom (M,, My) are locally
equicontinuous. Then, F, is the unique topology on E making m continuous and the
maps ¢ U, X M, » 7~ Y(U,), a € K, homeomorphisms. Moreover, each fibre
E_=a"Yx), x € X, of E is uniquely defined as a topological algebra whose
topology is the relative one induced on it by E.

Prook. For any charts (U,, ¢,, M,,), (Us, 93, Mg) of &7, the set
(1.8) (pgl(ﬂ_l(Ua) N W"I(UB)) = (pa_l(w_l(Ua N Uﬁ)) = (U,N ) X M,
is open, for every a € K, such that #~Y(U,) € 9, for any a € K, hence the
continuity of 7. Moreover, by Lemma 1.1 and the continuity of (1.3b) (see also
(1.6)),
(1.9) o5 o, (U, 0 Up) X M, = (U, N Up) X My
is continuous, and hence its inverse map @, '° ¢, too, so that the map @,
U, X M, > 7 }U,), « € K is a homeomorphism. Furthermore, for every x €
U,, 77}x) € E is endowed by (1.2) with the structure of M,. The last assump-
tion is independent of the choice of chart, since, for every x € U, N Uy, the map
(95 ° Pu)x = Pp1° Py € Isom(M,, M) (see (1.3b)). Thus, the resulting topo-
logy of 7 !(x) = M, coincides with the relative one induced on it from the open
set 7~ Y(U,) C E, since ¢,, « € K, are homeomorphisms. On the other hand, the
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uniqueness of the topology of E satisfying the preceding conditions follows by a
standard argument.

The above theorem yields, in particular, that a basis of .7, consists of the open
sets 7~ 1(U) for any given chart (U, ¢, M) € o/ * (see (1.7)).

On the other hand, in analogy with the standard notion of a (complex) vector
bundle (see, for instance, [1] and/or [7]), we can define topological algebra
bundles as follows:

Let X be a topological space and (E,), . , a family of topological algebras.
Moreover, if E =Y _E, is the respective vector space direct sum of the family
(E,), < x» we consider E topologized so that the relative topology on each E, is
the initial one of the algebra E , x € X, and the canonical projection 7: £ — X
is continuous.

Now, a triplet £ = (E, 7. X) as above is said to be a topological algebra bundle,
if there exists an open covering # = {U} of X, such that §|, is a rrivial
topological algebra bundle; that is, there exists a topological algebra M and a
homeomorphism ¢,: UX M — a~Y(U) = E|,, in such a way that, for every
x € U, the map g, , = q;&’lwfl(x): 77 }(x) > M is an algebraic isomorphism,
hence an algebraic homeomorphism.

Consequently, Theorem 1.1 implies that the notion of a topological algebra
bundle through a family of topological algebras over a topological space X is
equivalent to that of Definition 1.1.

Now, given a topological algebra bundle £ = (E,#, X) and an atlas «/=
{(U,, 9,y M)} o x of E, one always gets a family of continuous functions

(1.10) Aopi U, N Uy = Hom (Mg, M,),

by the relation A, z(x):= ¢, ° @5 ! (see (1.5)) such that the relative “cocycle
condition”

(1.11) Aap(x) Ap(x) = A, (x), xeU,NnYnU,

to be valid. Therefore, the relation

(1.12) A(x)= id,,

forany x € U, a € K, is also true. By (1.11) (see also (1.5)) one has
(1.13) Aap(x) € Isom (M,, M, )

for every x € U, N U.

A triplet A = {(U,),(A,p),(M,)} consisting of an open covering (U,) of a
topological space X, a family of topological algebras (M, ) and a family of
continuous maps A . U, N Up — Hom (M,, M,) satisfying (1.11), is said to be
a system of transition functions on X.
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The preceding characterizes, in fact, topological algebra bundles according to
the next

THEOREM 1.2. Let X be a (Hausdorff) topological space and A =
{(U),(Ap).(M,)} a system of transition functions on X such that the sets
Isom (Mg, M) are locally equicontinuous. Then, there exists a topological algebra
bundle § = (E,w, X), having A as a system of transition functions.

PROOF. On the disjoint union T =l (U, X M,) we define an equivalence
relation as follows

Xo,=xpg=x€ U, N U,

1.14) (x,,a,) ~ (xg4,ag) if and only if
( ) ( ) (p p) y {aa=>‘aﬂ(x)ap'

Let E= T/~ be the corresponding quotient set and ¢q: T — E the canonical
quotient map. We consider T equipped with the direct sum topology and E with
the respective quotient topology. Now, we consider the map

(1.19) 7 E - X: [(x,,a)] = x,.

which is uniquely defined via (1.14) and also continuous: Indeed, = is continuous

if and only if the maps wmeoge° j, are continuous (j,: U X M, = T is the

canonical injection), which is, of course, true since 7o ge j, = pr,o(i, X idy ),

where pr,: X X M, — X is the projection and i,: U, — X the inclusion map.
Moreover, for any a € K, we consider the map

(1.16) P = 4|y xm,s

whose range is 7~ (U,), since (1.15) implies 7(q(x,.a,)) = x, and therefore
(mee)x,a,) = x, € U, Besides, (1.16) is a homeomorphism: Indeed, ¢, is
continuous by the continuity of ¢ and moreover “onto” since for b = [(xg, ag)]
€ 77 Y(U,), one has xz € U, N Up and (x,,a,) ~ (x, A,g(Xg)ap), such that
b = @,(x, A p(x)ap) (see (1.14)). Furthermore, the relation (x,, a,) ~ (x,, a,)
implies that x, = x and a, = A,,(x)a, = id (a,) = a,, which shows that ¢,
is 1-1. Finally, ¢ ! is continuous, by the continuity of the composition of the
following continuous maps

(U, N U)X My = (U, N Up) X M, - U, X M,

(see Lemma 1.1, (1) = (2)).

Now, by considering the map ¢, ° ®g,x0 Mg—> M,, x € U, N U, for each
ag € My, let a, = (9, )Nag). Then, @z(x,ag) = ,(x,a,) which means
(x,ag) ~ (x,a,) (see (1.14)), and therefore a, = A g4(x)az. Thus, one gets
(P x° Pp.)Nag) = A 5(x)ap, which proves the assertion.
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On the other hand, two systems of transition functions on X, say A =
(U, (A gp), (M)}, N = {(V)), (1), (N,)}, are equivalent if there exist continu-

ous maps

(1.17) p.: U, NV, - Isom,(M,,N,)
such that

(1.18) P A ap(x) - 24(x) ™" = iy ()

for x € U, N Up N V; N V.. This is an equivalence relation in the set of systems
of transition functions (see [7, page 10] for an analogous proof). Thus, by
extending the standard terminology pertaining to G-cocycles (G being a topologi-
cal group [7, page 9]), we denote by H!( X) the corresponding quotient set. Now,
given a topological space X, let &(X) be the category whose objects are
topological algebra bundles over X (Definition 1.1). Thus, given § = (E, 7, X),
¢ =(E' 7', X)of &(X), a morphism of § into £’ is a fibre preserving continu-
ous map a: E — E’ (thatis, #’ o a = 7), such that

(1.19) a,(=al, ) € Hom(E, E,), xe€X

(topological algebra morphisms).

So, by considering isomorphism classes of the objects of &(X) one gets the
following result analogous to [7, Theorem 3.6, page 10}, [12, Theorem 1.2}, which
provides an equivalence version of Theorem 1.2.

THEOREM 1.3. Let ®(X) be the set of isomorphism classes of topological algebra
bundles over a topological space X having locally equicontinuous sets of fibre
isomorphisms (see (1.4)). Moreover, let H\(X) be the set of equivalence classes of
systems of transition functions on X, as above (see (1.18)). Then,

(1.20) o(X) = H'(X)

within a bijection.

Theorem 1.3 yields that the topological algebra bundle constructed by Theorem
1.2 is unique up to equivalence.

REMARK 1.1. Given a topological algebra bundle £ = (E, 7, X) of fibre type a
topological algebra M, let &= {(U,, ¢,,M); a € K} be an atlas of E and
A = {(U),(Ap), M;a € K} a system of transition functions for E. Thus, one
has A g(x) € Aut(M), for every x € U, N U,, where ut(M) is the set of
topological algebraic self-isomorphisms of the topological algebra M. Thus, if
Lut(M) is a locally equicontinuous subset of Hom (M, M), then it is a topological
group (see [3, Chapter X, Section 3.5, Corollary of Proposition 10] and also [6,
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Section 2]), such that A is a G-cocycle (see [7, page 9]), for G = Lut(M). In this
case (1.20) takes the more standard form

(1.21) o(X)=H(X, u(M)).

within a bijection.

Let £ = (E,m, X) be a topological algebra bundle, &/ = {(U,, ¢,, M,)},c x> an
atlas of £ and T'(§) the set of (continuous) sections of £. Now, I'(£) is made into
a topological algebra and, in fact, a % (X)-algebra, where %.(X) denotes the
(locally m-convex) algebra of C-valued continuous functions on X, endowed with
the compact-open topology. Thus, for v,v,,v, € I'(§), f, f1, /, € €(X) and
x € U, we define

(f-7)(x) = (v F)x)= @ulx, f(x) - 1,(¥(x))),
(21) (fi-n+rh v)x)= (P.,(X,fl(x) ’ ta(Yl(x)) +he ta(YZ(x)))’
(1 v2)(x) 1= @a(x, 1a(12(%)) - £a(12(x)))
where ¢, = @, (see (1.3)).

Theelements f- v,y f, f;v1 + f2° ¥2» Y1 * Y» belong to T'(£) and, moreover,
these are independent of the choice of U,: Indeed, if x € U, then by (2.1)

(71 72)(x) = q)a(x’ta(YI(x)) ) tn(YZ(x)))
= (pa(x’)‘aﬁ(x)(tﬂ(YI(x)) : ’/f(Yz(x))))
= (pﬁ(x’tB(YI(x)) ’ tﬁ(Yz(x))) (by (1-5))-

We also define the zero section 0(x):= ¢,(x, 0) and moreover, if the algebras M,

have identities 1, we still define 1(x):= @,(x,1,), x € U,, these sections being

also independent of the choice of U,; furthermore, for all y € T'(£), one gets
y-1=1-y=vy, 0-y=y-0=0, y+0=0+y=1y.

Thus, I'(§) is a €(X)-algebra (with identity element if the M, are unital

algebras). Before we define I'(§) as a topological algebra, some more comments

are necessary.

So, let £ be a topological algebra and €,(K, E) the algebra of continuous
E-valued functions on a compact space K endowed with the topology of uniform
convergence in K. Then, by definition of the topology u, €,(X, E) is a topologi-
cal algebra (see [12, Lemma 2.1j). Moreover, the algebra of continuous E-valued
functions on a topological space X endowed with the topology of compact
convergence in X (denoted by €.(X, E)) is also a topological algebra, as this
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follows by
(2.2) ¢(X,E)= l(l_r_n ¢,(K,E),

where the projective limit is defined over the compact subspaces K of X (see {9,
Chapter VI, Section 4, (4.12)]).

Now, for any U,, the local sections of § “are” M -valued continuous functions
on U, due to the “local triviality” of &; that is one has the following algebra
isomorphism

23) M(Up) = €(U, M,).

Thus, if I'(U,, £) 1s equipped with the (compact-open) topology of €.(U,, M,)
then I'(U,, £) becomes a topological algebra of the same type with M. Moreover,
if i, T'(§) » I'(U, §) is the canonical restriction map (X = U, U,), then I'(§¢)
endowed with the inverse topology defined via i, is a topological algebra of the
same type with M. In particular, if M, is a (complete) locally (m-) convex
algebra, I'(§) is such an algebra too, while if M, is a Fréchet locally (m-) convex
algebra and X a second countable space, I'(§) is a Fréchet locally (m-) convex
algebra as well. The seminorms which define the locally (m-) convex topology on
(U, §) are of the form

(2.4) NKa,pﬂ.x(Y):"—‘ SI:‘F;U (Pa,x(ta(Y(x))))’

X a= “a

where K, is a compact subspace of U, and p, , a seminorm from the family of
seminorms { p, , }, defining the locally (m-) convex topology of M,,.

The fact that the local sections of ¢ are (usual (!) vector-valued) continuous
functions suggests now a more convenient form for the algebra I'(§).

Namely, if I'1,€.(U,, M,) is the topological algebra, cartesian product of the
topological algebras €.(U,, M,), consider the algebra
(2.5)

= (7= (1) € [T6.U M): 7(x) = Nas(0)] (3(2). 3 € U, ).

We assume % endowed with the relative topology from I'1,%,(U,, M,), so that #
is a topological algebra too. In particular, if M, are unital algebras, & is such,
since A 5(x), x € U, N U, is identity preserving (see (1.3b) and also (2.5)).

The following identifies the algebra & as I'(£).

THEOREM 2.1. Let T'(£) be the algebra of sections of a topological algebra bundle
£ and Z the algebra defined by (2.5). Then,

(2.6) r(¢) =4,

within an isomorphism of topological algebras.
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PrOOF. By (2.5), for any 7 = (7,), in & and x € U, N U, one has 7,(x) =
[A p(X¥)(75(x)) such that (1.5) implies @,(x, 7,(x)) = @a(x, 75(x)). Thus, by
setting 7(x) := @ (x, 7,(x)) one has 7(¢,(x, 7,(x))) = x, such that the map

@7 w: B> T(§): 7o w(7)(x)= @ux. 7(x))

is well defined; that is, w(7) is a continuous section of £, since ¢, is a
homeomorphism and continuity is of a “local nature”.

On the other hand, w is an algebra morphism. Thus, for any 7, v’ in % and
x € X, one gets (1) o(r))x) = @(1)X) - @(T)X) = Fo(x, 1,(x)) -
PulX, X)) = @o(x, 7 (%) TUX)) = 9ulx, (7 + T2XX)) = @(7 - 7')(x) (similarly
for the other operations). Furthermore, if 7,7 € 4 with w(7) = w(7’) then, for
any x € U, ¢, (x, 7,(x)) = ¢,(x,7,(x)) and hence 7, = 7., that is, 7 = 7', which
shows that « is 1-1. Now, each y € I'(§) is locally in ¥(U,, M,), that is,
Yy, = Y. € T'(U,, §) = €(U,, M,), so that 7,:= I(y,) (see (2.3)). Indeed, 7 =
(1) €1, €., Ma[) is an element of #. Thus, for any x € U, N U, we have
Pol X, 1,(¥(X))) = @p(x, 1(¥(x))) = (by (1.5)) @alx, [A p(X)I(25(¥(x)))), which
entails 1,(y(x)) = [Ap(ONtp(y(x), that is 7,(x) = I(y,)(x) =
(A g GO (¥p))(x) = [A 4p(x))(75(x))- Hence w is onto. Finally, w is bicontinuous.
That is, since, by definition, I'(§) has the initial topology of the canonical
restriction map i,: I'(§) = I'(U,, §), it suffices to prove the continuity of each
one of the maps i, o w, which is valid since i o w = /° p,° j, the second map
being, of course, continuous, where p, Il ¥¢.(U, M,)—> €(U, M,) is the
canonical projection and j: # < I1,%.(U,, M,) the inclusion map (see also
(2.3)). Moreover, by the definition of the topology on #, w™!: T({) > & is
continuous if and only if p e jew™' is continuous, which is valid because
Pacjow t=1oi,

In the present section we establish a (category) antiequivalent between the
category of topological algebra bundles &( X) (see Section 1) and that of (locally
trivial) fibre bundles % (X) over a topological space X (see Corollary 3.1). An
object of F(X) is a triplet £ = (E,p, X) endowed with an atlas &=
{(U,, 9,, M)} (Definition 1.1), where now the fibre M is a topological space. On
the other hand, a morphism a: £ = (E,p, X) = ¢ =(E,p, X)in F(X)is a
continuous map a: E — E’ such that p’oa = p; that is, a is “fibre preserving”,
such that

(31) aanlp_l(x): p_l(x)_)p’_l(x)’ XEX,

is a continuous map.
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Let £ = (E,n, X) be a semi-simple topological algebra bundle and &=
{(Ups 9o M)} an atlas of E. If u € Isom(Mp, M,), then ‘u € Isom(M(M,),
P (Mp)), with ‘u(x):= x °u, x € M(M,) (numerical spectrum of M,, [9]). The
map u — ‘u yields a bijection

(32) Tsom, (Mg, M,) = 'Isom(M,, M,) = {'u: u € Isom(Mj, Ma)}
C Isom(M(M,), M(M,))

through which one endows ‘Isom(Mj, M,) with the topology of the first member
of (3.2). Now, the continuity of A,z U, N Up = Isom (Mg, M,) (see (1.10),
(1.13)) implies the continuity of the (dual) maps

(33) M U, N U~ ‘Tsom, (Mg, M,): x = Ny (x):= ‘[Ap(x)]

so that the system of transition functions A = {(U},), (A,p), (M,)}, defines a
(dual) system of transition functions A* = {(U,), (A%,), ((M,))},on X.

So by adapting Theorem 1.2 to the present framework, one obtains a topologi-
cal (fibre) bundle £’. Namely, one considers the quotient space

(34) L= (U, x =)/~

where the equivalence relation “ ~  on the disjoint union involved is given by
Xy=xg=x€ U,N U,
XB = [)‘%a(x)](Xa)'

The obvious projection map P: L — X is, of course, continuous.

Thus, the topological algebra bundle £ = (E,n, X) defines a fibre bundle
¢ = (L, P, X) of fibre type M (M, ). Namely, one gets an object of # ( X), which
we call the “spectrum bundle” of § and denote by T (£).

On the other hand, given the topological algebra bundles ¢ = (E, p, X) and
¢ =(E,p, X) of fibre types M,, respectively, a bundle morphism h: ¢ — §’
defines a morphism (“spectrum morphism”)

3.5) (xa,Xxa) ~ (x5,x5) if and only if
B AB

(3:6) M(h): M(¢') = (L', P', X) > (L, P, X) = M(§),

between the corresponding spectra bundles, as follows: Namely, if

(3.7) h=h{, -1y P_l(x)iiMa_’Méi o H(x),

x € U,, is the (canonical) continuous algebra morphism defined by h: £ — §’ (see
(3.1)), then the continuous map

U, X B(M) 3 (x,x) = (x, b 0x) € U, X M(M,)
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entails a continuous map »: U (U, X M(M,)) - U (U, X M(M,)), so that
¥l xammy) = Ve Thus, the continuous map

(3.8) h: L= (U(U,, X im(M;)))/~ > L= (U(Ua X E)J?(Mu)))/~
between the corresponding quotient spaces may be defined in a canonical way
(see (3.4), (3.5) and also [9, Chapter II, Section 8]). Moreover, for every x € X,
the map

he=hlprgy: P7Hx) = M(M])->M(M,) = P\ (x)
homeo homeo

is continuous since &, = 'k (see (3.7)); thus, the spectrum morphism M (h):= h
is well defined.
So the preceding discussion yields now the next

THEOREM 3.1. If §(X) (resp. F (X)) is the category of semi-simple topological
algebra bundles (resp. of fibre bundles) over a topological space X, then the
correspondence (see also (3.6))

(3.9) M: E(X) > F(X): £ M(¢)

yields a contravariant functor (“spectrum functor”).

Let (Y,),c ¢ be a family of completely regular spaces and for any (a, 8) € K
X K, let Isom(Y,, Yg) be the set of homeomorphisms of Y, onto Y. If u €
Isom(Y,, Yp), then u* € Isom(%(Yp), €.(Y,)) with u*(x):= x°u, x € €.(¥p)
(locally m-convex algebra of C-valued continuous functions on Y, in the com-
pact-open topology). Then, the map

(3.10) Isom(Y,, Y;) = Isom(%.(Y;), €.(Y,)): u— u*

is a bijection: Indeed, if u,v € Isom(Y,, Yg), with u* = v*, then for any x €
% (Yp) we have x ou = x o v, and hence (Urysohn’s lemma), u = v; that is, (3.10)
is 1-1. Moreover, every g € Isom(%,(Yy), ¢.(Y,)) defines a ‘g € Isom(M(F(Y,)),
M(F(Yp))) = Isom(Y,, Yz) with ‘g(x):= x°g, x € M(FY,)), since by hy-
pothesis one has M(€.(Y,)) = Y, a € K (see[9, Chapter 111, Theorem 9.2]).

Now, given a fibre bundlehgm=eo(E, p, X)and an atlas &= {(U,, ¢,, Y,)},of E,
let A = {(U,),(Ag,):(Y,)} be the respective system of transition functions on X
(see (1.10), (1.13)). Then, A defines a (dual) system of transition functions
A = (U, (Xaﬁ),(%c(Ya))}aon X, where the maps 7\‘1/3 are given by

(311) A U,N Y~ Isom(‘fc(YB),(gc(Ya)): x = Xg(x)i= [)\Ba(x)]*

(see (3.10)). The continuity of 7\“3 follows by that of Ag,: U, N U
Isom (Y, Yg), when Isom(%(Y,),6(Y,)) is endowed with the topology of
Isom (Y,, Yg) via the bijection (3.10).
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Now, we assume the local equicontinuity of Isom (Y,, Yg). (The last assump-
tion is valid if, for instance, Y,, Y, are metric spaces and by Isom(Y,, Yz) one
means isometries [3, Chapter X, §3.1, Examples, 2)].) Then (Theorem 1.2), one
obtains a locally m-convex algebra bundle ¢(¢) = (E, 7, X) of fibre type €.(Y,),
whose bundle space is given by E= W (U, X €(Y,)/~ , where “ ~ 7 is the
equivalence relation (1.14) and the projection 7: £ — X is defined by (1.15). That
is, €(§) is an object of &( X) (category of locally m-convex algebra bundles).

Moreover, if h: §¢=(E,p, X) > ¢ =(E’,p’, X) is a bundle morphism in
F(X), then a morphism

(3.12) €(h): €(¢) - %(¢)
between the corresponding locally m-convex algebra bundles can be defined as
follows: If
— . = —~ /o~ 7—1
(313) hx = hlpfl(x)' P 1(.x)ho:eo Ya - Y,, ho:wo P (x)’

x € U, is the (canonical) continuous map defined by h: £ — £’ (see (3.1)), then
the continuous map

(3.14) po: Uy X G(Y)) > U, X €.(Y,): (x,8) = (x,h,°g)

a

defines a continuous map p: U (U, X €.(Y,)) > U (U, X €(Y,)), so that
By e (v "= Mo Itis directly verifiable that p is compatible with the equivalence
relation (1.14), whence p defines a continuous map

(315) €(h): £ = (U(U,x €(%)))/~ > £ = (Y(U, x €.(1))/ -

« a

(see Theorem 1.2). Thus, the map

a

(316) € (), = E(h)| s 7 (x) & €(V) > €V) = 77(x)

for any x € X, is a continuous algebra morphism, since (3.14), (3.15) imply

g(h)x(g) = g ° hx’ g € %C(Ya)'
So, now we get

THEOREM 3.2. Let &(X) (resp. F (X)) be the category of locally m-convex
algebra bundles (resp. of fibre bundles) such that Isom (Y,, Yg) is locally equicon-
tinuous, Y., « € K, being a completely regular space the fibre of £ € % (X). Then,
there exists a contravariant functor

(3.17) %: F(X) > E(X): £ €(8).
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The next result identifies the algebra of continuous sections of the bundle €(§£),
defined by (3.17) for a £ = (E,p, X) € #(X), as the algebra of C-valued
continuous functions on E. That is we have

THEOREM 3.3. Let £ = (E, p, X) be a fibre bundle (that is, an object of ¥ (X))
over a paracompact space X, of fibre type a locally compact space Y, (a € K') and
€(¢) = £ the corresponding locally m-convex algebra bundle defined by Theorem
3.2. Then, one has

(3.18) ¢.(E) = T(¢(£))

within an isomorphism of locally m-convex algebras.

PrOOF. By Theorems 2.1, 3.2 (see also (2.6), (3.11)) one gets the next isomor-
phism of locally m-convex algebras:

(3.19) T(£) == {7=(%,): 7x) = A p(x)%(x), x € U, N U}
c [T4.(U,, 4.(1.)).

On the other hand, by considering a chart ¢, U, X Y, - p YU C E one
defines the correspondence

(3.20) C(E)Dfmfo=fog.€ €(U, X Y,).

Thus, by considering the following (canonical) topological-algebraic isomorphism
(3.21) w: €U, X Y,) > (U, €.YL)): fur [

where

(322) [fa()] ()= fulx. »),

(see [4, page 265, Theorem 5.3]), one defines the map

(323) 6:9AE)>Z [ 8(f)==(f)u= ((foP))a

Indeed, for any x € U, N Uy, y, €Y, ome has by (L5), @ (x,y,)=
Pp(% Apa(x)(¥a)), such that [ (x)(y,) = fo(x)Aga(X)(¥a)), that is f(x) =
A op(X)fp(x) (see (3.19)). Moreover, 6 is an algebra morphism, since for any
f.8€ €(FE) one has f- g = f- g by (3.20). (Similarly for the linearity of 8.
Now, 8 is 1-1, since for every f, g € €.(E) with 6(f) = 6(g) one has (f:,) =(£.)
that is, f, = g, for any a. Thus, f, = g, for any a (see (3.20)) and therefore
f = g. Furthermore, § is onto: So, if # = () € # we define a continuous map
foo U XY, = C: (x, )= f(x, )= (F(x))y) (see [4, page 265, Theorem
5.3]). By considering {y,},c x> @ partition of unity subordinate to the open
covering p~}(U,) of E, one has f:= ¥ ¢ _f, € ¢(E) such that §(f) = (5,) =7
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(§ee (3.23)). Finally,  is bicontinuous: Indeed, the definition of the topology of
2c T1,%.(U,, 4.Y,)) implies that § is continuous if and only if g,ciofd =

w”le p! is continuous, where g¢,: €.(U,%Y,)) > €(U,%.(Y,) is the
canonical projection and p: €.(U, X Y) - ?(E) £y »—)pa(f) = f,0 Py MOW,
the last map is certainly continuous. Conversely, if f; — 0|4, then ( f)a=
w(fsep,) = 0|, - (€., (see (3. 23)) for any a € K, such that the bicontinuity
of (3.21) shows that w“l((fs) Y= (f3). = 0 on ¢.(U, X Y,), for every a € K.
Thus, by definition of the topology of compact convergence on E = J_p~Y(U,),
fs = L ¥ (fs)aconverges to 0 on €.(E), and this completes the proof.

THEOREM 3.4. Let £(X) be the category of locally m-convex algebra bundles and
"‘F(X) the category of fibre bundles having completely regular bundle spaces—
locally compact fibres with X a paracompact space. Then, the functor €: 'F(X) -
E(X): £~ G(&) (see Theorem 3.2) is fully faithful 7).

ProOF. If hy,h,: £€=(E,p,X)—> & =(E’,p, X) are two morphisms in
F(X), such that €(h;) = €(h,): €(§) — €(§) (see (3.12)), one has the equal-
ity of continuous morphisms

T(€(h)) = T((h,)): T(¥(¢)) = €(E") > T(¢(¢) = €.(E)

between the corresponding topological algebras of sections (see Theorem 3.3).
Moreover, since E, E’ are completely regular spaces, we have the homeomor-
phisms M(E(E)) = E, M(¥(E"))= E’ (see [9, Chapter III, Theorem 9.2]),
such that by (3.16) and the hypothesis concerning the fibres of £, £’, we have
h, = h,: E — E’, which, in fact, shows that € is faithful.

On the other hand, if £ = (E, p, X), ¢’ = (E’, p/, X) are objects of ‘F(X), let
h: €(¢) - €(¢) be a morphism in the category &(X). Then, TI'(h):
I'(¢(¢))= €(E') - I(¥(§)) = €(E) is a continuous morphism of locally
m-convexlsglgebras (see Theorerlrsl°3.3). Hence, by the hypotheses for E and E’,
M(T(h)): E - E’ is a morphism in &( X) such that €(M(I'(h))) = h (see (3.6),
(3.7), (3.15), (3.16)), that is, ¥ is full.

The categories &(X) and "# (X) as above are not in general (anti)equivalent.
Under suitable conditions with respect to the (locally convex algebra) fibre of
¢ € £(X) we take a category antiequivalence between the previous categories, as
Corollary 3.1 below, shows.

Now, let £ be a topological algebra bundle (object of £( X)) whose fibre M,
a € K, admits a functional representation, that is €(M(M,)) = M,, within an
isomorphism of topological algebras. This is valid, for instance, in case of a
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semi-simple, m-barreled Ptak locally convex algebra M, (for example, a semi-
simple Fréchet locally convex algebra is of this type, cf. [10, Corollary 3.1]) for
which the corresponding Gel’fand map g,: M, > €. (M(M,)), a € K, is an
onto map (that is, g, is an algebraic onto isomorphism; see [10, Theorem 3.1]).
Then, for the corresponding spectrum bundle M (§) € # (X) (Theorem 3.2) one
has (M (£)) = £, such that the functor (3.17) is essentially surjective [7], in such

a way that Theorem 3.4 implies the next result.

COROLLARY 3.1. Let ‘(X)) be the category of topological algebra bundles over a
paracompact space X whose fibres admit functional representations. Moreover, let
F (X) be the category of fibre bundles having completely regular spaces and locally
compact fibres. Then, one has

(3.24) €(X) = F(X),
within a category antiequivalence.

ScHOLIUM 3.1. Let %, (X) be the category of holomorphic fibre bundles over a
complex manifold X with fibres (complex manifolds) Y,, « € K, and the obvious
morphisms. Then, there exists a contravariant functor
(3.25) 0: F(X) - &,(X): £ 0(8),
where &, ( X) is the category, whose objects are topological algebra bundles over
X of fribre type the locally m-convex algebras o(Y,), < x, of C-valued holomor-
phic functions on Y, (see [9, Chapter II, Section 10, Example 10.3]). Moreover, if
I'(o(§)) is the algebra of holomorphic sections of £ = (E, p, X) € % ( X), then
(3.26) o(E) =T(a(¢)),
within an isomorphism of locally m-convex algebras; this can be shown by
adapting Theorems 2.1, 3.3 to the present framework. Moreover, let "%, (X)
denote the category of holomorphic fibre bundles { € .%,( X) having Stein mani-
folds as bundle spaces. Then, analogously to Theorem 3.4, we also have that the
functor o: Z,(X) — &,(X) (see (3.25)) is fully faithful.

Furthermore, let ‘8,(X) be the category of locally m-convex algebra bundles
¢ € &,(X), whose fibres M,, a € K, admit “analytic representations”, in the
sense that 6(M(M,)) = M, within an isomorphism of locally m-convex algebras
(see the analogous remarks before Corollary 3.1). This happens, for example, if
M, is a Stein algebra; that is, a topological algebra isomorphic to the Fréchet
algebra of holomorphic functions on a Stein space (see [9, Chapter III, Section 9,
Example 9.3, (9.39)]. Then, via analogous considerations to those of Corollary 3.1
(see also (3.26) and [9, Chapter III, Section 9, Example 9.3, Theorem 9.3]), one
gets

(3.27) F,(X) = 6,(X),
within a category antiequivalence.
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Finally, we note that the relations (3.18), (3.26) specialize to the facts that
C(XXY)=F(X,€6(Y)) and o(X X Y) = 0(X,0(Y)) within isomorphisms
(see [9, Chapter VI, Section 4)).

APPENDIX. In Section 3 we defined the spectrum bundle I (£) of a given
topological algebra bundle £ = (L, P, X) (see (3.4), (3.5)). In this section we
supply another realization of P (£), via the spectrum of the topological algebra
of sections I'(£).

Thus, we come first to the identification of L as the spectrum of the topological
algebra o(¢) (see Theorem 4.1). So, for U, € % (. open covering of X) we
consider the map

(4.1) Mot Uy X T(£) = M2 (x,7) = ma(x,v):= t.(v(x))

such that the partial map

(4.2) Mot D(E) = Myt v = m, ()= m(x,7),

with x € U,, is a continuous algebra morphism, as composition of the continuous
morphisms

(43) I(§) > T(Up,§) > €.(U,, M,) > M,

where i, is the canonical restriction map, / the isomorphism (2.3) and ¢, , the
(canonical) evaluation map, that is,

(gc(Ua’ Ma) > To Ea,x(Ta):= Ta(x) € Ma'

LemMa 4.1. If X is a compact space and M, = M, for every a € K, then (4.2) is
a continuous epimorphism.

Proor. If a € M and {¢,}, is a partition of unity subordinated to % (finite
covering of X), we define y,(x):= @ (x,¢¥,(x)a), x € U, and y,(x) = O(x),
x € U,. It is clear that the above maps are continuous such that y:= X v, 1s a
section of & Thus, one gets 1, (v) = 1,(v(x)) = 1,X,Y,) = a.

Now, by considering the continuous map
(4.4) vt Uy X M(M,) = M(T()): (X Xa) ™ Xa® Marx,

the map »: T = U, (U, X M(M,)) = D(T((£)) such that »|, gz p )= Po is @
well defined continuous map compatible with the equivalence relation “~ "
defined in (3.5), in the sense that t,¢, € T and 1, ~ t,, implies »(#;) = v(¢,).
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Hence, v yields a continuous map

(4.5) 6: L=T/~— M(T(£))

which is, in particular, a homeomorphism under suitable conditions for the base
space X and the fibre M, of the topological algebra bundle £ (Theorem 4.1). To
get the desired identification some additional comments are necessary. Thus, the
following lemmas are analogous to those of [5, Lemmas 1.1, 2.1] within the
present framework.

LemMma 4.2. Let £ = (E,m, X) be a topological algebra bundlie of fibre type a
topological algebra M and % = {U,}, an open covering of X. For U, € ¥ and
f € €.(X, M) whose support is contained in U,, we define

¥(x)i= gu(x. f(x), x€U,
= O(X), x & U,.
Then, vy € T(§) such thatt oy = flua-

LEMMA 4.3. If N is a topological A-algebra (A is a commutative topological
algebra; [8)), then every regular ideal of N is also an A-ideal.

In the sequel by a Waelbroeck algebra we mean a unital (topological) Q-algebra
(: its group of units is an open set, {9, Chapter I, Definition 5.2]) with a
continuous inversion.

LEMMA 4.4. Let £ be a topological algebra bundle over a compact space X with
fibre a Waelbroeck algebra M, and let % = {U,},c x be an open covering of X.
Then, a 2-sided ideal I of T'(§) is proper if and only if for some x, € X, every
U,€ % withxy € U,andevery y € I, t (v(x,)) # 1 (¢ identity of M).

PROOF. We suppose that for every x € X there is some U, ® x and y, € I such
that 7,(y(x)) =1 € M. Then (¢,(y,(y))) ! exists for all y in a neighborhood
N, C U,. We shrink {U,) to get neighborhoods V,, W, satisfying V, c V. C W,
c W.cN_.Ifx, i=1,...,n, are such that {V,,} to define a finite covering of
X, then we can consider f; € ¢(X) in such a way that f; = 1 on I7x', fi=0 off
W, .0 < fi(x) < 1, forall x € X. Thus, the relation

8:(x) = 1i(x) (1, (), xewm,
= (0, otherwise,
defines a continuous map g;; X — M, since x — (to“(yxl(x)))'1 is continuous,
and moreover support(g;) C U, . So, there is a section vy, € I'(§) such that
1., (v:(x)) = g,(x) (Lemma 4.2) and, moreover, 7, ((v; - v, )(x)) = 1, for x € Vs
while y;:=v;-v, € I If {y,}/, is a partition of unity subordinate to the
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covering {V, }, then ¢, - ¥, € I (Lemma 4.3, for N = I'(§) and A = (X)), so
that y:= Li_;¢,- ¥, € [ But, for any x € X =U]_; ¥V, there is some V, 2 x
such that ¢, (Y(x)) = L}_; §;(x)t, (¥;(x)) = Lj_1¢;(x) - 1 = 1, that is, I cannot
be a proper ideal of I'(£). Conversely, we suppose that I is a proper ideal. Then,
by considering for every x € X the existenceof a U, @ x with ¢t (y(x)) =1 € M,
fora y € I, one has y(x) = 1, a contradiction, since [ is a proper ideal.

Now, by a Gel'fand-Mazur (topological) algebra we mean a topological algebra
E such that for every (2-sided proper) maximal regular closed ideal M C E one
has E/M = C, within a topological algebraic isomorphism [9, Chapter IV,
Definition 9.5]. This definition is equivalent with saying that every (2-sided)
closed regular maximal ideal of E is the kernel on a continuous character of E
(see [9, Chapter IV, Section 9(5))).

Thus, we are in the position to prove the following basic result.

THEOREM 4.1. Let ¢ = (E,m, X) be a topological algebra bundle over a compact
space X of fibre type a commutative Gel’fand-Mazur Waelbroeck algebra M, and let
% = {U,}, be an open covering of X. Then,

(4.6) L= (U, x M(M))/~=(T(¢)),
within a homeomorphism (see (4.5)).

Proor. If p, is the composition U, X M(M) < T 2L then by (4.4) one has

8 o p, = v,, such that 8 is injective. Indeed, if 8(y) = 8(y’), with y = p (X, X o)
¥ = ps(xp, Xp), In L, to show y = y’, it suffices to prove (x,, x.) ~ (xg, X)
(see (3.5)). So, §(y) = 6(y’) entails

(4.7) Vo X g5 Xa) = "p(xp, Xﬂ)’

and hence x, = xz € U, N U. For if x, # x,, since X is Hausdorff, there exist
open sets W,, Wp with x, € W, C U, and xz € Wy C Us and W, N W, = 2.
Thus, one gets f € €(X) su~ch that f(xz)=1, f=0off W and 0 < f(x) <1
for every x € X. Then, for fi= f-1€ €(X, M) ((f- D(x):= f(x)-1; 11is the
identity of M), we can find a y € ['(§) (Lemma 4.2) such that »,(x,, x NY) =
Xa(f(x2) - 1) = f(x,) = 0 and v(xg, Xa)¥) = x4(f(xg) - 1) = f(x) = 1, that
15, ¥,(X, Xa) # ¥g(xg, X ) @ contradiction to (4.7). Now, for x = x, = xg € U,
N Up one has 7, , = A z(x)ng , such that by (4.2), (4.7) X,°Mar = Xp° Mg x>
that is, (X, ° A ,p(X))° Mg . = X ° Mg »- But 7y, is an epimorphism (Lemma 4.1)
so that A%, (x)(x,) = xp (see (3.3)).

We prove next that 8 is surjective: Indeed, if x € TM(I'(§)), then ker(x) = I is
a (2-sided) closed maximal ideal of I'({), such that for some x,, every U, , € ¥
and any y € I we have 7,(v(x,)) # 1 (Lemma 4.4), that is, n,, (I) # M. We
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prove that 7, o (1) is a maximal ideal. Thus, by Lemma 4.1, 7, , (/) is an ideal
of M and let [ be a maximal ideal such that 7, , | (I) - I. But n;i (1) is an ideal
in T'(¢) (Lemma 4.1) so that the relation I C 7, } (I) implies I = 7. (I) and
therefore [ = Na,x,({), @ contradiction. Thus, 7, . (1) = I, is a (2-sided) closed
(M is a Q-algebra) maximal ideal, so that let x, € I (M) with I, = ker(x,)-
Consequently, one gets an element (x,, x,) € U, X (M) such that »,(x,, x,)
= x since ker(x) = ker(x,°n,,,,); therefore 6(p,(x,, X)) = x, by the very
definitions. In particular, one can prove that x = x,°n,,, Where x, € X is
uniquely defined (the proof is a similar one as that for the injectivity of ).

Finally, since L is compact [4] and IR (I'(£)) Hausdorff [9, Chapter 111, Section
1], one has immediately the continuity of 8!, which completes the proof.

ScHoLIUM 4.1. One might ask to have an analogous situation to that of
Theorem 3.4 concerning the (“spectrum”) functor M: £(X) —» F(X). Thus, we
notice that M is full and faithful, if for every £ = (E,m, X) € §(X), the base
space X is compact and its fibre M a unital commutative locally m-convex Waelbroeck
algebra admitting a functional representation, such that sfut( M) (self-homeomor-
phisms of M) is an equicontinuous subset of Hom(M, M). In this respect, the
hypothesis that M admits a functional representation entails that the algebra of
sections I'(§) admits also a functional representation and this leads to fullness
and faithfulness of It; see Theorem 4.1.

Moreover, suppose that for every E= (E, P, X) € #(X), the bundle space E
is completely regular and its fibre Y a compact space; besides we consider the
structure group (YY) endowed with the topology of compact convergence.
Thus, one proves that the “spectrum functor” I is essentially surjective, so that
the above categories £(X) and % (X) are antiequivalent. However, we remark
that the last conclusion about I is attained under a stronger hypothesis than
that for the similar result concerning the functor ¢ (see Theorem 3.4, Corollary
3.

References

[1] M. F. Atiyah, K-Theory (Benjamin, New York, 1967).

[2] N. Bourbaki, General Topology I (Hermann, Paris, 1966).

{31 N. Bourbaki, General Topology II (Hermann, Paris, 1966).

[4] J. Dugundji, Topology (Allyn and Bacon, Boston, Mass., 1970).

[5] B. R. Gelbaum, ‘Banach algebra bundles’, PacificJ. Math. 28 (1969), 337-349.

[6] B. R. Galbaum and A. Kyriazis, ‘Fibre tensor product bundles’, Proc. Amer. Math. Soc. 93
(1985), 675-680.

[7] M. Karoubi, K-Theory (Springer-Verlag, Berlin, 1978).

https://doi.org/10.1017/51446788700029670 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700029670

{22] On topological algebra bundles 419

[8] A. Kyriazis, ‘On the spectra of topological A-tensor product A-algebras’, Yokohama Math. J.
31 (1983), 47-65.
[9] A. Mallios, Topological Algebras: Selected Topics (North-Holland, Amsterdam, 1986).
[{10] A. Mallios, ‘On functional representations of topological algebras’, J. Funct. Anal. 6 (1970),
468-480.
[11] A. Mallios, ‘ Vector bundles and K-theory over topological algebras’, J. Math. Anal. Appl. 92
(1983), 452-506.
[12] A. Mallios, ‘Continuous vector bundles over topological algebras’, J. Marh. Anal. Appl. 113
(1986), 245-254.

Mathematical Institute
University of Athens
57, Solonos Street
GR-106 79 Athens
Greece

https://doi.org/10.1017/51446788700029670 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700029670

