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Let A be a commutative Banach algebra with an identity
β. Our main result states that an ideal 7 c A is contained
in a proper ideal IB of B for every locally convex extension
B of A if and only if the ideal / consists of joint topologi-
cal divisors of zero.

All algebras in this paper are assumed to be commutative, com-
plex and with an identity element denoted by e. All ideals are
assumed to be proper, i.e., different from the whole algebra. By a
topological algebra we mean a topological linear space together with
an associative jointly continuous multiplication. If K is any class
of topological linear spaces, then we say that a topological algebra
is in K if it is in K as a topological linear space.

If K is any class of topological algebras, then a if-extension of
A is an algebra BeK which contains A under an identity preserv-
ing topological isomorphism into. In this case we write AaB. An
ideal I c A e K is called Z-removable if there is a iΓ-extension B of
A such that I is contained in no ideal of B. If this holds we say
that the extension B removes the ideal /. Thus B removes / if
and only if there are elements x19 x2, , xn e I, bu δ2, , bn e B such
that

Otherwise we say that an ideal I is iΓ-nonremovable.
As the class K we shall consider the following classes of com-

mutative algebras with identities: B—the class of Banach algebras,
LC—locally convex algebras, M—multiplicatively convex algebras
(shortly m—convex algebras), and T—topological algebras. We shall
consider only complete algebras, however the ideals are not assumed
to be closed.

In this paper we give a characterization of LC-removability of
ideals in Banach algebras. It turns out that this removability
coincides with T-removability, but we do not know whether it
coincides with B-removability. There is no satisfactory characteri-
zation of B-nonremovable ideals. Some description of these ideals
is given in [2] in terms of a certain B-extension of the algebra in
question.
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We give now a short description of some concepts and facts we
shall use in the sequel.

The topology of a locally convex algebra A is given by means
of a family (||flc|L) oί seminorms such that for each a there is a β
with

\\XV\\a£\\x\\β\\V\\β

for all x,yeA. If, moreover, A is metrizable, then its topology
can be given by means of an increasing sequence

of seminorms such that

(2)

for all x, y e A. Such algebras will be called shortly JS0-algebras.
A locally convex algebra A is called m-convex if its topology

can be given by means of a family of submultiplicative seminorms,
i.e.,

\\χy\\a^\\χ\\a\\y\\a

for all a and all x, y e A.
We shall need the following extensions of Banach algebras.

Consider the algebra of all bounded sequences x = (xn) c A with
pointwise algebra operations. The formula

(3) | |2 | | = Iim8up||αj.||

defines there a submultiplicative seminorm. We set AM for the
quotient of this algebra modulo the ideal of zeros of the seminorm (3).
It is a Banach algebra with the norm (3). Elements of A^ may be
regarded as sequences x with two sequence identified when their
difference tends to zero. The algebra 4 M contains A isometrically
if we identify elements of A with the constant sequences.

Let t = (tlf •••,<„) be an %-tuple of indeterminates and consider
the algebra of all power series x(t) = Σί i i- i^S where ί = (il9 , ίn),
tι = t{1 tin, |ΐ | = ΐi + + ΐn, and xi — xh...in 6 A, such that

( 4 ) l l * ( * ) l l = Σ I I » i l l < - .

This algebra will be designated by A(t). It contains A isometrically
if we identify elements of A with the constant power series.

Since the class B is contained in the class LC we can consider
also LC-extensions of Banach algebras. For our purposes it is
sufficient to remark that if a Banach algebra A is algebraically
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contained in B e LC and for each x e A and each index a we have
\\χ\\a = ll&H, then the imbedding is topological.

Let A be a Banach algebra. An ideal I c i is said to consist
of joint topological divisors of zero if there exists a net (za) of
elements of A, \\za\\ = 1, such that

( 5 ) l im \\zax\\ = 0
or

for all x e I. In this case we say that the net (za) annihilates the
ideal / and write (za) J_ /. Observe that the relation (5) is equivalent
to the following: for each w-tuple (xl9 •••, xn) of elements of I we
have inf {ΣHa ^ll: \\z\\ = 1, z e A} = 0. Thus if an ideal Id A does
not consist of joint topological divisors of zero, then there is an
n-tuple (xl9 , a?J c / such that

(6) Σ l l ^ i l ^ i l ^ l ί

for all zeA. The family of all ideals in A which consist of joint
topological divisors of zero will be denoted by t(A) and its members
will be called shortly ί-ideals. We put also £(A) = t(A) Π 9K(A),
where ϊΰl(A) is the maximal ideal space of A. It is known ([4])
that every -f-ideal / is contained in a maximal ideal Me£(A).

For details on the above the reader is refered to [4], [5], [7].
The following lemma is a well known fact in the theory of

rings (cf. [3]).

LEMMA 1. Let A be a commutative ring with an identity ele-
ment and let t — (tlf , tn) be a system of indeterminates. If for
two nonzero polynomials p(t) and qit) with coefficients in A we
have p(t)q(t) — 0, then there is a nonzero element xe A such that

( 7 ) xp(t) - 0 ,

i.e., the element x annihilates all coefficients in pit).

LEMMA 2. Let A be commutative Banach algebra with an
identity element and let t = (tlf •••,£») be a system of n indetermi-
nates. Let (xl9 * , £ θ be an n-tuple of elements of A satisfying
relation (6) for all zeA, and put

( 8 ) w = Σ sA

Then there is a sequence (ak) of real numbers, a0 = 1, ak ^ 1, such
that

(9) (*k\\wvk\\ ̂  | |p* | | , A; = 0,1, •••
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for all homogeneous polynomials pk e A(t) of kth degree. The norm
in (9) is given by the formula (4).

Proof. For k = 0 the relation (9) with α0 = 1 follows immediate-
ly from the inequality (6). Suppose that for some k ^ 1 the relation
(9) fails. This means that for each integer m we can find a homo-
geneous polynomial pim) of degree k, with | |piw ) | l = 1, such that

(10) m\\wpk

m)\\ < \\pk

m)\\ .

Thus limm wp(

k

m) = 0. Denote by xίm) the coefficient by V for pk

m).
Since HxΓMI^l f ° r a ^ m> t ^ e sequence xt = (xlm)) represents an
element in A^. The relation (10) implies that in ^ ( ί ) we have
wpk — 0, where ί?* = Σui =*#<**• O n e c a n easily see that pk is a
nonzero polynomial in AJJ,). Applying Lemma 1 we find an element
x e 4 M , | |x | | = 1, such that | | w 2 | | = 0 . However if x — (xt), then
relation (6) implies HwxJI ^ ||x t\\, which in turn implies \\wx\\ ̂  \\x\\
what is a contradiction. Thus, the desired sequence (ak) exists.

LEMMA 3. Let (αfe), k = 0, 1, 2, be a sequence of positive real
numbers with aQ = 1. There exists a sequence (bk), k — 0, 1, ,
60 = 1, with bt ^ a

(11) am+n ^ bmbn

for all m, n ^ 0.

Proof. Put δ0 = 1 and suppose that we already have numbers
bi for i < fc which satisfy (11) for m, n < k. Put

bk = max {αA, α ^ A , αfc+2/62, , a2k_Jbk_lf a^k

2} .

One can easily see that relation (11) holds now for all m, n ^ k and
6fc ;> αΛ. The conclusion follows.

We can prove now our main result.

THEOREM 4. Let A be a commutative Banach algebra with an
identity element and let I be an ideal in A. Then I is an LG-non-
removable ideal if and only if it consists of joint topological
divisors of zero.

Proof. Let Ieΐ{A) and let B be any locally convex extension
of A. If I is removed by B there are elements xlt — xnel and
bi, m",bneB such that relation (1) holds true. Multiplying both
sides by a net (za) ± I, \\za\\ = 1 we obtain a contradiction. So /
is an LC-nonremovable ideal.
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Suppose now that / does not consist of joint topological divisors
of zero. We can find elements xlf « ,cc Λ eJ so that relation (6)
holds true for all ze A. We shall be done if we construct a locally
convex algebra B (it will be in fact a j?o-algebra), and elements
&i> #*f bneB such that formula (1) holds true. Taking w given by
the formula (8) we find by Lemma 2 a suitable sequence (ak) satisfying
relation (9). Define α<Sυ = 1 and αlί* = aQa1 am_x for m — 1, 2,
Thus, at — αί1J satisfies the assumptions of Lemma 3. Put af) = bif

i = 0, 1, 2, , where (bt) is the sequence in conclusion of Lemma 3
and then proceed by an induction. For a given sequence a£\ m =
0,1, put am = a(Jt} and define α£ί+1) = 6m according to Lemma 3.
The matrix (αίj0), fc = 1, 2, m — 0, 1, satisfies the following

(12) aik) = 1 for fc = 1, 2, ,

(13) αl&) ^ αf+1) for fc = 1, 2, and all i ^ 0 ,

(14) αfΛ ^ α|fc+1)αf+1) for fc ^ 1 and i, j ^ 0 .

Let ί = (ίx, , tn) be a system of indeterminates and consider
the locally convex algebra B(t) consisting of all polynomials p(t) in
n variables with coefficients from A. Each such polynomial can be
written in the form

(15) p(t) = Σ Pk(t) ,

where pk(t) is a homogeneous polynomial of degree fc with coefficients
in A. The seminorms in B(t) are defined as follows. For a poly-
nomial p of the form (15) we put

where the norm ||p f c(ί)| | is given by the formula (4). Relation (13)
shows that for any polynomial peB(t) we have

(17) l lP l l i^ l lp lUi for i = 1,2, . . . .

For any two polynomials p, q of the form (15) we have by (14)

Thus the multiplication is jointly continuous in B(t) and its comple-
tion B(t) is a J?0-algebra with the seminorms (16) and formal multi-
plication of power series. Let us note that for all polynomials of
zero degree pQ we have by (12)
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( 1 9 ) l l P o l l ι = l l P o l | .

Thus, B(t) is an extension of A if we identify elements of A with
polynomials of degree zero. Let w be the element of B(t) given by
(8) and let J be the closed ideal of B(t) generated by w — e, i.e.,
J is the closure in B(t) of the set (w - e)B{t). Put B = B(t)/J.
We shall show that B is an extension of A under the imbedding
x - > [x] = x + J. The topology of B is given by means of the se-
quence of seminorms

(20) ll[p]||, = inf | |p + i | | < ,
je ./

and one can easily see that the seminorms (20) also satisfy relations
(17) and (18). Relation (20) implies that for each peB(t) we have

and so, by (19)

HMIL^IMI
for all xeA. In view of (17) we shall be done if we show

(21) 11*11 ^ I I M I I i

for all xeA since it will imply \\x\\ — ||[α?]||4 for all x and i and
our imbedding will be a topological isomorphism into. Since B(t) is
dense in B(t) we have

where pt is a homogeneous polynomial of degree i and the inίimum
is taken with respect to all elements Σ?=oPi in B(f). Setting
pm+1 nr o, we have by (9) the following estimation

\\x + (w - e)fiPi\\i = ll» - Poll + Σ
i=0 i=0

m

= l l» - Poll + Σ « o •••

Σ α o α«( | |wp, l | -
i0

which establishes relation (21) and we are done.

COROLLARY 5. An ideal of a Banach algebra is LC-nonremo-
vable if and only if it is Ί"-nonremovable.
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As we mentioned earlier we do not know what is characteriza-
tion of nonremovable (i.e., B-nonremovable) ideals in Banach algebras.
From the above result it follows that either this characterization
is the same as in Theorem 4, or has a relative character: there are
ideals which are nonremovable through Banach algebra extensions
but are removable through locally convex extensions.

Let K be a class of topological algebras and let Ae K. A
family (Ia) of ϋΓ-remorable ideals of A is called a iΓ-removable
family if there exists a single extension B e K of the algebra A
which removes all ideals /„. In [1] Arens asked whether a finite
family of removable (i.e., B-removable) ideals of a Banach algebra
is a removable family. In [8] we showed that for Ae K the follow-
ing are equivalent

( i ) Every finite family of irremovable ideals is irremovable
and

(ii) Every maximal if-nonremovable ideal is prime.
Here by a maximal .^-nonremovable ideal we mean an ideal la A
such that for any ideal J D I we have either I = J, or J is K-
removable. Since for a Banach algebra A the class of LC-non-
removable ideals coincides with Ϊ(A) and every ideal Ieΐ(A) is
contained in a maximal ideal Me£(A), we have the following
result

THEOREM 6. Let A be a commutative Banach algebra with an
identity element. Then every finite family of hC-removable ideals
is an hG-removable family.

In [9] we reduced the problem of the characterization of M-
nonremovable ideals of an algebra A e M to that of the characteri-
zation of B-nonremovable ideals in Banach algebras. Unfortunately,
this result gives no information about a characterization of LC-
nonremovable ideals in m-convex algebras.

Let us remark that M-removability of ideals in Banach algebras is
the same as B-removability, and that the M-removability of ideals in
m-convex algebras has a relative character. By a result in [6] there
is an ideal IaAeM which is M-nonremovable and LC-removable.

REFERENCES

1. R. Arens, Extensions of Banach algebras, Pacific J. Math., 10 (I960), 1-16.
2. , Ideals in Banach algebra extensions, Studia Math., 31 (1968), 29-34.
3. L. Redei, Algebra, Pergamon Press, 1967.
4. Z. Siodkowski, On ideals consisting of joint topological divisors of zero, Studia
Math., 48 (1973), 83-88.

5. W. Zelazko, Selected topics in topological algebras, Aarhus Univ. Notes No 31 (1971).



248 W. ZELAZKO

6. W. Zelazko, On permanently singular elements in commutative m-convex algebras,
Studia Math., 37 (1971), 177-186.
7. , On a certain class of non-removable ideals in Banach algebras, Studia
Math., 44 (1972), 87-92.
8. , Concerning a problem of Arens on removable ideals in Banach algebras,
Coll. Math., 30 (1974), 127-131.
9. , Concerning non-removable ideals in commutative m-convex algebras,
Demonstrate Math., 11 (1978), 239-245.

Received July 12, 1979. This paper was written during the author's stay in the
University of Kansas, Lawrence, during the second term of 1978/79.

UNIVERSITY OF KANSAS

LAWRENCE, KS

AND

MATHEMATICAL INSTITUTE

POLISH ACADEMY OF SCIENCES



PACIFIC JOURNAL OF MATHEMATICS

EDITORS

DONALD BABBITT (Managing Editor)

University of Galifornia
Los Angeles, California 90024

HUGO ROSSI

University of Utah
Salt Lake City, UT 84112

C. C. MOORE AND ANDREW OGG

University of California
Berkeley, CA 94720

J. DUGUNDJI

Department of Mathematics
University of Southern California
Los Angeles, California 90007

R. F I N N AND J. MILGRAM

Stanford University
Stanford, California 94305

E. F. BECKENBACH

ASSOCIATE EDITORS

B. H. NEUMANN F. WOLF

SUPPORTING INSTITUTIONS

K. YOSHIDA

UNIVERSITY OF BRITISH COLUMBIA
CALIFORNIA INSTITUTE OF TECHNOLOGY
UNIVERSITY OF CALIFORNIA
MONTANA STATE UNIVERSITY
UNIVERSITY OF NEVADA, RENO
NEW MEXICO STATE UNIVERSITY
OREGON STATE UNIVERSITY
UNIVERSITY OF OREGON

UNIVERSITY OF SOUTHERN CALIFONIA
STANFORD UNIVERSITY
UNIVERSITY OF HAWAII
UNIVERSITY OF TOKYO
UNIVERSITY OF UTAH
WASHINGTON STATE UNIVERSITY
UNIVERSITY OF WASHINGTON

Printed in Japan by International Academic Printing Co., Ltd., Tokyo, Japan



Pacific Journal of Mathematics
Vol. 87, No. 1 January, 1980

Spiros Argyros, A decomposition of complete Boolean algebras . . . . . . . . . . . 1
Gerald A. Beer, The approximation of upper semicontinuous multifunctions

by step multifunctions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Ehrhard Behrends and Richard Evans, Multiplicity theory for Boolean

algebras of L p-projections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Man-Duen Choi, The full C∗-algebra of the free group on two

generators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Jen-Chung Chuan, Axioms for closed left ideals in a C∗-algebra . . . . . . . . . . . 49
Jo-Ann Deborah Cohen, The strong approximation theorem and locally

bounded topologies on F(X) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Eugene Harrison Gover and Mark Bernard Ramras, Increasing sequences of

Betti numbers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Morton Edward Harris, Finite groups having an involution centralizer with

a 2-component of type PSL(3, 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Valéria Botelho de Magalhães Iório, Hopf C∗-algebras and locally compact

groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Roy Andrew Johnson, Nearly Borel sets and product measures . . . . . . . . . . . . 97
Lowell Edwin Jones, Construction of Z p-actions on manifolds . . . . . . . . . . . . 111
Manuel Lerman and Robert Irving Soare, d-simple sets, small sets, and

degree classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
Philip W. McCartney, Neighborly bushes and the Radon-Nikodým property

for Banach spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
Robert Colman McOwen, Fredholm theory of partial differential equations

on complete Riemannian manifolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
Ernest A. Michael and Carl Preston Pixley, A unified theorem on continuous

selections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
Ernest A. Michael, Continuous selections and finite-dimensional sets . . . . . . 189
Vassili Nestoridis, Inner functions: noninvariant connected

components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
Bun Wong, A maximum principle on Clifford torus and nonexistence of

proper holomorphic map from the ball to polydisc . . . . . . . . . . . . . . . . . . . 211
Steve Wright, Similarity orbits of approximately finite C∗-algebras . . . . . . . . 223
Kenjiro Yanagi, On some fixed point theorems for multivalued

mappings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
Wieslaw Zelazko, A characterization of LC-nonremovable ideals in

commutative Banach algebras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241

Pacific
JournalofM

athem
atics

1980
Vol.87,N

o.1

http://dx.doi.org/10.2140/pjm.1980.87.1
http://dx.doi.org/10.2140/pjm.1980.87.11
http://dx.doi.org/10.2140/pjm.1980.87.11
http://dx.doi.org/10.2140/pjm.1980.87.21
http://dx.doi.org/10.2140/pjm.1980.87.21
http://dx.doi.org/10.2140/pjm.1980.87.41
http://dx.doi.org/10.2140/pjm.1980.87.41
http://dx.doi.org/10.2140/pjm.1980.87.49
http://dx.doi.org/10.2140/pjm.1980.87.59
http://dx.doi.org/10.2140/pjm.1980.87.59
http://dx.doi.org/10.2140/pjm.1980.87.65
http://dx.doi.org/10.2140/pjm.1980.87.65
http://dx.doi.org/10.2140/pjm.1980.87.69
http://dx.doi.org/10.2140/pjm.1980.87.69
http://dx.doi.org/10.2140/pjm.1980.87.75
http://dx.doi.org/10.2140/pjm.1980.87.75
http://dx.doi.org/10.2140/pjm.1980.87.97
http://dx.doi.org/10.2140/pjm.1980.87.111
http://dx.doi.org/10.2140/pjm.1980.87.135
http://dx.doi.org/10.2140/pjm.1980.87.135
http://dx.doi.org/10.2140/pjm.1980.87.157
http://dx.doi.org/10.2140/pjm.1980.87.157
http://dx.doi.org/10.2140/pjm.1980.87.169
http://dx.doi.org/10.2140/pjm.1980.87.169
http://dx.doi.org/10.2140/pjm.1980.87.187
http://dx.doi.org/10.2140/pjm.1980.87.187
http://dx.doi.org/10.2140/pjm.1980.87.189
http://dx.doi.org/10.2140/pjm.1980.87.199
http://dx.doi.org/10.2140/pjm.1980.87.199
http://dx.doi.org/10.2140/pjm.1980.87.211
http://dx.doi.org/10.2140/pjm.1980.87.211
http://dx.doi.org/10.2140/pjm.1980.87.223
http://dx.doi.org/10.2140/pjm.1980.87.233
http://dx.doi.org/10.2140/pjm.1980.87.233

	
	
	

