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Let (A,G, a) be a C*-dynamical system. Suppose G is discrete,
archimedian-linearly ordered, and A is simple with unit. In this paper we
prove that the subalgebra of analytic elements A(G, ά) C C*(A,G, a) is
a maximal subalgebra of the crossed product C*(A, G, a).

The same question is solved for a C* -dynamical system associated
with a von Neumann algebra with a homogeneous periodic state. Finally,
if G — Z we prove the converse of this result.

1. Introduction. In [12] Wermer proved that the algebra of all

continuous functions on the unit circle \z\— 1 which can be extended to

the unit disk | z | < 1, so as to be analytic in the interior, is a maximal

subalgebra of the Banach algebra C(T) of all continuous, complex-valued

functions on the unit circle.

In [1] Arens and Singer presented a generalisation of part of the

theory of analytic functions in the unit disc, established by observing the

role played in the classical theory by the group of integers, then replacing

this group by a locally compact abelian group G possessing a suitably

distinguished semigroup G + .

Further, in [6] Hoffman and Singer extended to this context the

maximality theorem of Wermer. In this paper we extend the same theorem

to the context of C*-crossed products. We mention that the analogous

study for W* -crossed products was successfully made in [8] for the case

G — Z. In §4 we solve the same question for a C*-dynamical system

associated with a von Neumann algebra with a homogeneous periodic

state.

2. Preliminaries and notations.

2A. Dynamical systems and spectra. Let (A, G, a) be a C*-dynamical

system with G abelian, i.e. a C*-algebra and an abelian locally compact

group G of * -automorphisms of A with the property that for each ύ G i ,

the function g h-» ag{cι) is continuous.

We define a representation α( ) of L\G) into the bounded operators

on A by a(f)a = ff(g)ag(a) dg (a G A), where/ G L\G). For/ G L\G)
we put Z(/) = {p G G\f(p) = 0}, where G is the dual of G and/is the
Fourier transform of/.
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Let Sp a be defined as Π (Z(/) \f E L\G), a(f) = 0). If a E A let

We refer the reader to [3] for the elementary properties of spectra and

spectral subspaces.

Throughout this paper we suppose G discrete and, hence, G compact.

Suppose there exists a subsemigroup 6 + C G with the following proper-

ties:

Let (5 , G, β) be a C*-dynamical system. Denote β(G, β) = {b E 51

Spβ(b) C G + } . By [3], &(G, β) is a norm-closed non-selfadjoint subalge-

bra of B.

Now, for each g E G, we consider the weak integration

= [(g,p)βp(b)dp,

where φ is the normalised Haar measure on b. Then eg is a bounded

linear mapping from B onto Bg = {6 E B\βp(b) = (g~p)b, p E G}. We

also have the following properties:

(hereδ g g 2 is the Kronecker symbol)

εg(αλbα2) = αλεg(b)α2, αλ9 α2 G B0,b E B.

Clearly 5 0 = S(G, j8) Π β(G, /?)* is the algebra of all fixed points with

respect to β, and ε0 is a faithful, jβ-invariant projection of norm one from

B onto Bo.

The following lemma is a slight generalisation of [9, Lemma 1].

2.1. LEMMA (i) For any g l , g2, £ g i £ g 2 = Bgχ+g2 and B* = B_g].

(ii) Let bv b2 E B. Ifeg(bx) = εg(b2) for all g E G ί/*e« 6j = fe2.

(iii) Ffl/ Z? E 5, w^Λαt e Spβ(b) = {g <Ξ G\εg(b) Φ 0}.

(iv) ForgG G, 5 g = {b ϊΞB\Spβ(b) - {g}}.

The following lemma is well known and easy to prove:

2.2. LEMMA. B is linearly spanned by Ug(ΞGBg in the norm topology.
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2.3. REMARK. If b G B is such that ego(b) = 0 for some g0 G G, then
there exists a sequence £„ = Σgb

n(g), bn{g) G 2^, which converges to b
(in norm) such that bn(g0) = 0 for all w. Indeed, by Lemma 2.2 there
exists a sequence cn — Σgc

n(g), cn(g) G Bg, which converges to b. Since
εg(cn) = cn(g) (by Lemma 1.1 (iii)) and εg is bounded for all g G G, we
have that εgo(cn) converges to εg0(&) = 0. Therefore bn — cn — εgo(cn)
satisfies the desired property.

2B. C*-crossedproducts. Let (A, G, a) be a C*-dynamical system with
G discrete, abelian. Assume >4 C B(H) for some Hubert space H. Let

4) denote the set of "trigonometric polynomials":

<3>(G, A) = {/:GH>A \f{g) = 0 for all but finitely many gEG}.

Define a faithful representation of <&(G, A) on /2(G, i/) by

(1) (yξ)(g) = Σ « - g ( ^ ) ) ^ ( g " ^), ^ ^(G, ̂ 4), ί e /2(G, i

We identify <3>(G, >4) with its image in J5(/2(G, i/)) and denote by
C*(G, α, ̂ 4) the C*-algebra generated by <3(G, A). It can be shown that
C*(G, a, A) does not depend no the representation of A on H. We say
that C*(G, a, A) is the crossed product of G with A.

The following element of <3>(G, A):

y(g) = h y(s) = 0 for all s φg

will be denoted by λG.
Also, the elementy GΦ(G,A):

y(0) = Λ for some a GA9

y(g) = 0 foral lg^O,

will be denoted by a.
We denote by (C*(G, α, A), G, a) the dual system of {A, G, α) [10].
If G is ordered by a subsemigroup G+ as in 2A, then we may apply

the results of 2A to (C*(G, α, A)9 G, ά).

3. The main results. We say that a C*-algebra A is simple if it has
no nontrivial closed two-sided ideals. We say that A is G-simple if it has
no nontrivial, closed, G-invariant two-sided ideals. If G is ordered by the
subsemigroup G+ , we say that G is archimedean ordered if for any
gl9 g2 G G+ \{0} there exists n G N such that ngx > g2. Then it is well
known that G is isomoφhic with a subgroup of R.
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Let B be a C*-algebra with unit. We say that a closed subalgebra

& C B with the unit of B is a Dirichlet subalgebra if & + & * is norm dense

in B. Let ε be a faithful projection of norm one in B. A Dirichlet

subalgebra & C B is said to be C*-subdiagonal if the pair ( $ , ε) satisfies

the following conditions:

(i) ε is multiplicative on &.

(ϋ)ε(β) = βn#*.

We call the C*-subalgebra & Π β* the diagonal of &. Then using [7,

Theorem 3.1], the proof of [7, Theorem 2.4] can be adapted to prove:

3.1. THEOREM. Let A be a C*-algebra with unit, and G a discrete,

commutative group of automorphisms of A.

Suppose G is archimedean-linearly ordered. The έ£(G, a) is a maximal

C*-subdiagonal subalgebra of C*(G, α, A) with respect to the projection ε0

(§1).

The following theorem gives a sufficient condition for &(G9 ά) to be a

maximal subalgebra of C*(G, α, A).

3.2. THEOREM. Let A be a simple C*-algebra with unit and G an

automorphism group of A. Suppose G is discrete and archimedean-linearly

ordered. Then &(G, a) is a maximal subalgebra of C*(G, α, A).

Proof. The proof is inspired from Cohen's proof in the classical case

([5]). Let ® C C*(G, α, A) be a subalgebra which contains &(G9 a). Then

there exist b E ® and t0 E G + \{0} such that £-to(b) φ 0. It is easy to see

that the set / = {a E A \ (3)b E ©, λtoε_ίo(b) = a) is a non-zero two-sided

ideal in ̂ 4. Since Λ is simple, it follows that J — A. Therefore, there exists

b0 E φ such that λ,oε_,o(Z>o) = 1.

By definition of the crossed product and Remark 2.3, there exist two

"trigonometric polynomials" py q E 6B(G, a) and A E C*(G, α, Λl) such

that

for some /,, t2 E G+ \{0}.

Let 5 0 E G + be 50 = min{/0, tX912). We also set bx = λtQ_Sobo E

pλ = λ^^/7 E β(G, ά), and 9 l = q\ti_SQ E β(G, ά). Then

<l
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Let M=\\qxλSo-λ_Soqϊ\\. Since qγλSQ-λ-Soqf = * ' h> w h e r e h i s

selfadjoint, we have, for every δ > 0,

(1) ||l

Further, we have

(2) * λ

where g = δb{ — pλ G %.

Let #ί G β(G, a) be such that ^ \ J o = λSoq[. From (1), (2) and the

fact that ||A|| < i , it follows that

(3) ||1 + δ + λJo(-g + 8q[)\\ < 1 + δ 2 M 2 + δ/2.

If δ < 1/2M2, then from (3) we obtain

(4) ||1 + δ + λ j - g + 8q[)\\ < 1 + δ.

Since, obviously, λjQ(-g + δ^ί) G ®, from (4) it follows that this

element has an inverse k in %. So λSo(g + δq[)k = 1. From this it follows

o

Let s G G+ be arbitrary. Since G is archimedean ordered, there exists

n G N such that Π5O > 5. Then
λ_s = λns _s λ_ns G ®.

It follows that ® = C*(G, α, >4).

In what follows we discuss some partial converses of the preceding

theorem.

3.3. PROPOSITION. Let A be a unital C*-algebra, and a a * 'automor-

phism of A. If (£(Z, ά) is a maximal subalgebra of C*(Z, α, A), then A is

simple.

Proof. Suppose A is not simple and let / C A be a non-trivial

two-sided ideal. We show that 6E(Z, ά) is not maximal by producing a

subspace 9IL C C*(Z, α, A) with the following properties:

(i) 69H C 9H for every b G (£(Z, ά).

(ii) There exists g G C*(Z, α, ^4)\(£(Z, ά) such that g9H C 911.

(iii) 911 is not a left ideal of C*(Z, α, >4).
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Let 9H be the closure of the set of polynomials b: Z ι-» A with the

property that b{n) G a"(J) for all n < 0.

Let p G N and/ G 911 a polynomial. Then (λ^ f)(n) = αV(n - /?).

Hence, if n < 0 we have (λpf)(n) G «"(/). Also, if flGi, we have

( Λ . / ) ( Λ ) = α -/(/I) G αΛ(/). Hence Z>9H C 911 for all b G 0(Z, a) and

(i) is proved.

To prove (ii) let x G a~~ι(J). Then the element x λ_, satisfies (ii).

Obviously λ_,91l £ 911, whence (iii).

Therefore έ£(Z, ά) is not maximal. It follows that A is simple.

3.4. PROPOSITION. Let A be a unital C*-algebra and G a discrete,

commutative, linearly ordered group of * -automorphisms of A. If&(G, ά) is

a maximalsubalgebra ofC*(G,a,A), then:

(i) The order on G is archimedean.

(ii) A is G-simple.

Proof. Suppose the order on G is not archimedean. Then there exist

tχjt2E. G+ \{0} such that ntx < t2 for every n G N. Then the algebra %

generated by &(G9 a) and λ__, satisfies &(G9 ά) C ® C C*(G, α, A). Hence

&(G, a) is not maximal, and (i) is proved.

Now we show that A is G-simple. Suppose A is not G-simple. Then

there exists a non-trivial G-invariant two-sided ideal J C A. Set ® =

[b G C*(G, α, A) \εt(b) G /, / < 0}. Then φ is an algebra and

, ά) C © C C*(G, α, .4). Therefore Λ is G-simple.

3.5. PROPOSITION. Le/ A be a unital C*-algebra and G a discrete,

commutative, linearly ordered group of * -automorphisms of A. Suppose:

(i) A is primitive and postliminar.

(ii) &(G, ά) is a maximal subalgebra of C*(G, a, A).

Then we have:

(iii) G is archimedean ordered.

(iv) A is a finite-dimensional factor.

Proof, (iii) follows from Proposition 3.4. Let us prove (iv). Let A be

the space of irreducible representations of A and Prim(y4) the space of

primitive ideals of A with the Jacobson topology. Then by [4, Theoreme

4.3.7] the mapping π ι-> kerTr is a bijection between A and Prim(τ4). By

[4, Theoreme 4.4.5] there exists a maximal open set U C Prim(^4) which is

separated. Since A is primitive, it follows that (0) G Prim(^4). Obviously,
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(0) is dense in Prim(yl). Therefore, (0) E £Λ Since every open set VC

Prim(Λ) contains (0), it follows that (0) = U. Therefore C(0) = {/ e
Prim(Λ) \J φ (0)} is closed in Prim(^ί). Thus Π C(0) = Jo φ 0. Now it is

easy to see that Jo is G-invariant. Since by Proposition 3.4, A is G-simple,

it follows that Jo = (0). This contradiction shows that A is simple. Since A

is unital, primitive and postliminar, it follows that A is a finite-dimen-

sional factor.

4. Subalgebras of a von Neumann algebra with a homogeneous
periodic state. Let M be a von Neumann algebra. Suppose M has a

homogeneous periodic state φ in the sense that G(φ) = {σ E Aut(M)|

φ o σ = φ} acts ergodically on M and the modular automorphism group

σt

φ of M associated with φ is a periodic flow. A penetrating study of such

algebras was made by Takesaki [11]. Let T > 0 be the period of σt

φ. Put

p = e'2w/τ

9 0 < p < 1. Set Mn = {x E M|σ*(jc) = pintx}, « 6 Z . For

each n E Z, we consider the integration

εΛ(x) = ̂  fTp-inΓσ?(x) Λ9 x^M.
1 Jo

Then

ell(M) = Mll, ii EZ,

en°εm = Snmεn> m,W E Z ,

εn(axb) = aεn(x)b, a, b E Af0, JC E M.

MnMm = Mn+m, « , m E Z .

MΪ=M_n, « G Z .

We collect some results from [11] in the following

4.1. THEOREM, (i) 7%e subspace Mx of M contains an isometry u such

that for n > 1, Mn = Mow" andM_n = w*"M0.

(ii) /« /Ae pre-Hilbert space structure induced by the state φ, M is

decomposed into an orthogonal direct sum as follows:

M = . . ΘM*"M 0 θ - θw*M0 θ Mo θ Λfow θ • - @Mou" θ .

(iii) Mo is of type II,.

(iv) M /5 0/ (y/ra III.

Let 5 denote the C*-subalgebra of M generated by Mo and u.

Obviously B is σ^-invariant, ί E R .
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Moreover since the mapping / h^ ot

φ(x) is norm-continuous for every

x E Mn9 n E Z, it follows that it is norm-continuous for every x E B.

Therefore, we can consider the C*-dynamical system (B, σ,φ, R). By Lemma

2.1 and Theorem 4.1(i) it follows that Sp(σφ) is isomorphic with Z.

As in §2 let 6£(Z, σφ) denote the algebra of all elements of B with
non-negative spectrum.

4.2. PROPOSITION. (£(Z, σφ) is a maximal subalgebra of B if and only if

Mo is a factor.

Proof. Suppose M o is a factor. We follow the proof of Theorem 3.2.

Let % C B be such that S ( Z , σ φ ) d Then there exist b0 E % and

n E N such that ε_n(b0) Φ 0. We may assume n — 1. Let K — {x E Mo \

(3)b E ©, β_!(Z>) = w*x}. iΓis a linear subspace of Mo. If we put e = ww*,

it can be easily shown that the mapping Ad(u)(x) = uxu* is an isomor-

phism of Mo onto eMoe.

We claim that eKe is a two-sided ideal of eMoe. Indeed, if b E % is

such that e_x(b) = Λ; E eXe and α E eMoe, then

(u*au)u*x = w*α E x = w * E α E x = u*ax.

Therefore, since w*αw E M o C £(Z, σφ) C Φ, we have

ε_](u*au b) = u*ax, so UDC E eίCe.

Similarly

ε_!(δα) = u*xa, so xaGeKe.

Since Mo is a finite factor it follows that eMoe is a finite factor. Therefore

eMoe is simple. Hence eKe — eMoe. Then there exists b0 E % such that

ε_1(fo0) = u*e = u*.

By definition of B, there exist two "polynomials" p, q E (£(Z, σφ)

and h G B such that

6 0 M = 1 +/?w + w*<7* + A, | |A| |< 1/2.

The rest of the proof of the "if" part is the same as that of Theorem

3.2. Now suppose 6£(Z, σφ) is maximal in B.

If Mo is not a factor, let θ be the automorphisms of the center Z o of

M o defined as follows:

uzu* — θ (z)e (see [11, Lemma 1.20]).

There are the following possibilities:

I. θ is not ergodic.
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In this case there exists a projection g E Z 0 such that θ(q) — q. Then
q belongs to the center Z of M. Therefore, the algebra © generated by
<£(Z, σφ) and qB is such that &(Z, σ φ ) c S c δ , a contradiction. Hence

Φ Φ
Mo is a factor.

II. θ is ergodic.
In this case there exists q G Zo such that ##(#) = 0. Then it can

easily be verified that the algebra % generated by 6£(Z, σφ) and the set

{U*θ(q)y\y <ΞM0} is such that ί ( Z , α φ ) c S c ί . This contradiction

shows that Mo is a factor.

REFERENCES

[1] R. Arens and I. M. Singer, Function values as boundary integrals, Proc. Amer. Math.
Soα, 5 (1954), 735-745.

[2] W. Arveson, Analyticity in operator algebras, Amer. J. Math., 89 (1967), 578-642.
[3] , On groups of automorphisms of operator algebras, J. Funct. Anal., 15 (1974),

217-243.

[4] J. Dixmier, Les C*-algebres et Leurs Representations, Gauthier-Villars, Paris 1969.
[5] K. Hoffman, Banach Spaces of Analytic Functions, Prentice-Hall, Inc. Englewood

Cliffs, N. J., 1962.
[6] K. Hoffman and I. M. Singer, Maximal subalgebras of C(Γ), Amer. J. Math., 79

(1957), 295-306.
[7] S. Kawamura and J. Tomiyama, On subdiagonal algebras associated with flows in

operator algebras, J. Math. Soc. Japan., 29 (1977), 73-91.
[8] M. McAsey, P. S. Muhly and K.-S. Saito, Non-self-adjoint crossed products, Trans.

Amer. Math. Soc.
[9] K.-S. Saito, The Hardy spaces associated with a periodic flow on a von Neumann

algebra, Tohδku Math. J., 29 (1977), 69-75.
[10] H. Takai, On a duality for crossed products of C51'-algebras, J. Funct. Anal., 19 (1975),

25-39.
[\\] M. Takesaki, The structure of a von Neumann algebra with a homogeneous periodic

state, Acta Math., 131 (1973), 79-121.
[12] J. Wermer, On algebras of continuous functions, Proc. Amer. Math. Soc, 4 (1953),

866-869.

Received May 18, 1981.

WORCESTER POLYTECHNIC INSTITUTE

WORCESTER, MA 01609

AND

TEL AVIV UNIVERSITY

TEL AVIV, ISRAEL





PACIFIC JOURNAL OF MATHEMATICS
EDITORS

DONALD BABBITT (Managing Editor) J. DUGUNDJI

University of California Department of Mathematics
Los Angeles, CA 90024 University of Southern California

Los Angeles, CA 90089-1113
HUGO ROSSI

University of Utah R FINN and H. SAMELSON

Salt Lake City, UT 84112 Stanford University

C. C. MOORE and ARTHUR OGUS S t a n f o r d ' C A 9 4 3 0 5

University of California
Berkeley, CA 94720

ASSOCIATE EDITORS
R. ARENS E. F. BECKENBACH B. H. NEUMANN F. WOLF K. YOSHIDA

(1906-1982)

SUPPORTING INSTITUTIONS
UNIVERSITY OF ARIZONA UNIVERSITY OF OREGON
UNIVERSITY OF BRITISH COLUMBIA UNIVERSITY OF SOUTHERN CALIFORNIA
CALIFORNIA INSTITUTE OF TECHNOLOGY STANFORD UNIVERSITY
UNIVERSITY OF CALIFORNIA UNIVERSITY OF HAWAII
MONTANA STATE UNIVERSITY UNIVERSITY OF TOKYO
UNIVERSITY OF NEVADA, RENO UNIVERSITY OF UTAH
NEW MEXICO STATE UNIVERSITY WASHINGTON STATE UNIVERSITY
OREGON STATE UNIVERSITY UNIVERSITY OF WASHINGTON

The Supporting Institutions listed above contribute to the cost of publication of this Journal, but they are
not owners or publishers and have no responsibility for its content or policies.

Mathematical papers intended for publication in the Pacific Journal of Mathematics should be in typed form
or offset-reproduced (not dittoed), double spaced with large margins. Please do not use built up fractions in the
text of the manuscript. However, you may use them in the displayed equations. Underline Greek letters in red,
German in green, and script in blue. The first paragraph must be capable of being used separately as a synopsis
of the entire paper. In particular it should contain no bibliographic references. Please propose a heading for the
odd numbered pages of less than 35 characters. Manuscripts, in triplicate, may be sent to any one of the editors.
Please classify according to the scheme of Math. Reviews, Index to Vol. 39. Supply name and address of author
to whom proofs should be sent. All other communications should be addressed to the managing editor, or
Elaine Barth, University of California, Los Angeles, California 90024.

There are page-charges associated with articles appearing in the Pacific Journal of Mathematics. These
charges are expected to be paid by the author's University, Government Agency or Company. If the author or
authors do not have access to such Institutional support these charges are waived. Single authors will receive 50
free reprints; joint authors will receive a total of 100 free reprints. Additional copies may be obtained at cost in
multiples of 50.

The Pacific Journal of Mathematics is issued monthly as of January 1966. Regular subscription rate: $132.00
a year (6 Vol., 12 issues). Special rate: $66.00 a year to individual members of supporting institutions.

Subscriptions, orders for numbers issued in the last three calendar years, and changes of address should be
sent to Pacific Journal of Mathematics, P.O. Box 969, Carmel Valley, CA 93924, U.S.A. Old back numbers
obtainable from Kraus Periodicals Co., Route 100, Millwood, NY 10546.

The Pacific Journal of Mathematics ISSN 0030-8730 is published monthly by the Pacific Journal of Mathe-
matics at P.O. Box 969, Carmel Valley, CA 93924. Application to mail at Second-class postage rates is pend-
ing at Carmel Valley, California, and additional mailing offices. Postmaster: Send address changes to Pacific
Journal of Mathematics, P.O. Box 969, Carmel Valley, CA 93924.

PUBLISHED BY PACIFIC JOURNAL OF MATHEMATICS, A NON-PROFIT CORPORATION

Copyright © 1984 by Pacific Journal of Mathematics



Pacific Journal of Mathematics
Vol. 110, No. 2 October, 1984

Robert A. Bekes, The range of convolution operators . . . . . . . . . . . . . . . . . . . . . 257
Dennis K. Burke and Sheldon Davis, Subsets of ωω and generalized metric

spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
Giovanni Emmanuele, A remark on a paper: “Common fixed points of

nonexpansive mappings by iteration” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
I. Erdélyi and Sheng-Wang Wang, On strongly decomposable operators . . . 287
Gerhard Gierz, Injective Banach lattices with strong order units . . . . . . . . . . . 297
Maurizio Letizia, Quotients by complex conjugation of nonsingular

quadrics and cubics in P3
C defined over R . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307

P. H. Maserick and Franciszek Hugon Szafraniec, Equivalent definitions
of positive definiteness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315

Costel Peligrad and S. Rubinstein, Maximal subalgebras of C∗-crossed
products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325

Derek W. Robinson and Sadayuki Yamamuro, Hereditary cones, order
ideals and half-norms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335

Derek W. Robinson and Sadayuki Yamamuro, The Jordan decomposition
and half-norms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345

Richard Rochberg, Interpolation of Banach spaces and negatively curved
vector bundles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355

Dale Rolfsen, Rational surgery calculus: extension of Kirby’s theorem . . . . . . 377
Walter Iaan Seaman, Helicoids of constant mean curvature and their Gauss

maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
Diana Shelstad, Endoscopic groups and base change C/R . . . . . . . . . . . . . . . . . 397
Jerrold Norman Siegel and Frank Williams, Numerical invariants of

homotopies into spheres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417
Alladi Sitaram, Some remarks on measures on noncompact semisimple Lie

groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429
Teruhiko Soma, Atoroidal, irreducible 3-manifolds and 3-fold branched

coverings of S3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435
Jan de Vries, On the G-compactification of products . . . . . . . . . . . . . . . . . . . . . . 447
Hans Weber, Topological Boolean rings. Decomposition of finitely additive

set functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471

Pacific
JournalofM

athem
atics

1984
Vol.110,N

o.2


	
	
	

