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The present study was originally motivated by reading a paper of
M. Rajagopalan [6], The author and Sr. K. A. Bellcourt were able
to obtain the same result as M. Rajagopalan under much weaker hy-
pothesis. Latter the author realized that in the case of an iϊ*-algebra
and a two-sided iϊ*-algebra the condition " || xy || ^ M \\ x \\ || y | | " is a
consequence of the other axioms in the definition. The same is true
about right i ϊ * -algebra if we assume continuity of involution (It was
pointed out to the author that P. J . Laufer established this result in
1958. The author arrived at it independently of Laufer).

The present paper deals with the question whether the same is
true about complemented algebras. It turns out that we have to as-
sume topological semi-simplicity in some sense and continuity of the
mapping x —• xa (Sr. Bellcourt should be credited with the idea of as-
suming topological semi-simplicity). Below we have a new characteri-
zation of complemented algebras. Lemma 1 may be of interest by
itself.

2* LEMMA 1. Let A be an (associative) algebra whose underlying
vector space is a Banach space (in other words A would be a Banach
algebra if we would assume that \\xy\\ ^ Λf ||a?|| | | i/ | | ) . Suppose that
the mapping Ra: x—> xa is continuous for each a e A suppose also
that the mapping La: x—*ax is continuous for each a in some dense
subset B of A. Then A is a Banach algebra.

Proof. Let ae A and let an be a sequence of members of B such
that an—>α. Then the sequence | | α Λ | | is bounded; also the sequence
||α»ίc|| is bounded for each x in A (\\anx || g || i2. || | | α n | | ) . From
Theorem 5, page 80, of [3] we may conclude that there exists a posi-
tive number M such that | |Z/αJ| ^ M for each n.

Now let xm, xeA be such that xm—>x. Then \\ax — anxm || =
\\ax — a n x + a n x — a n x m \ \ ^ \\a — α j | | | R x \\ + M \ \ x — x m \ \ .

From this we may draw two conclusions. First of all B = A (note
that the above inequality implies that axm -+ax\ \\ ax — axm \\ ̂  || ax —
α»»m || + || α» — α || II-RβjJD Secondly, combining this fact with the
above we see that the mappijig <x, y> —> xy is continuous. This con-
clusion can be obtained also using a result of [2].
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3* DEFINITION. Let A be a complex (associative) algebra whose
underlying vector space is a Hubert space. Then A will be called a
right almost complemented algebra (r. a. c. algebra) if it has the fol-
lowing properties:

(i) In each ideal IΦ 0 there exists an element a such that there
is no sequence xn with property that a + xn — axn —> 0 (we may say
that a is not topologically quasi-regular) (compare with [11]). We will
refer to this property as a topological semi-simplicity.

(ii) The mapping Ra: x —> xa is continuous for each aeA.
(iii) The orthogonal complement Rp of a right ideal R is a right

ideal.
Note that (ii) implies that the closure of a right ideal is also a

right ideal.
Let A be a fixed r. a. c. algebra.

LEMMA 2. Every nonzero left ideal L in A contains a left pro-
jection (as in [9] and [8] it is understood that a projection is a nonzero
element).

Proof. The proof is a modification of the last part of the proof
of Theorem 3.2 of [11]. (The first part of the proof is not valid
since the mapping x —> ax does not have to be continuous. However
property (i) of the above definition is stronger than topological semi-
simplicity of [11]). We take an element a in L which is not topologi-
cally right quasi-regular, consider R — {ax — x \ x e A) and project a
upon Rp.

LEMMA 3. If e is a left projection in A then the mapping Le:
x—^ex is continuous and \\Le\\ ^ 1.

Proof. Note t h a t || x | | 2 = || ex | | 2 + \\x - ex | | 2 for each x e A.

LEMMA 4. There exists a positive number r such that r ^\\e\\

for each left projection e in A.

Proof. If the lemma is not true then we can find a sequence en

of left projections such that | |e n | |—>0. For each n let λn be a posi-
tive number such that | | λ n β n | | = 1. Then Xn—> oo and ||λΛβΛίc)| S \\R\\
for each xsA. By Theorem 5 of [3] there exists a positive number
M such that λn | |L β f i | | — | | L λ w β J | ^ M for each n. It means that
| | L e J | < 1 for n large enough.

COROLLARY. Each left projection in A is a finite sum of or-
thogonal primitive (minimal) projections.
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The following lemma is a generalization of Mazur-Gelf and theorem.
It was established by the author and Sr. K. A. Bellcourt in the latter
part of 1961 (presented to the society on February 22, 1962 [4]).

LEMMA 5. Let A be a complex (associative) algebra whose un-
derlying vector space is a Banach space. Assume further that the
mapping Ra: x —->xa is continuous for each ae A and that A is a
division algebra. Then A is isomorphic to the field of complex
numbers.

Proof. The general idea of the proof is the same as in the proof
of Theorem 22F in [5].

For each aeA let us write \a\ instead of | |JSα | | (\a\ is the norm
of the operator x —> xa). Let xe A, x Φ 0 for each complex λ let yλ

be the inverse of e — λx. If λ0 is fixed then yλ = Σ~=o(λ — \)k(y\0%)ky\0

provided λ0 is close enough to λ0 (note that that the series converges
if I λ - λo I || yHx | | < 1 since ]| {yHx)kyH || ύ II yHx II (I y^x \Y~λ IVH I) for
each k). If / is a bounded linear functional on A then the function

9>(λ) = AVi) = Σ (λ - \o)kΛ(3/^)kV^

is analytic for each λ such that e Φ XX. NOW consider

^ λ = - Σ λ—(ar1)-*

in the region | x~x \ < | λ | . By direct inspection we verify that
limλ_βottλ = — x"1 and yk — (l/λ)uλ. It follows that

lim φ(X) = Km — f{uλ) = 0 .

Invoking Liouville's theorem we conclude that x = λe (or rather x = (l/λ)β)
for some complex λ.

LEMMA 6. Let A be an algebra whose underlying vector space is
a Hilbert space. If a A has a left adjoint [8, page 52] then the
mapping La: x-+ax is continuous.

Proof. Let xn, x and u in A be such that xn —> x, axn —• u. Then
(u, z) = lim% (axn9 z) = lim% (α;n, α

ιs) = (αx, ^) for each zeA. It simply
means that u = αx. The lemma now follows from closed graph theorem.

In the following lemmas A will again denote a fixed r.a.c. algebra.

LEMMA 7. If e is a primitive left projection in A then eA and
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Ae are minimal ideals and eAe is isomorphic to the complex field.

Proof. The first part of the proof is almost identical with the
proof of Lemma 3.3 of [11]. We may conclude that ue is not topolog-
ically right quasi-regular (if eu is not) since the mapping x —•» ex is
continuous. The last part of the lemma follows from Lemma 5.

LEMMA 8. If e is a primitive left projection in A then every
element in eA has a left adjoint.

Proof. If aeeA and ae Φ 0 consider the left ideal Aa — Aea. By
Lemma 2 it contains a left projection f,f= bea for some be A. Then
ef = ebea = λα for some λ Φ 0 (if λ = 0 then 0 = fe = beae and so
be = 0). Thus a1 = X^fe. If ae = 0 then we consider a' — a + e in-
stead of a...

REMARK. We could not use the first part of the proof of Theorem
1 of [9] since we do not know whether every idempotent in A is not
topogically right quasi-regular.

Now we state our main result.

THEOREM 1. Every r.a.c. algebra is a complemented algebra.

Proof. As in the proof of Theorem 2 of [9] we show that there
exists a dense subset B of A such that every element in B has a left
adjoint in A. The theorem now follows Lemmas 1 and 6 above.

THEOREM 2. Let A be an algebra whose underlying space is a
Hilbert space. Suppose that every element x in A has a right adjoint
xr in A. Suppose that A has at least one of the following properties:

( i ) The set of elements of A having a left adjoint is dense in A.
(ii) The mapping x—>xr is continuous.
(iii) A satisfies condition (i) of the definition of r.a.c. algebra.

Then A is a two-sided if *-algebra.

Proof. This theorem follows from Lemmas 1, 6 and Theorem 1.
(Note that an orthogonal complement of a right ideal in A is again a
right ideal).

BIBLIOGRAPHY

1. W. Ambrose, Structure theorems for a special class of Banach Algebras, Trans.
Amer. Math. Soc, 57 (1945), 364-386.



ON CONTINUITY OF MULTIPLICATION IN A COMPLEMENTED ALGEBRA 1403

2. R. Arens, Linear topological division algebras, Bull. Amer. Math. Soc, 53 (1947),
623-630.
3. S. Banach, Theorie des operations lineaires, Warszawa, 1932.
4. Sister K. A. Bellcourt and P. P. Saworotnow, Structure theorems for certain inner
product algebras, Notices Amer. Math. Soc, 9 (1962), 29.
5. L. H. Loomis, An Introduction to Abstract Harmonic Analysis, New York, 1953.
6. M. Rajagopalan, Classification of algebras, J. Indian Math. Soc, 22(1958), 109-116.
7. , H algebras, J. Indian Math. Soc, (N. S.) 25 (1961), 1-25.
8. P. P. Saworotnow, On a generalization of the notion of H*-algebra, Proc. of Amer.
Math, Soc, 8 (1957), 49-55.
9. On the imbedding of a right complemented algebra into Ambrose's H*-algebra, Proc.
Amer. Math. Soc, 8 (1957) 56-62.
10. M. F. Smiley, Right H*-algebras, Proc Amer. Math. Soc, 4 (1953), 1-4.
11. J. F. Smith and P. P. Saworotnow, On some classes of scalar-product algebras,
Pacific J. of Math., 11 (1961), 739-750.

THE CATHOLIC UNIVERSITY OF AMERICA





PACIFIC JOURNAL OF MATHEMATICS

EDITORS
ROBERT OSSERMAN

Stanford University
Stanford, California

M. G. ARSOVE

University of Washington
Seattle 5, Washington

J. DuGUNDJl

University of Southern California
Los Angeles 7, California

LOWELL J. PAIGE

University of California
Los Angeles 24, California

E. F. BECKENBACH

ASSOCIATE EDITORS
B. H. NEUMANN F. WOLF K. YOSIDA

SUPPORTING INSTITUTIONS
UNIVERSITY OF BRITISH COLUMBIA
CALIFORNIA INSTITUTE OF TECHNOLOGY
UNIVERSITY OF CALIFORNIA
MONTANA STATE UNIVERSITY
UNIVERSITY OF NEVADA
NEW MEXICO STATE UNIVERSITY
OREGON STATE UNIVERSITY
UNIVERSITY OF OREGON
OSAKA UNIVERSITY
UNIVERSITY OF SOUTHERN CALIFORNIA

STANFORD UNIVERSITY
UNIVERSITY OF TOKYO
UNIVERSITY OF UTAH
WASHINGTON STATE UNIVERSITY
UNIVERSITY OF WASHINGTON

* * *
AMERICAN MATHEMATICAL SOCIETY
CALIFORNIA RESEARCH CORPORATION
SPACE TECHNOLOGY LABORATORIES
NAVAL ORDNANCE TEST STATION

Mathematical papers intended for publication in the Pacific Journal of Mathematics should
by typewritten (double spaced), and on submission, must be accompanied by a separate author's
resume. Manuscripts may be sent to any one of the four editors. All other communications to
the editors should be addressed to the managing editor, L. J. Paige at the University of California,
Los Angeles 24, California.

50 reprints per author of each article are furnished free of charge; additional copies may be
obtained at cost in multiples of 50.

The Pacific Journal of Mathematics is published quarterly, in March, June, September, and
December. Effective with Volume 13 the price per volume (4 numbers) is $18.00; single issues, $5.00.
Special price for current issues to individual faculty members of supporting institutions and to
individual members of the American Mathematical Society: $8.00 per volume; single issues $2.50.
Back numbers are available.

Subscriptions, orders for back numbers, and changes of address should be sent to Pacific
Journal of Mathematics, 103 Highland Boulevard, Berkeley 8, California.

Printed at Kokusai Bunken Insatsusha (International Academic Printing Co., Ltd.), No. 6,
2-chome, Fujimi-cho, Chiyoda-ku, Tokyo, Japan.

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



Pacific Journal of Mathematics
Vol. 14, No. 4 August, 1964

Homer Franklin Bechtell, Jr., Pseudo-Frattini subgroups . . . . . . . . . . . . . . . . . . . . . . . . . 1129
Thomas Kelman Boehme and Andrew Michael Bruckner, Functions with convex

means . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1137
Lutz Bungart, Boundary kernel functions for domains on complex manifolds . . . . . . . 1151
L. Carlitz, Rings of arithmetic functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1165
D. S. Carter, Uniqueness of a class of steady plane gravity flows . . . . . . . . . . . . . . . . . . 1173
Richard Albert Dean and Robert Harvey Oehmke, Idempotent semigroups with

distributive right congruence lattices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1187
Lester Eli Dubins and David Amiel Freedman, Measurable sets of measures . . . . . . . 1211
Robert Pertsch Gilbert, On class of elliptic partial differential equations in four

variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1223
Harry Gonshor, On abstract affine near-rings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1237
Edward Everett Grace, Cut points in totally non-semi-locally-connected

continua . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1241
Edward Everett Grace, On local properties and Gδ sets . . . . . . . . . . . . . . . . . . . . . . . . . . 1245
Keith A. Hardie, A proof of the Nakaoka-Toda formula . . . . . . . . . . . . . . . . . . . . . . . . . . . 1249
Lowell A. Hinrichs, Open ideals in C(X) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1255
John Rolfe Isbell, Natural sums and abelianizing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1265
G. W. Kimble, A characterization of extremals for general multiple integral

problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1283
Nand Kishore, A representation of the Bernoulli number Bn . . . . . . . . . . . . . . . . . . . . . . 1297
Melven Robert Krom, A decision procedure for a class of formulas of first order

predicate calculus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1305
Peter A. Lappan, Identity and uniqueness theorems for automorphic functions . . . . . . 1321
Lorraine Doris Lavallee, Mosaics of metric continua and of quasi-Peano spaces . . . . 1327
Mark Mahowald, On the normal bundle of a manifold . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1335
J. D. McKnight, Kleene quotient theorems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1343
Charles Kimbrough Megibben, III, On high subgroups . . . . . . . . . . . . . . . . . . . . . . . . . . . 1353
Philip Miles, Derivations on B∗ algebras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1359
J. Marshall Osborn, A generalization of power-associativity . . . . . . . . . . . . . . . . . . . . . . 1367
Theodore G. Ostrom, Nets with critical deficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1381
Elvira Rapaport Strasser, On the defining relations of a free product . . . . . . . . . . . . . . . 1389
K. Rogers, A note on orthoganal Latin squares . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1395
P. P. Saworotnow, On continuity of multiplication in a complemented algebra . . . . . . 1399
Johanan Schonheim, On coverings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1405
Victor Lenard Shapiro, Bounded generalized analytic functions on the torus . . . . . . . . 1413
James D. Stafney, Arens multiplication and convolution . . . . . . . . . . . . . . . . . . . . . . . . . . 1423
Daniel Sterling, Coverings of algebraic groups and Lie algebras of classical

type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1449
Alfred B. Willcox, Šilov type C algebras over a connected locally compact abelian

group. II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1463
Bertram Yood, Faithful ∗-representations of normed algebras. II . . . . . . . . . . . . . . . . . . 1475
Alexander Zabrodsky, Covering spaces of paracompact spaces . . . . . . . . . . . . . . . . . . . 1489

Pacific
JournalofM

athem
atics

1964
Vol.14,N

o.4

http://dx.doi.org/10.2140/pjm.1964.14.1129
http://dx.doi.org/10.2140/pjm.1964.14.1137
http://dx.doi.org/10.2140/pjm.1964.14.1137
http://dx.doi.org/10.2140/pjm.1964.14.1151
http://dx.doi.org/10.2140/pjm.1964.14.1165
http://dx.doi.org/10.2140/pjm.1964.14.1173
http://dx.doi.org/10.2140/pjm.1964.14.1187
http://dx.doi.org/10.2140/pjm.1964.14.1187
http://dx.doi.org/10.2140/pjm.1964.14.1211
http://dx.doi.org/10.2140/pjm.1964.14.1223
http://dx.doi.org/10.2140/pjm.1964.14.1223
http://dx.doi.org/10.2140/pjm.1964.14.1237
http://dx.doi.org/10.2140/pjm.1964.14.1241
http://dx.doi.org/10.2140/pjm.1964.14.1241
http://dx.doi.org/10.2140/pjm.1964.14.1245
http://dx.doi.org/10.2140/pjm.1964.14.1249
http://dx.doi.org/10.2140/pjm.1964.14.1255
http://dx.doi.org/10.2140/pjm.1964.14.1265
http://dx.doi.org/10.2140/pjm.1964.14.1283
http://dx.doi.org/10.2140/pjm.1964.14.1283
http://dx.doi.org/10.2140/pjm.1964.14.1297
http://dx.doi.org/10.2140/pjm.1964.14.1305
http://dx.doi.org/10.2140/pjm.1964.14.1305
http://dx.doi.org/10.2140/pjm.1964.14.1321
http://dx.doi.org/10.2140/pjm.1964.14.1327
http://dx.doi.org/10.2140/pjm.1964.14.1335
http://dx.doi.org/10.2140/pjm.1964.14.1343
http://dx.doi.org/10.2140/pjm.1964.14.1353
http://dx.doi.org/10.2140/pjm.1964.14.1359
http://dx.doi.org/10.2140/pjm.1964.14.1367
http://dx.doi.org/10.2140/pjm.1964.14.1381
http://dx.doi.org/10.2140/pjm.1964.14.1389
http://dx.doi.org/10.2140/pjm.1964.14.1395
http://dx.doi.org/10.2140/pjm.1964.14.1405
http://dx.doi.org/10.2140/pjm.1964.14.1413
http://dx.doi.org/10.2140/pjm.1964.14.1423
http://dx.doi.org/10.2140/pjm.1964.14.1449
http://dx.doi.org/10.2140/pjm.1964.14.1449
http://dx.doi.org/10.2140/pjm.1964.14.1463
http://dx.doi.org/10.2140/pjm.1964.14.1463
http://dx.doi.org/10.2140/pjm.1964.14.1475
http://dx.doi.org/10.2140/pjm.1964.14.1489

	
	
	

