
THE ANNUAL MEETING IN HOUSTON 

The sixty-second Annual Meeting of the American Mathematical 
Society was held at The Rice Institute, Houston, Texas, on Tuesday, 
Wednesday, and Thursday, December 27-29, 1955, in conjunction 
with the Annual Meeting of the Mathematical Association of Amer­
ica on Friday, December 30. The attendance was nearly 400, includ­
ing 265 members of the Society. 

The twenty-ninth Josiah Willard Gibbs Lecture was delivered by 
Professor J. E. Mayer of the University of Chicago on Tuesday at 
8:00 P.M. Professor Mayer's lecture was entitled The structure of 
simple fluids. Presiding officer at the session, held in the Auditorium 
of the Prudential Insurance Company, was President William V. 
Houston of The Rice Institute. 

The Presidential Address was delivered by Professor G. T. Why-
burn of the University of Virginia on Wednesday at 10:30 A.M. with 
Professor R. L. Wilder presiding. Professor Whyburn's topic was 
Topological analysis. Professor R. L. Moore was in the audience and 
Professor Wilder took the opportunity to pay him appropriate 
tribute. 

By invitation of the Committee to Select Hour Speakers for An­
nual and Summer Meetings, Professor S. S. Chern of the University 
of Chicago addressed the Society on Complex vector bundles. Professor 
Deane Montgomery presided at the lecture. 

There were a total of fourteen sessions at which contributed papers 
were presented. Presiding officers at these various sessions were Pro­
fessors H. M. MacNeille, J. J. Gergen, W. T. Scott, F. B. Jones, E. F. 
Beckenbach, L. C. Young, R. H. Bing, H. F. Bohnenblust, H. E. 
Bray, C. B. Allendoerfer, R. M. Thrall, G. R. MacLane, Dr. John 
Todd and Mr. Michael Goldberg. 

There was a banquet in The Rice Institute Commons on Wednes­
day at 6:30 P.M., a banquet unique in the recent history of the 
Society both for the caliber of the food and the quality of the speeches. 
Professor Wilder, the President of the Society, acted as Toastmaster 
and introduced President William V. Houston of The Rice Institute. 
President Houston was followed by President W. L. Duren, Jr. of the 
Mathematical Association of America. A resolution of thanks to The 
Rice Institute was read by Dr. L. W. Cohen of the National Science 
Foundation. 

On Thursday afternoon there was a trip to a refinery of the Humble 
Oil and Refining Company and a number of the visiting mathemati-
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cians got a glimpse of the manufacturing aspect of the oil business. 
In the evening there was a concert by the Lyric Art String Quartet. 

The ladies of The Rice Institute Department of Mathematics pre­
sided daily a t teas served for the mathematicians in the lounge of the 
Faculty Club. 

The Council met on Wednesday afternoon, December 28, 1955. 
The Secretary announced the election of the following forty persons 

to ordinary membership in the Society: 

Mrs. Fortunata Vitanza Altmayer, Ford Instrument Co., Long Island City, N. Y.; 
Mr. William Moses Ashley, Douglas Aircraft Company, Santa Monica, California; 
Dr. Roger Harris Bender, Datamatic Corporation, Newton Highlands, Massachu­

setts; 
Professor Joseph Buffington Roberts, Reed College; 
Professor Donald Lyman Burkholder, University of Illinois; 
Mr. William Virgil Caldwell, University of Michigan; 
Mr. John Cocke, Duke University; 
Dr. Thomas H. Crowley, Bell Telephone Laboratories, Murray Hill, New Jersey; 
Dr. John Warren Dettman, Bell Telephone Laboratories, Whippany, New Jersey; 
Mr. Lionel David Dureau, Tulane University; 
Dr. Walter James Feeney, Weston College; 
Dr. Bobby J. Hollingsworth, United Gas Corporation, Shreveport, Louisiana; 
Dr. James Lucien Howland, Computing Devices of Canada, Ltd., Ottawa, Ontario, 

Canada; 
Mr. Robert Shepard Johnson, University of Pennsylvania; 
Dr. John Killeen, Bell Telephone Laboratories, Murray Hill, New Jersey; 
Mr. Naoki Kimura, Tokyo Institute of Technology; 
Dr. Vernon Albert Kramer, University of California, Riverside; 
Mr. James Lanier Knott, Miles College; 
Professor Lester E. Laird, Kansas State Teachers College; 
Mr. Muniswamyroddy Lakshmanan, Maryland College, Liberia, West Africa; 
Mr. Henry Curt Lefkovits, Shell Development Co., Houston, Texas, and Rice Insti­

tute; 
Mr. Harry W. Lew, Hughes Aircraft Company, Culver City, California ; 
Professor Carlos B. de Lyra, University de Sao Paulo and Instituto de Matematica 

Pura e Aplicada, Brazil ; 
Mr. Stanley Walter Malinowski, Moore School, University of Pennsylvania; 
Dr. Michael Anthony Martino, National Security Agency, Washington, D. C ; 
Professor Robert T. McLean, College of Steubenville; 
Dr. Trevor James McMinn, University of California, Berkeley; 
Mr. Fritz Walter Mezger, General Electric Company, Cincinnati, Ohio; 
Professor Taro Morishima, Tokyo College of Science, Tokyo, Japan; 
Sister Irene Morvan, Annhurst College; 
Professor William J. Pervin, University of Pittsburgh; 
Mr. Robert Charles Pfeilsticker, Frankford Arsenal, Philadelphia, Pennsylvania; 
Dr. Bayard Rankin, Massachusetts Institute of Technology; 
Mr. Neal Jules Rothman, Burroughs Corporation, Paoli, Pennsylvania; 
Professor Robert Winter Royston, Washington and Lee University; 
Mr. Joseph Julius Schoderbek, Lockheed Aircraft Corporation, Van Nuys, California; 
Professor Ivar Stakgold, Harvard University; 
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Mr. V. Thillainayagam, Annamalai University, Annamalainagar, South India; 
Mr. Frederick Leonard Zarnfaller, Olin Mathieson Chemical Corporation, New 

Haven, Connecticut; 
Mr. Fred Selwyn Zusman, John Hopkins University. 

I t was reported that the following forty-five persons had been 
elected to membership on nomination of institutional members as 
indicated : 

University of British Columbia: Mr. George Elliot Cross. 
The University of Cincinnati: Mr. Roger Chalkley. 
Columbia University: Mr. Joseph Francis Manogue, Mr. Lee Paul Neuwirth, 

Miss Helen Lynn Paisner, Mr. Jyri Erkki Paloheimo, Mr. John Wolfgang Smith, and 
Mr. Joe Fred Traub. 

Cornell University: Mr. David Norman Freeman, Mr. Benoit Vincent Lachapelle, 
Mr. Shing-Ming Lee, Mr. George Fitzgerald Lowerre, Mr. Richard Felix McCoart, 
Mr. Edward Norman, and Miss Marion Use Walter. 

University of Georgia: Mr. James J. Andrews. 
Iowa State College: Mr. William Duane Montgomery. 
University of Kansas: Mr. Robert Brainard Buckley. 
Massachusetts Institute of Technology: Mr. William Bernard Houston, Jr., 

Mr. Millard Wallace Johnson, Mr. Robert Richard Dingle Kemp, Mr. Donald L. 
Kreider, Mr. Albert Louis Rabenstein, Mr. Anthony Ralston, and Dr. Leonard Rob­
erts. 

University of Michigan: Mr. Michael Barr, Mr. James Oliver Brooks, Mr. Ross 
Lee Finney, III, Mr. Gordon McCrea Fisher, Mr. Carlos Imaz, Mr. Richard Patterson 
Jerrard, Mr. Howard Earl Reinhardt, Mr. Roger Wolcott Richardson, Jr., Mr. Neal 
McCalla Speake, Mr. Joseph Gail Stampfli, and Mr. William Blauvelt Woolf. 

University of New Hampshire: Mr. Bruce Cale McQuarrie. 
University of Wisconsin: Mr. Richard Francis De Mar, Mr. Robert Irving Jenn-

rich, Mr. William John Kammerer, Mr. William Charles Lordan, Mr. Thomas La Rue 
McCoy, Mr. Clark Thompson Miller, Mr. Hiram Paley, and Mr. Raymond Warren 
Rishel. 

The Secretary announced that the following had been admitted to 
the Society in accordance with reciprocity agreements with various 
mathematical organizations: Deutsche Mathematiker Vereinigung: 
Dr. Hans Konrad Schuff, Institut fur Spektrochemie und ange-
wandte Spektroskopie, Bau, Germany; Indian Mathematical Soci­
ety: Dr. Alladi Ramakrishnan, University of Madras, Madras, India; 
Islenzka Staeröfraeöafelagiö: Professor Leifur Asgeirsson, University 
of Iceland; London Mathematical Society: Professor Reuben Louis 
Goodstein, University College of Leicester; Schweizerische Mathe­
matische Gesellschaft : Dr. Henrich Guggenheimer, The Hebrew 
University, Jerusalem, Israel; Svenska Matematikersamfundet: Mr. 
Olof Edgar Asplund, Royal Institute of Technology, Stockholm, 
Sweden; Wiskundig Genootschap te Amsterdam: Professor Jacob 
Ridder, State University of Utrecht, Utrecht, Netherlands. 
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The following appointments by the President were reported : to the 
joint committee on the Employment Register: Mr. George Patterson 
and Professor Ray Berkowitz. (Committee now consists of J. S. 
Frame, Chairman, H. M. Bacon, Ray Berkowitz, W. M. Hirsch, 
Morris Ostrofsky, George Patterson, and J. A. Ward); as a program 
committee for the Symposium in Applied Mathematics to be held in 
April 1956 in conjunction with the Society's Chicago meeting: Wil­
liam Prager, Chairman, L. M. Graves, Norman Levinson, Marston 
Morse, J. J. Stoker, and L. H. Thomas; as tellers for the 1955 elec­
tion: Professors Arlen Brown, David Gale, and John Wermer; as a 
Committee to Recommend the Award of the Cole Prize in Number 
Theory: Professors Richard Brauer, Chairman, Leonard Carlitz, and 
Morgan Ward; as a Committee to Recommend to the Council De­
sirable Extensions of the Society's Activities: A. A. Albert, Wilfred 
Kaplan, J. L. Kelley, William Prager, and A. W. Tucker; as members 
of Committees to Select Hour Speakers (terms to expire December 
31, 1957): Summer and Annual Meetings: G. P. Hochschild. (Com­
mittee now consists of E. G. Begle, Chairman, D. H. Lehmer, and 
G. P. Hochschild) ; Eastern Sectional Meetings: E. R. Kolchin. (Com­
mittee now consists of R. D. Schaf er, Chairman, Lipman Bers, and 
E. R. Kolchin); Western Sectional Meetings: E. H. Spanier. (Com­
mittee now consists of J. W. T. Youngs, Chairman, P. V. Reichelder-
fer, and E. H. Spanier); Far Western Sectional Meetings: Arthur 
Erdélyi. (Committee now consists of V. L. Klee, Chairman, Ivan 
Niven, and Arthur Erdélyi); Southeastern Sectional Meetings: E. E. 
Floyd. (Committee now consists of J. H. Roberts, Chairman, G. B. 
Huff, and E. E. Floyd) ; as Chairman of the Committee on Places of 
Meetings for 1956: W. M. Whyburn. As a new member of this Com­
mittee: R. M. Thrall. (Committee now consists of W. M. Whyburn, 
Chairman, C. B. Morrey, and R. M. Thrall). 

The following appointments to represent the Society were reported : 
at the 100th anniversary of the founding of the Polytechnic Institute 
of Brooklyn, October 8, 1955: Professor Samuel Borofsky; at the 
Centennial Homecoming Convocation of Albright College on October 
22, 1955: Professor D. W. Western; at the inauguration of Paul S. 
Bachman as President of the University of Hawaii on November 9, 
1955: Professor Christopher Gregory; at the inauguration of Howard 
Rothmann Bowen as the 7th President of the College at Grinnell 
College, Grinnell, Iowa, on November 13, 1955: Professor L. A. 
Knowler; and at the Academic Convocation held by Tufts Univer­
sity on the theme "The Role of the Small University in American 
Higher Education," on December 8, 1955: Professor C. T. Burner. 
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The Secretary reported that Professor S. S. Chern had accepted 
an invitation to deliver an hour address at the Annual Meeting of 
1955 in Houston, Texas; that Dr. H. C. Wang had accepted an invita­
tion to deliver an hour address at the April 1956 meeting in Monterey, 
California; and that Professor J. T. Schwartz had accepted an invita­
tion to deliver an hour address at the April 1956 meeting at Columbia 
University. 

The Council voted to grant permission to the Editors of Mathe­
matical Tables and Other Aids to Computation to reproduce reviews 
from Mathematical Reviews, 

The Council voted to request the Trustees to increase the total 
amount of subsidies to other journals by approximately 10% to 
allow for the increase in costs of publication. 

The Bulletin Editorial Committee reported that 608 pages had 
been published in 1955, not including a supplement of 66 pages con­
taining a ten-volume index. The Council voted to recommend to the 
Board of Trustees that the Bulletin be authorized to print 625 pages 
in 1956. 

The Transactions and Memoirs Editorial Committee reported that 
the interval between receipt of a paper and publication has been re­
duced to about eight months. This reduction is largely due to a third 
volume of the Transactions published in 1955. The Council voted to 
recommend to the Board of Trustees that three volumes of 550 pages 
each be published in the Transactions during 1956. 

The Proceedings Editorial Committee reported that the interval 
between the receipt of a manuscript and publication was approxi­
mately ten or eleven months. The Council voted to recommend to 
the Board of Trustees that 1006 pages be authorized for the 1956 
Proceedings. Professors Raoul Bott, Paul Civin, Edwin Hewitt, and 
R. M. Thrall were reported as new Associate Editors of the Proceed­
ings. 

The Mathematical Reviews Editorial Committee reported that 
1190 pages, not including the index number, would be published in 
volume 16. 

The Council voted to accept an invitation from the Pennsylvania 
State University to hold the 1957 Summer Meeting at University 
Park, Pennsylvania. The Council voted to hold the Annual Meeting 
for 1957 in January 1958, as an experiment. 

The Council approved the following times and places of sectional 
meetings: The University of Chicago, April 12-14, 1956; Massachu­
setts Institute of Technology, October 27, 1956; California Institute 
of Technology, November 17,1956; University of Kentucky, Novem-
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ber 1956; University of Missouri, November 1957; and Wayne Uni­
versity, November 1959. 

The Council voted to approve in principle a plan whereby any 
member of the Society may receive either the Transactions or Mathe­
matical Reviews instead of the Proceedings on payment of a premium 
which will be a function of the member's subscription rates to these 
journals. 

On the grounds that such liaison was no longer needed, the Coun­
cil voted to eliminate the position of liaison officer to the Quarterly 
of Applied Mathematics. 

The Council voted to co-sponsor a joint meeting of the Western 
Section of the Operations Research Society of America and the 
Southern California Chapter of the Institute of Management Sciences 
to be held at the University of California at Los Angeles, May 30-31, 
1956. 

The Council voted to request the Trustees to provide a subvention 
of $1000 to the Institute of Mathematics of the National University 
of Mexico for support of a Symposium in Algebraic Topology to be 
held in the summer of 1956. 

The Annual Business Meeting of the Society was held on Thursday, 
December 29, 1955. The Secretary reported that at this time the 
ordinary membership of the Society is now 4892, including 468 
nominees of institutional members and 33 life members. The member­
ship of the Society continues to show a substantial annual increase. 
There are also 133 institutional members. The total attendance at 
all meetings in 1955 was 2213; the number of papers read was 760; 
there were 13 hour addresses; one Gibbs Lecture; one Retiring 
Presidential address; and 9 papers at the Applied Mathematics Sym­
posium. The number of members attending at least one meeting was 
1525. 

At the annual election, in which over 1300 votes were cast, the 
following officers were elected : 

President Elect, Professor Richard Brauer. 
Vice Presidents, Professor A. A. Albert and Nathan Jacobson. 
Associate Secretaries, Professors V. L. Klee, Jr., J. H. Roberts, and 

J. W. T. Youngs. 
Members of the Editorial Committee of the Bulletin, Professor G. B. 

Price for a term of two years and Professor J. C. Oxtoby for a term 
of three years. 

Members of the Editorial Committee of the Proceedings, Professors 
R. P. Boas, Jr . and S. S. Chern. 

Members of the Editorial Committee of the Transactions and Memoirs, 
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Professors A. H. Clifford and Mark Kac. 
Member of the Editorial Committee of the Colloquium Publications, 

Professor Deane Montgomery. 
Member of the Editorial Committee of the Mathematical Reviews, Pro­

fessor W. S. Massey. 
Member of the Editorial Committee of the Mathematical Surveys, Pro­

fessor I. J. Schoenberg. 
Member of the Committee on Printing and Publishing, Professor 

A. W. Tucker. 
Members of the Board of Trustees, Professor H. F. Bohnenblust for 

a term of two years and Professor W. T. Martin for a term of five 
years. 

Representative on the Board of Editors of the American Journal of 
Mathematics, Professor Andre Weil. 

Members-at4arge of the Council, Professors Einar Hille, J. L. Kelley, 
Hans Samelson, A. H. Taub, and A. D. Wallace. 

Professor R. H. Cameron urged a return to the former practice of 
printing abstracts in the next issue of the Bulletin after receipt rather 
than with the report of the meeting at which the paper was presented. 
There was a lively discussion of this and of other plans for making 
the abstracts more useful to members of the Society. The Secretary 
agreed to have a careful study made of these plans. 

Abstracts of the papers presented follow. Those having the letter 
"t" after their numbers were read by title. Where a paper has more 
than one author, the paper was presented by that author whose name 
is followed by "(p)." Mr. L. W. Anderson was introduced by Professor 
A. D. Wallace, Mr. Baker by Professor H. A. Arnold, Dr. Krickeberg 
by Professor J. L. Doob, and Dr. Thorne by Dr. J. H. Curtiss. 

ALGEBRA AND THEORY OF NUMBERS 

163. W. W. Boone: The equivalence of the word problem and Magnus' 
extended word problem. 

An arbitrary finitely presented group ® can be extended to a finitely presented 
group ©' such that a solution of the word problem for ©' implies the solution of the 
extended word problem (Magnus, Math. Ann. vol. 106, p. 297) for ©. Let ® have 
generators gi, g2, • • • , gn and relations R\, R2, • * * , Rs ; let m be an integer such that 
0<Zm^n. We define ®' to be the group with generators gi, g2, • • • , gn, k and relations 
Ri, i?2, • • • , Rs, kgi = gik for l^i^m. Let 2 (Let r ) be a variable for words made 
up of gi, g2, • • • , gn (of gi, g2, • • • , gm). THEOREM: There is a T such that 2 = r in ® 
if and only if k^ — Xk in ©'. This theorem should be compared with the unsolvabihty 
result, Part I, p. 232. (References are to the parts of Certain simple unsolvable prob­
lems of group theory, Proc. K. Akad. Wetensch. A, Parts I and II, vol. 57; Part III, 
vol. 58; Part IV, vol. 58.) A proof, in ©', that kX=2& can be altered (Part I, Section 3 
and Part II, p. 493, line 14—but k here is treated like q there) as follows: (1) Eliminate 
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all uses of k"1, (The methods of Part II, Lemma 7 and Theorem III, Case 1, suffice 
but are unnecessarily complicated.) (2) Eliminate all replacements of g£xk by kg*1 

and gjlk and kgj1. (Amend the marker convention so as to regard kgj1 ~g~lk as an 
independent relation. Then for • • • , Bg^kC, Bkg^C, • • • use • • • , Bg^kC, 
Bgf'kgfgfC, BgfgfkgfC, BkgfC, • • • .) (3) Interchange operations until U, the 
subsequence of operations performed on k or right of k precedes the operations left of 
k. The word resulting from the last operation of U is of form Tk. (Received December 
30, 1955.) 

164t. J. L. Brenner: Some free groups of matrices. 

In Doklady Akad. Nauk SSSR (N.S.) vol. 57 (1947) pp. 657-659 [Math. Reviews 
vol. 9 (1948) p. 224], Sanov proved that the matrices I-\-2ei2, I-\-2e2i generate a free 
group, which consists of all fe/)o<i,K3 such that det (#;/) = 1, an=a22 = l (mod 4); 
a12=a2i=0 (mod 2). The generalization obtained is as follows. If m^2, the matrices 
I+men, I-\-me2i generate a free group, which consists of all (an) such that det (an) « 1, 
an=a22 = l (mod m2), #i2=a2i=0 (mod m), and the ratio | #11/̂ 121 is not strictly be­
tween m/2 -f- (m2—4)1/2/2 and m/2 — (m2—4)1/2/2 ; m need not be an integer. (Received 
November 4, 1955.) 

165. J. L. Brenner: The linear homogeneous group. I I I . Preliminary 
report. 

Let R be the ring of rational integers. The normal and characteristic subgroups of 
the general linear group GLn[i?] are determined (n>2). The method is extended to 
the case in which the underlying ring is euclidean. It is proved that every subgroup of 
GLn[i?] of finite index contains a congruence subgroup, verifying a conjecture com­
municated by M. Newman. Some miscellaneous results and examples are given for 
the case w~2. This article will be published in the Annals of Mathematics. Research 
sponsored by Office of Ordnance Research, U. S. Army. (Received November 4, 
1955.) 

166. A. H. Copeland (p) and Frank Harary: Periodic sets of ordi­
nals. 

A subset A of the positive integers is said to have period n provided Tpn(a) **a-\-(3n 
is in A if and only if a is in A for every positive integer £. We extend this definition 
to sets A of transfinite ordinals by replacing the usual sum by the natural sum and 
allowing a and /3 to range over all values preceding some ordinal of the form aA In 
the case of the integers it is sufficient to restrict /3 to be 1. Associated with every order 
type <oM and every integer w = 2 there is a minimal set F (called a free set) such that 
any set with period n is a union of translations T$n of some subset of F. The represen­
tation space of an arbitrary boolean algebra can be regarded as a free set F of a prop­
erly chosen order type. The representation of the boolean algebra as subsets of ^in­
duces a representation as subset of coM with period n. By adding sets with various pe­
riods, one can extend this boolean algebra in such a manner that it becomes implica­
tive. (Received November 14, 1955.) 

167t. R. H. Crowell: Forests and determinants. 

Various forms of an important combinatorial identity relating determinants to 
maximal trees of a connected graph exist in the literature. The purpose of this paper 
is: (i) To present a generalization, called the matrix-forest theorem, of previous re­
sults, in which forests replace trees and the corresponding extension is to arbitrary 
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principal minors, (ii) To give a precise proof exhibiting the result as a formal identity 
of ring addition and multiplication. Let V be the set of n vertices, and E the set of 
edges, of an arbitrary, oriented (each edge has an initial point and a terminal point) 
graph (3. Where 9? is an associative, commutative ring with a nonzero multiplicative 
identity, form 9?(E) equal to the ring of polynomial forms over $1 in the edges E. 
Define <f>: VX V-*$t(E) by: for any u, *;£ V, if UT^V, then <j>(u, z>)=the sum of the 
edges in E whose initial point is u and terminal point is v, <f>(u, u) = — 2j«£:r-u0(w, u). 
The set <j>(VX V) is "the matrix" of the theorem, and for any subset R(Z V of cardinal­
ity r, the corresponding principal minor A of order n — r is easily defined : A = X^7rG®n~r€ir 

Y[uçzv-R<f>(uf iru). <&n~r is the group of permutations w of V—R and €T is the parity 
of IT. A maximal rooted forest F of ® with roots ~R is any acyclic subgraph of ® such 
that Vd Ft no vertex is the terminal point of more than one edge of F, and the set R 
constitutes precisely those vertices which are the terminal points of no edge of F. The 
set of all such rooted forests is denoted gs and the form %>Çz$l(E) is defined: 
& = S - F E S ^ H {e : eÇz. F(~\E}. The matrix-forest theorem is the identity & = ( — l)n~rA. 
The proof is based on the proof of the result for r = 1 given in (R. Bott and J. P. May-
berry, Matrices and trees, "Economic Activity Analysis," O. Morgenstern, Ed., 
New York, Wiley, 1954). (Received October 24, 1955.) 

168/. W. E. Deskins: On bound algebras. 

A linear associative algebra A with radical N is right bound if all elements of A 
which annihilate N on the right are contained in N. A is strictly right bound if all of 
its homomorphic images are right bound. Theorem. An algebra A is expressible as a 
(vector space) direct sum of left ideals, ^4o+^4i+ • • • -\-An, where A 0 is semisimple 
and Ai,i = l, • • • , n, is strictly right bound. Theorem. If A is strictly right bound, if 
the radical N of A is of index r, and if N—N1"'1 is of order nr, then the order of 
A =*A —N is at most n\. These theorems and their duals, applied to the bound algebras 
of M. Hall (Trans. Amer. Math. Soc. vol. 48 (1940) pp. 391-404), yield new results 
concerning the relative sizes of an algebra and its radical. (Received November 14, 
1955.) 

169/. Walter Feit: On the modular characters of finite groups. 

Let G be a finite group of order g, and let K be an algebraic number field with the 
property that every absolutely irreducible representation of G can be written with 
coefficients in K. Let pi, • • • , fe* be prime ideals in K which divide distinct rational 
primes />i, • • • , ps, let a=Jh, • • • , p«, a —pi, • • • p8. Two matrices A and B whose 
coefficients are local integers with respect to each p; are said to be ct-similar if there 
exists a unimodular matrix P with such coefficients, such that A —PBP~X, an element 
of G is said to be a-regular if its order is relatively prime to a. The regular representa­
tion of G is a-similar to a direct sum jui® • • • © jus mod a such that no m is a-similar 
to a direct sum mod a. We define the character <ï>t- of each m as it is done for representa­
tions mod p (see Brauer and Nesbitt, Ann. of Math. vol. 42 (1941) pp. 556-590) so 
that ${(#) is an algebraic number in K for every ^-regular element x of G. In analogy 
with the results in the above mentioned paper we show, (1) $>» is an ordinary character 
which vanishes for all elements not a-regular, (2) The number of non a-similar repre­
sentations fx% mod a equals the number of classes of a-regular elements of G, and the 
corresponding $,- are linearly independent. Cartan invariants c%j are defined by gey 
™]C*< (*)**'(#) where the sum ranges over all x in G. These can then be used to 
generalize a result of Brauer and Nesbitt as follows. If gssg'pbge

t where p and q are 
primes which do not divide g', and if there are exactly pbg° elements in G whose order 
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divides pbge, then these elements form a normal subgroup of G. (Received November 7, 
1955.) 

170/. Casper Goffman: Concerning lattice homomorphisms. 

It is shown that if L is a distributive lattice with a minimal element then, for every 
ideal J(ZLf there is one and only one homomorphism of L onto a disjunctive lattice 
for which / is the kernel. This is the maximal homomorphism whose kernel is / . For 
the case where / = [0], the residue classes are the "fillets'' in L. For the case where L 
is relatively complemented, the known uniqueness theorem is obtained as a corollary. 
(Received August 19, 1955.) 

171. Arno Jaeger : On differentiations in commutative rings of square-
free nonzero characteristic. 

Let R be a commutative ring with identity 1 of characteristic pq>0 (p and q two 
distinct prime numbers) in which each nonzero divisor has an inverse. A countable 
family of mappings i^ = (P*)»,-o.i,2--' of R into itself is called a differentiation if 
D°x = x, Di(x-\-y)=Dix+Diy1 -D'fcy) = ]£«.#-* D^xlfiyD^x^Ci^JD^x holds for 
all x,yÇzR, i — 0t 1, 2, • • • , and, in particular, a differentiation with respect to u (ÇzR) 
if Dlu = 1 holds. An element v of R is called D-regular if Dv is a nonzero diviser 
and if there exists such a v in R then D is called regular. If D is regular and x is Ir­
regular there exists a differentiation A with respect to x such that D can be derived 
from A by means of the chain rule. An element w of R is ZMntegrabte in R if and only 
if pD^~1w=gDp~1w = 0 holds; and if the integral exists a particular integral can be con­
structed by the use of operators involving differentiations with respect to elements. 
These theorems are the foundation of a general theory of differentiations in commuta­
tive rings of any squarefree nonzero characteristic. (Received November 14, 1955.) 

172. B. W. Jones (p) and G. L. Watson: Indefinite ternary quad­
ratic forms. 

Using concepts closely related to the spinor genera of Eichler, the authors define a 
multiplicative group Td of square-free integers prime to d, the determinant of the 
indefinite ternary quadratic form/. Further, they show that r<* has a subgroup y (J) 
consisting of all those elements of Td which are denominators of rational automorphs 
of/, where by the denominator of a matrix is meant the least common multiple of the 
denominators of its elements. They show that the number of classes in the genus of ƒ 
is equal to the order of the factor group Td/y(f). Also they show that if an integer n 
is represented by at least one but not by all of the classes of forms in the genus of ƒ 
and if dn — mn^ where n\ is square-free, then 1. n{>\\ nx divides d; if d is odd, tti^l 
(mod 8). 2. If p is a prime not dividing 2d and (ni\p) — — 1, then p cannot divider. 
3. The number of classes in the genus which represent n is equal to the number of 
classes that do not. (Received November 10, 1955.) 

173t. Tosio Kato and Olga Taussky: Normal matrices. 

It is shown that a finite matrix A is necessarily normal if A {A A*—- A* A) = (A A* 
—A*A)A. The elements of A are either complex numbers or taken from a formally 
real field, or from a field with an involution a—>a where X)ö*-öi = 0 implies a t=0. The 
same property also holds for bounded operators in the Hubert space. It can further 
be shown that {A, (A* (A, (A*, • • • , (A, A*) • • • ) - 0 implies (A, A*)~0 where 
(X, Y) = (XY~YX). If the finite matrix is a 2X2 matrix then (A, A, A, A*) 
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=*k(A, A*) where k is a constant which vanishes if A has a double characteristic root. 
(Received October 20, 1955.) 

174/. J. H. B. Kemperman: On complexes in a group. 

Let A = {a} and B — {b} be finite subsets of an arbitrary group and let C—AB 
be the set of all the elements c=ab. Let k — [A ] + [B ] — [AB], where [D] denotes the 
number of elements in the set D. Theorem. Each element CQ in C admits at least k differ­
ent representations of the form Co~ab. This verifies the conjecture of the author's paper: 
Complexes in arbitrary groups, Bull. Amer. Math. Soc. Abstract 61-6-655. (Received 
November 14, 1955.) 

175. Naoki Kimura: On finite monothetic semigroups. 

A semigroup M will be called monothetic, if M is generated by one element. Let 
M be a finite monothetic semigroup, then M is characterized up to isomorphism by 
two positive integers one of which is called a length and the other a period. A semi­
group whose length is / and whose period is p will be called of type C(l, p). All types 
C(l, p) where /, p run over all positive integers form a complete lattice isomorphic 
with direct product of countable number of chains of positive integers by defining a 
suitable order. All homomorphic images and all subsemigroups of a semigroup of type 
C(l, p) are determined. The lattice of all subsemigroups of a semigroup of type CQ, p) 
ordering by set-inclusion is distributive if / ^ 5 , but is not even modular if / ^ 6 . Further 
a notion of tensor product is introduced and discussed on application to some decom­
position theorem of semigroups. (Received November 16, 1955.) 

176/. Walter Ledermann and B. H. Neumann: On the order of the 
automorphism group of a finite group. II . 

A function g—g(h, p) of the positive integer h and the prime number p is found 
with the property t ha t every finite group whose order is divisible by p° has an auto­
morphism group whose order is divisible by ph. The smallest such g satisfies g(l , p) =*2 
and g(h, p)^(h — \)zph~x-\-h for h ^ 2. Results for small values of h, or for special classes 
of groups, had previously been obtained by J. E. Adney, Jr . [Bull. Amer. Math. Soc. 
Abstract 61-2-166 (1955)]; I. N . Herstein and J. E. Adney [A mer. Math. Monthly 
vol. 59 (1952) p. 309]; E. Schenkman [Proc. Amer. Math. Soc. vol. 6 (1955) p. 6 ] ; 
W. R. Scott [Proc. Amer. Math . Soc. vol. 5 (1954) p. 23]. The method is a refinement 
of tha t used in the first par t [Proc. Roy. Soc. London (A), in print, cf. Bull. Amer. 
Math . Soc. Abstract 61-6-657] and employs the Schur multiplicator and its proper­
ties; cf. J. Schur [J. Reine Angew. Math . vol. 127 (1904) p. 20 and vol. 132 (1907) 
p. 85]. (Received November 14, 1955.) 

177. Mark Lotkin: The diagonalization of skew-hermitian matrices. 

Hermitian matrices may be diagonalized by an infinite sequence of unitary trans­
formations. Each of these transformations may be chosen in such a manner as to 
annihilate a pair of selected off-diagonal elements. In the diagonalized matrix, the 
elements represent the characteristic values of the hermitian matrix. This procedure, 
originally due to Jacobi, has been extended to skew-hermitian matrices. The rate of 
convergence is the same as tha t for the hermitian case. (Received October 28, 1955.) 

178. Ivan Niven: A single rational approximation to a complex 
number. 
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Let R(i) denote the field obtained by adjoining i to the rational numbers. It is 
proved that given any complex number $ there exists at least one pair p, q^O of 
integers of R(i) such that \$—p/q\ ^(2-2>ll2)ll2\q\-2. This result becomes false if 
(2 — 31/2)1/2 is replaced by any smaller constant. A similar result for the approximation 
of any real number by a rational number was given by A. V. Prasad, J. London Math. 
Soc. vol. 23 (1948) pp. 169-171. (Received November 14, 1955.) 

179. R. H. Oehmke: Shrinkable algebras of level 2. 
Let 91 be an algebra over the field Ç of characteristic not 2, 3 or 5 and w an element 

of 5Ï. Use the symbols Rw and Lw to denote the operations of right multiplication and 
left multiplication by the element w, the symbol T(w) to denote either of these 
multiplications, and the symbol T(x, y, z) to denote a multiplication T(w) defined for 
a product w—xyz with an unspecified association. Then an algebra is said to be shrink­
able of level 2 if every T(x, yf z) is identically equal to a finite linear combination of 
products Ti(wu wt)Ti(wt), Ti(wi)T2(w2} wi), and Ti(wi)T(w2)Ts{wz) over the field % 
where Wi, Wj and wk represent the three factors x, y and z. Two of these algebras % 
and 58 are said to be quasi-equivalent if the algebras are isomorphic as vector spaces 
and if the product a • b of 58 can be expressed in terms of the product ab of 5Ï by 
a*&=Xaô+(l— \)ba for an element of 21 that is not equal to 1/2. The class of non-
commutative shrinkable algebras of level 2 with a unity element is divided into sub­
classes of quasi-equivalent algebras in order to facilitate the investigation for new 
simple power-associative algebras. (Received November 14, 1955.) 

180. B. W. Volkmann: A theorem on the set of perfect numbers. 
Let cr(») denote the sum of all positive divisors of the integer n and let U% be the 

set of odd numbers n with <r(ri) =2% (* = 1, 2, • • • ). Then it is shown that the number 
of its elements not exceeding x is Ui{x) =0(xa) where a = 1 — (2(i-}-2))~1. Since U\ is 
the set of odd perfect numbers, the case i = 1 has, by virtue of known properties of the 
even perfect numbers, the immediate corollary that the set V of all perfect numbers 
satisfies the condition F(#)=0(#5/6). The proof is based on a lemma due to H. J. 
Kanold (J. Reine Angew. Math. vol. 194 (1955) pp. 218-220) stating that any perfect 
or multiply perfect number has a factor k2 such k2 ̂  (£+l) /2 , p being the largest and 
prime factor of n. Full proofs are given in a paper forthcoming in the J. Reine Angew. 
Math. (Received November 16, 1955.) 

181. D. W. Wall: Characterizations of uniserial and generalized uni-
serial algebras in terms of Frobenius type algebras. 

Let A be an algebra over an algebraically closed field K. It is known (Nakayama, 
Ann. of Math. vol. 42 (1941) pp. 1-21) that the following are equivalent: (1) A is a 
uniserial algebra. (2) For every two-sided ideal Z, A/Z is a Frobenius algebra. (3) For 
every two-sided ideal Z, A/Z is a weakly symmetric algebra. The purpose of this 
paper is to give an extension of this result (Theorem 2) and a parallel result for 
generalized uniserial algebras (Theorem 1). Theorem \. A is a generalized uniserial 
algebra if and only if for every two-sided ideal Z, ^4/Z is a QF-2. An algebra is QF-2 
if every primitive left and right ideal has a unique minimal subideal (Thrall, Trans. 
Amer. Math. Soc. vol. 64, pp. 173-183). By assuming this property for every -4/Z, 
it is possible to construct a unique composition series for each primitive ideal and 
thus prove that A is generalized uniserial. The converse follows easily from the known 
properties of the algebras. Theorem 2. A is uniserial if and only if for every two-sided 
ideal Z, A/Z is quasi-Frobenius. Since every quasi-Frobenius algebra is QF-2, Theo-
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rem 1 implies that if every A/Z is quasi-Frobenius then A is generalized uniserial. It 
remains to show that A is the direct sum of two-sided ideals which are themselves 
primary algebras. This is done by using the dualities that exist between primitive left 
and right ideals in every A/Z. The converse follows from the earlier result stated 
above. (Received November 9, 1955.) 

182. G. P. Weeg (p) and Bernard Vinograde: The defect of com­
pletely primary algebras. Preliminary report. 

Let A = Ext (R, g, N) be an associative extension of the finite-dimensional R-R 
module N by the division algebra R with g a noncobounding 2-cocycle in C2(Rt N) 
such that N=*Rg(R, R)R is the radical of A. If for some left basis «i, • • • , m of N it is 
true that g(x, y) « ^2,pi{x} y)tii for all x, y in R, where pi(xt y) is in Rt then we call 
the pi a projections of g with respect to them's. It is shown that: (1) iVisin the center 
of A if and only if every possible projection of g is a cocycle; (2) When N is in the cen­
ter of A then all the projections of g are cobounding if and only if g is cobounding; 
(3) When A is considered modulo N2, then (a) A is generated by every residue system 
modulo N2 (that is, A is maximally uncleft) if and only if all projections of g are non­
cobounding, (b) to every set of linearly independent noncobounding cocycles there 
exists a maximally uncleft extension A by R. Applications are made to pure insepara­
ble R's. (Received November 9, 1955.) 

ANALYSIS 

183/. Shmuel Agmon: The Dirichlet problem f or linear elliptic par­
tial differential equations with constant coefficients and of arbitrary 
order. 

An approach to the existence theory is outlined which can be considered as the 
generalization to higher order equations of the classical procedure of representing 
the solution as a multiple layer potential. The fundamental solution is not used 
directly for this purpose. Instead, inspired by a treatment of Pleijel of the biharmonic 
equation (Proceed. Symp. Spectral Theory and Differential Problems, Stillwater 
1951, pp. 413-437), the Poisson kernels obtained from the explicit solution of the 
Dirichlet problem for the half-space are employed. One first tries to get the desired 
solution as an average on the boundary of the domain of these Poisson kernels. 
Introducing the Banach space of w-vectors: x~ (<f>o(Q), • • • , 0m-i(Q)), where 2m is the 
order of the equation and <f>k{Q) are functions belonging to Cm_i_,<.+a(0<a<l) on the 
sufficiently smooth boundary, one first reduces the problem to solving: (*) X-\-T(x) 
~y where T is a completely continuous operator and y is the vector of the prescribed 
boundary values. Thus the problem is certainly solvable in this way when x-\-T(x) =0 
admits no nontrivial solutions. Furthermore, even if nontrivial solutions of the homo­
geneous equation exist, one can always obtain the solution of the Dirichlet problem 
as a multiple layer potential of the above form and a linear combination of some 
fundamental solutions with poles outside the domain. (Received November 14,1955.) 

184. Nachman Aronszajn: A unique continuation theorem for el­
liptic partial differential equations and inequalities of second order. 

The unique continuation is proved for solutions u of partial differential inequalities 
of the type \Au\ ^ C ] C I du/dxk\ for \x\ <R where c>0 is a constant and A is elliptic 
of second order with variable coefficients and principal part ^a^dhi/dx^xK The 
proof is obtained by extending to the present case an inequality proved by E. Heinz 
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(Nachr. Ges. Wiss. Göttingen (1955) pp. 1-12) for the case A =A, the ordinary lapla-
cian. To obtain this extension one considers first the riemannian metric ^andxtdxfi, 
{an} being the inverse matrix of {a**}. Denoting by r the geodesic distance from the 
origin to a variable point x, a suitably large constant a > 0 can be chosen such that 
by putting 0(r)*=exp (—ar2) and -4'== the Beltrami-Laplace (B.-L.) operator cor­
responding to the riemannian metric ds2=<f>(r)^/andxidx1', Heinz's inequality can be 
proved when put in invariant form relative to ds2 (i.e. ordinary laplacian replaced by 
A'% distances, spheres, etc. replaced by geodesic distances, spheres, etc.). The proof 
of the inequality relies on the special form of the B.-L. operator in terms of geodesic 
polar coordinates, and proceeds by partial integrations in the main integral of the 
inequality. The role of the constant a is to render positive a crucial term in the final 
form of this integral. (Received November 14, 1955.) 

185. J. H. Barrett: A necessary condition for nonoscillation of a 
system of second order differential equations. Preliminary report. 

Consider the matrix second-order self-adjoint differential equation: (1) (P(x)Y')' 
-\-Q(x)Y~Q, where, for 0^x< «>, P(x) and Q(x) are continuous real square matric 
functions and P(x) is positive definite. Theorem: If the corresponding vector-matrix 
equation (2) (P(x)a')'-\-Q(x)a = 0 is nonoscillatory (i.e. has no pair of conjugate values 
for large x) then there exists a matrix solution U(x) of (1) such that /°°[tr Pix)]*1 

• || 27(#)||~2d# < oo. For the scalar case this is similar to a result of Wintner and Leigh ton 
(see Leighton, J. London Math. Soc. vol. 27 (1952) pp. 46-47) but the proof is simpler 
since it does not involve a polar transformation. Sufficient conditions for boundednes 
of all solutions of (1) (or (2)) have been given by G. Borg, R. Bellman, and the author. 
For any such set of conditions together with the assumption that /°°(tr P)~* = «> it 
follows easily from the above theorem that the system (2) is oscillatory. Also, addi­
tional results along this line are obtained. (Received November 14, 1955.) 

lS6t. R. W. Bass: A generalization of the functional relation Y(t+s) 
= Y(t) Y(s) to piecewise-linear difference-differential equations. 

Let A, B, P , Q be real constant nXn matrices, and y} b, ƒ real w-vectors, where 
ƒ is a step-function of the scalar 2, and b a constant. Let 2(0=& • By(t) (where • de­
notes scalar product) and 2i(053&,-B(P:y(0"r-Q/(2i(J—td)). Consider the system 
( * ) : y=-4y+/(2i (t—td)) during an interval (t—2td, t-\-2td) for which it is known 
a priori that ƒ is constant. If the general solution of ( * ) for y(Q) =^o is y(t) ~y(t)yo 
+Z(t)f, then y(f+td)-Y(tè)y{t)+Z(td)f. Corollary. Let P=Y(td), Q=*Z(td); then 
2i(0=B2(J+/d), so that (*) is in (t, t+td) equivalent to y~Ay+fÇ2(t)). There are 
important applications to the design of control systems. (Received November 14, 
1955.) 

187. R. W. Bass: On nonlinear repulsive forces. 
Consider the real system of second order differential equations x"~f(x, x', 0» 

where x is an n-vector, and ƒ a continuous vector function (on the half-space / ^ 0 , 
Xi, xi unrestricted) satisfying x-fèzO (• is scalar product); | / | is subject only to a 
growth restriction | / | < C K | » , | 2 (for (t, x) in any compact set K). Then through each 
point xo there passes at least one unrestricted, bounded solution, and one (possibly 
restricted) unbounded solution. The bounded solutions x(t) are "asymptotic" in the 
sense that the squared magnitude r = | x(t) | 2 is nonincreasing and convex from below; 
that is, r ^ 0 , r ' ^ 0 , and r"}z0. The proof consists principally of a priori majorisation 
of the "asymptotic" solutions and application of the Leray-Schauder fixed-point 
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theory. The result generalizes theorems of Kneser on scalar differential equations, of 
Wintner on linear system (Amer. J. Math. vol. 68 (1946) pp. 173-178), and of Hart-
man and Wintner on linear systems. (Received November 14, 1955.) 

18St. R. W. Bass: On the regular solutions at a point of singularity 
of a system of nonlinear differential equations. 

This paper generalizes the Cauchy-Poincaré existence theorem to singular systems 
of the form z8iw'i (z)~fi(z, wi, • • • , wn) (i = l, • • • , #), where the ƒ» are regular; 
fi(0, 0, • • • , 0)=0; and Si are non-negative integers satisfying 0^ss=si+ • • • +sn 

<n. It is asserted that there is a ^-parameter family of solutions regular at 3 = 0, 
where n— s^k^n; the solutions will have algebroid dependence on the k parameters 
and any additional parameters in which the/i are given regular. This theorem general­
izes results of Perron and Lettenmeyer on the linear case (cf. Bieberbach's recent book 
" . . . gewöhnliche Differentialgleichungen • • • ," pp. 161-172). The technique of the 
proof constitutes an application of the method of undetermined coefficients, combined 
with Wintner's fixed-point theorem for "analytic" mappings in a separable Hubert 
space. Details will appear in the Amer. J. Math. (Received November 14, 1955.) 

189. E. F. Beckenbach (p) and M. O. Reade: Generalized Lapla-
cians and harmonic and subharmonic functions. 

For harmonic, subharmonic, and convex functions the authors discuss character­
istic properties which include previously discussed properties as special cases. In par­
ticular, the validity of a strengthened form of a conjecture of Osamu Ishikawa [Proc. 
Japan. Acad. vol. 30 (1954) pp. 686-690] concerning the operator (l/2w)fQ

Tu(x+r 
•cos 0, y+r sin 6)dd — (1i/Trr2)flirf0u(x+p cos 0, y+p sin d)pdpd$is established. (Re­
ceived November 14, 1955.) 

190/. Garrett Birkhoff: Extensions of JentzscKs Theorem. Prelimi­
nary report. 

Let C be any convex set of "positive" rays of an (L)-space into itself, and let P 
be any linear transformation which carries C into itself. If some iterated transform 
CPr of C under P has finite hyperbolic diameter relative to C, then, for any / G C , 
the sequence of fPn converges geometrically to a unique characteristic ray c £ C. It is 
shown that this geometrical result implies various generalizations of Jentzsch's Theo­
rem. (Received November 9, 1955.) 

191. Arlen Brown: Congruence of self-adjoint operators. 
Two self-adjoint operators A and B (on a Hubert space) are said to be congruent 

if there exists a bounded operator P with bounded inverse such that B~P*AP. Using 
the congruence invariants obtained by Koethe in Math. Zeit. vol. 41 (1936) pp. 137-
152 (in a somewhat modified form) the following theorem is proved: If A ^ 0 , B^0 
then A and B are congruent if and only if Ah and Bh are (k any positive number). It 
follows from this, according to a suggestion of Kaplansky's, that necessary and suffi­
cient conditions that two closed operators A and B be equivalent are that A *A and 
B*B be congruent and that A* and B* have equal nullity. Thus the equivalence 
problem can be satisfactorily solved in terms of congruence invariants. An analogous 
theorem is proved concerning the similarity of operators A and B in the special case 
A2*=B* = 0. (Received November 14, 1955.) 

192. H. D. Brunk: On an inequality f or convex functions. 



1956] ANNUAL MEETING IN HOUSTON 157 

Let X(t) be given nondecreasing, continuous from the left, and bounded on [atb], 
and let G(t) be a given function of bounded variation continuous from the right on 
[a, b], with G(a)~0, G(6)-1 . For an interval I, define M(I)-JiG(t)dX(f)/fidX(t), 
and define G*(t)**infv supu M(I) =suptt inf» M(I), where u, v are respectively left and 
right end points of the interval /containing t. The function G* can be shown to be the 
best nondecreasing approximant to G, in the sense of least squares, with respect to 
the function X(t). It is shown that a necessary and sufficient condition that 
f[aMf[X(t)]dG(t)^f[f[atb]X(t)dG(t)] for every continuous convex ƒ is that G* be a 
distribution function on [a, b] (G* is nondecreasing; it suffices then that it be bounded 
by 0 and 1). This theorem contains and is a consequence of the well-known theorem 
to the effect that the above inequality holds for every continuous convex ƒ if G is a 
distribution function having total variation 1. It contains also the inequalities dis­
cussed by E. M. Wright (An inequality f or convex functions, Amer. Math. Monthly 
vol. 61 (1954) pp. 620-622). (Received November 14, 1955.) 

193. H. D. Brunk, G. M. Ewing (p), and W. R. Utz: Minimizing 
integrals in certain classes of monotone functions. 

Suppose given an interval 7= [a, b]; <x(t), t = (tl, • • • , tn), a suitable function 
measurable over Rn with range in I; F(u, v), SL suitable function on IXI, such that, for 
fixed u, F is strictly decreasing (increasing) for a <v <u (u <v <b) ; a totally finite com­
plete measure /* on a Borel field of subsets of Rn. Consider the integral over Rn, 
J[ö] *» fF[a(t), 0(0 ]dn, in the class Moi functions 0(0, each with range in I, monotone 
in each coordinate /*, and such that / exists finite. Also consider j[d] in the subclass 
M* consisting of those 0(0 in M, each of which is a bivariate distribution function 
(or its negative) in each pair of variables t*, t}' when the others are fixed. The existence 
and uniqueness of minimizing functions in M (M*) are established under additional 
hypotheses on F and representations are obtained for a minimizing function in M. 
Various results of Brunk, Ewing, and Reid (Bull. Amer. Math. Soc. Abstract 60-6-
684) are now extended to n variables and more general integrals. (Received November 
10, 1955.) 

194. R. H. Cameron: Nonlinear Volterra functional equations and 
linear parabolic differential systems. 

In this paper certain nonlinear functional equations of the form y(t) — x(t) -f-A(#| t) 
are studied from the point of view of determining conditions under which continuous 
solutions x vanishing at t=0 exist for almost every y of the same class. [Here "almost 
every" means all except a set of Wiener measure zero.] This question is shown to be 
closely connected with the question whether certain linear parabolic differential sys­
tems have minimal positive solutions. Both questions can be answered in terms of the 
values of certain Wiener integrals. (Received November 14, 1955.) 

195/. Paul Civin and Bertram Yood: Semi-reflexive spaces. 

Let X be a Banach space and let 7r be the canonical isomorphism of X into its 
second conjugate space X**. Call X semi-reflexive of order n if TT(X) has finite de­
ficiency n in X**. An example of a semi-reflexive space of order one was given by 
R. C. James (Ann. of Math. vol. 52 (1950) pp. 518-527). Let Tbe a continuous linear 
mapping of X onto a Banach space Y with kernel E. Then X is semi-reflexive if and 
only if F and E are semi-reflexive. Furthermore, if X, F, E are semi-reflexive of order 
a, 0 and 7 respectively, then /3+7=a. Properties analogous to those for reflexive 
spaces are also established for semi-reflexive spaces. (Received November 14, 1955.) 
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196/. Albert Edrei: Signs of the coefficients of real entire functions, 
bounded on the positive axis. 

Let f(z) •» ^r,anz
n be a real entire function, bounded for z>0. Let {\v\ denote the 

sequence, taken in its natural order, of all the subscripts X of those coefficients a which 
determine a change of sign (for a precise definition, see G. Pólya and G. Szegö, Auf-
gaben unà Lehrsâtze aus der Analysis^ vol. 2, p. 37). Then Xl^Ç1 diverges. Conversely, 
if {\v} is a given series of positive increasing integers and if 2 ^ 7 * diverges, there 
exists a real entire function ƒ(z), bounded for s>0, and such that the coefficients a of 
its expansion have the following properties: (i) o»^0 (» = 0, 1, 2, • • • )î (") ax#x-i<0 
if and only if X is a member of {x„}. (Received November 14, 1955.) 

197/. Jacob Feldman: AW* embedded AW* algebras are weakly 
closed. 

Let <iA be an A W* algebra which is A W* embedded as operators on a Hubert 
space, and let 43 be its weak closure. Then ^A^Q. The proof proceeds as follows: when 
43 possesses some separating normal state, one can use noncommutative integration 
theory, following a technique of Segal, to show that d/2 =<B. The theorem then easily 
also follows when 43 is a C* sum of such rings of operators. In the general case, the 
problem is first reduced to that of showing that <zA contains the weak closure of any 
sequence of its elements. Let Ai, A2, • • • be such a sequence; then the ring of operators 
<Bo generated by this sequence has a countable dense subset. Let oAo—ArYBo. Then 
AQ is an A W* embedded A W* algebra with weak closure 43o. But it can be shown 
that if a ring of operators Q has a weakly dense subset of cardinality «, then Q is a C* 
direct sum of rings of operators Qi such that every set of orthogonal nonzero projec­
tions in one of the Q* has cardinality ^ «. Thus 430 is a C* sum of "«-finite" rings of 
operators. But an No-finite ring of operators has a separating normal state, as shown 
by E. Griffin. Therefore c/fo-fio, and iA =43. (Received October 26, 1955.) 

198. L. R. Ford: Interval-additive propositions. 
A statement involving an interval will be called interval-additive if when true 

for each of two overlapping intervals it is true also for their union; for example, the 
statement that a function ƒ (#) is bounded in an interval, or continuous, or of constant 
sign, or strongly monotonie. The main theorem which is proved is that if an interval-
additive proposition is true at each point of a closed interval I it is true for J. Here 
by truth at a point we mean truth in a subinterval of I enclosing the point, with the 
convention that at an endpoint of 7" the subinterval terminates at and includes the 
end point. Basic properties of a continuous function in a closed interval, or of sets of 
points, are easy applications of this theorem. (Received November 14, 1955.) 

199. R. E. Fullerton: The construction of smoothed contours of a 
Fréchet surface. 

Let £ be a Fréchet surface with representation T defined over a disk D in the plane 
and let ƒ be a Lipschitzian function defined on E%. The contour defined by ƒ and T 
for the real value t is the boundary of the open set in D for which f(T(x)) <t. Cesari 
has defined smoothed contours by considering certain irreducible continua in the 
hyperspace of continua of constancy of T in D. In this paper a method is given for 
constructing smoothed contours together with a proof that they are uniquely defined. 
It is shown that for a smoothed contour the topology in the hyperspace of continua 
of constancy is equivalent to the interval topology on certain equivalence classes of 


