
THE ANNUAL MEETING IN ROCHESTER 

The sixty-third Annual Meeting of the American Mathematical 
Society was held at the University of Rochester on Thursday through 
Saturday, December 27-29, 1956, in conjunction with meetings of the 
Mathematical Association of America on Saturday, December 29 and 
the Association for Symbolic Logic on Thursday, December 27. The 
registration was 615 including 508 members of the Society. 

The thirtieth Josiah Willard Gibbs Lecture, entitled Mathematics 
and the future of science, was delivered by Professor M. H. Stone of 
the University of Chicago on Thursday evening. Professor Richard 
Brauer, President Elect of the Society, presided. 

By invitation of the Committee to Select Hour Speakers for Annual 
and Summer Meetings, Professor D. C. Spencer of Princeton Uni­
versity delivered an address, entitled On complex structures, on Thurs­
day afternoon at a session presided over by Professor A. C. Schaeffer. 

On Friday morning the Frank Nelson Cole Prize in Number 
Theory was awarded to Professor J. T. Tate of Harvard University 
for his paper The higher dimensional cohomology groups of class field 
theory which appeared in volume 56 of the Annals of Mathematics. 
Professor Tate addressed the Society briefly on the subject of his 
prize-winning memoir. 

Tea was served on Thursday afternoon in the Faculty Club, and 
there was a beer party in the Men's Dining Hall after the Gibbs 
Lecture on Thursday evening. A conducted tour of the George East­
man House Museum of Photographic Art was held on Friday after­
noon. 

A banquet was held in the dining room of the Women's Residence 
Hall on Friday evening. Professor J. F. Randolph of the University 
of Rochester acted as toastmaster. The speakers were Mr. Sol Lino-
witz, a trustee of the University of Rochester, Professor Richard 
Brauer, President Elect of the American Mathematical Society, 
Dean W. L. Duren, President of the Mathematical Association of 
America, Professor S. C. Kleene, President of the Association for 
Symbolic Logic, and Professor M. H. Stone. A resolution of thanks to 
the University of Rochester was presented by Professor R. L. Jeffery. 

The Annual Business Meeting of the Society was held on Friday, 
December 28, 1956. The Secretary reported that at this time the 
ordinary membership of the Society is now 5271, including 572 nom­
inees of institutional members and 31 life members. There are also 
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136 institutional members. The total attendance of members at all 
meetings in 1956 was 2376; the number of papers read was 884; there 
were 14 hour addresses; 1 Gibbs Lecture and 9 papers at an Applied 
Mathematics Symposium. The number of members attending at least 
one meeting was 1520. 

Professor J. F. Randolph reported for the tellers that a total of over 
1300 ballots had been cast in the election and the following were 
elected: 

Vice President, Professor Salomon Bochner. 
Treasurer, Dean A. E. Meder, Jr. 
Secretary, Professor J. W. Green. 
Associate Secretary, Professor R. D. Schafer. 
Member of the Editorial Committee of the Bulletin, Professor B. J. 

Pettis. 
Member of the Editorial Committee of the Proceedings, Professor 

Irving Kaplansky. 
Member of the Editorial Committee of the Transactions and Memoirs, 

Professor S. S. Chern. 
Member of the Editorial Committee of the Colloquium Publications, 

Professor E. J. McShane. 
Member of the Editorial Committee of Mathematical Reviews, Pro­

fessor R. P. Boas, Jr. 
Member of the Editorial Committee of Mathematical Surveys, Dr. 

S. M. Ulam. 
Member of the Committee on Printing and Publishing, Professor 

E. G. Begle. 
Representative on the Board of Editors of the American Journal of 

Mathematics, Professor Harish-Chandra. 
Members of the Board of Trustees, Professor Deane Montgomery, 

Dean Mina Rees, and Professor G. A. Hedlund. 
Members-at-large of the Council, Dr. R. E. Bellman, and Professors 

Lipman Bers, A. M. Gleason, P. R. Halmos and D. H. Lehmer. 
The Council met on Thursday afternoon, December 27, 1956. 
The Secretary announced the election of the following fifty-two 

persons to ordinary membership in the Society: 

Miss Esther Adler, Columbia University; 
Professor O. R. E. Barker, Hampton Institute; 
Mr. George Biriuk, Naval Avionics Facility; 
Mr. R. E. Bolger, Fairfield University; 
Mr. R. E. Briney, Massachusetts Institute of Technology; 
Dr. Johanna H. M. Brunings, Ramo-Wooldridge Corporation; 
Sister M. L. A. Colbert, Marylhurst College; 
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Professor R. B. Crouch, New Mexico College of Agriculture and Mechanic Arts; 
Dr. D. A. Edwards, Yale University; 
Mr. Herbert C. Field, Purdue University; 
Dr. Seymour Haber, Weizmann Institute of Science; 
Miss Susan G. Hahn, Institute of Mathematical Sciences, New York University; 
Mr. Milton Halem, New York University; 
Dr. Haim Hanani, Israel Institute of Technology; 
Mr. D. M. Hess, Fordham University; 
Professor C. V. Holmes, San Diego State College; 
Reverend F. A. Homann, S. J., University of Pennsylvania; 
Mr. R. H. Homer, University of California, Berkeley; 
Mr. T. J. Horrigan, Cook Research Laboratories, Skokie, Illinois; 
Mr. J. E. Houle, Georgetown University; 
Mr. L. A. Johnson, Taylor Pipe and Forge Works; 
Mr. J. J. Kaganove, Armour Research Foundation; 
Professor C. E. Kerr, Lafayette College; 
Dr. Lester Kraus, Convair, San Diego, California; 
Mr. P. V. LaGrange, Jr., The RAND Corporation; 
Mr. Eric Liberman, Elite Furniture Company, Bulawayo, S. Rhodesia; 
Mr. W. E. Loper, U. S. Naval Ordnance Test Station; 
Reverend Anthony Mardellis, Long Beach State College; 
Dr. R. L. Marti del Castillo, Banco Nacional de Cuba, Habana, Cuba; 
Mr. Jack Minker, RCA Victor, Camden, New Jersey; 
Professor T. F. Mulcrone, S. J., Loyola University; 
Mr. P. D. Oyer, National Security Agency; 
Mr. P. C. Patton, Harvard University; 
Miss Nelly E. Reitlinger, University of Michigan; 
Dr. Nicholas Rescher, RAND Corporation, Santa Monica, California; 
Professor B. E. Rhoades, Lafayette College; 
Dr. W. J. Riordan, Bell Telephone Laboratories, Whippany, New Jersey; 
Dr. R. C. Roberts, Naval Ordnance Laboratory, Silver Spring, Maryland; 
Miss Grace A. Sacks, International Business Machines, New York, New Ycrk; 
Mr. P. J. Sally, Jr., Parke Mathematical Laboratories, Carlisle, Massachusetts; 
Professor Diran Sarafyan, Lamar State College of Technology; 
Dr. Berthold Schweizer, Illinois Institute of Technology; 
Dr. R. G. Segers, Bell Telephone Laboratories; 
Professor D. R. Sudborough, Central Michigan College; 
Mr. G. M. Taylor, North American Aviation, Los Angeles, California; 
Mr. F. A. Varrichio, St. Peter's College; 
Dr. H. M. Wachowski, The Ramo-Wooldridge Corporation; 
Professor E. E. Walden, New Mexico College of Agriculture and Mechanic Arts; 
Dr. A. D. Wasel, Lockheed Aircraft Corporation; 
T/Sgt. R. E. Wheeler, U. S. Air Force, Seattle, Washington; 
Dr. Morris Yachter, The M. W. Kellogg Company, New York, New York. 

I t was reported that the following one hundred and ninety persons 
had been elected to membership on nomination of institutional mem­
bers as indicated : 

Alabama Polytechnic Institute: Professor D. E. Johnson. 
University of Alabama: Professor R. N. Festa. 



86 AMERICAN MATHEMATICAL SOCIETY [March 

University of British Columbia: Mr. Bomshik Chang, Mr. Jih-ou Chow, and 
Mr. I. H. Mufti. 

Brooklyn College: Mr. C. F. Ricciardelli. 
Brown University: Dr. A. G. Azpeitia, Professor Maurice Holt, and Professor 

L. M. Milne-Thomson. 
California Institute of Technology: Mr. George Gerson, Mr. Morton Lowengrub, 

Mr. J. R. Rice, and Mr. P. M. Weichsel. 
University of California, Berkeley: Mr. R. O. Abernathy, Mr. H. S. Bear, Mr. 

Lensey Chao, Mr. R. P. Holten, Mr. H. H. Johnson, Miss Eva M. Kallin, Mr. Milton 
Lees, Mr. A. W. McKinney, III, Mr. J. D. Monk, Mr. J. E. Ohm, Mr. M. R. Porter 
Mr. J. A. Simmons, Mr. S. F. Tuan, and Mr. C. E. Watts. 

University of California, Los Angeles: Mr. A. M. Bruckner, Mr. Seymour Gold­
berg, Mr. K. M. Larsen, Mr. P. A. Nickel, and Mr. J. F. Seewerker. 

Case Institute of Technology: Mr. W. O. Portmann. 
The University of Chicago: Mr. J. D. Halpern, Mr. M. W. Hirsch, Mr. R. C. 

O'Neil, Mr. J. J. Rotman, Mr. J. G. Thompson, Mr. Jacob Towber, and Mr. J. A. 
Wolf. 

Columbia University: Mr. Arthur Babakhanian, Mr. E. W. Chamberlain, Mr. 
N. P. Herzberg, Mr. J. D. Lubin, Mr. Robert Morixe, Mr. W. V. Petryshyn, Mr. S. D. 
Ross, and Mr. Jerrold Rubin. 

Cornell University: Dr. Harry Kesten, Mr. D. B. Lissner, Dr. Wolfgang Rindler, 
Mr. J. D. Rutledge, and Professor Ambikeshwar Sharma. 

Duke University: Dr. A. M. Chak, Mr. Auguste Forge, Mr. G. E. Goode, Mr. 
A. S. Joyner, Mr. W. L. Messmer, and Mr. E. H. Moore, Jr. 

University of Florida: Mr. J. B. Wilson. 
Harvard University: Mr. Michael Artin, Mr. J. A. Cohn, Mr. P. L. Falb, Mr. Paul 

Fong, Mr. M. H. Greenberger, Mr. M. E. Harris, Mr. E. S. Loebenstein, Mr. D. M. 
Mandelbaum, Mr. Albert Marden, Mr. A. P. Ogg, and Mr. V. C. Williams. 

University of Illinois: Mr. D. W. Dean, Mr. C. C. Farrington, Jr., Mr. J. L. 
Goldberg, Mr. M. I. Knopp, Mr. E. A. Newburg, Miss Rosemarie S. Stemmler, Mr. 
L. T. Wos, and Mr. Peter Yfï. 

Indiana University: Mr. R. P. Kanwal. 
Institute for Advanced Study: Dr. A. E. Dold, Dr. H. B. Griffiths, Dr. K. W. 

Gruenberg, Dr. W. P. A. Klingenberg, Dr. H. W. Leopoldt, Dr. F. M. Ragab, Dr. 
Frank Rhodes, and Dr. Sadayuki Yamamuro. 

Iowa State College of Agriculture and Mechanic Arts: Mr. R. D. Low. 
State University of Iowa: Mr. G. S. Rogers. 
University of Kansas: Mr. C. R. Deeter, and Mr. S. A. Khabbaz. 
Kenyon College: Mr. T. M. Jenkins. 
Lehigh University: Miss Hanna I. Nassar, and Mr. R. C. Scott. 
University of Maryland: Mr. H. C. Berry, Mr. D. W. Fox, Professor W. H. Greub, 

Dr. H. R. A. Holmann, Mr. P. H. Maserick, Mr. R. E. McGill, and Mr. G. H. Weiss. 
Massachusetts Institute of Technology: Mr. R. R. O'Brien, Dr. K. F. Roth, Mr. 

J. R. Schue, and Dr. J. T. Stuart. 
University of Michigan: Mr. J. P. Benkard, Mr. G. T. Cargo, Mr. C.-Y. Chao, 

Mr. P. T. Church, Mr. Oswald Petrucco, Mr. Arnold Steiken, Mr. E. S. Simons, and 
Mr. W. G. Weideman. 

University of Minnesota: Mr. S. D. Burgstahler, Mr. R. D. Driver, Mr. J. A. 
Lindberg, Jr., Mr. D. E. Varberg, and Mr. J. J. Yeh. 

University of Nebraska: Mr. L. D. Fountain. 
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University of New Hampshire: Mr. F. J. Lorenzen, Jr. 
Northwestern University: Miss Ethel J. Allard, Mr. D. M. Danvers, and Mr. 

K. E. Hillstrom. 
Oklahoma Agricultural and Mechanical College: Mr. T. K. Boehme, Mr. T. W. 

Cairns, and Miss Leone Yarborough. 
University of Oregon: Mr. J. R. Borsting. 
Pennsylvania State University: Mr. R. T. Heimer. 
University of Pennsylvania: Mrs. Bonnie Averbach, Mr. S.J. Einhorn, Mr. B. I. 

Gross, Mr. D. J. Ostroff, and Mr. M. W. Pownall. 
Purdue University: Mr. D. L. Phillips, and Mr. J. H. Stapleton. 
Queens College: Dr. C. R. Chester. 
Rutgers University: Mr. W. E. Gould, Mr. W. R. Jones, Mr. D. R. King, Mr. 

R. A. McHaffey, and Mr. John Weissman. 
College of St. Thomas: Professor R. J. Dowling. 
University of Southern California: Mr. J. W. Capps, Professor H. O. Cordes, 

Mr. E. J. Eckert, Mr. Isidore Eisenberger, Mr. Humberto Gutierrez, and Mr. K. F. 
Wilson. 

University of Tennessee: Mr. P. H. Doyle. 
University of Texas: Mr. J. L. Cornette, Mr. J. W. Neuberger, Mr. J. H. Nichol­

son, and Mr. Dave Pandres, Jr. 
University of Toronto: Mr. D. F. Clapp, Miss Diane M. Johnson, Mr. J. H. Lind­

say, Jr., Mr. E. S. Lowry, Mr. C. A. Pegis, and Mr. F. A. Sherk. 
University of Virginia: Mr. S. H. Coleman, Mr. W. D. Googe, Mr. E. H. Greene, 

Mr. S. H. Lawrence, and Mr. C. N. Lee. 
State College of Washington: Professor Hans Schneider. 
University of Washington: Mr. C. W. Clark, Mr. E. T. Kobayashi, Mr. R. D. 

Mayer, Mr. R. B. Paine, and Mr. K. R. Stromberg. 
Wayne State University: Sister Mary Catharina Bereiter, and Mr. Louis Suches-

ton. 
University of Wisconsin: Mr. H. F. Bechtell, Jr., Mr. W. G. Collar, Mr. R. C. 

Courter, Mr. G. W. Hedstrom, Mr. J. M. Kister, Mr. H. J. Rebassoo, Mr. D. A. 
Robinson, and Mr. R. H. Rosen. 

Yale University: Mr. R. L. Adler, Mr. R. T. Barnes, Miss Eleanor Killam, 
Mr. P. E. Miles, Mr. J. M. Osborn, Jr., Mr. M. J. Poliferno, Mr. S. L. Salas, Miss 
T. R. Spiselman, and Mr. Donald Wehn. 

The Secretary announced that the following had been admitted to 
the Society in accordance with reciprocity agreements with various 
mathematical organizations : Deutsche Mathematiker-Verinigung : 
Dr. E.-A. Behrens, Mathematicsches Seminar, Dr. G. Mayer-Kalk-
schmidt, University of Malaya, and Professor C. E. Mueller, Techni­
cal University; Société Mathématique de France: Professor Manuel 
Balanzat, Instituto de Fisica, and Dr. Paul Dedecker, Université de 
Liège; Svenska Mathematikersamfundet: Dr. E. H. Bareiss, David 
W. Taylor Model Basin, and Dr. F. A. Ryde, State Secondary School 
of Eksjoe; Wiskindig Genootschap te Amsterdam: Mr. P. H. Krijgs­
man, and Professor J. de Groot, Netherlands Postal and Telecom­
munications Services, The Hague, Netherlands. 
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The following appointments by the President were reported: as a 
committee to look into the relations between the Transactions and 
Proceedings: J. L. Doob, Chairman, R. P. Boas, Jr., Richard Brauer, 
and G. T. Whyburn; as a committee to consider the establishment 
of annual examinations at the master's level: Leonard Gillman, Chair­
man, R. P. Dilworth, and D. E. Richmond ; as a program committee 
for a Symposium on Orbit Theory to be held in April 1957: J. B. 
Rosser, Chairman, Garrett Birkhoff, W. Eckert, Philip Hartman, and 
H. Newell; as members of Committees to Select Hour Speakers 
(terms to expire December 31, 1958): Summer and Annual Meetings: 
Einar Hille (Committee now consists of J. W. Green, Chairman, 
G. P. Hochschild, and Einar Hille); Eastern Sectional Meetings: 
Warren Ambrose (Committee now consists of R. D. Schafer, Chair­
man, Warren Ambrose, and E. R. Kolchin); Western Sectional 
Meetings: A. C. Schaeffer (Committee now consists of J. W. T. 
Youngs, Chairman, E. H. Spanier, and A. C. Schaeffer) ; Far Western 
Sectional Meetings: Charles Loewner (Committee now consists of 
V. L. Klee, Chairman, Arthur Erdelyi, and Charles Loewner); 
Southeastern Sectional Meetings: O. G. Harrold (Committee now 
consists of J. H. Roberts, Chairman, E. E. Floyd, and O. G. Harrold) ; 
as a member of the Committee on Visiting Lectureships for a term of 
three years beginning January 1, 1957: M. R. Hestenes (Committee 
now consists of J. M. Thomas, Chairman, Samuel Eilenberg, and 
M. R. Hestenes) ; as the Society's representative on the U. S. National 
Committee for Theoretical and Applied Mechanics for a term of four 
years beginning January 1, 1957: William Prager; as tellers for the 
1956 election: David Gale, W. G. Lister, and J. F. Randolph. 

The following appointments to represent the Society were reported : 
a t the inauguration of Reverend Louis Melbourne Hirshson as Presi­
dent of Hobart and William Smith Colleges on October 12, 1956: 
Professor T. R. Hollcroft; at the inauguration of G. C. Simpson as 
Chancellor of Mary Washington College on October 19, 1956: Dr. 
Hobart C. Carter; at the exercises dedicating the Classroom-Labora­
tory Building and Marking Twenty Years of Progress at Northeast­
ern University on October 24, 1956: Professor J. L. Walsh; at the 
convocation in honor of Dr. Frank L. Griffin at Reed College on 
November 4, 1956: Professor T. S. Peterson; and at the inauguration 
of Warmoth Thomas Gibbs as fourth President of the Agricultural 
and Technical College of North Carolina on November 9, 1956: 
Professor W. M. Whyburn. 

The Secretary reported that Professor L. M. Milne-Thomson had 
accepted an invitation to deliver an address at the November 30-
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December 1, 1956 meeting held at the University of Kentucky; that 
Professor D. C. Spencer had accepted an invitation to deliver an 
address at the 1956 Annual Meeting of the Society in Rochester, 
New York; that J. T. Tate had accepted an invitation to deliver an 
address at the meeting to be held in February 1957 in New Haven, 
Connecticut; that Professors Bernard Friedman and R. V. Kadison 
had accepted invitations to deliver addresses at the April 1957 meet­
ing to be held in New York City. 

The Executive Director reported that he had conducted a major 
membership campaign during the fall and that letters of invitation 
to membership had been sent out to about 15,000 people. 

The Executive Director reported on the reasons for the late arrival 
of the October NOTICES and on the steps that had been taken to 
make sure that there would be no repetition of this delay. 

After reviewing the make-up, printing, and distribution schedule 
for the NOTICES, the Council requested that the present deadline 
for abstracts be kept, but that preliminary announcements, as com­
plete as possible and including reservation cards, should appear in 
the issue of the NOTICES just before the issue containing the pro­
gram of the meeting. 

The Council voted to set a meeting at the State College of Wash­
ington, Pullman, Washington, on June 15, 1957. 

The Council voted that the Annual Meeting for 1958 should be held 
some time during the last two weeks of January 1959. 

The Council voted to set Council meetings April 19, 1957, in Chi­
cago, and at the Summer and Annual Meetings. 

The following resolution was adopted by the Council: 
Dr. J. V. Wehausen served as Executive Editor of Mathematical 

Reviews from the summer of 1950 until the summer of 1956. This 
was a period of rapid growth of the mathematical literature: in these 
six years the amount of material reviewed was considerably more 
than in the preceding ten and one-half years. Dr. Wehausen coped 
with this flood with skill, devotion, and unfailing tact and good 
humor. He was resourceful in finding reviewers and in extracting re­
views from them, and in extracting journals from the often (sur­
prisingly enough) uncooperative people who issue journals. A con­
siderable part of his success was due to the devotion which he inspired 
in his office staff. As the amount of material increased, he worked 
longer and longer hours, until at the end he was doing much more 
than anyone could properly have demanded. It is a tribute to his 
energy and resourcefulness that Mathematical Reviews today enjoys 
a reputation as the most complete and most informative of the 
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mathematical abstracting services. It is fitting that Dr. Wehausen's 
services to Mathematical Reviews should be formally acknowledged. 
The Council, therefore, on behalf of mathematicians everywhere, ex­
tends its hearty thanks to Dr. Wehausen for his work on Mathemati­
cal Reviews. 

The Council voted to elect Professor Hans Samelson to the Edi­
torial Committee for the Proceedings to replace Professor S. S. Chern. 

The Bulletin Editorial Committee reported that 652 pages had 
been used in 1956. The Council voted to recommend to the Board of 
Trustees that the Bulletin be authorized to print 625 pages in 1957. 

At the request of the Editors of the Bulletin, the Council discussed 
the advisability of discontinuing the Research Problems section. I t 
was the sense of the Council that this section should be continued. 

The Transactions and Memoirs Editorial Committee reported that 
the interval between the receipt and publication of a manuscript is 
now approximately one year. The Council voted to request the 
Trustees to authorize three volumes of 550 pages each of the Transac­
tions in 1957. 

The Editorial Committee for the Proceedings reported that 1168 
pages had been published in 1956 and that the Trustees had author­
ized the same number of pages for 1957, instead of the usual 1006 
pages. The extra pages authorized by the Trustees have reduced the 
backlog so that the interval between receipt and publication of a 
manuscript is now approximately one year. 

A committee consisting of J. L. Doob (Chairman), R. P. Boas, 
Richard Brauer, and G. T. Whyburn recommended that the Council 
request the Editorial Boards of the Transactions and Proceedings to 
interchange manuscripts as necessary in order to stabilize the Trans­
actions publication rate at three volumes per year, with the present 
rough distinction between periodicals, that the Transactions prints 
the longer papers, serving as the guiding principle in the interchanges. 
The Council voted to approve this recommendation. 

The Editorial Committee for Mathematical Reviews reported that 
the 1956 volume would be almost exactly the same size as the 1955 
volume. The Committee reported finding that some members of the 
Society wondered whether the Council felt that Mathematical Re­
views should still be considered an experiment, which could be termi­
nated if it continues to cost too much. At the request of the Com­
mittee, the Council voted to go on record as favoring the indefinite 
continuation of Mathematical Reviews. 

The Secretary reported that Dr. S. H. Gould had agreed to con­
tinue as Executive Editor of Mathematical Reviews. 

The Joint Committee on Employment Opportunities reported that 
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the number of listings in the Employment Register continues to rise. 
The Committee on Translations reported that during 1956 about 

900 papers had been selected for translation and were being prepared 
for publication. At the request of the Committee the Council voted 
to recommend that an increased appropriation be sought for 1957. 

There were twenty sessions for contributed papers presided over 
by Professor R. D. Anderson, Dr. E. H. Batho, Professors Dorothy 
L. Bernstein, R. H. Bruck, D. J. Dickinson, S. H. Gould, Marshall 
Hall, Jr., G. K. Kalisch, W. S. Loud, Mr. J. C. Mairhuber, Drs. 
E. W. Marchand, Steven Orey, Professors L. J. Paige, R. A. Raimi, 
Mary E. Rudin, Dr. Lowell Schoenfeld, Professors C. H. W. Sedge-
wick, M. L. Tomber, W. G. Warnock, G. W. Whitehead. 

The abstracts of the papers follow. Those having the letter "t" fol­
lowing the abstract number were read by title. Where a paper, pre­
sented in person, has more than one author, the symbol (p) follows 
the name of the author who presented it. Dr. Friedman was intro­
duced by Professor Nachman Aronszajn, Professor Kallianpur by 
Professor Ingram Olkin, Dr. Klingenberg by Professor M. H. Heins, 
Professor Meyer-Koenig by Professor G. M. Merrmian, Mr. Osborn 
by Professor A. A. Albert, Mr. Pakshirajan by Mr. A. T. Bharucha-
Reid, Mr. Pucci by Professor Alexander Weinstein, Dr. Rector by 
Professor D. M. Young, Jr., Professor Reid by Professor J. S. Frame, 
and Professor Sarafyan by Professor Selby Robinson. 

ALGEBRA AND THEORY OF NUMBERS 

147. Shreeram Abhyankar: Unaffected equations. 

Let V be a normal r-dimensional algebraic variety with quotient field K/k where 
k is algebraically closed and of characteristic p and let P be a simple point on V. It is 
proved in [Abhyankar, On the ramification of algebraic functions, Amer. J. Math. vol. 
77 (1955) pp. 575-592] that if Q is a point corresponding to P on a normalization of 
F in a finite algebraic extension L of K and if the branch locus D on V for the exten­
sion L/K has an 5-fold normal crossing at P then the local galois group G(Q/P) is a 
ps-group (definition in the above paper). Now the following construction problem is 
raised: Given an (r —1)-dimensional subvariety D of F having an 5-fold normal cross­
ing at P and given a p8-group G does there exist Q (in some extension L of K) such 
that D is the branch locus at P and G(Q/P) is isomorphic to G? (For r = l, G(Q/P) 
is a £-group and the converse is easily settled in the affirmative, so we assume r?*l). 
The essential part of this question is the case 5 = 1 and G being a quasi p-group i.e. 
G is generated by its />-sylow subgroups. Observe that for £ = 2 the symmetric group 
Sn on n letters is a quasi p-group; for this case the construction problem is settled. 
(Received November 13, 1956.) 

148. A. A. Albert (p) and Nathan Jacobson. On the isomorphisms 
of the exceptional Jordan algebra. 

Let A =-4(r, C) be the algebra of all three-rowed /-Hermitian matrices with ele­
ments in the Cayley algebra C of dimension eight where r is the diagonal matrix 
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defining the involution J. Then we prove that two such algebras A and A\ =*A (Ti, Ci) 
are isomorphic only if C and C\ are isomorphic. (Received November 6, 1956.) 

149/. A. A. Albert and L. J. Paige. Some properties of the algebras 
of Malcev. 

Malcev has defined a Moufang-Lie algebra M to be an algebra satisfying the 
identities (i) * 2 =0; (ii) xyxz = (xyz)x-\-(yz-x)x-{-(zx'x)y. It is proved that the sec­
ond identity may be replaced by the identity w(xy z) =*wy zx-\-(yz -w)x-\-(wx - y)z 
~\-(x*wz)y. If the linear transformation Sx is defined by the equation ax=aSx, it is 
shown that trace (SxSy) = F(x, y) is an invariant form for the algebra M. Moreover, 
the algebra i f is a shrinkable algebra in the sense of Albert. (Received November 13, 
1956.) 

150. Rafael Artzy: Loops with identities. 

In a loop (L, + ) let / be the mapping of each element on its right inverse so that 
x+xJ=0 and (xJk)J=xJk+1, all # £ £ , all integers k. Loops with the identity 
(x+y)J*=xJ-\-yJ are called automorphic-inverse. If, for some zÇz L, zJn=z, but 
zJm^z whenever 0<m<n, then the zJ\ i=*l, 2, • • • , n, are said to form an inverse-
cycle of length n. A necessary condition for an automorphic-inverse loop to consist only 
of the zero and r inverse-cycles of equal length n is 2~1r2n(n-{-l) — r=0 (mod n). This is a 
stronger requirement than that stated previously by the author (Proc. Amer. Math. 
Soc. vol. 6 (1955) p. 449). Furthermore a general method is proposed for constructing 
uncountably many monogenic automorphic-inverse loops of infinite order. Each of 
these loops satisfies one of certain additional identities, examples of which are 
x+(xJ+(xJ%+ • • • -\-(xJn+yJn+1) • • • )) =y, all nonzero x, y\ « > 0 ; or (z+w)+zJ 
=w (the crossed-inverse identity). A loop thus constructed is always the additive 
loop of a neofield, a generalization of Bruck's statement for the crossed-inverse case 
(Proc. Amer. Math. Soc. vol. 6 (1955) p. 57). (Received November 13, 1956.) 

151. S. G. Bourne: On a Wedderburn-Artin structure theory of potent 
semirings. Preliminary report. 

In a paper [S. Bourne, On multiplicative idempotents of a potent semiring, Proc. 
Nat. Acad. Sci. U.S.A. vol. 42 (1956) pp. 632-638] it was shown that if 5 is a potent 
semiring, in which each two-sided ideal contains a minimal right ideal and a minimal 
left ideal of S, then any right ideal R^ (0) contains a multiplicative idempotent. Using 
the existence of this idempotent it is proved that if 5 is a simple semiring, which con­
tains a minimal right ideal and a minimal left ideal, thenp = (T) where pÇ.S,rÇzR a 
minimal right ideal of S and pR 9e (0) has an inverse. Hence, if in addition S possesses 
an identity, 5 is isomorphic to a semiring of matrices over a division semiring. Thus, 
if 5 is a potent semiring with identity and 5 = S« tGA Ri, where A is the set of all 
minimal right ideals ^ (0) in S and the decomposition is direct, then S is a direct sum 
of semirings isomorphic to semirings of matrices over division semirings. (Received 
November 5, 1956.) 

152. A. T. Brauer: A new proof of theorems of Perron and Frobenius 
on positive matrices. 

A well known theorem of Perron and Frobenius states that a positive matrix has 
a positive characteristic root « which is greater than the absolute value of the other 
roots. In this paper a new proof for this result is obtained. Moreover, not only the 
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existence of « is proved, but the proof gives also a simple method to compute « and 
a charactei istic vector belonging to œ as exactly as needed without determining the 
characteristic equation. The theorem of Perron and Frobenius can be formulated as 
follows. Every positive matrix A has a greatest positive root o>. This root is simple and 
all the other roots lie in the circle \z\ <co. In this form the theorem can be improved. 
It will be shown that all the roots lie in the interior or on the boundary of the oval of 
Cassini \z —a»»| \z—a#| ?£(«—a»*)(«—a#) where an and a,-y are the two smallest ele­
ments of the main diagonal. (Received November 13, 1956.) 

153. Bailey Brown and N. M. McCoy (p): Prime ideals in non-
associative rings. 

If A and B are ideals or, more generally, any sets of elements of the nonassociative 
ring R, by AB is meant the set of all elements of R of the form ab, a G A, b G B. Let 
51 denote the set of all finite formal nonassociative products of the indeterminates 
xi, x2, • • • , and let «=«(*i, x2, • • • , xn) G 21. An ideal P in R is «-prime if 
u(Ai, Ai, • • • f An)^: P implies that some AiÇ^ P, where the Ai are ideals in R. 
Let u*=u(xu Xi, • • • , Xi). Then if « contains at least two distinct indeterminates, a 
«-prime ideal is prime and a «*-prime ideal is semi-prime, but examples show that the 
converses need not be true. The theory of the «-radical parallels much of the theory 
of the prime radical in the associative case. In particular, the «-radical always coin­
cides with the «'"-radical. This has been established by Amitsur (Amer. J. Math, 
vol. 76 (1954) pp. 126-136) for the case in which U—XIXÎ, and is well known in the 
associative case. Various properties of these radicals are obtained, including the 
relation to a certain type of nilpotence and to some other radicals. For example, a 
primitive ideal is «-prime for each « G 21, and hence the Jacobson radical is «*-prime 
for each « G 21. (Received November 13, 1956.) 

154. A. T. Butson: Simply ordered ideal preserving groups. Pre­
liminary report. 

In a recent paper {Ideals in partially ordered sets, Amer. Math. Monthly vol. 61 
(1954) pp. 223-234), Frink proposed a definition of ideal in a poset, and suggested the 
possibility of generalizing ordered algebraic systems by requiring the algebraic opera­
tions to preserve ideals rather than the order relation itself. The generalization ob­
tained of a simply ordered group is as follows. A simply ordered ideal preserving group 
(soip-group) G is a system which is (i) simply-ordered, (ii) a group, in which (iii) J 
an ideal implies a-\-J-\~b is either an ideal or a dual ideal for all a, b in G. The only 
nontrivial finite soip-group is the group B containing two elements b, e where b-\-e 
^e+b — bf b+b—e+e^e, and b<e. Every infinite soip-group G is either (1) a simply 
ordered group, or (2) isomorphic algebraically to the direct sum B ® jFand orderwise 
to the ordinal sum F®F, where F is some simply ordered group and F its dual. (Re­
ceived November 13, 1956.) 

155L Bomshik Chang and S. A. Jennings: On certain free groups 
generated by two matrices. 

Let Fa,p = [A, B} where A = (J "), B = (̂  J), a and 0 being complex numbers. We 
prove that if either (i) \ap\ ^ 4 or (ii) I(a/3) ^2 (where I(z) is the imaginary part of z), 
then Fa,p is a free group generated by A and B. If -4i = (J "), A% = (J "*)» -Bi^O*!)» 
B2 = Cai i) w i t h \a\ =2» t h e n F= \Ah A2, Bi, B2] is the free product of the abelian 
groups FA—{Ait A2} and ft»{j3i, -B2}. These results generalize those of Sanov 
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[Doklady Akad. NaukSSSR. (NS) vol. 57 (1948) 657-659] and Brenner [Bull. Amer. 
Math. Soc. vol. 62 (1956) 149]. (Received November 5, 1956.) 

156. H. S. M. Coxeter: Groups generated by unitary reflections of 
period two. 

Among the unitary groups generated by reflections [G. C. Shephard and J. A. 
Todd, Canadian J. Math. vol. 6 (1954) pp. 274-304], those whose generators are 
involutory are found to belong to a single family. Such a group is denoted by a symbol 
[p q rl]m, where p+q+r is the number of generators while I and m are the periods of 
certain products of generators. For instance, [l 1 24]4, in unitary 3-space, is an in­
finite group which transforms the origin into a lattice consisting of the points whose 
coordinates are mutually congruent (mod c)t while their sum is congruent to zero 
(mod c), in the domain of algebraic integers generated by the roots, c and c, of the 
equation x2-\-x+2 =0. The corresponding lattice in real Euclidean 6-space represents 
a new extreme senary quadratic form, recently discovered by E. S. Barnes. (Received 
November 13, 1956.) 

157. R. B. Crouch (p) and W. R.Scot t : Normal subgroups ofmon­
omial groups. 

Let U be a set, H a group, B an infinite cardinal, and B+ the successor of B. Let 
o(U) —B, where o(U) means the number of elements of U. The set of monomial sub­
stitutions on the elements of U with coefficients in H forms a group Yl (H; B, B+, B+). 
The set ^2(H; B, C, D) of substitutions of the form y=vs, where v is a multiplication 
with less than C nonidentity factors, 5 is a permutation that permutes less than D 
elements of U, is a subgroup. The normal subgroups of ^2(H; B, No, No) are known 
(R. B. Crouch, Trans. Amer. Math. Soc. vol. 80 (1955) pp. 187-215). This paper ex­
tends the results by determining all the normal subgroups of ^2{H; B, K0, C) for 
Ko<C^B. (Received November 5, 1956.) 

158. R. L. Davis: Torsion structure in Engel modules of arbitrary 
exponent. 

Following the discovery of torsion in the Engel module of exponent 5 (Bull. 
Amer. Math. Soc. Abstract 62-6-605), this paper studies structure questions for Engel 
modules of arbitrary exponent. Let an Engel module E on 3 or more generators have 
exponent m (prime or composite). Then the submodule of E consisting of forms of 
degree m—2 in xt 1 in y and 1 in 2 has the module structure of Zp-\-Z-\- • • • -\-Z 
(ra—3 copies of Z) if m =pk is a prime power (here Z is the integers and Zp the integers 
mod p) ; for any other m it is simply the direct som of m—3 copies of Z. The methods 
are applied to study Engel modules of exponent 4 in all dimension submodules. (Re­
ceived November 13, 1956.) 

159/. John De Cicco: Some theorem concerning commutative rings 
with unit which admit involutorial automorphisms. 

Characterizations of quadratic extensions Q of a commutative ring X with unit 1 
in which 2 = 1 + 1, is regular in X, are obtained within isomorphisms. Any such ring 
Q admits an involutorial automorphism. Applications are given to the case where X 
is a field F. The elements of such a ring Q may be represented as points of a s-plane. 
This plane is a two dimensional vector space relative to the ring X. Inner product 
and norm are studied. Under certain general conditions, isotropic coordinates can be 
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introduced in this s-plane. Relations are developed between isotropics and residue 
classes relative to certain principal ideals. Polynomial forms as well as polynomial 
functions form rings which admit involutorial automorphisms. Theorems are de­
veloped concerning the roots of an algebraic equation over such a ring Q. (Received 
September 10, 1956.) 

160. Philip Dwinger: A note on direct sums and direct products in 
completely modular complete lattices. 

Let L be a completely modular complete lattice (Kurosh, Theory of Groups, 
Vol. II). A product UaE^a» xaQ. Lis called a direct product if xa-hx*a » 1 for every 
a& A, where x*a = YlpG^^aXB> A direct product is called regular if for every 
Ai C A, H a E ^ i ^ a + I l a E ^ - ^ i x a = l- ^n t n e present paper it is shown that if 
{%a}, ce G A, is a set of elements of L the sum of which is a direct sum and which is 
equal to 1 and xa = ]C/3E<A'3̂ « *& f° r every a G ^ , then the product of the set {x'a} is 
a regular direct product which is equal to 0 and x'*a =# a for every a £ A. Conversely 
if {xa}, ce G A, is a set of elements the product of which is a direct product (not 
necessarily regular) and which is equal to 0, then the sum of the set {x*a} is a direct 
sum and x^'^xa for every aÇ. Af while x*a'—xa for every a £ A if and only if 
ÜLttE^ *« ™ !• The first of these results was proved by the author in a previous paper 
(Indag. Math. vol. 18, p. 435) for a smaller class of lattices (see also P. Dwinger and 
J. de Groot, On the axioms of Baer and Kurosh in modular lattices, to appear in Ind. 
Math. vol. 18). The theorems are applied to the lattice of congruence relations of a 
universal algebra any two congruence relations of which are permutable and with a 
selected one-element subalgebra. (Received November 7, 1956.) 

161. B. M. Dwork: A model for multiplicative characters of local 
number fields. 

Let k be a p-adic number field, i.e. a finite extension of a rational £-adic field Q. 
The characters of the multiplicative group, 1 +p are described in terms of additive 
characters and polynomials, Fr(x) = E J l i xi/j. Let 0 be a (continuous) additive char­
acter of Q and let ©=ö o St/Q. An infinite sequence A = (ai)Lo °f elements of k is 
said to be an «-sequence if for all r ̂ 0 , ©(]Cî_o a{Xjr~t/pr~i) = 1 for pr ordp x^n. For 
Prordpx^n, let XA(1— x)^Qi^L^Zoa*Fr-i(x)). The basic result is that A-*XA is a 
well defined homomorphism of the group (under componentwise addition) of n-
sequences onto the character group of ( l+p) / ( l+p n ) , (»^1), and the kernel is the 
set of all A such that (0, ao, ao+ai, ao+ai+aî, • • • ) is also an «-sequence. The 
theory is applied to complete the explicit reciprocity law for cyclic, ramified extensions 
of k of degree p (cf. MacKenzie and Whaples, Amer. J. Math. vol. 78 (1956) pp. 473-
486). This is done by determining an A such that XA is a nontrivial character of the 
Galois group. The treatment hinges upon the self-duality of k as an additive group. 
(Received October 15, 1956.) 

162. C. C. Faith: Normal extensions in which every element with 
nonzero trace is a normal basis element. 

Let K/k be a normal extension, where K—K1XK2 over k, for subfields K\, Kit 

where K\ j*k. Let G, g, and 5C denote the Galois groups of K/k, K/K2, and K2/k, 
resp. WÇLK (resp. K2) is a normal basis element (n.b.e.) in K/k (resp. K%/k) if the set 
{ws}, SÇ.G (resp. 3C), forms a basis of K/k (resp. K2/k). The trace of win K/K2 is 
TKIK%(W) Ö X ) S E 9 WS' Tne equivalence of (1) and (2) is demonstrated: (1) TKIK%(W) 
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is a n.b.e. in K^/k implies w is a n.b.e. in K/k; (2) k has prime characteristic p and 
Ki/k has degree p9. Letting K%—k so that -K^ÜTi, one sees that (2) is equivalent to: 
(1') TKik(w) 5*0 implies w is a n.b.e. in K/k. Perlis [Theorem 1, Duke Math. J. vol. 9 
(1942) pp. 507-517] proved (2) implies (1') assuming K/k is cyclic. Thus, this result 
is extended to the case that k has prime characteristic pf and K/k is an arbitrary nor­
mal extension of degree pe. Moreover, our results show that these are the most general 
normal extensions satisfying (1'). Let G(k) be the group algebra defined by G and k. 
The elements of G are right operators on G(k) and K. An (operator) module isomor­
phism between G(k) and K enables us to apply structure theorems for G(k) to obtain 
our results. (Received November 13, 1956.) 

163t. C. C. Faith: On decompositions of certain subgroups of abelian 
groups. Preliminary report. 

(A) If S is any subgroup of a finite, ^-primary, abelian, additive group G satisfying 
paG^S^pa+1Gt then there exists a decomposition of G into the direct sum of cyclic 
subgroups Gi such that S is the direct sum of the subgroups SC\Gi. The proof is ob­
tained by the proof of (A) when a =0 by induction on the order of G, followed by an 
induction on a. If K/k is an abelian extension, application of (A) via the Galois The­
ory yields new results concerning factorizations over k of certain intermediate fields 
of K/k. In the remainder, M always denotes a module over a discrete valuation ring 
R with unique prime p. A direct calculation shows: (B) If 5 is any submodule of M 
obeying (1) paM^S^pa+1Mt then 5 is regular (in the sense of Vilenkin, i.e., 
pn+kSr^ pkM—pn(Sr>\ p^M), for any », k). A characterization of regularity in Exer­
cise 78(b) in Kaplansky's "Infinite abelian groups, " produces a kind of generalization 
of (A): (C) If M has bounded order, and if S is any submodule of M satisfying (1), 
then there exists a basis {#»} of M such that {rt#t-} is a basis for S, for suitable r» in 
R (also see Ex. 79, loc. cit., in this connection). (Received November 13, 1956.) 

164. Walter Feit: Integral representations of finite groups. 

Let A be the group algebra of a finite group G of order g over the field K of gth 
roots of unity. Let 5 be a set of prime ideals in K, D the ring of elements in K which 
are local integers at each prime in 5, and let R be the D module whose basis consists 
of the elements of G. Corresponding to the decomposition of R into a direct sum of 
indecomposable left ideals (Bull. Amer. Math. Soc. Abstract 63-1-4) there is a 
decomposition of A into a direct sum of left ideals, each summand of A corresponds to 
representation U of G with trace $. It is shown that each <£ is a character of G which 
vanishes for all 5-singular elements, i.e. elements which are ^-singular for some p 
which has a divisor in S. The number of <ï>'s equals the number of 5-regular classes of 
G. If 5 consists of only one prime ideal p, then the $'s are the principal indecomposable 
characters of G mod p. The dual basis of the $>'s corresponds to the irreducible char­
acters mod p. Various relationships involving generalized Cartan invariants and de­
composition numbers are obtained. (Received October 24, 1956.) 

165. J. K. Goldhaber: The nonexistence of certain finite projective 
planes possessing a polarity. 

Using results of R. Baer {Polarities in finite projective planes, Bull. Amer. Math. 
Soc. vol. 52 (1946) pp. 77-93) concerning the absolute points of a polarity, a canonical 
form for the incidence matrix of a projective plane possessing a polarity and having 
an odd number of points on a line is derived. On the basis of this canonical form and 
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with the aid of the method of R. H. Bruck and H.J. Ryser {The nonexistence of certain 
finite projective planes, Canadian J. Math. vol. 1 (1949) pp. 88-93) the following theo­
rem is proved: If » = 0 (mod 4) and if a prime of the form 4^+3 divides the squarefree 
part of n then a projective plane which possesses a polarity and which has w+l 
points on a line does not exist. (Received October 24, 1956.) 

166. Juris Hartmanis: A note on the lattice of geometries. 

It has been shown (Proc. Amer. Math. Soc. vol. 7 (1956) pp. 571-577) that every 
finite lattice can be embedded in the lattice of all geometries on a finite set. Since the 
corresponding problem for partition lattices is still an unsolved problem, the common 
properties of these lattices are investigated, (cf. ORE, Duke Math. J. vol. 9 (1942) 
pp. 573-627). It is shown that they are complemented, have only trivial homomor-
phisms and that the group of automorphisms is a symmetric group. Finally, it is 
noted that the quotient lattices of the partition lattices are isomorphic to direct prod­
ucts of partition lattices. The corresponding result does not hold for the lattice of 
geometries. (Received November 9, 1956.) 

167. Edwin Hewitt (p) and H. S. Zuckerman: The irreducible repre­
sentations of a semigroup related to the symmetric group. 

Let Xn be the semigroup of all single-valued mappings of a set consisting of n e\e" 
ments into or onto itself: for/, # £ £„, fg{x)—f{g{x)). An explicit method is given 
for computing all irreducible representations of %n by semigroups of complex matrices. 
There are several steps. Let 53p== {ƒ:ƒ£ Xnf range of ƒ contains just p elements} 
(/> = 1, 2, • • • , «). For every irreducible representation Mof %n ,there is a p such that 
M(f)=0 for ƒ G Ujj/SB,- and {-&/*(ƒ) }/£58p is irreducible. Every M is completely 
determined by its values on 93p. Every irreducible representation of SQP\J {z} (this 
is 33p with a zero added to make it a semigroup) can be extended to a representation 
of £». The irreducible representations of 53PW {z} are computed explicitly in terms 
of the irreducible representations of the symmetric group ©p. (Received October 22, 
1956.) 

168/. J. H. Hodges: Weighted partitions f or hermitian matrices over 
a finite field. 

Let q=p\ q odd, and suppose that 0 £ GF{q2)t 0
2 = i>£ GF{q), but 0(£ GF{q). 

Then a = c + ^ G GF{q2) if a, ô(E GF{q). â=a-bd is called the conjugate of a. If 
A = (a»y) is a square matrix, an £ GF{q2), let A *=Â' = {an)' where the prime denotes 
transpose. Then A is said to be hermitian if and only if A*—A. For a £ GF{q)f let 
e{a)=e2TitWp where t{a)=a+a*>+ • • • +a»n~l. If 4 «(a»-,-), «»-,•£ GF{q2) is hermi­
tian, then flr(a)=a^io«, the trace of A, is a number of GF{q). Consider the sum 
5 = 5 ( 5 , X, A) = J2e{*(X*U+U*X)}, where B, X, A and U are matrices over 
GF{q2), A is hermitian and nonsingular of order m, B is hermitian of order /, X and U 
are mXt and the sum is over all U satisfying U*A U—B. If X=0, S is the number of 
solutions U of U*AU=B which is given in Representations by hermitian forms in a 
finite field (L. Carlitz and J. H. Hodges, Duke Math. J. vol. 22 (1955) pp. 393-405). 
In the present paper it is shown that S can be expressed in terms of certain Klooster­
man sums defined for hermitian matrices over GF{q2). A number of the properties of 
these Kloosterman sums are also given. The analogous sums for symmetric, skew, and 
general square matrices over GF{q) have been considered previously by the author. 
(Received November 13, 1956.) 
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169. D. R. Hughes: Generalized incidence matrices over group 
algebras. 

Let T be a (v, k, X) configuration, ® a collineation group of w, and let Cfc be the 
group algebra of <$ over an appropriate field F (e.g., F can be any field of character­
istic zero). Then there exist diagonal matrices G, C2 with entries from F, and (square) 
matrices D, B\, B2 with entries from Cfc, such that DCiD*=Bi, D^C^D^B^ where 
D* is the conjugate transpose of D. In the cases of interest (e.g., © has prime order), 
the Bi and Ct- are completely known. These matrix equations imply the author's 
earlier results on generalized incidence matrices with rational entries, but also yield 
new results, such as: if T is a projective plane of order » = 2 (mod 4), »?^2, then *• 
possesses no collineations of even order. (Received October 19, 1956.) 

170. R. E. Johnson: Rings with unique addition, 

A ring R is said to have unique addition if every multiplicative mapping of R 
onto a ring 5 is also additive. Rickart has shown (Bull. Amer. Math. Soc. vol. 54 
(1948) pp. 758-764) that a semi-simple ring R satisfying certain minimum conditions 
has unique addition. The present paper extends Rickart's results to rings with zero 
singular ideal (Proc. Amer. Math. Soc. vol. 2 (1951) p. 894). (Received November 5, 
1956.) 

171. C. W. Kohls: Ideals in rings of continuous functions. I I I . 

Let C(X) be the ring of all continuous real functions on a completely regular Haus-
dorfï space X; @X, the Stone-Cech compactification of X; vX, the largest subspace of 
PX over which all ƒ C(X) can be extended; # * = { ƒ £ C(X):/=0 on some X-nbhd. 
of p\ ; and M,p = {ƒ £ C(X): the zero-set of ƒ meets every deleted nbhd. of p}, if p 
is a nonisolated point of X, = Mp otherwise. For any p £ @X, p is a /3F-point with 
respect to X if whenever ƒ £ C(X) is extendable to p and vanishes there, then ƒ ^ 0 
or ƒ ̂ 0 on some X-nbhd. of p. (1) If P is any prime ideal of C(X), then C(X)/P is an 
ordered integral domain containing the reals. Let p € : &X be the unique point such 
that P 2 Np. Then C(X)/P has infinitely large elements iff pQ vX. (2) Let p be a 
£F-point. Then for each pair of subsets D, D' of C(X)/NP of order type w, w* resp., 
with D <D\ there is an element 5 G C(X)/N* such that D < Ô <D'. The ring C(X)/N* 
has no countable cofinal subset iff p ë£ vX. (3) An example is given of a space X and 
a jff-F-point ƒ>£ fiX—vX such that the positive subset of C(X)/N* has countable 
coinitial subset. (This corrects an assertion of Bull. Amer. Math. Soc. Abstract 
62-6-622.) (4) Let / > £ l b e a /Si^-point. Then every proper open subinterval of 
C(X)/M'* is an 171-set iff M'*-£M*. (Received December 10, 1956.) 

172/. C. W. Kohls: Ideals in rings of continuous functions. IV. 

For any p £ i &X, p is a F-point if C(X)/N* is a valuation ring (see previous ab­
stract for terminology) ; equivalently, if every finitely generated ideal of C(X) con­
taining Np is principal. If p is a F-point it is a /SF-point. Several sufficient conditions 
that a j3.F-point be a F-point have been obtained; whether every /3.F-point is a V-
point is undetermined. Let p be a F-point which is not a P-point. For each a Ç: Mp/Np, 
a>0, we call 0*=* {ôG C(X)/Np: \b\ ^ar for some real r>0} an upper ideal, and 
(?a= {bG C(X)/N*: \b\ <ar for all real r>0} a lower ideal. (1) Q* and (?a are prime 
ideals. (2) A prime ideal / of C(X)/Np has an immediate successor J under set inclu­
sion iff for some a G Mp/N*t we have I^Qa and /«Q*. (3) If Q ° £ Q&, there exists 
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cG C{X)/N* such tha t Q°Q QeQ 0eQ Qb. (4) Let I be an ideal of C(X) such tha t 
I/N* is a lower ideal. Then neither J nor I/N* is countably generated. (5) We call 
an ideal J a 3-ideal if whenever ƒ and g have the same zero-sets and g G I , then 
ƒ G 2". If / is a 3-ideal containing N*, then I/N* is not a lower ideal, nor an upper 
ideal if Ir^N*. (6) There are uncountably many prime ideals in C(X)/Np. (7) Given 
a G Mp/N*, a > 0 , for each b G Q°—Ô», we have b^ha* or a*=*hb for some real s > 0 
and A G C(X)/N*-Q>. (Received December 10, 1956.) 

173/. Georg Kreisel: Hypotheses on algebraically closed extensions. 

Let P(ah • • - tp) [P(a, Xt t )] be a formula built up of 
the field operations and the variables indicated, with the property : in the (commuta­
tive) field considered, (a) if (r) [P(û, r, <t>M) V • • • VPfa Xt 4>{k))] for algebraic func­
tions <f>f, then (b) (î)P(a, r, T) for suitable polynomials T»(ai, • • • , ami Xi, • • • , xn). 
Suppose H is a hypothesis formulated in the first-order predicate calculus from which 
(r)(2£t)P(û, Xt t) follows by (a necessarily finite subset of) the axioms for algebraically 
closed fields (ACF); then (b), where the construction of r is effective provided the 
step from (a) to (b) is effective.—By ACF, H<r->H0t Ho quantifier-free (Tarski), where 
the axioms (22s) OB*+ci*n-f* • • • + c » = 0 ) are replaced by pn

n-\-C\pn
n~

l-\- • • • +c« = 0, 
Pn(ci, - • ' , cn) being new function symbols (for algebraic functions). By Hubert 's 
first «-theorem, if (r)(Et)P(û, r, t) by (quantifier-free) ACF and HQ, then P(a, Xt 
^ ( 1 ) )V • • * VP(û, r, ^ ( fc )), where the ^ are made up of the field operations and 
pit - • • , PN' apply the assumption on P.—Example. For P take 1 =fc/i-f- • • • +tpfp 

where ƒ» is the general polynomial in n variables of degree d with coefficients among 
the a; for H take (xi) • • • (#»)(/i7*0V • # * V/pS^O) (meaning that in some, hence 
every, AC extension of the field generated by ai, • • • , Om, t h e / d o not have a common 
zero). Then the conditions on P apply, yielding Hubert 's Nullstellensatz with a 
primitive recursive bound in n, p , and d for the degrees of r», independent of the field 
of coefficients. (Received November 13, 1956.) 

174. Georg Kreisel: Hubert's 17th problem. I. 
Let ƒ {ax, • • • , Omt Xit ' • • t #n) be the general rational function (with numerator 

and denominator) of degree dinn variables, with coefficients a in a real commutative 
field P in which every positive element is the sum of ^r squares. There are rational 
functions g%{fl\t • • • t Gnu Xif • • * , Xnt v i , • • • , bq), i^\(n, d, r), of degree ^X(w, d, r) 
in the variables shown, with the following property: i f / < 0 in some real closed exten­
sion of the field generated by a\, • • • , dm, then there are bi, • • • , bq in this field 
such that ƒ = }£} g], X primitive recursive (and independent of P). This strengthens 
Robinson's result [Math. Ann. vol. 130 (1955) pp. 257-271] where P was assumed 
to be real closed and X was shown to be general recursive.—ƒ < 0 , i.e. (xi) • • • (#») 
• {Et){f=t2)<r*{Ebi) • • • (Ebq)Ho(ah • • • ,am , bh • • -, bq), H0 quantifier-free, for real-
closed fields, i.e. from (i) field axioms, (ii) (ui) • • • (uk){u\+u\+ • • • + ^ + 1 ^ 0 ) , 
k depending on n, d, and r, (iii) (x)(Ey)(x=yh—x***y2) and (iv) (vi) • • • fen+i) 
- (Ewn)(w

2
H

n+1+viw2
n

n+ • • • -\-V2n+i— 0). (iii) and (iv) are made quantifier-free by 
replacing y by $-(*), w» by f„(»i, • • • , i*„+i). Since (*i) • • • (xn)(Eh) • • • (Etk) 
• (ƒ— *J+ • • • + t2

k) follows from (i), (iii) and the negation of (ii), it follows from 
(i), (iii), (iv) and HQ. By Hubert 's first «-theorem, as in the preceding abstract, 
(*)ƒ=• S*-i #*i V • • • Vf — S L i 4>Ni*wltn $ composed of the field operations, $* and 
fn. ( * ) can be contracted to ƒ =» 2^ **» a n d T and f» eliminated. (Received November 
13, 1956.) 
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175*. Georg Kreisel: Hubert's 17th problem. II. 
A simpler construction of <f> and X (of the preceding abstract) is obtained by apply­

ing the methods of JSL 16 (1951) 241-267, to Artin's solution of Hubert's problem 
[Abh. Math. Seminars Hamburg Univ. vol. 5 (1927) pp. 100-115]. A rough calcula­
tion shows that X(2, d, r) is of order v(7, d) where v(0, n) =w, »(w-f-l, n) = 2D(m'*>.—ƒ 
and its Sturm chain ƒ<*> are formally factorized into (at most) quadratic factors, 
ƒ<*>«#*>(**, • • • , *n)II[(*i-«(fc))2+/5ifc)] i n a n extension of P by terms built up of 
f and fp. Elementary arguments show that either ƒ or — 1 can be represented as 
(different) sums of squares in each set of extensions of the following form: (±&(*>)1/2; 
( ± 0 1 / 2 and» for each adjunction of (-p™)1», (-/Sf)1 '2, { ± [(a? ±(-pi;))Ui) 
- ( a* ) ±( -0? ) ) 1 / , ) ]} 1 / 1 (all possible orderings of the "real" zeros of ƒ<*>). These ad­
junctions can now be eliminated, as in I. Sample: Suppose s1/2 and (— s)1/2 are both 
adjoined (separately, cf. t in I), - 1 = ^(an+bns

ll2)\ and - 1 = Efc«-H*»-(*)1/2)2î 
(i) if (N), i.e. I>n&„^0 or X>,À*0 , either - 1 - E k - 2 - ^ . ( 1 + E « ü + * E < ) 
• ( E ^ n ) " 1 ] 2 or - l = E k - 2 - 1 J „ ( l + E ^ ~ ^ < ) ( E ^ n ) - 1 ] where, without 
loss of generality, a-1=(X->a=0, (ii) if not N, and E&«+ E ^ ^ ° ( ^ ) » t n e n — * 
« ( E ^ E ^ + E ^ E O C E ^ + EO"1, (Hi) if not Nand not Z, then E&J-Oand 

-1 = E 4 or E^^O and -l-CEOCÊO"1- S i n c e ~1 = = s a o r - 1 = = 0 i m P I i e s 

— l=a-\-b+ab, cases (i)-(iii) can be recombined. The elimination of ?j,(ai, • • • , 
«2p+i) proceeds similarly by cases, according to all possible occurrences of simple and 
multiple factors of x2P+1+aix2^+ • • • -f-c^+i. (Received November 13, 1956.) 

176. J. B. Kruskal: Group invariants and the free calculus. 
Suppose G is a group given by a presentation (xi, • • • , x„/ri, • • • , rm). Let X be 

the free group on the x's, let R be the consequence of the r's, and let <£: X—^X/R^G 
be the natural map, so the sequence 1—>R-*X-*G—>1 is exact. Let JG be the integral 
group ring, let o: JG-+J be the coefficient-sum homomorphism, and let ©, called the 
fundamental ideal, be the kernel of o. As shown by R. H. Fox, partly in The free 
differential calculus I and II. Ann. of Math. 1953 and 1954, the "Jacobian matrix" 
<Ê|| A'r*|| (where Dj indicates differentiation with respect to Xj) is a relation matrix for 
©, considered as a left-module over JGt so the equivalence class of this matrix is an 
an invariant of G. As the relation matrices (or rather, the associated equivalence 
classes) of the powers ©* are also invariants of G, it is of interest to be able to compute 
them. With the aid of the operator vectors V = (I>i, • • • ,Dn), V2 = (AA,ADi , • • • , 
DnDn), etc., a specific, computable relation matrix for ®* has been determined. It is 
not yet clear how useful these invariants will be. (Received November 16, 1956.) 

177. H. T. LaBorde: Bounds for the real parts of the characteristic 
roots of a matrix. 

In the Journal of Research of the National Bureau of Standards, vol. 48 (1952) 
P. Stein published a note giving bounds for the real parts of the characteristic roots 
of a matrix. Two theorems give these bounds in terms of an arbitrary set of positive 
constants. Though the method is trivial, it will, by judicious selection of values for 
the arbitrary constants in terms of the elements of the original matrix, give expressions 
for bounds which are easily obtained and which give better approximations than other 
existing theorems in many cases. These results can be strengthened so as to be ap­
plicable to a larger class of matrices and so as to give refinements of these bounds. 
This is done in the following theorem: Let A = (a„) be an arbitrary square matrix of 
order n, M the maximum real part and m the minimum real part of the characteristic 


