


Calendar 

This Calendar lists all of the meetings which have been approved by the Council up to the date this issue 
of the c}/ofiui) was sent to press. The summer and annual meetings are joint meetings of the Mathematical 
Association of America and the American Mathematical Society. The meeting dates which fall rather far 
in the future are subject to change; this is particularly true of meetings to which no numbers have yet been 
assigned. 

Abstracts should be submitted on special forms which are available in most departments of mathematics; 
forms can also be obtained by writing to the headquarters of the Society. Abstracts to be presented at the 
meeting in perBQn must be received at the headquarters of the Society in Providence, Rhode Island, on or 
before the deadline for the meeting. 

Meeting Deadline for Abstracts* 
Number Date Place and News Items 

721 March 20-21, 1975 Mobile, Alabama Jan. 28, 1975 

722 March 23-26, 1975 New York, New York Jan. 28, 1975 

723 April 11-12, 1975 St. Louis, Missouri Feb. 18, 1975 

724 April 19, 1975 Monterey, California Feb. 18, 1975 

725 June 20-21, 1975 Pullman, Washington Apr. 29, 1975 

726 August 18-22, 1975 Kalamazoo, Michigan June 17, 1975 
(79th Summer Meeting) 

727 October 25, 1975 Cambridge, Massachusetts 

728 November 1, 1975 Chicago, illinois 

729 November 7-8, 1975 Blacksburg, Virginia 

730 November 15, 1975 Los Angeles, California 

731 January 22-26, 1976 San Antonio, Texas 
(82nd Annual Meeting) 

April 23-24, 1976 Reno, Nevada 

June 18-19, 1976 Portland, Oregon 

November 26-27, 1976 Albuquerque, New Mexico 

*Deadline for abstracts not presented at a meeting (by title). February 1975 issue: January 21 
April 1975 issue: February 11 

January 29-30, 1975 

January 31, 1975 

OTHER EVENTS 

Symposium on Some Mathematical Questions in Biology 
New York, New York 

Symposium on Theory vs. Practice in the Finite Element Method 
New York, New York -
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The Eighty-First Annual Meeting 
Shoreham Hotel 

Washington, D. C. 
January 21-26,1975 

SHORT COURSE ON MATHEMATICS IN OPERATIONS RESEARCH,January2land22 

On the recommendation of its Committee on 
Employment and Educational Policy, the Ameri
can Mathematical Society will present a one and 
one-half day Short Course on Mathematics in 
Operations Research on Tuesday and Wednesday, 
January 21 and 22, in the Palladian Room of the 
Shoreham Hotel. The course is designed to iden
tify opportunities for mathematicians in opera
tions research, both in employment and in intel
lectual content; to give substantial introductions 
to several of the important areas of operations 
research; and to introduce some of the mathe
matically challenging aspects of the subject. This 
short course, which is open to all who wish to 
participate, will be similar in format to the short 
courses given at the 1973 summer meeting in 
Missoula and the annual meeting in San Francisco 
last January. 

The program is under the direction of 
Dr. Alan J. Goldman, National Bureau of Stan
dards.· The current members of the AMS Com
mittee on Employment and Educational Policy 
are Michael Artin, Charles W. Curtis, Wendell 

H. Fleming (chairman), Calvin C. Moore, Mar
tha K. Smith, and Daniel H. Wagner. 

The program will consist of lectures by the 
following six distinguished mathematical scien
tists: Dr; Ralph E. Gomory, Vice President and 
Director of Research, IBM Corporation, "stock 
cutting and its ramifications: Mathematical op
erations research in industry"; Dr. Carl M. 
Harris, Program Director, RMC Research Cor
poration (Professor on leave from George Wash
ington University), "Queueing theory and applica
tions: Some mathematical frontiers"; Professor 
Frank Proschan, Florida State University, 
"Mathematical theory of reliability, with appli
cations"; Dr. Gordon Raisbeck, Vice President 
(and Head of Physical Systems Research), 
Arthur D. Little, Inc., "Mathematicians in the 
practice of operations research"; Professor 
Arthur F. Veinott, Jr., stanford University, 
"Lattice programming and inventory theory"; 
and Dr. Christoph Witzgall, Senior Mathemati
cian, National Bureau of standards, "Linear 
programming and flows in networks". 

ANNUAL MEETING, January 23-26 

The eighty-first annual meeting of the 
American Mathematical Society will be held at 
the Shoreham Hotel in Washington, D. C. , from 
Thursday, January 23, through Sunday, Janu
ary 26, 1975. The meeting will be held in con
junction with the annual meeting of the Associa
tion for Symbolic Logic (January 23-24) and the 
annual meeting of the Mathematical Association 
of America (January 25-27). The National Coun
cil of Teachers of Mathematics will meet jointly 
with MAA on Saturday and Sunday, January 25 
and 26. The Association for Women in Mathe
matics will hold a session on Friday, January 24 
at 10:00 a.m. The Conference Board of the 
Mathematical Sciences will present a panel dis
cussion on "Wide ranging applications of statis
tics" at 2:00p.m. on Saturday, January 25. 
There will be a panel discussion sponsored by 
the AMS-MAA Committee on the Training of 
Graduate Students to Teach, on Sunday evening, 
January 26, at 8:00p.m. 

Professor Henry L. Alder will retire at the 
end of January 1975 as Secretary of the Associa
tion following fifteen years of service in this 
position. A luncheon will be held in his honor on 
Saturday, January 25, at 12:00 noon. Tickets 
will be on sale in the registration area at the 
meeting. 

The AMS Committee on Employment and 
Educational Policy is planning a panel discus
sion on Friday evening, January 24, at 8:30p.m. 
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Professor Martha K. Smith of the University of 
Texas, Austin, will serve as moderator; the topic to 
be discussed is "Seeking employment outside aca
demia: Views from some who have recently suc
ceeded. "The members of the panel are: Steve 
Bravy, JohnMatherne, andMichaelWeiss. 

There will be a discussion of public science 
policyonSaturday,January 25, at 8:30p.m. This 
subject and the speakers were selected by a Society 
committee appointed by the Executive Committee 
and Board of Trustees. The committee members 
areR.H. Bing (chairman), PaulHalmos, andA. H. 
Taub. The Director ofthe Office of Technology As
sessment, Emilio Q. Daddario, and H. Guyford 
stever, Director of the National Science Foundation, 
will be the speakers. The titles of their talks will be 
"The role of OTA in shaping public science policy" 
and" Basic research in a problem plagued world," 
respectively. 

There will be one set of Colloquium Lec
tures which will consist of four one-hour talks. 
Professor H. Jerome Keisler of the University 
of Wisconsin, Madison will present these lec
tures; the title of these talks will be "New di
rections in model theory. " 

The Josiah Willard Gibbs Lecture will be 
presented by Professor Fritz John of the Cour
ant Institute of Mathematical Sciences, New 
York University, on Thursday, January 23, 
1975, at 8:30p.m. in the Regency Ballroom. 
He will speak on "A priori estimates, geometric 



effects, and asymptotic behavior." 
The Retiring Presidential Address will be 

given at 2:15 p, m. on Friday, January 24, by 
Professor Saunders Mac Lane of the University 
of Chicago, The title of his lecture will be "To
pology and logic as sources of algebraic ideas. " 

The Frank Nelson Cole Prize in Algebra 
and the 1974 Steele Prizes will be awarded at a 
session at 3:15p.m. on Friday, January 24. 

By invitation of the Committee to Select 
Hour Speakers for Annual and Summer Meetings, 
there will be eight hour addresses. They will be 
given by Professor Donald W. Anderson, Uni
versity of California, San Diego; Professor 
Donald L, Burkholder, University of lllinois, 
Urbana-Champaign; Professor Sigurdur Helgason, 
Massachusetts Institute of Technology; Professor 
Linda Keen, Graduate School and University Cen
ter, City University of New York; Prof~ssor 
Haskell P. Rosenthal, University of lllinois, 
Urbana-Champaign; Professor Rainer Sachs, 
University of California, Berkeley; Professor 
Wilfried Schmid, Columbia University; and Pro
fessor Nolan R. Wallach, Rutgers University. 
The titles and times of these lectures can be 
found in the Timetable which follows this an
nouncement. 

There will be sixty-four sessions of con
tributed ten-minute papers. No provision will be 
made for late papers. 

SPECIAL SESSIONS 

Many special sessions of selected papers 
of varying lengths will be held. The subjects of 
these special sessions and the names of the 
mathematicians arranging them are as follows: 
Operator Theory, Professor William B. Arveson, 
University of California, Berkeley; Topological 
Dynamics, Professors Joseph Auslander and 
Nelson G, Markley, University of Maryland; 
Probabilistic Analysis, Professor A. T, 
Bharucha-Reid, Wayne State University; Set
theoretic and Combinatorial Methods in Topology, 
Professor W. Wistar Comfort, Wesleyan Uni
versity; Hyperbolic Conservation Laws, Pro
fessor Constantine M. Dafermos, Brown Uni
versity; Expository Session on Some Directions 
of Current Progress in Commutative Algebra, 
Professor David Eisenbud, Brandeis University; 
Singular Cauchy Problems, Professor Bernard A. 
Fusaro, Salisbury State College; Interpolation of 
Operators and Applications, Professors John E. 
Gilbert and George G. Lorentz, University of 
Texas, Austin; Analytic Number Theory, Pro
fessor Emil Grosswald, Temple University; 
Advances in Graph Theory, Professor Frank 
Harary, University of Michigan; Interrelations 
between Computation and Number Theory,. Dr. 
Morris Newman, National Bureau of Standards; 
Structure and Representations of Lie Algebras 
over General Fields, Professor George B. 
Seligman, Yale University; Fourier Integral 
Operators, Professor Franyois Treves, Rutgers 
University; and Mathematics and Games, Profes
sor Stanislaw M. Ulam, University of Colorado. 

There will be two informal special sessions: 
Professor Ruth Bari, George Washington Uni
versity, Color theory; Professor James D. Stas
heff, Temple University, Finite H-spaces. 
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COUNCIL AND BUSINESS MEETING 

The Council will meet on Wednesday, Jan
uary 22, at 2:00 p.m. in the Diplomat Room of 
the Shoreham Hotel. Most of the meeting is open 
to members of the Society as observers. The 
agenda will be posted. The Diplomat Room is lo
cated on the lower lobby level of the hotel. 

The Business Meeting will be held on Fri
day, January 24, at 4:30p.m. in the Regency 
Ballroom of the Shoreham Hotel which is located 
one level below the Diplomat Room. The Secre
tary notes the following resolution of the Council. 
Each person who attends a Business Meeting of 
the Society shall be willing and able to identify 
himself as a member of the Society. In further 
explanation, it is noted that "each person who is 
to vote at a meeting is thereby identifying him
self as and claiming to be a member of the 
American Mathematical Society. " 

MEETING REGISTRATION 

Operations Research short course partici
pants may register at the desk in the upper lobby 
level which is located directly adjacent to the 
main lobby of the Shoreham. The desk will be 
open from 11:00 a.m. to 3:00 p.m. on Tuesday, 
January 21, and from 8:30 a.m. to 1:00 p.m. 
on Wednesday, January 22. 

The registration desk for the joint meeting 
will be in the same location. The desk will be 
open from 2:00p.m. to 8:00p.m. on Wednesday, 
January 22; from 8:00a.m. to 5:00p.m. on 
Thursday, January 23; from 8:00a.m. to 4:00 
p.m. on Friday through Sunday, January 24-26; 
and from 8:30a.m. to 2:30p.m. on Monday, 
January 27. 

Please note that separate registration is 
required for the short course and the joint meet
ings. Registration fees for the meetings are as 
follows: 

Operations Research 
Short Course 

All participants 

Joint Mathematics Meetings 

At meeting 

$12 

Member 12 
Student or unemployed member 2 
Nonmember 20 
One-day fee (Monday, January 27 only) $4 

There will be no extra charge for members 
of the families of registered participants. 

The unemployed status refers to any mem
ber currently unemployed and actively seeking 
employment. It is not intended to include mem
bers who have voluntarily resigned or retired 
from their latest position. 

Students are considered to be only those 
currently working toward a degree who do not 
receive an annual compensation totaling more 
than $7, 000 from employment, fellowships, 
and scholarships. 

A fifty percent refund of the preregistra
tion fee will be reimbursed for all cancellations 
received prior to January 21. There will be no 
refunds granted for cancellations received after 



that date or to persons who do not attend the 
meetings. 

EMPLOYMENT REGISTER 

The Mathematical Sciences Employment 
Register will be maintained from 9:00 a.m. to 
4:00 p.m. on Friday, January 24, with inter
views scheduled from 9:00 a.m. to 5:40p.m. 
on Saturday, Sunday, and Monday, January 25-27. 
The addition of a third day of interviews contin
ues a previously adopted procedure recommended 
by the Joint Committee on Employment Oppor
tunities in an attempt to expand the interview 
schedule and to eliminate the necessity for eve
ning interviews. The Register will be located in 
the Empire Room of the Shoreham Hotel which is 
adjacent to the lower lobby reception area. 

A short meeting of persons planning to 
participate in the Employment Register has been 
called by the committee for Thursday, January 
23, at 4:30p.m. in The Forum of the Shoreham 
Hotel. The purpose of this meeting is to explain 
Register procedures and the various printed 
forms which are used. Both applicants and em
ployers are urged to attend the session in order 
to become familiar with the details in advance. 
An informal question and answer session will 
follow the meeting. This orientation session is 
designed to increase the efficiency of the Regis
ter and make it run more smoothly. 

EXHIBITS 

The book and educational media exhibits 
will be displayed in the Ambassador Room of the 
Shoreham from Thursday through Sunday, Janu
ary 23-26. The exhibits will be displayed from 
noon to 5:00p.m. on Thursday; from 9:00 a.m. 
to 5:00 p.m. on Friday, Saturday, and Sunday. 
All participants are encouraged to visit the ex
hibits during the meeting. The Ambassador Room 
is located adjacent to the Regency Ballroom. 

BOOKS AND AUDIO TAPES SALE 

Books published by the Society and the As
sociation and audio tapes of invited addresses 
will be sold for cash prices somewhat below the 
usual prices when these same books and tapes 
are sold by mail. 

ACCOMMODATIONS 

The deadline for making reservations for 
accommodations was December 20, 1974. Those 
who have not yet made reservations are advised 
to try to get reservations by writing directly to a 
hotel. The Washington Convention & Visitors 
Bureau may be able to place some applicants. A 
reservation form will be found on the last page 
of the November c}/oticei). This should be sent to 
the Washington Convention & Visitors Bureau, 
1129 Twentieth Street, N.W., Washington, D.C. 
20036, although at this late date no guarantee 
can be made that requests will be filled. 

BARBIZON TERRACE 
Singles 
Twins 
Extra person in room 

$16 
18 
4.50 

BRIGHTON HOTEL 
Singles $12 
Doubles or twins 16 
Suites 24 
Extra person in room 4 

SHERATON -PARK 
Singles 
Doubles or twins 

*Triples 
Suites 
Extra person in room 

SHOREHAM HOTEL 
Singles 
Doubles or twins 

*Triples 
Suites 
Extra person in room 

WASHINGTON HILTON 
Singles 
Doubles or twins 

*Triples 

YMCA 
Singles or twins 

$22,24,26,28,30 
26,28,30,32,34 
27 
75 and up 
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$20,21,22,24,26,28 
26,27,28,30,32 
27 
60,70,80,90 
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$23,25,27 
28,30,32 
33 

$ 5. 25 

N. B. Space was available to accommodate only 
35 male and 15 female participants; reservations 
were accepted on a first-come first-served basis 
and processed by the Housing Bureau in Provi
dence. No further reservations can be accepted 
at this late date. 

YWCA (Strong Residence) 
101117th Street, N. W. 
Washington, D. C. 20036 

Strong Residence (for women only) has 
limited accommodations. YWCA will not quote 
rates for 1975 until the latter part of November. 
Singles are currently $8. Reservations will be 
taken by mail starting in December; write di
rectly. 

It should be noted that all rooms in the 
Shoreham Hotel have two beds. Participants, 
who are able to do so, are urged to share a 
room whenever possible. This procedure will be 
economically beneficial. For instance, two par
ticipants sharing a double or twin room will each 
pay only $13, $13.50, $14, $15, or $16 (depend
ing on category of room) daily as compared with 
the single room rates of $20, $21, $22, $24, 
$26, and $28. 

The Shoreham Hotel has two dining rooms: 
The International Snack Bar (a coffee shop) which 
is open daily from 7:00a.m. to 11:00 p.m.; and 
The Greenery (a more formal restaurant serving 
liquor) which is open for breakfast, lunch, and 
dinner from 7:00a.m. to 11:00 p.m. every day. 

NATIONAL SCIENCE FOUNDATION 

NSF staff members will be available to 
provide counsel and information on NSF pro
grams of interest to mathematicians from 9:00 
a.m. to 5:00p.m. on January 24, 25, and 26, 
in the Committee Room. This room is located 
on the main lobby level of the Shoreham Hotel. 

*The triples were reserved for students and unemployed members; see special reservation form on 
penultimate page of November 1974 c}/oticei) for criteria governing eligibility for these rooms. 
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IIl = Shoreham Hotel 

~ = Sheraton-Park Hotel 

ll1 = Barbizon Terrace 

@1 = Brighton Hotel 
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~ = Washington Hilton Hotel 

~ = Y.W.C.A. IT!= Y.M.C.A. 



ENTERTAJNMENT 

There will be a No-Host cocktail party on 
Saturday, January 25, from 5:00p.m. to 6:30 
p.m. in the Palladian Room. This will be the 
only major social function of the meeting, and 
everyone is invited to attend. 

Eighteen million people visit the nation's 
capitol each year. The "Top Ten Tourist Attrac
tions", according to the Washington Convention & 
Visitors Bureau, are listed below in no particu
lar order. The eleventh in this list is the most 
recent addition to the Smithsonian complex. 

(1) The U.S. Capitol. Capitol Hill at east 
end of the Mall. Visitor hours 9:00 a.m. to 4:30 
p.m.; guided tours leave from the upstairs ro
tunda daily every fifteen minutes from 9:00a.m. 
to 3:45p.m. The tour takes 45 minutes. The 
charge is 25¢ for adults; children are free. 

(2) The White House. 1600 Pennsylvania 
Avenue, N. W. Visitor hours 10:00 a.m. to 
noon Tuesday through Saturday. 

(3) Jefferson Memorial. South side of 
Tidal Basin. Visitor hours 8:00a.m. to mid
night. 

(4) !he ~ashingto~_Mo~men!, For 10¢ 
you can nde to the top in one minute. Visitor 
hours daily 9:00 a.m. to 5:00p.m. 

(5) The Lincoln Memorial. Open around the 
clock. Fifteen minnte tours are conducted at ran
dom daily by National Park service guides. 

(6) The John F. Kenned;L_Center for the 
PerformingArts-:-At Rock Creek Park and New 
Hampshire Avenue. The Center contains an 
Opera House, Concert Hall, Eisenhower Theater 
(for live drama), a Film Theater, an Exhibition 
Hall, and three restaurants. It is worth a sight
seeing trip even if you do not attend one of the 
performances. The building is open for tours 
from 10:00 a.m. to 5:00p.m. daily. 

(7) National Archives. 7th and 9th streets 
N. W. Open 9:00a.m. tolO:OO p.m. weekdays' 
and holidays; 1:00 p.m. to 10:00 p.m. on Sundays. 

(8) The National Gallery of Art. Offers 
general tours which convene in the rotunda at 
11:00 a.m., 3:00p.m., and 5:00p.m. Monday 
through Saturday, and at 5:00p.m. on Sunday. 
Special tours and concerts are also scheduled. 
The Gallery is open to visitors from 10:00 a.m. 
to 5:00p.m. Monday through Saturday, and from 
2:00p.m. to 10:00 p.m. on Sunday. 

(9) The Museum of History and Technology. 
One of the newest of the Smithsonian buildings 
14th and Constitution on the north side of the ' 
Mall. Visitor hours are 9:00 a.m. to 5:00 p.m. 
daily. 

(10) Museum of Arts and Industries. South
side of Mall, Independence at 9th st., S. W. Visi
tor hours 9:00 a.m. to 5:30p.m. daily. Apollo 
11, Spirit of St. Louis, Wright Brothers plane on 
display. 

(11) The Hirshhorn Museum. The Inaugural 
Exhibition of this Museum and Sculpture Garden, 
the newest of the Smithsonian buildings will con
tinue through the fall of 1975. Located ~t Inde
pendence Avenue at 8th Street, S. W., the building 
is adjacent to the Museum of Arts and Industries 
and is opened daily from 10:00 a.m. to 5:30 p. m: 
Admission is free. The museum has one of the 
most comprehensive collections of 20th Century 
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art and has been widely acclaimed since its 
opening in early October. 

Brochures on these and other attractions 
in the Washington, D.C. area will be available 
at the Information Desk. It is anticipated that 
several tours will be organized for registrants 
at the Mathematics Meetings. 

TRAVEL AND LOCAL INFORMATION 

The District of Columbia is served by two 
airports: Washington National (4 miles from 
city center) and Dulles International (26 miles 
from city center). Allegheny, American 
Braniff, Delta, Eastern, National North~est 
Piedmont, TWA and United Airlin~s provide ' 
service to Washington National. Several com
muter airlines (i.e., Altair, Pennsylvania, 
etc.) also operate service into National. Trans
fers are available at variable rates and limousine 
service at $2.50 is available from National Air
port.directly to the hotel. A third airport, namely, 
Baltrmore International, located 32 miles (50 
minntes) from the District can also be used. 
Limousine service is available at $3. 50. 

Dulles International Airport is served by 
American, Braniff, Delta, Eastern, Northwest, 
Ozark, Pan American, Piedmont, Southern, 
TWA, United, and Viasa Airlines, as well as 
Colgan Airway, a commuter line. Metered taxi 
servi~e to the hotel will cost approximately $20, 
plus f1fty cents for each additional passenger. 
Limousine-bus service for $3. 75 is available 
from Dulles to the Washington Hilton, not quite 
a mile south of the Shoreham. City buses 
(metrobus L2, L4, and L6) run on Connecticut 
A venue past the Washington Hilton and the Shore
ham. 

Amtrak service is available from many 
points to Union station. The high-speed Metro
liner runs between New York, Philadelphia and 
Washington. Metrobus numbers 96 and 98 go 
from Union station past the Shoreham. The fare 
anywhere within the city is 40¢ in exact change. 

From Exit 20 on the Capitol Beltway 
(Interstate 495) south to Calvert Street is approx
imately 8-1/2 miles. The Shoreham is located at 
2500 Calvert street, N. W., near Connecticut 
A venue. There is a parking garage within the 
hotel. The charge is $2. 50 for each 24-hour 
period; there is no extra charge for in/out ser
vice. Parking is available in this garage for 
commuters as well as hotel residents. 

WEATHER 

Washington weather in January varies from 
brisk to balmy (100 to 600) but rarely prevents 
travel. The average daily high is 440; the 
average daily low is 290 ; in January there are 
approximately eleven days with at least . 01 
inches of rain. Medium to heavy clothing is re
commended. 

MAIL AND MESSAGE CENTER 

All mail and telegrams for persons at
tending the meetings should be addressed in care 
of Mathematics Meetings, The Shoreham Hotel & 
Motor Inn, Calvert street and Connecticut Ave
nue, N. W., Washington, D. C. 20008. Mail and 
telegrams so addressed may be picked up at 



the Mail and Information Desk located at the 
registration area in the upper lobby of the hotel. 

Center. Members are advised to leave the fol
lowing number with anyone who might want to 
reach them at the meeting (202) 797-8356. A message center will be located in the 

same area to receive incoming calls for all 
members in attendance. Messages may be left 
for registrants during the hours the registration 
desk is open, cf. the section entitled MEETING 
REGISTRATION, above. Messages will be 

LOCAL ARRANGEMENTS COMMITTEE 

H. L. Alder (ex officio), Ruth A. Bari, 
James A. Donaldson, Irving I. Glick, Walter 
H. Gottschalk (ex officio), Hewitt Kenyon 
(chairman), James C. Owings, William Swyter, 
Choy-tak Taam, Juanita S. Tolson, and Gordon 
L. Walker (ex officio). 

taken down, and the name of any member for 
whom a message has been received will be posted 
until the message is picked up at the Message 

1:45 

2:00- 3:15 

3:45- 5:00P.M. 

9:00-10:15 

10:45-12:00 

2:00- 3:15 

3:45- 5:00 

PROGRAM OF THE SESSIONS 

SHORT COURSE ON MATHEMATICS IN OPERATIONS RESEARCH 

All Sessions in Palladian Room, Shoreham, Lower Lobby Level 

TUESDAY, 1:45 P.M. -5:00P.M. 

Introductory remarks Dr. ALAN J. GOLDMAN, National Bureau of Standards, 
Washington, D. c. 
Mathematicians in the practice of operations research. Dr. GORDON 
RAISBECK, Arthur D. Little, Incorporated, Cambridge, Massachusetts 

Linear programming and flows in networks. Dr. CHRISTOPH WITZGALL, 
National Bureau of Standards, Washington, D. C. 

WEDNESDAY, 9:00A.M. -5:00P.M. 

Stock cutting and its ramifications: Mathematical operations research in 
industry. Dr. RALPH E. GOMORY, IBM T.J. Watson Research Center, 
Yorktown Heights, New York 

Mathematical theory of reliability, with applications. Professor FRANK 
PROSCHAN, Florida State University 

Lattice programming and inventory theory. Professor ARTHUR F. VEINOTT, 
Jr. , Stanford University 

Queueing theory and applications: Some mathematical frontiers. Dr. CARL M. 
HARRIS, RMC Research Corporation, Bethesda, Maryland 

THE EIGHTY-FIRST ANNUAL MEETING 

The time limit for each contributed paper in the general 
sessions is ten minutes. In the special sessions the time 
varies from session to session and within sessions. To 
maintain the schedule, the time limits will be strictly 
enforced. 

THURSDAY, 8:30A.M. 

Special Session on Mathematics and Games I, Empire Room, Shoreham 
8:30- 8:50 (1) Introductory remarks. Professor STANISLAW ULAM, University of Colorado, 

8:50-10:00 (2) 

10:00-10:20 (3) 

10:20-11:00 (4) 

11:00-11:30 (5) 

(6) 

Boulder 

Combinatorial game theory. Mr. RICHARD K. GUY, University of Calgary 
(720-90-6) 

Borel determinacy. Professor DONALD A. MARTIN, Rockefeller University 
(720-02-17) (Introduced by Professor William Mitchell) 

Discrete theories of pursuit and evasion. Professor JAN MYCIELSKI, Uni
versity of Colorado (720-90-4) 

Theory of annihilation games. Preliminary report. Dr. AVIEZRI S. 
FRAENKEL*, and Mr. YAACOV YESHA, Weizmann Institute of Science, 
Israel (720-05-2) 

Withdrawn 

*For papers with more than one author, an asterisk follows the name of the author who plans to 

present the paper at the meeting. 
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THURSDAY, 8:45A.M. 

Session on Combinatorics, Dover Room, Sheraton-Park (Ground Level) 
8:45- 8:55 (7) Mathematical foundations of interconnected J-K flip-flops. Dr. VERA PLESS, 

9:00- 9:10 (8) 

9:15- 9:25 (9) 

9:30- 9:40 (10) 

9:45- 9:55 (11) 

10:00-10:10 (12) 

10:15-10:25 (13) 

10:30-10:40 (14) 

10:45-10:55 (15) 

11:00-11:10 (16) 

11:15-11:25 (17) 

Massachusetts Institute of Technology (720-05-11) 

The combinatorial topology of bordered Riemann surfaces. Professor GEORGE 
K. FRANCIS, University of Illinois (720-05-12) 

A partial Steiner triple system of order n can be embedded in a Steiner triple 
system of order 6n + 3. Professor CHARLES C. LINDNER, Auburn University, 
(720-05-20) 

Doubly incomparable s-systems. Professor MURRAY HOCHBERG, City Uni
versity of New York, Brooklyn College (720-05-21) 

Ramsey numbers for linear forests. RALPH FAUDREE*, and RICHARD 
SCHELP, Memphis State University (720-05-28) 

An enumeration problem in finite geometries. Preliminary report. Mr. GENE 
A. BERG, Colorado State University (720-05-29) 

A construction of combinatorial geometries. Dr. WILLIAM SPEARS*, and 
Dr. BARBARA JEFFCOTT, Kansas State University (720-05-38) 

Finite embedding theorems for partial pairwise balanced designs. Preliminary 
report. Mr. WILLIAM B. POUCHER, Auburn University (720-05-31) 

Finite nets of dimension d. Preliminary report. Ms. JEAN DUNBAR*, and 
Professor RENU LASKAR, Clemson University (720-05-40) 

Difference sets in 2-groups. Preliminary report. Dr. JOHN F. DILLON, 
Department of Defense, Fort George G. Meade, Maryland (720-05-42) 

Combinatorics and an algebra of divided powers. Preliminary report. Pro
fessor LADNOR GEISSINGER, University of North Carolina (720-05-44) 

THURSDAY, 8:45A.M. 

Session on Commutative Rings, Wilmington Room, Sheraton-Park (Ground Level) 
8:45- 8:55 (18) Splitting torsion theories over commutative rings. Professor JOHN 

FUELBERTH, University of Northern Colorado, Professor JAMES 
KUZMANOVICH, Wake Forest University, and Professor THOMAS SHORES*, 
University of Nebraska (720-13-3) 

9:00- 9:10 (19) 

9:15- 9:25 (20) 

9:30- 9:40 (21) 

9:45- 9:55 (22) 

10:00-10:10 (23) 

10:15-10:25 (24) 

10:30-10:40 (25) 

10:45-10:55 (26) 

11:00-11:10 (27) 

11:15-11:25 (28) 

11:30-11:40 (29) 

Entropy of ring endomorphisms. Preliminary report. Mr. MICHAEL 
SCHLOSSER, University of Kentucky (720-13-8) 

Chained rings. Preliminary report. Dr. PAUL A. FROESCHL III, Saint 
Mary's College (720-13-6) 

The maximal spectrum of a Noetherian ring. Preliminary report. Professor 
ROGER WIEGAND, and Professor SYLVIA WIEGAND*, University of 
Nebraska (720-13-9) 

Algebras which resemble symmetric algebras. Preliminary report. DAVID 
WRIGHT, Columbia University (720-13-11) 

Dimension functions on the prime spectrum. Professor ROGER WIEGAND, 
University of Nebraska (720-13-10) 

Concerning filtrations on commutative rings. Professor JOHN W. PETRO, 
Western Michigan University (720-13-15) 

Filtrations with finite power type on PrUfer domains. Preliminary report. 
Professor JOHN W. PETRO, and Professor M. EDWARD PETTIT, Jr.*, 
Western Michigan University (720-13-16) 

Topologically defined classes of going-down domains. Dr. I.J. PAPICK, 
Rutgers University (720-13-4) 

Integral domains which satisfy Gauss's lemma. Professor JIMMY T. ARNOLD, 
and Professor PHILIP B. SHELDON*, Virginia Polytechnic Institute and 
State University (720-13-13) 

Irreducible divisors in domains of finite character. Preliminary report. Pro
fessor ANNE GRAMS*, University of Tennessee at Nashville, and Professor 
HOYT WARNER, Vanderbilt University (720-13-17) 

Factorization of ideals into semiprime ideals in an almost Dedekind domain. 
Professor N.H. VAUGHAN*, North Texas State University, and Professor 
R. w. YEAGY, Stephen F. Austin State University (720-13-18) 
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11:45-11:55 (30) Completion of local ring which is not Noetherian. Preliminary report. JOONG 
HO KIM, East Carolina University (720-13-14) 

THURSDAY, 8:45A.M. 

Session on Complex Analysis I, Alexandria Room, Sheraton-Park (Ground Level) 
8:45-, 8:55 (31) A characterisation of convex domains in the plane. Professor F. R •. KEOGH, 

9:00- 9:10 (32) 

9:15- 9:25 (33) 

9:30- 9:40 (34) 

9:45- 9:55 (35) 

10:00-10:10 (36) 

10:15-10:25 (37) 

10:30-10:40 (38) 

10:45-10:55 (39) 

11:00-11:10 (40) 

11:15-11:25 (41) 

University of Kentucky (720-30-1) 

On functions of bounded boundary rotation, Preliminary report. Professor 
MAXWELL 0. READE*, University of Michigan, and Dr. THOMAS 
ARMSTRONG, Princeton, New Jersey (720-30-7) 

On the log of a schlicht function. Preliminary report. Professor JOSEPH 
CIMA, University of North Carolina at Chapel Hill (720-30-10) 

The limiting behavior of zf" (z)/f' (z) and two conjectures on univalent ftmc
tions. Preliminary report. Dr. DOUGLAS M. CAMPBELL, Brigham Young 
University (720-30-11) 

Powers ofp-valent functions. Preliminary report. Professor J. W. NOONAN, 
Holy Cross College (720-30-13) 

Rate of growth of spiral functions. Dr. JOSEPH WARREN, Fordham Uni
versity (720-30-14) 

A class of differential inequalities implying boundedness. Preliminary report. 
Professor SANFORD S. MILLER, State University of New York, College at 
Brockport (720-30-16) 

Maximal ideals in the algebra W. Professor JAMES W. ROBERTS, and Pro
fessor MANFRED STOLL*, University of South Carolina (720-30-21) 

The component of the origin in the Nevanlinna class. Professor JAMES W. 
ROBERTS, University of South Carolina (720-30-24) 

Univalence of the integral of f'(z)C, Professor JOHN PFALTZGRAFF, Uni
versity of North Carolina (720-30-27) 

Coefficient estimates for univalent polynomials Professor DAVID HOROWITZ, 
University of South Florida (720-30-28) 

THURSDAY, 8:45A.M. 

Session on Fields, Franklin Room, Sheraton-Park (First Floor) 
8:45- 8:55 (42) Effective procedures in algebraic number theory. Professor R. MINES*, 

and Professor F. RICHMAN, New Mexico State University-Las Cruces 
(720-12-5) 

9:00- 9:10 (43) 

9:15- 9:25 (44) 

9:30- 9:40 (45) 

9:45- 9:55 (46) 

10:00-10:10 (47) 

10:15-10:25 (48) 

10:30-10:40 (49) 

10:45-10:55 (50) 

11:00-11:10 (51) 

A generalization of Berwick's unit algorithm. Professor R. RUDMAN*, 
Wayne State University, andProfessor R. FINKELSTEIN, Bowling Green 
State University (720-12-10) 

Indecomposable hermitian forms over quadratic number fields. Preliminary 
report. Professor LARRY J. GERSTEIN, University of California, Santa 
Barbara (720-12-13) 

An enumeration of the orders in cubic number fields. Preliminary report. 
Mr. ROBERT A. MORRIS, Fort George G. Meade, Maryland (720-12-16) 

A local version of the nullstellensatz in rings of integer-valued polynomials. 
Professor D. BRIZOLIS, University of Southern California (720-12-17) 

Maximal abelian extensions viewed as Kummer extensions. Professor VICTOR 
ALBIS-GONZALES, University of Cincinnati (720-12-3) 

Group, round, and Pfister forms over a linearly compact field. Preliminary 
report. Professor HOYT D. WARNER, Vanderbilt University (720-12-7) 

Matrix fields over the integers modulo m. Professor JACOB T. B. BEARD, 
Jr.*, University of Texas at Arlington and Professor ROBERT M. 
McCONNEL, University of Tennessee (720-12-9) 

Local-global principles for formally real fields. Preliminary report. 
Dr. MURRAY A. MARSHALL, University of Saskatchewan (720-12-11) 
(Introduced by Dr. Stephan Berman) 

Rings containing division rings or fields. Professor JACOB T. B. BEARD, 
Jr., University of Texas at Arlington, and Professor ROBERT M. 
McCONNEL*, University of Tennessee (720-12-8) 
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THURSDAY, 8:45A.M. 

Session on Functional Analysis I, Richmond Room, Sheraton-Park (Ground Level) 
8:45- 8:55 (52) A noncompact Choquet theorem. Professor G. A. EDGAR, Northwestern Uni-

9:00- 9:10 (53) 

9:15- 9:25 (54) 

9:30- 9:40 (55) 

9:45- 9:55 (56) 

10:00-10:10 (57) 

10:15-10:25 (58) 

10:30-10:40 (59) 

10:45-10:55 (60) 

11:00-11:10 (61) 

11:15-11:25 (62) 

Session on Graphs I, 
8:45- 8:55 (63) 

9:00- 9:10 (64) 

9:15- 9:25 (65) 

9:30- 9:40 (66) 

9:45- 9:55 (67) 

10:00-10:10 (68) 

10:15-10:25 (69) 

10:30-10:40 (70) 

10:45-10:55 (71) 

11:00-11:10 (72) 

11:15-11:25 (73) 

versity (720-46-5) 

Weak parallelogram laws for Banach spaces. Preliminary report. Mr. w. L. 
BYNUM, College of William & Mary (720-46-8) 

Complex Banach lattices with order continuous norm. ProfessorS. J. BERNAU* 
and Professor H. ELTON LACY, University of Texas at Austin (720-46-11) 

On nonstandard hulls of convex spaces. Professor STEVEN F. BELLENOT, 
Florida State University (720-46-23) 

Equivalent strictly convex increasing norms on C(S) spaces. Preliminary 
report. JOHN WOLFE, Oklahoma State University (720-46-25) 

On the other side of nearest points. Professor CLIFFORD KOTTMAN*, 
Oregon State University, and Professor BOR-LUH LIN, University of Iowa 
(720-46-27) 

Compact operators and induced representations. Preliminary report. ROBERT 
A. FONTENOT*, and IRWIN SCHOCHETMAN, Oakland University (720-46-31) 

Strict convexity and orthogonality in Banach spaces. Preliminary report. 
Professor JAMES R. HOLUB, Virginia Polytechnic Institute and State Uni
versity (720-46-32) 

Conditionally injective Banach spaces·. Professor CHARLES W. NEVILLE, 
Central Connecticut State College (720-46-40) 

A cousin of a space of R. C. James. Preliminary report. JAMES N. HAGLER, 
Catholic University of America (720-46-43) 

Upstream geometry. Preliminary report. Professor FRANCIS SULLIVAN, 
Catholic University of America (720-46-44) 

THURSDAY, 8:45 A.M. 

Continental Room, Sheraton-Park (Lobby Level) 
Ramsey theory and chromatic numbers. Dr. GARY CHARTRAND, Western 
Michigan University, and Dr. ALBERT D. POLIMENI*, State University 
of New York, College at Fredonia (720-05-1) 

Brooks' theorem is true for hypergraphs. Preliminary report. Ms. 
MARIANNE LEPP GARDNER, Carleton College (720-05-13) 

Reducible configurations for the four colour conjecture. Preliminary report. 
Mr. FRANK ALLAIRE, University of Manitoba (720-05-16) (Introduced by 
Professor R. C. Mullin) 

On the chromatic index of small graphs. Professor L. W. BEINEKE*, 
Purdue University, and Mr. S. FIORINI, The Open University, Milton 
Keynes, Bucks, England (720-05-23) 

Coloring maps via branched coverings. Preliminary report. Professor PAUL 
C. KAINEN, Case Western Reserve University (720-05-26) 

Anticritical graphs. Professor FRANK HARARY*, University of Michigan, 
Ann Arbor, and Dr. CARSTEN THOMASSEN, Aarhus University, Denmark 
(720-05-39) 

Cycles of length four in chromatic graphs. Professor F.D. PARKER, St. 
Lawrence University (720-05-47) 

Comparability graphs and a new matroid. MARTIN CHARLES GOLUMBIC, 
Columbia University (720-05-9) 

Degree sets and travers ability. Professor LINDA LESNIAK, Louisiana State 
University, Professor ALBERT D. POLIMENI, State University of New York, 
College at Fredonia, and Professor DONALD W. VANDERJAGT*, Grand 
Valley State Colleges (720-05-15) 

On automorphism groups of Cayley graphs. Preliminary report. Professor 
WILFRIED IMRICH, Montanistische Hochschule Leoben, Austria, and Pro
fessor MARK E. WATKINS*, Syracuse University (720-05-32) 

Unicyclic graphs with cyclic automorphism group. Preliminary report. Pro
fessor DONALD J. McCARTHY, St. John's University (720-05-33) 
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THURSDAY, 8:45A.M. 

Session on General Topology I, Arlington Room, Sheraton-Park (Ground Level) 
8:45- 8:55 (74) Open and uniformly open mapping theorems. Professor PETER F. MAH and 

9:00- 9:10 (75) 

9:15- 9:25 (76) 

9:30- 9:40 (77) 

9:45- 9:55 (78) 

10:00-10:10 (79) 

10:15-10:25 (80) 

10:30-10:40 (81) 

10:45-10:55 (82) 

11:00-11:10 (83) 

11:15-11:25 (84) 

Session on Geometr~1 
8:45- 8:55 (85) 

9:00- 9:10 (86) 

9:15- 9:25 (87) 

9:30- 9:40 (88) 

9:45- 9:55 (89) 

10:00-10:10 (90) 

10:15-10:25 (91) 

10:30-10:40 (92) 

10:45-10:55 (93) 

11:00-11:10 (94) 

11:15-11:25 (95) 

Professor S.A. NAIMPALLY*, Lakehead University (720-54-1) 

Functions continuous in some compact metric topology. Preliminary report. 
Mr. BRUCE LOATMAN, Georgetown University (720-54-16) 

Almost periodic homeomorphisms of E2 are periodic. Professor BEVERLY 
L. BRECHNER, University of Florida (720-54-2) 

Generalized almost finite homomorphisms of minimal sets. Preliminary 
report. Dr. PETERS. SHOENFELD, National Bureau of Standards, Wash
ington, D.C. (720-54-36) 

On the Edelstein contractive mapping theorem. Dr. LUDVIK JANOS, Uni
versity of Montana (720-54-5) 

Weakly smooth continua. Dr. LEWIS LUM, Salem College (720-54-28) (In
troduced by G. R. Gordh, Jr.) 

The Hahn-Mazurkiewicz theorem for rim-finite continua. Professor L. E. 
WARD, Jr., University of Oregon (720-54-31) 

Characterizing local connectedness in inverse limits. Dr. G. R. GORDH, Jr.*, 
Guilford College, and Professor SIBE MARDESIC, University of Zagreb, 
Yugoslavia (720-54-63) 

Arcwise accessibility in hyperspaces. Professor SAM B. NADLER, Jr., Uni
versity of Georgia (720-54-35) 

Inverse limits and the completeness of quotient groups. Dr. DAVID WIGNER, 
University of Michigan (720-54-12) (Introduced by Peter Weinberger) 

On some subspaces of Helly space. Preliminary report. Professor W. F. 
PFEFFER, University of California, Davis (720-54-7) 

THURSDAY, 8:45 A.M. 

Wardman Room, Sheraton-Park (Lobby Level) 
Proper lineations on real spaces are collineations. Preliminary report. 
Dr. LYNN E. GARNER, Brigham Young University (720-50-1) 

Relations between two Baer subplanes of PG(2,q2). Preliminary report. 
Dr. J. w. FREEMAN, Virginia Commonwealth University (720-50-6) 

Collineations of order 10 planes. Preliminary report. SUE WHITESIDES, 
University of Wisconsin (720-50-8) (Introduced by Professor R. H. Bruck) 

Arrangements of colored lines. Professor BRANKO GRUNBAUM, University 
of washington (720-50-5) 

Arrangements generated by polygons. Preliminary report. Mr. THOMAS 
STROMMER, University of Washington (720-50-2) 

A topological measure-theoretic approach to dimension theory. Professor 
LEOPOLDO V. TORALBALLA, Bronx Community College (720-50-3) 

Generalized quadrangles with symmetry. Dr. STANLEY E. PAYNE*, 
Miami University, and Dr. J.A. THAS, University of Ghent, Belgium 
(720-50-4) 

Disjoint circles in finite miquelian inversive planes. Preliminary report. 
GARY L. EBERT, University of Wisconsin (720-50-7) 

Cusps of simplicial mappings to the plane (with computer graphics analysis) 
Professor THOMAS F. BANCHOFF*, and Professor CHARLES M. STRAUSS, 
Brown University (.720-50-9) 

Linear isotopies. R. H. BING, and MICHAEL STARBIRD*, University of 
Texas at Austin (720-50-10) 

Rest points, tangent circles, and the rational number line. Professor RODNEY 
T. HOOD, Franklin College (720-50-11) 

THURSDAY, 8:45A.M. 

Session on Harmonic Analysis, Assembly Room, Sheraton-Park (Lobby Level) 
8:45- 8:55 (96) A Plancherel theorem for AN. Dr. FREDERICK W. KEENE, University of 

Miami (720-43-2) 

9:00- 9:10 (97) The spherical Bochner theorem on semisimple Lie groups. WILLIAM H. 
BARKER, Dartmouth College (720-43-9) 
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9:15- 9:25 (98) 

9:30- 9:40 (99) 

9:45- 9:55 (100) 

10:00-10:10 (101) 

10:15-10:25 (102) 

10:30-10:40 (103) 

10:45-10:55 (104) 

11:00-11:10 (105) 

11:15-11:25 (106) 

Characteristic principal bundles. Professor HARVEY A. SMITH, Oakland 
University (720-43-3) 

Quadratic forms in harmonic analysis and the Bochner-Eberlein theorem. 
Professor ROGER A. HORN, Johns Hopkins University (720-43-4) 

A Paley-Wiener theorem. Preliminary report. GUNAR E. LIEPINS, Texas 
Tech University (720-43-6) 

Generalized multipliers of spaces on locally groups. n. Preliminary report. 
Professor J. EDWARD KERLIN, University of Kentucky (720-43-7) (Intro
duced by Professor A. Lambert) 

Generalizations of P. Levy's inversion formula. Professor P.R. MASANI, 
University of Pittsburgh (720-43-12) 

Multipliers on compact groups with unconditionally converging Fourier series. 
Preliminary report. Dr. ALAN ARMSTRONG, Kansas State University 
(720-43-8) 

Multipliers of closed ideals of LP (D00). Preliminary report. Dr. DANIEL M. 
OBERLIN, Florida State University (720-43-11) 

Riesz transforms for vector spaces over a local field. Dr. CHARLES P. 
DOWNEY, University of Nebraska, Omaha (720-43-5) 

A characterization of HP - spaces on a local field. Preliminary report. 
Dr. JIA-ARNG CHAO, University of Texas (720-43-10) 

THURSDAY, 8:45A.M. 

Session on Lattices, Adams/Hamilton Room, Sheraton-Park (First Floor) 
8:45- 8:55 (107) Lattice orderings on the real field. Mr. ROBERT R. WILSON, California 

9:00- 9:10 (108) 

9:15- 9:25 (109) 

9:30- 9:40 (110) 

9:45- 9:55 (111) 

10:00-10:10 (112) 

10:15-10:25 (113) 

10:30-10:40 (114) 

10:45-10:55 (115) 

11:00-11:10 (116) 

11:15-11:25 (117) 

State University, Long Beach (720-06-1) 

Means in lattices and semilattices. Dr. SIEMION FAJTLOWICZ, University 
of Houston (720-06-5) 

Some results from the combinatorial approach to quantum logic. RICHARD J. 
GREECHIE, Kansas State University (720-06-6) 

On modular lattices with four generators. 11. Preliminary report. Mr. C. 
HERRMANN*, Vanderbilt University, and Mr. R. WILLE, Technische 
Hochschule, Darmstadt, West Germany (720-06-10) 

Compact convergence lattices. Preliminary report. Dr. ARMANDO R. 
GINGRAS, IBM Corporation, Boulder, Colorado (720-06-11) 

Semimodularity in the completion of a poset. Dr. BARBARA JEFFCOTT* 
and Dr. WILIJAM SPEARS, Kansas State University (720-06-12) 

Products of symmetric elements in the Noether lattice, RL(Ai)• Preliminary 
report. Professor MICHAEL E. DETLEFSEN, Slippery Rock State College 
(720-06-13) 

The hyperoctant property in orthomodular AC-lattices. Dr. RONALD P. 
MORASH, University of Michigan (720-06-14) 

A characterization of a type of nearest point set in complete .t-groups. 
Dr. MICHAEL KEISLER, Randolph-Macon College (720-06-3) 

Doubling chains, singular elements and hyper-1.t-groups. Dr. JORGE 
MARTINEZ, University of Florida (720-06-8) 

Groups of homeomorphisms of the real line with manageable automorphism 
groups. Professor STEPHEN H. McCLEARY, University of Georgia 
(720-06-7) 

THURSDAY, 8:45A.M. 

Session on Real Analysis, Senate Room, Sheraton-Park (Lobby Level) 
8:45- 8:55 (118) Remarks on the Gauss-Lucas theorem in higher dimensional space, Pro

fessor A. w. GOODMAN, University of South Florida (720-26-1) 

9:00- 9:10 (119) 

9:15- 9:25 (120) 

Some analogues of the Lusin-Menchoff theorem and applications. Preliminary 
report. Mr. STEVE AGRONSKY, University of California, Santa Barbara 
(720-26-2) (Introduced by Professor A.M. Bruckner) 

On the existence of the differential of a function of several real variables. 
Professor L. V. TORALBALLA, and Professor LOUIS I. ALPERT*, Bronx 
Community College (720-26-3) 
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9:30- 9:40 (121) 

9:45- 9:55 (122) 

10:00-10:10 (123) 

10:15-10:25 (124) 

10:30-10:40 (125) 

10:45-10:55 (126) 

11:00-11:10 (127) 

11:15-11:25 (128) 

Trjitzinsky theorem in the product space of two abstract measure spaces. 
Professor MONBILL TONG, California State University (720-28-1) (Intro
duced by Professor Hugo Sun) 

Riesz theorem for H*-algebra valued positive linear mappings. Preliminary 
report. Professor PARFENY SAWOROTNOW, Catholic University (720-28-2) 

The Radon-Nikodym theorem in locally convex spaces. Preliminary report. 
Professor G. Y, H. Cffi, University of Florida and University of Pittsburgh 
(720-28-3) 

A decomposition of measures. Preliminary report. Professor ROY A. 
JOHNSON, Washington State University (720-28-4) 

An example of a universal measure. Preliminary report. Professor WILIJAM 
GRAVES, University of North Carolina (720-28-5) 

A relation of measurability with respect to a sigma-ring V to measurability 
with respect to the smallest sigma-algebra extending V. Professor W.M. 
BOGDANOWICZ, and Mr. J, P. McCLOSKEY*, Catholic University of 
America (720-28-6) 

Mutual existence of product integrals in normed rings. Professor JON C. 
HELTON, University of Arizona (720-28-7) 

Absolutely summing and mapping properties of representing measures. Dr. 
PAUL LEWIS, North Texas State University (720-28-8) 

THURSDAY, 8:45A.M. 

Session on Semigroups, Madison Room, Sheraton-Park (First Floor) 
8:45- 8:55 (129) Simple inverse semigroups whose~ -classes are w-semigroups. Professor 

JANET E. AULT, Madison College (720-20-2) 

9:00- 9:10 (130) 

9:15- 9:25 (131) 

9:30- 9:40 (132) 

9:45- 9:55 (133) 

10:00-10:10 (134) 

10:15-10:25 (135) 

10:30-10:40 (136) 

10:45-10:55 (137) 

11:00-11:10 (138) 

11:15-11:25 (139) 

Homogeneous quotients of an inverse semigroup. Dr. KEVIN E. OSONDU, 
State University of New York at Buffalo (720-20-8) 

Compatible extensions of semigroups. Professor DAVID E. ZITARELLI, 
Temple University (720-20-10) 

Tensor product of commutative semigroups. Dr. JAMES A. ANDERSON, 
Northern Arizona University (720-20-5) 

Regularity and Green's relations for sandwich semigroups. Preliminary 
report. K. D. MAGILL, Jr.* and S. SUBBIAH, State University of New York 
at Buffalo (720-20-9) 

A construction of the idempotent-separating congruences on a bisimple 
orthodox semigroup. Professor D. R. LATORRE, Clemson University 
(720-20-26) 

A generalization of right simple semigroups. Preliminary report. Professor 
FRANCIS E. MASA T, Glassboro State College (720-20-27) 

Linear projection operators on standard threads. Dr. GEORGE AKST*, and 
Dr. THOMAS P. DENCE, New Mexico State University-Las Cruces 
(720-20-11) 

Semilattices of topological semigroups. Preliminary report. J.C. ffiGGINS, 
Brigham Young University (720-20-12) 

Quasidirect products of quasigroups. Professor ROBERT L. WILSON, Jr., 
University of Wisconsin (720-20-21) 

A note on some varieties of point algebras. Professor MARSHALL BAADE, 
University of Georgia (720-20-22) 

THURSDAY, 9:00A.M. 

Invited Address, Regency Ballroom, Shoreham 
(140) Invariant differential equations on homogeneous manifolds. Professor 

SIGURDUR HELGASON, Massachusetts Institute of Technology (720-22-11) 

THURSDAY, 9:00A.M. 

S ecial Session on Some Directions of Current Pro ress in Commutative Al ebra I Palladian Room, 
Shoreham (Lower Lobby Leve ) 
9:00- 9:45 (141) Invariant theory, Macaulay rings, and Gorenstein rings. Preliminary report. 

10:00-10:45 (142) 

Mr. E. GRAHAM EVANS, Jr., University of Illinois (720-13-7) 

Involutions in characteristic 2. Professor MICHAEL ARTIN, Massachusetts 
Institute of Technology 
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11:00-11:45 (143) Homological questions in commutative rings and Cohen-Macaulay modules. 
Professor MELVIN HOCHSTER, Purdue University, West Lafayette 
(720-13-1) 

THURSDAY, 9:00A.M. 

Special Session on Probabilistic Analysis I, Heritage Room, Shoreham (Lower Lobby Level) 
9:00- 9:20 (144) On the existence of optimal control for systems governed by Ito stochastic 

differential and functional equations. Professor N. U. AHMED, University of 
Ottawa (720-93-1) (Introduced by Professor A. T. Bharucha-Reid) 

9:30- 9:50 (145) 

10:00-10:20 (146) 

10:30-10:50 (147) 

11:00-11:20 (148) 

11:30-12:00 (149) 

Existence and stability behavior of a class of stochastic functional integral 
equations. Preliminary report. Professor CHRIS P. TSOKOS* and Professor 
A. N. RAO, University of South Florida (720-60-11) 

Limit theorems for solutions to stochastic differential equations. Professor 
WALTER ROSENKRANTZ, University of Massachusetts (720-60-5) 

Random solutions of Burger's equation. Preliminary report. Professor 
MURRAY ROSENBLATT, University of California, San Diego (720-60-8) 

Asymptotic analysis of the linearized Boltzmann equation. Professor MARK 
A. PINSKY, Northwestern University (720-60-6) 

Informal Discussion 

THURSDAY, 9:00A.M. 

Special Session on Analytic Number Theory I, Diplomat Room, Shoreham (Lower Lobby Level) 
9:00- 9:20 (150) Dedekind sums for a totally real algebraic number field. Preliminary report. 

9:30- 9:50 (151) 

10:00-10:20 (152) 

10:30-10:50 (153) 

11:00-11:30 (154) 

Professor LARRY J. GOLDSTEIN*, and Dr. PILOR DE LA TORRE, Uni
versity of Maryland (720-10-8) 

Density functions for prime and relatively prime numbers. Professor PAUL 
ERDOS, Hungarian National Academy and Professor IAN RICHARDS*, Uni
versity of Minnesota (720-10-34) 

Fields with maximal Kronecker constant. Professor THOMAS CALLAHAN, 
University of Toronto, Dr. MORRIS NEWMAN, National Bureau of Standards, 
Washington, D. C., and Professor MARK SHEINGORN*, City University of 
New York, Baruch College (720-12-4) 

Analytic estimates of discriminants. Professor H. Mo STARK, Massachusetts 
Institute of Technology (720-10-39) 

Assorted research problems in analytic number theory. Preliminary report. 
Professor HUGH L. MONTGOMERY, University of Michigan (720-10-40) 

THURSDAY, 10:00 A.M. 

Special Session on Topological nynamics I, Executive Room, Shoreham 
10:00-12:00 (155) Informal 

THURSDAY, 10:15 A.M. 

Invited Address, Regency Ballroom, Shoreham 
(156) Representations of semisimple Lie groups (a nontechnical survey)" 

Professor Wilfried Schmid, Columbia University 

THURSDAY, 12:00 NOON 

General Session I, Madison Room, Sheraton-Park (First Floor) 
12:00-12:10 (157) Identities" Preliminary report. Professor PRESTON C. HAMMER, Grand 

12:15-12:25 (158) 

12:30-12:40 (159) 

12:45-12:55 (160) 

1:00- 1:10 (161) 

1:15- 1:25 (162) 

1:30- 1:40 (163) 

Valley State College (720-00-1) 

The axiom of choice in Church's type theory. Preliminary report. MITSURU 
YASUHARA, University of Kentucky (720-02-8) 

Undecidable properties of finite sets of equations. II. GEORGE McNULTY, 
Dartmouth College (720-02-13) 

Natural deduction and lattice models of some weak propositional logics. 
Professor STANLEY E. HAYES, State University of New York, College at 
New Paltz (720-02-14) 

o/-filters and 57 -filters. Mr. ROBERT W. BUTTON, Carnegie-Mellon Uni
versity (720-02-10) 

The indiscrete ultrafilters problem. Preliminary report. Mr. STEVEN 
GLAZER, University of Kansas (720-04-1) 

Locally finite ring variety. Professor AWAD A. ISKANDER, University of 
Southwestern Louisiana (720-08 -1) 
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1:45- 1:55 (164) 

2:00- 2:10 (165) 

Systems of magic Latin k-cubes. Professor JOSEPH ARKIN*, Spring Valley, 
New York, Professor VERNER E. HOGGATT, Jr., California State Uni
versity, San Jose, and Professor ERNST G. STRAUS, University of California, 
Los Angeles (720-05-3) 

Row admissible latin squares. Dr. MARK PANKIN, Marshall University 
(720-05-19) 

THURSDAY, 12:00 NOON 

Session on Algebra I, Wardman Room, Sheraton-Park (Lobby Level) 
12:00-12:10 (166) Generalized cyclotomic polynomials and the irreducible factors of Fibonacci 

polynomials. Professor CLARK KIMBERLING, University of Evansville 
(720-12-1) 

12:15-12:25 (167) 

12:30-12:40 (168) 

12:45-12:55 (169) 

1:00- 1:10 (170) 

1:15- 1:25 (171) 

1:30- 1:40 (172) 

1:45- 1:55 (173) 

2:00- 2:10 (174) 

2:15- 2:25 (175) 

Local permutation polynomials over a finite field. Preliminary report. 
Dr. GARY L. MULLEN, Pennsylvania State University (720-12-12) 

The structure of strongly normal difference field extensions. Preliminary 
report. Professor RONALD P. INFANTE, Seton Hall University (720-12-6) 

A new proof in the Galois theory of function fields. Dr. DAVID A. GAY, New 
College and University of Arizona (720-12-15) 

On pseudo valuations. Preliminary report. Dr. THOMAS RIGO, Indiana Uni
versity-Purdue University at Indianapolis (720-12-14) 

Prime ideals and pseudo Boolean valuations. Dr. JOSEPH E. CICERO, 
Clayton Junior College (720-13-5) 

Higher derivations and automorphisms of C[[X]]. Preliminary report. 
Professor HENRY J. SCHULTZ, University of Michigan, Dearborn (720-13-2) 

Substitution in Nash functions. Preliminary report. Professor GUSTAVE A. 
EFROYMSON, University of New Mexico (720-14-1) 

On cubic curves over finite fields. Preliminary report. Dr. BASIL GORDON, 
University of California at Los Angeles, and Dr. LORNE HOUTEN*, 
Roswell Park Memorial Institute (720-14-2) 

Singular orbits for linear algebraic groups. Preliminary report. Dr. FRANK 
SERVEDIO, Dalhousie University (720-14-3) 

THURSDAY, 12:00 NOON 

Session on Anal!sis I, Senate Room, Sheraton-Park (Lobby Level) 
12:00-12:10 ( 76) Subharmonic functions possessing local harmonic majorants. 

12:15-12:25 (177) 

12:30-12:40 (178) 

12:45-12:55 (179) 

1:00- 1:10 (180) 

1:15- 1:25 (181) 

1:30- 1:40 (182) 

1:45- 1:55 (183) 

2:00- 2:10 (184) 

Professor MYRON GOLDSTEIN, Arizona State University (720-31-2) 

Growth problems for subharmonic functions of finite order in space. 
Professor N. v. RAO*, University of Toledo, and Professor DAN F. SHEA, 
University of Wisconsin (720-31-3) 

Polyharmonic Green's functions and null classes. Preliminary report. 
Dr. NORMAN MIRSKY, Texas Tech University (720-31-4) 

Natural limits for harmonic and superharmonic functions. Preliminary report. 
Professor J. R. DIEDERICH, University of California, Davis (720-31-5) 

A converse to Fatou•s general theorem. Preliminary report. Mr. EDWIN 
BRAITHWAITE, University of Illinois (720-31-6) 

Infimum and domination principles in vector lattices. Professor PETER A. 
FOWLER, California State University (720-31-7) (Introduced by 
Professor George B. Pedrick) 

A sum of Jacobi polynomials. Professor JOAQUIN BUSTOZ, University of 
Cincinnati (720-33-1) 

The Bessel polynomials and the student t-distribution. Dr. MOURAD E. H. 
ISMAIL*, Mathematics Research Center, University of Wisconsin and 
DOUGLAS KELKER, University of Alberta (720-33-2) 

Quadratic transformations of Appell functions. Professor B.C. CARLSON, 
Ames Laboratory-USAEC, Iowa State University (720-33-3) 

THURSDAY, 12:00 NOON 

Session on Applied Mathematics I, Richmond Room, Sheraton-Park (Ground Floor) 
12:00-12:10 (185) An interactive program for several algorithms for winding numbers. 

Dr, KENNETH 0. LELAND, Navy Personnel Research and Development 
Center, San Diego (720-68-1) 
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12:15-12:25 (186) 

12:30-12:40 (187) 

12:45-12:55 (188) 

1:00- 1:10 (189) 

1:15- 1:25 (190) 

1:30- 1:40 (191) 

1:45- 1:55 (192) 

2:00- 2:10 (193) 

2:15- 2:25 (194) 

2:30- 2:40 (195) 

On the propagation of energy in multiphase wavetrains. Preliminary report. 
Dr. GERALD ROSKES, City University of New York, Queens College 
(720-70-1) 

The rotational gradient operator. Preliminary report. Dr. RAY F. SNIPES, 
Bowling Green State University (720-70-2) 

On a new analytical method of solution of nonlinear differential equations. I. 
The nonlinear oscillator equation. Preliminary report. Professor PETER J. 
MELVIN, University of Illinois (720-70-3) (Introduced by Professor Paul T. 
Bateman) 

On the asymptotic nature of the n-body problem. Professor DONALD G. 
SAARI, Northwestern University (720-70-4) 

Higher order corrections to the boundary layer equations. Professor SIITH
LIANG WEN*, Ohio University, and Dr, L.K. CIIT, Sperry Univac Division, 
Cinnaminson, New Jersey (720-76-1) 

On a microcontinuum model of pulsatile blood flow. Dr. LOKENATH 
DEBNATH, University of Maryland and East Carolina University (720-76-2) 

Heat generated by MHD Couette flow with porous walls. Professor M. 
BALARAM, Grambling State University (720-76-3) 

Existence and uniqueness of axisymmetric free boundary flows. DAVID H. 
HOITSMA, Wesleyan University (720-76-4) (Introduced by Professor J.D. 
Reid) 

Existence of an optimal control for systems with jump Markov disturbances. 
Preliminary report. Professor ROBERT M. GOOR, University of Kentucky 
(720-93-2) 

Null controllability for parabolic nonlinear equations. Professor WILLIAM c. 
CHEWNING, University of South Carolina (720-93-3) 

THURSDAY, 12:00 NOON 

Session on Associative Rings I, Franklin Room, Sheraton-Park (First Floor) 
12:00-12:10 (196) Finite groups with semisimple endomorphism rings. Dr. CARTER LYONS, 

Madison College (720-16-1) 

12:15-12:25 (197) 

12:30-12:40 (198) 

12:45-12:55 (199) 

1:00- 1:10 (200) 

1:15- 1:25 (201) 

1:30- 1:40 (202) 

1:45- 1:55 (203) 

2:00- 2:10 (204) 

2:15- 2:25 (205) 

A decomposition of rings. Preliminary report. Mr. GARY F. BIRKENMEIER, 
University of Wisconsin-Milwaukee (720-16-12) 

Reductivity in rings. Professor DON E. EDMONDSON, University of Texas 
(720-16-18) 

Rings whose ideals have projective covers. Dr. ROBERT L. SNIDER, 
Virginia Polytechnic Institute and State University (720-16-20) 

On stable Noetherian rings. Professor ZOLTAN PAPP, George Mason Uni
versity (720-16-4) 

A representation theory for noetherian rings. Professor ROBERT GORDON*, 
Temple University, and Professor EDWARD L. GREEN, University of 
Pennsylvania (720-16-7) 

a--noetherian rings and u-artinian rings, II. Professor JITENDRA N. 
MANOCHA, Kent State University (720-16-8) 

Semiperfect group rings. Preliminary report. Mr. JOHN LAWRENCE, 
Carleton University (720-16-15) 

Hereditary and semihereditary group rings. Preliminary report. 
Professor KLAUS E. ELDRIDGE, Ohio University, and Mr. SAMSON HSIA*, 
Ohio University (720-16-23) 

Group rings which are domains. Preliminary report, Professor KLAUS E. 
ELDRIDGE*, and Mr. SAMSON HSIA, Ohio University (720-16-25) 

THURSDAY, 12:00 NOON 

Session on Finite Groups I, Assembly Room, Sheraton-Park (Lobby Level) 
12:00-12:10 (206) Projectively monomial groups. Professor JOHN R. DURBIN, University of 

Texas and Professor K. BOLLING FARMER*, University of Florida 
(720-20-1) 

12:15-12:25 (207) On solvability of certain groups of central type. Preliminary report. 
Mr. JAY YELLEN, Colorado State University (720-20-16) 
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12:30-12:40 (208) 

12:45-12:55 (209) 

1:00- 1:10 (210) 

1:15- 1:25 (211) 

1:30- 1:40 (212) 

1:45- 1:55 (213) 

2:00- 2:10 (214) 

2:15- 2:25 (215) 

Maximal subgroups which determine the properties of a finite group. Pre
liminary report. MALCOLM OTTAWAY, State University of New York at 
Binghamton (720-20-30) (Introduced by Ben Brewster) 

On Fitting classes. Dr. JAMES C. BEIDLEMAN, University of Kentucky 
(720-20-3) 

On the canonical sets of subgroups induced by a Fitting class F. Preliminary 
report. Mr. MICHAEL A. KLEMBARA, University of Cincinnati (720-20-31) 

The formation generated by a cf>- free group. Dr. BEN BREWSTER, State 
University of New York at Binghamton (720-20-34) 

The generalized Artin exponent of a finite group. Preliminary report. 
JOHN R. RASMUSSEN, Bowdoin College (720-20-14) 

On the automorphism group of an integral group ring. Preliminary report. 
Mr. GARY L. PETERSON, Michigan State University (720-20-15) 

The subclass algebra associated with a finite group and subgroup. II. 
Professor JOHN KARLOF, University of Nebraska (720-20-20) 

A characterization ofSL(3,8). Preliminary report. Dr. DEAN C. MORROW, 
State university of New York, College at Oneonta (720-20-24) 

THURSDAY, 12:00 NOON 

Session on General Topology II, Alexandria Room, Sheraton-Park (Ground Level) 
12:00-12:10 (216) Initial topologies, k-spaces and accessibility spaces. CHARLES E. AULL, 

12:15-12:25 (217) 

12 :30 -12:40 (218) 

12:45-12:55 (219) 

1:00- 1:10 (220) 

1:15- 1:25 (221) 

1:30- 1:40 (222) 

1:45- 1:55 (223) 

2:00- 2:10 (224) 

2:15- 2:25 (225) 

Virginia Polytechnic Institute and State University (720-54-3) 

The regular continuous image of a minimal regular space is not necessarily 
minimal regular. MANUEL P. BERRI*, and CARROLL F. BLAKEMORE, 
University of New Orleans (720-54-32) 

Compact basically screenable spaces are metrizable. Preliminary report. 
GARY GRUENHAGE, Auburn University (720-54-23) 

Products of symmetrizable spaces. Professor PETER W. HARLEY III and 
Professor R. M. STEPHENSON, Jr. *• University of South Carolina 
(720-54-56) 

G(j points in symmetrizable spaces. Professor PETER W. HARLEY III, 
University of South Carolina (720-54-60) 

OnE-sequentially regular spaces. Dr. ROMAN FRit:, University of Transport 
Engineering, ~ilina, Czechoslovakia (720-54-26) (Introduced by 
Professor Darrell C. Kent) 

A note on the foundations of sequential topology. Professor CARLOS A. 
INFANTOZZI, Universidad de la Republica, Montevideo, Uruguay (720-54-27) 

Generalized sequential spaces. Preliminary report. Dr. JOSEPH W. 
GOLDSTON, North Carolina Central University (720-54-57) 

Characterizations of some countable, T1-, k-spaces having exactly one non
isolated point. Preliminary report. Professor FRANK SIWIEC, City Uni-
versity of New York, John Jay College (720-54-19) 

Extending cross-sections onto countable unions. W. HOLSZTYNSKI, Southern 
Illinois University (720-54-33) 

THURSDAY, 12:00 NOON 
Session on Linear Algebra, Adams/Hamilton Room, Sheraton-Park (First Floor) 
12:00-12:10 (226) Adjoints and the numerical range, Professor MARVIN MARCUS, University 

of California, Santa Barbara (720-15-1) 

12:15-12:25 (227) 

12:30-12:40 (228) 

12:45-12:55 (229) 

1:00- 1:10 (230) 

Polynomial calculus with D-like operators. Professor JAMES W. BURGMEIER* 
and Professor RONALD E. PRATHER, University of Denver (720-15-2) 

On the geometry of dual pairs, Professor B. E. CAIN, Iowa State university, 
Mr. B.D. SAUNDERS*, and Professor H. SCHNEIDER, University of Wis
consin (720-15-6) 

The role of the group generalized inverse in the theory of finite Markov 
chains. Dr. CARL D. MEYER, Jr., North Carolina State University 
(720-15-3) 

A minimal permanent-like function. Professor W. C. PYE*, and 
Professor MELVYN W. JETER, University of Southern Mississippi (720-15-4) 
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1:15- 1:25 (231) 

1:30- 1:40 (232) 

1:45- 1:55 (233) 

2:00- 2:10 (234) 

Singular values and diagonal elements. Professor R. C. THOMPSON, Uni
versity of California, Santa Barbara (720-15-5) 

On the reduction of functions of matrices to matrix polynomials. 
Professor EDWIN K. GORA*, and Professor JAMES J. TATTERSALL, 
Providence College (720-15-7) 

A note on the Jordan canonical form. STEPHEN BANCROFT, Gordon College 
(720-15-9) (Introduced by Professor Thomas Goulding) 

Induced transformations on exterior product spaces. Professor JIN BAI KIM, 
West Virginia University (720-15-8) 

THURSDAY, 12:00 NOON 

Session on Number Theory I, Dover Room, Sheraton-Park (Ground Level) 
12:00-12:10 (235) Isomorphic Pellian quadratic forms and their associated continued fraction 

expansions. Preliminary report. Professor GREGORY WULCZYN, Bucknell 
University (720-10-9) 

12:15-12:25 (236) 

12:30-12:40 (237) 

12:45-12:55 (238) 

1:00- 1:10 (239) 

1:15- 1:25 (240) 

1:30- 1:40 (241) 

1:45- 1:55 (242) 

2:00- 2:10 (243) 

Quasi-genera of quadratic forms. Professor BURTON W. JONES, University 
of Colorado (720-10-16) 

More additive arithmetic functions inversely associated with partition func
tions. Preliminary report. Professor L. M. CHAWLA, and Dr. ELLEN 
TORRANCE*, Kansas State University (720-10-5) 

On sums analogous to Dedekind's sums. Professor J. M. GANDill, Western 
Illinois University (720-10-10) 

The spinor genus of quaternion orders. Professor GORDON L. NIPP, 
California State University, Los Angeles (720-10-11) 

Asymptotic distribution mod m and the notion of independence. LAWRENCE 
KUIPERS, Southern Illinois University, Carbondale (720-10-12) 

Finding good rational approximations to power series. Dr. CHARLES F. 
OSGOOD, Naval Research Laboratory, Washington, D. C. (720-10-13) 

Diophantine equations of the form x2 + D = yP. II. Professor EZRA BROWN, 
Virginia Polytechnic Institute and State University (720-10-15) 

Factoring integers whose digits are all ones in base b. Dr. ELMER K. 
HAYASill, Wake Forest University (720-10-17) 

THURSDAY, 12:00 NOON 

Session on Ordinary Differential Equations I, Wilmington Room, Sheraton-Park (Ground Level) 
12:00-12:10 (244) Y' , G(X, Y), GEC'. Professor LLOYD K. WILLIAMS, Atlanta University 

12:15-12:25 (245) 

12:30-12:40 (246) 

12:45-12:55 (247) 

1:00- 1:10 (248) 

1:15- 1:25 (249) 

1:30- 1:40 (250) 

1:45- 1:55 (251) 

2:00- 2:10 (252) 

2:15- 2:25 (253) 

2:30- 2:40 (254) 

(720-34-4) 

A generalization of the Sturm-Piccone comparison theorem. Professor VADIM 
KOMKOV, Texas Tech University (720-34-9) 

On a partial asymptotic stability theorem of Willett and Wong. Dr. FREDERICK 
SCOTT, Comcon, Inc., Ciunaminson, New Jersey (720-34-29) 

Stability properties of a differential equation. Dr. HERMAN GOLLWITZER, 
Drexel University (720-34-30) 

On the equation 4xn+2y" + y2n+1 = o. MARK FEY, Pennsylvania State Uni
versity, Capitol Campus (720-34-6) (Introduced by Dr. G. DiAntonio) 

Nonlinear boundary value problems. Dr. RONALD GRIMMER, Southern 
Illinois University (720-34-19) 

Certain second order boundary value problemso professor PHILIP W. 
WALKER, University of Houston (720-34-27) 

Two point connection problem for a certain differential equation with an 
irregular singular point of rank two. Dr. T.K. PUTTASWAMY, Ball State 
University (720-34-15) 

The structure of oscillatory solutions of third order linear differential 
equations. DAVID LOWELL LOVELADY, Florida State University (720-34-37) 

Nonselfadjoint fourth order differential equations with conjugate points. 
Professor KURT KREITH, University of California, Davis (720-34-1) 

An inverse eigenvalue problem of order four. Dr. JOYCE R. McLAUGHLIN, 
Rensselaer Polytechnic Institute (720-34-2) 
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THURSDAY, 12:00 NOON 

Session on Partial Differential Equations I, Arlington Room, Sheraton-Park (Gronnd Level) 
12:00-12:10 (255) Constructive function theoretic methods for fourth order pseudoparabolic and 

meta-parabolic equations in two space variables. Professor PATRICK M. 
BROWN, Gonzaga University, Professor ROBERT P. GILBERT, Indiana 
University, and Professor GEORGE c. HSIAO*, University of Delaware 
(720-35-7) 

12:15-12:25 (256) 

12:30-12:40 (257) 

12:45-12:55 (258) 

1:00- 1:10 (259) 

1:15- 1:25 (260) 

1:30- 1:40 (261) 

1:45- 1:55 (262) 

2:00- 2:10 (263) 

2:15- 2:25 (264) 

2:30- 2:40 (265) 

2:45- 2:55 (266) 

On a uniform parabolic equation with mixed boundary condition. Professor C. v. 
PAO, North Carolina state University (720-35-10) 

A representation for distributional solutions of parabolic problems. Prelim
inary report. Professor HAROLD D. MEYER, Texas Tech University 
(720-35-11) 

On a singular parabolic operator. Preliminary report. Professor LEONARD 
J. LIPKIN, University of North Florida (720-35-12) 

Saddle point behavior for a nonlinear one-dimensional parabolic equation. 
Preliminary report. Professor NATHANIEL CHAFEE, Georgia Institute 
of Technology (720-35-22) 

Parabolic Green functions in open sets. Dr. NEIL EKLUND, Centre College 
of Kentucky (720-35-25) 

Boundary regularity of weak solutions to a quasilinear parabolic equation. 
Dr. DANIEL J. DEIGNAN, University of Kentucky (720-35-27) 

Construction of solutions of parabolic partial differential equations. 
Professor M. J. STECHER, Texas A&M University (720-35-45) 

An algebraic rate of decay of local energy of solutions of hyperbolic systems 
on exterior regions. Preliminary report. Professor CLIFFORD 0. BLOOM, 
State University of New York at Buffalo (720-35-26) 

Uniqueness in the Cauchy problem for a doubly characteristic operator. 
Ms. LETITIA SEESE, University of New Mexico (720-35-28) 
Formation of a shock from a compression wave. Preliminary report. 
Professor BARBARA KEYFITZ, Columbia University (720-35-13) 

Scattering of waves reflected off a moving obstacle. Professor JEFFERY 
COOPER*, University of Maryland, College Park, and Professor WALTER 
A. STRASS, Brown University (720-35-17) 

THURSDAY, 12:00 NOON 

Session on Probability I, Continental Room, Sheraton-Park (Lobby Level) 
12:00-12:10 (267) On admissible translates of infinitely divisible distributions. 

12:15-12:25 (268) 

12:30-12:40 (269) 

12:45-12:55 (270) 

1:00- 1:10 (271) 

1:15- 1:25 (272) 

1:30- 1:40 (273) 

1:45- 1:55 (274) 

2:00- 2:10 (275) 

2:15- 2:25 (276) 

Professor WILLIAM N. HUDSON*, University of Utah, and 
Professor HOWARD G. TUCKER, University of California, Irvine (720-60-1) 

More on equivalence of infinitely divisible distributions. Professor W. N. 
HUDSON and Professor J.D. MASON*, University of Utah (720-60-2) 

A spherical characterization of the normal distribution. Dr. DAVID H. NASH*, 
General Motors Technical Center, Warren, Michigan, and Professor MURRAY 
S. KLAMKIN, University of Waterloo (720-60-19) 

On the unimodality of spherically symmetric stable distribution functions. 
Professor STEPHEN J. WOLFE, University of Delaware (720-60-23) 

Conjugate transforms for r T semigroups of probability distribution functions. 
Mr. RICHARD MOYNIHAN, University of Massachusetts (720-60-28) (Intro
duced by Professor Berthold Schweizer) 

Existence of Markov processes associated with noncontraction semigroups. 
T.F. LIN, Louisiana State University (720-60-14) 

How well can one fit two processes together. Professor PAUL C. SffiELDS, 
University of Toledo (720-60-15) 

Lorentz manifolds and retarded Markov operators. Preliminary report. 
Dr. S. P. LLOYD, Bell Laboratories, Murray Hill, New Jersey and 
Professor R. c. SINE*, University of Rhode Island (720-60-18) 

An algebraic model for Wiener measure. Mr. MARK J. CHRISTENSEN*, 
and Professor A. T. BHARUCHA-REID, Wayne State University (720-60-16) 

Random evolutions and limit theorems for initial value problems. ROBERT P. 
KERTZ, Georgia Institute of Technology (720-60-24) 
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THURSDAY, 1:00 P.M. 

Colloquium Lectures: Lecture I, Regency Ballroom, Shoreham 
(277) New directions in model theory. Professor H. JEROME KEISLER, Uni

versity of Wisconsin-Madison 

THURSDAY, 2:00P.M. 

Special Session on Interpolation of Operators and Applications I, Palladian Room, Shoreham (Lower 
Lobby Level) 
2:00- 3:00 (278) 

3:05- 3:25 (279) 

3:30- :J:50 (280) 

3:55- 4:15 (281) 

4:20- 4:40 (282) 

4:45- 5:05 (283) 

5:10- 5:30 (284) 

5:35- 5:55 (285) 

Some recent applications of the theory of interpolation of operators. 
Professor E. M. STEIN, Princeton University 

Interpolation between HP spaces, 0<P<ro· Professor CHARLES FEFFERMAN, 
University of Chicago, Professor NESTOR M. RIVIERE*, University of 
Minnesota, and Professor Y. SAGHER, University of Minnesota and 
Weizmann Institute of Sciences, Israel (720-42-13) 

Interpolation on HP spaces and some of their generalizations. Preliminary 
report. GUIDO WEISS, Washington University (720-47 -16) 

Interpolation between HP spaces, the complex method. Preliminary report. 
Professor A. P. CALDERON, Massachusetts Institute of Technology, and 
Professor A. TORCHINSKY*, Cornell University (720-42-9) 

Measures as convolution operators on H1a and Lip a. Dr. MISRA ZA FRAN, 
Stanford University (720-42-10) 

Counterexamples in interpolation theory. Professor ROBERT SHARPLEY III, 
Oakland University (720-46-45) 

Interpolation and martingale inequalities. Professor CARLS. HERZ, McGill 
University 

Biorthogonal systems equivalent to Fourier series. Professor HAROLD E. 
BENZINGER, University of Illinois (720-42-2) 

THURSDAY, 2:00P.M. 

Special Session on Probabilistic Analysis II, Heritage Room, Shoreham (Lower Lobby Level) 
2:00- 2:20 (286) Recurrence of d-dimensional random walks and the exterior Dirichlet problem. 

2::l0- 2:50 (287) 

3:00- :J :20 (288) 

3:30- 3:50 (289) 

4:00- 4:30 (290) 

Professor HARRY KESTEN, Cornell University (720-60-12) 

Integration of stochastic partial differential equations. Professor PAO-LIU 
CHOW, Wayne State University (720-60-9) 

Existence of densities for degenerate diffusion processes. Professor AVNER 
FRIEDMAN, Northwestern University (720-60-4) 

Fluctuations in the Navier-Stokes equations. Professor GEORGE C. 
PAPANICOLAOU, Courant Institute, New York University (720-60-10) 

Informal Discussion 

THURSDAY, 2:00P.M. 

Special Session on Mathematics and Games II, Empire Room, Shoreham 
2:00- 2:40 (291) Recent results and open questions for some particular games. Preliminary 

report. Professor EDWARD THORP, University of California, Irvine 
(720-90-7) 

2:40- 3:00 (292) 

3:00- 3:40 (293) 

3:40- 5:10 (294) 

5:10- 5:30 (295) 

5:30- 5:40 (296) 

On some positional games and the use of hypergraphs. Professor CLAUDE 
BERGE, University of Paris 

Infinite games" Professor RALPH McKENZIE, University of California, 
Berkeley 

Roundtable Discussion 

Backgammon doubling strategy. EMMETT B. KEELER, Rand Corporation, 
Santa Monica, California, and JOEL H. SPENCER*, Massachusetts Institute 
of Technology (720-90-10) 

Dynamic metagames of static games. Mr. DAVIDS. LAWRENCE, Courant 
Institute, New York University (74T-C30) 

THURSDAY, 2:00P.M. 

Special Session on Topological Dynamics II, Executive Room, Shoreham 
2:00- 2:20 (297) The discrete Bebutov dynamical system. Dr. ALLAN JAWORSKI, University 

of Texas at Austin (720-54-18) 

2:30- 2:50 (298) Real prime flows" Professor H. B. KEYNES*, University of Minnesota and 
Professor D. NEWTON, University of Sussex, England (720-54-9) 
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3:00- 3:20 (299) 

3:30- 3:50 (300) 

4:00- 4:20 (301) 

4:30- 4:50 (302) 

5:00- 5:20 (303) 

Generalized Morse flows on n symbols. Dr. JOHN c. MARTIN, North 
Dakota State University (720-54-22) 

On the connectedness of homomorphisms in topological dynamics. Preliminary 
report. Dr. DOUGLAS McMAHON*, University of Oregon, and Dr. TA-8UN 
WU, Case Western Reserve University (720-54-17) 

Sofie systems. ETHAN M. COVEN, Wesleyan University and MICHAEL E. 
PAUL*, University of Maryland, Baltimore County (720-54-10) 

Expansive properties of maps. Preliminary report. WILLIAM L. REDDY, 
Wesleyan University (720-54-39) 

Generalized Bohr compactifications. Preliminary report. Professor LEONARD 
SHAPIRO, University of Minnesota (720-22-12) 

THURSDAY, 2:15P.M. 

Invited Address, Regency Ballroom, Shoreham 
(304) On real Teichmuller spaces and their modular groups. Professor LINDA 

KEEN, City University of New York, Lehman College and Graduate School 
and University Center (720-32-7) 

THURSDAY, 2:30P.M. 

General Session II, Madison Room, Sheraton-Park (First Floor) 
2:30- 2:40 (305) Isotone functions and diagonal projection operators. Professor TAEN-YU 

DAI*, City University of New York, York College, and Professor RALPH E. 
DeMARR, University of New Mexico (720-06-2) 

2:45- 2:55 (306) 

3:00- 3:10 (307) 

3:15- 3:25 (308) 

3:30- 3:40 (309) 

3:45- 3:55 (310) 

4:00- 4:10 (311) 

4:15- 4:25 (312) 

4:30- 4:40 (313) 

4:45- 4:55 (314) 

5:00- 5:10 (315) 

Galois connection algorithms, Preliminary report. Professor EUGENE M. 
NORRIS, University of South Carolina (720-06-4) 

The dimension of planar posets. Preliminary report. Dr. WILLIAM T. 
TROTTER, Jr. , * and Mr. JOHN I. MOORE, Jr. , University of South 
Carolina (720-05-24) 

The dimensionofatreeisat most three. Preliminary report. Dr. WILLIAM 
T. TROTTER, Jr., and Mr. JOHN I. MOORE, Jr.,* University of South 
Carolina (720-05-25) 

A rank equality for matroids, Professor TERRENCE J. BROWN, State 
University of New York, College at Oswego (720-05-43) 

Representation of finite orthomodular posets. Preliminary report. Mr. ERIC 
G.R. GERELLE, Kansas State University (720-06-9) (Introduced by Dr. R.J. 
Greechie) 

Integration of polynomials without evaluation of antiderivatives. JAMES D. 
FABREY, University of North Carolina (720-98-1) 

The mathematization of analysis. Professor WILLIAM E. HARTNETT, 
State University of New York, College at Plattsburgh (720-98-2) 

Media assisted self study lessons in calculus, Professor THERON ROCKHILL, 
State University of New York, College at Brockport (720-98-3) (Introduced 
by Dr. E. 0, Stephany) 

Method for teaching introduction to computer science. Preliminary report. 
Dr. LEE D. THOMPSON, Loyola University, Chicago (720-98-4) 

Minimal surfaces rediscovered. Sister RITA EHRMANN, Villanova Uni
versity (720-98-5) 

THURSDAY, 2:30 P,M. 

Session on Algebra 11, Wardman Room, Sheraton-Park (Lobby Level) 
2:30- 2:40 (316) Chain conditions on regular near-rings. Professor MARJORY J. JOHNSON, 

2:45- 2:55 (317) 

3:00- 3:10 (318) 

3:15- 3:25 (319) 

3:30- 3:40 (320) 

3:45- 3:55 (321) 

University of South Carolina (720-16-13) 

Endomorphism near rings that are rings. Preliminary report. Professor J. J. 
MALONE, Worcester Polytechnic Institute (720-16-14) 

Matrix representation of simple halfrings. Professor H. E. STONE, Uni
versity of Pittsburgh (720-16-22) 

Some forms of certain Hopf algebras. Professor D. E. RADFORD, 
Lawrence University, Professor E.J. TAFT* and Professor R. L, WILSON, 
Rutgers University (720-16-9) 
The antipode of a Hopf algebra. Preliminary report. Professor DAVID E. 
RADFORD, Lawrence University (720-16-24) 

On the coradical of a Hopf algebra. Preliminary report. Dr. RICHARD K. 
MOLNAR, Oakland University (720-16-26) 
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4:00- 4:10 (322) 

4:15- 4:25 (323) 

4:30- 4:40 (324) 

4:45- 4:55 (325) 

Session on Analysis II, 
2:30- 2:40 (326) 

2:45- 2:55 (327) 

3:00- 3:10 (328) 

3:15- 3:25 (329) 

3:30- 3:40 (330) 

3:45- 3:55 (331) 

4:00- 4:10 (332) 

4:15- 4:25 (333) 

4:30- 4:40 (334) 

4:45- 4:55 (335) 

An application of group rings to associator dependent algebras. 
Professor DENIS Ro FLOYD*, and Professor IRVIN ROY HENTZEL, Iowa 
State University (720-17 -6) 

Semi prime antiflexible rings. Preliminary report. Professor HASAN A. 
CELIK, California State Polytechnic University (720-17 -11) 

A note on idealizers of terms of the ideal closure series of subalgebras of 
Lie algebras. Preliminary report. Miss ELENA M. MEDINA*, and 
Dr. BYOUNG-80NG CHWE, University of Alabama (720-17-14) 

Radial component of invariant differential operators at principal nilpotent 
points. Professor MOHSEN PAZIRANDEH, University of Texas (720-22-2) 
(Introduced by Professor Roger Bleier) 

THURSDAY, 2:30 P.M. 
Adams/Hamilton Room, Sheraton-Park (First Floor) 
Interpolating with discrete natural polynomial spline functionso Professor C. S. 
DURIS, Drexel University (720-39-1) 

On the speed of convergence of iterations of a function. Dr. VLADIMIR 
DROBOT, University of Santa Clara (720-39-2) 

A note on linear hereditary systems in LP-spaces. Preliminary report. 
Dr. H. T. BANKS, Brown University, and Dr. J.A. BURNS*, Virginia 
Polytechnic Institute and State University (720-39 -3) 

Representation of the solution of a delay-differential equation. Preliminary 
report. Dr. BERNARD A. ASNER, Jr., University of Dallas (720-39-4) 

A Tauberian theorem for stretchings. Professor DAVID F. DAWSON, North 
Texas State University (720-40-1) 

A Tauberian theorem for the generalized logarithmic method of summation. 
Dr. KUSUM SONI, University of Tennessee (720-40-7) 

Summability of rearrangements of sequences Professor J. A. FRIDY, Kent 
State University (720-40-4) 

Matrix summability theorems involving a certain class of sequences. 
Dr. W. VANCE UNDERHILL, East Texas State University (720-40-6) 

Series expansions and linear differential operators. Preliminary report. 
Dr. J.K. SHAW, Virginia Polytechnic Institute and State University 
(720-40-3) (Introduced by Professor George W. Crofts) 

Generalization of Fibonacci numbers useful in dynamic memory allocation. 
Dr. HELAMAN FERGUSON, Brigham Young University (720-40-5) 

THURSDAY, 2:30P.M. 

Session on Associative Rings II, Franklin Room, Sheraton-Park (First Floor) 
2:30- 2:40 (336) Regular modules. Dr. TOM CHEATHAM, Samford University (720-16-2) 

(Introduced by Dr. W.D. Peeples) 

2:45- 2:55 (337) 

3:00- 3:10 (338) 

3:15- 3:25 (339) 

3:30- 3:40 (340) 

3:45- 3:55 (341) 

4:00- 4:10 (342) 

4:15- 4:25 (343) 

4:30- 4:40 (344) 

4:45- 4:55 (345) 

On rings with no nontrivial annihilators. Preliminary report. 
Professor GEORGE SZETO, Bradley University (720-16-6) 

Rings with a class of modules projectives or quasi-injectives. Preliminary 
report. Mr. S.C. GOEL*, and Dr. S.K. JAIN, Ohio University (720-16-16) 

Semiprime splitting rings. Preliminary report. Dr. MARK L. TEPLY, 
University of Florida (720-16-17) 

Primary direct sum decomposition. JOHN FUELBERTH, University of 
Northern Colorado, and J. KUZMANOVICH*, Wake Forest University 
(720-16-21) 

Finitely generated projective modules. Preliminary report. Dr. ROBERT W. 
MILLER, College of William and Mary (720-16-27) 
Rings generated by their units. Preliminary report. Professor JOE W. 
FISHER, University of Texas at Austin (720-16-3) 

Completions of simple regular rings. Dr. K. R. GOODEARL, University of 
Utah (720-16-5) 

A noncommutative analog of prime ideals. Mr. JAY SHAPIRO, Rutgers Uni
versity (720-16-10) 

Maximal orders. Preliminary report. JOHN H. COZZENS*, Rider College 
and Kent State University, and FRANCIS L. SANDOMIERSKI, Kent State 
University (720-16-28) 
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5:00- 5:10 (346) Presentations of GE(n, R) and computation of K2(n, R). Preliminary report. 
Miss SUSAN C. GELLER, Cornell University (720-16-11) 

THURSDAY, 2:30P.M. 
Session on Finite Groups II, Assembly Room, Sheraton-Park (Lobby Levell 

2:30- 2:40 (347) The subgroup lattice for groups of order p2q and p3', Mr. THOMAS KRAFCIK, 
Miami University (720-20-19) (Introduced by Professor Charles Holmes) 

2:45- 2:55 (348) 

3:00- 3:10 (349) 

3:15- 3:25 (350) 

3:30- 3:40 (351) 

3:45- 3:55 (352) 

4:00- 4:10 (353) 

4:15- 4:25 (354) 

4:30- 4:40 (355) 

Groups of order p3q with identical subgroup structures. Dr. CHARLES S. 
HOLMES, Miami University (720-20-35) 

Partitions and representations of the hyperoctahedral groups. Preliminary 
report, Mr. DENNIS F. KINCH, University of North Carolina (720-20-25) 

Automorphism groups of isoclinic p-groups, Professor JOSEPH BUCKLEY, 
Western Michigan University (720-20-4) 

The existence of a normal Sylow p-subgroup or a normal p-complement. 
Professor JAMES R. WEAVER, University of West Florida (720-20-6) 

Aut(G) of a semidirect product of cyclic p-groups. Preliminary report, 
Dr. LARRY E. KNOP, University of Texas, Austin (720-20-13) 

p-groups in which centralizers of noncentral elements have the same order. 
I. Preliminary report. Dr. DAVID M. ROCKE, Governors State University 
(720-20-32) 

Construction ofp-groups of maximal class with group order pn~p2k+6, 
RAY SHEPHERD, Palm Beach Atlantic College (720-20-36) 

Connection between the Schur index of a representation and the structure of 
the group. Professor CHARLES FORD, Washington University (720-20-33) 

THURSDAY, 2:30P.M. 
Session on Categories, Arlington Room, Sheraton-Park (Ground Level) 

2:30- 2:40 (356) Epireflective subcategories in concrete categories. Preliminary report. 

2:45- 2:55 (357) 

3:00- 3:10 (358) 

3:15- 3:25 (359) 

3:30- 3:40 (360) 

3:45- 3:55 (361) 

4:00- 4:10 (362) 

Dr. JEAN MARIE McDILL, California Polytechnic State University 
(720-18-1) 

Finite partially ordered sets of cohomological dimension one, Preliminary 
report. CHARLES CHING-AN CHENG, Rutgers University (720-18-2) 

Principal homogeneous objects as representable functors. Preliminary 
report, Professor D. H. VANOSDOL, University of New Hampshire 
(720-18-3) 

An application of nonstandard analysis to category theory. Professor HARRY 
GONSHOR, Rutgers University (720-18-4) 

Free triples and the orthogonal subcategory problem. Dr. HARVEY WOLFF, 
University of Texas (720-18-5) 

Adjunctions and comonads in differential algebra. Professor WILliAM F. 
KEIGHER, University of Tennessee (720-18-6) 

Structured categories and projection functors. Preliminary report. 
Professor v.s. KRISHNAN, Temple University (720-18-7) 

THURSDAY, 2:30P.M. 
Session on General Topology III, Alexandria Room, Sheraton-Park (Ground Level) 

2:30- 2:40 (363) Another characterization of semiprime ideals in C(X). Dr, W. T. WHITLEY, 
Marshall University (720-54-4) 

2:45- 2:55 (364) 

3:00- 3:10 (365) 

3:15- 3:25 (366) 

3:30- 3:40 (367) 

3:45- 3:55 (368) 

First category function spaces under the topology of pointwise convergence. 
Professor ROBERT A. McCOY, Virginia Polytechnic Institute and State Uni
versity (720-54-30) 

Maximal ideals in algebras of continuous functions. Dr. EDWARD 
BECKENSTEIN*, St. John's University, Staten Island, Dr. LAWRENCE 
NARICI, St. John's University, Jamaica, Dr. CHARLES SUFFEL, Stevens 
Institute of Technology, and Dr. SETH WARNER, Duke University 
(720-54-64) 

{~-characterizations of generalized paracompact spaces. Preliminary report. 
Professor J, c. SMITH, Virginia Polytechnic Institute and State University 
(720-54-11) 

Countable paracompactness of Fu-sets. PHILLIP ZENOR, Auburn University 
(720-54-34) 
On normality and countable paracompactness. Professor GEORGE M. REED, 
Ohio University (720-54-38) 
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4:00- 4:10 (369) 

4:15- 4:25 (370) 

4:30- 4:40 (371) 

On extending locally finite collections. Dr. H. L. SHAPIRO, Northern Illinois 
University, and Dr. F. A. SMITH*, Kent State University (720-54-52) 

a -weak normality and related properties. Preliminary report. Dr. EUGENE 
S, BALL, American University, Cairo, Egypt (720-54-55) 

Completeness in semimetric spaces. Preliminary report. ProfessorS. D. 
SHORE*, University of New Hampshire, and Professor S.A. KENTON, 
Eastern Connecticut State College (720-54-45) 

THURSDAY, 2:30P.M. 

Session on Graphs II, Continental Room, Sheraton-Park (Lobby Level) 
2:30- 2:40 (372) On a method of attacking some combinatorial problems. Preliminary report. 

2:45- 2:55 (373) 

3:00- 3:10 (374) 

3:15- 3:25 (375) 

3:30- 3:40 (376) 

3:45- 3:55 (377) 

4:00- 4:10 (378) 

4:15- 4:25 (379) 

4:30- 4:40 (380) 

4:45- 4:55 (381) 

E. MAHMOODIAN, University of Pennsylvania (720-05-10) 

On pseudosurface imbeddings of graphs. Professor R.D. RINGEISEN*, 
Purdue University and Professor A. T. WIDTE, Western Michigan University 
(720-05-14) 

Self-dual embeddings of graphs. Preliminary report. Mr. SAUL STAHL, 
Western Michigan University (720-99-1) 

The independence ratio of a toroidal graph. Professor MICHAEL 0, 
ALBERTSON*, Smith College, and Dr. JOAN P. HUTCIDNSON, Dartmouth 
College (720-05-27) 

A class ofpanconnected graphs. R.J. FAUDREE, and R.H. SCHELP*, 
Memphis State University (720-05-17) 

A theorem on strongly connected digraphs. Preliminary report. Professor Y. 
EDMUND LIEN, University of Kansas (720-05-22) (Introduced by 
Professor Richard Hetherington) 

Maximally nonhamiltonian-connected graphs. Preliminary report, Dr. 
JAMES E. WILLIAMSON, Southern Illinois University (720-05-30) 

Nuclei of a point determining graph. Preliminary report. Mr. DENNIS P. 
GEOFFROY, University of South Carolina (720-05-34) 

Nonstandard methods in combinatorics and graph theory. Preliminary report. 
Professor A. E. HURD, University of Victoria (720-05-45) 

Vertex cyclic graphs. Mr. JOHN ROBERTS, Western Michigan University 
(720-99-3) 

THURSDAY, 2:30P.M. 

Session on Ordinary Differential Equations II, Dover Room, Sheraton-Park (Ground Level) 
2:30- 2:40 (382) Asymptotic nature of nonoscillatory solutions of nth order retarded equations. 

2:45- 2:55 (383) 

3:00- 3:10 (384) 

3:15- 3:25 (385) 

3:30- 3:40 (386) 

3:45- 3:55 (387) 

4:00- 4:10 (388) 

4:15- 4:25 (389) 

4:30- 4:40 (390) 

Dr. BHAGAT SINGH, University of Wisconsin (720-34-16) 

On the sign of Green's functions. Professor ALLAN PETERSON, University 
of Nebraska (720-34-26) 

Oscillations of a forced even order differential equation. Mr. KENT FOSTER, 
Southern Illinois University (720-34-32) 

Linear differential equations subject to integral smallness conditions involving 
ordinary integrability. Professor WILLIAM F. TRENCH, Drexel University 
(720-34-31) 

A new approach to the method of nonlinear variation of parameters. Prelim
inary report. Professor M. E. LORD*, and Professor A. RICHARD MITCHELL, 
University of Texas, Arlington (720-34-21) 

On a nonlinear differential equation occurring in astrodynamics. 
Professor ABOLGHASSEM GHAFFARI, Arya-Mehr University of Technology-
Teheran, Iran and NASA, Washington, D. C. (720-34-38) 

On singularly perturbed initial value problems. Preliminary report. 
Professor JOHN V. BAXLEY, Wake Forest University (720-34-35) 

Vector Lyapunov functions and perturbation theory. Preliminary report. 
Professor R. W. MITCHELL, and Professor M.E. MOORE*, University of 
Texas at Arlington (720-34-18) 

Boundedness of solutions to ordinary differential equations using Liapunov 
functions. Preliminary report. Mr. J. F. WIGGS, North Carolina State 
University (720-34-24) 
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4:45- 4:55 (391) Time-delay interconnected systems and extensions of Lyapnnov's direct 
method. Preliminary report. Professor GANGARAM S. LADDE, State Uni
versity of New York, College at Potsdam (720-34-7) 

5:00- 5:10 (392) Singular integro-differential inequalities. Preliminary report. Professor J, s. 
BRADLEY*, University of Tennessee, and Professor W.N. EVERITT, The 
University, Dundee, Scotland (720-34-36) 

THURSDAY, 2:30P.M. 

Session on Partial Differential Equations II, Senate Room, Sheraton-Park (Lobby Level) 
2:30- 2:40 (393) On Holmgren's theorem. Preliminary report. Professor L. R. HUNT and 

Professor M.J. STRAUSS*, Texas Tech University (720-35-3) 

2:45- 2:55 (394) 

3:00- 3:10 (395) 

3:15- 3:25 (396) 

3:30- 3:40 (397) 

3:45- 3:55 (398) 

4:00- 4:10 (399) 

4:15- 4:25 (400) 

4:30- 4:40 (401) 

4:45- 4:55 (402) 

5:00- 5:10 (403) 

Harmonic Faber polynomials. Preliminary report. Dr. EDWIN T, HOEFER, 
Rosary Hill College (720-35-14) (Introduced by G. Georgantas) 

On the corner problem for symmetric positive systems. Professor GIDEON 
PEYSER, Newark College of Engineering (720-35-15) 

Elementary solutions of P(D). Professor NARENDRA L. MARIA, California 
State College, Stanislaus (720-35-23) 

On a correctness class of the Bessel type differential operator sw Preliminary 
report. Dr. WILLY LEE, Rutgers University, Camden (720-35-30) 

Reflection principles for the iterated Helmholtz equation. Dr. J. B. DIAZ, 
Rensselaer Polytechnic Institute, and Dr. R. B. RAM*, State University of 
New York, College at Oneonta (720-35-41) 

Analyticity of solutions of nonlinear evolution equations, Dr. FRANK J. 
MASSEY III, University of Kentucky (720-35-43) 

The solution of initial-boundary value problems for equations of Sobolev type, 
Dr. w. RUNDELL, Texas A&M University (720-35-44) (Introduced by 
Dr. Michael Stecher) 

Extension of two theorems of Payne to some nonlinear Dirichlet problems. 
Dr. RENE P. SPERB, University of Tennessee (720-35-6) (Introduced by 
Professor P. W. Schaefer) 

The Dirichlet problem for the equation of zero Gauss curvature. 
Professor J.B. RAUCH*, and Professor B.A. TAYLOR, University of 
Michigan (720-35-20) 

Exterior Dirichlet and Neumann problems in generalized biaxially symmetric 
potential theory. Preliminary report. Dr. DENNIS W. QillNN, Aerospace 
Research Laboratories, Wright-Patterson Air Force Base, Ohio (720-35-21) 

THURSDAY, 2:45P.M. 

Session on Applied Mathematics II, Richmond Room, Sheraton-Park (Ground Level) 
2:45- 2:55 (404) The asymptotic expansion near a focus for almost plane waves. Preliminary 

report. Dr, JOHN I. BOBBITT, Purdue University, Calumet Campus 
(720-78-1) 

3:00- 3:10 (405) 

3:15- 3:25 (406) 

3:30- 3:40 (407) 

3:45- 3:55 (408) 

4:00- 4:10 (409) 

4:15- 4:25 (410) 

4:30- 4:40 (411) 

Multi-mode surface wave phenomena. Professor RICHARD C. MORGAN*, 
St. John's University, and Professor SAMUEL N. KARP, Courant Institute, 
New York University (720-78-2) 

The unitarity equations for matrices and the problem of determining the 
scattering amplitude from the differential cross-section. Dr. MICHAEL 
TORTORELLA*, and Dr. JAMES A. LEISE, University of Wisconsin, 
Milwaukee (720-81-1) 

Spectral analysis of the multigroup transport operator. Professor WILLIAM 
GREENBERG, Virginia Polytechnic Institute and State University (720-82-1) 

Interior solutions to plane symmetric Einstein-Maxwell equations. 
Professor M. HUMI*, and Mr. J. A. LEBRITTON, Worcester Polytechnic 
Institute (720-83-2) 

Transport operators. Dr. R. HECHT-NIELSEN*, and Professor A. P. WANG, 
Arizona State University (720-99-2) 

A mathematical method for approximating the potential and gradient at any 
point betweei). an insulated cable to plane. Mr. T. J. LANOUE* and Dr. v. L. 
BOAZ, Westinghouse Electric Corporation, Muncie, Indiana and Dr. MIR M. 
ALI, Ball State University (720-99-4) (Introduced by Dr. T. K. Puttaswamy) 

Limiting and asymptotic behavior of the Bondurant-Hoskold formulas for 
valuation of coal mine parcels for equitable tax assessment. Preliminary 
report. Professor H. w. GOULD, West Virginia University (720-99-5) 
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4:45- 4:55 (412) 

5:00- 5:10 (413) 

Complete degrees of finite-state transformability. Professor HENRY G. 
GORDON, Allentown College of St. Francis DeSales (720-94-1) 

Di;;tortion mappings. III: Progress report. PAUL A. WILLIS, Teledyne 
Geotech Laboratories, Alexandria, Virginia 

THURSDAY, 2:45P.M. 

Session on Differential Geometry, Wilmington Room, Sheraton-Park (Ground Level) 
2:45- 2:55 (414) On results of Bochner and Nomizu. Professor GEORGE PARKER, Southern 

Illinois University (720-53-1) 

3:00- 3:10 (415) Taut immersions of noncompact surfaces into R3. Dr. THOMAS E. CECIL, 

3:15- 3:25 (416) 

3:30- 3:40 (417) 

3:45- 3:55 (418) 

4:00- 4:10 (419) 

4:15- 4:25 (420) 

4:30- 4:40 (421) 

4:45- 4:55 (422) 

Vassar College (720-53-2) 

Submersions from complex projective space. RICHARD H. ESCOBALES, Jr., 
Canisius College (720-53-4) 

Imbeddings of Stiefel manifolds into Grassmannians. Professor GARY R. 
JENSEN, Washington University (720-53-5) 

Kaehler Gauss-Codazzi equations. Preliminary report. HOWARD 
JACOBOWITZ, Rice University (720-53-9) 

On manifolds with nonnegative Ricci curvature. II. Dr. EUGENIO CALABI, 
University of Pennsylvania (720-53-6) 

Pseudo-Riemannian manifolds with totally geodesic bisectors. Professor 
JOHN K. BEEM, University of Missouri (720-53-8) 

The asymptotic expansion of the zeta-function of compact symmetric spaces 
of rank one. ROBERTS. CAHN*, University of Miami, and JOSEPH A. 
WOLF, University of California, Berkeley (720-53-3) 

On weakly asymptotically simple space-times. Preliminary report, 
Professor GEORGE DEBNEY, Virginia Polytechnic Institute and State Uni-
versity (720-53-7) 

THURSDAY, 3:30P.M. 
Invited Address, Regency Ballroom, Shoreham 

(423) Some recent discoveries in the isomorphic theory of Banach spaces. 
Professor HASKELL P. ROSENTHAL, University of Illinois at Urbana
Champaign (720-46-50) 

THURSDAY, 3:30P.M. 

S ecial Session on Anal ic Number Theo II, Diplomat Room, Shoreham (Lower Lobby Level) 
3:30- 3:50 (424) 3-class groups of cu ic fields. Professor FRANK GERTH III, University of 

Texas at Austin (720-12-2) 

4:00- 4:20 (425) 

4:30- 4:50 (426) 

5:00- 5:20 (427) 

5:30-5:50 (428) 

6:00- 6:20 (429) 

On ideals having only small prime factors. Preliminary report. Dr. DONALD 
HAZLEWOOD, Southwest Texas State University (720-10-1) 

On multiply perfect numbers and Mersenne primes. Dr. CARL POMERANCE, 
University of Georgia (720-10-2) 

A formula relating rk(S) and.lk(2-s) for k totally real with class number one. 
Professor A. TERRAS, University of California, San Diego (720-10-7) 

Quadratic forms over nonformally real fields. Professor CRAIG M. CORDES, 
Louisiana State University (720-10-3) 

A stopping time problem on the positive integers. RIHO TERRAS, Del Mar, 
California (720-10-6) 

THURSDAY, 8:30P.M. 
Gibbs Lecture, Regency Ballroom, Shoreham 

(430) A priori estimates, geometric effects, and asymptotic behavior. 
Professor FRITZ JOHN, Courant Institute, New York University (720-41-16) 

FRIDAY, 8:30A.M. 

Special Session on Structure and Representation of Lie Algebras Over General Fields I, Dover Room, 
Sheraton-Park (Ground Level) 
8:30- 9:30 (431) Recent advances in classification of simple Lie algebras. Professor ROBERT 

LEE WILSON, Rutgers University (720-17-10) 

9:45-10:05 (432) 

10:10-1Q:30 (433) 

Simple modular Lie algebras and Lie algebras over valuation rings. HELMUT 
STRADE, Universit!tt Hamburg, West Germany (720-17-8) 

Triple forms and related Lie algebras. Preliminary report. Dr. JOHN B. 
JACOBS, University of Oregon (720-17-13) 
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10:35-10:55 (434) 

11:00-11:20 (435) 

11:25-11:45 (436) 

11:50-12:10 (437) 

12:15-12:35 (438) 

On certain classes of Jacobian generated algebras. Preliminary report. 
Dr. MARGUERITE FRANK, Princeton, New Jersey (720-17-7) (Introduced 
by Professor George Seligman) 

Forms of certain generalized Witt algebras. Preliminary report. Dr. DAVID 
KOPCSO, Babson College (720-17 -15) 

Borel and Borel-like solvable Lie algebras. Professor MICHAEL A. GAUGER, 
University of Massachusetts (720-17 -2) 

On simple associative algebras arising from solvable Lie algebras. 
Professor JOHN McCONNELL, University of California, Berkeley (720.,.16-19) 
(Introduced by Professor G. Seligman) 

Representations of solvable p-algebras. Mr. JOHN SCHUE, Macalester 
College (720-17 -4) 

FRIDAY, 8:45A.M. 

Session on Analysis III, Wardman Room, Sheraton-Park (Lobby Level) 
8:45- 8:55 (439) Contractive perturbations of restricted shifts. Professor JOSEPH BALL, 

Virginia Polytechnic Institute and State University and Professor ARTHUR 
LUBIN*, Northwestern University (720-47-2) 

9:00- 9:10 (440) 

9:15- 9:25 (441) 

9:30- 9:40 (442) 

9:45- 9:55 (443) 

10:00-10:10 (444) 

10:15-10:25 (445) 

10:30-10:40 (446) 

10:45-10:55 (447) 

11:00-11:10 (448) 

11:15-11:25 (449) 

11:30-11:40 (450) 

11:45-11:55 (451) 

Circularly symmetric normal and subnormal operators. Professor RALPH 
GELLAR, North Carolina State University (720-47-28) 

Uniqueness of analytic continuation on a real hypersurface in c2. Prelim
inary report. Professor L. R. HUNT, Texas Tech University (720-32-1) 

Runge domains and lacunary power series in several variables. Preliminary 
report. Mr. JOHN PESEK, Jr., University of Michigan (720-32-2) 

A second main theorem on Stein manifolds with pseudoconvex exhaustion. 
Preliminary report. Dr. JOHN J. MURRAY, Texas Tech University 
(720-32-3) (Introduced by Professor L. R. Hunt) 

Some analytic uniform algebras. Preliminary report. Dr. WILLIAM R. 
ZAME, State University of New York at Buffalo (720-32-5) 

Invariance of holomorphic convexity under proper maps. Dr. ANDREW G. 
MARKOE, University of Washington (720-32-6) 

Simultaneous spline approximation and interpolation preserving norm. 
Professor C.K. CHUI*, Professor E.R. ROZEMA, Professor P. w. SMITH, 
and Professor J.D. WARD, Texas A&M University (720-41-8) 

Limits of Hk•P-splines asp_, 1. Professor c. K. CHUI, Professor P. W. 
SMITH, Professor J.D. WARD*, Texas A&M University (720-41-9) 

Favards solution is the limit of Hk,p splines. Professor C. K. CHUI, 
Professor P. W. SMITH*, and Professor J.D. WARD, Texas A&M University 
(720-41-10) 

Walsh-like expansions and Hadamard matrices. Preliminary report. 
Professor R.D. LARSEN, and Professor W.R. MADYCH*, Texas A&M 
University (720-41-12) 

Extremal polynomials in bounded T-systems. B. GOPINATH, and R. P. 
KURSHAN*, Bell Laboratories, Murray Hill, New Jersey (720-41-14) 

Stone-Weierstrass properties in some commutative Banach algebras. Pre
liminary report. STEPHEN RODI, Mary Baldwin College (720-41-15)(Intro-
duced by John E. Gilbert) 

FRIDAY, 8:45A.M. 

Session on Approximation, Adams/Hamilton Room, Sheraton-Park (First Floor) 
8:45- 8:55 (452) Error estimates in approximation by extended Hermite-Fejer operators. 

9:00- 9:10 (453) 

9:15- 9:25 (454) 

9:30- 9:40 (455) 

Dr. SHELDON M. EISENBERG*, University of Hartford and Dr. BRUCE 
WOOD, University of Arizona (720-41-1) 

H-sets, an approach to linear Tchebycheff approximation. Dr. MICHAEL 
BRANNIGAN, Iowa State University (720-41-2)(Introduced by Richard H. 
Miller) 

Chebychev approximation of completely monotonic functions by sums of 
exponentials. Professor DAVID W. KAMMLER, Southern Illinois Uni
versity (720-41-11) 

On some polynomial approximation operators. Dr. T.J. RIVLIN, IBM 
T.J. Watson Research Center, and Professor E. W. CHENEY*, University 
of Texas at Austin (720-41-6) 
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9:45- 9:55 (456) 

10:00-10:10 (457) 

10:15-10:25 (458) 

10:30-10:40 (459) 

10:45-10:55 (460) 

An algorithm for L1 approximation using near best approximates. Prelim
inary report. Dr. MICHAEL P. CARROLL, Virginia Polytechnic Institute 
and State University (720-41-3) 

Approximation of random functions. Preliminary report. Professor W. H. 
LING, Union College, Professor H. W. McLAUGHLIN, and Ms. M. L. 
SMITH*, Rensselaer Polytechnic Institute (720-41-7) 

The complete Pade tables of certain series of simple fractions. II. 
Professor ALBERT EDREI, Syracuse University (720-41-4) 

Rational approximation on certain unbounded domains of the complex plane. 
Professor P. ERDOS, Stanford University, and Professor A.R. REDDY*, 
Michigan State University (720-41-5) 

Uniform approximation by rational functions and their derivatives. Prelim
inary report. Professor URI FIXMAN, Queens University, and 
Professor LEE A. RUBEL*, University of Illinois (720-41-13) 

FRIDAY, 8:45A.M. 

Session on Complex Analysis II, Franklin Room, Sheraton-Park (First Floor) 
8:45- 8:55 (461) On linear combinations of convex functions of order {3. Preliminary report. 

9:00- 9:10 (462) 

9:15- 9:25 (463) 

9:30- 9:40 (464) 

9:45- 9:55 (465) 

10:00-10:10 (466) 

10:15-10:25 (467) 

10:30-10:40 (468) 

10:45-10:55 (469) 

11:00-11:10 (470) 

(471) 

Mr. HERB W. SILVERMAN, University of Delaware, and Ms. EVELYN M. 
SILVIA*, University of California, Davis (720-30-2) 

Starlike functions as limits of polynomials. Professor TED J. SUFFRIDGE, 
University of Kentucky (720-30-4) 

On the radius of starlikeness of (zf)' for f univalent. Preliminary report. 
Dr. ROGER W. BARNARD, Texas Tech University (720-30-8) 

Analytic functions in class H1/2,n and their applications. Dr. DOROTHY 
BROWNE SHAFFER, Fairfield University (720-30-22) 

Univalent functions with negative coefficients. HERB SILVERMAN, University 
of Delaware (720-30-5) 

Completely convex and positive harmonic functions. Professor DALE H. 
MUGLER, Syracuse University (720-30-3) 

Duality and multipliers in spaces of harmonic functions. Professor A. L. 
SHIELDS, University of Michigan, and Professor D. L. WILLIAMS*, 
Syracuse University (720-30-20) 

Quadratic differentials. Preliminary report. JEFFREY C. WIENER, 
Georgia Institute of Technology (720-30-6) 

Analytic capacity of open sets. Mr. STEVEN JACOBSON, Yale University 
(720-30-15) 

Restrictions of analytic functions. JAMES ROVNYAK*, and MARVIN 
ROSENBLUM, University of Virginia (720-30-25) 

Withdrawn 
FRIDAY, 8:45A.M. 

Session on Functional Analysis II, Assembly Room, Sheraton-Park (Lobby Level) 
8:45- 8:55 (472) The strict dual of B*-algebras. Preliminary report. Dr. JOHN w. 

9:00- 9:10 (473) 

9:15- 9:25 (474) 

9:30- 9:40 (475) 

9:45- 9:55 (476) 

10:00-10:10 (477) 

10:15-10:25 (478) 

10:30-10:40 (479) 

DAVENPORT, Madison College (720-46-4) 

On commutative B*-equivalent algebras. Mr. JOSEF WICHMANN, Texas 
Christian University (720-46-19) 

The p class in a dual B*-algebra. Preliminary report. Dr. PAK-KEN WONG, 
Seton Hall University (720-46-20) (Introduced by Professor Charles Franke) 

Representation of C* algebras. Preliminary report. Mr. c. w. BAKER, 
University of Kentucky (720-46-51) 

Compact groups of automorphisms of von Neumann algebras. Preliminary 
report. Professor WILLIAM L. GREEN, Georgia Institute of Technology 
(720-46-28) 

Renorming a normed algebra having a semigroup of near isometries. 
Preliminary report. Professor JOHN A. LINDBERG, Jr., Syracuse Uni
versity (720-46-29) 

On functors from compact pairs to Banach algebras. Professor DONALD 
HARTIG, Ohio University (720-46-35) 

On perturbing bases of complex exponentials in L2 (- 1r, 1r). 
Professor ROBERT M. YOUNG, Oberlin College (720-46-3) 
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10:45-10:55 (480) 

11:00-11:10 (481) 

Linear and nonlinear functionals on the spaces IJ>, 0< p< 1. Preliminary 
report. JUDITH PALAGALLO, Colorado State University (720-46-33) 

On the fine structure of the spectra of certain classes of operators on the 
.tp spaces. Preliminary report. Professor C.J.A. Halberg, Jr., Uni-
versity of California, Riverside (720-46-47) (Introduced by Professor s. R. 
Gordon) 

(482) Withdrawn 

FRIDAY, 8:45A.M. 

Session on Groups, Senate Room, Sheraton-Park (Lobby Level) 
8:45- 8:55 (483) The automorphism group of a p-group of maximal class with an abelian 

maximal subgroup. Dr. ALPHONSE H. BAARTMANS, Southern Illinois 
University, and Dr. JAMES J. WOEPPEL*, Indiana University Southeast 
(720-20-17) 

9:00- 9:10 (484) 

9:15- 9:25 (485) 

9:30- 9:40 (486) 

9:45- 9:55 (487) 

10:00-10:10 (488) 

On a paper of Richman and Walker. Ms. ROBIN KUEBLER* and 
Professor J.D. REID, Wesleyan University (720-20-28) 

Fully invariant subgroups of primary abelian groups. Professor RONALD 
c. LINTON, University of South Alabama (720-20-23) (Introduced by 
Professor Richard Vinson) 

The conjugacy problem for free products of sixth groups with cyclic amal
gamation. Preliminary report. Dr. LEO COMERFORD*, Michigan State 
University and Dr. BERNARD TRUFFAULT, Universite de Nantes, France 
(720-20-29) 

A characterization of the maximal monoids and maximal groups in /3x· 
Professor D.J. HARTFIEL and Professor C.J. MAXSON*, Texas A&M 
University (720-20-7) 

On permutations of groups. Preliminary report. Dr. ALFRED P. MANEKI, 
Department of Defense, Fort George G. Meade, Maryland (720-05-41) 

FRIDAY, 8:45A.M. 

Session on Manifolds and Global Analysis, Madison Room, Sheraton-Park (First Floor) 
8:45- 8:55 (489) Torsion in the bordism of oriented involutions. Dr. RUSSELL J. ROWLETT, 

University of Tennessee (720-57-1) 

9:00- 9:10 (490) 

9:15- 9:25 (491) 

9:30- 9:40 (492) 

9:45- 9:55 (493) 

10:00-10:10 (494) 

10:15-10:25 (495) 

10:30-10:40 (496) 

10:45-10:55 (497) 

11:00-11:10 (498) 

11:15-11:25 (499) 

PL actions and equivariant general position. Preliminary report. 
Dr. ROBERT SCHWARTZ, Burlington County College (720-57-9) 

Close piecewise linear codimension one embeddings. Preliminary report. 
Dr. MARVIN ISRAEL, Goucher College (720-57-10) 

Embedding contractible 2-complexes in E4. Mr. BENJAMIN M. FREED, 
Kent State University (720-57-14) 

Brick partitionings and 2-cells, Preliminary report. Dr. RICHARD SLOCUM, 
University of Tennessee at Martin (720-57-5) 

A theory of higher order derivatives for H-differentiability on locally convex 
spaces. Dr. F.R. MILLER*, and Dr, W.D. CURTIS, Kansas State Uni
versity (720-58-1) (Introduced by Professor R. B. Burckel) 

Truncations of vector field flows. Preliminary report. Dr. WILLIAM 
PERRIZO, North Dakota State University (720-58-2) 

Hamiltonian systems. Professor SHELDON E. NEWHOUSE, University of 
North Carolina (720-58-3) 

An irreversible analogue of the Denjoy theorem. Preliminary report. 
ZBIGNIEW NITECKI, Tufts University (720-58-4) 

Unique ergodicity of some flows related to Axiom A diffeomorphisms. 
Mr. BRIAN H. MARCUS, University of California, Berkeley (720-58-6) 

The (H1,1) rectifiable subsets of a homogeneous space without rotation, 
Mr. SAMIR KAR, Indiana University (720-58-5) 

FRIDAY, 8:45A.M. 

Session on Probability II, Alexandria Room, Sheraton-Park (Ground Level) 
8:45- 8:55 (500) On the square variation of martingales. Professor ITREL MONROE, Uni

versity of Arkansas (720-60-21) 

9:00- 9:10 (501) A smoothing index and equiconvergence of martingales. Professor LOUIS H. 
BLAKE, Worcester Polytechnic Institute (720-60-22) 
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9:15- 9:25 (502) 

9:30- 9:40 (503) 

9:45- 9:55 (504) 

10:00-10:10 (505) 

10:15-10:25 (506) 

10:30-10:40 (507) 

10:45-10:55 (508) 

On investigation of sequential testing procedures for comparison of 
stochastic branching processes. Preliminary report. Mr. T, SMITH*, and 
Professor C. P, TSOKOS, University of South Florida (720-60-32) 

A generalization of a theorem of Cramer. Professor G. D. ALLEN, Texas 
A&M University (720-60-33) 

The Petersburg paradox. Professor HELEN SKALA, University of Mass
achusetts, Boston (720-60-17) 

The determinant of a random matrix. F. ALBERTO GRUNBAUM, Uni
versity of California, Berkeley (720-60-25) (Introduced by Professor Jacob 
Feldman) 

On the convolution iterates of a probability measure. ARUNAVA MUKHERJEA, 
and JAMES GARD*, University of South Florida (720-60-27) 

Zero-one laws in finite W*-algebras (noncommutative probability), 
Professor E. C. GOOTMAN, and Professor D. KANNAN*, University of 
Georgia (720-60-29) 

On the Erdos-Feller criterion, Professor D. G. KOSTKA, Texas A&M Uni
versity (720-60-34) 

FRIDAY, 9:00A.M. 

Informal Special Session on Color Theory, Arlington Room, Sheraton-Park (Ground Level) 
9:00-12:00 (509) Informal. Conducted by Professor RUTH BARI, George Washington University 

FRIDAY, 9:00A.M. 

Invited Address, Regency Ballroom, Shoreham 
(510) General relativity and cosmology. Professor RAINER K. SACHS, University 

of California, Berkeley (720-83-1) 

FRIDAY, 9:00A.M. 

Special Session on Fourier Integral Operators, Continental Room, Sheraton-Park (Lobby Level) 
9:00- 9::l0 (511) On Kostant quantization and partial differential equations. Professor VICTOR 

W. GUILLEMIN, Massachusetts Institute of Technology 

9:45-10:15 (512) 

10:30-11:00 (513) 

11:15-11:45 (514) 

Fourier integral operators with complex phase. Professor FRANCOIS TREVES, 
Rutgers University (720-47 -22) 

Periodic Fourier integral operators. Professor ALAN WEINSTEIN, University 
of California, Berkeley 

Withdrawn 

FRIDAY, 9:00 A,M. 

Special Session on Interpolation of Operators and Applications II, Palladian Room, Shoreham (Lower 
Lobby Level) 
9:00- 9:20 (515) Weighted norm inequalities. Professor BENJAMIN MUCKENHOUPT, Rutgers 

9:25- 9:45 (516) 

9:50-10:10 (517) 

10:15-10:35 (518) 

10:40-11:00 (519) 

11:05-11:25 (520) 

11:30-11:50 (521) 

University (720-46-24) 

Extensions of the Hausdorff-Young theorem. Professor COLIN BENNETT, 
California Institute of Technology (720-42-7) 

Convolution operators of weak type. JOHN J. F. FOURNIER, University of 
British Columbia (720-43-1) 

Tensor products, interpolation theory and convolution operators. JOHN E. 
GILBERT, University of Texas (720-43-13) 

Interpolation of operators and a. e. convergence of Fourier series. Prelim
inary report. Professor RICHARD A. HUNT, Purdue University (720-42-11) 

The theory of ultraspherical multipliers and the idea of local stability, 
WILLIAM CONNETT*, and ALAN SCHWARTZ, University of Missouri, St. 
Louis (720-42-4) 

Some applications of interpolation theory. Professor YOREM SAGHER, 
University of Minnesota, and Weizmann Institute of Science, Israel 

FRIDAY, 9:00A.M. 

Special Session on Interrelations Between Computation and Number Theory, Richmond Room, 
Sheraton-Park (Ground Level) 
9:00- 9:25 (522) Improved bounds for the Chebyshev functions with applications. 

Professor LOWELL SCHOENFELD, State University of New York at Buffalo 
(720-10-41) 
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30- 9:45 (523) 

:50-10:15 (524) 

):20-10:35 (525) 

0:40-11:05 (526) 

1:10-11:20 (527) 

11:25-11:45 (528) 

Zeros of Fekete polynomials. Preliminary report. Professor PAUL T. 
BATEMAN, university of Illinois (720-10-42) 

The distribution of pseudo-random numbers generated by the linear con
gruential method, Dr. HARALD NIEDERREITER, Institute for Advanced 
Study (720-10-4) 

On the number of normal number fields, P.J. WEINBERGER, University 
of Michigan (720-12-18) 

Factorization and prime testing. Professor J. L. SELFRIDGE and 
Professor M. C. WUNDERLICH*, Northern Illinois University (720-10-45) 
On the permanent of Schur's matrix •. R. L. GRAHAM*, Bell Laboratories, 
Murray Hill, New Jersey, and D. H. LEHMER, University of California, 
Berkeley (720-10-44) 

Analysis and improvement of the continued fraction method of factorization. 
Dr. DANIEL SHANKS, Naval Ship Research and Development Center, 
Bethesda, Maryland (720-10-43) 

FRIDAY, 9:00A.M. 

Special Session on Probabilistic Analysis III, Heritage Room, Shoreham (Lower Lobby Level) 
9:00- 9:20 (529) An infinite dimensional Laplacian. Preliminary report. M. ANN PIECH, 

State University of New York at Buffalo (720-60-7) 
9:30- 9:50 (530) 

10:00-10:20 (531) 

10:30-11:00 (532) 

11:10-11:40 (533) 

Potential theory associated with Uhlenbeck-Ornsteinprocess. Professor HUI
HSIUNG KUO, University of Virginia (720-31-1) 

Measurability of generalized inverses of random linear operators in Banach 
spaces and random generalized Green's functions. Preliminary report. 
Professor M. ZUHAIR NASHED, Georgia Institute of Technology (720-60-13) 

The law of the iterated logarithm for Banach space valued random variables. 
Professor JAMES KUELBS, University of Wisconsin, Madison (720-60-3) 
Informal Discussion 

FRIDAY, 9:00A.M. 

Special Session on Singular Cauchy Problems, Wilmington Room, Sheraton-Park (Ground Level) 
9:00- 9:10 (534) Opening remarks by Professor BERNARD FUSARO, Salisbury State College 
9:10- 9:30 (535) 

9:35- 9:55 (536) 

10:00-10:20 (537) 

10:25-10:45 (538) 

10:50-11:10 (539) 

11:15-12:00 (540) 

The Riemann-Liouville integral and parameter shifting in a class of linear 
abstract Cauchy problems. Preliminary report. Professor LOUIS R. BRAGG, 
Oakland University (720-35-2) 

Analogous function theories in the theory of heat conduction and singular 
Cauchy problems. Preliminary report. Professor LOUIS R. BRAGG and 
Professor JOHN W. DETTMAN*, Oakland University (720-35-1) 

Growth properties of solutions to a nonlinear Euler-Poisson-Darboux 
equation. Professor HOWARD A. LEVINE, University of Rhode Island 
(720-35-19) 

Nonlinear degenerate evolution equations and partial differential equations of 
mixed type. R. E. SHOWALTER, University of Texas (720-35-8) 

Comparison and oscillation theorems for singular hyperbolic equations. 
Professor EUTIQUIO c. YOUNG, Florida State University, Tallahassee 
(720-35-18) 

Eisenstein integrals and singular Cauchy problems, Professor ROBERT 
CARROLL, University of Illinois (720-35-16) 

FRIDAY, 10:00 A.M. 

Special Session on Set-Theoretic and Combinatorial Methods in Topology I, The Forum, Shoreham 
(Upper Lobby Level) 

10:00-10:20 (541) A perfectly normal, nonmetrizable manifold. Professor MARY ELLEN RUDIN, 
University of Wisconsin (720-54-8) 

10:30-10:50 (542) 

11:00-11:20 (543) 

A solution to the Blumberg problem. Preliminary report. Mr. W. A. R. 
WEISS, University of Toronto (720-54-42) (Introduced by Professor Franklin 
D. Tall) 

On nonmetrizable spaces in which every subspace _of smalJ cardinality is 
metrizable. Preliminary report. Professor ISTVAN JUHASZ, university 
of Wisconsin and Mathematical Institute, Budapest, Hungary (720-54-25) 
(Introduced by M. E. Rudin) 
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11:30-11:50 (544) Continuous pseudometrics. Professor STELIOS NEGREPONTIS, Athens 
University and McGill University 

FRIDAY 10:15 A.M. 

Invited Address, Regency Ballroom, Shoreham 
(545) A representation theoretic proof of a formula of Max Noether. 

Professor NOLAN R. WALLACH, Rutgers University (720-22-14) 

FRIDAY, 1:00 P.M. 

Colloquium Lectures: Lecture II, Regency Ballroom, Shoreham 
(546) New directions in model theory. Professor H. JEROME KEISLER, University 

of Wisconsin-Madison 

FRIDAY, 2:15P.M. 

Retiring Presidential Address, Regency Ballroom, Shoreham 
(547) Topology and logic as sources of algebraic ideas. Professor SAUNDERS 

MAC LANE, University of Chicago (720-99-6) 

FRIDAY, 3:15P.M. 

Cole Prize and Steele Prize Sessions, Regency Ballroom, Shoreham 

FRIDAY, 4:30P.M. 

Business Meeting, Regency Ballroom, Shoreham 

FRIDAY, 8:30P.M, 

Panel Discussion on Seeking Employment Outside Academia: Views from some who have recently 
succeeded. 

Professor MARTHA K. SMITH, University of Texas, Austin (Moderator) 

SATURDAY, 12:00 NOON 

Special Session on Hyperbolic Conservation Laws I, Palladian Room, Shoreham (Lower Lobby Level) 
12:00-12:30 (548) The generic theory of regularity for a single convex conservation law. 

12:35- 1:05 (549) 

1:10- 1:40 (550) 

Professor DAVID G. SCHAEFFER, Massachusetts Institute of Technology 
(720-35-42) 

Regularity for a single conservation law. JOHN GUCKENHEIMER, Uni
versity of California, Santa Cruz (720-35-4) 

The semigroup approach to a single conservation law. MICHAEL G. 
CRANDALL, University of Wisconsin-Madison (720-35-31) 

SATURDAY, 12:00 NOON 

Special Session on Some Directions of Current Progress in Commutative Algebra II, Arlington/ 
Alexandria Rooms, Sheraton-Park (Gronnd Level) 

12:00-12:45 (551) Ideals of low codimension. Professor ARTHUR OGUS, Princeton University 

1:00- 1:45 (552) The method of Tschirnhausen-Newton-Puiseux. Expository report. T. T. MOH, 
University of Minnesota (720-13-12) 

SATURDAY, 1:00 P.M. 

Colloquium Lectures: Lecture III, Regency Ballroom, Shoreham 
(553) New directions in model theory. Professor H. JEROME KEISLER, Uni

versity of Wisconsin-Madison 

SATURDAY, 1:00 P.M. 
Special Session on Advances in Graph Theory I, The Forum, Shoreham ("Upper Lobby Level) 

1:00- 1:20 (554) On the expected packing and covering numbers of a tree. Preliminary 
report. Professor J, W. MOON, University of Alberta (720-05-36) 

1:30- 1:50 (555) 

2:00- 2:20 (556) 

2:30- 2:50 (557) 

3:00- 3:30 (558) 

The isomorphism disease, Preliminary report. Professor R. C, READ*, 
University of Waterloo, and Professor D. G. CORNElL, University of 
Toronto (720-05-6) 

The maximum size of an independent set in a graph. Dr. MICHAEL 0. 
ALBERTSON, Smith College, and Dr. JOAN P. HUTCHINSON*, 
Dartmouth College (720-05-8) 

Map color theorem. Professor GERHARD RINGEL, University of California, 
Santa Cruz (720-05-4) 

Informal Discussion 
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3:30- 3:50 (559) 

4:00- 4:20 (560) 

4:30- 5:00 (561) 

5:00- 6:00 (562) 

On moments and coefficients in spectral graph theory. Professor ALLEN J. 
SCHWENK, Michigan State University (720-05-37) 

A theorem about planar graphs in that there are two adjacent vertices such 
that the sum of their degrees is at least 13 more or less. Professor ANTON 
KOTZIG, University of Montreal 

Chairman's remarks. Professor W. T. TUTTE, University of Waterloo 

Unsolved problems and recent results 

SATURDAY, 1:00 P.M. 

Special Session on Stucture and Representation of Lie Algebras over General Fields II, Executive 
Room, Shoreham 
1:00- 2:00 (563) Irreducible representations of Lie algebras. Professor RICHARD E. BLOCK, 

2:10- 2:30 (564) 

2:35- 2:55 (565) 

3:00- 3:20 (566) 

3:30- 3:50 (567) 

3:55- 4:15 (568) 

4:20- 4:40 (569) 

4:45- 5:05 (570) 

5:10- 5:30 (571) 

5:35- 5:55 (572) 

University of California, Riverside (720-17-9) 

On the analogues of Verma modules in characteristic p. Preliminary report. 
Professor J. E. HUMPHREYS, University of Massachusetts (720-17-12) 

Existence of conical vectors in induced modules. Professor JAMES 
LEPOWSKY, Yale University (720-17 -16) 

Representation theory for GL2 over local rings. Professor P. C. KUTZKO, 
University of Iowa (720-22-10) 

Algebras of type E7 over number fields. Dr. JOSEPH C. FERRAR, Ohio 
State University (720-17 -3) 

Lie algebras of type BC1. Professor BRUCE N. ALLISON, University of 
Alberta (720-17 -19) 

Coordinatization of some quadrilateral geometries. Preliminary report. 
Professor JOHN R. FAULKNER, University of Virginia (720-17-1) 

On inner ideals and ad-nilpotent elements of Lie algebras. DR. GEORGIA 
BENKART, University of Wisconsin (720-17-17) 

Some results and open questions concerning Lie algebras defined by Cartan 
matrices. STEPHEN BERMAN, University of Saskatchewan-saskatoon 
(720-17-5) 

Representations of infinite dimensional Lie algebras and formulas of Weyl
Macdonald type. R. V. MOODY, University of Saskatchewan (Introduced by 
Professor George B. Seligman) (720-17-18) 

SATURDAY, 2:00P.M. 

Session on Analysis IV, Madison Room, Sheraton-Park (First Floor) 
2:00- 2:10 (573) Convergence of generalized power series. Preliminary report. Dr. BILL 

ANDERSON*, East Texas State University and Mr. KENNY ZUBER, New 
Mexico State University (720-40-2) 

2:15- 2:25 (574) 

2:30- 2:40 (575) 

2:45- 2:55 (576) 

3:00- 3:10 (577) 

3:15- 3:25 (578) 

3:30- 3:40 (579) 

3:45- 3:55 (580) 

An extension of Parseval's equation. Professor CHULL PARK, Miami 
University (720-42-1) 

On the summability of Fourier series of functions of A -bounded variation. 
Professor DANIEL WATERMAN, Syracuse University (720-42-3) 

On the degree of approximation by partial sums of Fourier series in 
certain Orlicz space norms. Preliminary report. Dr. ELAINE COHEN, 
University of Utah (720-42-5) 

Existence, uniqueness and an algorithmic solution for a dual cosine series. 
Preliminary report. Mr. TIMOTHY SIMPSON*, and Professor ROBERT B. 
KELMAN, Colorado State University (720-42-6) 

On integrability and L1 convergence of certain cosine sumso Dr. Jo W. 
GARRETT*, and Professor C. v. STANOJEVIC, University of Missouri
Rolla (720-42-8) 

On p-weights for even functions. Professor LAWRENCE GLUCK, DePaul 
University (720-42-12) 

On the existence of a random solution of a nonlinear perturbed random 
integral equation. Dro SUSAN MILTON*, Radford College, and Dr. CHRIS 
TSOKOS, University of South Florida (720-45-1) 
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4:00- 4:10 (581) 

4:15- 4:25 (582) 

4:30- 4:40 (583) 

4:45- 4:55 (584) 

5:00- 5:10 (585) 

On existence criteria and approximation procedures for integral equations 
of the first kind. Dr. CHARLES GROETSCH, University of Rhode Island 
(720-45-2) 

Resolvents of Volterra integral equations with differentiable kernels. Pre
liminary report. Professor STANLEY I. GROSSMAN, University of Montana 
(720-45-3) 

Asymptotic behavior of unbounded solutions of linear Volterra integral and 
integro-differential equations. Professor G.S. JORDAN*, University of 
Tennessee, and Professor ROBERT L. WHEELER, Iowa State University 
(720-45-4) 

Local stability properties for a nonlinear Volterra integral equation. 
Professor TERRY L. HERDMAN, Virginia Polytechnic Institute and State 
University (720-45-5) 

Invariant imbedding applied to a class of Fredholm integral equations. Pre
liminary report. Dr. JOSEPH F. McGRATH, Dikewood Industries, 
Albuquerque, New Mexico (720-45-6) 

SATURDAY, 2:00P.M. 

Session on Complex Analysis III, Senate Room, Sheraton-Park (Lobby Level) 
2:00- 2:10 (586) Zeros of strongly annular functions. Professor K. F. BARTH*, Syracuse 

University, Professor D. D. BONAR, Denison University, and Professor F. w. 
CARROLL, Ohio State University (720-30-17) 

2:15- 2:25 (587) 

2:30- 2:40 (588) 

2:45- 2:55 (589) 

3:00- 3:10 (590) 

3:15- 3:25 (591) 

3:30- 3:40 (592) 

3:45- 3:55 (593) 

4:00- 4:10 (594) 

Strongly annular functions with small Taylor coefficients. Preliminary report. 
Dr. D. D. BONAR*, Denison University, Dr. F. W. CARROLL, Ohio State 
University, and Dr. GEORGE PIRANIAN, University of Michigan (720-30-19) 

Zeros of an annular function. Preliminary report. Dr. I-LOK CHANG, 
American University (720-30-31) 

Level sets of polynomials inn real variables. Professor MORRIS MARDEN, 
University of Wisconsin, and Professor PETER A. McCOY*, United States 
Naval Academy (720-30-9) 

The minimum modulus of polynomials with restricted coefficients. 
Professor F. W. CARROLL, Professor DAN EUSTICE*, and Professor T. 
FIGIEL, Ohio State University (720-30-12) 

A characterization of the complete polar of a polynomial. Professor JOHN R. 
QUINE, Jr., Florida State University (720-30-30) 

An extremal entire function. S. CHAKRAVARTY, University of Kentucky 
(720-30-23) 

Components of characteristic functions of Gaussian and Poisson distributions 
and means. Professor So Mo SHAH, University of Kentucky (720-30-26) 

Holomorphic functions on cyclic group algebras. Professor HERBERT H. 
SNYDER, Southern Illinois University (720-30-18) 

SATURDAY, 2:00 PoM. 

Session on Differential Equations, Continental Room, Sheraton-Park (Lobby Level) 
2:00- 2:10 (595) The topology of the Stokes phenomenon. Dr. BRIAN KELLY, Pennsylvania 

State University, Worthington Scranton Campus (720-34-5) 

2:15- 2:25 (596) 

2:30- 2:40 (597) 

2:45- 2:55 (598) 

3:00- 3:10 (599) 

A geometric oscillatory theory for the equation Lny=q. Dr. J. MICHAEL 
DOLAN, Western Carolina University and Dro GENE A. KLASSEN, Uni
versity of Tennessee (720-34-34) 

Asymptotically autonomous multi-valued differential equations. 
Professor JAMES P. FOTI, U.S. Naval Academy (720-34-20) 
(Introduced by Professor Peter McCoy) 

Continuity of the limit set maps in semidynamical systems. Dr. STEPHEN 
H. SAPERSTONE, George Mason University, and Mr. MASAHIRO 
NISIDHAMA*, University of Maryland (720-34-22) 

Separatrices in solitude" RICHARD H. ELDERKIN, Pomona College 
(720-34-25) 
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3:15- 3:25 (600) 

3:30- 3:40 (601) 

3:45- 3:55 (602) 

4:00- 4:10 (603) 

4:15- 4:25 (604) 

Comparison and uniqueness results for a class of quasilinear elliptic partial 
differential equations. Preliminary report. Dr. LOUIS B. BUSHARD, Aero
space Research Laboratories, Wright-Patterson AFB, Ohio (720-35-5) 
(Introduced by Dr. Dennis W. Quinn) 

Local solutions for quasi-linear semielliptic differential equations. Pre
liminary report. Dr. R. E. WillTE, North Carolina State University 
(720-35-29) 

An existence theorem for first-order elliptic operators in Rn. Preliminary 
report. Professor HOMER F. WALKER, University of Houston (720-35-9) 

A note on a theorem by Landesman and Lazer. Preliminary report. 
Mr. HOWARD C. SHAW, University of Michigan (720-35-24) 

Existence of fundamental solutions for degenerate or singular, second order, 
linear, elliptic partial differential equations, Dr. WILLIAM F. MOSS, 
Georgia Institute of Technology (720-35-39) 

SATURDAY, 2:00P.M. 

Session on Functional Analysis ITI, Adams/Hamilton Room, Sheraton-Park (First Floor) 
2:00- 2:10 (605) Order arguments on the dimension of vector lattices. Dr. JOHN ANNULIS, 

2:15- 2:25 (606) 

2:30- 2:40 (607) 

2:45- 2:55 (608) 

3:00- 3:10 (609) 

3:15- 3:25 (610) 

3:30- 3:40 (611) 

3:45- 3:55 (612) 

4:00- 4:10 (613) 

4:15- 4:25 (614) 

University of Arkansas at Monticello (720-46-9) 

A common fixed point theorem of the alternative type. Preliminary report. 
Dr. MARIJEAN SEELBACH, State University of New York, College at 
Brockport (720-46-13) 

Sequential convergence in locally convex spaces. Professor TERRENCE S. 
McDERMOTT, Loyola Marymount University (720-46-52) 

Probabilistic foundations of quantum theories and Rubin-stone spaces. 
Mr. S.J. GUCCIONE* and Professor C. V. STANOJEVIC, University of 
Missouri-Rolla (720-46-14) 

Packing spheres in Orlicz spaces. Professor CHARLES E. CLEAVER, 
Georgia Institute of Technology and Kent State University (720-46-16) 

LMC and LUC semigroups of operators. Preliminary report. Dr. J. F. 
BERGLUND, Virginia Commonwealth University (720-46-18) 

Extreme Lipschitz functions. JERRY A. JOHNSON, Oklahoma State 
University (720-46-21) 

Images of linear pseudocomplete spaces, AARON R. TODD, City University 
of New York, Brooklyn College (720-46-49) 

A special class of function metrics. Preliminary report. Dr. KLAUS 
BICHTELER, University of Texas at Austin (720-46-15) 

Unique topologies in duality, Preliminary report. Professor A. c, COCHRAN*, 
University of Arkansas, and Professor T. K. MUKHERJEE, Jadav-pur Uni-
versity, India (720-46-30) 

SATURDAY, 2:00 P,M. 

Session on Manifolds, Wardman Room, Sheraton-Park, (Lobby Level) 
2:00- 2:10 (615) Diffeomorphisms of 3-manifolds which are homotopy equivalent to s1. 

2:15- 2:25 (616) 

2:30- 2:40 (617) 

2:45- 2:55 (618) 

3:00- 3:10 (619) 

3:15- 3:25 (620) 

3:30- 3:40 (621) 

Professor LAWRENCE S. RUSCH, University of Tennessee (720-57-2) 

Surfaces in noncompact 3-manifolds. Preliminary report. Professor THOMAS 
W. TUCKER, Colgate University (720-57-6) 

A 3-manifold with no PL involutions. Professor JEFFREY L. TOLLEFSON, 
University of Connecticut (720-57-13) 

Local combinatorial pontrjagin classes. Professor P. L. KING, University 
of North Carolina at Chapel Hill (720-57-4) 

Involutions of 2-connected 6-manifolds. Dr. IAN HAMBLETON, University 
of Chicago (720-57 -12) 

Building subbundles. Professor JEROME DANCIS, University of Maryland, 
College Park (720-57-3) 

Homology offinite cyclic coverings. Preliminary report. Dr. JOHN M. 
WOODS, Oklahoma Baptist University (720-57-8) 
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3:45- 3:55 (622) 

4:00- 4:10 (623) 

Indices of framefields with finite singularities. Professor ULRICH KOSCHORKE, 
City University of New York, Queens College (720-57-11) 

Bounded weak-* manifolds. Dr. IUCHARD E. HEISEY, Vanderbilt University 
(720-57-7) 

SATURDAY, 2:00 P,M. 

Session on Number Theory II, Richmond Room, Sheraton-Park (Ground Level) 
2:00- 2:10 (624) Every odd perfect number has at least eight prime factors. Preliminary 

2:15- 2:25 (625) 

2:30- 2:40 (626) 

2:45- 2:55 (627) 

3:00- 3:10 (628) 

3:15- :3:25 (629) 

;~::30- :1:40 (630) 

3:45- :l:55 (6:31) 

4:00- 4:10 (632) 

report. Professor PETER HAGIS, Jr., Temple University (720-10-14) 

On left-handed, right-handed and two-sided primes. Professor JOHN E. 
MAXFIELD, Kansas State University and University of New Brunswick 
(720-10-19) 

Interprimed vectors in two dimensions. Professor ALAN H. STEIN, Uni
versity of Connecticut (720-10-26) 

Bounds on positive solutions of linear Diophantine equations. Dr. I. BOROSH* 
and Dr. L. B. TREYBIG, Texas A&M University (720-10-18) 

On a conjecture of S. Chowla. Dr. D. SURYANARA YANA, University of 
Toledo (720-10-20) (Introduced by Professor J. Chidambaraswamy) 

A generalization of a cyclotomic polynomial, Preliminary report. Dr. K. 
NAG ESWARA RAO, North Dakota State University (720-10-21) 

Unitary harmonic numbers. Dr. PETER HAGIS, Jr. and Dr. GRAHAM 
LORD*, Temple University (720-10-22) 

Some remarks concerning quasi-perfect numbers. Dr. NEVILLE ROBBINS, 
San Francisco, California (720-10-23) 

Trinomials with Galois group contained in An· Preliminary report. PHYLLIS 
LEFTON, Columbia University (720-10-24) 

SATURDAY, 2:00P.M. 

Session on Operator Theory I, Franklin Room, Sheraton-Park (First Floor) 
2:00- 2:10 (633) Equivalence for groups and semigroups of operators. ALAN LAMBERT, 

2:15- 2:25 (634) 

2:30- 2:40 (635) 

2:45- 2:55 (636) 

3:00- 3:10 (637) 

3:15- 3:25 (638) 

3:30- 3:40 (639) 

3:45- 3:55 (640) 

4:00- 4:10 (641) 

4:15- 4:25 (642) 

University of North Carolina at Charlotte (720-47 -3) 

Canonical models for contraction operators with unitary part. Preliminary 
report. Dr. JOSEPH A. BALL, Virginia Polytechnic Institute and State Uni
versity (720-47 -4) 

Subnormal operators quasisimilar to an isometry. Preliminary report. 
Mr. WILLIAM HASTINGS, University of Michigan (720-47-7) 

An iterative process for nonlinear monotonic nonexpansive operators in 
Hilbert space, Dr, W. G. DOTSON, Jr., North Carolina State University 
(720-47-10) 

Reductive operators with a spectral separation property. Professor FRANK 
GILFEATHER, University of Nebraska (720-47-13) 

Numerical ranges of powers of operators. Mr. ELIAS S. W. SIDU, California 
Institute of Technology (720-47 -14) 

Indecomposable Hilbert-Schmidt operators. GARY WEISS, University of 
Michigan (720-47-17) (Introduced by Professor Allen L. Shields) 

The absolute continuity of phase operators. JOANNE DOMBROWSKI* and 
GERD H. FRICKE, Wright State University (720-47-19) 

Closures of unitary equivalence classes. Preliminary report. Mr. DONALD 
W. HADWIN, Indiana University (720-47-20) 

Products of hermitian operators. Preliminary report. Dr. L.J. GRAY, 
Union Carbide Corporation, Nuclear Division, Oak Ridge, Tennessee 
(720-47 -21) 

SATURDAY 2:00P.M. 

Session on Operator Theory II, Assembly Room, Sheraton-Park (Lobby Level) 
2:00- 2:15 (643) Product integration in reflexive Banach spaces. Preliminary report. Dr. w. E. 

FITZGIBBON, University of Houston (720-47-6) 
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2:15- 2:25 (644) 

2:30- 2:40 (645) 

2:45- 2:55 (646) 

3:00- 3:10 (647) 

3:15- 3:25 (648) 

3:30- 3:40 (649) 

3:45- 3:55 (650) 

4:00- 4:10 (651) 

4:15- 4:25 (652) 

4:30- 4:40 (653) 

Strongly decomposable unbounded operators. Professor IVAN ERDELYI, 
Temple University (720-47-15) 

An abstract averaging theorem. Professor THOMAS G. KURTZ, University 
of Wisconsin (720-47-23) 

Positive eigenvalues for nonlinear operators. Dr. P.M. FITZPATRICK*, 
University of Chicago, and Dr. W. V. PETRYSHYN, Rutgers University 
(720-47 -27) 

On a conjecture ofistratescu. Professor R.J. FLEMING, and Professor J.E. 
JAMISON*, Memphis State University (720-47-31) 

Weakly closed abelian algebras which are not selfadjoint need not be singly 
generated. Preliminary report. Dr. JOHN MICHAEL McVOY, Penn State 
University, Ogontz Campus (720-47-11) 

A limit theorem for functional Sturm-Liouville problems. Professor WILLIAM 
R. DERRICK, University of Montana (720-47-18) 

Commutativity properties of continuous operators on the space of entire 
functions. Dr. DAVID P. MATHER, American University (720-47-25) 

Tensor products of p-nuclear, quasi p-nuclear, and p-integral maps. 
Dr. RONALD C. ROSIER, Georgetown University (720-47-26) 

Operators on modulared spaces. Professor R.J. FLEMING*, and 
Professor J. E. JAMISON, Memphis State University (720-47-29) 

A note on Frechet•s definition of polynomial operators. Professor D. H. HYERS, 
University of Southern California (720-47-30) 

SATURDAY, 2:00P.M. 

Session on Ordinary Differential Equations III, Dover Room, Sheraton-Park (Ground Level) 
2:00- 2:10 (654) Applications of the Drazin inverse to linear systems of differential equations. 

2:15- 2:25 (655) 

2:30- 2:40 (656) 

2:45- 2:55 (657) 

3:00- 3:10 (658) 

3:15- 3:25 (659) 

3:30- 3:40 (660) 

3:45- 3:55 (661) 

4:00- 4:10 (662) 

4:15- 4:25 (663) 

Dr. STEPHEN L. CAMPBELL*, Dr. C. D. MEYER, Jr., and Dr. N.J. 
ROSE, North Carolina State University (720-34-3) 

An algebraic approach to homogeneous matrix differential equations. 
Professor ROBERT E. BECK*, Villanova University, and Professor BERNARD 
KOLMAN, Drexel University (720-34-10) 

Integration of ordinary linear differential equations by Laplace-8tieltjes 
transforms. Dr. JAMES D'ARCHANGELO*, U.S. Naval Academy, and 
Dr. PIDLIP HARTMAN, Johns Hopkins University (720-34-11) 

On operational methods via matrix operators for a system of ordinary 
differential equations. Preliminary report. Professor SADANAND VERMA, 
University of Nevada (720-34-33) (Introduced by L.J. Simonoff) 

Block diagonal dominance and reducibility for linear differential systems. 
Professor DENNIS D. BERKEY, Boston University (720-34-28) 

Maximal and minimal solutions and comparison results for differential 
equations in abstract cones. Preliminary report. Professor V. 
LAKSHMIKANTHAM, Professor A. RICHARD MITCHELL, and 
Professor ROGER W. MITCHELL*, University of Texas at Arlington 
(720-34-12) 

Differential equations on closed subsets of a Banach space. Preliminary 
report. Professor V. LAKSHMIKANTHAM, Professor A. RICHARD 
MITCHELL*, and Professor ROGER W. MITCHELL, University of Texas 
at Arlington (720-34-13) 

On the zeros of nonlinear operators on closed subsets of a Banach space. 
Preliminary report. Professor V. LAKSHMIKANTHAM, University of 
Texas at Arlington, and ProfessorS. LEELA*, State University of New 
York, College at Geneseo (720-34-14) 

Oscillation of second order differential systems in Banach spaces. 
Professor GARRET J. ETGEN, University of Houston (720-34-23) 

Discrete spectra criteria for singular differential operators with middle 
terms. Dr. DON B. HINTON, University of Tennessee, and Dr. ROGER T. 
LEWIS*, Slippery Rock State College (720-34-17) 
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SATURDAY, 2:00P.M. 

Session on Probability and Statistics, Wilmington Room, Sheraton-Park (Ground Level) 
2:00- 2:10 (664) On the limiting behavior of infinitely many queues in tandem with identical 

service time distributions. HAROLD D. TAYLOR, Indiana University 
(720-60-20) 

2:15- 2:25 (665) 

2:30- 2:40 (666) 

2:45- 2:55 (667) 

3:00- 3:10 (668) 

3:15- 3:25 (669) 

3:30- 3:40 (670) 

3:45- 3:55 (671) 

4:00- 4:10 (672) 

4:15- 4:25 (673) 

SLLNs and CLTs for infinite particle systems. Professor S.C. PORT, and 
Professor C.J. STONE, University of California, Los Angeles, and 
Professor N. A. WEISS*, Arizona State University (720-60-26) 

An epidemic branching process. Preliminary report. Dr. DAVID B. MILLER, 
Virginia Commonwealth University (720-60-30) (Introduced by Dr. James 
Deveney) 

An error estimate for the diffusion approximation in population genetics. 
Preliminary report. Mr. STEWART N. ETffiER, University of Wisconsin 
(720-60-31) 

Nonstationary stochastic gold-mining. Professor GAINEFORD J. HALL, Jr., 
University of Texas (720-62-1) 

Bayesian estimation of life parameters and reliability function in the Weibull 
distribution. Preliminary reporto Professor A. N. V. RAO*, and Professor C. P. 
TSOKOS, University of South Florida (720.:.62-2) 

Scoring multiple-answer multiple-choice test items: Bayes and minimax 
strategies. Professor G. T. DUNCAN, Carnegie-Mellon University, and 
Professor E. 0. MILTON*, University of California, Davis (720-62-3) 

The multivariate moments of weight 6 of moment-statistics for samples 
drawn from a finite population. Dr. D.S. TRACY*, and Dr. N.N. MIKHAIL, 
University of Windsor, and Mrs. C. E. COX DWYER, Simon Fraser Uni
versity (720-62-4) (Introduced by Dr. F. w. Lemire) 

On a classification model. Professor ARJUN K. GUPTA, University of 
Michigan (720-62-5) (Introduced by Professor J. Sethuraman) 

The sampling moments of the generalized variance for finite populations. 
Preliminary report. Dr. N.N. MIKHAIL*, and Dro D.So TRACY, University 
of Windsor (720-62-6) (Introduced by Dr. Fo W. Lemire) 

SATURDAY, 2:15P.M. 

Invited Address, Regency Ballroom, Shoreham 
(674) Fibrations and geometric realizationso Professor DONALD W. ANDERSON, 

University of California, San Diego (720-55-12) 

SATURDAY, 2:30P.M. 

Special Session on Set-Theoretic and Combinatorial Methods in Topology II, Tudor Room, Shoreham 
(Upper Lobby Level) 
2:30- 2:50 (675) On the cardinalities of compact spaceso Preliminary report. 

3:00- 3:20 (676) 

3:30- 3:50 (677) 

4:00- 4:20 (678) 

4:30- 4:50 (679) 

Professor KENNETH KUNEN, University of Wisconsin (720-54-21) 

Nonextendable families of continuous functions, Preliminary report. KAREL 
PRIKRY, Institute for Advanced Study, and University of Minnesota 
(720-54-14) 

On the structure of open subsets of {3 N-N. Preliminary report. 
Professor STEPHEN H. HECHLER, City University of New York, Queens 
College (720-54-54) 

The density topology, Preliminary report. Professor FRANKLIN Do TALL, 
University of Toronto (720-54-43) 

Topological properties of Specker typeso Preliminary report. 
Professor JAMES E. BAUMGARTNER, Dartmouth College (720-54-46) 

SATURDAY, 3:15P.M. 

Special Session on Some Directions of Current Progress in Commutative Algebra III, Arlington/ 
Alexandria Rooms, Sheraton-Park (Ground Level) 
3:15- 4:00 (680) Projective modules over affine algebras. M.P. MURTHY, University of 

Chicago (720-13-19) (Introduced by Professor David Eisenbud) 
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1:15- 5:00 (681) K-theory and cycles. Professor STEPHEN GERSTEN, University of Illinois 

SATURDAY, 8:30 P,M. 

?anel Discussion on Public Science Policy, Regency Ballroom, Shoreham 
Professor R. H. BING, University of Texas at Austin (Moderator) 

SUNDAY, 1:00 P.M. 

Colloquium Lectures: Lecture IV, Regency Ballroom, Shoreham 
(682) New directions in model theory. Professor H. JEROME KEISLER, University 

of Wisconsin-Madison 

SUNDAY, 1:00 P.M. 

Special Session on Advances in Graph Theory II, The Forum, Shoreham (Upper Lobby Level) 
1:00- 1:20 (683) Faithful trivalent Cayley diagrams. Preliminary report. Professor H. S.M. 

1:30- 1:50 (684) 

2:00- 2:20 (685) 

2:30- 2:50 (686) 

3:00- 3:30 (687) 

3:30- 3:50 (688) 

4:00- 4:20 (689) 

4:30- 5:00 (690) 

5:00- 6:00 (691) 

COXETER, University of Toronto (720-05-7) 

Extremal problems in graph theory. Preliminary report. Dr. BELA 
BOLLOBAS, University of Cambridge, England (720-05-48) (Introduced by 
Professor F. Harary) 

Some recent results in hamiltonian graphs. Dr. LINDA LESNIAK, Louisiana 
State University (720-05-35) 

Enumeration of self-dual configurations. E,M. PALMER*, Michigan State 
University, and R. W. ROBINSON, University of Newcastle, New South 
Wales, Australia (720-05-18) 

Informal Discussion 

How not to prove the four color conjecture. Dr. FRANK R. BERNHART, 
University of Waterloo (720-05-5) 

The enumeration of Boolean graphs. Preliminary report. Professor PAUL 
K. STOCKMEYER, College of William and Mary (720-05-46) 

Chairman's remarks. Professor FRANK HARARY, University of Michigan 

Unsolved problems and recent results 

SUNDAY, 1:00 P.M. 

Informal Special Session on Finite H-Spaces, Executive Room, Shoreham 
1:00- 6:00 (692) Informal Session. Conducted by Professor JAMES D. STASHEFF, Temple 

University 

S ecial Session on H 
1:00- 1:30 (693) 

1:35- 2:05 (694) 

2:10- 2:40 (695) 

2:45- 3:15 (696) 

3:20- 3:50 (697) 

3:55- 4:25 (698) 

4:30- 5:00 (699) 

5:05- 5:35 (700) 

5:40- 6:00 (701) 

SUNDAY, 1:00 P.M. 

erbolic Conservation Laws II, Palladian Room, Shoreham (Lower Lobby Level) 
Survey of problems in the t eory of shock waves, Professor PETER D, LAX, 
New York University (720-35-40) 

Hyperbolic conservation laws and the theory of functions of bounded variations. 
RONALD J. DiPERNA, University of Michigan (720-35-33) 

Mixed problems for a class of nonlinear conservation laws. TAKAAKI 
NISHIDA, Kyoto University, Japan, and JOEL SMOLLER*, University of 
Michigan (720-35-37) 

Decay theorems for the quasilinear wave equation, Professor JAMES M. 
GREENBERG, State University of New York at Buffalo (720-35-35) 

Layering methods for parabolic systems, Preliminary report. 
Professor AVRON DOUG LIS, University of Maryland (720-35-34) 

Numerical methods for conservation laws. Dr. BURTON WENDROFF, Los 
Alamos Scientific Laboratory (720-35-38) 

Formation and decay of shock waves in several dimensions. Professor E. D. 
CONWAY, Tulane University (720-35-46) 

Entropy condition for general systems of hyperbolic conservation laws. 
Professor TAl-PING LIU, University of Maryland (720-35-36) 

Admissibility criteria for solutions of conservation laws. CONSTANTINE M. 
DAFERMOS, Brown University (720-35-32) 
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SUNDAY, 1:00 P.M. 

Special Session on Operator Theory, Tudor Room, Shoreham (Upper Lobby Level) 
1:00- 1:20 (702) On the structure and characterization of piecewise continuous functions. 

1:30- 1:50 (703) 

2:00- 2:20 (704) 

2:30- 2:50 (705) 

3:00- 3:20 (706) 

3:30- 3:50 (707) 

General Session III, 
2:00- 2:10 (708) 

2:15- 2:25 (709) 

2:30- 2:40 (710) 

2:45- 2:55 (711) 

3:00- 3:10 (712) 

3:15- 3:25 (713) 

3:30- 3:40 (714) 

3:45- 3:55 (715) 

4:00- 4:10 (716) 

4:15- 4:25 (717) 

4:30- 4:40 (718) 

Professor SUN-YUNG CHANG, State University of New York at Buffalo 
(720-46-39) 

A trace theory for integral operators. Professor WILLIAM HELTON, 
University of California, San Diego 

Algebras of one-dimensional singular integral operators. Professor IZRAIL 
GORBERG, Tel-Aviv University, Israel 

Norms of compact perturbations of operators. Professor CATHERINE 
OLSEN, State University of New York at Buffalo 

The reducing essential matricial spectra of an operator. Professor CARL 
PEARCY, University of Michigan, and Professor NORBERTO SALINAS*, 
University of Kansas (720-47-8) 

Interpolation problems in nest algebras. Professor WILLIAM ARVESON, 
University of California, Berkeley 

SUNDAY, 2:00P.M. 

Madison Room, Sheraton-Park (First Floor) 
On countably extending ring topologies. Professor JOHN 0. KILTINEN, 
Northern Michigan University (720-22-1) 

On the centralizer conjecture for monoids on manifolds. PAULS. MOSTERT, 
University of Kansas (720-22-3) 

The deficiency index of a third order operator. Professor RICHARD C. 
GILBERT, California State University, Fullerton (720-34-8) 

On the mean ergodic theorem of Sine. Dr. STUART P. LLOYD, Bell 
Laboratories, Murray Hill, New Jersey (720-46-7) 

On strong triples for closed graph theorem. Preliminary report. 
Professor P. P. NARAYANASWAMI, Memorial University of Newfoundland 
(720-46-36) 

Openness for homomorphisms via somewhere denseness, Professor B. J. 
PETTIS, University of North Carolina (720-46-26) (Introduced by 
Professor R, L. Davis) 

Starshaped sets and the Hausdorff metric. Professor GERALD BEER, 
California State University, Los Angeles (720-52-1) 

Tiling convex sets by translates. Preliminary report. Dr. G, T, SALLEE, 
University of California, Davis (720-52-2) 

Construction of disjoint arcs through finite sets within given disks. 
Professor JOHN C. OXTOBY, Bryn Mawr College (720-52-3) 

Characterization of spheres among compact 3-bodies. II. Preliminary report. 
Dr. HANS-HEINRICH HERDA, Boston State College (720-52-4) 

General decomposition theorems form-convex sets in the plane. 
Professor DAVID C. KAY*, and Professor MARILYN BREEN, University 
of Oklahoma (720-52-5) 

SUNDAY, 2:00P.M, 

Session on Algebraic Topology, Wardman Room, Sheraton-Park (Lobby Level) 
2:00- 2:10 (719) Groups and manifolds characterizing links, Professor WILBUR WHITTEN, 

University of Southwestern Louisiana (720-55-1) 

2:15- 2:25 (720) 

2:30- 2:40 (721) 

2:45- 2:55 (722) 

On homotopy inverse limits and the vanishing of lims for stable pro-groups. 
Professor D,A. EDWARDS*, Professor R. GEOGHEGAN, and Professor H.M. 
HASTINGS, State University of New York at Binghamton (720-55-2) 

Epimorphism plus monomorphism implies equivalence in the homotopy 
category. Professor DAVID HANDEL, Wayne State University (720-55-3) 

A uniqueness theorem for homology in.x;"at, the category of small categories, 
Professor DANA MAY LATCH, Lawrence University (720-55-4) 
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3:00- 3:10 (723) 

3:15- 3:25 (724) 

3:30- 3:40 (725) 

3:45- 3:55 (726) 

4:00- 4:10 (727) 

4:15- 4:25 (728) 

4:30- 4:40 (729) 

Session on Anal~sis V 1 
2:00- 2:10 (730) 

2:15- 2:25 (731) 

2:30- 2:40 (732) 

2:45- 2:55 (733) 

3:00- 3:10 (734) 

3:15- 3:25 (735) 

3:30- 3:40 (736) 

3:45- 3:55 (737) 

4:00- 4:10 (738) 

On the fixed point indices and Nielsen numbers. Preliminary report. 
Professor S.K. KIM*, University of Connecticut, Professor D. McGAVRAN, 
University of Connecticut, Waterbury, and Professor J. PAK, Wayne State 
University (720-55-5) 

On the problem of Hilbert cube factors. Preliminary report. 
Professor RAYMOND Y. T. WONG, University of California, Santa Barbara 
(720-55-6) 

The wall obstruction in shape and prohomotopy, with applications. 
Professor DAVID A. EDWARDS, and Professor ROSS GEOGHEGAN*, State 
University of New York at Binghamton (720-55-7) 

Relations among characteristic classes. Preliminary report. 
Professor STAVROS G. PAPASTAVRIDIS, Brandeis University (720-55-8) 

Localizations and Gn(X). Professor GEORGE E. LANG, Jr., Fairfield 
University (720-55-9) 

Knots invariant under switching an essential crossing. Professor R. M. 
GILLETTE, Montana State University, and Professor J.M. VAN BUSKIRK*, 
University of Oregon. (720-55-10) 

Presentations for proper fundamental groups. Preliminary report. Dr. J. C. 
CIDPMAN, Oakland university (720-55-11) 

SUNDAY, 2:00P.M. 

Franklin Room, Sheraton-Park (First Floor) 
Square-integrability wrt nonnegative hermitian measures and spectral 
integrals of operator-valued functions. Preliminary report. Dr. MILTON 
ROSENBERG, Rockaway Beach, New York (720-47-1) 

Unitary parts of Hankel contractions. Dr. JEFFREY R. BUTZ, Johns 
Hopkins University (720-47-5) 

Commutants of analytic Toeplitz operators. Preliminary report. 
Professor JAMES E. THOMSON, Virginia Polytechnic Institute and State 
University (720-47 -9) 

Approximating the shift with Toeplitz operators. Professor RICHARD 
BOULDIN, University of Georgia (720-47-24) 

Polyhomogeneous maps, Professor DAVID F. FINDLEY, University of 
Cincinnati (720-47 -12) 

Stable and nonstable elastica equilibria. Professor S.D. FISHER* and 
Professor J. w. Jerome, Northwestern University (720-49-1) 

A new proof of Rayleigh's principle for eigenvalue approximations. Prelim
inary report. Dr. DONALD R. SNOW, Brigham Young University (720-49-2) 

Perturbation analysis of a class of time optimal control problems. MARVIN 
I. FREEDMAN, and JAMES L. KAPLAN*, Boston University (720-49-3) 

Boundary arcs for integral equations. Professor v. L. BAKKE, University of 
Arkansas (720-49-4) (Introduced by Professor James E. Scroggs) 

SUNDAY, 2:00P.M. 

Session on Applied Mathematics Til, Wilmington Room, Sheraton-Park (Ground Level) 
2:00- 2:15 (739) On the foundations of integer linear programming. I, Professor JACK E. 

2:15- 2:25 (740) 

2:30- 2:40 (741) 

2:45- 2:55 (742) 

3:00- 3:10 (743) 

GRAVER, Syracuse University (720-90-1) 

Covering and matching problems as integer linear programs. Mr. CHARLES 
J. LESKA, Syracuse University (720-90-2) 

Stable assignments. Preliminary report, Dr. ISSIE RABINOVITCH, Uni
versity of Waterloo (720-90-3) (Introduced by Professor H. Shank) 

A functional differential equation approach to solving infinite games. 
Professor ROBERT G. UNDERWOOD, University of South Carolina 
(720-90-5) (Introduced by Professor William c. Chewning) 

Reducing the number of constraints in covering problems. Preliminary 
report. URI N. PELED, University of Waterloo (720-90-8) (Introduced by 
Dr. P. L. Hammer) 
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3:15- 3:25 (744) 

3:30- 3:40 (745) 

3:45- 3:55 (746) 

4:00- 4:10 (747) 

4:15- 4:25 (748) 

4:30- 4:40 (749) 

The role of master polytopes in the unit cube. Professor P. L. HAMMER*, 
Professor E. L. JOHNSON, and Mr. U.N. PELED, University of Waterloo 
(720-90-9) 

A model for perception of optical illusions. Preliminary report. 
Professor DAVID A. SMITH, Duke University (720-92-1) 

Mathematical model of a cochlea (inner ear) with variable geometry. The low 
frequency threshold. Dr. ALFRED INSELBERG, IBM Scientific Center, Los 
Angeles (720-92-2) 

Optimal sustainable yield of a renewable resource divided into classes. 
Professor CHRIS RORRES*, and Professor WYMAN FAIR, Drexel Uni
versity (720-92-3) 

Minimal recognition of biodevelopmental languages. Preliminary report. 
Professor FRED SPRINGSTEEL*, University of Montana, and PAUL BENNETT, 
Holyoke College (720-92-4) (Introduced by Stanley Grossman) 

Enzymatic neurons. Dr. ROBERT SCHWABAUER, Virginia Commonwealth 
University (720-92-5) 

SUNDAY, 2:00P.M. 

Session on Functional Analysis IV, Alexandria Room, Sheraton-Park (Ground Level) 
2:00- 2:10 (750) On Nakano's theorem and the completeness of locally solid Riesz spaces. 

2:15- 2:25 (751) 

2::l0- 2:40 (752) 

2:45- 2:55 (753) 

3:00- :l:lO (754) 

3:15- :):25 (755) 

3:30- 3:40 (756) 

3:45- 3:55 (757) 

4:00- 4:10 (758) 

4:15- 4:25 (759) 

4:30- 4:40 (760) 

4:45- 4:55 (761) 

Professor C. D. ALIPRANTIS, Occidental College and STD Research 
Corporation, Arcadia, California (720-46-2) 

Concerning u-homomorphisms of Riesz spaces. Professor CHARLES 
TUCKER, University of Houston (720-46-12) 

Hyperarchimedean Riesz spaces. Professor L. C. MOORE, Jr., Duke Uni
versity (720-46-34) 

Interpolating bases in C[O, 1] are not Besselian. RONN CARPENTER, Uni
versity of Houston (720-46-1) 

Sequential convergence in C(X). Mr. GARY D. RICHARDSON, East 
Carolina University (720-46-17) 

Extreme operators in the unit ball of L(C(X), C(Y)). Dr. ALAN M. GENDLER, 
California State University, Long Beach (720-46-46) 

Extreme linear operators on H00 • Professor JOHN N. McDONALD, Uni
versity of Arizona (720-46-10) 

Representation of harmonic functions. Preliminary report. Professor W,A, 
FELDMAN*, and Professor J. F. PORTER, University of Arkansas 
(720-46-41) 

Order and distributions. Preliminary report. Professor J. F. PORTER*, 
and Professor W. A. FELDMAN, University of Arkansas (720-46-42) 

A new algebra of distributions on Rn. Dr. HARRISs. SHULTZ, California 
State University, Fullerton (720-46-6) 

Jordan-Hahn decomposition of signed weights on finite orthogonality spaces. 
Professor G. T. RUTTIMANN, University of Massachusetts (720-46-37) 
(Introduced by Professor T. A. Cook) 

The Hahn-Jordan decomposition theorem in infinite quantum logics. 
Professor THURLOW COOK, University of Massachusetts (720-46-38) 

SUNDAY, 2:00P.M. 

Session on General Topology IV, Arlington Room, Sheraton-Park (Ground Level) 
2:00- 2:10 (762) Cardinal functions on compact dispersed spaces. Professor PAUL R. 

2:15- 2:25 (763) 

2:30- 2:40 (764) 

2:45- 2:55 (765) 

MEYER, City University of New York, Lehman College (720-54-6) 

Scattered compactifications. Mr. M. JAYACHANDRAN*, Madurai College, 
India and Professor M. RAJAGOPALAN, Memphis State University 
(720-54-13) 

Some properties related to [a, b)-compactness. II. Professor JERRY E. 
VAUGHAN, University of North Carolina at Greensboro (720-54-24) 

The lattice structure of the set of (E, {3 E)-compactifications. Dr. GARY M. 
BRADY, North Carolina State University (720-54-40) 
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3:00- 3:10 (766) 

3:15- 3:25 (767) 

3:30- 3:40 (768) 

3:45- 3:55 (769) 

4:00- 4:10 (770) 

4:15- 4:25 (771) 

4:30- 4:40 (472) 

{j-like compactifications and 0-1 measures. Preliminary report. 
Dr. MICHAEL D'AMBROSA, Seton Hall University (720-54-51) 

On the existence of compact metric subspaces. DANIEL J. RANDTKE, 
University of Georgia (720-54-41) 

Point-countability and compactness. Professor H. H. WICKE*, and 
Professor J. M. WORRELL, Jr., Ohio University (720-54-49) 

The character of "'1 in first countable spaces. WILLIAM G. FLEISSNER, 
McGill University (720-54-20) (Introduced by M. Makkai) 

Some results about spread. Preliminary report. Professor JUDITH ROITMAN, 
Wellesley College (720-54-29) 

Products with Lindelnf spaces. Preliminary report. Professor SCOTT 
WILLIAMS*, and Ms. MARLENE GEWAND, State University of New York at 
Buffalo (720-54-59) (Introduced by Professor Lee Mohler) 

Ultrafilter invariants in topological spaces. Professor VICTOR SAKS, Uni
versity of Costa Rica, San Jose, Costa Rica (720-54-44) (Introduced by 
Professor W. w. Comfort) 

SUNDAY, 2:00P.M. 

Session on General Topol~ V, Richmond Room, Sheraton-Park (Ground Level) 
2:00- 2:10 (773) Reative collaring. Professor LEONARD R. RUBIN, University of Oklahoma 

2:15- 2:25 (774) 

2:30- 2:40 (775) 

2:45- 2:55 (776) 

3:00- 3:10 (777) 

3:15- 3:25 (778) 

3:30- 3:40 (779) 

3:45- 3:55 (780) 

4:00- 4:10 (781) 

(720-54-15) 

Some applications of Landweber-Novikov operations. DAVID M. SEGAL, 
City University of New York, City College (720-54-62) 

The height of the lattice of.finite topologies. Professor ROLAND E. LARSON, 
Pennsylvania State University, Behrend College (720-54-37) 

An embedding theorem for seminearness spaces. Preliminary report. 
MARYAM SHAYEGAN HASTINGS, University of Toledo (720-54-47) 
(Introduced by H. L. Bentley) 

Boundary of a fuzzy set in a fuzzy topological space. Dr. RICHARD H. 
WARREN, Aerospace Research Laboratories, Wright-Patterson AFB, Ohio 
(720-54-48) 

Closure space structures for probabilistic metric spaces. Mr. ROBERT M. 
TARDIFF, University of Massachusetts (720-54-50) (Introduced by B. 
Schweizer) 

On the absolute Baire property. Preliminary report. Professor JOHN c. 
MORGAN II, Syracuse University (720-54-53) (Introduced by Professor John 
C. Oxtoby) 

Extensions, retracts, and absolute neighborhood retracts in proper shape 
theory. Professor R. B. SHER, University of North Carolina at Greensboro 
(720-54-58) 

Dimension in metric spaces. Preliminary report. Professor STANISLAW 
MROWKA, State University of New York at Buffalo (720-54-61) 

SUNDAY, 2:00P.M. 

Session on Logic, Dover Room, Sheraton-Park (Ground Level) 
2:00- 2:10 (782) Nonextendible bases and maximal vector spaces. Preliminary report. 

2:15- 2:25 (783) 

2:30- 2:40 (784) 

2:45- 2:55 (785) 

3:00- 3:10 (786) 

Professor GEORGE METAKIDES*, University of Rochester, and 
Professor ANIL NERODE, Cornell University (720-02-1) 

Stability, 1'(0-categoricity and finiteness conditions in rings. Dr. JOHN 
BALDWIN, University of Illinois at Chicago Circle and Mr. BRUCE ROSE*, 
University of Chicago (720-02-3) 

Some second-order transfer theorems. Preliminary report. FRED HALPERN, 
Rider College (720-02-12) 

Complete and model-complete theories of monadic algebras. 
Professor STEPHEN D. COMER, Clemson University (720-02-4) 

The weak topology on logical calculi. Professor A. R. VOBACH, University 
of Houston (720-02-9) 
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3:15- 3:25 (787) 

3:30- 3:40 (788) 

3:45- 3:55 (789) 

4:00- 4:10 (790) 

4:15- 4:25 (791) 

4:30- 4:40 (792) 

A new compactness theorem for infinitary logic, Dr. WILI.lAM RICHARD 
STARK, University of Texas (720-02-15) 

Simultaneous embeddings into special subclasses of A . Professor T. G. 
McLAUGHLIN, Texas Tech University (720-02-2) ZR 

Definable real numbers, Preliminary report. LEO HARRINGTON, and 
DAVID GUASPARI*, State University of New York at Buffalo (720-02-5) 

Beth's theorem in6 -logics. Dr. J.A. MAKOWSKY, Simon Fraser University 
(720-02-6) 

A complete representation theorem for varieties categorical in power. 
Mr. STEVEN GIVANT, University of California, Berkeley (720-02-7) 

Types realized in all models of power~2 . Dr. JULIA F. KNIGHT, State 
College, Pennsylvania (720-02-11) 

SUNDAY, 2:00P.M. 

Session on Number Theory III, Continental Room, Sheraton-Park (Lobby Level) 
2:00- 2:10 (793) On the Scholz-Brauer problem in addition chains. Professor A.A. GIOIA, 

Western Michigan University and Professor M. v. SUBBARAO*, University 
of Alberta (720-10-27) 

2:15- 2:25 (794) On Fibonacci numbers of the form x2+1. RAPHAEL P. FINKELSTEIN, 

2:30- 2:40 (795) 

2:45- 2:55 (796) 

3:00- 3:10 (797) 

3:15- 3:25 (798) 

3:30- 3:40 (799) 

3:45- 3:55 (BOO) 

4:00- 4:10 (801) 

4:15- 4:25 (802) 

4:30- 4:40 (803) 

Bowling Green State University (720-10-28) 

A problem involving simultaneous binary compositions, an improvement in 
error term. Professor NINA SPEARS, University of Nebraska (720-10-29) 
(Introduced by Professor Walter E. Mientka) 

Elimination sequences. Preliminary report. Professor CHARLES R. WALL, 
University of South Carolina (720-10-30) 

Toward a Kronecker limit formula for the Siegel modular group of dimension 
two. Preliminary report. JUDITH S. SUNLEY, American University 
(720-10-31) 

The asymptotic behavior of sums of multiplicative functions. Preliminary 
report. Dr. SAMUEL D. LAWN, Penn Yan, New York (720-10-32) 

On detecting a periodic event by means of period observations. I. 
Dr. STEFAN A. BURR, Bell Laboratories, Madison, New Jersey 
(720-10-33) 

A composition theory for decomposable forms. Preliminary report. 
Dr. CARTER WAID, University of Delaware (720-10-35) 

On the distribution of quadratic residues. Professor R. WELLS JOHNSON, 
Bowdoin College (720-10-36) 

Generalized Dedekind' s 1/t -functions with respect to a polynomial. 
Professor J. CHIDAMBARASWAMY, University of Toledo (720-10-37) 

On the Littlewood conjecture, Professor GERALD A. BOTTORFF, 
Pennsylvania State University, Mont Alto Campus (720-10-38) 

SUNDAY, 2:00P.M. 

Session on Numerical Analysis, Senate Room, Sheraton-Park (Lobby Level) 
2:00- 2:10 (804) A method of continuation for finding Brouwer fixed points. Dr. R. BRUCE 

KELLOGG and Dr. JAMES YORKE, University of Maryland and Dr. TIEN
YIEN LI*, University of Utah (720-65-1) 

2:15- 2:25 (805) 

2:30- 2:40 (806) 

. 2:45- 2:55 (807) 

3:00- 3:10 (808) 

A direct numerical procedure for the Cauchy problem for the heat equation. 
Preliminary report. Professor JOHN R. CANNON, University of Texas at 
Austin and Professor RICHARD E. EWING*, Oakland University (720-65-2) 

Computer symbolic integration of nonlinear differential equations: Progress 
report. Ms. PATRICIA S. WILLIS, American University and Computer 
Sciences Corporation, Virginia (720-65-3) 

Zeros of continuous real-valued functions. Preliminary report. Dr. JOHN 
JONES, Jr., Air Force Institute of Technology (720-65-5) 

Numerical solutions of differential equations. Preliminary report. 
Professor JOHN GREGORY, Southern Illinois University (720-65-6) 
(Introduced by Dr, George Parker) 
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3:15- 3:25 (809) 

3:30- 3:40 (810) 

3:45- 3:55 (811) 

4:00- 4:10 (812) 

4:15- 4:25 (813) 

Convergence rates for conjugate direction methods. Preliminary report. 
Professor JUNIOR STEIN, University of Toledo (720-65-4) 

An example concerning the Ritz method. Preliminary report. Professor J. L. 
LARDY*, Syracuse University, and Professor J. E. OSBORN, University of 
Maryland (720-65-7) 

A quadratically convergent iterative procedure for solutions of equations of 
the second kind. Preliminary report. Professor GEORGE F. VOTRUBA*, 
and Professor ROBERT P. BANAUGH, University of Montana (720-65-8) 

Approximate integration with built-in error bounds. Dr. DIRAN SARAFYAN*, 
and Dr. CURTIS OUTLAW, University of New Orleans (720-65-9) 

Constrained optimization of nonlinear functions without derivatives. Prelim
inary report. Dr. JAMES V. BLOWERS, U.S. Air Force, Eglin AFB, 
Florida (720-65-10) 

SUNDAY, 2:00P.M. 

Session on Topological Groups, Adams/Hamilton Room, Sheraton-Park (First Floor) 
2:00- 2:10 (814) (CA) topological groups. Dr. DAVID ZERLING, Philadelphia College of 

2:15- 2:25 (815) 

2:30- 2:40 (816) 

2:45- 2:55 (817) 

3:00- 3:10 (818) 

3:15- 3:25 (819) 

3:30- 3:40 (820) 

Textiles and Science (720-22-4) 

Irreducibility of induced representations. Preliminary report. 
Professor LAWRENCE CORWIN, Yale University (720-22-5) 

A note on unitary duals of C(X, G). Preliminary report. Professor L. H. 
CRABTREE, The Citadel and Professor J. S. YANG*, University of South 
Carolina (720-22-6) 

Neighborhoods of the identity of the free abelian topological group. 
Dr. DONALD MARXEN, Marquette University (720-22-7) 

On equicontinuous transformation group. II. Professor TER-JENQ HUANG, 
State University of New York, College at 'Cortland (720-22-8) 

Spherical functions on compact wreath products. Preliminary report. 
Professor JOHN R. DURBIN, University of Texas (720-22-9) 

Density characterization of locally compact groups. Preliminary report. 
Professor GERALD L. ITZKOWITZ, City University of New York, 
Queens College (720-22-13) 

SUNDAY, 2:15P.M. 

Invited Address, Regency Ballroom, Shoreham 
(821) Martingale methods in analysis. Professor D. L. BURKHOLDER, University 

of Illinois at Urbana-Champaign (720-46-53) 

SUNDAY, 8:00P.M. 

AMS-MAA Panel Discission on Schemes for training Graduate Students to Teach: Four Reports 
Professor James H. Wells, University of Kentucky (Moderator) 
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S -Shoreham 
SP- Sheraton-Park 

TUESDAY, January 21 

11:00 a.m. - 3:00 p.m. 

1:45 p.m. 

2:00p.m. - 3:15p.m. 

3:45 p.m. - 5:00 p.m. 

WEDNESDAY, January 22 

8:30 a.m. - 1:00 p.m. 

9:00 a.m. - 10:15 a.m. 

10:45 a.m. - 12:00 noon 

2:00p.m. - 3:15p.m. 

3:45 p.m. - 5:00 p.m. 

WEDNESDAY, January 22 

12:00 noon - 2:00 p.m. 

2:00 p.m. 

2:00 p.m. - 8:00 p.m. 

THURSDAY, January 23 

8:00a.m. - 5:00p.m. 

8:30 a.m. - 12:00 noon 

8:45a.m. - 11:30 a.m. 

8:45a.m. - 12:00 noon 

8:45a.m. - 11:30 a.m. 

8:45a.m. - 11:15 a.m. 

8:45a.m. - 11:45 a.m. 

8:45a.m. - 11:45 a.m. 

8:45a.m. - 11:30 a.m. 

8:45a.m. - 11:30 a.m. 

8:45a.m. - 11:30 a.m. 

8:45a.m. - 11:30 a.m. 

8:45a.m. - 11:30 a.m. 

8:45a.m. - 11:30 a.m. 

TJ1\I!ETABLE 

(Eastern Standard Time) 

AMERICAN MATHEMATICAL SOCIETY 

SHORT COURSE ON MATHEMATICS IN OPERATIONS RESEARCH 

REGISTRATION- Main Lobby {S) 

PALLADIAN ROOM (S) 

Introductory remarks 
Alan J. Goldman 

Mathematicians in the practice of operations research 
Gordon Raisbeck 

Linear programming and flows in networks 
Christoph Witzgall 

REGISTRATION- Main Lobby (S) 

PALLADIAN ROOM (S) 

Stock cutting and its ramifications: Mathematical 
operations research in ind!lstry 

Ralph E. Gomory 

Mathematical theory of reliability, with applications 
Frank Proschan 

Lattice programming and inventory theory 
Arthur F. Veinott, Jr. 

Queueing theory and applications: Some mathematical 
frontiers 

Carl M. Harris 

AMS - MAA ANNUAL MEETINGS 

American Mathematical Society 

COUNCIL MEETING 
Diplomat Room (S) 

Other Organizations 

Mathematicians Action Group 
STEERING COMMITTEE - Open meeting 

Colonial Room (S) 

REGISTRATION- Main Lobby (S) 

AMS Other Organizations 

REGISTRATION- Main Lobby (S) 

SPECIAL SESSION 

Mathematics and Games I 
Empire Room (S) 

SESSIONS FOR CONTRffiUTED PAPERS 

Combinatorics 
Dover Room (SP) 

Commutative Rings 
Wilmington Room (SP) 

Complex Analysis I 
Alexandria Room (SP) 

Fields 
Franklin Room (SP) 

Functional Analysis I 
Richmond Room (SP) 

Graphs I 
Continental Room (SP) 

General Topology I 
Arlington Room (SP) 

Geometry 
Wardman Room (SP) 

Harmonic Analysis 
Assembly Room (SP) 

Lattices 
Adams/Hamilton Room (SP) 

Real Analysis 
Senate Room (SP) 

Semigroups 
Madison Room (SP) 

46 



THURSDAY, January 23 American Mathematical Society 

9:00 a.m. - 10:00 a.m. INVITED ADDRESS: 
Invariant differential equations 
on homogeneous manifolds 

Sigurdur Helgason, Regency Ballroom (S) 

other Organizations 

9: 00 a. m. - 10:15 a. m. Association for Symbolic Logic 

SPECIAL SESSIONS 

9:00 a.m. - 11:30 a.m. Analytic Number Theory I 
Diplomat Room (S) 

9: 00 a. m. - 12: 00 noon Expository Session on Some Directions of 
Current Progress in Commutative Algebra 

Palladian Room (S) 
9:00 a.m. - 12:00 noon Probabilistic Analysis I 

Heritage Room (S) 

10:00 a.m. - 12:00 noon Topological Dynamics I 
Executive Room (S) 

10:15 a.m. - 11:15 a.m. INVITED ADDRESS: 

10:30 a.m. - 11:30 a.m. 

12:00 noon - 2:30p.m. 

12:00 noon - 2:30p.m. 

12:00 noon - 2:15p.m. 

12:00 noon - 2:45p.m. 

12:00 noon - 2:30p.m, 

12:00 noon - 2:30p.m. 

12:00 noon - 2:30p.m. 

12:00 noon - 2:15p.m. 

12:00 noon - 2:15p.m. 

12:00 noon - 2:45p.m. 

12:00 noon. - 2:30p.m, 

12:00 noon - 2:30p.m. 

Representations of semisimple Lie groups 
(a nontechnical survey) 

Wilfried Schmid, Regency Ballroom (S) 

SESSIONS FOR CONTRIBUTED PAPERS 

General Session I 
Madison Room (SP) 

Algebra I 
Wardman Room (SP) 

Analysis I 
Senate Room (SP) 

Applied Mathematics I 
Richmond Room (SP) 

Associative Rings I 
Franklin Room (SP) 

Finite Groups I 
Assembly Room (SP) 

General Topology II 
Alexandria Room (SP) 

Linear Algebra 
Adams/Hamilton Room (SP) 

Number Theory I 
Dover Room (SP) 

Ordinary Differential Equations I 
Wilmington Room (SP) 

Partial Differential Equations I 
Arlington Room (SP) 

Probability I 
Continental Room (SP) 

CONTRIBUTED PAPERS I 
Tudor Room (S) 

ASL - INVITED ADDRESS: 
a-Recursion theory 

Richard Shore, Tudor Room (S) 

12:00 noon - 5:00p.m. EXHIBITS - Ambassador Room (S) 

1:00 p.m, - 2:00p.m. 

2:00p.m. - 6:00p.m. 

2:00 p.m. - 5:45p.m. 

2:00p.m. - 4:30p.m. 

2:00p.m. - 5:30p.m. 

2:15p.m. - 3:15p.m. 

2:15p.m. - 3:30p.m. 

2:15p.m. - 4:15p.m. 

COLLOQUIUM LECTURES: I 
New directions in model theory, Lecture I 

H. Jerome Keisler, Regency Ballroom (S) 

SPECIAL SESSIONS I 
Interpolation of Operators and Applications I 

Palladian Room (S) 
Mathematics and Games II 

Empire Room (S) 
Probabilistic Analysis II 

Heritage Room (S) 
Topological Dynamics II 

Executive Room (S) 

INVITED ADDRESS: 
On real Teichmuller spaces and their 
modular groups I Linda Keen, Regency Ballroom (S) 

I 
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ASL- CONTRIBUTED PAPERS II 
Tudor Room (S) 

MAG - BUSINESS MEETING 
The Forum Room (S) 



THURSDAY, January 23 

2:30 p.m. - 5:15p.m. 

2:30 p.m. - 5:00 p.m. 

2:30 p.m. - 5:00 p.m. 

2:30 p.m. - 5:15 p.m. 

2:30 p.m. - 4:45p.m. 

2:30p.m. - 4:15 p.m. 

2:30 p.m. - 4:45 p.m. 

2:30 p.m. - 5:00 p.m. 

2:30p.m. - 5:15 p.m. 

2:30 p.m. - 5:15 p.m. 

2:45 p.m. - 5:15 p.m. 

2:45 p,m. - 5:00 p.m. 

3::30 p.m. - 4:30 p.m. 

American Mathematical Society 

SESSIONS FOR CONTRffiUTED PAPERS 

General Session II 
Madison Room (SP) 

Algebra II 
Wardman Room (SP) 

Analysis II 
Adams/Hamilton Room (SP) 

Associative Rings II 
Franklin Room (SP) 

Finite Groups II 
Assembly Room (SP) 

Categories 
Arlington Room (SP) 

General Topology III 
Alexandria Room (SP) 

Graphs II 
Continental Room (SP) 

Ordinary Differential Equations II 
Dover Room (SP) 

Partial Differential Equations II 
Senate Room (SP) 

Applied Mathematics II 
Richmond Room (SP) 

Differential Geometry 
Wilmington Room (SP) 

INVITED ADDRESS: I 
Some recent discoveries in the isomorphic 
theory of Banach spaces 

Other Organizations 

Haskell P. Rosenthal, Regency Ballroom (S) 

SPECIAL SESSION 

3:30 p.m. - 6::30 p.m. Analytic Number Theory II 
Diplomat Room (S) 

3:-±5 p.m. - 4:-±5 p.m. ASL - INVITED ADDRESS: 
Descriptive set theory 

Alexander Kechris, Tudor Room (S) 

4:30 p.m. OPEN REGISTER ORIENTATION SESSION 
The Forum (S) 

5:00 p.m. - 6:30 p.m. ASL- SOCIAL HOUR 
Club Room, Sections A and B (S) 

8:00 p.m. ASL- COUNCIL MEETING 

8:30p.m. GffiBS LECTURE 

FRIDAY, January 2-± 

A priori estimates, geometric effects, 
and asymptotic behavior 

Fritz John, Regency Ballroom (S) 

AMS 

Colonial Room (S) 

Other Organizations 

8:00a.m. - 4:00p.m. REGISTRATION - Main Lobby (S) 

8:30 a.m. - 12:40 p.m. 

8:-±5 a.m. - 12:00 noon 

8:45a.m. - 11:00 a.m. 

8:45a.m. - 11:30 a.m. 

8:45a.m. - 11:30 a.m. 

8:45 a.m. - 10:30 a.m. 

8:45a.m. - 11:30 a.m. 

8:45 a.m. - 11:00 a.m. 

SPECIAL SESSION 

Structure and Representations of Lie 
Algebras over General Fields I 

Dover Room (SP) 

SESSIONS FOR CONTRIDUTED PAPERS 

Analysis III 
Wardman Room (SP) 

Approximation 
Adams/Hamilton Room (SP) 

Complex Analysis II 
Franklin Room (SP) 

Functional Analysis II 
Assembly Room (SP) 

Groups 
Senate Room (SP) 

Manifolds and Global Analysis 
Madison Room (SP) 

Probability II 
Alexandria Room (SP) 

9:00 a.m. - 10:00 a.m. INVITED ADDRESS: 
General relativity and cosmology 

Rainer K. Sachs, Regency Ballroom (S) 
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FRIDAY, January 24 

9:00 a.m. - 10:15 a.m. 

9:00 a.m. - 12:00 noon 

American Mathematical Society 

SPECIAL SESSIONS 

Fourier Integral Operators 
Continental Room (SP) 

Other Organizations 

ASL - CONTRillUTED PAPERS III 
Tudor Room (S) 

9:00 a.m. - 12:00 noon Interpolation of Operators and Applications II 
Palladian Room (S) 

9:00 a.m. - 11:50 a.m. 

9:00 a.m. - 11:40 a.m. 

9:00 a.m. - 12:00 noon 

9:00 a.m. - 12:00 noon 

Interrelations Between Computation and 
Number Theory 

Richmond Room (SP) 
Probabilistic Analysis ill 

Heritage Room (S) 
Singular Cauchy Problems 

Wilmington Room (SP) 

INFORMAL SPECIAL SESSION 

Color theory 
Ruth Bari, Arlington Room (SP) 

9:00 a.m. - 4:00 p.m. 

9:00 a.m. - 4:00 p.m. 

EMPLOYMENT REGISTER - Empire Room (S) 

I Mathematical Association of America 
BOARD OF GOVERNORS MEETING 

Diplomat Room (S) 

9:00 a.m. - 5:00 p.m. EXHIBITS - Ambassador Room (S) 

10:00 a.m. - 12:00 noon 

10:00 a.m. - 12:00 noon 

SPECIAL SESSION 

Set-theoretic and Combinatorial Methods 
in Topology I 

The Forum Room (S) 

10:15 a.m. - 11:15 a.m. INVITED ADDRESS: 
A representation theoretic proof 
of a formula of Max Noether 

Nolan R. Wallach, Regency Ballroom (S) 

Association for Women in Mathematics 
PANEL DISCUSSION: Action programs 

Executive Room (S) 

An action program in progress 
Lenore Blum 

Reasons qualified women avoid mathema
tics: The role of the educator in develop
ing mathematical confidence and interest 

Maita Levine 

Why are there not more women mathema
ticians? 

Edith H. Luchins 

Metamorphosis of women in mathematics 
Carolyn T. MacDonald 

10:30 a.m, - 11:30 a.m. ASL- INVITED ADDRESS: 
Model theoretic algebra 

Gregory Cherlin, Tudor Room (S) 

1:00 p.m. - 2:00 p.m. COLLOQUIUM LECTURES II 
H. Jerome Keisler, Regency Ballroom (S) 

2:15p.m. - 3:15p.m. RETffiiNG PRESIDENTIAL ADDRESS 
Topology and logic as sources of 
algebraic ideas 

Saunders Mac Lane, Regency Ballroom (S) 

3:15 p.m. - 4:30 p.m. COLE PRIZE SESSION 
STEELE PRIZE SESSION 

Regency Ballroom (S) 

4:30 p.m. BUSINESS MEETING 
Regency Ballroom (S) 

4:30p.m. - 6:10p.m. ASL- CONTRillUTED PAPERS IV 
Tudor Room (S) 

7:00p.m. - 10:20 p.m. MAA- FILM PROGRAM 
Empire Room (S) 

Allendoerfer Films (in color) 

7:00 p.m. - 7:25 p.m. Gauss-Bonnet theorem 
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FRIDAY, January 24 

7:26 p.m. - 7:48 p.m. 

8:00 p.m. - 8:22 p.m. 

8:25 p.m. - 8:50 p.m. 

8:55 p.m. - 9:10 p.m. 

9:15 p.m. - 9:45 p.m. 

9:55 p.m. - 10:20 p.m. 

7:30 p.m. - 9:00 p.m. 

H::JO p.m. 

SATUHDAY, ,January 25 

American Mathematical Society 

AMS Committee on Employment 
and Educational Policy 
PANEL DISCLTSSION: Seeking employment 
outside academia: Views from some who 
have recently succeeded 

Steve Bravy 
.John Matherne 
Martha K. Smith (moderator) 
Michael Weiss 

Regency Ballroom (S) 

AMS 

other Organizations 

MAA - FILM PROGRAM (continued) 
Empire Room (S) 

Cycloidal curves or tales from the 
Wanklenburg Woods 

A film of the Topology Films Project (in 
color): How to turn a sphere inside out 

Topology - a B. B. C. Broadcast as part of 
The Open University Foundation Course in 
Mathematics (in black and white) 

Mathematics of the honeycomb 

Numerical analysis - Excerpts from a video
taped course produced by Ben Noble at 
Oberlin College (in black and white) 

Statistics at a glance (in color) 

PANEL DISCUSSION: Computer oriented 
supplements to the undergraduate mathe
matics curriculum 
(Report of anN. S. F. 

Richard Alo 
Noal Harbertson 
Carl Leinbach 

workshop group) 
Lyle Mauland 
Joseph Mayne 
Harold Weinstock 

J. C. Mathews 
Heritage Room (S) 

Other Organizations 

8:00 a.m. -
9:00 a.m. -

9:00 a.m. -

4:00 

5:00 

5:40 

p.m. 

p.m. 

p.m. 

REGISTRATION- Main Lobby (S) 

EXHIBITS - Ambassador Hoom (S) 

EMPLOYMENT REGISTER - Empire Room (S) 

9:00 a.m. 

9:00 a.m. - 9:50 

10:15 a.m. - 10:45 

11:00 a.m. - 11:50 

a.m. 

a.m. 

a.m. 

MAA JOINT SESSIONS with National Council 
of Teachers of Mathematics 

Regency Ballroom (S) 

A personalized system of instruction 
B. A. Green, Jr. 

The first U.S. participation in the Inter
national Mathematical Olympiad 

S. L. Greitzer 

Ordering of fields and prime ideals of 
Witt rings 

Alex Rosenberg 

12:00 noon LUNCHEON - Honoring Henry L. Alder - Diplomat Room (S) 

SPECIAL SESSIONS 1 

12:00 noon - 2:00 p.m. I Expository Session on Some Directions of 
Current Progress in Commutative Algebra 

Arlington/ Alexandria Rooms (SP) 
12:00 noon - 6:00 p.m. Hyperbolic Conservation Laws I 

Palladian Room (S) 

1:00 p.m. - 2:00 p.m. COLLOQUIUM LECTURES III 
H. Jerome Keisler, Regency Ballroom (S) 

SPECIAL SESSIONS 

1:00 p.m. - 6:00 p.m. Advances in Graph Theory I 
The Forum Room (S) 

1:00 p.m. - 6:00 p.m. Structure and Representations of Lie 
Algebras over General Fields II 

Executive Room (S) 

SESSIONS FOR CONTRIBUTED PAPERS 

2:00 p.m. - 5:15 p.m. Analysis IV 
Madison Room (SP) 
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SATURDAY, January 25 American Mathematical Society Other Organizations 

SESSIONS FOR CONTRffiUTED PAPERS 
2: 00 p. m. - 4: 15 p. m. Complex Analysis III 

Senate Room (SP) 
2: 00 p. m. - 4: 30 p. m. Differential Equations 

2:00 p.m. - 4:30 p.m. 

2:00p.m. - 4:15p.m. 

2:00p.m. - 4:30p.m. 

2:00 p.m. - 4:30 p.m. 

2:00p.m. - 4:45 p.m. 

2:00p.m. - 4:30 p.m. 

2:00p.m. - 4:30p.m. 

2:00p.m. - 4:00p.m. 

Continental Room (SP) 

Functional Analysis III 
Adams/Hamilton Room (SP) 

Manifolds 
Wardman Room (SP) 

Number Theory II 
Richmond Room (SP) 

Operator Theory I 
Franklin Room (SP) 

Operator Theory II 
Assembly Room (SP) 

Ordinary Differential Equations III 
Dover Room (SP) 

Probability and Statistics 
Wilmington Room (SP) 

Conference Board of the Mathematical Sciences 
PANEL DISCUSSION: Wide-ranging applica
tions of statistics 

Joan R. Rosenblatt (moderator) 
Palladian Room (S) 

You have to really like applications to do 
them well! --

Joseph B. Kruskal 

Multi-dimensional economic time series 
Mervin E. Muller 

Statistical science and biomedical applications 
Marvin Zelen 

2:15 p.m. - 3:15 p.m. INVITED ADDRESS: 

2:15 p.m. - 4:45 p.m. 

Fibrations and geometric realizations 
Donald w. Anderson, Regency Ballroom (S) 

SPECIAL SESSIONS 

Rocky Mountain Mathematics Consortium 
BOARD OF DIRECTORS MEETING 

Club Room, Section A (S) 

2:30 p.m. - 5:00 p.m. Set-theoretic and Combinatorial Methods 
in Topology II 

Tudor Room (S) 
3:15 p.m. - 5:15 p.m. Expository Session on Some Directions of 

Current Progress in Commutative Algebra 
Arlington/ Alexandria Rooms (SP) 

3:30 p.m. - 4:30 p.m. 

5:00 p.m. - 6:30 p.m. 

7:00p.m. 

7:00p.m. - 8:15p.m. 

8:30p.m. 

SUNDAY, January 26 

8:00 a.m. - 4:00 p.m. 

9:00 a.m. - 5:00 p.m. 

9:00 a.m. - 5:40 p.m. 

National Association of Mathematicians 
BUSINESS MEETING 

J Heritage Room (S) 

NO-HOST COCKTAIL PARTY- Palladian Room (S) 

MAA - FILM PROGRAM 

PANEL DISCUSSION: Public Science Policy 
R. H. Bing (moderator) I 

Regency Ballroom (S) 

The role of Office of Technology Assess
ment in shaping public science policy 

Emilio Q. Daddario 

Basic research in a problem plagued 
world 

H. Guyford Stever 

AMS 

Empire Room (S) 

An appllcation of computer graphics to teaching 
mathematics: Exhibition of computer-animated 
super-8 movies and slide sequences on calcu
lus, statistics, pure and applied analysis, 
by Professors R. B. Kirchner and R. W. Nau 
of Carleton College 

Other Organizations 

REGISTRATION- Main Lobby (S) 

EXHffiiTS - Ambassador Room (S) 

EMPLOYMENT REGISTER - Empire Room (S) 
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SUNDAY, January 26 American Mathematical Society 

9:00 a.m. 

9:00 a.m. - 9:50 a.m. 

10:00 a.m. - 11:00 a.m. 

11:10 a.m. 

11:10 a.m. - 12:00 noon 

SPECIAL SESSIONS 

1:00 p.m. - 6:00 p.m. Advances in Graph Theory II 
The Forum Room (S) 

1:00 p.m. - 6:00 p.m. Hyperbolic Conservation Laws II 
Palladian Room (S) 

1:00 p.m. - 3:50p.m. Operator Theory 
Tudor Room (S) 

INFORMAL SPECIAL SESSION 

1:00 p.m. - 6:00 p.m. Finite 11-spaces 
James D. Stasheff, Executive Room (S) 

1:00 p.m. - 2:00 p.m. COLLOQUIUM LECTURES IV 

Other Organizations 

MAA-NCTM- JOINT SESSION 
Regency Ballroom (S) 

PANEL DISCUSSION: Teaching mathematics 
to the beginning undergraduate 

C. A. Lathan 
M. H. Protter 
Andrew Sterrett, Jr. 
Benjamin Volker 
A. B. Willcox (moderator) 

MAA - BUSINESS MEETING 
Fourteenth Award for Distinguished Service to 
Mathematics; Presentation of the Lester R. 
Ford Awards; Award of the Chauvenet Prize; 
Presentation of a Resolution of Appreciation to 
a Member of the MAA 

Regency Ballroom (S) 

MAA-NCTM- JOINT SESSION 
Regency Ballroom (S) 

The Open University in Great Britain-a prog
ress report 

R. J. Wilson 

H. Jerome Keisler, Regency Ballroom (S) 

1:30 p.m. - 2:45 p.m. NAM - PANEL DISCUSSION: Today's student 

2:00 p.m. - 4:45p.m. 

2:00 p.m. - 4:45 p.m. 

2:00 p.m. - 4:15p.m. 

2:00 p.m. - 4:45p.m. 

2:00 p.m. - 5:00p.m. 

2:00 p.m. - 4:45 p.m. 

2:00 p.m. - 4:15p.m. 

2:00 p.m. - 4:45p.m. 

2:00 p.m. - 4:45 p.m. 

2:00 p.m. - 4:30p.m. 

2:00 p.m. - 3:45p.m. 

2:00p.m. - 6:00p.m. 

2:15p.m. - 3:15 p.m. 

SESSIONS FOR CONTRIBUTED PAPERS 

General Session III 
Madison Room (SP) 

Algebraic Topology 
Wardman Room (SP) 

Analysis V 
Franklin Room (SP) 

Applied Mathematics III 
Wilmington Room (SP) 

Functional Analysis IV 
Alexandria Room (SP) 

General Topology IV 
Arlington Room (SP) 

General Topology V 
Richmond Room (SP) 

Logic 
Dover Room (SP) 

Number Theory III 
Continental Room (SP) 

Numerical Analysis 
Senate Room (SP) 

Topological Groups 
Adams/Hamilton Room (SP) 

INVITED ADDRESS: 
Martingale methods in analysis 

and the mathematics curriculum 
Willie Black 
Vivienne Mayes 
Theodore Sykes (moderator) 
Irvin Vance 
Charles Williams 
Eddie Williams 

Diplomat Room (S) 

CBMS - COUNCIL MEETING 
Heritage Room (S) 

Donald L. Burkholder, Regency Ballroom IS) 
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SUNDAY, January 26 

8:00 p.m. - 10:30 p.m. 

8:00 p.m. - 10:00 p.m. 

MONDAY, January 27 

8:30a.m. - 2:30 p.m. 

9:00 a.m. - 5:40 p. m. 

9:00 a.m. 

9:00 a.m. - 9:50 a.m. 

10:00 a.m. - 10:50 a.m. 

11:00 a.m. - 11:50 a.m. 

1:30 p.m. 

1:30 p.m. - 2:20 p.m. 

2:30p.m. - 3:20p.m. 

3:30 p.m. - 4:20 p.m. 

American Mathematical Society other Organizations 

CBMS - COUNCIL MEETING 
Heritage Room (S) 

AMS-MAA PANEL DISCUSSION: Schemes for 
training graduate students to teach: Four reports 

Anthony L. Peressini 
G. Thomas Sallee 
David I. Schneider 
Philip Treisman 
James H. Wells (moderator) 

Regency Ballroom (S) 

Mathematical Association of America 

REGISTRATION- Main Lobby (S) 

EMPLOYMENT REGISTER - Empire Room (S) 

SESSIONS OF THE MAA 
Regency Ballroom (S) 

The challenges to a discipline in an era 
of interdisciplinary emphasis 

L. J. Paige 

The National Institute of Education 
J. M. Mays 

What is an automorphic form? 
L. J. Goldstein 

SESSIONS OF THE MAA 
Regency Ballroom (S) 

On measuring things, Eudoxus revisited 
A. M. Gleason 

The early days of probability theory 
Mark Kac 

Intuitive geometry is alive and well 
Branko Grfinbaum 

PRESENTORS OF TEN-MINUTE PAPERS 

Following each name is the number corresponding to the speaker's position on the program 

Speakers at the Short Course on Mathematics in Operations Research are indicated by (sc) 

• Invited one-hour lecturers 

Agronsky, S. #119 
*Ahmed, N. u. #144 
Akst, G. #136 
Albertson, M. 0. #375 
Albia-Gonzales, v. #47 
Aliprantis, C.D. #750 
Allaire, F. #65 
Allen, G.D. #503 

*Allison, B.N. #568 
Alpert, L. I. 11120 
Anderson, B. #573 

•Anderson, D. w. #674 
Anderson, J.A. #132 
Annulis, J. #605 
Arkin, J. #164 
Armstrong, A. #103 

*Artin, M. #142 

*Arveson, w. #707 
Asner, B.A. ,Jr. #329 
Aull, C.E. #216 
Ault, J. E. #129 
Baker, C. w. #475 
Bakke, V. L. 11738 
Balaram, M. #192 
Ball, E.S. #370 
Ball, J. A. #634 
Banchoff, T.F. #93 
Bancroft, S. #233 
Barker, w. H. #97 
Barnprd, R. w. #463 
Barth, K. F. #586 

*Bateman, P. T. #523 
*Baumgartner, J. E. #679 

Baxley, J. V. #388 
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*Special session speakers 

Beard, J. T.B. ,Jr. #49 
Beck, R. E. #655 
Beckenstein, E. 11365 
Beem, J.K. 11420 
Beer, G. #714 
Beidleman, J.C. #209 
Beineke, L. w. #66 
Bellenot, S. F. #55 

*Benkart, G. #570 
*Bennett, C. 11516 
*Benzinger, H. E. 11285 
Berg, G.A. 1112 

*Berge, C. #292 
Berglund, J. F. 11610 
Berkey, D.D. 11658 

*Berman, S. #571 
Bernau, S.J. 1154 

*Bernhart, F.R. #688 
Berri, M.P. #217 
Bichteler, K. #613 
Birkenmeier, G. F. #197 
Blake, L. H. #501 
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Whitley, w. T. #363 
Whitten, W. #719 
Wichmann, J. #473 
Wicke, H. H. #768 
Wiegand, R. #23 
Wiegand, s. #21 
Wiener, J.C. #468 
Wiggs, J. F. #390 
Wigner, D. #83 
Williams, D. L. #467 
Williams, L. K. #244 
Williams, S. #771 
Williamson, J. E. #378 
Willis, P.A. #413 
Willis, P.S. #806 

Wilson, R. L., Jr. #138 
*Wilson, R. Lee #431 

Wilson, R. R. #107 
Witzgall, C. (sc) 
woeppel, J.J. #483 
Wolfe, J. #56 
Wolfe, S. J. #270 
Wolff, H. #360 
Wong, P. -K. #474 
Wong, R. Y. T. #724 
Woods, J. M. #621 
Wright, D. #22 
Wulczyn, G. #235 

*Wunderlich, M. C. #526 
Yang, J,S. #816 
Yasuhara, M. #158 
Yellen, J. #207 

*Young, E. c. #539 
Young, R. M. #479 

* Zafran, M. #282 
Zame, w. R. #444 
Zenor, P. #367 
Zerling, D. #814 
Zitarelli, D. E. if131 

NEWS ITEMS AND ANNOUNCEMENTS 
ELECTION OF 1974 

The Tellers of the election of 1974, Richard E. Sours and Bing Kuen Wong, have reported that the following 
persons were elected to contested offices: 

Vice President 

Member-at-Large of the Council 

John W. Milnor 

David Gale 
Phillip A. Griffiths 
Judy Green 
J, Ernest Wilkins, Jr. 
Karl K. Norton 

On January 1, 1975, Lipman Bers assumed the post of president. 

The complete results of the election will appear in the report of the meeting of the Council of January 1975, 
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Secretary 



Symposium on Some Mathematical Questions in Biology 
New York, New York 
January 29-30,1975 

The ninth annual symposium on Some 
Mathematical Questions in Biology will be held 
for one and one-half days on January 29-30, 
1975, in the LaLoire Room 2 and 3 of the Ameri
cana Hotel in New York City, The symposium 

support of the National Science Foundation is 
anticipated. Registration and local arrangements 
were announced in the September 27, 1974,.issue 
of Science. 

----::rh; program has been arranged by the 
AMS-SIAM Committee on Mathematics in the Life 
Sciences, whose members are Hans J. Bremer
mann, Jack D. Cowan, Murray Gerstenhaber, 
Alston S. Householder, Simon Levin (chairman), 
and Richard C, Lewontin, 

is being held in conjunction with the annual meet
ing of the American Association for the Advance
ment of Science, It will be cosponsored by the 
American Mathematical Society and the Society 
for Industrial and Applied Mathematics. The 

Chairman: 

9:00a.m. 

10:00 a.m. 

11:00 a.m. 

Chairman: 

PROGRAM 

January 29, 9:00a.m. 

structure in Ecological and Evolutionary Models 

Simon A. Levin, Cornell University 

Spatial heterogeneity in ecological systems. SIMON A. LEVIN 

Dynamics of age-structured populations. GEORGE F. OSTER, University of 
California, Berkeley 

Natural selection in age-structured populations. BRIAN CHARLESWORTH, Uni
versity of Sussex, England 

January 29, 2:00p.m. 

George F. Oster, University of California, Berkeley 

Session for Short Papers 

2:00- 2:15p.m. Nonlinear waves in reacting systems. H. G. OTHMER, Rutgers University 
(Bio 75-1) (Introduced by K. Wolfson) 

2:20- 2:35p.m. The phase problem in crystallography. F. ALBERTO GRUNBAUM, University of 
California, Berkeley (Bio 75-2) (Introduced by Jacob Feldman) 

2:40- 2:55p.m. Predator/prey dynamics with age distributions. Preliminary report. D. J. 
SIMANAITIS* and WILLIAM P. MacLEAN, College of the Virgin Islands, 
St. Thomas (Bio 75-3) 

3:00- 3:15p.m. Some mathematical aspects of the ecological principle of competitive exclusion. 
Preliminary report. ROBERT ARMSTRONG*, RICHARD McGEHEE, and 
JOHN ZICARELLI, University of Minnesota (Bio 75-4) 

3:20- 3:35p.m. Stability of model ecosystems with time-delay. Preliminary report. 
GANGARAM S. LADDE, State University of New York, College at Potsdam 
(Bio 75-5) 

3:40- 3:55p.m. Oscillations in stable ecosystems. P. T. SAUNDERS* and M. J. BAZIN, Queen 
Elizabeth College, London, England (Bio 75-6) (Introduced by D. A. Brannan) 

4:00- 4:15p.m. Random selection forces in infinite diploid populations. BENNY LEVIKSON, 
Purdue University (Bio 75-7) 

4:20- 4:35p.m. A mathematical model of immunoglobulin evolution. J, MYRON HOOD*, Occiden
tal College, and LEROY HOOD, California Institute of Technology (Bio 75-8) 

4:40 - 4:55 p, m. Age structured models in population biology. LLOYD DEMETRIUS, Rutgers 
University (Introduced by Simon A. Levin) 

*For papers with more than one author, an asterisk follows the name of the author who plans to 
present the paper at the meeting. 
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Chairman: 

9:00a.m. 

10:00 a.m. 

11:00 a.m. 

January 30, 9:00a.m. 

Mathematical Theory of Nerve-Signal Propagation and Other Topics in the Mathe
matics of the Nervous System 

Hirsh G. Cohen, T. J. Watson Research Center, IBM 

Mathematical developments in Hodgkin-Huxley theory and its approximation. 
HffiSH G. COHEN 

Simple model equations for active nerve conduction and passive neuronal integra
tion. JOHN RINZEL, Division of Computer Research and Technology, National 
Institute of Health 

Is neurobiology totally unmathematical? HORACE B. BARLOW, Trinity College, 
Cambridge, England 

This symposium is the ninth in a series intended to acquaint mathematicians with current bio
logical problems possessing substantial mathematical content, and to encourage research partner
ships between mathematicians and biological scientists. 

Simon A. Levin, Chairman 
Organizing Committee 
Ninth Annual AMS-SIAM 
Symposium on Some Mathe
matical Questions in Biology 

Ithaca, New York 

Symposium on Theory vs. Practice 
in the Finite Element Method 

New York, New York 
January 31, 1975 

A symposium on Theory vs. Practice in 
the Finite Element Method will be held on the 
morning of January 31, 1975, at the Americana 
Hotel in New York City, in conjunction with the 
annual meeting of the American Association for 
the Advancement of Science. The symposium 
will be sponsored by the American Mathematical 
Society and will be supported by the Air Force 
Office of Scientific Research. Registration and 
local arrangements were announced in the Sep
tember 27, 1974, issue of SCIENCE. 

Gilbert Strang (co-chairmen). The finite element 
method has been applied to such diverse prob
lems as the study of earthquakes, calculation of 
the modes of vibration of the human skull, de
sign of nuclear reactors and airplanes, and guid
ing secondary recovery techniques in oil wells. 
First developed by structural engineers, the fi
nite element method is now widely studied math
ematically by numerical analysts. The goal of 
this symposium is to introduce its audience to 
the finite element method from both the engineer
ing and mathematical points of view, and to sti
mulate new areas of application. 

The program, which will be held in the La 
Loire Rooms 4 and 5 at the Americana Hotel, is 
being arranged by Professors Ridgway Scott and 

Chairman: 

9:10a.m. 

9:45a.m. 

10:20 a.m. 

10:55 a.m. 

11:30 a.m. 

PROGRAM 

January 31, 9:00a.m. 

Gilbert Strang, Massachusetts Institute of Technology 

Can mathematics be useful? Professor GILBERT STRANG 

Modeling wave propagation with finite element methods. Professor TODD DUPONT, 
Department of Mathematics, University of Chicago 

Computer program construction and maintenance-the future of centralized finite ele
ment activity. Dr. ROBERT E. NICKELL, Department of Applied Mechanics, Sandia 
Laboratories, Albuquerque, New Mexico 

The interplay between the mathematical and engineering approaches. Professor 
RIDGWAY SCOTT, Department of Mathematics, University of Chicago 

The impact of the finite element method on structural engineering. Professor ROBERT 
L. TAYLOR, Department of Civil Engineering, University of California, Berkeley 
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Ridgway Scott 
Gilbert Strang 
Co-chairmen 



INVITED SPEAKERS AT AMS MEETINGS 
This section of these c}/otiu.i) lists regularly the individuals who have agreed to address the 

Society at the times and places listed below. For some future meetings, the lists of speakers are 
incomplete. 

Mobile, Alabama, March 1975 

Richard F. Arenstorf R. c. Lacher 
Charles R. Hobby 

St. Louis, Missouri, April 1975 

A.O.L. Atkin 
K. T. Chen 

Kenneth Kunen 
Guido L. Weiss 

Monterey, California, April 1975 

Isaac Namioka Kennan T. Smith 

Pullman, Washington, June 1975 

David W. Barnette Theodore E. Harris 

Chicago, lllinois, November 1975 

Jonathan L. Alperin R. 0. Wells, Jr. 

ORGANIZERS AND TOPICS OF SPECIAL SESSIONS 
Abstracts of contributed papers to be considered for possible inclusion in special sessions 

should be submitted to Providence by the deadlines given below and should be clearly marked 
"For consideration for special session on itle of special session." Those papers not selected 
for special sessions will automatically be considered for reg ar sessions unless the author gives 
specific instructions to the contrary. 

Mobile, Alabama, March 1975 

B. J. Ball, Shape Theory and Related Topics 
William H. Ruckle, Functional Analysis 

January 7, 1975 

St. Louis, Missouri, April 1975 January 28, 1975 

David Drasin, Classical Function Theory 
David L. Elliott, Differential Geometric Problems in Control Theory 
Franklin Haimo, Applications of Ring Theory to Groups 
Richard P. Jerrard, Geometric Topology 
Rangachary Kannan, Nonlinear Functional Analysis 
Walter Leighton, Ordinary Differential Equations: Oscillation Theory, Boundary Value Problems 
Marian Boykan Pour-El, Recursion Theory 
Grant V. Weiland, Classical Harmonic Analysis 
David J. Winter, Finite Dimensional Field Extensions 

Chicago, Illinois, November 1975 

Saunders Mac Lane, Category Theory 
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PRELIMINARY ANNOUNCEMENTS OF MEETINGS 
The Seven Hundred Twenty-First Meeting 

University of South Alabama 
Mobile, Alabama 

March 20-21, 1975 
The seven hundred twenty-first meeting of 

the American Mathematical Society will be held 
at the University of South Alabama in Mobile, 
Alabama, on Thursday and Friday March 20-21, 
1975. The meeting of the American Mathematical 
Society will be followed by a meeting of the South
eastern Section of the Mathematical AssoCiation 
of America. 

By invitation of the Committee to Select 
Hour Speakers for Southeastern Sectional Meet
ings, there will be three one-hour addresses. 
Professor Richard F. Arenstorf of Vanderbilt 
University will give an address entitled "Some 
recent developments in celestial mechanics." 
An address entitled "Finite p-groups" will be 
given by Professor Charles R. Hobby of the Uni
versity of Alabama, and Professor R. C. Lacher 
of Florida State University will present an ad
dress entitled "Cell-like mappings and their 
generalizations." 

There will be two special sessions in addi
tion to the regular sessions. Professor B. J. 
Ball of the University of Georgia is arranging a 
session on Shape Theory and Related Topics. The 
speakers will include David Edwards, Ross Geo
ghegan, James E. Keesling, George Kozlowski, 
Christopher Lacher, Daniel R. McMillan, T. 
Benny Rushing, Jack Segal, Richard B. Sher, 
and James E. West. Professor William H. Ruckle 
of Clemson University is organizing a session on 
Functional Analysis; further information will be 
announced in the February c#oticei). Any member 
of the AMS who would like to have his or her pa
per considered for inclusion in one of the special 
sessions should have his or her abstract so 
marked and in Providence at least two weeks be
fore the regular closing date for contributed pa
pers (by January 14, 1975). 

There will also be sessions for contributed 
papers Thursday afternoon and Friday morning. 
The closing date for abstracts for contributed 
papers is January 28, 1975. 

ACCOMMODATIONS 

RAMADA INN 
600 Beltline Highway 

Singles 
Doubles 
Extra Person 

RODEWAY INN 
1724 Michigan Avenue 

Singles 
Doubles 
Extra Person 

HOWARD JOHNSON'S 
3132 Government Boulevard 

$16.00 
$22.00 
$ 4.00 

$11.00 
$15,00 
$ 3.00 

ffin~~ $~.00 
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Doubles 
Extra Person 

QUALITY INN 
3650 Airport Boulevard 

Singles-downstairs 
Singles-upstairs 
Doubles-downstairs 
Doubles-upstairs 

HOLIDAY INN 
Airport Boulevard at I-65 

Singles 
Doubles 
Extra Person 

ERDC 
Brookley 

$17.00 
$ 3.00 

$17.12 
$16.05 
$20,00 
$19.33 

$14.00 
$18.00 
$ 2.00 

2 Bedroom SUite $20.00 
1 Bedroom SUite $15. 00 
(Include sitting room and kitchenette) 

RAMADA INN 
1705 Dauphin Island Parkway 

Singles 
Doubles 
Extra Person 

RODEWAY INN 
1500 Government 

Singles 
Doubles 
Studio couch and 

1 Double bed 
Extra Person 

DAYS INN 
3675 Government Boulevard 

Singles 
Doubles 
Extra Person 

HOLIDAY INN-West 
3939 Highway 90 West 

Singles 
Doubles 
Twins 
Extra Person 

HILTON INN 
5050 Battleship Parkway 

Singles 
Doubles 
Extra Person 

$13.00 
$19,00 
$ 2,00 

$12.00 
$18,00 

$17.00 
$ 4,00 

$ 9,88 
$12.88 
$ 3.00 

$13.00 
$18.00 
$15.00 
$ 2,00 

$18.00 
$23.00 
$ 5,00 

Mobile is served by National, Eastern, and 
Southern Airlines, Greyhound and Trailways Bus 
Lines. It is accessible by highway on US 90, 45, 
43, 31, and Interstate 10 and 65. 

Tallahassee, Florida 

0. G. Harrold 
Associate Secretary 
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The seven hundred twenty-second meeting 
of the American Mathematical Society will be 
held at the Biltmore Hotel, Madison Avenue at 
43rd street, New York, New York, from Sunday, 
March 23, through Wednesday, March 26, 1975. 

On Tuesday, March 25, there will be a pro
gram entitled "A day of differential equations" 
which will be concerned with the qualitative prop
erties of both ordinary differential equations and 
partial differential equations, exploring the simi
larity of their methods and results. This program 
is being organized by Professor Jack K. Hale of 
Brown University and will consist of several half
hour addresses in the morning and afternoon. By 
invitation of the Committee to Select Hour Speak
ers for Eastern Sectional Meetings , there will be 
two one-hour addresses on Wednesday, March 26. 

Sessions for contributed ten-minute papers 
will be scheduled in the morning and afternoon on 
Tuesday and Wednesday, with papers deemed 
relevant to the "Day" program appearing in regu
lar sessions for contributed ten-minute papers on 
the same day. No provision will be made for late 
papers. Abstracts should be submitted to the 
American Mathematical Society, P. 0. Box 6248, 
Providence, Rhode Island 02940, so as to arrive 
prior to the deadline of January 28,1975. The 
final program of the meeting will appear in the 
February issue of these c}/oficti) • 
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SYMPOSIUM ON NONLJNEAR PROGRAMMING 

With the expected support of the National 
Science Foundation and the Atomic Energy Com
mission, a symposium on Nonlinear Programming 
is scheduled to be held on Sunday and Monday, 
March 23 and 24. This topic was selected by the 
AMS-SIAM Committee on Applied Mathematics 
whose members are Earl A. Coddington, Richard 
C. DiPrima (chairman), Lester E. Dubins, 
Harold Grad, J. Barkley Rosser, and W. Gilbert 
strang. 

The purpose of the symposium is to help 
bring this vigorous field of activity to the atten
tion of a larger mathematical audience. The or
ganizing committee, comprised of Richard W. 
Cottle, Stanford University (chairman), Carlton 
E. Lemke, Rensselaer Polytechnic Institute, 
stephen M. Robinson, University of Wisconsin, 
and J. Ben Rosen, University of Minnesota, has 
organized the symposium into four sessions, 
each with two lecturers. The subject will be 
treated from the perspectives of theory, compu
tation, and applications. To the greatest extent 
possible, the lectures will be pedagogically ori
ented and will identify the principal lines of cur
rent research. It is hoped that the lectures will 
help the audience to identify and appreciate some 
areas where they can use their own background 



and the information they acquire at the sympo
sium to begin research in nonlinear program
ming. Lecturers and the titles of their talks are: 
John E. Dennis, Jr. (Cornell University) who 
will speak on "Some methods for unconstrained 
minimization of nonlinear functionals"; Burchet 
C. Eaves (Stanford University) "Path generation 
in piecewise-linear structures for solving equa
tions"; Harold W, Kuhn (Princeton University) 
"Nonlinear programming: A historical view"; 
Olvi L. Mangasarian (University of Wisconsin) 
"Unconstrained methods in nonlinear program
ming"; G. P. McCormick {George Washington 
University) "Optimality criteria in nonlinear 
programming"; M.J. D. Powell (Atomic Energy 
Research Establishment, Harwell, England) 
"Global convergence properties of a variable 
metric minimization algorithm without line 
searches when the objective function is convex"; 
R. Tyrrell Rockafellar (University of Washing
ton) "Lagrange multipliers in nonlinear pro
gramming"; and Philip Wolfe {IBM T. J. Wat
son Research Center) "Difficult problems in 
nonlinear programming. " Ample time will be 
provided for discussion and questions after each 
lecture. 

REGlSTRA TION 

The registration desk will be located in the 
Key Room of the Biltmore Hotel on the nineteenth 
floor adjacent to the Grand Ballroom. The desk 
Will be open frn""' 0 ·"" ~ ~ +~ A·'"' ~ ~ rm 

Sunday, March 
and from 8:30 t 

March 26, 
The regis 

as follows: 

Member 
Student an 
Nonmember 5 

ACCOMMODATIONS 

Persons intending to stay at the Biltmore 
Hotel should make their own reservations with 
the hotel. A reservation form and a listing of 
room rates will be found on the last page of 
these c/Votice6J. The deadline for receipt of reser
vations is March 5, 1975, 

TRAVEL 

The Biltmore Hotel is located on Madison 
Avenue at 43rd Street on the east side of New 
York City. Walkways to Grand Central Station 
are located under the hotel and signs are posted 
directing persons to the lobby of the hotel. 

Those arriving by bus may take the Inde
pendent Subway System from the Port Authority 
Bus Terminal. There is shuttle bus service 
from LaGuardia and Kennedy Airports directly 
to Grand Central station. Starters can direct 
participants to the correct bus. 

Air passengers arriving at Newark Airport 
can take a shuttle bus to the East Side Terminal 
and take either a subway, taxi, or bus to the 
hotel. 

Those arriving by car will find many park
ing facilities in the neighborhood in addition to 
those at the hotel. Parking service can be ar
ranged through the hotel doorman at a cost of $9 
for the 24-hour period. There will be an addi
tional charge for extra pickup and delivery ser
vice if it is required, The parking fee is subject 
to New York Citv taxes. 

nay receive 
erican Mathe
Jtel, Madison 
, New York 

vva.n•n' H. Gottschalk 
Middletown, Connecticut Associate Secretary 

The Seven Hundred Twenty-Third Meeting 
University of Missouri 

St. Louis,, Missouri 
April11-12, 1975 

The seven hundred twenty-third meeting of 
the American Mathematical Society will be held 
at the University of Missouri, St. Louis, Mis
souri, on Friday and Saturday, April11 and 12, 
1975. The University of Missouri at St. Louis is 
located about ten miles northwest of downtown 
St. Louis and about four miles east of St. Louis 
Lambert Airport. All sessions will be held in 
the J.C. Penney Building of the university. 

By invitation of the Committee to Select 
Hour Speakers for Western Sectional Meetings, 
there will be four one-hour addresses. Profes
sor A. 0. L. Atkin of the University of illinois at 
Chicago Circle will speak on Friday, April 11, 
at 11:00 a.m.; the title of his talk will be an
nounced later. Professor Kuo-Tsai Chen of the 
University of illinois at Urbana-Champaign will 
address the Society on Friday, April 11, at 
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1:45 p.m.; his subject will be "Iterated path in
tegrals." Professor Kenneth Kunen of the Uni
versity of Wisconsin at Madison will speak on 
Saturday, April12, at 11:00 a.m.; the title of 
his talk will be announced later. Professor Guido 
:J;.. Weiss of Washington University at St. Louis 
will address the Society on Saturday, April12, at 
1:45 p.m. ; his topic will be "The use of Hardy 
spaces and their generalizations in harmonic 
analysis." 

There will be sessions for contributed ten
minute papers on both Friday and Saturday. Ab
stracts should be submitted to the American 
Mathematical Society, P.O. Box 6248, Provi
dence, Rhode Island 02940, so as to arrive prior 
to the deadline of February 18, 1975. Those hav
ing time preferences for the presentation of their 
papers should indicate them clearly on their ab-



stracts. There will be a session for late papers 
if one is needed, but late papers will not be listed 
in the printed program of the meeting. 

There will be nine special sessions of se
lected twenty-minute papers. The subjects of 
these special sessions and the names of the math
ematicians arranging them are as follows: Classi
cal Function Theory, Professor David Drasin of 
Purdue University; Differential Geometric Prob
lems in Control Theory, Professor David L, El
liott of Washington University; Applications of 
Ring Theory to Groups, Professor Franklin Rai
mo of Washington University; Geometric Topology, 
Professor Richard P. Jerrard of the University 
of lllinois at Urbana-Champaign; Nonlinear Func
tional Analysis, Professor Rangachary Kannan of 
the University of Missouri at St. Louis and Michi
gan State University; Ordinary Differential Equa
tions: Oscillation Theory, Boundary Value Prob
lems, Professor Walter Leighton of the Univer
sity of Missouri at Columbia; Recursion Theory, 
Professor Marian Boykan Pour-El of the Univer
sity of Minnesota; Classical Harmonic Analysis, 
Professor Grant V. Weiland of the University of 
Missouri at St. Louis; Finite Dimensional. Field 
Extensions, Professor David J, Winter of the 
University of Michigan. Most of the papers 
to be presented at these sessions will be by in
vitation, However, anyone contributing an ab
stract for the meeting who feels that his paper 
would be particularly appropriate for one of 
these special sessions should indicate this con
spicuously on his abstract and submit it three 
weeks earlier than the above deadline, namely 
by January 28, 1975, in order to allow time for 
the additional handling necessary. 

The Council will probably meet at 5:00p.m. 
on Friday, April 11; further details will be given 
in the February issue of these cNotiaiJ. 

ACCOMMODATIONS 

The following four inns are located between 
St. Louis Lambert Airport and the University of 
Missouri at St. Louis. They are listed in the or-

der of increasing distance from the university. 

ROYAL INN* 
9600 Natural Bridge Road 63134 
(314) 428-9732 

Single 
Double 

RAMADA INN 

$17,00 
$20.00 

9636 Natural Bridge Road 63134 
(314) 426-4700 

Single 
Double 
Twin 
Extra person 

EIGHT DAYS INN* 
4545 Woodson Road 63131 
(314) 423-6770 

$17.00 
$21,00 
$23.00 
$ 4,00 

Single $ 9, 88 
Double $12. 88 
Extra person $ 3, 00 

(Double rooms have two beds. ) 
STAN MUSIAL & BIGGIE'S 
ST. LOUIS HILTON INN 
10330 Natural Bridge Road 63134 
(314) 426-5500 

Single 
Twin/Double 
Triple 

$16,00 
$22.00 
$28,00 

Requests for room reservations at the Eight Days 
Inn should be made directly with the Inn using the 
room reservation form which will be found on the 
last page of these cNotiaiJ. Reservations at other 
motels should be made directly, and mention 
should be made of this meeting in order to obtain 
the quoted rates, 

Further information will appear in the 
February issue of the cNoticeiJ; the final program 
of the meeting will appear in the April CNotiaiJ. 

Urbana, lllinois 

Paul T. Bateman 
Associate Secretary 

*N. B. The Eight Days Inn and the Royal Inn will provide free courtesy-van shuttle service between their 
respective motels and the campus on April 11 and 12. 

The Seven Hundred Twenty-Fourth Meeting 
Naval Postgraduate School 

Monterey, California 
April19, 1975 

The seven hundred twenty-fourth meeting 
of the American Mathematical Society will be 
held at the Naval Postgraduate School, Monterey, 
California, on Saturday, April19, 1975. Invited 
hour addresses will be given by Professor Isaac 
Namioka, University of Washington, and by Pro
fessor Kennan T. Smith, Oregon State University. 
The titles of their lectures will be given in the 
February cNotiaiJ . 

There will be sessions for contributed pa-
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pers. Abstracts should be submitted to the 
American Mathematical Society, P. 0. Box 6248, 
Providence, Rhode Island 02940, so as to arrive 
prior to the deadline of February 18, 1975. Late 
papers will be accepted for presentation at the 
meeting, but will not appear in the printed pro
gram of the meeting. 

Eugene, Oregon 

Kenneth A. Ross 
Associate Secretary 



1975 Summer Seminar in Applied Mathematics 

The ninth AMS Summer Seminar in Applied 
Mathematics will be held on the campus of Rens
selaer Polytechnic Institute, Troy, New York, 
from July 7 through July 18, 1975, and will be 
sponsored jointly by the American Mathematical 
Society and the Society for Industrial and Applied 
Mathematics. The topic for the seminar will be 
Modern Modeling of Continuum Phenomena. This 
was proposed by the AMS-SIAM committee on 
Applied Mathematics which at the time consisted 
of Earl A. Coddington, Hirsh G. Cohen (chair
man), Lester E. Dubins, Harold Grad, J. Bark
ley Rosser and Richard S. Varga. The organizing 
committee will consist of George F. Carrier, 
Harvard University; Hirsh G. Cohen, IBM T.J. 
Watson Research Center; Stephen H. Davis, 
Johns Hopkins University; Richard C. DiPrima, 
Rensselaer Polytechnic Institute (chairman); 
Joseph B. Keller, Courant Institute of Mathemat
ical Sciences of New York University; and Lee A. 
Segel, Weizmann Institute of Science and Rens
selaer Polytechnic Institute. Support is expected 
from the National Science Foundation and Office 
of Naval Research. 

Continuum problems in the physical sci
ences have always provided a rich area of study 
for the applied mathematician. More recently 
continuum models have been developed for im
portant problems in the biological sciences and 
ecology. 

The primary purposes of the seminar are 
(i) to introduce the participants to selected 
mathematical research areas of high current in
terest and relevance, (ii) to present the under
lying fundamental laws of continuum model build
ing, and (iii) to present selected mathematical 
topics particularly useful in solving modern 
mathematical problems of continuum phenomena. 
This will be accomplished through core series of 
lectures in continuum model building and mathe-

matical methods, and four in-depth case stucues 
concerned with a problem of current interest in 
fields such as ocean circulation, population dy
namics, cell motions, and seismology. A partial 
list of principal lecturers includes Lee Segel, 
Don Cohen, George Carrier, George Oster, Gary 
Odell and George Papanicolau. In addition there 
will be an opportunity for informal seminars in 
which all who attend may directly participate. 

Allowance will be made for faculty mem
bers whose principal background is in pure 
mathematics but who wish to enlarge their un
derstanding of applications and to find opportun
ities for research on applied problems. Thus, 
there will be some introductory material but 
taking account of the fact that the audience will 
have a high level of general mathematical so
phistication. However, a research level will be 
maintained in almost all parts of the seminar. 

Dormitory accommocations, and food ser
vice will be available on the campus. A com
plete brochure of information will be sent to the 
participants early in the spring. 

Individuals may apply for admission to the 
seminar. Application blanks for admission and 
financial assistance can be obtained from the 
Meeting Arrangements Department, American 
Mathematical Society, P.O. Box 6248, Provi
dence, Rhode Island 02940. The application 
deadline is March 17, 1975. An applicant will be 
asked to indicate his scientific background and 
interest; he should have completed at least one 
year of graduate school. A graduate student• s 
application must be accompanied by a letter from 
his faculty advisor concerning his ability and 
promise. Those who wish to apply for a grant
in-aid should so indicate. However, funds avail
able to the Seminar are limited and so individuals 
who can obtain support from other sources should 
do so. 

1975 Summer Institute on Several Complex Variables 
July 28-August 15, 1975 

The twenty-second Summer Research Insti
tute of the American Mathematical Society will be 
devoted to the topic "Functions of Several Com
plex Variables". The site of this conference has 
not been selected yet, but will most likely be 
somewhere in the northeastern United states. 
The Organizing Committee consists of Professors 
H. Grauert, R. C. Gunning (co-chairman), 
D. Lieberman, J. Morrow, R. Narasimhan, 
H. Rossi (co-chairman), Y. T. Siu, and R. 0. 
Wells. It is expected that the institute will be 
supported by a grant from the National Science 
Foundation. 

The program will consist of three types of 
seminars: a series of expository talks on recent 
developments in special areas; a running semi
nar featuring half-hour talks; a collection of 
special one hour talks on topics of special sig
nificance. Tentatively, the topics will be "De
formation of complex spaces", "Partial differen
tial equations in complex analysis", "Boundary 
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values of holomorphic functions", "Analysis on 
noncompact Kahler manifolds", "Compact com
plex manifold", "Complex integral geometry", 
"Kernel functions and integral formulae", "Di
rect image theorems", and "Approximation 
theorems". 

Information on location, travel, and ac
commodations will be available in subsequent 
announcements. 

Funds for participant support will be 
limited; it is anticipated that participants will 
have to find their own sources of travel support. 
The institute is open to all mathematicians spe
cializing in complex analysis in several vari
ables and related topics, and to advanced gradu
ate students in this field, Those wishing to par
ticipate should write to Dr. Gordon L. Walker, 
American Mathematical Society, P. 0. Box 6248, 
Providence, Rhode Island 02940. Recent Ph.D. •s 
and advanced graduate students who wish to be 
considered for support should write before 
March 1, 1975. 



NEWS ITEMS AND ANNOUNCEMENTS 
COMMENTS ON AN INVITATION 

TO V. I. ARNOL'D 

Invitations to present expository addresses 
at the International Congress of Mathematicians 
included one to Professor V. I. Arnol'd of Mos
cow University. When no reply was received from 
Professor Arnol•d, Dr. Philip Handler, Presi
dent of the National Academy of ~ciences, wrote 
a letter on July 17, 1974 to Academician Yu, A. 
Ovchinnikov, Vice President of the Academy of 
Sciences of the USSR. A portion of the text of the 
letter was as follows: 

A number of Soviet mathematicians have 
been invited as speakers at this Congress .•• ; 
of the proposed 17 major invited expository 
hour-long addresses, two Soviet mathema
ticians have been named: V. I. Arnold and 
A. G. Vitushkin. The difficulty arises be
cause the Organizing Committee has not yet 
had acceptances from a number of the in
vited speakers, one of whom yet to respond 
is V. I. Arnold. 

Professor Arnold enjoys an outstanding 
reputation among the mathematicians in the 
U.S. and in the world mathematical com
munity as well, His presence at the Van
couver meeting and the presentation of his 
talk would contribute much to the eventual 
success of the Congress. 

The reply, dated August 9, 1974 came from 
Academician V. A. Kotelnikov, Vice President of 
the Academy of Sciences of the USSR and is re
produced in translation in entirety. 

We acknowledge receipt of your letter of 
July 17 of this year. 

We should like to inform you that in the 
Soviet Union there is a National Committee 
of Soviet Mathematicians which decides 
questions concerning participation of Soviet 
mathematicians in international collabora
tion. 

This Committee did not find it possible 
to recommend Professor V. I, Arnold as 
one of the Soviet participants in the Inter
national Congress of Mathematicians to be 
held in Vancouver in August of this year. 

At the same time we should report that 
Doctor of Physico-Mathematical Sciences 
V. I. Arnold is a professor at Moscow Uni
versity and does not work in the system of 
the AS USSR, 

An address by Professor Arnol•d was read 
at the Congress by Professor David Gale. 

ALLAHABAD MATHEMATICAL SOCIETY 

Individuals interested in joining the 
Allahabad Mathematical Society should direct 
their inquiries to the Society's new address: 
Dr. S. R. Sinha, Secretary; Allahabad Mathe
matical Society, •Parijata,' 5, C. Y. Chintamani 
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Rd. , Allahabad - 211002 - India, 
Dues and privileges remain the same. 

AMS RESEARCH FELLOWSHIP FUND 
Request for Contributions 

The AMS Research Fellowship Fund is in
tended to support research fellows for one year 
with awards being made on the basis of mathe
matical promise. Serving on the Committee ap
pointed by President Mac Lane to administer the 
Fund are C. B. Bell, Walter Feit, Leonard Gill
man, Peter J. Hilton, Mark Kac, and Alice T. 
Schafer, Chairman. The Committee hopes to 
award for 1975-1976 several partially ta.x-exempt 
fellowships of approximately $10,000 each, a 
sum equivalent to the salary which a research 
person with a recent Ph. D. in mathematics 
might expect. Two such awards were made in 
August 1974. Although the number of fellowships 
awarded may be small, the existence of theRe
search Fellowship Fund demonstrates the impor
tance the Society and its members attach to re
search. The Committee is happy to report that 
many individuals have already contributed to the 
Fund and that among the recent contributions was 
an anonymous one for $6,000. 

The survival of the Research Fellowship 
program depends on the contributions the Society 
receives. It is hoped that every tenured member 
of the Society will be willing to contribute at 
least $100 to the Fund, but any contribution is 
welcome. The Society itself has pledged to con
tribute a minimum of $9, 000 and will match one
half the funds in excess of $18, 000 raised from 
other sources, However, the Society can contri
bute no more than $20,000. Contributions are, of 
course, tax deductible. Checks should be made 
payable to the American Mathematical Society, 
clearly marked "AMS Research Fellowship Fund" 
and sent to the American Mathematical Society, 
Post Office Box 1571 Annex Station, Providence, 
Rhode Island 02901. 

AMS RESEARCH FELLOWSHIPS 

The American Mathematical Society invites 
applications for the AMS Research Fellowships. 
These are postdoctoral fellowships to be awarded 
for research in mathematics during the year 
1975-1976, and are open to individuals who have 
recently received the Ph. D. The stipend will be 
in the range of $9, 000-$10, 000, depending on the 
amount in the Fund. Of the award, $3, 600 plus 
$500 for travel e"-1Jenses will be tax deductible. 

Completed applications must be received by 
March 15, 1975. A small number of fellowships 
will be awarded, the number depending on the 
amount contributed to the AMS Research Fellow
ship Fund. Notification of awards will be made by 
April15, 1975. 

For further information and application 
forms write to Dr. Gordon L. Walker, Executive 
Director, American Mathematical Society, P. 0. 
Box 6248, Providence, Rhode Island 02940, 



The American Mathematical Society 
REPORT OF THE PRESIDENT FOR 1974 

This is the year when our Providence office 
moved into its fine, new and somewhat austere 
building in Providence, and also the year when 
our Society has started to move in on a number of 
difficult professional and scientific problems. 

1, The Joint Projects Committee. Prob
lems of teaching and understanding mathematics 
also concern many of our closely related Soci
eties and so require joint committees and joint 
efforts. Initially, steps to oil these joints started 
with the establishment of an overall Committee 
representing the Association, SIAM, and the.So
ciety (see the Report of the President for 1973, 
these cNotiu.iJ, January, 1974). The major re
commendation of this Committee called for the 
establishment of a Joint Projects Committee with 
explicit instructions and authority to tackle mat
ters of joint concern. This Joint Projects Com
mittee has been approved by the respective 
Councils for SIAM and for the Society, and is in 
process of consideration by the Association. 
Moreover, the Conference Board of the Mathe
matical Sciences has agreed to provide adminis
trative supervision for the Joint Projects Com
mittee. 

The first major E.int project is to be a 
Mini-Study: A survey of the development and use 
of selected mathematical ideas in a volume of 
10 or 12 appropriate essays. These essays, to 
be prepared under the oversight of a Planning 
Committee, can be viewed as a sequel to the 
earlier COSRIMS Study (=Committee on the SUp
port of Research in the Mathematical Sciences). 
They are intended to clarify for other scientists 
the meaning and use of mathematics by ca_rrying 
out an examination of the development of quanti
tative and qualitative concepts; their implications, 
applications, and meaning for other sciences, 
and for the world at large, It is hoped that such 
a study will illuminate the many-sided relation
ships between core mathematics and its applica
tions. 

2. The Proceedings of our Society is a 
meticulously edited and wide ranging journal, 
publishing short articles on practically every as
pect of mathematics. It clearly serves a vital 
purpose in communicating new ideas from active 
mathematicians, but there are times and occa
sions when criticisms of the Proceedings arise. 
For example, when I looked carefully at a couple 
of recent issues, I was struck by the facts that 
the good papers greatly outnumber the excellent 
papers, and that a large number of papers seem
ed to be piecemeal contributions: Papers prov
ing just a single result which might have been 
better set in a larger context and a fuller paper. 
After some discussion of these points the Edi
tors of the Proceedings have agreed to add to 
their regular editorial tasks that of looking 
again at the general purposes and objectives of 
the journal. We hope that the Proceedings can 
thereby contribute more to the effective pre
sentation of research. 
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3. Mathematical Reviews continues to be 
our premier publication; it is even more useful 
now that the Eight-Year Index, 1965-1972 is 
available, Other new features include a subject
matter index every 6 months and a reconstitution 
of the publication, "Contents of Contemporary 
Mathematical Journals" (CCMJ), now renamed 
"Current Mathematical Publications" and consisting 
of a listing, classified by subject, of articles in the 
full range of journals covered by Mathematical Re
views. A Joint Committee with SIAM is making 
progress on the related and perennial problem 
of reviews in applied fields-perhaps initially by 
way of a publication similar to CCMJ. This joint 
consideration has been sparked by the Conference 
Board of the Mathematical Sciences. Through all 
this, the main work of Mathematical Reviews 
goes on and continues to depend on the expert 
services of reviewers all over the world. I 
would like to take this occasion to thank them 
for their effective contributions. 

4. Expository Journal. The Committee to 
consider the establishment of a research exposi
tory journal has reported with enthusiasm, sug
gesting that the basic coverage of such a journal 
should extend over all fields of pure and applied 
mathematics to provide expository articles in 
the strict sense, and also critical surveys of the 
literature in major fields of research, biogra
phies of distinguished mathematicians, and 
groups of related papers of a research exposi
tory character. The Trustees are still in the 
process of considering how to provide the sup
port for such a journal. 

5. Financial Problems. As with many or
ganizations, the Society has had difficulties in 
getting its income to balance its expenses. Both 
the staff of the Providence office and the Board 
of Trustees have worked extensively on these 
matters, especially for the 1974 budget, After 
valiant efforts, that budget was finally put into 
satisfactory shape. For tfie future, progress 
has been made both with new controls and new 
information: The new controls stemming from 
the analysis on the AMS computer of financial 
operations of the Society and the new informa
tion consisting of five-year displays of past and 
future budgets. With these means the Trustees 
hope to have better planning so that our mem
bership dues and subscription fees can be used 
to provide maximum service for the members 
of the Society. 

6. Employment. The uncertain economic 
situation continues to make grave employment 
difficulties for many of our members. The So
ciety has a variety of Committees working on 
aspects of this problem. The long-established 
Committee on Employment and Educational 
Policy (CEEP) analyzes these policies and col
lects statistics, especially careful statistics 
each summer for the number of new Ph, D.'s 
placed (see "Doctorates and Jobs, 1974 Re
port" byR. D. Anderson, these cflotiu.iJ 21, 



November 1974, pp. 335-340), The Joint AMS
MAA-SIAM Committee on Employment Opportun
ities manages the Employment Register at each 
January meeting and presses for more complete 
listings of positions available in the publication, 
"Employment Information for Mathematicians." 
The Joint Committee on Training of Graduate 
Students to Teach is concerned with getting more 
effective training in graduate schools for pros
pective teachers. The Joint Committee on the 
Employment of Mathematicians in Two-Year Col
leges is examining all the aspects of this part of 
the employment situation, as is indicated in the 
preliminary report in these cJ{otiui), November 
1974, p. 349. 

At the San Francisco business meeting of 
the Society in January, Resolution C called on 
the Society to emphasize the importance for good 
education of keeping teaching loads and class size 
down. In May a Committee was appointed to exa
mine ways and means for doing this. The means 
are obviously not easy because of the economic 
forces involved, In another resolution (Bulletin 
AMS, 80 (1974), p. 656)the San Francisco meet
ing declared its categorical opposition to dis
crimination against mathematicians .• ,on the 
basis of race, sex, politics, religion, ethnic ori
gin, age or other non-professional characteris
tics, In response to this resolution, a new Society 
Committee on Legal Aid has been set up and has 
decided upon a mechanism for providing legal aid 
in cases of mathematicians bringing suit because 
of cases of discrimination. 

More recently, the May meeting of the 
Council of the Society called for creation of a new 
Committee on the Emergency Employment Situa
tion. This Committee is already hard at work. 
Three of its recommendations were adopted at 
the October meeting of the Council. To wit: 

(1) The development of a series of summer 
institutes to provide continuing education and 
familiarity with research problems in such fields 
as statistics, computing, and operations research 
for people holding Ph.D. degrees in other fields. 

(2) The principle that, in so far as practi
cal, all positions in the mathematical sciences be 
advertised and that the standard place for the ads 
to appear is the publication, "Employment Infor
mation for Mathematicians. " 

(3) A feasibility study looking to the publi
cation of a list of non-academic employers of 
mathematicians. 

We hope to enlist the help of MAA and SIAM 
in further work in this complex of problems. They 
concern economic issues of demand and supply 
for mathematicians and therefore would involve 
ways of increasing the demand, ways of bontrol
ling the supply, and ways of improving communi
cations in the market for mathematicians. The 
bigger questions of the whole state of the U.S. 
economy are involved here, but are largely be
yond our control. 

7. Science Policy. In the past, mathemati
cians have had relatively little influence on the 
various determinations of national science policy. 
Today our first steps in these directions are still 
incomplete. The Society has recommended to ap
propriate quarters the granting of more predoc
toral NSF fellowships and the restoration of the 
postdoctoral fellowships, but so far these recom-

mendations have not been adopted. Among other 
developments, our Committee on Relations with 
Government has endorsed the idea that the Na
tional Science Foundation might establish several 
research institutes in mathematics which would 
provide effective ways for young mathematicians 
to come into contact with the core of the subject 
and its applications. At the San Francisco meet
ing one resolution called for "the massive trans
fer of funds from the federal military budget to 
the support of education, including higher educa
tion." This resolution was tabled. In my judgment, 
such global attacks on everything at once are 
likely to be so global as to miss the connectivity 
and the local maxima, and so to fail to persuade 
anyone, while dividing our membership along 
lines which are hardly mathematical. On the lar
ger political scene, some recent American ex
perience may have highlighted actions that are 
raucously aggressive, rather than specifically 
directed. Even when these actions seem to suc
ceed, they may be counterproductive, at least 
for mathematics, in that they offer the wrong 
models for mathematical activity and that they 
constitute a distraction from the main objective 
of pressing forward aggressively in the always 
difficult and exciting task of discovering new 
mathematical facts and theorems. 

This task does continue, as the following 
incident may indicate. In San Francisco, just af
ter the close of the business meeting, complete 
with parliamentarian, resolutions, chairs, and 
a table, a young mathematician of my acquaint
ance buttonholed me in the hall of the Hilton, to 
complain about a refusal to arrange a meeting 
for his/her seminar that day at 4:00p.m. I 
tried to explain the refusal: 4:00p.m. was 
exactly the time of the business meeting, which 
was not a routine one, since it had been instructed 
a year ago to deal with three important, well 
advertised policy resolutions. He/she wasn't 
convinced, hadn't heard of the resolutions, didn't 
care about them but evidently did very much care 
about that seminar. Mathematical research mat
ters. 

8. State of Mathematics. As this incident 
indicates, our meetings and publications continue 
to show that mathematical research really ad
vances. The long run health of our science will 
surely depend both on direct conceptual advances 
and on effective relations to the applications. Of 
late I have been troubled to read many extreme 
formulations of this issue. On the one hand, some 
appear to say that only applicable mathematics 
matters, while on the other hand, there are firm 
suggestions that pure mathematics could continue 
to be healthy for a couple of hundred years with
out having any contact whatever with its applica
tions. Both statements are vigorous and extreme 
but neither extreme seems sensible. My positive 
observation is rather to the effect that mathe
matics is concerned with understanding the deep 
structure of the unive:cse as may be revealed by 
straight abstract throught, by building on pre
vious notions, and by careful examination of 
examples and applications. When mathematics 
is truly directed at this deep structure, then it 
fits. This is the ultimate reason why mathematics 
does work, and why all aspects of the endeavor 
are important. Today mathematical methods and 
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mathematical models are indeed used in very 
many connections, especially in very many policy 
studies, and of late I have noted too many occa
sions when some of these uses were careless, 
superficial, or incomplete. My fundamental hope 
is that the high conceptual standards and real 
understanding, traditionally available in the 
mathematical community, can be brought effec
tive]y to bear on these methods. A more thorough 
use of mathematics and its deeper techniques on 
policy questions should be of vital assistance to 
society-and at the same time, should provide 
some real and substantive correction for the 
present difficulties in the employment of mathe
maticians. 

9. Mathematical Events. This year there 
have been two notable meetings. One was the 
International Congress of Mathematicians in Van
couver; notable for the award of two Fields Med
als (to Bombieri and Mumford) and for many ef
fective lectures. The second meeting was the 
AMS meeting in DeKalb in May with expert lec
tures devoted to summarizing the state of each of 
the Hilbert problems. Because of its breadth and 
focus, this meeting provided a most effective pre
sentation of a large view of mathematics and so 

was a special stimulus to those fortunate enough 
to attend. We need more such meetings. 

I remind you that the American Mathemati
cal Society will again provide its own postdoc
toral fellowships, the number depending on the 
generosity of your contributions, which can be 
sent to the Providence office or to Professor 
Alice Schafer, Chairman of the Committee. 

10. A Program. As the end of my term ap
proaches, I took the occasion to reread my ear
lier article, "A Program for the American 
Mathematical Society", these c/{otiui), May 1973. 
Most of the proposals there made still seem ap
proriate. Some have been realized and others 
are in process, though some of the suggestions 
about strengthening and varying our style of 
meeting still require study. I hope these and other 
improvements will come about in the future, and 
that the meetings and our publications can conti
nue to convey the difficulty and excitement of 
mathematical research and discovery. In any 
event, I would like to take this occasion to say 
that I deeply appreciate the opportunity I have 
had to serve the Society as its President. 

Saunders Mac Lane 

NEWS ITEMS AND ANNOUNCEMENTS 
FULBRIGHT-HAYS AWARDS FOR SENIOR 

AMERICAN AND FOREIGN SCHOLARS 

Specialists in mathematics who are U.S. 
citizens and have a doctorate or college teaching 
experience are invited to apply for lecturing and 
advanced research awards under the senior Ful
bright-Hays program. A simple registration 
form may be obtained and returned to the Senior 
Fulbright-Hays Program, 2101 Constitution Ave
nue, N. W., Washington, D. C. 20418. Registrants 
will be sent a detailed announcement of the 1976-
1977 program in April. July 1, 1975 is the dead
line for applying for research awards and it is al
so the suggested date for filing for lectureships. 

Each year Fulbright-Hays agencies abroad 
forward to the Council application of senior for
eign scholars who are interested in remunerative 
appointments for lecturing and postdoctoral re
search at American colleges or universities for 
temporary periods. The scholars are eligible for 
Fulbright-Hays travel grants if arrangements 
are confirmed for remunerative appointments. 

The Council welcomes information regard
ing appointments available at American educa
tional institutions for foreign scholars for tem
porary periods of three months to one year. Ap
proximately 20 foreign mathematicians are pres
ently in the United States under the sponsorship 
of the Fulbright-Hays program. They are listed 
in the 1974-1975 Directory of Visiting Lecturers 
and Research Scholars; many are available for 
lectures or attendance at special conferences. 
Information about the scholars and copies of the 
Directory which lists a total of 500 scholars in 
several different disciplines is available from 
the Council for International Exchange of Scholars, 
2101 Constitution Avenue, N. W., Washington, 
D. C. 20418. Many of the mathematicians have 
been listed in the October and November c/{otiui) 

68 

under Visiting Mathematicians; this issue of the 
c/{otiui) includes those not previously listed. 

ZENTRALBLA TT FUR MATHEMATIK 

In cooperation with Springer-Verlag, the 
American Mathematical Society offers Zentral
blatt flir Mathematik, Volume 62, Parts I/11, 
a cumulative author index for Volumes 1-25. This 
is an index of all the reviews contained in these 
volumes with full title and bibliography. Thus a 
comprehensive bibliography for 1931-1940 is 
available for the first time. (Mathematical Re
views began publication in 1940 and contains 
only the subsequent period.) 

When ordered from Springer the price is 
DM 136 plus shipping. The index may be ordered 
from the AMS for $60 list, this is the December 
11, 1974 currency equivalent plus a shipping 
charge, or $45 member's price. Present sub
scribers of Zentralblatt will receive the index 
and will be billed by Springer. 

Orders must be accompanied by payment 
and sent to the American Mathematical Society, 
P.O. Box 1571, Annex Station, Providence, 
Rhode Island 02901. 

CHANGE IN SUBSCRIPTION PRICE 

Mathematica Scandinavica has increased 
subscription price because of the increased cost 
of production to 75 Danish crowns per volume. 
The new price applies to Volumes 36 and 37 which 
are to be published in 1975. Subscription price 
for members in 1975 is 150 Danish crowns. 
Orders should be sent directly to Mathematica 
Scandinavica, NY Munkegade, 8000 Aarhus C, 
Univers itetsparken, Denmark. 



DOCTORATES CONFERRED IN 1973-1974 
Supplementary List 

The following are among those who received doctorates in the mathematical sciences and related subjects from 
universities in the United States and Canada during the interval July 1973-June 1974, This is a supplement to the list 
printed in the October 1974 issue of these c/Votiai). The numbers appearing in parentheses after each university indi
cate the following: the first number is the total number of degrees listed for that institution; the next seven numbers 
are the number of degrees in the categories of 1. Pure Mathematics, 2, Statistics, 3. Operations Research, 4. Com
puter Science, 5, Applied Mathematics, 6. Mathematics Education, 7. Other. Each entry contains the dissertation 
title. 9 universities are listed with a total of 53 individual names. This total, combined with the other list, includes 
doctorates from 154 universities with a total of 1, 201 individual names; 241 departments granting doctorates. 

CALIFORNIA 
STANFORD UNIVERSITY (16;0,0,0,16,0,0,0) 

Department of Computer Science 
Erman, Lee Daniel 

An environment and system for machine understand
ing of connected speech 

Gabow, Harold Neil 
Implementations of algorithms for maximum match
ing on nonbipartite graphs 

Gips, James Elliot 
Shape grammars and their uses 

Goldman, Neil Murray 
Computer generation of natural language from a 
deep conceptual base 

Hannah, Marsha Jo 
Computer matching of areas in stereo images 

Meyers, William James 
Linear representation of tree structure: a math
ematical theory of parenthesis- free notations 

Nelson, Edward Clark 
Resource allocation for free running and resource 
limited program graphs 

Palmer, John Franklin ll 
Conjugate direction methods and parallel computing 

Rieger, Charles Joseph III 
Conceptual memory: a theory and computer pro
gram for processing the meaning content of natural 
language utterances 

Riesbeck, Christopher Kevin 
Computational understanding: analysis of sentences 
and context 

Rivest, Ronald Linn 
Analysis of associative retrieval algorithms 

Shapiro, Gerald Norris 
A functional approach to structured combinational
logic design 

Sites, Richard Lee 
Proving that computer programs terminate cleanly 

Swinehart, Daniel Carl 
Copilot: a multiple process approach to interactive 
programming systems 

Vnillemin, Jean Etienne 
Proof techniques for recursive programs 

Yakimovsky, Yoram 
Scene analysis using a semantic base for region 
growing 

ILLINOIS 
NORTHWESTERN UNIVERSITY (3;0,0,0,0,3,0,0) 

Committee on AJ?Plied Mathematics 
Ben-Tal, Aharon 

Contributions to geometric programming and gen
eralized convexity 

Patarra, Cyro 
Discretization methods for neutral ordinary differ
ential equations 

Schmeichel, Edward 
The cycle structure and planarity of graphs under 
degree constraints 
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MICHIGAN 
UNIVERSITY OF MICHIGAN (2;0,0,0,2,0,0,0) 

Department of Computer and Communication Sciences 
Martin, Nancy 

Convergence properties of class of probabilistic 
adaptive schemes called sequential reproductive 
plans 

Springer, Allen Lewis 
A macro-oriented programming language extension 
facility 

NEW MEXICO 
NEW MEXICO STATE UNIVERSITY (2;2,0,0,0,0,0,0) 

Department of Mathematical Sciences 
Daly, James Edward 

Algebras of certain singular integrals over local 
fields 

Downey, Charles Patrick 
Classification of singular integrals over a local 
field 

NEW YORK 
COLUMBIA UNIVERSITY (1;0,0,0,0,0,1,0) 

Department of Mathematical Education 
Kalish, Aida 

Training in mathematics appropriate for the field 
of operations research 

CORNELL UNIVERSITY (1;1,0,0,0,0,0,0) 

O'Malley, Thomas J. 
The geometry of S-subgroups of the hyperbolic 
groups 

RENSSELAER POLYTECHNIC INSTITUTE 
(5;0,4,1,0,0,0,0) 

Department of Operations Research and Statistics 
Monaco, Salvatore John 

A Bayesian apProach to the design and analysis of 
experiments for regression models 

Nicklin, Edmund Harold 
A constrained regression model for rational warrant 
pricing 

Utter, Merlin Lester 
Robustness of experimental designs to various 
optimality criteria 

Vescovacci, Miguel Antonio 
Modal estimation in pert networks 

Wiebking, Rolf 
Deterministic and stochastic geometric programm
ing models for optimal engineering design problems 
in electric power generation and computer solu
tions 



STATE UNIVERSITY OF NEW YORK AT STONY BROOK 
(14;7' 0, 0, o, 7' o, 0) 

Adler, Allan Russell 
Complex conjugations of Kuga's varieties 

Ehrlich, Paul Ewing 
Metric deformations of Ricci and sectional curva
ture on compact riemannian manifolds 

Heisler, David 
On the cohomology of modules over the Klein-4 
group 

Kiefe, Catarina Isabel 
On the rationality of the zeta-function of a set de
finable over a finite field 

Poor, Walter Andrew 
Some result on non-negatively curved manifolds 

Roy, Ranjan 
Deformations of Fuchsian groups 

Topping, Ira Miles 
Free generators and the free differential calculus 

Department of Applied Mathematics and Statistics 
Bose, Ramendra K. 

Realizability theory on groups 
Easton, Malcolm 

Spanning vectors of a subspace of Rn 
Goldstein, Jacobo D. 

Absolute continuity of measures of Hilbert-space
valued additive processes 

Ichikawa, Ikira 
Differential games in abstract space 

Lin, Jason 
Manpower scheduling in transportation systems 
and multiple set covering problems 

Narain, Prem 
Solutions of linear equations and generalized 
inverses 
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Surmont, Johan 
Approximate solutions of non-linear problems with 
inadequate data 

OKLAHOMA 
OKLAHOMA STATE UNIVERSITY (1;0,1,0,0,0,0,0) 

Department of Statistics 
Chen, Jin-Tze 

Sequential and non-sequential confidence interval of 
constant width for a simple linear regression mean 

TEXAS 
UNIVERSITY OF HOUSTON (8;7,0,0,0,1,0,0) 

Epps, Billy B. 
A classification of continua and confluent trans
formations 

Gibson, William 
Stieltjes and Stieltjes -Volterra integral equations 

Giese, Robert 
Selected topics in addition chains 

Giese, Sharon Mae 
Measures and integration in Riesz spaces 

Houston, Raymond 
Cancellative semigroups on manifolds 

Oberhoff, Kenneth 
Semilattice structures on certain non-metric 
continua 

Quirein, John A. 
Measurable transformations and related variational 
techniques in pattern classification 

Whitley, William 
Infinite dimensional microbundles 



QUERIES 
Edited by Wendell H. Fleming 

The QUERIES column is published in each issue of thesecAfoua.O. This column welcomes questions 
from AMS members regarding mathematical matters such as details of, or references to, vaguely 
remembered theorems, sources of exposition of folk theorems, or the state of current knowledge 
concerning published conjectures. When appropriate, replies from readers will be edited into a 
definitive composite answer and published in a subsequent column. All answers received to QUERIES 
will ultimately be forwarded to the questioner. Consequently, all items submitted for consideration 
for possible publication in this column should include the name and complete mailing ~ddress of 
the person who is to receive the replies. The queries themselves, and responses to such quenes, should 
be typewritten if at all possible and sent to Professor Wendell H. Fleming, American Mathematical 
Society, Post Office Box 6248, Providence, Rhode Island 02940. 

QUERIES 

52. Claude W. Anderson (Department of Mathematics, 
University of California, Berkeley, California 94720). 
would appreciate receiving any and all references con
cerning multiply perfect numbers that have been discov
ered in the twentieth century. There is no complete list 
that is up to date, and I am currently compiling one. 
53. Gerald A. Edgar (Department of Mathematics 
Northwestern University, College of Arts and Sciences, 
Evanston, illinois 60201). I have been shown an ingenious 
proof of the Theorem: Let G be a group, and let d be a 
complete metric on G with respect to which group 
multiplication is separately continuous. Then G is a 
topological group. This theorem was stated by Banach, 
but his proof was correct only in the separable case. 
Many similar results have been proved since that time 
(see p. 889 of Reviews of Papers in Algebraic and 
Differential Topology, Topological Groups. and Homo
logical Algebra, ed. by N. E. Steenrod). None of these 
results seems to imply the theorem stated. I have been 
told that the ingenious proof was buried in a paper pub
lished many years ago. Can anyone provide the reference? 
54. Kwangil Koh (Department of Mathematics, North 
Carolina State University, Raleigh, North Carolina 
27607). Does any one have an example of two non
isomorphic fields, say K1 and K2 such that K1 is 
isomorphic to a subfield of K2 and K2 is isomorphic to 
a subfield of K1 ? 

55, David Shelupsky (Department of Physics, The City 
College of The City University of New York, New York, 
New York 10031). According to a theorem of Frobenius 
if G is a finite group of order n and d is a positive 
integer dividing n then the number of solutions in G of 
the equation xd = 1 (1 the group identity) is a multiple 
of d. Can anyone tell me if the following additional 
statement is a conjecture or a theorem or false, and if a 
theorem where a proof can be found: if the number of 
solutions is equal to d then these form a subgroup of G? 
56. Daniel Zwillinger (5700 Arlington Avenue, Bronx, 
New York 10471). The largest prime number known now 
is 219937 - 1 (Guinness Book of Records, 1974). What 
is the largest prime number known not of the form zk - 1 
or zk + 1? -

57. s. Zaidman (Department of Mathematics, Universite 
de Montreal, Montreal (P. Q.) Canada). I would appreci
ate any information concerning validity or falsity of the 
following statement: " u = 0 is the only solution with zero 
boundary values of the equation t:,u + A(x,y) u = 0 in a 
simply connected domain 1t, provided that (Area lt) • y A2(x,y)dxdy~1 ". 
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58. s. Zaidman (Department of Mathematics, Universite 
de Montreal, Montreal (P. Q. ) Canada). I would like to 
ask for a proof (or references) connected with the 
following inequality (which I found in "An algebra of pseudo
differential operators" by Kohn and Nirenberg, Comm. 
Pure Appl. Math., 18, No 1/2(1965), 269-305). (In
equalities of this kind appear twice in the 
paper, essentially in estimate (5.9),§5 and in §9 near 
the end.) "Let f(x1 ••. xn) be a real-valued function, 
defined on Rn- {o}, of class cP, homogeneous of order 
~;then, if x,x +hE Rn- [o}, we have 

lf(x +H) - f(x) - (.~ h. f-) f(x) 
t=1 l xi 

-i~~R hi a~)2f(x) ... -i;! (21 hi a~)Pf(x)l 
ihlp+l 

;!; c . +1 
dx+hl+ixll 

Also: what about the best possible constant C? 

59. V. Gopala Rao (Department of Mathematics, Lehigh 
University, Bethlehem, Pennsylvania 18015). I am 
interested in obtaining a copy of the lectures and articles 
presented at the 1974 Summer Institute (proceedings of 
which will not be published) on inverse problems. Would 
the people who have participated in the institute please 
respond? 

RESPONSES TO QUERIES 

Replies have been received to queries published in 
recent issues of these c!fofictiJ, as follows: 
26. (Small, Oct. 1973) The query sought a simple 
algebraic proof of the decomposition H = BB* in the 
notation below with a, b, c, d integers, a, b positive, 
det(A) = 1, B with entries in 7Z[i]. Previous responses 
appear in the April, June, and August 1974 c){oticti). 
V. c. Nanda communicated the following solution: "The 
following argument which I believe must be in the litera
ture somewhere, does not use the theory of quadratic 
forms over :1:. Since 

H =(a. c+id) 
C-ld b 

is the matrix of a positive definite hermitian form which 
represents integers in Z, it represents the smallest 
1umber, min H. Moreover the column X such that 
X* HX = min H must be primitive and can therefore be 
completed to a unimodular matrix U. The query is 
therefore equivalent to: Can U*HU be written as B*B? 



We may thus assume without loss of generality that a = 
min H. Now 

H = (a-1(:-id) ~) (~ :) (~ a- 1 (c1+id~ 
Thus it suffices to prove that a= 1 (since ae = IHI = 1). 
Consider 

(x 1) H (~)=a lx + a-1(c + id)l2 +e. 

Now choose a Gaussian integer x = x1 + ~ in such a 
-1 1 way that both ~ + a c and x2 + a- d lie between 

- 1/2 and+ 1/2. Thus since a is the minimum (and e = 

a-1), a~ a(1/4 + 1/4) + a-1 => a2 ~ 2 =>a= 1." 

36. (Cunningham, April1974) J. Lambek provided the 
following references: 
(1) B. Brainerd, Introduction to the mathematics of 
language study, Elsevier, New York, 1971. 
(2) M. Gross, Mathematical models in linguistics, 
Prentice-Hall, Englewood Cliffs, 1972. 
(3) R, Jacobson (editor), Structure of language and its 
mathematical aspects, Proc. Symposia in Applied Math., 
Vol. XII, Amer. Math. Soc,, Providence, 1961, 
(4) S. Marcus, Algebraic linguistics; analytical models, 
Academic Press, New York, 1967, 

43, (Shelupsky, August 1974) D. Mauldin responded as 
follows: 
" In addition to the responses given in the October 1974 
dfotiaiJ, I would like to add my own paper, A represen
tation theorem for the second dual of C[O ,1], Studia, 
Math 46 (1973), 198-200. 
" In this paper matters are considered as follows: let us 
consider an element of the bidual of C(S) to be a linear 
functional T on ca(S, I:), where ca(S, I:) is the space 
of all regular Borel measures defined on the a-algebra 
I; of all Borel subsets of S, 
"Then, assuming the continuum hypothesis and lca(S, I:) I 

§ 2~0. the functional T may be represented as: T(I/J) = 
J~ 1/J d).l , where 1/J is a function from !: into R. 

"I would also like to point out that generalization of this 
result will appear in a paper of mine entitled "The 
continuum hypothesis, integration and duals of measure 
spaces" in lllinois J. of Math. 
"Finally, similar representations can be obtained using 
Martin's Axiom or the assumption that 2~0 is a real
valued measurable cardinal." 
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47. (Hayes, October 1974) R. Cowen responded as fol
lows. "Both results (1) •The product of finite topological 
spaces is compact• and (2) 'A power of a finite space is 
compact• quoted by Hayes are equivalent to the prime 
ideal theorem, P. I. , which is known to be weaker than 
the axiom of choice. E. S. Wolk, "On theorems of 
Tychonoff, Alexander and R. Rado", Proc. AMS 18(1967), 
113-115, has shown that in the presence of ACF, the 
axiom of choice for families of finite sets, (2) is equiva
lent to a combinatorial theorem of R. Rado. R. Cowen, 
"Some combinatoriaL theorems equivalent to the prime 
ideal theorem", Proc. AMS 1(1973), 268-273, has 
shown that P. I. implies Rado•s theorem and it is well 
known that P.r. implies ACF(e.g. see Los and 
Nardzewski, "Effectiveness of the representation theory 
for Boolean algebras," Fund, Math. XLI, 49-56, where 
this is stated although not proved). Therefore P. I, 
implies (1) implies (2). 
"On the other hand, J. Mycielski, "Two remarks on 
Tychonoff•s product theorem", Bull. Acad. Polan, 
Sci, 12(1964), 439-441, proves that P. I. is equivalent 
to the special case of (2) where the finite space equals 
{0, 1}." 

51. (Heller and Beyer, October 1974) The query was as 

follows: Suppose 2:':0 an zn has radius of convergence 

R, and rN(z) = 12:;:N an znl. With lz1 1 < lz2 1 < R, is it 

possible that rN(z1) > rN(z) for all z in some neighbor

hood of z2 , (a) for infinitely many values of N? (b) for 

all N except a finite number? G. H. Fricke responded 
as follows: (a) is possible for any radius of convergence 
including infinity and (b) is impossible for any radius of 
convergence including infinity even for a single point z = 
z2 . Fricke also supplied proofs of these statements. 

Problems in Commutative Harmonic Analysis No. 16 (K. A, 
Ross, August 1973) Ross has supplied the following informa
tion: "The answer is 'yes,' and is an immediate consequence 
of a theorem of Bonami, She has not published the theorem, 
as far as I know, but it is referred to by Dechamps
Gondim in Remarque 6,2,, Ensembles de Sidon topologigues, 
Ann, Inst. Fourier (Grenoble) 22, fasc, 3(1972), 51-79, 
The result will be amply treated in the forthcoming Sidon 
Sets, by Lopez and Ross." --



PERSONAL ITEMS 

RICHARD J. BAGBY of New Mexico State 
University will be on sabbatical leave during the 
year 1974-1975 at Washington University, St. 
Louis. . 

EMMANUEL N. BARRON of Northwestern 
University has been appointed to an assistant 
professorship at Georgia Institute of Technology. 

EDWIN F. BECKENBACH of the Univer
sity of California, Los Angeles, ha& retired with 
the title of Professor Emeritus. 

DOROTHY L. BERNSTEIN on sabbatical 
leave from Goucher College will spend the win
ter and spring quarters at the University of 
Tennessee. 

Z.SAMUEL BERNSTEIN of Northwestern 
University has been appointed to an assistant 
professorship at Georgia Institute of Technology. 

ELDON C. BOES of New Mexico State Uni
versity will be on sabbatical leave during the 
year 1974-1975 at the Sandia Laboratories in 
Albuquerque. 

ARMAND BOREL of the Institute for Ad
vanced Study has been appointed to a visiting 
professorship at the University of California, 
Berkeley. 

ITSHAK BOROSH has been appointed to an 
assistant professorship at Texas A & M Univer
sity. 

DAVID T. BROWN of the University of 
Pittsburgh has been appointed to an assistant 
professorship at Bethany College. 

WILLIAM J. BROWNING of Purdue Uni
versity has accepted a position as associate with 
Daniel H. Wagner, Associates. 

ELOISE H. CARLTON of the University of 
Colorado has been appointed to a lecturership at 
the University of California, Berkeley. 

MOU-HSIUNG CHANG of the University of 
Rhode Island has been appointed to an assistant 
professorship at the University of Alabama in 
Huntsville. 

CHARLES E. CLEAVER of Kent State Uni
versity has been appointed to a visiting associate 
professorship at Georgia Institute of Technology. 

PAUL E. COHEN of the University of Ten
nessee and the Institute for Advanced Study has 
been appointed to an assistant professorship at 
Lehigh University. 

DONALD M. DAVIS of Northwestern Uni
versity has been appointed to an assistant pro
fessorship at Lehigh University. 

JOHN DE PREE of New Mexico State Uni
versity will be on sabbatical leave during the 
year 1974-1975 at the University of British Co
lumbia. 

EDWARD EFFROS of the University of 
Pennsylvania has been appointed to a visiting pro
fessorship at the University of California, Ber
keley. 

EDWARD F. EISENBERG of Cornell Uni
versity has been appointed to a visiting assistant 
professorship at Vassar College. 
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RICHARD ELDERKIN of Brown University 
has been appointed to an assistant professorship 
at Pomona College. 

JOHN A. FEROE of the University of Cali
fornia, San Diego,has been appointed to an as
sistant professorship at Vassar College. 

ROBERT J. FRANK of Philadelphia, Penn
sylvania has been named a lecturer in Lehigh 
University's department of mathematics. 

EVARIST GINE-MASDEU of the Universi
dad Metropolitana, Caracas, has been appointed 
to a lecturership at the University of California, 
Berkeley. 

SANDY GRABINER of the Claremont Grad
uate School has been appointed to an associate 
professorship at Pomona College. 

WILLIAM L. GREEN of the University of 
Oslo has been appointed to an assistant profes
sorship at Georgia Institute of Technology. 

DONALD LEE GREENWELL of Emory Uni
versity has been appointed to an assistant pro
fessorship at Iowa State University of Science 
and Technology. 

LEO HARRINGTON of SUNY at Buffalo has 
been appointed to a lecturership at the Univer
sity of California, Berkeley. 

C. WARD HENSON of Duke University has 
been appointed to an associate professorship at 
New Mexico State University. 

JOHN HOLTE of the University of Wiscon
sin has been appointed to a visiting assistant pro
fessorship at Rensselaer Polytechnic Institute. 

JOHN T. HURT has been named Professor 
Emeritus at Texas A & M University. 

WILLIAM F. KEIGHER of the University 
of Illinois has been appointed to an assistant 
professorship at the University of Tennessee. 

MICHAEL KLASS of the University of 
California, Los Angeles, has been appointed to 
a lecturership at the University of California, 
Berkeley. 

MORRIS KLINE of Courant Institute of 
Mathematical Sciences, New York University, 
has been appointed visiting distinguished pro
fessor at Brooklyn College (CUNY). 

ANDRZEJ S. LELEK of the University of 
Houston has been appointed to a professorship 
at Wayne State University. 

GUNAR LIEPINS of Dartmouth College has 
been appointed to a lecturership at Texas Tech 
University. 

RAPHAEL LOEWY of the California Insti
tute of Technology has been appointed to an as
sistant professorship at the University of Ten
nessee. 

JUDITH Q. LONGYEAR of Dartmouth Col
lege has been appointed to an assistant profes
sorship at Wayne State University. 

WILHELMUS A.J. LUXEMBURG of the 
California Institute of Technology has been 
elected a corresponding member of the Royal 
Academy of Sciences of Amsterdam. 



THOMAS MCLAUGHLIN of the University 
of lllinois has been appointed to an associate 
professorship at Texas Tech University. 

MICHAEL MILLER of the University of 
California, Los Angeles, has been appointed to 
a lecturership at the University of California, 
Berkeley. 

WILLIAM F. MOSS of the University of 
Delaware has been appointed to an assistant pro
fessorship at Georgia Institute of Technology. 

ARTHUR OGUS of Princeton University 
has been appointed to an assistant professorship 
at the University of California, Berkeley. 

GEORGE B. PURDY of the University of 
lllinois has been appointed to an assistant pro
fessorship at Texas A & M University. 

RONALD S. RIVLIN of Lehigh University 
has been elected secretary of the Committee of 
Scientific Society Presidents. 

JUDITH ROITMAN of the University of 
California, Berkeley has been appointed to an 
assistant professorship at Wellesley College. 

RUSSELL J. ROWLETT of Princeton Uni
versity has been appointed to an assistant pro
fessorship at the University of Tennessee. 

ARTHUR SAGLE of the University of 
Minnesota has been appointed to a professorship 
at the University of Hawaii at Hilo. 

BRUCE E. SCRANTON of Purdue Univer
sity has accepted a position as associate with 
Daniel H. Wagner Associates. 

LEE SEGEL of Rensselaer Polytechnic 
Institute has been appointed to a professorship 
and to the chairmanship of the Department of 
Applied Mathematics at the Weizmann Institute 
of Science. He will also continue as a research 
professor at Rensselaer Polytechnic Institute. 

ALAN SHUCHA T of Mount Holyoke College 
has been appointed to an assistant professorship 
at Wellesley College. 

NANCY K. STANTON of the Massachusetts 
Institute of Technology has been appointed to a 
lccturership at the University of California, 
Berkeley. 

MICHAEL B. TAMBURRO of the Univer
sity of California, Los Angeles, has been ap
pointed to an assistant professorship at Georgia 
Institute of Technology. 

WESLEY E. TERRY of the University of 
Saskatchewan has been appointed to an assistant 
professorship at Georgia Institute of Technology. 

IRVIN VANCE of New Mexico State Uni
versity is currently on leave at the Educational 
Development Corporation in Newton, Massa
chusetts. 

JAMES WHITE of the University of Cali
fornia, Los Angeles, has been appointed to a 
visiting associate professorship at the University 
of California, Berkeley. 

JEFFREY C. WIENER of Emory University 
has been appointed to an assistant professorship 
at Georgia Institute of Technology. 

PROMOTION 

To Provost. Purdue University: FELIX 
HAAS. 

To Vice President for University Planning. 
st. Mary's University, San Antonio, Texas: 
JAMES F. GRAY, S. M. 
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To Assistant Dean in the College of Letters 
and Science. University of California, Berkeley: 
H. BLAINE LAWSON. 

To Assistant to the President for University 
Affairs. University of Alabama in Huntsville: 
F. LEE COOK. 

To Coordinator, Department of Applied 
Science, Red Deer College: VED P. MADAN. 

To Vice Chairman for Personnel, Depart
ment of Mathematics, University of California, 
Berkeley: DAVID GALE. 

To Chairman. Department of Mathematics 
University of Alabama in Huntsville: PETER G. ' 
CASAZZA. 

To Professor. California State University, 
Hayward: RANJIT S. SABHARWAL; Pomona 
College: PAUL B. YALE; Texas A & M 
University: CHARLES K. CHUI, CARLTON J. 
MAXSON; University of Alabama in Huntsville: 
PETER M. OIDSON; University of California, 
Berkeley: ROBERT C. HARTSHORNE· Univer
sity of Saskatchewan: BIKKAR S. LALLI; Uni
versity of Tennessee: DON B. HINTON; Welles
ley College: TORSTEN NORVIG. 

To Associate Professor. Florida Inter
national University: WILLIAM T. KRAYNEK, 
ANTHONY C. SHERSHIN; New Mexico state Uni
versity: DAVID M. ARNOLD, RICHARD J. 
BAGBY; Texas A & M University: JAMES R. 
BOONE, LAWRENCE F. GUSEMAN, Jr., 
DARALD J. HARTFIEL; University of Califor
nia, Berkeley: PAUL R. CHERNOFF· Univer
sity of Tennessee: GENE A. KLAASEN, CARL 
G. WAGNER; Wayne state University: DAVID W. 
JONAH, JINGYAL PAK. 

To Assistant Professor. Georgia Institute 
of Technology: CATHERINE C. AUST ALAN D. 
SLOAN. ' . 

DEATHS 

Dr. CARL B. ALLENDOERFER of the 
University of Washington died on September 29, 
1974, at the age of 63. He was a member of the 
Society for 39 years. 

Professor Emeritus I. ALBERT BARNETT 
of the University of Cincinnati died on September 
27, 1974, at the age of 79. He was a member of 
the Society for 55 years. 

Professor Emeritus RAYMOND W. BRINK 
of the University of Minnesota died on December 
27, 1973, at the age of 83. He was a member of 
the Society for 55 years. 

Professor Emeritus CECILIA K. DUNAJ 
of the University of Toronto died on August 4, 
1974. She was a member of the Society for 40 
years. 

Professor Emeritus EDWARDs. HAM
MOND of Bowdoin College died on March 21, 
1972, at the age of 78. He was a member of the 
Society for 23 years. 

Professor Emeritus LOUIS MELVILLE 
MILNE-THOMPSON died on August 21, 1974 at 
the age of 83. He was a member of the Society 
for 17 years. 



Vice-President Emeritus WEBSTER G. 
SIMON of Case Western Reserve University died 
on August 17, 1974, at the age of 81. He was a 
member of the Society for 56 years. 

Professor Emeritus RALPHS. UNDER
WOOD of Texas Tech University died on May 18, 
1974, at the age of 82. He was a member of the 
Society for 42 years. 

LETTERS TO THE EDITOR 

Editor, the cNotiuiJ 
Since the American Mathematical Society 

plays a major role in the Mathematical Sciences 
Employment Register, the Society should encour
age the use of the Employment Register at the 
Annual Meetings. The need for this action was 
apparent at the San Francisco Meeting. Many 
people attended the meeting in order to find jobs, 
but there were only about 50 employers who used 
the Register. 

The officers of the Society should encour
age their own departments to use the Register at 
the Annual meetings whenever their departments 
have a job opening. 

Harriet M. Lord 

Editor, the cNotiuiJ 
The current eloquent letter from Profes

sor Lord about the Employment Register ends in 
a statement urging certain actions by officers of 
the Society. This seems to me to be based on a 
misapprehension. A mathematician, when elected 
to any Society office, is expected to act in the in
terests of the Society, but is not expected to 
press, especially upon his or her own institution, 
policies which are-not addressed to all institu
tions. 

The Employment Register held at each Jan
uary meeting, provides an organized forum for 
interviews for positions. Interviews of this char
acter are useful for many positions and wholly 
inappropriate for other positions in mathematics. 
For this and other reasons, there is at present 
no Society policy urging that all available posi
tions be represented by interviews at this Regis
ter. Mathematicians searching for positions 
might bear this in mind. At the same time, the 
Society Committees and staff responsible for the 
Register encourage voluntary moves of potential 
employers to participate in the Register. 

It is now (Council meeting, October 25, 
1974) a matter of Society policy that all available 
positions in the mathematical sciences be adver
tised, insofar as practicable, and that the stan
dard place for the advertisements to appear is 
the publication, "Employment Information for 
Mathematicians." This publication (appearing 
six times each academic year with a weekly sum-
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mer supplement) can become even more helpful 
if it is even more complete. I hope that all po
tential employers will list positions there. 

Saunders Mac Lane 

With the approbation of the Council of 
October 25, 1974, President Lipman Bers ?as 
presented the following open letter for publica
tion as a Letter to the Editor. 

E. P. 

We appeal to the world public opinion con
cerning the threat against the well known Mos
cow mathematician and philosopher Yuri Gastiev. 
Gastiev is a "candidate" of philosophical sciences, 
the author of several dozen papers, a member of 
several foreign scientific societies. His work is 
well known in the U.S.S.R. and abroad. 

During the past three months Yuri Gastiev 
was subject to three house searches and he was 
called in many times for interrogations. He is in 
danger of being arrested. It is amazing that the 
formal reason for this harassment is the so
called "File 38" of the KGB in Vladimir about 
the Russian nationalist journal Veche affair, 
which, in itself, is groundlessly overblown. 

Yuri Gastiev, as a young man, spent five 
years in a stalin labor camp after World War JI. 
His father, Alexei Gastiev, a well known worker
revolutionary, scholar and poet, a director of 
the Central Labor Institute, was shot by the 
NKVD in 1939. His mother and his brother spent 
many years in camps and prisons. Another bro
ther was killed at the front fighting the Germans. 

Yuri Gastiev has been persecuted since 
1968 when he defended the mathematician A. Yes
senin-Volpin. Since then he has had to change 
jobs several times. 

We call upon the scientific world public 
opinion to defend Yuri Gastiev. We appeal in the 
first place to mathematicians and philosophers. 

I. Shafarevich 
V. Turchin 
M. Ogurski 
A. Tverdokhlebov 
Y. Orlov 

A. Levitin-Krasnov 
V. Albrecht 
A. Lawt 
G, Rosenstein 



SPECIAL MEETINGS INFORMATION CENTER 
The purpose of this center is to maintain a file on prospective symposia, colloquia, institutes, seminars, 

special years, meetings of other associations, and to notify the organizers if conflicts in subject matter, 
dates, or geographical area become apparent. An announcement will be published in these c)fotiai] if it 
contains a call for papers, place, date, subject (when applicable), and speakers; a second announcement 
will be published only if changes to the original announcement are necessary, or if it appears that additional 
information should be announced. 

In general, SMIC announcements of meetings held in the United States and Canada carry only date, 
title of meeting, place of meeting, speakers (or sometimes general statement on the program), deadline 
dates for abstracts or contributed papers, and name of person to write far further information. Meetings 
held outside the North American area may carry slightly more detailed information. Information on the 
pre-preliminary planning will be stored in the files, and will be available to anyone desiring information 
on prospective conferences. All communications on special meetings should be sent to the Special Meetings 
Information Center of the American Mathematical Society. Deadlines for particular issues of the cJVoticeJ.J 
are the same as the deadlines for abstracts which appear on the inside front cover of each issue. 

February 17-20, 1975 
SIXTH SOUTHEASTERN CONFERENCE ON 
COMBINATORICS, GRAPH THEORY AND COMPUTING 
Florida Atlantic University, Boca Raton, Florida 
Program: Instructional lecture series will be given by 
Paul Erdos, Hungarian National Academy; Richard Karp, 
University of California, Berk;eley, Ernest E. Shult, 
Kansas State University, and Richard M. Wilson, 
Ohio State University. 
Contributed papers: There will be fifteen minute sessions 
for contributed papers throughout the conference. Title 
and abstract of papers must be submitted by January 21, 
1975. 
Proceedings: The proceedings of the conference will be 
refereed, and complete texts must be submitted by May 1, 
1975. 
Information: Frederick Hoffman or Roy B. Levow, 
Department of Mathematics, Florida Atlantic University, 
Boca Raton, Florida 33432 

March 3-14, 1975 
ADVANCED COURSE ON COMPILER CONSTRUCTION 
Technical University of Munich, Munich, Germany 
Topics: Compiler Construction, LL(1) and LR Grammars 
and Analysers, Transformational Grammars, Two-Level 
Grammars, Semantic Analysis and Synthesis, Run-Time 
Organization, Symbol Table Access, Code Generation, 
Compiler-Compilers, Portability and Adaptability, 
Structuring Compiler Development, Programming 
Language Design, Optimization, Economics 
Deadline for applications: January 17, 1975. Partici
pants will be limited to 80. All applications will receive 
notice by February 4, 1975. 
Information: Mathematisches Institut der Technischen 
Universitat Miinchen, Advanced Course, Congress 
Office-D-8000 Miinchen 2, Arcisstrasse 21, Germany 

March 10-14, 1975 
CONFERENCE ON GEOMETRY 
University of Haifa, Israel 
Program: Invited addresses and contributed papers deal
ing with convexity and foundations of geometry. The 
foundations portion of the conference will be led by 
Walter Benz of the University of Hamburg. 
Information: Department of Mathematics, University of 
Haifa, Haifa 31999, Israel 

March 13-15, 1975 
ANNUAL SPRING TOPOLOGY CONFERENCE 
Memphis State University, Memphis, Tennessee 
Deadline for abstracts: February 14, 1975 
Information: M. Rajagopalan, Chairman of the Committee 
on Topology Conference, Memphis State University, 
Memphis, Tennessee 38152 
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March 31-April 2, 1975 
ADVANCED SEMINAR ON SPECIAL FUNCTIONS 
Mathematics Research Center, University of Wisconsin, 
Madison, Wisconsin 
Program: 13 invited lectures dealing with various 
properties of special functions and applications to sci
entific fields. A detailed program of the seminar and in
formation on registration and accommodations will be 
available about February 1, 1975. 
Information: R. Askey, Mathematics Research Center, 
University of Wisconsin-Madison, 610 Walnut Street, 
Madison, Wisconsin 53706 

April 3-5, 1975 
ELEVENTH SYMPOSIUM ON BIOMATHEMATICS AND 
COMPUTER SCIENCE IN THE LIFE SCIENCES 
Marriott Motor Hotel, Houston, Texas 
Program: The program will emphasize mathematical, 
statistical bioengineering and computing applications in 
biology and medicine, 
Abstracts: Abstracts must be submitted before January 
1, 1975. Papers of an interdisciplinary nature and · 
appropriate papers on education and communication will 
be welcomed. Submit abstracts to the program chairman, 
Birger Jansson, The National Large Bowel Cancer Pro
ject, The University of Texas Cancer System at Houston, 
M.D. Anderson Hospital and Tumor Institute, Prudential 
Building, Room 1801, Houston, Texas 77025. 
Information: Stuart 0. Zimmerman, c/o Office of the 
Director, The University of Texas Health Science Center 
at Houston, Division of Continuing Education, P. 0. Box 
20367, Houston, Texas 77025 

April 8-12, 1975 
TWENTY-SEVENTH BRITISH MATHEMATICAL 
COLLOQUIUM 
University of Newcastle upon Tyne, England 
Program: The morning program will be divided into 
three pairs of concurrent lectures. In the afternoon 
there will be meetings of splinter groups on various 
branches of mathematics; members are invited to con
tribute short papers and there will be opportunity for 
discussion. 
Membership fee: ±.2. This will be doubled for appli
cations received after February 17, 1975. In addition, 
all residential members are required to pay a nonreturn 
able deposit of ±.3 toward the cost of accommodation. 
Information: R.M. White, School of Mathematics, The 
University, Newcastle upon Tyne, England NE1 7RU 



April 18-19, 1975 
SECOND ANNUAL MATHEMATICS AND STATISTICS 
CONFERENCE 
Miami University, Oxford, Ohio 
Program: The conference will emphasize teaching and 
applications of statistics, Topics of interest to profes
sional statisticians and college teachers (Fridsy) and 
high school teachers (Saturday), 
Principal skeaker: R, V. Hogg, University of Iowa 
Deadline for abstracts: February 15, 1975, 
Information: Vasant B. Waikar, Department of Mathe
matics and Statistics, Miami University, Oxford, Ohio 
45056 

April 24-25, 1975 
1975 SPRING MEETING OF THE ASSOCIATION FOR 
SYMBOLIC LOGIC 
Palmer House, Chicago, lllinois 
Program: This meeting will be held in conjunction with 
the annual meeting of the Western Division of the Ameri
can Philosophical Association, and the program will in
clude a joint symposium on Church's Thesis, The pro
gram also will include invited lectures by AnU Nerode 
and A. H. Lachlan 
Speakers: Harvey Friedman, Hilary Putnam, and Joseph 
Shoenfield. 
Deadline for abstracts: February 1, 1975 
Information: Robert I. Scare, Department of Mathe
matics, University of illinois at Chicago Circle, Chicago, 
lllinois 60680 

June 10-14, 1975 
CONFERENCE ON STOCHASTIC SYSTEMS: ANALYSIS, 
OPTIMIZATION, ESTIMATION, COMPUTATIONS AND 
APPLICATIONS 
University of Kentucky, Lexington, Kentucky 
Program: Sessions on stochastic processes, stochastic 
integration, stochastic optimization modeling, estimation 
and filtering, identification computations, control of 
queus, applications to economics, engineering, and 
population genetics 
Sponsor: University of Kentucky Mathematics Depart
ment 
Information: Raymond Rishel, Department of Mathe
matics, University of Kentucky, Lexington, Kentucky 
40506 

July 7-18,1975 
SEMINAR ON MODE.RN MODELING OF CONTINUUM 
PHENOMENA 
Rensselaer Polytechnic Institute, Troy, New York 
Application deadline: March 17, 1975 
Information: Gordon L. Walker, American Mathematical 
Society, P. 0. Box 6248, Providence, Rhode Island 02940 
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July 15-26, 1975 
SEMINAffiE INTERNATIONAL DfETE ET COLLOQUE 
INTERNATIONAL DE LOGIQUE (SEMINAffiE July 15-26; 
COLLOQUE July 18-25) 
Universite de Clermont, Clermont-Ferrand, France 
Program: Mathematical Logic 
Sponsors: Association for Symbolic Logic, Centre 
National pour la Recherche Scientifique (Colloque); 
Universite de Clermont (Seminaire) 
Contributed papers: Members of the ASL and others 
sponsored by members may send abstracts of no more 
than 300 words to Professor Guillaume (see below) by 
May 1, 1975, 
Information: M. Guillaume, Mathematiques Pures, 
Faculte des Sciences, F63037 Clermont-Ferrand Cooex, 
France 
July 21-August 1, 1975 
DURHAM SYMPOSIUM ON CONVEXITY 
Program: It is intended that the symposium should study 
the relationships between various finite dimensional 
problems and the geometry of Banach spaces. 
Support: The Royal Society and the Science Research 
Council 
Information: Dr. D. A. Brannan, Secretary, London 
Mathematical Society, Queen Elizabeth College, London 
W8 7 AH, England 
July 28-August 15, 1975 
DISCRETE GROUPS AND AUTOMORPHIC FUNCTIONS 
University of Cambridge, England 
Speakers: A.F. Beardon, L. Bers, J, Birman, c. Earle, 
L. Greenberg, J. Lehner, 0, Lehto, A.M. Macbeath, 
A. Marden, B. Maskit, R.A. Rankin, H.P.F. Swinnerton
Dyer 
Sponsor: London Mathematical Society 
Support: London Mathematical Society, NATO Advanced 
Study Institute 
Information: A. F. Beardon, Department of Pure Mathe
matics and Mathematical Statistics, 16 Mill Lane, 
Cambridge CB2 1SB, England 

Early August 1975 
INTERNATIONAL SYMPOSIUM ON INFINITE 
DIMENSIONAL HOLOMORPHY 
Universidade Estadual de Campinas, Brasil 
Information: Mario C. Matos, Institute de Matematica, 
Universidade Estadual de Campinas, Ca!xa Postal1170, 
13100 Campinas, S. P., Brasil 

August 27-29, 1975 
FOURTH AUSTRALIAN CONFERENCE ON COMBI
NATORIAL MATHEMATICS 
University of Adelaide, Adelaide, South Australia 
Information: L.R.A. Casse, Department of Pure Mathe
matics, University of Adelaide, Adelaide, 5001, South 
Australia 



VISITING MATHEMATICIANS 
Supplementary List 

American and Canadian Mathematicians Visiting Abroad 
Name and Home Country 

Gasper, George (U.S.A.) 

Goldstein, Jerome A. (U. S. A. ) 

Host Institution 

Technische Hochschule 
Aachen, Fed. Rep. of 

Germany 

Uni versidade de Brasilia 
Universidade Federal do 

Rio de Janeiro 

McAllister, Gregory T. (U.S, A,) University of Florence 

Field of Special Interest 

Analysis and Special 
Functions 

Differential Equations 

Partial Differential Equations 

Period of Visit 

10/74- 6/75 

1/75- 6/75 
7/75- 8/75 

1/75- 8/75 

Foreign Mathematicians Visiting in the United States 
Aarts, Johannes (Netherlands) Carnegie-Mellon Uni- Topology 1/75 

versity 

Behzad, Mehdi (Iran) Michigan State University Graph Theory, Mathematics 9/74- 6/75 
Teaching Methodology 

Bravo, Raul (Chile) University of California, Algebra 9/74- 6/75 
Berkeley 

Ciobanu, Gheorghe (Romania) Johns Hopkins University Mechanics of Continua, Theory 9/74- 6/75 
of Viscoelasticity 

Dembinski, Piotr (Poland) University of California, Mathematical Foundations of 9/74- 6/75 
Los Angeles Computer Science 

Diederich, Klas (Germany) Princeton University Complex Analysis 8/74- 7/75 

Gladysz, stanislaw (Poland) Texas Tech University Probability, Ergodic Theory 12/74- 2/75 

Glad, Florica (Romania) Stanford University Modern Methods of Teaching 9/74- 6/75 
Mathematics and Fluid 
Mechanics 

Gori, Francesco (Italy) University of California, statistical Methodology 11/74- 5/75 
Berkeley 

Grassman, Johan (Holland) Rensselaer Polytechnic Applied Mathematics, Singular 8/74- 8/75 
Institute Pertubation Theory 

Kuku, A. 0. (Nigeria) University of Chicago Algebraic K-theory 10/74 - 10/75 

Magidor, Menachem (Israel) University of California, Mathematical Analysis , Algebra 7/73- 6/75 
Berkeley 

Manselli, Paolo (Italy) University of California, Applied Mathematics 9/74- 7/75 
Berkeley 

Marcus, Morel M. (Israel) Carnegie-Mellon Uni- Functional Analysis, Variational 9/74- 6/75 
versity Problems 

Nield, Donald Arthur University of Minnesota Mathematics Applied to Fluid 1/75- 6/75 
(New Zealand) Mechanics 

O'Brian, Nigel Robert Institute for Advanced Complex Analysis, Algebraic 9/74- 6/75 
(United Kingdom) Study Geometry 

Orman, Gabriel (Romania) University of Pennsylvania Formal Languages, Automata 9/74- 6/75 
Theory 

Smyrl, Joseph Logan University of Maryland Undergraduate Mathematics, 8/74- 6/75 
(United Kingdom) Teaching Methodology 

Syrjanen, Markku (Finland) Stanford University Documentation of Information 9/74- 6/75 
Systems 

Uziemblo, Bogdan (Poland) Carnegie-Mellon Uni- Mechanics-Thermodynamics 10/74- 6/75 
versity 

Vinner, Shlomo (Israel) University of California, Logic 9/74- 8/75 
Berkeley 
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NEW AMS PUBLICATIONS 

SIAM-AMS PROCEEDINGS 

COMPLEXITY OF COMPUTATION edited by 
Richard M. Karp ' 

Volume VII 
180pages; list price $14. 20; member price $10. 65 
ISBN 0-8218-1327-7 
To order, please specify SIAMS/7 

This volume contains the proceedings of a 
symposium in applied mathematics on Complexity 
of Computation held in New York City on April 
18-19, 1973. The symposium was cosponsored 
by the American Mathematical Society and the 
Society for Industrial and Applied Mathematics. 

During the last decade computational com
plexity has become one of the most active re
search areas within the mathematical theory of 
computation. Workers in computational com
plexity seek to derive efficient algorithms for 
computational problems of practical interest to 
prove the optimality of particular algorithms' 
relative to well-defined measures of compu
tational efficiency, and to derive general lower 
bounds on the time or space intrinsically neces
sary for the performance of computational tasks 
The specific problems considered are drawn fro~ 
diverse areas, including numerical computation 
symbolic algebraic computation combinatorics ' 
computational logic and the man'ipulation of dat~ 
structures. The mathematical tools called upon 
range from algebraic geometry to computability 
theory. 

Two of the papers in the present volume 
concern the relation between deterministic and 
nondeterministic computing devices. J. 
Hartmanis and H. B. Hunt III in "The LBA pro
blem and its importance in the theory .of comput
ing" discuss the so-called LBA problem-whether 
nondeterministic Turing machines operating 
w.ithin linear space have more power as recog
mzers than deterministic linear-space Turing 
machines. While the problem remains unsolved 
this paper reduces it to determining whether ' 
certain specific decision problems can be solved 
deterministically in linear space; one such de
cision problem is the equivalence of regular 
expressions. The paper by Ronald Fagin 
"Generalized first-order spectra and pol~nomial
time recognizable sets", defines generaJized 
spectra and shows that they are essentially 
coextensive with languages recognized by non
deterministic Turing machines operating in 
polynomial time. Using a mixture of techniques 
from logic and automata theory, he exhibits 
specific "complete" generalized spectra. These 
results are motivated in part by the open t? vs. 
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Nt? question: whether nondeterministic Turing 
machines operating in polynomial time can 
recognize languages not recognizable by .deter
ministic polynomial-time Turing machines. 

Michael J. Fischer and Michael 0. Rabin 
in their paper, "Super-exponential complexity of 
Presburger arithmetic," derive lower bounds on 
the computational complexity of the decision 
problem and on the inherent length of proofs for 
two classical decidable theories of logic: the 
first-order theory of the real numbers under 
addition, and Presburger arithmetic. Their 
results may be construed as implying that no 
decision procedure for either of these theories 
can be guaranteed to operate within a practical 
time bound, and no proof format can guarantee 
proofs of convenient length. 

The papers by S. 0. Aanderaa, "On k-tape 
versus (k - 1)-tape real time computation " and 
by Michael S. Paterson, Fischer and Alb~rt R. 
Meyer, "An improved overlap argument for on
line multiplication, " employ an "overlap" tech
~ique for deriving lower bounds on computing 
ttme. Aanderaa settles a long-standing con
jec.ture by showing that, for real-time compu
tatwn, k-tape Turing machines are more power
ful than (k - 1)-tape Turing machines for all 
k:;; 2. Paterson, Fischer and Meyer derive new 
lower bounds on the time required for the multi
plication of numbers by on-line multi-tape Turing 
machines. 

The paper by Fischer and Paterson 
"String-matching and other products," exPloits 
a f~rmal similarity between pattern matching in 
strmgs and integer multiplication to derive a 
new, asymptotically efficient algorithm for a 
version of the former problem. 

The last three papers in the volume study 
the computational complexity of fundamental 
processes in numerical computation. W. M. 
Gentleman and S.C. Johnson show that no method 
of expanding a determinant by minors requires 
fewer multiplications than expanding by column 
minors in their paper "The evaluation of 
determinants by expansion by minors and the 
general problem of substitution." Martin H. 
Schultz in his paper on "The complexity on 
linear approximation algorithms" studies the 
worst-case error bounds that can be achieved 
by certain linear approximations to continuous 
functions. H. T. Kung and J. F. Traub in 
"Computational complexity of one-point and 
multi-point iterations" derive lower and upper 
bounds on the efficiency of iterative algorithms 
for approximating real numbers. Author and 
subject indexes are provided at the end of the 
volume. 



MATHEMATICAL ASPECTS OF CHEMICAL 
AND BIOCHEMICAL PROBLEMS AND QUANTUM 
CHEMISTRY, edited by Donald S. Cohen 

Volume VIII 
156 pages; list price $13. 80; member price $10. 35 

ISBN 0-8218-1328-5 
· To order, please specify SIAMS/8 

This volume contains lectures presented 
at the symposium on Mathematical Aspects of 
Various Problems in Chemical and Biochemical 
Reactions, Chemical Reactor Theory, and 
Qu~tum Chemistry, held in New York City, 
Apnl10-11, 1974. 

The aim of the symposium was to identify 
some currently active problems arising within 
the general fields of chemical reactor theory, 
chemical reaction theory, quantum chemistry 
and biochemical problems bringing mathematical 
tools to bear for the synthesis and solution of 
these practical problems and, of equal im
portance, generating new mathematical ideas and 
points of view which arise from the physical 
problems. 

The titles of the papers appearing in this 
volume and the names of their authors follow: 
"Nonlinear problems in chemical reactor theory" 
by Neal R. Amtmdson, "The dynamics of open 
reaction systems" by F. Horn, "Wave trains, 
shock fronts, and transition layers in rc:Jaction
diffusion equations" by L. N. Howard and N. 
Kopell, "Semi classical theory of atomic and 
molecular excitation and dissociation" by James 
C. Kcck, "Tubular chemical reactors with 
recycle" by Herbert B. Keller, "Patterns of 
spatio-temporal organi:>:ation in chemical and 
biochemical kinetics" by G. Nicolis, 11An analysis 
of the counter-current moving bed reactor" bv 
Subbaraman Viswanathan and Rutherford Ari; 
and "Rotating solutions to reaction/diffusion ' 
equations in simply-connected media'' by Arthur 
T. Winfree. 

The volume is both expository and of cur
rent research interest. The reader should know 
some advanced differential equations (including 
asymptotic methods) and have some background 
in deriving the equations of motion for some 
aspect of continuum mechanics. 

LECTURES ON MATHEMATICS 
IN THE LIFE SCIENCES 
SOME MATHEMATICAL QUESTIONS IN 
BIOLOGY. VI, edited by Simon A. Levin 

Volume 7 
232pages; list price $20. 00; member price $15. 00 

ISBN 0-8218-1157-6 
To order, please specify LMLS/7 

This volume contains lectures given at the 
eighth symposium on Some Mathematical 
Questions in Biology, held in San Francisco on 
February 25-26, 1974, in conjunction with the 
annual meeting of the American Association for 
the Advancement of Science. The symposium 
was co-sponsored by the American Mathematical 
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Society and by the Society for Industrial and 
Applied Mathematics under the auspices of 
Section A, Mathematics, of the AAAS. 

The first two papers in this volume, "Some 
models of allelic mutation in molecular population 
genetics" by Motoo Kimura and "Mathematical 
and statistical problems arising in the non
Darwinian theory" by Warren Ewens, argue two 
sides of the continuing debate over the relative 
importance of selection and chance in evolution. 
Random processes, first stressed by Sewall 
Wright, are regarded as predominant by those 
who view evolution at the molecular level and 
form the basis for the neutral gene theocy as 
developed largely by Kimura. On the other hand, 
those (such as ecological geneticists) who prefer 
to deal at the level of the whole organism are 
consistently impressed by the adaptedness of 
organisms to specific .environmental conditions, 
and tend to regard as unimportant most point 
mutations. For them, selection is the essential 
force in evolution. 

The third paper, "Competition, selection 
and evolution in chemical networks" by John J. 
Tyson, is an extension of evolutionary reasoning 
to biological macromolecules, and represents 
the work of Manfred Eigen, Tyson, and other co
workers. These ideas are in a very early stage 
of development and, as Tyson states, "the theory 
would benefit by closer contact with theoretical 
ecology and population genetics. " The paper 
interfaces not only the preceding two papers, 
but also the fourth paper, an elegant treatise by 
E. C. Zeeman, "Primary and secondary waves 
in developmental biology, " which is an excellent 
exposition of some applications of the catastrophe 
theory of Rene Thorn. 

The question of the development of pattern, 
one of the fundamental questions in theoretical 
biology, has received attention in previous 
volumes in this series. It is the focus not only 
of Zeeman's paper, but also of three other con
tributions: "Biological pattern formation 
involving lateral inhibition" by Alfred Gierer and 
Hans Meinhardt, "A diffusion model of pattern 
formation in the insect cuticle" by Stephen 
Blomfield, and "Pattern formation in the 
Belousov reaction" by Nancy Kopell and L. N. 
Howard. Gierer and Meinhardt, emphasizing 
the approach of Turing to pattern formati0n, 
concentrate on the problem of regeneration in 
Hyd~a. Patterns arise, in the theory, through 
the mterplay of short-range activation and long
range inhibition. In the paper of Stephen 
Blomfield, which relates to joint work with 
Peter Lawrence, the patterns of interest are in 
the c_uticle of the insect Rhodnius, and a simple 
grad1ent model is employed. The emphasis in 
both papers on diffusing morphogens embedded 
in reaction schemes sets the stage for the paper 
of Kopell and Howard, which examines in detail 
a somewhat different aspect of diffusion-reaction 
systems, t:P.e existence of oscillating solutions. 

In the final paper in the volume "On the 
geometry of color perception, 11 H. L. 'Resnikoff 
presents some aspects of the mathematical 
theory of color perception. The techniques are 
from differential geometry; the basic axioms a 
"distillation of results" of Maxwell, Grassmann, 



Helmholtz, and others. 
This volume is expository in nature. The 

background of the reader should include some 
knowledge of ordinary and partial differential 
equations. 

MEMOIRS OF THE AMERICAN 
MATHEMATICAL SOCIETY 

PIECEWISE LINEAR CONCORDANCES AND 
ISOTOPIES by Kenneth C. Millet 

Number 153 
74 pages; list price $3,10; member price $2.33 
ISBN 0-8218-1853-8 
To order, please specify MEM0/153 

In this Memoir several geometrical 
techniques which have had substantial application 
in piecewise linear topology are extended to the 
situation where one has a projection which must 
be preserved. These include a new refinement of 
the general position property, engulfing and two 
sunny collapsing procedures, They are then em
ployed to study the relative homotopy groups of 
the simplicial spaces of concordances and 
isotopies and, consequently, give a proof of a 
parameterized version of Hudson's "concordance 
implies isotopy" theorem. 

PROCEEDINGS OF SYMPOSIA 
IN PURE MATHEMATICS 

PROCEEDINGS OF THE TARSKI SYMPOSIUM, 
edited by Leon Henkin with John Addison, C. C. 
Chang, William Craig, Dana Scott, and Robert 
Vaught, 

Volume XXV 
498 pages; list price $40. 00; members of AMS 
and ASL $30.00 
ISBN 0-8218-1425-7 
To order, please specify PSPUM/25 

This volume contains the proceedings of 
the Tarski Symposium held at the University of 
California, Berkeley, June 23-30, 1971, The 
Symposium was co-sponsored by the University 
of California, Berkeley; the Association of 
Symbolic Logic; and the International Union for 
History and Philosophy of Science-Division of 
Logic, Methodology and Philosophy of Science. 
The volume is intended for mathematicians and 
philosophers with some background of under
standing in one or more areas of foundations of 
mathematics or philosophy of science, 

Volume 25 is the first volume in a sub
series of PROCEEDINGS OF SYMPOSIA IN 
PURE MATHEMATICS. The subseries is pub
lished for the Association of Symbolic Logic by 
the American Mathematical Society. Standing 
orders are being accepted for the subseries 
alone as well as for the whole series. 

The volume is dedicated to Alfred Tarski, 
known to four generations of logicians and 
students as a scholar of extraordinary breadth 
and depth. His influence on the development of 
foundational studies in logic, mathematics, and 
the philosophy of science is due not only to his 
own investigations and numerous writings, but 
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also to his influence as a teacher and a source of 
energy and organization in the international 
scientific community during the past half century. 
The Symposium papers deal with the development 
and current state of research in the various 
areas in which Tarski has worked. 

The arrangement of papers within this 
volume may be described roughly as an ordering 
which moves from algebraic to set-theoretical 
aspects of the foundations of mathematics, then 
proceeds to philosophical questions, and finally 
arrives at deductive aspects of empirical sci
ences. A more detailed description now follows. 

The volume begins with Jonsson's survey 
of recent work in the general theory of algebraic 
structures. Gaifman next deals metamathe
matically with general operations on algebraic 
structures. The Birkhoff/Lipson paper deals 
with structures having several domains of ele
ments, there follow papers by McKenzie/Shelah, 
Hanf, Craig, and Henkin/Monk, dealing with 
special classes of algebraic structures, and then 
come papers by Szmielew and Schwabhlluser/ 
Szczerba on geometric structures. A re-exami
nation of the decision problem for elementary 
algebra and geometry, by A. Robinson, then 
follows. 

Several papers on model theory are in
troduced by an historical survey, split at the 
year 1945 between the papers of Vaught and 
Chang. Shelahs•spaperdeals with a problem of 
first-order model theory, while Feferman•s is 
concerned with a variety of languages and those 
of Karp, Morley, and Fraisse are involved in 
part or in whole with models of infinitary 
languages. Ersov deals with models of equational 
logic, and Ehrenfeucht deals with highly non
classical logics arising from the ultra
intuitionistic studies of Essenin-Volpin. 

The first of a series of papers on set 
theory is a survey of problems and results by 
Erdos/Hajnal. Then comes axiomatic studies by 
Bernays, Church, and Levy, followed by 
examinations of models of set theories by Cohen, 
Keisler, Mostowski, Silver, and Solovay. 

Philosophical papers by Quine, Mates, 
and Popper are focused on Tarski•s theory of 
truth, and then Adams, Jan Tarski, and Suppes 
deal with the employment of the methodology of 
deductive sciences in empirical theories. The 
last paper is a personal tribute to Tarski by 
Woodger, to whom all readers of this volume 
are grateful for his translations of Tarski's 
early papers as well as for his own foundational 
research. 

The volume closes with a list of Tarski's 
doctoral students, and a bibliography of his 
published work to date, more than one hundred 
fifty references. 

The titles of the papers in this volume and 
their authors follow: "Some recent trends in 
general algebra" by B. Jonsson, "Operations on 
relational structures, functors and classes. I" 
by H. Gaifman, "Universal algebra and automata" 
by G. Birkhoff and J.D. Lipson, "The cardinals 
of simple models for universal theories" by 
R. McKenzie and S. Shelah, "Primitive Boolean 
algebras" by W. Hanf, "Diagonal relations" by 
W. Craig, "Cylindric algebras and related 



structures" by L. Henkin and J.D. Monk, "The 
role of the Pasch axiom in the foundations of 
Euclidean geometry" by W. Szmielew, "An affine 
space as union of spaces of higher dimension" 
by W. Schwabhiiuser and L. Szczerba, "A de
cision method for elementary algebra and 
geometry-revisited" by A. Robinson, "Model 
theory before 1945" by R. L. Vaught, "Model 
theory 1945-197111 by C. C. Chang, "Categoricity 
of uncountable theo:t'ies" by S. Shelah, "Appli
cations of many-sorted interpolation theorems" 
by S. Feferman, "Infinite-quantifier languages 
and w-chains of models" by C. Karp, "Appli
cations of topology to Lw,w" by M. Morley, 
"Isomorphisme locale et equivalence associes a 
un ordinal; utilite en calcul des formules infinies 
a quanteurs finis" by R. Fraisse, "Theories of 
nonabelian varieties of groups" by Ju. L. Ersov, 
"Logic without iterations" by A. Ehrenfeucht, 
"Unsolved and solved problems in set theory" by 
P. Erdos and A. Hajnal, "Zu den Maximal
prinzipien der Mengenlehre" by P. Bernays, 
"Set theory with a universal set" by A. Church, 
"Parameters in comprehension axiom schemas 
of set theory" by A. Levy, 11Automorphisms of 
set theory" by P. Cohen, "Models with tree 
structures" by H. J. Keisler, "Observations 
concerning elementary extensions of w-models" 
by A. Mostowski, "Indecomposable ultrafilters 
and o# " by J. Silver, "Strongly compact 
cardinals and the GCH11 by R. Solovay, "Truth 
and disquotation" by W. V. Quine, "Austin, 
Strawson, Tarski, and truth" by B. Mates, 
"Some philosophical comments on Tarski's 
theory of truth" by K. Popper, "Completeness 
and axiomatizability in many-valued logic" by D. 
Scott, "Model-theoretic aspects of fundamental 

measurement theory" by E. Adams, "Quantum 
field theory: an unusual discipline" by J. Tarski, 
''The axiomatic method in the empirical sciences" 
by P. Suppes, and "Thank you, Alfred" by J.H. 
Woodger. 

TRANSACTIONS OF THE 
MOSCOW MATHEMATICAL SOCIETY 

Volume 24 (1971) 
247 pages; list price $35.40; member price 
$26.55 
ISBN 0-8218-1624-1 
To order, please specify MOSCOW/24 

This volume contains the transactions of 
the Moscow Mathematical Society for the year 
1971. The translation was prepared jointly by 
the American Mathematical Society and the 
London Mathematical Society. 

The authors and the titles of their papers 
follow: "Canonical transformations and pseudo
differential operators," by Ju. V. Egorov; "On 
necessary conditions for solvability of pseudo
differential equations of principal type," by Ju. 
V. Egorov; "Pseudodifferential operators with 
holomorphic symbols and Gevrey classes," by 
L. R. Volevic; "Spaces defined by means of local 
approximations," by Ju. A. Brudny1; "Gener
alized functions and differential equations in 
linear spaces. I. Differentiable measures," by 
V.I. Averbuh, O.G. Smoljanov, andS.V. Fomin; 
"The matrix method for continuous systems in 
classical statistical mechanics, 11 by Ju. M. 
Suhov; and 11o-metrizable spaces," by S. i. 
Nedev. 

NEWS ITEMS AND ANNOUNCEMENTS 
COMPUTER SCIENCE 

EMPLOYMENT REGISTER 

The Third Annual Computer Science Em
ployment Register will be conducted at the Wash
ington, D. C. Computer Science Conference, 
February 18-20, 1975. This unique Register 
aids in matching computer scientists and data 
processing specialists with potential employers. 
The Conference is sponsored by the Association 
for Computing Machinery, the Computer Science 
Departments of many universities, and a number 
of industrial organizations. Previous Registers 
have attracted thousands of applicants and hun
dreds of employers from all parts of the United 
states as. well as a number of foreign partici
pants. In the 1973 Register the Eastern states 
accounted for 40% of the listings, Central States 
41%, Western States 15% and foreign 4%. 

Application deadline is February 3, 1975. 
Both applicants and employers must file their 
registration on official forms which may be ob
tained from and returned to Orrin E. Taulbee, 
Computer Science Employment Register, De
partment of Computer Science, University of 
Pittsburgh, Pittsburgh, Pennsylvania 15260. Em
ployers should request one form for each type of 
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position available (only one form is needed in the 
case of several identical positions). Employers 
may use this opportunity to list summer or tem
porary positions. Forms must be typewritten 
since they will be reproduced exactly as submit
ted. Photocopies will not be accepted. 

NOMINATING COMMITTEE FOR 1975 

The Chairman of the Nominating Committee 
for 1975 is Professor Frederick W. Gehring, 
whose address is Department of Mathematics, 
University of Michigan, Ann Arbor, Michigan 
48104. The other members of the committee 
are J. J. Kohn, Kevin M. McCrimmon, Mary E. 
Rudin, and John Wehausen. 

The Nominating Committee will be glad to 
consider suggestions from the membership. 
Among the information already available to them 
is a tabulation of the write-in votes in the 1974 
election and a tabulation of the suggestions re
turned on the "pink sheet" with the 1974 ballot. 
Such lists usually contain on the order of one 
thousand names. 



ABSTRACTS PRESENTED TO THE SOCIETY 
Preprints ore available from the author in cases where the abstract number is starred. 

Invited addresses are indicated by • 

The papers printed below were accepted by the American Mathematical Society for presentation 
by title. The abstracts are grouped according to subjects chosen by the author from categories listed on 
the abstract form. The miscellaneous group includes all abstracts for which the authors did not 
indicate a category. 

An individual may present only one abstract by title in any one issue of the c#oticeiJ but joint 
authors ore treated as a separate category. Thus, in addition to abstracts from two individual 
authors, one joint abstract by them may also be accepted for on issue. 

Algebra & Theory of Numbers 

JOYCE LONGMAN, Villanova University, Villanova, Pennsylvania 19085 
Scalar Dependent Algebras in the Alternative Sense. Preliminary report. 

An algebra A over a field F of characteristic f 2,3, will be called scalar de-

pendent in the alternative sense if there exists a map g: AxAxA + F such that 

for every x,y,z in A (1) (xy)z + (yx)z = g(x,y,z) [x(yz) + y(xz)] and 

(2) x(yz) + z(yx) g ( x, y, z) [ ( xy) z + ( zy) x] . 

Theorem 1. Every scalar dependent algebra in the alternative sense with 

identity element is alternative. 

Theorem 2. If A is scalar dependent in the alternative sense and contains a 

nonzero idempotent e then A is alternative. 

These results generalize those of Coughlin, Kleinfeld, and Rich (Proceedings) 

AMS, V39, No 1, June 1973, pp 69-72. (ReceivedSeptember23, 1974.) 

75T-A2 E.M. WRIGHT, University of Aberdeen, Aberdeen, U.K. 
The proportion of unlabelled graphs which are Hamiltonian. 

An (n,q) graph has n nodes and q edges, no slings and no multiple 

edges. We write N = !n(n-1). Let r = f (n,q) (resp. o- -' ,..- (n,q)) 

be the proportion of labelled (resp. unlabelled) (n,q) graphs which 

are Hamiltonian. It is obvious that, for fixed n, the proportion~ 

increases (in the non-strict sense) as q increases. On the other 

hand, o- can decrease as q increases; in particular, for any fixed s, 

we have o- (n,q-1) > c:r-(n,q) when N-n-s ~ q :::. N-n+2 and n > n 0 (s), 

butc:r-= 1, if q;} N-n+3. However, if q is any function of n, we 

have r - cr- --;> 0 as n -----)> CD. (Received September 23, 1974.) 
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JUT'!'A STEECKER, .56 Wuppertal, Hofkamp 79,W-Germany. Cancellation for 
free products of bounded distributive lattices, Preliminary report. 

Suppose L, L1' L2, LJ are bounded distributive lattices and 11 , L2, LJ are sub
lattices of L, L = L1,..L2 if L1vL2 generates L and L1 and L2 are independent. 
Theorem I. Each XEL1J~:L 2 can be written in the form x = \:'- 1 (a.•b.) where a.e 

L~= ~ ~ ~ 
L1-{o}, bitL2 and for any {i,k}, NS:{l, ... ,n} the following properties hold: 
(1) ai~ak iff bk~bi• (2) ak.bk~[iEN~ai•bi) implies N = ;1 or kEN, and (J) bk 
is minimal in {bijieN} implies ak¥[t!~<ai). The number nand the coefficients 
b. are uniquely determined by (1)-(3). Uniqueness of the coefficients a. is ac-
~ ~ 

complished if the bi's satisfy certain conditions. Theorem II. L1*L2 = L1*LJ 

implies that any xeL 2 can be expressed as x =[r=1 (ai·fi(b)) where {aili = 1, 
••• ,n} is a partition of the unit in 11 , beL3 and fi' i=1, ••. ,n, are auto
morphisms of 1 3• Theorem II and a result of Comer ( AMS Notices, Abstract 711 
-o6-1o, 21(1974), A-44) show that the following two conditions are equivalent: 

(A) 1 1 has no non-trivial complemented element and (B) L1*L2 = L1*L3 implies 
1 2 = 1 3 for all 1 2 and 1 3• Theorem II also yields algebraic proofs for (C) 

1 2-c:. 1 3 whenever L1*L2 = L1*LJ and (D) L2 = 13 if L1'*L2 = L1*LJ and I AutL31 = 1. 

•:R_., .. ,,jv·•rl S<Opicembe:r- 23, 1974.) (Author introduced by P.rofessor S.D.Comer.) 

*75T-A4 TREVOR EVANS, Emory University, Atlanta, Georgia 30322. The Construction of 

Orthogonal k-Skeins and Latin k-Cubes. 

A k-skein is the k-dimensional analogue of a quasigroup and in the finite case (order n), 

i t.s opera tj_on table consists of a k-dimensional latin cube based on { 1, 2, ••• , n} • A set of 

1< la Lin k-cubes of order n is orthogonal, if when superimposed, each of the nk different 

k-tuplcs from {1, 2, ••• , n} occurs exactly once in the resulting array. A number of pro

ecdur•)S are given for constructing k-sets of orthogonal k-skeins (or latin k-cubes) one of 

wl"l_j_ch leads to tne construction, for every k > 2, of a k-set of orthogonal latin k-cubes of 

.;vc,:·y o.<··lc:r n /. 2, (,, Tlri.: last result has also been nbtained by ,T. Arkin l'lnd E. (}, Stram• 

(Latin k-cubes, Fibonacci Quarterly, to appear). (Received September 24, 1974.) 

*75T-A5 Michael Rich, Temple University, Phila., Pa. 19121 and Ben Gurion University 
of the Negev, Beer Sheva, Israel. The Levitzki radical in Jordan and 
associative algebras. Preliminary ~port. 

Let A be an associative algebra over a field F of characteristic f2. If A is 
the attached Jordan algebra and L(A), L(A+) the Levitzki radical of A and A+, respectively, 
we have: Theorem 1: L(A) = L(A+). 

If* is an Involution on A and S is the Jordan algebra of *-symmetric elements 
then: Lemma 1 : If S is n i I potent of index n then A is n i I of bounded index " 2n. 
Lemma 2:1f S is nil of index nand F contains at least n elements then A is nil of 
bounded index~ 2n. Finally, we have: Theorem 2: If A satisfies a polynomial identity 
then L(S) SAL(A). (Received September 26, 1974.) 

75T-A6 EMANUEL VEGH, Naval Research Laboratory, Washington, D. C. 20375. 
Addition chain~. Preliminary report. 

Let 1 = a 0 < a 1 < • • • < ar ; n be a sequence of integers such that every member can be 

written as a sum of two preceeding members, Such a sequence is called an addition chain 

for n. Let RCn) denote the number of terms in a shortest addition chain for n. Sholz 
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conjectured that £(2m-l) ~ (m-1) + £(m), It is shown here that every value of m for which 

the conjecture is now known to hold, may be obtained by using the special chains of 

A, Brauer [Bull. Am. Math, Soc. 45(1939), 736-737]. 
(){ (){ 01 (JI 

In the case m = 2 1 + 2 2 + 2 3 + 2 4 , ot1 > 

ot2 > ot3 > ot4 ~ O, the Sholz conjecture is shown to hold in at least one case not considered 

by Gioia, Subbarao and Sugunamma lDuke Math, J, 29 (1962), 481-4871. 

(Received September 27, 1974.) (Author introduced by Dr. C. Osgood.) 

*75T-A7 ALBERT A. MULLIN, 9213 Kristin Lane, Fairfax, Virginia 220)0. 

On geometric methods in number theory. Preliminary report. 

Let B(n, r) be an origin-centered n-dimensional ball of 
radius r in real Euclidean space En, n ~ 2. Lemma 1• For each n :a:- 2, B(n, n2 ) 
contains a lattice point with distinct prime-number coordinates. Definition. 
For each n~ 2, let r(n) be the least r such that B(n, r) contains a point 
with distinct prime coordinates; e.g., r(7) = (666)i. Lemma~· For each 
n ~ J, n <r(n) < n2/log log n. Problem. Determine the exact asymptotic order 
of growth of r(n). Finally, lattice-point modifications of basic theorems of 
combinatorial geometry are studied (e.g., theorems of Helly, Carathlodory, 
and GrUnbaum) as well as their apolication to problems in the theory of 
diophantine approximations. E.g., Corollary. In En, let F be a family of 
rectangular parallelepipeds having edges parallel to the coordinate axes and 
such that the intersection of each pair in the family contains a lattice 
point. Then there is a lattice point common to all members of F. Scholium. 
The corollary for the case n = 1 entails Hally's theorem for n = 1. 
(Received October 2, 1974.) 

*75T-A8 DAVID K. HALEY, Universitat Mannheim, 68 Mannheim A,S, Fed. Rep. of Germany. 

Equationally compact rings with A.C.C. 

Let R be an associative ring satisfying the ascending chain condition on left ideals. 

Theorem 1. The rollowing are equivalent: (i) R is equationally compact. (ii) R is a 

compact topological ring. (iii) R is an ideal of a compact topological unital noether

ian ring. (iv) R is a subdirect product or a family or rinite subdirectly irreducible 

rings, closed with respect to the product or the discrete topologies on the factors. 

Theorem 2. R possesses at most one compact topology compatible with its structure, 

namely, its (Jacobson) radical topology, (Received September 25, 1975.) 

75T-A9 RAYMOND G. SEPETA, University of Notre Dame, Notre Dame, Indiana 
46556. ~ characterization of the adjoint Chevalley group of type E 
over fields of odd characteristic. Preliminary repo~- -7 

Let G* denote the adjoint Chevalley group of type E~ over a field of q 
elements with q = 1 mod 4 and let G be an arbitrary finite group with 
involution t satisfying G f. O(G)Cf1-(t). If Cf1-(t) has the structure of the 
centralizer of a central involution in G* then G is isomorphic toG*. 
(Received October 9, 1974.) 

75-AlO J.L. HURSCH, JR., 2995 Eagle Way, Boulder, Colorado 80302 
Edge - 3 - colorability of certain graphs. 

Let K be the class of all connected graphs G having the following properties: 

(1) G has no loops or double edges. (2) Every vertex in G is of degree two or three. 
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(3) Every edge in G is incident to a vertex of degrPP three. (4) If H is obtained 

from G by removing all vertices of degree two and their incident edges, then every vertex 

in H is of degree two. Let G0 be the graph obtained from Peterson's graph by removing 

one vertex v, and the three edges incident to v (all such graphs are isomorphic). 

Theorem. Every graph in K except G0 may be edge- 3- colored. (Received October 21, 1974.) 

(Introduced by Professor Jan Mycie1ski.) 

"*"75T-All ARTHUR SAGLE, University of Hawaii at Hilo, Hilo, Hawaii 96720 and J. SCHill!I, 
St. Paul Companies. St. Paul, Minn. Anti-commutative alrebras and homogeneous 
spaces with multiplications. 

By generalizing results on Lie groups it is shown that an n-dimensional analytic H-space 

(M, }'-) with identity e has, in general, acoordinate system at e so that the multiplication 

~ induces a bilinear anti-commutative multiplication 0{ on Rn. Thus an algebra (Rn, 0() 

analogous to the Lie algebra of a Lie group is obtained and all such algebras are isomorphic, 

If M = G/H is a reductive homogeneous space these results generalize the Lie group - Lie 

algebra correspondence and the algebra (Rn, ~) induces a G-invariant connection on G/H, 

Relative to this connection it is shown that an automorphism of (G/H, ~) is an affine map 
n 

and induces an algebra automorphism of (R, 0() however, the converse is false. Also the 

connection is irreducible if (G/H,~) has no proper invariant subsystems (the analog of 

normal subgroups). If G/H has a Riemannian structure and the coordinate functions are to be 

local isometries, then there need not exist this type of coordinate system which gives an 

anti-commutative algebra. (Received October 10, 1974.) 

CLAUDE W, ANDERSON, Department of Mathematics, University of California,Berkeley, 
California 94720. A New~(n) in the Waring Problem. Preliminary report. 

We define ~(n) = min tk \ d( '!;;1 Pn) = 1}, where Pn = \mn\ m=O,l,2,3, .. ·1 are the nth powers 

and d is the natural density function. g(n) reflects the situation for all of N, while G(n) 

reflects the situation for all but a finite subset of N. ~(n) reflects the situation for 

almost all of N in which peculiarities of zero density subsets are suppressed. d(P2+P2+P2 ) 

5;6, so _,j(2) = 4 = G(2) = g(2). d(P3+P3+P3) i! ( r(4/3))3/6 < 1/7, where r(x) is the gamma 

Thus, ~(3) = 4. G(3)£-(4,5,6,7}. d( #l P4 ) = 7;8, and 

While the situation for G(n) is difficult 

for n = 3 and n ~ 5, the determination of ~(n) for n e 5 may be more accessible to suitable 

analysis. The determination of ~(n) for n = 3 and 4 follows from H. Davenport's work on 

the Waring Problem: {l) Acta Math., v. 71, 123-143 {1939), and (2) Annals cf Math., v. 40, 

731-747 (1939). (Received October 4, 197i:.) 

75T-Al3 G. T. DIDERRICH, 2973 N. Cramer Street, Milwaukee, Wisconsin 53211. Vander 

Waerden•s theorem extended to N dimensions. Preliminary report. 

Let L be a n-dimensionallattice whose lattice points are colored with a finite number of colors. 

We show that L contains arbitrarily large, in number of lattice points on an edge, monochromatic cubes 

in any suitably large cube of L. The one dimensional case is equivalent to van der Waerden•s famous 

theorem. Thus, finite monochromatic "anything", up to similarity, occurs in L. (Received October 15, 

1974,) 
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*75T-Al4 JOE V. PETTY, Texas Instruments, Inc., MS 907, Dallas, Texas 75222. Some Closure 

Properties of Series Determined Cl_asse~ of Groups. 

Definitions not given here can be found in Robinson["Finiteness Conditions and Generalized 

Soluble Groups",Part l,Springer-Verlag,Berlin,l972]. Given a variety of groups V, let X(V) be 

the subgroup theoretical property V-marginal. Define an operator Pv on the class of all varie

ties of groups by G E: PvV if G has a X(V)-series. If Vis a variety of groups, define an opera

tor Qx(V) on the class of all group theoretic classes by G E: Qx(V)X if there exist K E: X and a 

homomorphism a of K such that G = (K)a, and the kernel of a is contained in the X(V)-hypercenter 

of K. THEOREM. If Vis a variety of groups, then each of the classes PvV, PnV, PV is QX(V)

closed. This generalizes a r0sult of the author[Abstract 74T-A229,these Notices 21(1974),A-531]. 

Define an operator QR by G £ QRX if G is isomorphic to a reduced direct product of X-groups. 
A A 

THEOREM. If V is a variety of groups, then each of the classes P v V, P n V, 

k PLE. For each natural number k, let Dk be a dihedral group of degree 2 

A 

PV is QR-closed. EXAM-

If F is any free filter 

on the natural numbers, then TIDk/F is neither a Z-group nor a ZD-group. (Received October 21, 

1974.) 

*75T-A15 KEVIN E. OSONDU and DOV TAMAR!, State University of New York at Buffalo, Buffalo_, 
New York 14226. Embedding a semigroup in a group. 

Every ordered couple of elements of a multiplicative system uniquely determines a right 

[left] "ray" and a corresponding "homogeneous quotient" as a union of connected rays. This 

construction is a natural generalisation of that of fractions in the multiplicative semigroup 

of the natural numbers. Homogeneous quotients of semigroups S embeddable in a group are 

necessarily one-to-one partial transformations on S . This natural, necessary, but in general 

not sufficient condition, called the "generalised (right [left]) quotient condition", has 

numerous connections with conditions in the earlier literature (Malcev 1939, Lambek and Tamari 

1951, Clifford-Preston 1961-67): it turns out to be equivalent to the "complete cancellativity" 

of Bouleau (1973). 

If a semigroup S satisfies the generalised (right [left]) quotient condition, one can 

construct a "group of right [left] homogeneous quotients" which together with an appropriate 

mapping forms a universal group on S . A semigroup is embeddable in a group if and only if it 

is embeddable in its group of right [left) homogeneous quotients. This can be used to obtain 

explicit, necessary, and sufficient embedding conditions. (Received October 21, 1974.) 

*75T-A16 C. B. GARCIA, University of Chicago, Chicago, lllinois Go637. 
Computing Ramsey Numbers. 

Isbell (J. Comb. 'I'heory, 6 (1969), 210) showed that. the Ramsey number N(4 ,4 ;3) _:: 13. Using 
the method of implicit search (Balas, Opns. Res., lj (19C;;), :Jl7-')1G), we show-N(~,);?) .2 -~:0 
and N(5,4;3) > 23. To show the former: let ( i,j} be a 2-subset of the set of integers 
between 1 andLtl. Color p,j} if and only if min [ J;j-iJ, 41- l,i-iiJ ~ 1,2,3,:l/i,lO,lj,l:.·,1(,, 
or 17. To show the latter: let[i,j,k} be a 3-subset of the set of integers he"Lween 1 and ;~2. 
Then, color {i,j,k} if and only if (min {lj-iJ, ?2 L Jj-iJJ,min tlk-jJ, 22- Jk-jiJ, 
min [ lk-iJ, 22- lk-ii}l = (1,1.2), (1,2,3), (1.3.4), (1,!J,3), (l,h,'i), (1,),0), (1,6,:;.), 
(1,6,7). (1,7,8), (1,8,7), (1.8,9\, (1.0,10), (1.10,9'!, (2,6,41, (2,8,6!, (2,9,11), (2,10,101. 
(3,7,4), (3,7,10), (3,8,11), (3,9,10), (3,10,'(\, (1+,),91, (4,9.>!, (4,11,'{'\, (),8,9), (:,,10,7'. 
or (il ,8 ,8). This last result. may be ut ili.zen for RUhf't.ant.ialJy improvine; Table 1 of 
(Abbott and Williams, J, Comb. Theory, AlG (197'+). 12-17\ using Kalbfleisch's theorem 
(Theorem 1 of the aforementioned paper). (Received October 29, 1974.) 
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75T-Al7 CATHE:RINE STAHL, Lake Erie College, Painesville, Ohio, 44077. Systems of 
additive equations over algebraic number fields, Preliminary Report, 

By an extension of the Hardy-Littlewood circle method, the following theorem is 
established, Theorem. Let k be an odd prime and let K be an algebraic number field in 
which k is not wildly ramified, The equations 

k k k 
Fl (~) = all xl + al2x2 + "" """" "" + almxm 0 

() - k+ k+ k 0 FR ~ - aRlxl aR2x2 """" "" "" + aRmxm = 

whose coefficients lie inK, have a non-trivial solution x1 ,,,, xm with xj inK, if 

m R2 (R + 1)2k-lk > k-2 

Of interest is the fact that the necessary number of variables does not depend on the 
degree of K over the rationals. (Received October 21, 1971+.) (Author introduced by 
Stanley Stahl. ) 

*75T-Al8 EDWARD G. THURBER, Biola College, La Mirada, California 90639. On addition chains 

concerning the eguality 1(2n) = l(n). 

Let l(n) denote the minimal length for an addition chain for a positive integer n, and let h(x) 

denote the number of integers n less than or equal to x for which 1(2n) = l(n). There exist infinitely 

many infinite classes of integers for which 1(2n) = l(n). In powers of two these integers are expressed as 

n ·c 22m+k+7 + 22m+k+5 + 2m+k+4 + 2m+k+3 + 2m+2 + 2m+ 1 + 1 where m "'= 1 and k "'= 3. Also, log x = 

o(h(x)). (ReceiYed October 15, 1974,) 

75T-Al9 G.E. HARDY, Department of Mathematics, University of Alberta, Edmonton, Alberta 
Canada T6G 2Gl. Schnirelmann density for k-free integers for 7 < k < 12 

An integer n is called k-free if it is not divisible by k 
p for any prime p • We 

dE' fine d (k) , the Schnirelmann de.nsity of the k-free inte!!"ers, by: d (k) = inf (Ok (n) /n) , 
l<n<co 

lvherL' Qk (n) is thE' number of k-free integers less than or equal to n Rogers (Proc. Am. 

Math. Soc., 15 (1964), 515-516) found d(2) while Orr (J. London Math. Soc., 44 (1969), 313-

319) found d(3) through d(6). For k ~ 4 , Orr showed, for some n 
0 

satisfying 

several nelv 

k k 
5 ~ n0 < 6 ; and for no n0 outside this interval. Using this result and 

(unpublished) theoretical results, the following unique values of n0 for which 

d 8: n0 = 1174528, 

48833536, 

d(k) = Qk(n0 )/n0 are found: d = 7: n0 = 236288, Q7 (n0 ) = 234331; 

Q8 (n0 ) = 1169758; d 9: n0 = 7814151, Q9 (n0 ) = 7798488; d = 10: n 0 

Q10 (n0 ) = 48785015; d = 11; n0 = 293001216, Q11 (n0 ) = 292856489 and 

Q12 (n0 ) = 1709225206. P.R. Diamanda recently obtained n0 for d = 7 

it has not been published. (Received October 25, 1974.) 

*75T-A20 

d = 12: n = 1709645824, 
0 

independently, but 

BRUNO J. MULLER, McMaster University, Hamilton, Ontario. 
Localization in non-commutative rings. 

Attach to any semiprime ideal S the finite set of prime ideals minimal over 
S • Call such S, as well as the attached set of prime ideals, classical if 
'e (S) = {c € R : c is regular in R/S} is left- and right-Ore, and if the 

Jacobson radical of the quotient ring Rs has the AR-property. Let a cycle 
be a minimal classical set. (1) The Jacobson radical is the only classical 
semiprime ideal, for an indecomposable artinian ring. (2) Every classical 

set of prime ideals is uniquely the union of cycles, for any noetherian 

A-6 



ring. (3) For an HNP ring, these cycles coincide with the cycles in the 
sense of D.Eisenbud and J,C.Robson[J.Algebra 16(1970),86-104], (4) If a 
noetherian ring is finitely gener~ted as module over its center, then the 
cycles are just the sets of prime ideals lying over the v~rious primes of 
the center. (5) For the group ring AG of R finite group G over a commutat
ive noetherian .ring A, the cycles correspond to the blocks of KG, where K 
varies over the quotient fields of A/Q for the primes ~ of A. A11 prime 
ideals of AG are classical, iff G is p-ni lpotent for all p not i_nvertible 
in A, (Received October 25, 1974.) 

*75T-A2l L. M. CHAWLA and ELLEN TORRANCE, Kansas State University, Manhattan, Ks. 66502 
Three Restricted Product-sum Partition Functions. 

Preliminary Report. 
In On the Classification and Evaluation of Some Partition Functions and 

Their Tables, Conference W. Mich. Univ. 1971, Lecture Notes in Mathematics 251, Springer-Verlag, 
103-112, Chawla and Maxfield studied the product-sum partition function p(n,m), defined as the 
number of otherwise unrestricted partitions of n such that the product of the summands is m. 
In the present paper we study three restricted product-sum partition functions Ps(n,m), PR(n,m) 
and PQ(n,m), namely, the number of partitions of n such that the product of the summands is 
m and further for Ps(n,m) the summands come from the set S of non-negative integer powers of 
primes; for PR(n,m) the summands are pairwise relatively prime; and for PQ(n,m) at least one of 
the summands divides all the others. Let f(x) be the sum of the prime factors of x counting 
multiplicities, and h(x) the sum of the terms pa in the prime factorization of x. Let 
m = q1b1. .qsbs, and p(b) be the number of unrestricted partitions of b. We show that 
P5(n,m) ~ 1 if and only if f(m) ~ n; and Ps(n,m) ~ p(b1) .... -p(bs), with equality holding 
if and only if h(m) ~ n. We also show that PR(n,m) ~ 1 if and only if h(m) ~ n; and 
PR(n,m) ~ A(s), the number of partitions of a set with s distinguishable elements; equality 
holds if and only if m ~ n. We obtain a similar condition for PQ(n,m) to be~ 1, and find an 
explicit expression for Pq(n,m). (Received October 25, 1974.) 

75T-A22 LOUIS HALLE ROWEN. lTniyersity of Chicago, Chicago, llli.nois GOG37. Monomial 

conditions on rings. 

Let R be a ring; let R• be R with 1 adjoined formally. ~tX;t} is the free ring (Without 1) 

generated by noncommuting indeterminates x1 ..•. , Xt. Let 7T(t) (monic monomials h' ~[X;t}jh I 
X1 .•. Xt and degh '-' t}, 7T(t, m) [hE 7T(tliclegh' mJ. Call y R-regular i.f yr f 0, r '} 0 in R; y is 

strongly R-regular if (If r "f 0 in R) (yry f 0 and (c' a 1• a2 f 0 in H) (a2y- a1 r)). Modif~·ing a notion 

of Drazin, say x1 ... Xt is R-pivotal (resp. almost H-pivotal) if ('/ hom cp: ~(x;t} ~ R)("i strongly 

R-regular (resp. R-regular) y E R•) (~-<PtX 1 ..• Xi) E R' <J(7T(l))l. H is (t. n)-c!ementary if ('-: cp: ~(X;t} --• R) 

(::! strongly R-regular y E R')(y<J(X1 ... Xt) E H' cp(7T(t,n))). Theorems. TFAE for H prime: (1) R is a 

left order in a simple artinian ring of index " !; (2) R is (t. n)-olemcntar.v for some n; (3) x1 ..• Xt is 

R-pivotal. If R is semiprime with almost pivotal monomial, then all nil sub rings arc nilpotent and the 

singular ideals are 0. Let R[X;t}' free product of R and ~(X;t}. A monomial r 1XJ.l1 ... XJ.lmr:rn+1 
has fingerprint x,1 ... X and coefficients r 1 , .... r 1; a _generalized monomial (gen. mon.) is a sum ,.., J.lm mf 
of monomials with the same fingerprint. Given finite W R, let 7T 1(t;\v') =[gen. mon. with fingerprints in 

7T(t, t) and coefficients in W}. A gen. mon. h with fingerprint x 1 ... Xt is R-pivotal if. for some W. 

!'1 <J: R [X;t} ~ R) (cp(hl ( R' cp(7T 1 (t; \\') l). Theorem. The soc le of a primitive ring is the set of e\'aluations 

of its pivotal gen. mons. (Received October L>. Hl7-L) 
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*75T-A23 L. N. CHILDS. State Uni\·ersity of New York. Albany, New York 12222, G. S. GARFINKEL, 
Oakland University, Rochester. Michigan 48063 and M. ORZECH, Queen's University, 
Kingston. Ontario. K7L 3N6 Canada. Factoriality of normal noetherian domains and the 
Brauer group. 

Let R be a normal noetherian local domain with maximal ideal m. quotient field K. Brauer group 

B(R). divisor class group Cl(R) and henselization Rh. We analyze the relationship between the kernel 

B(K/R) of the natural map B(R) _, B(K) and factoriality of R vis-a-vis separable extensions of R. If 

every finite Galois extension of R is factorial then B(K/R) = 0. If B(R/m) = 0 then there is a 

monomorphism from B(K/R) to Cl(Rh)/Cl(R). We construct a family of examples R, each a local ring 

of a normal singularity of a complex surface, such that factoriality of R is equivalent to nontriviality of 

B(K/R). One of these examples is in fact factorial, with Cl(Rh) = a!':= B(K/R). (Received October 17, 

1974.) 

KIM KI -l!A"'G Btn'LER, Alabama State University, t--lontgomery, Alabama 36101. 
New regular subsemigroup of semigroup of binarv relations, Preliminary report. 

A binary relation is called an acyclic binary ~elation if it does not 

contains a permutation relation of order two as a subrelation. Let fln denote the set of 

all such relations defined on a set containing n elements. Then (i) ~ is a regular 

semigroup. Note: An is not an inverse semigroup. 

Cii) IAnl 
n 
r (r!S(n + 1, r + 1)) 2 , where S(rn, k) is the Stirling ntnnber of the second 

r=l 

kind. : •.. -c,,:ived Ot··t·er 29, 1974.) 

*75T-A25 ESMOND E. DeVUN, Wichita State University, Wichita, Kansas 67208. U-product. 

Preliminary report. 

A U-semigroup is a semigroup which is iseomorphic to [0, 1] with the usual multiplication. A 

semi group S is said to be the unigue product of U-semigroups s1, s2 , ..• , Sn if each Si is a 

U-semigroup and for every cr E' Gn (Gn is the symmetric group on n elements, S = Scr (1) Scr (2)' .• S cr(n) 

andforcverynonzeroelement s of S with s=xcr(1)xcr(2) ... xcr(n)=ycr(1)Ycr(2) .•• ycr(n) andxcr(i)' 

y cr (i\ "- Scr (i) we have xcr (i) = y cr (i). In this note we will assume S i.s the unique product of U-semigroups, 

S has no zero divisors, and E(S) = H = {0, 1}. Theorem. S is uniquely divisible. A semigroup T is 

said to be left (right) reversible if every pair of right (left) ideals have nonempty intersection. Now let 

C be the convex hull of the ( n X n) matricies (X0,x1, ... •Xk• ... , Xn_1} where x0 is the identity 

matrLx and Xk is the matrix (x .. ) where x . E (0, 1], x = 1 and x .. = 0 otherwise. Theorem. If 
LJ nJ nn LJ 

each subsemigroup S.S.- {0} of S, i I j, is left reversible and not right reversible, then S is 
1 J 

iseomorphic to the semigroup formed by the one point compactification of the semigroup C with matrix 

multiplication. (Received October 24, 1974,) 

75T-A26 ALBRECHT WOLF, Technische Hochschule, Darmstadt, Fb, 4, AG 1, D-61 Darmstadt, 

Germany. Sheaves of rings and arithmetical algebras. Preliminary report. 

Theorem. Let A be a universal algebra. Let L be a zero distributive lattice of mutually 

permuting congruences of A, containing w and I, Suppose that x1\t ..• Vxn = t implies (y 1 vz1)A ... " 

(y n · z0 ) ;; (x('·Y 1rv ... V(xn'\Y n)V(x1,\z1)V •.. V(xn'" zn) for all xi' yi' zi E L. Then there is a sheaf F over 

the space of all prime ideals of L such that A is canonically isomorphic to the algebra rF of all 

A-8 



;ections of F. The above hypotheses are satisfied in the lattice of all ideals of a sem iprime ring with 1 
1s well as in the lattice of all congruences of an arithmetical algebra. Thus. the theot·em unifies known 
representation theorems for these two cases; see K. H. Hofmann. Bull. Amer. Math. Soc. 7H(l972). 
291-373, Mem. Amer. Math. Soc. No. 14H(l97<!). 87-93. (Received October 30. 197-1.) 

*75T-A27 CARL BU!HLL!!:R, Yale University, :;ew Haven, 
Partial Geometries and RanY. :.;_t!.r:'.££ ~roun~. 

···~ 
"l.l' 

Letn be an (r,s,t) I-artial Geometry [Bor::•,·, h1ci!'i.c L'• o:· , .. :i<.n 1_;, 
( 1963), pp 389-419] which has a rank 3 permutation ~'rou~· a~l!i c;u,:[, t.ha t 1: L:: 
prime. Theorem Assume the dual of n satit>fies i:'ac;d.'s axioH;: :,,_r,y ~wu 'rn:~;
versals of a pair of intersecting lines intersect. ( 1) 1 f' t. '-•dd < .:l, tr,•·!• 1 .. 

and s are bounded by a function of t; (2) i.f J vr ? , U,t::·, ,.. t; \ ';) i 1· 
t = 2 and r < 200, then r = 2 or J; (l}) i!' t ? "':id r .> ~('0, thq: ,._ - ::: 
r(r-1) (r-5)/6. The proof uses ii thorouf-:h der.>cri pt. ion of A( 0) 'c•r c: i.:: ;, , 
analysis of possible subgeometries derived frotr, certain t;ub;rr•.•u:>:~, •.->:·,,.,,,_:lr·:: 
restrictions of the parameters, and various wel.l-known theon-~.:· .-,:·. ;····t"~" t:. 't •· 
groups. The partial geometries with r = tor t+l who~'.F: dual .>•'i:::·i,·:: ,;,:-:•·!:': 
axiom have been previously determined [Hir:man, At.ti d•,l nr:-."··n.•.' ·:i :,.-.,, •. ,.f•··i:·. 
Combina.toria (Peruvia) 1971., pp2f.J-2Q) 1. A ~Charac-t.·~riz·tq,_:·:. _,~- ,.,~~··.·, ;., -.. , 
groups follows easily. 'T'heorem ~>upposP. ;; iE .•·1 ran!·: "i f"TP•ut:.tti•-.r. , .. ,.,,,_;: .,_: ·.<·. 
subdegrees k r(s-1) and Y = (r-l)(s-1)(:;-t)/t; :::uch tn•jt. r :, : :··>.• ,,,,.: 
sufficiently laree. l'hen ( 1) throuvh ( 4) !'10ld. (Received October 30, 1974.) 

Analysis 

*75T-B1 REKHA PANDA, University of Victoria, Victoria, British Columbia, Canada VBW 2Y2 
and Ravenshaw College, Cuttack-3, Orissa, India. Some multiple series 
transformations. 

Recently, H. M. Srivastava [On the reducibility of Appell's function F4 , Canad. Math. Bull. 
16 (1973), 295-298] gave a number of cases of reducibility of certain double series with 
arbitrary terms. Of concern in the present paper is one of his results which leads to a 
multiple series transformation. A simple proof by induction is given of this multiple series 
transformation and it is shown how this transformation may be applied to derive various 
reduction formulas for the generalized Lauricella function of several complex variables, 
which was introduced in an earlier paper bv H. M. Srivastava ~nd M. C. Daoust [Certain 
generaiized Neumann expansions associated with the Kampe de Feriet function, Nederl. Akad. 
Wetensch. Proc. Ser. A 72 = Indag. Math. 31 (1969), 449-457; see also Math. Nachr. 53 (1972), 
151-159]. This paper is scheduled to appear in Jnanabha Sect. A 4 (1974). 

(Received September 19, 1974.) 

75T-B2 S.ZAimfAN ,Universite de Hontreal :Linear operators on Sobolef spaces. 

He consider a family of bounded complex-valued functions("symbols"),a(t),defined on an 

abstract set J( and satisfying several postulates.To any such symbol a «e associate 

a couple of linear operators tAq.,Aa.. \ 
<I h 

H (R ) is the well-known Sobolef space.A 

..... u -6 mapping H ~ H into itself,where 
~~R• 

second list of postulates concerns these ope-
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rators.Then,various results,including several inequalities,are proved, 

The paper is an abstract version of some results in the well-known Kohn-Nirenberg 

paper on pseudo-differential operators. (Received September 23, 1974.) 

75T-B3 S. CHAKRAVARTY, University of Kentucky, Lexington, Kentucky 40506 

The set where a transcendental entire function is large 

Let f(z) be a transcendental entire function of finite order, A. (say). Define 

E(r) = {z: I zl = r, I f(z) I >I, r > 0}, M(r, f)= max I f(z)l and, let I E(rll denote the angula 

I zl=r 

measure of E(r). When I E(rll is small, we have 

Thcorcrn (l}: li1n 
-{'- -.c·>-00 

Corollary 1 lim 
r· ~oo 

{log M(r.l:{, f)\£(r)\ 2 } = +"", (<- >o) and R::: 1 but fixed. 

{ x.;2 + 10 I I } um in£ x.;2 - 10 I I } r E(r) = +oo; {r E(r) = 0. 
r-+oo 

Theorem (1) is best possible. In fact, theorem (1) is complementary to 

Theorem of Arima ["Journ. Math. Soc. Japan, 1952]. Its close analogue for meromorphic 

functions is the "spread - relation" of A. Edrei. (author introduced by Professor S.M. Shah) 

(Received September 23, 1974.) 

75T-B4 A. R. REDDY, Michigan State University, East Lansing, MI 48824 
A note on rational approximation on [O,oo) 

THEOREM: Let f(z) = 
k 6 akz () 0 on [O,oo)) be an entire function of 

k=O 

order p (0 < p < oo) _, type ,. and lower type w (0 < w s ,. < oo) satisfying 

the further assumption that f(z) grows on [O,oo) as fast as anywhere else 

in the complex plane. Then for any polynomial Pn(x) of degree at most n, 

we have 
1/n 

( 2+"-
1 l 

) 
-1 

lim inf II 
l l 

II 2 2 p 'T p wp 7 
f(x) P(X) 4 

n -+"' n Loo[O, <») 

(Received September 23, 1974.) 

*75T-B5 C. M. JOSHI, University of Jodhpur and M. L. PRAJAPAT, Defence Laboratory, Jodhpur, 
India. On some properties of generalized Hermite polynomials. Preliminary report. 

In pointing out that Maya Lahiri•s generalization of Hermite polynomials [Proc. Amer. Math. Soc. 

27(1971). 117-121] is a particular case of the more general representation of Hermite polynomials 

studied by Gould and Hopper [Duke Math. ,J. 29(1962), 51-69] and in fact connected with it by relation 

H (x) "gm(vx,- i), we have obtained new generating relations and finite summation theorems 
n,m,v n 

concerning the latter. In the sequel, it is also pointed out that relations (20), (21) of "Higher 

transcendental functions". Vol. II, 1953, p, 119 are incorrect. (Received September 23, 1974.) 
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75T-B6 IN-DING HSU, State University of New York at Buffalo, Amherst, New York 14226. 
An Applicable Hopf Bifurcation Formula. Preliminary report. 

The original direction of bifurcation formulas of Hopf [Ber. Verh. Sachs. Akad. Wiss. 
Leipsig. Math.-Nat. 94 (1942), 3-22] and Friedrichs [N. Y. Gordon and Breach, 1965] are 

difficult to use even in the case of two dimensions, see, for example [Poore, Arch. Rat. Mech. 
Anal., 52 (1973) 358-388]. We derive a new, readily applicable form of Hopf's formula for the 
direction of bifurcation for systems of the form X= A(p.)X+F(X,.p.) where X= (xp ... ,xn) 
F is a real analytic function on a domain G X (-c,c) in Rn+l , c > 0 , A is a real 
n x n analytic matrix with exactly two pl!rPly jmaginary exponents o:(p.) , o:(p.) aL p. = 0 
such that Re(a'(O)) + 0. The assumption of analyticity can be relaxed to CN for suitabie 
N . Our result reduces to that of Bruslinskaya [Dokl. Akad. Nauk SSSR, 139 (1961), 9-12] in 
the special case she considers. Using this formula we are able to determine the direction of 
bifurcating periodic solutions of some n X n systems (n > 2) of that arise in chemistry and 
biochemistry. (Received October 1, 1974.) (Author introduced by Professor N. D. Kazarinoff.) 

75T·B7 IN-DING HSU and NICHOLAS D. KAZARINOFF, State University of New York at Buffalo, 
Amherst, New York 14226. Instability of Small Periodic Solutions of the Field-Noyes 
Model for the Belousov-Zaikin-Zhabotinskil reaction. Preliminary report. 

Using an applicable Hopf bifurcation formula of Hsu, we prove the following theorem for the 
. 2 -1 • system (*) x1 = s(x1 +x2 - x1x2 - qx1) , x2 = s (fx3 - x2 - x1x2) , x3 = w(x1 - x3) . Theorem: 

2 -1 Corresponding!!!_ !!!!Y given s ::2: 34 , q E [0, (30s ) ] and f E (2- r,2 +r) , for ~ r > 0 
02 0 0 0 0 which satisfy the condition 2q(x1) +x1 (q- 1) + f < 0 , where (xl'x2,x3) is the corresponding 

critical point, of (*) in the first orthant, there exists~ w0 =w0 (f,s,q) · .. 0 such that the 
system (*) has ~periodic solution for each w E (w0,w0 +e 0) for~ e0 0 where 

1 ( 2 0 r 2 0 2 2 0 2 0 }J;; w0 = 2a-[a +f(l-x1)]+ta +f(l-x1)] -4a [2q(x1) +x1(q-l)+f] -}. Moreover these small 
bifurcating periodic solutions ~ unstable. The system (*) is due to Field and Noyes 
[J. Chern. Phys. 60 (1974) 1877-1884]. It models oscillations in the concentrations of Br 
and HBr02 and Ce(IV) in the Belousov-Zaikin Zhabotinskil reaction. Hastings and Murray 
[SIAM J. Appl. Math., to appear] proved that a (probably large) periodic solution exists for 
each w on (O,w0) but they did not study the stability of these solutions. Hsu [J. of 
Differential Equations, to appear·! showed existence of bifurcating periodic solutions for w 
near w0 but he neither determined the direction of bifurcation nor determined their stability. 

(Received October 1, 1974.) 

*75T-B8 CiiA:t.LF;s Dil1IN!'iiE and <\LHEH'l' i.Jhl~'E, St. BonrJ.venture lini vPrsity, St. 
Bonaventure, N.Y., lLi'77R. 2-inner n:::-orluct Gnaces.Prelirnin'l.ry renort. 

Let (L,(•, •I•)) l1n a .-'-inn0r nro-:hc-:t srnC':e. (' '2-Inner Product Sn<J.ces' ', 

Diminnie, Glihler, '..Jbite, :Jemonstrato .l':athematica, to 'l.DPf~ar) Theorem: 

For a,h,c E L and f(x,y) = ~ llx,yll 2 , 

[a,blc] = (a,blc) where [a,blc] = lirn 
t-+0 

(Received October 2, 1974.) 

[~,hie] is a 2-inner product and 

i rrCa + tc,b) - f(q,t)J. 

*75T-B9 H. M. SRIVASTAVA and REKHA PANDA, University of Victoria, Victoria, British 
Columbia, Canada VSW 2Y2. Some analytic or asymptotic confluent expansions 
for functions of several variables. Preliminary report. 

In recent years several writers have contributed to the theory of analytic or asymptotic 
confluent expansions for functions of one and two variables. A reasonably detailed account 
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of this theory is contained in the works of Jerry L. Fields [Math. Comp. 21 (1967), 189-197), 

Yudell L. Luke ["The special functions and their approximations", Vol. I, Academic Press, 

New York and London, 1969, especially Chapter III), and V. L. Deshpande [Math. Comp. 28(1974), 

605-611) . The object of the present paper is to discuss extensions of these results to hold 

for a fairly lctrgc va:ciety of functioHs of sevc>:al variable:;. In an attempt ·to illustrate 

the usefulness of these extensions, an asymptotic confluent expansion is obtained for a 

certain class of the generalized Lauricella functions which were introduced and studied 

earlier by H. M. Srivastava and M. C. Daoust [Nederl. Akad. Wetensch. Proc. Ser. A 72 

Indag. Math. 31 (1969), 449-457; see also Math. Nachr. 53 (1972), 151-157, especially 

Section 5]. It is also demonstrated how this last expansion can be further specialized to 

yield the corresponding asymptotic confluent expansions for the ordinary Lauricella functions 

F~r), F~r) and F~r) of r variables [G. Lauricella, Rend. eire. Mat. Palermo 7 (1893), 

111-158). (Received October 3, 1974.) 

*75T-B10 Siarnak Khalili ,IBH,Dept 523 ,Bldg 032, 71~_0 New Circle Road, 
Lexington,KY,I.J-Os'07. Independently Scattered Heasures. 

Let (Q .~ ,P) be a probability space and L2 =L2 (0 ,~,P;~), 

where "f =IRor ~ • ~· Let@ be a pre-ring over a set I\ • We say that~ is a 

L2-valued countably additive independently scattered(c.a.i.sl measure on@ iff 
00 

(i) sis a function on@ to L2 (ii) 'V k ~ 1, Ak~(Y,Ak pairwise disjoint, UAk €@ 
1 

=> ~S(Ak) converges unconditionally in L2 to S(~Ak),(iii) n ~1,A1 ,A2 , ••• ,An 

E.<9 ,Ai ps.irwise disjoint :::;.{s(Ai): i = 1,2, ••• ,n~is a collection of 

independent random variables on (O.,~,P). ~·Let (i)Sbe a L2-valued c.a.i.s 

measure on a pre-ring@ over a set A such that 'VAt:@, E [5(A)1 = 0 (ii) 

V 1\.E.@,m(A) =-d 115Utlii2 .Then (a) m is a non-negative countably additive 

measure on(!? ,(b)$ c:on be uniquely extended to a c.a.i.s measure on the S-ring 

c.A- of sets of finite m mes.sure 'Hhere m is the Hahn extension of m to the 0"

ring generated by(!?. Horeover t/Ae._A-, II$(Alll2 = m(A). (Received october 4, 1974.) 

*75T-Bll RICHARD R. GOLDBERG, University of Iowa, Iowa City, Iowa 52242. Multipliers 
from L1 to a Segal algebra, Preliminary report. 

Let S be a Segal algebra on the compact abelian group G. Denote by~ the set of all measures 

~ E M(G) for which there exists a sequence {fn} 

fn ~ ~ in the weak* topology for M(G). THEOREM. 

in S such that sup II f II S < oo and such that 
n n 

The set (Ll,S) of multipliers from L1 to S 

is identical with S. The proof of the theorem involves the following LEMMA. Let G be a 

compact abelian group. If ~n ~~in the weak* topology, and hE L1 , then lllln*h- ~*h 11 1 ->- 0. 

(The lemma does not hold if G is not compact.) (Received October 9, 1974.) 
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75T-B12 ERWII~ CJ. KREYSZIG, University of ltlindsor, Wind~ or, Orctario, Canada. 

Chebychev polynomials as Bergman generators. 

Lu = uzz* + au2 + buz* + cu = 0 (a, b, c complex analytic, 

is a R~r[man operator 

t)]J+o (o complex). 

Theorem 1. (1) L = a 2;azaz* + c(z, z*) E TI 0 iff there is a ~(z*) such that 

c = -v(v + 1)~'/(z + ~) 2 . Then corresponding generators are g 1 = (l - hJ- 112 x 

1/? -l/2 cosH, g 2 = (1- h)-- Lsin H (vi -l/2), g 3 = (l- h) arc sin lh (v = -1/2), 

where h = zt 2 /(z + ~), H = (2v + l)arc sin lh. Corollary. If 2v in ThGorem l 

is integral, generators for (l) are = (l- h)- 112 r• (lh) £> = (l- h)-l/?" 
~ Ill ' () 

Um(lh), where 'I'm' Urn' m = 2v + l, are Chebychev polynomials.- This and a result. 

of M. Kracht and the Author (Manuscripta Math. J:., 1969, 369-376) imply that the 

differential operator used by K. W. bauer (.J. Reine Angew. r'lath. ~_;c'l_, 1966, 48-

84) is a Ber~man operator with a Chebychev polynomial as ~enerator. 
(Received October 10, 1974.) 

75T-Bl3 STEF'AN BERGMAN. Stanford University. Stanford. Califomia. 9· ·0' 
Bounds for distortion in pseudo-conformal mapping, Pr"-limi!·,ary nTc:.t·t. 

The invariant J ~ J (z) 
i!\ 

has been introduced in Survey i of tl'tE- Aw,r. Math. :::.oc .. ,,. 18·. lxt 

two complex variables, with a. nonva.nishing .Tacobian. Stepp0sl'· that 

of the point z (z 1 .z). z ~ jp. to the boundary :;~. a1. ,·1 

Lance. 'l'hen ll (' . r) <. .T (z) < H(r., \ where ~-: ( c.:=! p 
·~ 

.. 1),\ - I 9 
and H(r_d) is an analogous expression whir~h \..Hie oOtaL1s by !'o-7placir!g by r· and r tJy 

Let ~ be a Heinhardt circular domain. an<i let ~(C .. C) 
development at the eenter. which is assmnc:'d to be the .. origin of the c0ordinat~ syste~-

i J J .. 'mJ I·'P 
• _! c l ;..,-, i d·J: 
H . 

(dx '/Ol~un12 c-lement) are the Jnotnt:·nts of .'·-;: . Thet: 

~ H(r.,) · Here z is the: image of the ccenter G. and r and 

ly minimum. distances of z f'rom ·'·j!\. (Heceived October 11, 1974.) 

M. J. FRANK, University of Wisconsin, Milwaukee, Wisconsin 53201. 

On associative solutions of~ distributivity equatio~. Preliminary report. 

A cope ~ is a two-place function C : [0,1] 2___..., [e,l] satisfying 

C(x,O) = C(O,x) = 0 

c(xl,yl) - c(x2,yl) 

C (x, l ) = C ( 1 ,x) = x , 

- C(x1 ,;r2 ) + C(x2 ,y2 ) ~ 0 
2 

If Cis strictly increasing in each variable over (o,q , 

Consider the system of functi;)nal equ'l.ticns 

C(C(x,y),z) = C(x,C(y,z)), 

C(x+y-C(x,.v) ,z) = C(x,z) + C(::,z) - r(C(x,;.') ,z). 
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for every x in [0,1], 

whenever x1 ..:;x2 and Yl S Y2 . 

it is said to be strict. 



THEOREM A. c1 (x,y) = x·y is the only strict copula that is a solution of (*). 

The proof rests on the well-known representation for solutions of the associativity 
equation and involves reduction to differential and functional equations in one variable. 
Theorem A and some previous results of the author can then be used to prove the general 

THEOREM B. A copula C is a solution of the system (*) if and only if it is representable 
as an ordinal sum of c1 and the copula c2 (x,y) =minimum (x,y). 

This result has some applications to semigroups of probability distribution functions. 
-:Received Octo"cer l+, 197;+. 

*75T-B15 Herbert Halpern, University of Cincinnati, Cincinnati, Ohio 45221. 
Essenti~ .'=.e_~tral !__a_!lge of ~ von !'i_eu~ algebra. 

Let A be a von Neumann algebra with center Z, let I be a 

central ideal of A, and let x be an element of A. (For terminology refer to 

II. Halpern, Pacific J. Math. 43(1972), 349-380.) Then an element z in Z is in 

the essential central range of x modulo I if and only if, given£> 0, there 

is a projection e in A with dime > dim I such that I je(z x)ejj <e. For 

properly infinite A, one obtains the following corollaries. (i) The inter

section of Z with the weak closure of the convex hull of {uxu*ju unitary in A} 

equals the intersection of Z with the weak closure of {uxu*lu unitary in A}. 

(ii) An element x of A is a self-adjoint commutator in A, i.e., there are y =y* 

and z in A with x = yz - zy, if and only if the essential central range of x 

modulo the strong radical of A contains 0. (Received October 15, 1974.) 

T''l'-Bl6 C,J, Mozzochi,Box 1315,Hartford,Connecticut,06101 
Another approach to Some Recursion Theorems of Landau. 

In this note a new proof is provided for Theorem 4, Theorem 28, Theorem 2?5 
and Theore~ 276 in Landau's Grundlagen Der Analysis. Landau's original proofs 
of these theorems althou,q;h very elementary are nevertheless rather subtle. ~1y 
proofs are equallv elementary,but I have found that by combinin~ portions of 
Landau's ori~inal proofs with a very strai~htforward technique of elementary 
set theory all subtleties can be eliminated. (Receiverl o·:,'L':i';er 16, 1974.) 

75T-B17 S.K. SINGH and G.P. BARKER, University of Missouri-Kansas City, 
fpp~t~a~r5fi~,M~~~~~fuin~~~l~epoft~wly Changing Functions and Their 

A function of L(r) positive and differentiable for r > 0 is called a 

slowly changing function if 
I 

rL (r) -+ 0 
L(r) as 

of slowly changing functions and by taking L(r)rp 

Utilizing the properties 

as the comparison 
I function, the growth of an entire function f(z), its derivative f (z) and 

the distribution of a-points have been studied. A typical result is the 

following. If f(z) is an entire function of non-integral order p then 
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a lim sup 
log M(r,f) 

rPL(r) 
is 0 ~ 

' 
or if and only if 

r-+~ 

y = lim sup 
r-+~ 

is 0 ~ 

' 
or respectively. 

(Received October 18, 1974.) 

*75T-B18 ROBERT E. HUFF, and PETER D. MORRIS, The Pennsylvania State University, University 
Park, Pennsylvania 16802. Geometric Characterizations of the Radon-Nikodym 
Property. 

Let X be a Banach space. Theorem 1. X fails to have the Radon-Nikodym Property (RNP) 

if and only if there is ~ .~uivalent ~ on ! such that the open unit ball contains ~ 

closed set whose closed ~e~ hull is the closed unit ball. 

Define a point x in a (not necessarily convex) set A to be an extreme point of A if 

x is not in the convex hull of A\{x}. Theorem 2. The following are equivalent. (a) X has 

the RNP; (b) Every closed bounded subset of ! has an extreme point; (c) Every closed bounded 

subset contains an extreme point of its closed ~ hull. (For definitions and further 

information on geometric criteria for the RNP, see R.R. Phelps, "Dentability and Extreme Points 

in Banach Spaces", J. Fcnl. Anal. 16(1974), 78-90). (Received October 18, 1974.) 

*75T-B19 R. S. DAHIYA, Iowa State University, Ames., Iowa 50010 .Nonoscil
lation generating delay terms in even order differential equation. 

The purpose of this paper is to consider a general equation 

n 
y(2n) (t) - ·, p.(t)y(g.(t)) 

i\:-1 ~ ~ 
f (t)' (n 2 1 an integer) 

to find conditions which will ensure that bounded non-oscillatory solutions 

approaches zero and to find conditions such that nonoscillatory solutions 

do not approach zero. (Received October 21, 1974.) 

75T-B20 R. S. DAHIYA, Iowa State University, Ames, IA 50010 and BHAGAT 
SINGH, University of Wisconsin, Manitowoc, WI 54220. Certain results 
on nonoscillation and asymptotic nature of delay equations. 

In the first part of this paper the authors find conditions 

for the nonoscillatory solutions of the delay equation 

y" (t) + a(t)y_ (t) 
I 

f(t) y (t) = y(t-r(t)) 
'T 

to be asymptotic to a linear function of t. This result is further 

generalized. The second part of the paper is devoted to proving a sort of 

Liapunov inequality for the above equation. 

In the third part conditions have been found to ensure that non-

oscillatory solutions of this equation are integrable. (Received October 21, 1974.) 
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75T-B21 }!. D. GUAY, University of Maine at Portland-Gorham, Portland, Maine, 04103 and 
S. A. NAIMPALLY, Lakehead University, Thunder Bay, Ontario, P7B 5El, Canada 
Hahn-Banach theorem implies linear topological space. 

Let X be a set having both a topology and a convexity. We give necessary and suf-

ficient conditions that X is isomorphic to a convex subspace of a LTS or isomorphic to a 

LTS. Essentially these conditions are those which are necessary and sufficient for the 

linearization of a convexity space (obtained recently by P. Mah, S. A. Naimpally and 

J. H. M. Whitfield) together with the Hahn-Banach theorem. (Received October 21, 1974.) 

*75T-B22 GimALD ANDERSOH, ~1assachusett s Institute of Technology, Cambridge, 
Massachusetts, Klein Manifolds. 

A Klein manifold of (complex) dimension n is a manirold defined locally 

by coordinate transformations ~n ~ ~n which are either holomorphic or anti

holomorphic in each variable. The idea of a Klein surface (n=l) originated 

with Klein, and has been studied by Schiffler and Spencer in their book 

"~1nctionals of Finite Riemann Surfaces", Princeton (so called non-orientable 

~Uemann surfaces) and by Alling and Greenleaf ("Foundations of the Theory 

of Klein Surfaces", Springer) and applied to real function fields. 

':'!v~orem. If ~1 is a Klein n-manifold, then !"! has a 2n-fold covering M ~ N, 

where ~ is a complex manifold. This reduces the study of Klein manifolds to 

t h'l:; of complex manifolds. (Received October 22, 1974.) 

*75T-B23 ATHANASSIOS G. KARTSATOS, University of South Florida, Tampa, Florida 33620. 
Equations possessing at most one positive solution.Preliminary report. 

Theorem. Assume that the equation (*) x(n) + H(t,x) = 0, n even, has no eventually positive 

solutions. Moreover, assume that (i) P is defined, positive and n times continuously diffe

rentiable on [O,oo) with P(n)(t):Q(t) and t~...,inf P(t) = 0 ; (ii) H(t,u) is defined and con

tinuous on [0, oo )x Rn, and is continuously differentiable there w.r.t. u, and H1 (t,u) = 
(J/Ju)H(t,u) is nonnegative and increasing w.r.t. u. Moreover, uH(t,u) :;:- 0 for u::f:O and 
("" n-1 (n) J t H1 (t ,P (t) )dt < oo. Then the equation x + H(t ,x) = Q(t) can have at most one positive 

solution. The second order version of this result has been proved by Atkinson in a paper to 

be published.Atkinson made use of Sturm's comparison theorem which does not hold for nth or

der equations. Here use is made of certain recent results of the author [Proc. Amer. Math. 

Soc., 33 (1972), 377-383]. (Received October 24, 1974.) 

*75T-B24 JANG-MEI GLORIA WU, University or Illinois, Urbana, Illinois 61801, 
Convexity of Harmonic Functions. 

Let G be an n-ply connected domain on which the Dirichlet prob-

lem is solvable; m be a harmonic measure on G, continuous on U'; u be a 

harmonic function on G. We use .t to denote the level set of a m on which 

takes the value s to denote the set (m(z): ~ m{z) 0 = 0} and m a, = cy m(z} ox 
V(a) to denote the total variation of u on .t . a Conclusion: V(a} is 
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convex on (0,1)\S. The convexity can not be extended across S as we see in 

the example m(z) log lz2 -ll, u(z) = Re z. (Received October 24, 1974.) 

*75T-B25 MARK J. CHRISTENSEN, Wayne State University, Detroit, Michigan 48202. Kolmogorov 
extension theorems and algebraic models for operator-valued measures. 

The results of Benioff (J. Mathematical Phys. 13 (1972), 231-242) on Kolmogorov extension 

theorems for normalized operator-valued measures on the directed family of spaces (~, Bn)' 

n = 1,2, ••• , are generalized to include all Polish spaces. A theorem of Bochner-type for 

operator-valued measures is obtained. The notion of an algebraic model for a measure space 

(Dinculeanu and Foi,s, Illinois Math. J. 12 (1968), 340-351) is generalized to the operator

valued case; and the results of Schreiber, ~· (Trans. Amer. Math. Soc. 158 (1971), 93-

105) are extended to the case of operator-valued probability measures. 

(Received October 24, 1974.) 

*75T-B26 R. P. SINGAL, Guru Nanak College, Ferozepore Cant, 152001, India. Some transformations 

of hyPergeometric series. 

Starting from a known result ("Higher transcendental functions", Vol. I. p. 112(18)) and using 

Euler's first integral, a transformation formula connecting 3F2 with 4F3 without any conditions on the 

parameters is obtained. From this relation a sum for 4 F 3 and a Saalchutzian sum for nonterminating 

series are deduced. Another relation between 3 F2 ("~) and 3F2 (~) is also obtained. A corresponding 

transformation for double hypergeometric series connecting ~:I with F~: I is given. A sum of F~: I 
is then obtained. (Received October 24, 1974.) (Author introduced by Dr. Brij M. Nayyar.) 

*75T-B27 URI FIXMAN and G.K.R. RAO, Queen's U., Kingston, Canada, K7L 3N6. 
The numerical range of compact operators in L -spaces. Preliminary 
report. P 

Let X be a complex normed linear space with a unique duality 
map J . Suppose that A E B(X) , with numerical range W(A) , satisfies 
(i) A(A) = sup Re W(A) is attained as a maximum. A variational equation 
for A(A) is derived under mild regularity assumptions on J . The latter 
hold for X = Lp Ul , E , \l) , \l ~ 0 , 2 < p < ... For x ~ Lp put 
K(x) = lx1P-2x E Lq , q = p/(p-1} . Then, provided (i) holds, A(A) is 
the largest l for which the equations (1) A*(K(x))(w) = 0 a.e. in 
~ E n:x(w) = O} ; (2) Re(q-lA(x)K(x) + p- 1xA*(K(x))) = llxjP 

(3) Im(A(x)K(x) - xA*(K(x))) = 0 have a solution 0 # x t L If p 
1 < p < 2 (p=2), (1) is replaced by a dual (self dual) equation. A 
sufficient condition for (i) is that A be compact with A(A) # 0 and 
(ii) K is weakly sequentially continuou~. For p # 2 (ii) holds 

iff every measurable r. c n with 0 < lJ(E) <«>contains an atom. A(A) , 
and in some cases conv W(A) , is computed for certain operators in in 

p 
and i p (Received October 25, 1974.) 
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*75T-B28 LES A. KARLOVITZ, University of Maryland, College Park, Maryland 20742. 
On nonexpansive mappings. 

A generalized Hilbert space property is used to analyze nonexpansive mappings in 

certain situations. In particular it is shown that in t 1 and in an interesting new space 

defined recently by R. C. James, a nonexpansive self-mapping of a bounded weak* closed convex 

subset has a fixed point. (Received October 29, 1974.) 

75T-B29 JERRY LESTER, Western lllinois University, Macomb, Illinois 61455. Well-capped 
+ structure of L1..@...!!). 

Let S be a a-finite measure space with positive measure u. It is shown that L~(S, u) is 

well capped in the weak-topology if and only if u is purely atomic. In particular, if u equals the 

counting measure and S = U,2,3, ••• ,n, .• .J, we have that .£~ is well capped in the norm-topology. This 

result also implies that every norm-closed, bounded, convex subset of L~ (S, u) is the closed convex-hull 

of its extreme points. This completes the analysis of the L;(s, u) cones for 1 < p ~ ro, begun by L. 

Asimow in 1968. By similar methods, it can be shown that every norm-closed, bounded, convex subset 

of c; or i:n has an extreme point if it contains a point of t~. (Received September 30, 1974.) 

75T-B30 MOSTAFA A. ABDELKADER, 25 Sh. Champollion, Alexandria, Egypt. Circular and 
~rbolic functions satisfying f(x) = f(p- x). 

The functional equation g(x) = g(p + x), where p is real, characterizes real periodic functions, such 
as combinations of the circular functions. The companion functional equation (E) f(x) = f(p - x) is satis
fied by sin x (with p = 1T), and by cos x (with p = 21T). It is shown that certain combinations of the 
hyperbolic functions (or the exponential function) also satisfy (E). Two examples are: (1) f(x) = asinhx + 
bcoshx, with p = log((b- a)/(b +a)), b2 > a2, and (2) f(x) = asinh2x + bsinhxcoshx + c cosh2x, with 
2p = log((a- b + c)/(a + b +c)), (a+ c)2 > b2. Moreover, the generalized Euler expression: acosx + ib • 
sinx where a2 > b2 , is shown to satisfy the functional equation f(x) = f(iq- x), where q = 
log((a + b)/ (a- b)). (Received October 7, 1974.) 

*75T-B31 H. B.ANILOWER, Baruch College of CUNY, New York, N.Y. 10010. Isomorphisms and 
simultaneous extensions in C(S), Preliminary report. 

For notation see Proc. Amer. Math" Soc. 36 (1972), 451-455. Suppose h maps a subspace 

A continuously into the completely regular space S so that A and h(A) are completely 

separated in s. Let Q be the quotient space of S gotten by identifying a with h(a) for 

all a in A. Consider: (I) there exists a simultaneous extension from C(A) into C(S); 

(2) h has a continuous extension mapping a clopen subset C~A into S - C; there exists 

an isomorphism of C (S) onto itself, taking C(Q) onto C(S H A) , which is the identity on 

C(SIIh(A)). Then (I) implies (3) (whence C(Q) is complemented in C(S)) and (2) implies (3). 

(3) implies (I) providing A and h(A) are normally embedded in S and h is a homeomorphism. 

(Received October 30, 1974.)(Author introduced by Tsu-Chih WU) 
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75T-B32 MOHAt~ED ASDEL-HAMEED, University of North Carol ina, Charlotte, 28223 and 
F. PROSCHAN, Florida State University, Tallahassee, 32306, Total Positivi.!Y_ 
Properties of Generating Functions 

In this paper, we strengthen results obtained in Keilson (1972), Annals of Mathemat-i-cal 

statistics 43, 1702-1708. Our main result is: Let P (z) 
0 

y p.zi be the generating 
l,::o 1 

function of the sequence fp.} , with 
1 i=o 

real for i = 0 , l , ---, N- l , PN 0, and pi 

for i = N + 1 , N + 2,... . be defined by P0(z + t) = I p.(t)zi. 
i=o 1 

Then (a) 

* there exists a smallest nonnegative value tr such that has the sign reverse 

rule property of order r (RRr) in i,j = 0,1,2, ... (see Karlin, 1968, Total Positivity, 

Vol. 1, p. 12, Stanford University Press) for r = l ,2, ... ; (b) pi+j(t) is RRr in 

* * * i,j = 0,1,2, ... for each fixed t ::._ tr, r = 1,2, ... ; and (c) t 1 .:.:_ t 2 

(Received October 30, 1974.) 

Applied Mathematics 

0 

*75T-C1 LOKENATH DEBNATH, East Carolina University, Greenville, ~orth Carolina 27834. 
Asymptotic Analysis of the Unsteady Hydromagnetic Boundary Layer Flow. Prelimi
nary Report. 

This paper presents an asymptotic analysis of the unsteady hydromagnetic boundary layer flow 

generated in a semi-infinite expanse of an incompressible electrically conducting viscous 

rotating fluid bounded by a non-conducting infinite rigid disk in the presence of an external 

magnetic field. The effect of the pressure gradient is included in this paper and the solu

tion is calculated asymptotically for small and large times. It is shown that the initial 

motion for small times consists of the two distinct boundary layers which remain unaffected 

by the external. magnetic field and rotation. It is also shown that the ultimate steady-state 

boundary layer flow is established through the propagation of diffused hydromagnetic waves 

and the inertial oscillations which decay eventually within the ultimate steady-state boundary 

layers. The effects of the external magnetic field and rotation on the unsteady flow are 

also examined. (Received September 23, 1974.) 

*75T-C2 GAIL~~ CARPENTER,_ Hassachusetts Institute of Technology, 
Cambrluge, Massacnusetts 02139 
Traveling Wave Solutions of Nerve Impulse Equations 

Isolating block techniques give sufficient conditions for the existence of 

homoclinic, heteroclinic, and periodic solutions of first order autonomous 

systems. These results prove the existence of homoclinic (single--impulse 

wave train), heteroclinic, and periodic traveling wave solutions of the 

Nagumo equation. In addition, they prove the existence of homoclinic 

solutions of the Hodgkin-Huxley equations which are wave trains of any length 

~ 1; and of periodic solutions when 'n >> 'h or 'h >> 'n 

(Received September 27, 1974.) 
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*75T-C3 il.>-i. CHAiiLA, lndian Institute of Technology, Hauz Khas, New Delhi-29, India. 
r.m<l T.R. RA!.'!AKRL>IIUAN, Indian Institute of Technology, Ha.uz Kha.s, New Delhi-
29, India. numerical ev;:,luation of Cauchy principal value integrals, 

A systematic development of quadrature formulas for Cauchy principal value integrals 
is given using the method of subtracting out the singularity; a. known quadrature formula. 

(for the proper integral) is modified for the evaluation of the Cauchy principal value 

integral. Several particular modified quadrature formulas are discussed for Cauchy 

principal value integrals with finite and infinite ranges of integration, and those for 

pcrioiic functions. The results of various previous papers, derived through special 

techniques, come out as particular cases of our modified formulas. 

(Received October 2, 1974.) (Authors introduced by Dr. S.K. Ba.jpa.i) 

J. M. Bownds, University of Arizona, Tucson, Arizona R5721 and J. M. r.ushing, 
University of Arizona, Tucson, Arizona R5721. On the behavior of ~elutions of 
predator-~ equations with hereditary ~· Preliminary renort. 

Some global propertie~ of solutions of the classical integrodifferential systems 
introduced hy Volterra in his study of two species predator-prey populations are studied. 
It is shown for large logistic loads that the predator goes to extinction and the prey 
tends to its carrying capacity. By use of a nonlinear approximation it is shown that for 
smaller logistic loads a "critical point" is asymptotically stahle while for sufficiently 
small logistic loads this point is.unstable. These cases are demonRtrated numerically 
for the original integrodifferential system u~ing parameters which were computed on the 
basis of experimental data of S. Utida for Be~n Weevil vs. Braconid Wasp interactions. 
Moreover, numerical solutions suggest further varied behavior of solutions of this system. 
(Received October 7, 1974.) 

75T-C5 R. S. FALK, Rutgers Univ.,New Brunswick, N.J. 05903; J. T. KING, 
Univ. of Cincinnati, Cincinnati, Ohio 45221. An Analysis of the 
Penalty ~e~p~ft~nd Extr~~tion for the Stationary Stokes Equations. 

A major difficulty in the finite element method for approx-

imating the solution of stationary Stokes equations is the treatment of the 

incompressibility condition di v v = 0. In this paper we use a penalty method 

approach to eliminate this difficulty. In addition we show how extrapolation 

can be used to compute higher order accurate solutions using matrices of lower 

condition number than arise in the simple penalty method. This approach is 

motivated by the work of King (Abstract 74T-Cl2, these Notices 21(1974)) and 

relies on a regularity result of Temam (Lecture note H9, University of ~aryland 

(1973)). (Received October 21, 1974.) 

75T-C6 J 1VOLFCHIT7, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 61801 
Signaling over a Gaussian channel with feedback and autoregressive 
noise II 

The author proves the conjecture announced in his previous 

abstract with the same title namely, the unique optimal linear sir~aling 

scheme is shown to be optir:1al among all signaling schemes whether linear 

or not Thus C 0f the orevious abstract is the capacity of the channel. 
(Received October 21, 1974.) 
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*75T-C7 H. K. VERMA, Punjab Agricultural University, lndhiana. India, Deep-bed grain cl!:J:ing-a 

mathematical model. 

Here we consider coupled differential equations given by Crank ("The mathematics of diffusion". 

Oxford Univ. Press, New York) characterising radial moisture and heat diffusion which arise during 

drying spherical porous bodies in deep-bed grain drying systems. Using Laplace transforms, solutions 

of the system have been obtained in a closed form which is valid for both long and short times. The 

problem concerns food-grain storage which is of national and international importance. (Heceived October 

7, 1974.) 

75T-C8 DAVIDS. LA WHENCE, Courant Institute, New York University, New York, New York 

10012. Continuous dilemma games. Preliminary report. 

Continnous versions of Prisoner's Dilemma can be defined as modified pursuit games between [0,1]-

valued real functions. Here we can only indicate a generous response function p1 equal to 

sup0 ::§ T < t(Jicpdt/(t- T) ~ supTcp(t;T). which picks up the history of any partner-strategy ip. secured by 

damping opponent's advantage in terms of p2 = infTcp. which solves some versions by playing p '0 p2 r 

e-kt(p1 - p2), for example. As readers will also see, opponent has nothing better to aim for than 

cooperation in the specialized case where play is governed by choice of initial condition and a team of other 

constant parameters defining p' up to the constraint p E [0,1], linearly in terms of _:!::(P- <;J), or p if p ~ 

cp, We have assumed that noncooperative payoff for p is of the order of $1 
'( -1·>'f 21.;, - - lim T .: 0 (p - cp) ~. for 

(S) -1 >T 2 1. s = (p ;; cp}, or Uim T J 0 p }2 = s2 cooperative payoff when S1 vanishes, for both sides; and ignored time 

lag. (Heceived November 5, 1974.) 

*75T-C9 ALI KYRALA, Arizona State University, Tempe, Arizona 2>5281 

Product of general Lorentz transformations 

The relativistic Thomas precession is based upon a limit of successive Lorentz trans

formations. The product of two general Lorentz transformations is useful in this and other 

problems of relativity. This transformation product may be written dyadically. 

1 L 

with a, p;, v defined by p; c = v f v, "' 
~' ~' :2 and 

f = ~ a (l + ~ · iJ;) 

F = -a '(a p; + ~) + (a 

i -a . (~ ~ + p;) + (~ 

1) (~ v) v 

1) (iJ: v) v 

-a li 

I + (a - l) 

\P:\, ~ \J = iJ:, a 2 ( 1-p; · -p;) = l mutatis mutandis for 

P I+~ a~ iJ: + (~- l) :2:2 + (a- l) v v + (~- l)(a- 1)(:2 · v) v \i 

and :·.aturally contains no restriction on the directions or magnitudes of v and v. 
(Received October 30, 1974.) 
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*75T-D1 

Geometry 

KINETSU ABE, University of Connecticut, Storrs, Connecticut 06268 and 
JOSEPH ERBACHER, University of Connecticut, Storrs, and U. of So. Calif., 1. A, 
~ examples of non-regular contact structures .2:2 Brieskorn manifolds 

In a previous paper, we showed that all Brieskorn manifolds admit non-regular normal 

almost contact structures. See Notices 74T-D19. We announce here that a three dimensional 

Brieskorn manifold admits a non-regular contact structure if its fundamental group is of finite 

order but not cyclic. The proof consists of the following two steps. First, we show that 

every Brieskorn manifold admits a contact structure. This structure is the same as the one 

constructed by S. Sasaki and C-J Hsu. See "On a property of Brieskorn manifold", preprint, 

Next, we show that such a Brieskorn manifold cannot admit a Boothby-Wang fibration (Ann. of 

Math. 68 (1958), pp. 721-734) if its fundamental group satisfies the above conditions. A 

typical example is the Brieskorn manifold B defined by the polynomial f(z0 , z1 , z2) = 
2 3 5 ( ) z0 + z1 + z2 • In this case, the fundamental group is isomorphic to SL 2, z5 • 

(Received September 18, 1974.) 

*75T-D2 VASANT A. UBHAYA, Box 1045, Washington University, St. Louis, Missouri, 63130 
Duality in approximation and conjugate cones in normed linear spaces. 

Let (X, I I· I I) be a real or complex normed linear space and L be a nonempty subset of its 

continuous dual X* such that L/{0*}. Let K={feX: Re(x*(f))~O for all x*eL}. Let cc(L) 

denote the smallest convex cone containing L, co(L), the convex hull of L, S*={x*eX*: 

l[x*II.:SU and St={x*eX*: llx*ll=l}. Let Cl and Cl' denote respectively the weak* and strong 

closure in X*. Theorem 1: For all spaces X, the following conditions (a), (b), (c) are 

equivalent and (d) implies (a). If X is a Hilbert space then all four are equivalent. 

(a) inf II g-f II= sup Re (x* (g)/ II x* II) for all geX-K. (Note that K#X) 
fcK x*eco(L) ,x*#O* 

(I)) S*nCl(cc(L))=Cl(s*ncc(L)) (c) stncl(cc(L))l.Cl(stncc(L)) (d) Cl(cc(L))=Cl'(cc(L)) 

Theorem 2: If X is a Hilbert space and Lis orthonormal in X* then (a), (b), (c), (d) of 

Theorem l hold. Theorem 3: Let X be a normed linear space. Suppose that the equivalent 

conditions (a), (b), (c) hold and, given every x*eco(L) there exist xt, i=l,2, ... ,n inLand 

p._;-0 such that x*=l:~_1 Jl.X~ and lfx*ll=l:~_111.llx~ll, then infllg-fll= sup Re(x*(g)/llx*ll) 
l l- l l. l- l l feK x*eL x*/0* 

for all g<:X-K. (Examples lllustrate results). ' 

(Note: {x*EX*: Re(x*(f))~O for all feK} = Cl(cc(L)) is called the conjugate cone of K.) 

(Received October 24, 1974.) 

*75T-El 

Logic and Foundations 

HARVEY FRIEDMAN, State University of New York at Buffalo, Amherst, New York 14226. 
The Complexity of Explicit- Definitions. 

The Beth definability theorem cannot be refined to provide bounds on the complexity of an 

explicit definition effectively from the given implicit definition, even if the implicit 

definitions are assumed to be universal. There is no bound on the complexity of an explicit 

definition even if the implicit definition is assumed to consist of four universalized 

equations. (Received August 5, 1974.) (Author introduced by Mr. Dallas Webster.) 
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75T-E2 JOHN R. COWLES, The Pennsylvania State University, University Park, Pa. 16802 
Real closed fields, Archimedean fields, and logics extending first order logic, 
Preliminary report. 

(1) L(Q), (2) L(R), (3) L(W) are the logics obtained from first order logic with equality by 

adding respectively (1) the quantifier "There exist infinitely many ... ", (2) the Ramsey 

quantifier (ie. Qxytp means "There exist an infinite set, X, such that for distinct x,y E X, 

tp(x,y) holds."), (3) second order variables and quantifiers for finite sets. Theorem. The 

theory of real closed fields in the logic L(Q) is complete. The proof is by elimination of 

quantifiers. Corollary. Archimedean fields do not form an elementary class in L(Q). Theorem. 

Archimedean fields do form a basic elementary class in the logic L(R) [L(W)]. Corollary. The 

theory of real closed fields is not complete in the logic L(R) [L(W)]. It is well known that 

L(R) and L(W) are extensions of L(Q). The above results show that they are both proper 

extensions of L(Q). (Received September 18, 1974.) 

75T-E3 WILLIAMS FORREST, Mathematics Department, Simon Fraser University, 
Burnaby, B. C. V5A 1S6. he_ Definability Result for Strongly Minimal Sets 

Let T be a first order theory and 1)1 a model of T . Suppose 

that lj!(v0 ) t: L('li) is strongly minimal. If ~\ < 'll then there is '~l (v0 ) t: L0-!1) such 

that lj!(9l) n 'll1 = l)J1 (q~). (Received September 23, 1974.) 

75T-E4 SAHARON SHELAH, The Hebrew University, Jerusalem, Israel. Various 

results in mathematical logic 

Th. 1: If A is singular, D a A -good filter then D is A~ good. 

Th. 2: In Keisler's ordering of theories, the theory of any infinite 

ordering is maximal (see Keisler, J. Symb. Logic 32 (1967) 23-46). 

Th. 3: Let L be a finite language, with only one one-place function and 

any predicates. Then we can effectively decide whether a sentence of the 
form (~z) ~x):iiyqJ (cp quantifier free) has an infinite model [a finite 

model]. 

Th. 4: For a countable model M the following are equivalent (A) The 

number of (M,P) (P c jMj) up to isomorphism is < 2~0 (B) The number 

of (M, P) (P ~ jMj) up to isomorphism is ~0 (C) M is a reduct of a 

definable expansion of N0 + ~ N, where N0 , N are finite. 
n 

Th. 5: There is an ordered set I, III = ~l' so that I 2 is the union of 

~0 chains (in the natural partial order) 

Th. 6: For singular A, any A - free algebra is A+ - free, and any A+ 

free algebra is Lao, A - equivalent to a free one (Received October 4, 1974.) 

75T-E5 STEVEN GARAVAGLIA, Yale University, New Haven, Connecticut 06520. Two results in 

nonstandard analysis. Preliminary report. 

(1) Let R be the ring of integers, and let *R be an ultrapower of R with respect to an w

incomplete ultrafilter on an infinite index set. Then there is a compact Hausdorff space X such that the 
v ~ 

Cech homology group H0(X, *R) is not isomorphic to the McCord homology group H0(X, *R). (2) Let 

p(z) be an internal polynomial of finite rank s in some enlargement *C of the complex plane. Let g(z) 

be an internal univalent eonformal mapping such that p(g(z)) is defined and finite for all finite z in *C. 

Then there are standard complex numbers a1, ... , as and a standard pol~·nomial f(z1, ... , zs_, 1) such 

that 0 (p(g(z))) c f(eal z, ... , easz. z) for all standard complex numbers z. (Received October 29, 1974.) 
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75T-E6 WILLIAM J. LENIHAN, University of Calgary, Calgary, Alberta, Canada. The ordered 

reachability problem is unsolvable. Preliminary report. 

Let I, N be the set of integers, nonnegative integers respectively. Definition. (1) W = (w./1 ;§ i ;§ 
1 

m & w. E= In & mEw & it= w} is an ordered n-vector addition system. (2) If a= (a1, ... , a ) we say 
1 n 

that a"" 0 if and only if ai"" 0 for all i,1 ;§ i"' n. (3) Given ao E Nn let ~+1 = ak + w* where W* is 

the first w i E W such that \ + w i"" 0. (4) The reachability set for the ordered vector addition system, 

W, starting at a, is R~ = (\/k E w}. (5) The orde_::ed reachability problem is the question of deciding 

for a given (a, W) and x E Nn. whether or not x E R~. theorem. The ordered reachability problem is 

recursively unsolvable. That is, there exist systems (a, W) such that there is no algorithm to decide 

whether, given xEif,x is in R~. (Received0ctober23,1974.) 

75T-E7 BARRY E. JACOBS, Courant Institute, New York University, New York, New York 10012. 

a-complexity classes. 

For a ~1 admissible, ifP is an a-complexity measure and Ct is the a-complexity class bounded 

by t. A set of functions {ff} which can be a-recursively enumerated and for which we can a-recursively 

decide for all ( ,/3 and y whether f( (/3) = y is called an a-measured set. Theorem 1 (a- Union 

Theorem). Let [f£/£ <a} be an a-recursively enumerable set of a-recursive functions such that for each 

E and {3, f£ (/3) > fT(/3) for T < C Then there exists an a-recursive function t(/3) such that Ct = UCf • 

Theorem 2 (a-Naming Theorem). For each a-measure ifJa there exists an a-measured set naming( 

every a-complexity class. These results are proved using methods like those of Sacks and Simpson for 

the a-Post problem (Ann. Math. Logic 4, 343-367). (Received October 30, 1974.) 

*75T-E8 Robert w. Button, carnegie-Mellon University, Pittsburgh, Pa., 15213 
1.r-Filters .sJ.1!i J-Filters. 

X Let 1.r c 2 be non-empty and closed under finite intersections. A 1.r-filter 

~ on the space X is a non-empty subset of 1.r such that: (i) if G,HE~, then 

GnHE~, and (ii) if GEJ and G S H for some HE1.r, then HE~. A cl-filter is 

defined in the same way except that ;:r is required to be closed under finite 

unions as well as intersections. 

In this paper we extend the non-standard theory of lf-filters and 

J-filters, characterizing tr-ultrafilters, prime J-filters, examining nuclei 

of tr-filters, etc. (Received October 30, 1974.) 

75T-E9 ROBERT I. SOARE, University of illinois, Chicago, illinois 60680. Incomplete recursively 

enumerable sets. 

One of the fundamental open questions of recursive function theory is to determine the relationship 

between the structure of an r. e. set and its degree. (See our "Automorphisms of the lattice of recursively 

enumerable sets," Bull. Amer. Math. Soc. 80(1974), 53-58.) The following result constitutes a further 

step in this general program. Theorem. For any r. e. set A and nonrecursive r. e. set C there is an 

automorphism cp of the lattice of r. e. sets rS such that C 'f; T ifJ(A). Corollary 1 (Sacks). There exists 

an incomplete maximal set. Corollary 2. No property of r. e. sets which guarantees completeness (such 

as creativeness or effective simplicity) is invariant under automorphisms of rS. The proof combines our 
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automorphism machinery with a variation of the Sacks "infinite-injury" priority method, where we must 

use a series of finite-injury priority arguments within the main infinite-injury argument. This insures 

that for each e E w the set I of "injuries" to the negative requirement N :{e}<I>(A) f C is large enough e · e 
to accommodate the .opposing positive requirements, but small enough to satisfy Ne. (Received October 30, 

1974.) 

*75T-E10 A. H. BRADY, University of Nevada, System Computing Center, Reno, Nevada 89507. The 

solution to Rado•s "Busy Beaver Game" is now decided for k = 4. Preliminary report. 

The well-defined but noncomputable functions ~(k) and S(k) defined by T. Rado (Bell System Tech. 

J., May 1962) as the "score" and "shift number" for the "Busy Beaver Game" have heretofore been known 

only for k ~ 3 (Lin and Rado, JACM 12, April1965). The largest known lower bounds yielding the 

relations ~(4) ~ 13 and 8(4) ~ 106 were discovered by this author (these cNoticeiJ 12, June 1965, p.476), 

and it was conjectured on the basis of significant progress toward a solution for k = 4 that ~(4) = 13 and 

8(4) = 106 (Brady, IEEE Trans. EC-15, October 1966). The blank tape halting problems for there

maining subset consisting of 5, 820 4-state Turing machines were submitted for decision to a set of 

computer programs which searched for observed general patterns of behavior to which explicitly mechanized 

inductive proofs could be applied. A final remaining 218 cases not decided by the computer were decided 

by direct examination. The key to the computerized technique used was the treatment of each machine 

and its tape as a representation of a growing chain of self-replicating cellular automata. It is now proved 

that ~(4) = 13 and S(4) = 106 (or 107 counting the "halt"). (Received October 21, 1974.) 

*75T-Fl 

Statistics and Probability 
TEPPER GILL and A.T. BHARUCHA-REID, Wayne State University, Detroit, Michigan 
48202. Tensor products of contraction semigroups associated with some Markov 
processes. 

In this paper results on the tensor products of contraction semigroups on Hilbert spaces (Gill 

and Bharucha-Reid, Notices Amer. Math. Soc. 20 (1973), A-581) are applied in the operator 

theory of Markov processes. In particular, we study the tensor products of contraction semi-

groups on t 2 associated with Markov processes with denumerable state spaces, and on H2 asso

ciated with certain branching processes. (Received October 22, 1974.) 

75T-F2 THEODORE E. HARRIS, University of Southern California,Los Angel~s, 
California, 90007. Reciprocal processes II. (Countable case). Preliminary 
Report. --

Notation as in I (these NOTICES August, 1974, A-502) except now Z is the d-dimensional 

integer lattice. Let t7 0 be the generator of an interaction process moving only on a 

finite subset V of Z and affected only by the condition of V. Let ax be t7 0 translated 

~ t7 • Suppose t7 has a reciprocal. Then a determines a process 
X 

to x, a 
X E Z 

s t having a reciprocal s~'' where 

P., { st n 11 = ¢} = ~~' { st n ~ ¢ } 

ir Is 1 or !11 I < .a> •• 
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Assume: (a) sup P {s nsf¢} <1, t>O, n=1,2, ••• , and (b)P{stnxtq,} >0, 
IS I = n Z t E: 

t > 0, X € Z, s I¢. has the form Then every invariant probability measure for {sj 

c e [0,1], where v = weak lim P(t, Z, • ). fl = (1-c) 6¢ + c v for some 

(Received October 29, 1974.) 
t~oo 

Topology 

*75T-G1 JAMES R. BOONE, Texas A&M University, Coll~ge Station, Texas 77843. 
On the Cardinality Relationships Between Discrete Collections and Open Covers 

This paper unifies and extends various theorems which deal with the relationship 

between the cardinality of discrete collections and the cardinality of open coverings. For 

this purpose, the class of spaces which are irreducible of order a is defined. This class 

includes the 68-refinable and the [a,oo)-refinab1e spaces. Some examples of applications 

of this class are: a space is [a,oo)-compact if and only if it is irreducible of order a 

and has the a-BW property and if X is irreducible of order /:;(X), + then b(X) ~ L(X) ~b(X) , 

The open ordinal space [O,n) serves as a model to generate examples of spaces which are 

irreducible of order a but not irreducible of order e. if e > a. 

(Received September 3, 1974.) 

*75T-G2 ROBERT CONNELLY, CORNELL UNIVERSI1Y, ITHACA, NEW YORK, 14850, AN ATTACK 
ON RIGIDI1Y a II. PRELIMINARY REPORT. 

This is a continuation of Part I where we have set up the notation and defined the funda
mental equations for our attack on rigidity. We show the following: Theorem: If a poly

hedral suspension is embedded in R3, then it is rigid. This is the first non-trivial 

example, that we know of, where all eiDbeddings of a surface are shown to be rigid. 

Previously the surfaces were assumed, usually, to be convex. 

First we define the notion of generalized volume, which assigns to any orientable poly

hedral surface mapped into R3 a number which is the volume enclosed by the surface when 

it is embedded. The idea then is to show that if the polyhedral suspension flexes, then 

it is not an embedding near the suspension points for a trivial kind of flexing, or it 

has a generalized volume of zero for a non-trivial kind of flexing, and thus it is not 

embedded in either case. It turns out that the generalized volume is easily defined in 

terms of variables set up in Part I. 

We then give a fairly detailed description of the structure of a flexible suspension. 

This involves the group operation defined on a non-singular cubic from classical alge

braic geometry, and a flow graph where the flow involves these group elements. 
(Received September 17, 1974.) 

*75T-G3 RONNIE FRED IEVY, Gaa.her Collep, TOifson, Maqland 21201J. A eountable spue 

with no point of .first countabilit71 Prel:lJrd.Dar;r report. 

A topola,ioal space which is not the union of complementur dense subsets is call.et ~ 

reaol'Yable. Theoremo There is a countable, non-reaolTable, extraalq d.isconnected 

Hausdorff space with no point of tir•t countab1lit7• (Received September 20, 1974.) 
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*75T-G4 DOUGLAS E. MILLER, U.C.B., Berkeley, California 94720. The Invariant 

Separation Principle in Topology and Logic. 

Let X be a Polish space, E an equivalence relation on X which is induced by the continuous 

action on X of a non-meager topological group. For any collection r of subsets of X we write 

"invf" to denote the collection of E-invariant members of r. THEOREM l: For each countable 

a > 1, the collection invJ.!~ has the first separation property, i·~·, dis,joint invariant 1!~ 
sets ~be separated E.Y. ~ set belonging to inv~ n invk_~ . Theorem l is a consequence of the 

following sharper result; here "V (r)" denotes the -yth level of the difference hierarchy based 
0 0 y + 

on r "II" denotes U{II : S<<l} and "D" denotes {x : (3y)(yEx & y ED) . Theorem£: For each 
, "tal -s , # o + # + 

a > 1, each y, and each DE V(II0 ) there is a set D E V(invii ) such that -(-D) C D C D ; -- ---- y-cl ----- Y ~, ----
hence invV yC(1) = V y( invjl~1 ) and invk ~ = U{V y( inv..!J~)) : y < w1} • For a = 2, theorems l and 2 

hold under the weaker hypothesis that E is any equivalence such that the canonical map X~ X/E 

is an open or closed map. Our proof uses techniques introduced by R. Vaught in "A Borel 

Invariantization", AMS Bulletin 79(l973)p.l292. Applying his 3.2 we obtain results in model 

theory (We have learned that 3(a) is an unpublished result of G. Reyes.): THEOREM~: For each 

a > 1, (a) The collection of l!'~ classes of models (cf. Vaught) has the first separation 

property and 6' 0 = U{ V(II' 0 ): y< w1}, (b) If X is a logic space then for each y,m,n, - - --- -a y-(a) ---- ------
invV (U 0 ) = V (l!' 0 ) and V (lf) n L = V ( {1°). (Received October 29, 1974.) 

y ~~ y (Ci.l -- m n llW m n 

*75T-G5 O.T.ALAS,C.A.E.C.E.,Calle Belgrano 22ll,Buenos Aires,Argentine. 
Three theor~~'?~igma-:-~~XP~':!~:1:.~ _s_pa~.Preliminary report. 

Let E be a Hausdorff space and m be an infinite cardinal number.Definition. 

E is compact-m-expandable (sigma-m-expandable) if foe every locally finite 

family of compact (respectively, closed sigma compact) subsets o= E, (Fi)iE I' 

with III~ m ,there is a locally finite family of open subsets of E, (l\)iE.I 

such that Fi CUi ,for every iEI .Theorem.If E is countahly paracompact or 

sigma-m-normal, and co:npact-m-expandable, then it is sigms.-m·-expandable.Pro-

blem: Are s igma-m-normali ty ( respectively, sigma-m-expandabili ty) and Gompac t--

m-normality (respectively,compact-m-expandability)equivalent notions? 

(Received October 30, 1974.) 

*75T-G6 IRAN. ROSENHOLTZ, University of Wyoming, Laramie, Wyoming 
Mor>e evidence of ~ conspiracy among fixed point theorems, 

82071. 

When we last left John and Martha, they had just learned of a conspiracy between 

contractions and local contractions: namely, that on compact, connected metric spaces 

local contractions are actually contractions after a change of metric. Apparently, the 

cancer is more widespread than had been suspected. It now seems that similar collusion 

exists between contractive and locally contractive maps. Furthermore, the techniques 

of the proof have uncovered a new fact in the case: that open locally expansive maps 

defined on compact, connected metric spaces have fixed points. Details must be 

withheld for now, for reasons covered by the "national security" blanket. 

(Received September 30, 1974.) 
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*75T-G7 R.F. DICK1.fAN, Jh., Virginia Polytec.hnic Institute, Blacksburg, 
Virginia 24061 and J.B. POP~ER, University of Kansas, Lawrence, Kansas 66045. 
9-closed Subsets of Hausdorff Spaces. 

A subset is 9-closed in a space if each point in the complement of the subset ha.s a 

closed neighborhood disjoint from the subset. Let X be a Hausdorff epace, A~ X, crX 

the Fomin H-closed extension of X, and EX the absolute of X with the associated 

irreducible, 9-continuous, perfect surjection 1r: EX-+ X. Theorem. The following are 

equivalent: (1) 1f-1(A) is compact, (2) A is 9-closed in some H-cJ.osed extension of X, 

and (3) A is 9-closed in every H-clcsed extension.of X. Theorem. E(crX) = cr(EX) if and 

only if the subset of non-isolated points of X is 9-closed in crX. Theorem. An H-clcsed 

space is not the countable union of 9-closed nowhere dense subsets. Theorem. 1mrtin1 s 

Axiom is equivalent to every H-closed space with the countable chain condition is not the 

union of less than c ( = cardinality of real numbers) 9-closednowhere dense subsets. 

Theorem. X has the property that every continuous function from X to a Hausdorff 

space is closed if and only if X has the property that every 9-continuous function from 

X to a Hausdorff space is closed. (Received October 7, 1974.) 

*75T-G8 CLARK, GOTTLIEB, LEACH, & ROSENHOLTZ, U~iv. of Wyoming, Laramie, 82071. 
An unholey version of~ irrationals. 

The "Sorgenfrey line" or "E1-bad" or the "half-open interval space" is the 

top!llogical space having the real line as underlying set and having the collection 

of all half-open intervals, {[a,b)l a,b reals}, as a basis for the topology. 

A natural modification of this space is gotten by again taking the real line for 

underlying set but this time letting the collection of all half-open intervals 

having rational endpoints, {[a,b)l a,b rational}, be the basis for the topology. 

Perhaps this space should be called "E1-not-so-bad". It turns out that "E1-not-so-bad" 

is homeomorphic to the irrationals (with the usual topology), and so we have a 

nice picture of the irrationals having no "holes". Furthermore, there is a metric 

for "E1-not-so-bad" so that the metric balls are all half-open intervals with 

rational endpoints. (Received October 17, 1974.) 

*75T-G9 PHILIP BACON, University of Florida, Gainesville, Florida 32611. 

Continuous functors. 

The concepts of continuity and Cech continuity for functors on the homotopy 

category of topological spaces are so defined as to be equivalent, thereby 

extending a theorem already known for the homotopy category of compact 

Hausdorff spaces. Every paracompact Hausdorff space is an inverse limit of 

polyhedra. (Received October 21, 1974.) 

*75T-G10 ROBERT C. HOOPER, University of Nevada, Reno 89507 
Locally compact subgroups of topological groups 

Let G be the quotient group of the Banach space c0 modulo the subgroup of all 

integer sequences. If H is a non-trivial, closed subgroup of G, then H has a non-trivial 

subgro\lp which is either torsion or is infinite cyclic and discrete. 

Let { un} :l be the standard basis for the Banach space J!1 and let vn = ~ un. Define 

A to be the closed subgroup of l~ generated by the vn. Let D be the subgroup of the 
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quotient group . t 1 I A consisting of those elements which are images under the quotient map 

oo m 
of elements of the form L __ n_ v with the m integers and m +l = m (mod Zn). 

n=l zn n n n n 
It is 

proved that D is closed and the only locally compact subgroup of D is the identity sub

group. 

It is still not known if E is a separable Banach space, K a discrete subgroup of E, 

and H a non-trivial, closed subgroup of E/K, whether H must have a non-trivial locally 

compact subgroup. (Received October 21, 1974.) 

74T-Gll ZVONKO T. CERIN, Louisiana State University, Baton Rouge, Louisiana 70803. Cellular 

approximations in the topology of manifolds. 

If X, Y are compact metric spaces and E > 0, let CE(X, Y) [CEE(X, Y)] denote the set of all maps 

f from X onto Y such that the preimage under f of each point in Y has trivial shape [and diameter 

less then E]. X is CE-Y-like if for every E > 0, CEE(X, Y) is nonempty. Theorem 1. Let Y be a 

compact n-manifold ( n cl 4) or a compact Q-manifold (i.e., locally homeomorphic to an open subset of 

the Hilbert cube Q). Then every CE-Y-like compactum X such that CE(Y,X) cl ~ is homeomorphic to 

Y. A number of applications especially in connection with the problem of identifying Hilbert cube factors 

and Hilbert cube manifold factors include Theorem 2. Let X X Y be a compact Q-manifold with Y 

contractible. Then X X Q is homeomorphic to X X Y. (Received October 23, 1974.) 

75T-G12 KENNETH A. PERKO, JR., One Chase Manhattan Plaza, New York, 
New York 10005. Remark on 2-bridged knots. 

The dihedral linkino numbers of a knot with two bridges [Knotentheorie, 

III, §15] can be easily reckoned froM its normal form («,~) as follows: 

:!:or (i)O, each v~ = 2(-l)j where j« .( i(l .( (j+l)ot. Cf. these Notices 

20 (1973), 11.-598, and 21 (1974), A-327. (Received October 23, 1974.) 

*75T-G13 S. Braverman, Dept. of Mathematics University of Manitoba, Winnipeg, Man., "The 
structure of continuous (0,1}-valued functions on a products space" Preliminary 
Report. 

All spaces are assumed to be completely regular and Hausdorff. Let ( 0 .• 1} denote 

the two point discrete space. A continuous [0,1} - valued function on a product space 

X X Y is called finitely decomposable if there exist finite decompositions (Ai}i ~ 1 
and [Bj} j : 1 of X and Y respectively into clopen sets such that f is constant on 

each set of the form Ai X Bj 

Theorem 1. A continuous [0,1} - valued function on X X Y admits a continuous ex

tension to pX X pY iff f is finitely decomposable, A space X is 0 - dimensional if it 

has a base of clopen sets. In the sense of Mrowka's E- compactness (Acta Mathematica 

120(1968, 161-185), let p0 X denote the [0,1} - compactification of a 0-dimensional space. 

Theorem 2. A continuous [0,1} - valued function or a 0-dimensional space X X Y 

admits a continuous extension to p0 X X p 0 Y iff f is finitely decomposable. 

Theorem 3. Every continuous [0,1} - valued function on a a-dimensional space X X Y 

is finitely decomposable iff X X Y is pseudocompact. (Received October 24, 1974.) 
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*75T-Gl4 WILLIAM G FLEISSNER, McGill University, Montreal, Quebec, Canada. 

A Collectionwise Hausdorff, not Collectionwise Normal Moore Space. 

Under an assumption that is a consequence of V = L, and consistent 

with MA +notCH, there is a collectionwise Hausdorff, not collectionwise normal Moore 

space; Assuming MA + not CH, this space is normal, assuming V = L, it is not. 

(Received October 25, 1974.) (Author introduced by M. Makkai.) 

75T-Gl5 Donald M. Davis, Lehigh University, Bethlehem, Pa. 18015 and 
R. James Milgram, Stanford University, Stanford, Calif. 94305 
Correction to "Symmetries and Operations in Homotopy Theory" 

If hi represents an infinite cycle in the Adams spectral sequence, 
let e. denote a corresponding element in the stable homotopy of spheres. 

~ 

In [R. J. Milgram, Proc. Symp. Pure Math., 22, 1971, 203-210] it was 

announced that if ei exists, 2ei = 0, and ei = 0, then ei+2 exists. 
This would impiy the existence of e6 and henc.e of a framed 126-manifold 
of Kervaire invariant 1. 

Davis discovered a difficulty in the proof of this theorem, so that 
~,,e know of no proof of the existence of e6 • H*(Rr4 (Xn); Z!: 2) has more 
classes than indicated in the proof of ~eorem 6.2, and there is no element 
a fi ..-*(Y) having non-trivial Hurewicz image for which T*(a) could 

possibly be Bi+2• (Received October 30, 1974.) 

718-A2 

The November Meeting in Los Angeles, California 
November 23, 197 4 

WALTER DEUBER, University of California, Los Angeles, California 90024 
Partition theorems for Abelian groups 

Let A be a finite matrix with integral entries and G be an Abelian group. 

Define A to be partition regular in G if for every partition of G\ [o} into 

finitely many classes there exist elements x1 , ... ,xm contained in one class such that 

Theorem: A is partition regular in G iff at least one of the 

following statements holds. (i) 

(ii) A is partition regular in 

There is x E G\ [o} 
~0 

Zl (p prime) and 
p 

such that 
~ 

Zl O c G. 
p 

T A(x, ... ,x) = 0. 

(iii) A is partition 

regular in Zl and the set of orders of elements in G is unbounded. 
(Received November 29, 1974.) 
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*720-00-1 

The January Meeting in Washington, D. C. 
January 21-26, 1975 

00 General 

PRESTON C. HAMMER, Grand Valley State Colleges, Allendale, 
Michigan 49401. Identities. Preliminary report. 

There can be no use of language without use of identifications. There 

has been global abuse of identities in mathematics. This abuse seems to derive 

from the confusion between objects and verbs in sentences revealed in the use 

of "transformation" rather than "transformer" as a synonym for function. In 

this paper there is presented a case study of this particular form of 

aberration and its possible effects. This is part of an extensive study of 

language usage in mathematics. (Received October 21, 1974.) 

*720-02-1 

02 Logic and Foundations 

GEORGE METAKIDES, University of Rochester, Rochester, New York 14627 and 
ANIL NERODE, Cornell University, Ithaca, New York 14850. Nonextendible 
bases and maximal vector spaces. Preliminary report. 

We investigate the effective content of constructions from linear algebra as 

part of an investigation of recursively enumerable substructures of recursively pre

sented models. Let U be a recursively presented UJ-dimensional vector space over a 

recursive field, let I 0 ,I1 ,... be an effe~tive list of all r.e. independent subsets 

of U, and let Vn be the subspace that In spans. An independent set I is 

nanextendible if for all n, In~ I implies In - I is finite. 

THEOREM~ There exists an n such that In is infinite, U mod (Vn) is infinite 

dimensional, and In is nonextendible. 

DEFINITION; A subspace V of U is maximal if V is r.e. and infinite dimensional, 

u mod (V) has infinite dimension and Vn:;? V =-> ((dim Vn mod(V) <""' ) 
V(dim U mod (Vn) < 00)). 

THEOREM: Maximal subspaces exist. 

The proofs use priority arguments which mix well with algebraic constructions. 

(Received July 1, 1974.) 

*720-02-2 T.G. MCLAUGHLIN, Texas Tech University, Lubbock, Texas, 79409 
Simultaneous ernheddings into special subclasses of AZR" 

E. Ellentuck has defined an infinite retraceable set a to be meager 

in case (1fe) [a.;;; dom(qe) ~> (:B:m) (1fn > m) [pa(n) > qe(pa(n-1)]]; here 

Pa is the order-of-magnitude enumeration function for a, and qe is 

the e-th partial recursive function. He showed (Pacific J. Math., 42 

(1972), 629-638, ~~47, #3157) that arbitrary countable posets can he 

embedded into special classes of regressive isols ordered by < (isolic 
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predecessor), by 5:._1!.' or by <A. He obtain, by procedures not unrelated 

to his, the following result on "simultaneous ernbeddina." Theorem. 

Let a be an r.e. degree such that ~! = 0~, and let 1!.1R~ d8note t~e 
class of co-simple isols I such that ('iB E I) [B is a meager retraceable 

set of degree ~]. Then there is a subclass a of !!.~ such that: if 0 
ZRM 

is an arbitrarily given countable poset then there exists an embedding 

of Q into a, simultaneously with respect to the three orderings 

::._, 5:._1!.' <!!.. Moreover, it can be required that every finite sum of 

elements of a be a regressive isol. (Received September 30, 1974.) 

*720-C:~-3 John Baldwin, Illinois at Chicac:;o, 60680, Bruce :iose, U. of Chicae;o, 

6063'(, Stability, lii0-Categoricity and Finiteness Conditions in Rings 
Let R be an associative ring (possibly without unit and non-commutative), 

For ring theoretic usages, see Herstein's: Noncomrnutative rings; for logic, see 
Sh0l,dl, St:t-oiJ.'t,, ::.'J'o; i.:..£...:.12· etc. Annals of Mth. Logic.(l971). Theorem 1. a) A 
semiprime (i.e. no nilpotent ideals) stable ring is Artinian and thus a finite 
direct sum of complete :natriv rings over a division ring. b) If in addition, R 
is commutative then R is a finite direct sum of fields,( b) improves Reineke, 
These Notices Apr. (1973) pg. A340.) Corollary. If R is an infinite semi
prime K0 -cater;orieal rinc tl-lP-n Th(R) has c.' 
cardi.nal ). . Theorem 2. An ~' -categorical rin'" 0 . <> 

models in eve:ry uncountable 

which sat~sfies the a.c.c. (or 
d.c.c) is finite. The class g of N0-categorical rine;s with unit and no nil-
potent elements has been completely described by Macintyre and Rosenstein (un
published). Theorem ). lc~ :~ is K0 -cate-:;o·~_Lcal commutati.ve rinr; with unit 
then J(R) (the Jacobson rad:ical of R) is nilpotent and R/J(R) E ~. Theorem 4. 
(Baldwin and Berman). There .is an K0-categorical, commutative, Jacobson semi
simple ring which does not have an identity. Theorem 5. If R is stable then 
J(R) is nilpot"nt. Hore DrJ:_:ise .teC"ul ts aTe; possible if R is w-stable. 
(Received October 8, 19ciJ~.) 

*720-02-4 STEPHEN D. COMER, Clemson University, Clemson, South Carolina 29631, 
Complete and model-complete theories of monadic algebras. 

Let C consist of all sectional structures r(X,S) where S is a sheaf of 

models of T and X is a Boolean space with no isolated points. A. Macintyre 

[Fund. Math 81(1973), 73-89] gave a sufficient condition for Th(C) to be 

model-complete where T is a theory of rings. Macintyre's result is extended 

and the generalization is applied to theories of monadic algebras. It is 

shown that the class of nontrivial members of each variety of monadic algebras 

has a model companion. These theories are axiomatizable, w-complete, and 

decidable. Examples are also produced to show there are Zw elementary types 

of monadic algebras. (Received October 21, 1974.) 
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720-02-5 LEO HARRINGTON and DAVID GUASPARI, State University of New York at Buffalo, 
Amherst, New York 14226. Definable real numbers, Preliminary report. 

A real is a subset of w . We consider the question: which reals are definable in models 

of (fragments of) set theory? If In is an w- structure for set theory, write "x E ln" for 

"x occurs in In" 

Define, for any sentence ~ of the language of set thoery: Canst(~) = {x\Vtn(ln F~ & 

x E In=> In f~ E L)}; Def(~) = fx\"Vln(ln f~ & x E ln => ~(ln F~ = LVljJ))}; u- Def(~) = {x\:!!1/J 

"Vln(ln F~ & X E ln =>In F~ = LVl/l)}. cl ' the maximum thin 1Ti set, ls defined in [1], [2]. 

Call ~ adequate if: i) ~ r admissible set theory and ii) ~ is true. 
1 

Thm. 1. ~ adequate & provable "' (Canst(~) = C1); ~ adequate -~ (u - Def (~) = {x \{x} E 1Tl}). 

Unlike Canst and u- Def , Def is not so stable. It depends on ~ (since, e.g., 

possibly ~ ~ (Def(ljJ) is countable)) 

adequate\ 

Re3ain invariance by putting DEF = U{Def(~)\~ is 

Thm. 2. DEF = c 1 ~there exists a definable enumeration of the constructible reals; 

DEF = C1 n (~~)L ~ otherwise. 

Some of these are probably known. One was mentioned in [2]. 

[1] Kechris, A. S., "Theory of Countable Analytical Sets" to appear in TAMS. 

[2] Guaspari, D., "The largest constructible 
(Received November 1, 1974.) 

1 
1Tl set", Notices, Aug., 1973, 73T-E83, 

*720-02-6 DR. J.A. MAKOWSKY, Department of Mathematics, Simon Fraser University, 
Burnaby 2, B.C. Canada. Beth's Theorem in ~-logics. 

We define interpolation C(L1 ,L2l, ~-interpolation ~(L1 ,L2 ), Beth, B(L1 ,L2 ) and Weak 

Beth, WB(L1 ,L2) for logics L1 and L2 analogously to [Gregory, Beth definability in 

infinitary languages, JSL 39 No.1, 1974). For ~-logics, see [K.J. Barwise, Axioms for 

abstract model theory, Annals of Math. Logic, 1975). Theorem 1: not WB (Lw ,L00 00). 

1 
Theorem 2: and ~ regular. 

Cl. 
Corollary 3: Neither LI(LQ1) 

nor ~(L00 w) satisfy Beth. This solves problems 6 and 7 in [H. Friedman, 94 problems in math. 

logic, to appear). Corollary 4: ~(L1 ,L2 ) ~ B(L1 ,L2) and WB(L1 ,L2) ~ B(L1 ,L2). As S. Shelah 

observed, B(L1 ,L2) ~ C(L1 ,L2), but the same argument yields B(L1 ,L2) ~ ~(L1 ,L2 l. This 

settles all the possible implications between the definability properties defined above. 

Theorem 5: L00 w does not satisfy Beth even for finite similarity type and no constants. 

This improves [Gregory, l.c. ). (Received October 29, 1974.) 

720-02-7 STEVEN GIVANT, University of California, Berkeley, California 94720. A complete 

representation theorem for varieties categorical in power. 

A A n Let n-ary d and unary p ., 1 ~ i ~ n, be operations defined on A by: 
n n,1 

d!((x1 1' • • · ,x1 n)' • · ·' (xn 1' • .. ,x n)) = (x1 1'x2 2' • .. ,xn n); P! .((x1' .. · ,xn~ = (xi' xi,··· ,xi)· , , , n, , , , , 1 

Foraclass K ofalgebrasput K =(lS::B: 0,~EKAill='=(~dA,pA.) 1 <.s )}. If cr(v1) isatermofthe 
n ""' • n n, 1 =1-n 

language of K let T(o) be the set of terms y(v1, .•. , v ) such that K 1= 'Y(cr, ••• , cr) = cr, and set n m n 

Kn(<r) = ((B,y(l!I)\E T(cr) :I!' E K/ Thus the ')'('!\) (the realization of y into ~)are the polynomial oper-
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ations of \!\ which are idempotent on the range of a(~. Theorem. K is a variety categorical in power 

iff K is polynomially equivalent to one of the following: (i) V n (a) where V is a variety of vector spaces 

over some skew field, n ~ 1, and a is a term of the language of V n; (ii) Sn where S is the variety of 

sets and n ~ 1; (iii) en where C is the variety of "pointed sets" (A, a), a E A, and n ~ 1. F. 

Lawvere observed that when V is the variety of vector spaces over t), then V n is polynomially 

equivalent to the class of modules over the ring of n by n matrices with coefficients in 0. Thus each 

of the examples in (i) has a module interpretation. The theorem completes the partial representation 

announced by the author [Abstract 705-El, these c)/otice0 20(1973), A-461. (Received October 29, 1974.) 

720-02-8 MITSURU YASUHARA, University of Kentucky, Lexington, Kentucky 40506 
The axiom of choice in Church's type theory, Preliminary report. 

Let 'j be Church's theory of types with the axiom of description, as in [Andrews, J. S. L., 

vol. 37 (1972), 385-394]. Call a type propositional if it is composed of o only. Let the 

relation 1 2: 1 among the types be the transitive closure of (al3) 2: a, (al3) 2: 13, and a 2: a; 

when a 2: 13, call a higher than 13. Finally, let (AC)a be the axiom of choice formulated for 

the domain of type a. Theorem l. If a 2: 13, then 'J 1- (AC)a-+ (AC)I3. Conversely, 

Theorem 2. Given a set T of types, none of which is propositional, there is a model 

of ~1 in which (AC) fails if and only if a is higher than a member ofT. [This extends . a 

Theorem-! in the above paper of Andrews.] Also, some conjectures of B'uchi in J. S. L., 

vol. 18 (1953), 125-135, are verified. For instance, Zorn's lemma formulated at the type 

a does not imply (AC)a. (Received November 4, 1974.) 

·*720-02-9 A. R. VOBACH, University of Houston, Houston, Texas 77004. 

The weak topology on logical calculi. 

Let k be the Sierpinski space with {O} open. Let P be an infinite set of 

propositional variables, Prop (P) the propositional calculus on P and Hom(Prop (P),'~) 

its set of realizations in 1L Theorem. The weak topology, 'I\ on Prop (P), induced 

by its realizations in ··p , is the smallest topology for which consequence closed sets 

are closed. Given a first order predicate language L, with F1 and At1 its sets of 

formulas and atomic formulas, respectively, F1 can be given a weak topology, determined 

by the canonical realizations of L, such that (Prop (At1 ), ~W) embeds in F1 . 

(Received November 4, 1974.) 

720-02-10 Robert W. Button, Carnegie-Mellon University, Pittsburgh, Pa. 15213 
V-Filters ~ d-Filters. 

X Let u c 2 be non-empty and closed under finite intersections. A v-filter 

3 on the set X is a non-empty subset of v such that: (i) if G,H€3, then 

GnH€3, and (ii) if G€3 and G s H for some H€V, then H€3. A J-filter is 
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defined in the same way except that J ~ 2X is required to be closed under 

finite unions as well as intersections. 

u-filters and J-filters play an important role in non-standard analysis 

and topology. We extend here the non-standard theory of u-filters and 

J-filters with some very recent results, characterizing u-ultrafilters and prime 

J-filters_, examining nuclei of u-filters, etc.(Received November 4, 1974.) 

*720-02-11 JULIA F. KNIGHT. 1000 West Beaver, State College, Pennsylvania 16801. Types realized 

in all models of power ~2 . 

Let T 0 be either first order Peano arithmetic or the set theory ZF + V = L. There is a type I:, 

in the language of T 0, such that I; is realized in all models of T 0 of power ~2 , but for any consistent 

extension T of T0 (in the same language), I; is omitted in a model of T of power ~1 . The type I; 

says of the variables v1. v2 that neither is definable from the other. In the course of the proof, forcing 

is used to show that if ~1 is a countable model of T which omits I:, then 21 has a proper elementary 

extension which omits I:. The author wonders whether for n ~ 3, there is a type which is realized in all 

models of T of power ~n but is omitted in a model of power ~n-l" In particular, if I:n is the type 

which says that none of the variables v1 .... , v n is definable from the others, is I;n omitted in a model 

of T of power ~n-l? (Received November 6, 1974.) 

720-02-12 FRED HALPERN. Rider College, Trenton, New Jersey 08602. Some second-order transfer 

theorems. 

Let L be a language for group theory with the additional predicate E denoting membership of an 

individual in a (normal) subgroup. L has variables for individuals, subgroups, and normal subgroups and 

permits quantification (lf or :if) of each of these variables. a E L is preserved under substructures 

(homomorphic images) if G t- a implies G• 1- a where G• is a substructure (homomorphic image) of G. 

We provide a class of sentences preserved under substructure (homomorphic image). The preserved 

sentenees arc described in terms of a complicated relation between their prefix and matrix (which we 

hope to simplify). It is somewhat surprising that (normal) subgroup variables may be existentially 

quantified in sentences preserved under subgroup and that x f. H may appear in sentences preserved under 

homomorphic image. The main tool of this investigation is the notion that a(v, w) is preserved under the 

pair of relations (R, S) which is defined as: G 1- a( a, b), aRa•, and bSb• imply G• t- a( a', b•). This notion 

nllows treatment of image and inverse image simultaneously. (Received November 6, 1974.) 

Y720-02-13 GEORGE McNULTY, Dartmouth College, Hanover, New Hampshire 03755. Undecidable 

properties.£_~ finite sets of equations, II. 

A sentence is an equation if it is the universal closure of cp " '!' for some terms cp and '!'. 

A collection G of finite sets of equations is closed under equivalence if ~EG whenever ~ 

is a finite set of equations logically equivalent with some member of G. A set E of equa

tions is a definitional reduct of a set 6 of equations just in case every infinite model of 

E can be expanded to a model of ~ in which all the fundamental operations are polynomials in 

the language of A. Theorem 1. If G is a collection of finite sets of equations such that 

G is non-empty, closed under equivalence, and for every r E G there is a term 1: in which 
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both the variables x and y occur with ri-T ~ x, then G is not recursive. Theorem 2. 

If G is a collection of finite sets of equations in a language with at least two unary 

operation symbols or some operation symbol of rank at least two such that { Y xv [x" v]} £ G , 

G is closed under equivalence, and there is a finite set l: of equations so that li4G 

whenever is a definitional reduct of then G is not recursive. 

(Received November 6, 1974.) 

720-02-14 STANLEY E. HAYES, State l'niYersity of New York. College at New Paltz. New Paltz, New 

~lork 12561. Natural deduction and lattice models of some weak propositional logics. 

Some weak systems of natural deduction for propositional logic are examined. The weakest of them 

generalizes both intuitionist logic and Lukasiewicz logic. A'\:iomatic formulations of these logics arc 

given and their corresponding lattice models are studied. (ReceiYed November 5. 1974.) 

720-02-15 W. RICHARD STARK, The University of Texas, Austin, Texas 78712. A New Compactness 
Theorem for Infinitary Logic. 

A new kind of compactness theorem for LA A .- L,.,c:. (A is a not-necessarily-

countable admissible set) is described which: 1 is a generalization of BandJe's 

compactness theorem for countable admissible sets, 2 for many uncountable A (such 

as the constructable admissible sets) is consistent with ZFC. The theories to which 

it applies are not all of the I~ (A) -theories, but a :len-absolute subset of these 

theories. The non-absoluteness of the definition allows the structure of the universe 

to be taken into consideration. It is this sensitivity to the structure of the universe 

which allows this compactness theorem to be natural in the uncountable case. 

(Received November 6, 197'-·; 

720-02-16 WITHDRAWK 

*720-02-17 DO:\ALD :-.. }1AR.TI:;, The P.ockefeller tnivcrsity, X<=w Y<'rk, ;:.Y. 10021. 
EcrE:!: dcterr::ir~acy. 

For eact s~: X l~t ~ b~ th~ co1l~ction of all infinite sequences 

of elements cf X. G!~e X the discrete topology and, thinking of Xw as a 
product, give x- :h~ prc~uct t~pology. 

perscn garr.e cf p~rf~ct infcrmation G(A) 

II plays x 1 EX, etc. 

For ~:each A c· x'·· defin~ a t"'·o 

as fellows. I plays x 0 EX, 

If A Js Borel, 

either I or II nas "' ~1in:1i:l.g strategy for G(A). IR~ceived Iloveruber 27, 1974.) 
(Author introduced by Professor :·/illiam ~4it-::hell. j 
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720-04-1 

04 Set Theory 

STEVEN GLAZER, University of Kansas, Lawrence, Kansas 66044, The indiscrete 

ultrafilters problem, Preliminary report. 

A collection of k distinct k-complete nonprincipal ultrafilters {Ua: a E k} over meas"urable 

cardinal k is called discrete if there exist A E U for all a E k such that A nAb= f!J for all a, bE k a a a 
with a f b. It is called strongly indiscrete if it is not the union of fewer than k discrete collections, 

We have Theorem 1. There exists a strongly indiscrete collection of Rudin-Frohlik minimal untrafilters 

over w. Theorem 2. If V = L(D) then w is the only cardinal with this property. Theorem 3. If there 

exists a maximal k-independent set of subsets of k, then there is a strongly indiscrete collection of k

complete ultrafilters over k, Theorem 1 has already been shown by Kunen assuming CH. Our 

construction is different and does not assume anything more than ZFC, (Received November 1, 1974,) 

*'720-05-1 

05 Combinatorics 

GARY CHARTKAND, fle•>tern Michigan University, Kalamazoo, Michigan 49001, and 
ALBEkT D~ POLIMENI 'hSUNY1 .Colle12e at Fredonia, Fredonia, New York 14063. 
rtamsey ~ !ill£ c romaoc numt1ers 

Le' x(G) denote the chromatic number of a graph G. For positive integers 

n.1 , ''<:' · · ·, nk (k ~ 1) the chromatic Ramsey number x(n1 , n2 , nk) is defined as 

th<? \.,~s' positive integer p such that for any factorization 

k 
LJ (• x(G.) ~ n. for ill least one i, 1 = ~ k. It is shown that 

(1 i:.1 
"'i' I I 

k 
x( n1' n~, nk) 1 + n (n. - 1). Let a(G) denote the vert.ex~arboricity of a 

i :·:1 
I 

er·);.·h r.;, "cr positive integers n1 , n2 , nk (k ~ 1) the vertex-arboricit.y Ramsey 

n•Jnber a(n 1, n2 , nk) is defined as the least positive integer p such that for any 

fac:: tori zo L. ion t\ 
p 

k 
u G1., a(G.) :Z n. for at. least one i, 

I I 
f: k. It is shown 

k 
+ 2k · TI 

i=1 
(n. -1). 

I (Received October 23, 1974.) 

720-05-2 AVIEZRI S. FRAENKEL and YAACOV YESHA, The Weizmann Institute of 
Science, Rehovot, Israel. Theory of annihilation games. Preliminary 
Report. 

Two players play with m stones placed on distinct vertices um=Cu1 , ... ,urn) 

of a finite digraph. Each player at his turn moves one stone from a vertex u 

to a neighboring vertex v along a directed edge. If there was already a stone 

at v, both stones get annihilated. The player making the last move wins. If 

there is no last move, the game is a tie. Let G denote the generalized Sprague
Grundy function, @,L' Nim-sum. Theorem: G(um)<oo • G(umUvn-umnvn)=G(um)@G(vn). 

Corollary: SupposP. urn js of type k, i.e., G(ui)=oo (l'i'lk), G(ui)<;oo (k.<;il>m). 

m k Then G(u )=G(u )@Li>kG(ui). (Combinatorial games with an annihilation rule, 

!'roc. ;:;ymp. Appl. Math.~' AMS, 1974.) A graph is simple if type(um)>O • 

G(um)=oo. A characterization of simple digraphs is given, yielding a polynomial 

algoY'i Uun for testing simplicity. The theory was applied to the annihilation 
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game on the game-graph of the "Generalized Battle of Numbers" (Constructions ir. 

C'ombinatorial games with cycles, Proc. Intern. Colloq. Infinite & Finite Sets, 

Keszthely, 1973), which is a game with cycles depending on three parameters 

~Jhich control the tie-positions, resulting in a complete strategy for the an

nihilation game. (Received October 25, 1974,) 

~-720-05-3 
.Jo-,:c:pr; Al·k l rc, 197 rnd i~y;,,r:k 'l'urnpike, Spring Valley, New York 10977 
Verner E, Hoc:gatt, Jr,, California State University, San Jose 95114 
Ernst G, Straus, University of California, Los Angeles 90024 
TITLE, Systems of magic Latin k-cubes, 

We uoe a method which starts from two given orthogonal Latin squares of order 

n to construct 4 Latin cubes of order n which are orthogonal by threes, that 

is the superposition of any three cubes yields a cube in which all nJ ordered 

triples occur, Starting with these Latin cubes we can construct examples of 

magic lJ.-digit Latin cubes of certain orders n, that is a superposition of 4 

Latin cubGs so that the sums of the 4-digit numbers in every row, column, file 

and maJor diagonal are the same, As an example the construction of such a cube 

of order 10 is given, There also is a partially magic 4-cube of order 10 where 

thre :3um;J i.n reach of the 4 directions and along 6 of the 8 major diagonals are 

thee ;;arne:, (Received l)ctober 23, 1971>.) 

720-05-4 GERHARD RINGEL, University of California Santa Cruz, 
Santa Cruz, California 95064 ~lap color Theorerr 

P.J. Heawood published a formula for the chromatic number of the orientable 

surfaces of genus f 0 about 85 years ago. However, he neglected to prove it. 

The proof was completed much later by Youngs and the author using combin-

atorial methods. Recently these methods were improved in certain respects. At 

present the proof of the ~1ap Color Theol-dii cultSit<ts o[ a 2-diwensiuual parL 

(surfaces, maps, embedding theorems) and a 1-dimensional one (graph theory and 

combinatorics). The latter has proved the more interesting part. For the 

purposes of this lecture we therefore concentrate on the combinatorial methods 

such as rotations of graphs and current graphs. Moreover the 2-dim part of the 

problem will be reformulated in graph theoretical terms. The Map Color Theorem 

will be developed in a combinatorial way, circumventing the unwieldy embedding 

theory. (Received October 29, 1974.) 

*720-05-5 FRANK R. BERNHART, University of Waterloo, Waterloo, Ontario, NZL 3Gl 
How llot to Prove the Four Color Conjecture 

What makes the four color problem hard? Part of this question can best be answered by 

the analysis of invalid ?roofs. To demonstrate that this is not a waste of time, we 

consider several recent and a few older attempts to prove the four color conjecture, 

including proofs by Kempe, Tait, Thomas, Trent, Shimamoto which are available as 

published literature, and a [.,w oLhEor'nameless1 contenders. 
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In each case the lesson to be learned has more than a "warning" value, as we hope to 

show, hence each of the authors makes a positive contribution to the theory. In sowe cases, we 

can make several suggestions for further research. 

A rough and ready classification of false proofs is as follows: false inference from 

a) Semantics b) Neighborhoods c) Kempe chain structure d) Coloring Algorithms e) Reduction 

operations f) Algebra. (Received October 29, 1974.) 

720-05-6 R.C. READ, University of Waterloo, Ontario, and D.G. CORNElL 
University of Toronto, Ontario, Canada. The Isomorphism Disease. 
Preliminary Report. 

The graph isomorphism problem -- to devise a good algorithm for 
determining if two graphs are isomorphic -- is of considerable practical 
importance. It is also of great theoretical interest due to its 
relationship to the concept of NP-completeness. No efficient (i.e. 
polynomial-bound) algorithm for graph isomorphism is known, and it has been 
conjectured that no such algorithm can exist. Recently many papers on the 
subject have appeared, but progress has been slight. In fact, the 
intractable nature of the problem and the way that many graph theorists have 
been led to devote much time to it, recall those aspects of the four-colour 
~ouje~Lure whi~h prompted Harary to rechristen it the ''four-colour disease". 

This paper surveys the present state of the art of isomorphism testing, 
discusses the relationship to NP-completeness, and indicates some of the 
difficult~es inherent in this particularly elusive and challenging problem. 

(Received October 29, 1974.) 

*720-05-7 H.S.M. COXETER, University of Toronto, Toronto, Ontario MSS lAl. 

Faithful Trivalent Cayley diagrams, Preliminary Report. 

A group H of order g with k given generators has a Cayley diagram 

consisting of a directed graph with g vertices. The edges have k colors, 

one for each generator, coming and going at each vertex. For each generator 

of period 2, the digon formed by 2 oppositely directed edges is conveniently 

collapsed to form a single undirected edge. Let denote the group of the 

ordinary graph derived by disregarding the colors and arrows. H is, of 

course, a subgroup of I , usually a proper subgroup. (For instance, when 

k=l and g>2 , H is cyclic while is dihedral.) M.E. Watkins and 

Roberto Frucht have found several instances in which H , having three 

involutory generators, is the whole of [" . It now appears that there are 

some interesting families of two-generator groups whose Cayley diagrams are 

likewise faithful. For instance, the group 

s 4 = T2 = (ST) 4 = (STS\b (S 2T)c = 1 , 

of order 4(b 2 + c 2 ), has a faithful Cayley diagram whenever b>c>O . 

(Received October 29, 1974.) 

*720-05-8 MICHAEL 0. ALBERTSON, Smith College, Northampton, MA., 01060 and 
JOAN P. HUTCHINSON, Dartmouth College, Hanover, NH 037~S. The 
maximum size of an independent set in a graph. 

Let a(G) be the maximum number of vertices in any independent set of 

G, a simple graph with V vertices, and let !J.(G) = a(G)/V, the independence 

ratio. Let U(n) r!J.(G): G embeds on sn1 and L(n) = [limit points of 

TJ(n)}. It is known that U(O) c (2/9,1] and that U(n) c [1/X,l] where X 

is the chromatic number of S ln>l); Erd8s has con.jectured that 
n -
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Suppose G embeds on S (n>l) and X is the chromatic number of Sn. 
n· - 1 

Theorem 1. If G ~ KX, then ~(G) ~ x-=-1· Theorem 2. If G 4 KX,KX-l 

and n ~ 4, then f.-l(G) > X = 1 . More precise results for the torus have 

been obtained. Theorem 3. L(n) c [1/~,1] for all n. Conjecture. 

T,(nl ·~ L(O) for all n. (Received October 29, 1974.) 

*720-05-9 MAP'l'H1 CEARLES GOLUMBIC, Dept. of Mathematics, Columbia Univ., 
New York, N.Y. Comparability Graphs and a new Matroid 

An undirected graph (V,E) is transitively orientable if each edge 
can be assigned an orientatio~ so,_}hC\t the resulting oriented graph has 
the property that Whenever a]:) 1 bC are Oriented edgeS then .31: iS alSO, 
Such an orientation is a partial orderin~ of the vertices V whose 
comparability relation is precisely E . 

While extenuing the results of past researchers, we discover a new 
matroid structure associated with an undirected qraph, (not just TRO graphs.) 
We characterize this matroid anci give a formula for ihe number of transitive 
orientations of an undirected graph. (Received October 29, 1974.) 

'7:20-05-10 E. MAHMOODIAN, U. of P., Philadelphia, Pa. 19174, On a method 
of ~!.!:_~ck.:h_~.9:._some_ combinatorial problems, Preliminary report. 

A method employed by P. R. Halmos and H. E. Vaughn to prove P. Hall's 

theorem on "representatives of subsets", in Amer. Jour. Math., 72 (1950), 

pp. 214-215 has been found very useful in proving some combinatorial 

theorems involving certain inequalities as necc. and sufficient conditions. 

The application of this method has simplified the proofs of four 

standard theorems of graph theory: 

1) 1-factor theorem of Tutte (1947) 

2) The necc. and suff. condition for the existence of a (0,1)-matrix, 

with given row and column sum (Ryser, Gale 1957) 

3) The necc. and suff. theorem for a graph to have a matching of 

deficiency d (a theorem of Berge 1970) 

4) Erd;s-Galli theorem (1960, The existence of a graph with given 

*720-05-11 

degree sequence). (Received October 29, 1974.) 

VERA PLESS, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
02139. Mathematical Foundations of !nte~~ecte~ {-K Flip-Flops. 

Shift registers composed of simple flip-flops have had many practical applications and an ex-

tensive mathematical basis. We introduce here the study of n-counters which consist of more 

complicated J-K flip-flops whose interconnections are quite general. Although used practically 

for many years no mathematical theory has been developed. This paper sets the foundations for 

such a theory which also appears to be interesting mathematically and potentially useful. 

It is shown that the outputs of an n-counter are determined by its inputs and an easily 

computed matrix M. Also associated with an n-counter is a transformation N which determines 

each output from the preceeding one. The specific form that N can take is determined. N is 

easily computed from M and vice-versa. The graph of an n-counter is defined. An n-counter is 

shown to be cyclic if there is an i so that Ni = I. The group of an n-counter is defined. 

These notions are used to classify all 2-counters and linear 3-counters of a special type. 

(Received October 30, 1974.) 
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*720-05-12 GEORGE K. FRANCIS, University of Illinois, Urbana, Illinois 61801. The combinatorial 

topology of bordered Riemann surfaces. 

By a bordered Riemann surface F we mean a properly interior (=topologically holomorphic) map 

from a compact, connected, oriented surface with regular boundary to the Gaussian sphere whose re

striction oF to the boundary maps to a finite collection of regular closed oriented curves f lying in 

general position in the complement of the critical values(= branchpoints) of F. An assemblage for F is, 

roughly speaking, a cell decomposition of the surface on whose open edges (=1-cells) and sheets 

(=2-cells) F is univalent, hence the critical points are among the vertices. Given the curves f and a 

finite number of points a. in their complement we construct assemblages for all bordered Riemann 
J 

surfaces F with oF= f and branched over the a.. The assemblages, which are represented in terms 
J 

of certain permutation groups, classify the bordered Riemann surfaces up to sense preserving topological 

equivalence. In particular, we obtain simple necessary and sufficient conditions for a plane immersion 

of the boundary of a compact oriented surface to extend to a plane immersion of the entire surface. 

(Received October 29, 1974.) 

7<~0-05-13 MARIANNE LEPP GARDNER, Carleton College, Northfield, Minnesota 55057. 
Brooks' Theorem is True for Hypergraphs. Preliminary report. 

Define a hypergraph H = (X,~) to be a finite set of nodes X and a nonempty family 

~ = (E1, .•• ,En) of subsets of X (called edges). For xEX, define deg x to be the number of 

edges containing the node x. Two edges E. and Ej are quasi-disjoint if E.0E. = {x}. Define 
~ ~ J 

1J!l to be the maximum number of edges containing x which are quasi-disjoint in pairs. Let 

Yitl deg x = n and ~H 1/l(x) = d. Define the chromatic !!_umber of II, y(H), to be the least 

number of colors needed to color the nodes of H so that no edge has all its nodes colored 

one color. It is well-known that y(H) < d + 1. The following two generalizations of Brooks' 

theorem will be presented. Theorem 1. Let H = (X,~,) be a hypergraph. Then y(H) < n + 1 

and equality holds if and only if H is a graph and II is Kn+l (the complete graph on n+l nodes) 

or an odd cycle. This result contains Brooks' theorem. Theorem 2. Let H = (X,~) be a 

hypergraph with y(H) = d + 1. Suppose every node of H with ~(x) = d satisfies 

that if E1 , ••• ,Ed are pairwise quasi-disjoint edges containing x, then U~=l Ei 

Then (1) ~(x) = d for all xEX. (2) H contains Kd+l (d>2) or an odd cycle with 

cardnality two (d = 2) as a subhypergraph. (Received October 31, 1974.) 

the property 

= U E. 
XEE 

edges of 

*720-05-14 R.D. RINGEISEN, Purdue Univ., Ft. Wayne, Ind. 46805; A.T. WHITE, W. Mich. Univ., 
Kalamazoo, Mich. 49001. On Pseudosurface Imbeddings of Graphs. 

LetS be a compact orientable 2-manifold. Let A(i,j), i = l, ... ,t, j = l, ..• ,n(i) be a col-

lection of En(i), i = 1 tot, mutually disjoint sets of points of S, with IA(i,j)l = m(i),i=l, 

... ,t, and l<m(l)<m(2)< ... <m(t). Identify the points of A(i,j), for each i and j. There

sulting topological space is defined to be a pseudosurface,S'. Let g = En(i~(i)-1), i 1 to 

t. Petrolje("I.mbedding Graphs. in PseudosUJ;faces", Thesis, W. ~ich. Uniy.) shows that, if G is 

a graph imbedded on a pseudosurface, S', then F-E+V=2-2y-g, where F,E, and V are the number of 

faces, edges, and vertices of G, andy is the genus of the surface S from which S' was created. 

The psuedocharacteristic, X' (S'), of a pseudosurface S' is defined by x'(S')=2-2y-g. The pseu-
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docharacteristic, ~.of~~~ is the largest integer x'(S') among all pseudosurfaces 

S' in which G has an imbedding. Theorem 1: x'(K(m,n)) = 2-{i(m-2)(n-2)}. Theorem 2: 

x'(Q +K) = n-(n-2)2n-l. The imbeddings given for K(m,n) are, in one-half the cases, more n n 

efficient(in terms of maximizing characteristic) than those possible in the genus situation. 
(Received October 25, 1974.) 

«720-05-15 LINDA LESNIAK, Louisiana State University, Baton Rouge, Louisiana 70803, 
ALBERT D. POLIMENI, SUNY, College at Fredonia, Fredonia, New York 14063 and 
DONALD W. VANDERJAGT, Grand Valley State Colleges, Allendale, Michigan 49401. 
Degree sets and traversability. 

For a graph G, the degree set is the set of degrees of the vertices of G. For a finite, 

nonempty set S of positive integers, if the minimum element of S is at least two, there is a 

hamiltonian graph whose degree set is S; if S contains at most two odd integers, there is a 

traversable graph (a connected graph in which there exists an open trail containing all its 

edges) whose degree set is S. The minimum order of many such graphs is determined. 

(Received October 31, 1974.) 

720-05-16 FRANK ALLAIRE, University of Manitoba, Winnipeg, Hanitoba R3T 2~<2. 
Reducible Configurations for the Four Colour Conjecture, Preliminary Report. 

The classical approach to the 4 CC is through the determination of reducible 

configurations, i.e. configurations that cannot occur in a 5-chromatic graph with a minimum 

number u of vertices. Using these restrictions, a lower bound for N can be determined. 

The current bound is ~l ;, 52 . 

The Heesch algorithm with several enhancements has been implemented on a computer. 

A complete analysis of configurations bounded by a 10-circuit or an 11-circuit has shown 

almost 200 new configurations to be reducible. An improvement on the lower bound for ~ 

is in progress. (ReceiveQ October 24, 1974.) (Author introduced by Professor R.C.Mul1in.) 

R. J. FAUDREE and R. H. SCHELP 1 Memphis State University, ri\emphis, 
Tenn., 38152. A Class of Panconnected Graphs. 

A graph G which is already embedded in a plane is called a plane graph. 
For G a plane graoh V(G), E(G), and F(G) denote the sets of its vert~ 
edCJeS, and faces, respectively. Tvm distinct verti.ces (edges, faces) of G 
are adjacent if they share a common edge (vertex, edqe). A vertex and an 
edge, a vertex and a face, or an edge and a face, are adjacent if they are 
incident (in the obvious sense). The entire <Jraph of G, denoted e (G), is 
the: 9raph with vertex set V (G) l.J E (G) V F (G), with two vertices of e (G) 
adjacent if and onl1 if the:y are adjacent in G. 1\ graph .is panconnected jf 
each pair of vertices is connected hy paths of all lenqths qn~ater than or 
eyllal to thr: di st.ance between thr:: vcrt.icer,, 'rheorem, 1'hc c'ntirc qraph c (G) 
of a bridgeless connected plane granh G is pctnconnccted. 
1T-:r::cr::i 'J"t:::ri 'Jr;tr.)br.:r ':;1, 1:-l(il.) 
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"*720-05-18 E.M. Palmer, Mich. State Univ.; R.W. Robinson, U of Newcastle, New 
South Wales, Australia. Enumeration of self-dual configerations. 

A variety of combinatorial structures are self-dual in the sense that 
opposite elements have opposite properties. We provide a general enumeration 
theorem for these which has a number of interesting applications including the 
enumeration of self-dual boolean functions and 2-colorings of the vertices of 
polyhedra in which opposite vertices have different colors. Our method in
volves a modification of PCilya' s enumeration theorem. (Received October 31, 1974.) 

*720-05-19 MARK PANKIN, Marshall University, Huntington, West Virginia 25701, 
Row Admissible Latin Squares. 

Definition. Two latin squares A = (aik) and B = (bik) based on the same set 

of n elements are called row admissible if and only if for each i,j (1 ~ i, 

j ~ n), there exists a unique k such that aik = bJk" We show that row admis

sibility is equivalent to orthogonality in the following sense: Theorem. 

There exist two row admissible latin squares of order n if and only if there 

exist two orthogonal latin squares of order n. 

The relationship of row admissible squares to finite projective planes is also 

discussed. (Received N:Jvember l, 1974.) 

*720-05-20 CHARLES C. LINDNER, Auburn University, Auburn, Alabama 36830. A partial Steiner 

triple system of order n can be embedded in a Steiner triple system of order 6n + 3. 

A (partial) Steiner triple system (or more simply a triple system) is a pair (S, t) where S is a 

finite set and t is a collection of three element subsets of S (called triples) such that every pair of 

distinct elements of S belong to (at most) exactly one triple of t, The number lsi is called the order 

of the (partial) triple system. The partial triple system (P, p) is said to be embedded in the triple 

system (S, t) provided that P ,;; S and p ,;; t. A well-known theorem of Treash ["The completion of 

finite incomplete Steiner triple systems with applications to loop theory", J. Combinatorial Theory 

10(1971). 259-265] states that a partial triple system of order n can be embedded in a triple system of 
order less than 22n. Not only does Treash•s theorem give a very large containing triple system, but the 

proof is quite complicated (using induction). This paper very much improves Treash•s theorem by proving 

that a partial triple system of order n can be embedded in a triple system of order 6n + 3. An added 

benefit of the construction used is that it is an astonishingly simple direct construction. (Received 

November 1, 1974.) 

*720-05-21 MURRAY HOCHBERG, Brooklyn College, City University of New York, Brooklyn, New 

York 11210. Doubly incomparable s-systems. 

A map f from the first r natural numbers to the power set of a set 0 of cardinality n is called 
an "r-decomposition" if f(i) n f(j) = ¢, i oJ j, and Uf(i) = 0. A set cr of r-decompositions is an "s-system 

of order r" if, for each index i, no two sets in the set [f(i) : f F cr} satisfy an inclusion relation. 

Meshalkin proved that the cardinality of cr cannot exceed the maximum multinomial coefficient. This 
generalizes an earlier result of Sperner, who had studied the case r = 2. We call the set {f(i): f E cr} the 
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''ith column" of the s-system. The s-system is said to be "doubly incomparable" if no two elements in 

the ith column have the same cardinality, i = 1, 2, .•. , r. We prove Theorem. In a doubly incomparable 

s-system with r.;; 3, there are at most n- k r-decompositions, where k is the smallest positive 

integer such that 1 + [n(r-2)]/r :§ k. Many of the lemmas used in proving the above result are also of 

independent interest. (Received November 1, 1974,) 

*720-05-22 Y. EDMUND LIEN, University of Kansas, Lawrence, Kansas 66045. A theorem on 

strongly connected digraphs. Preliminary report. 

An assignment to a directed graph (N,A), where N is the set of nodes and A is the set 

of arcs, is a function 6 from N U A to positive integers such that for each node n, we have 

(n. ,n) in A 
J. 

6 ((n. ,n)) •6 (n.) 
J. J. 

(n,n.) in A 
J 

6((n,n. )) •6 (n.). 
J J 

The main result in this note is the following: A connected directed graph is strongly 

connected if and only if there exists an assignment to the graph. 

(Received November 1, 1974.) (Author introduced by Professor Richard Hetherington) 

720-05-23 L.W. BEINEKE, Purdue University, Fort Wayne, Indiana, 46805 and S. FIORINI, The 
Open University, Milton Keynes, Bucks, England. On The Chromatic Index of Small 
Graphs. 

Let x' (G) denote the chromatic index (edge chromatic number) of graph G, and let p(G) denote 

the maximum vertex degree. A theorem of Vizing states that for a simple graph G, x'(G) equals 

p(G) or p(G) + 1. A graph G is called critical if x'(G) = p(G) + 1 and x'(H) < x'(G) for all 

proper subgraphs H. It has been conjectured that all critical graphs have odd order. The 

truth of this conjecture is shown for all graphs with up to ten vertices. Some structural 

properties on degrees and 1-factors in critical graphs are derived, and all critical graphs 

with fewer than nine vertices are constructed. (Received November 4, 1974.) 

*720-05-24 WILLIAM T. TROTTER, JR. and JOHN I. MOORE, JR., University of South Carolina, 
Columbia, S. C. 29208, The Dimension of Planar Posets, Preliminary Report. 

A partially ordered set (poset) is said to be planar if it has a Hasse diagram in which 

edges do not cross. It is known that a planar poset is a lattice iff it has both a greatest 

element and a least element. The dimension of a poset X is the smallest positive integer n 

for which X is isomorphic to a subposet of Euclidean n-space equipped with the product or

dering. It is also known that the dimension of a planar lattice is at most two. In this 

paper we develop a fundamental theorem on extensions of partial orders. We obtain as corol

laries several well known theorems in the dimension theory of posets. We then use this 

theorem to prove that the dimension of a planar poset which has a greatest element (or least 

element) is at most three. We also produce an infinite family of four dimensional planar 

posets. However, we have not been able to construct planar posets with dimension five or 

greater nor have we been able to bound the dimension of planar posets. 

(Received November 4, 1974.) 
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*720-05-25 WILLIAM T. TROTTER, JR. and JOHN I. MOORE, JR., University of South Carolina, 
Columbia, S. c. 29208, The Dimension of A Tree is at Most Three, Preliminary 
Report. -- -----------

If x and y are distinct points in a finite partially ordered set (poset) X, y is said to 

cover x when x < y in X but there is no point z £ X for which x < z < y in X. The Hasse 

graph G(X) of X is the ordinary graph whose vertex set is X and whose edge set contains all 

two element sets of the form {x,y} where y covers x. In this paper, we call a finite poset 

X a tree if G(X) is a tree in the graph theoretic sense. We then prove that the poset obtain

ed from a tree by attaching a least element is planar and conclude that the dimension of a 
A A 

tree is at most three. We construct four trees J1 , J 2, J 1 , and J 2 each of which has dimension 

three and then prove that a tree has dimension at most two unless it contains one or more of 

these three dimensional trees as subposets. (Received November 4, 1974.) 

720-05-26 PAUL C. KAINEN, Case Western Reserve University, Cleveland, Ohio 44lo6 
Coloring maps via branched coverings. Preliminary report. 

Alpert, Gross, and Tucker have applied the technique of branched covering spaces 

to embeddings of complete graphs and, hence, to the Heawood map-coloring problem (see, 

e.g., Gross and Alpert, The topological theory of current graphs, J. Comb. Th., Ser. 

B., to appear). The following theorems indicate a direct connection between branched 

coverings and coloring. Theorem A. If M is a map on the sphere, then the 2-colorings 

of Mare in 1-1 correspondence with the branched coverings of M(2), the map determined 

by a single vertex and a single loop. Theorem B. If M is a cubic bridgeless map on 

the sphere, then the 3-colorings of M are in 1-1 correspondence with the branched 

coverings of M(3), the map determined by two points and three parallel edges. These 

theorems depend on the appropriate local characterizations of 2-colorable maps and 

:··-colorable cubic maps, and they also use an interesting formulation of colorability 

in terms of digraphs due to Gallai. (Received November 4, 1974.) 

*720-05-27 Michael 0. Albertson, Smith College, Northampton, Mass. 01060 and Joan P. 
Hutchinson, Dartmouth College, Hanover, N. H. 03755. 
The Independence Ratio of a Toroidal Graph. 

Suppose G is a graph with V vertices that embeds on the torus. Let a.(G) be the maxlmum 

number of vertices in any independent set and ~(G) a.(G)/V. Since any toroidal graph can be 

seven colored ~(G) ~ 1/7. Theorem. If G f K7 and V $ 1 (mod5) then ~(G) ~ 1/5. Theorem. 

If V = 5K + 1 then ~(G) ~ K/(5K + 1). There exists a graph J on 11 vertices with the 

properties that J is regular of degree 6} J does not contain K5 , yet ~(J) = 2/11. 

(Received November 4, 1974.) 

*720-05-28 RALPH FAUDREE and RICHARD SCHELP, Hemohis State University, Memphis 
Tennessee 38152. Ramsey Numbers for Linear Forests. 

An (N, j) -linear forest L is the disjoint union of n·ontrivial paths, 

j of which have an odd number of vertices, and such that the union has N 

vertices. If Li is an (Ni, j i)-linear forest (i = 1 ,2), then we show that 

the Ramsey number of L1 and L2 is 

r(L1 ,L2 ) = max {N1 + (N2 - ' )/2 ]2 - 1, N2 + (N1 - j1)/2 - 1}. 
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This establishes the conjecture of S. Burr and J. Roberts g~yen ~n the 

article "On Ramsey Numbers for Linear ~orests" which is in Vol. 8 of Discrete 

Mathematics. (Receiv•:d November 4, 1974.) 

720-05-29 Gene A. Berg, Colorado State University, Fort Collins, Colorado 80523 
An enumeration problem in finite ~ometries. Preliminary report. 

Let Xi be the point of PG(N,S) for which xi = 1 and for which the rest of the 

coordinates are zero (i = 0,1,2, ... ,N). The simplex formed by x0,x1 , .•• ,Xn may be called 

the fundamental simplex. The points Xi may be called its vertices or 0-cells, and the 

(k-1)-flat formed by any k of the n + 1 vertices may be called a (k-1) cell of the simplex. A 

(k-1)-flat in PG(N,S) is said to have minimum weight~ m if every point has at least m 

nonzero coordinates. A k-flat has minimum weight ~ m if and only if it intersects no 

d-cell of the fundamental simplex for any d 2 m-1. Using this fact together with lattice 

theory we count the number of k-flats of minimum weight ~ m for m = 2 and 3, and in the case 

m = 4 for small values of N. This count has applications in coding theory and in the 

packing problem. For example, if nm(r,s) equals the maximum number of points in PG(r-l,s) 

such that no m are dependent, then nm(r,s) = n if and only if k = n-r is the largest 

integer for which there exists a (k-1)-flat in PG(n-l,s) of minimum weight ~ m + 1. 

(Received November 4, 1974.) 

720-05-30 .JAMES E. WILLIAMSON, Dept. of Math., Southern Illinois University, 
Carbondale, Ill., 62901, Maximally Nonhamiltonian-connected Graphs. 
Preliminary Report. 

If ~ is a graph which is not hamiltonian-connected and has the property that 

(; + uv is hamilton ian-connected for each pair u, v of nonadjacent vertices of (;, 

then G is called a maximally nonhamil tonian-connected graph. If G is a graph 

of order p ~ 4 whose vertex connectivity K(G) satisfies 2 s K(G) s p/2 and if 

cLG) denotes the number of components of the graph G\S where S is a minimal cut 

set of G, then all graphs G of order p ~ 4 which are maximally nonhamiltonian

connected and satisfy 2 :;. K(f;} :;. c(l;) s p/2 are known. In addition, examples 

of maximally nonhamiltonian-connectcd graphs G of order p ~ 4 satisfying 

2:;. c(G) <K(G) ""p/2 are presented. (ReceivedNovember4, 1974.) 

*720-05-31 WILLIAM B. POUCHER. Auburn University, Auburn. Alabama 36830. Finite embedding 

theorems for partial pairwise balanced designs. Preliminary report. 

The pair (P. B) is a (partial) (n, b)-PBD if (P. B) is a (partial) pairwise balanced design with the 

property that JpJ ~ n and each block in B has exactly b elements. The following theorems are proved. 

Theorem. If (P, B) is an (n. b)- PBD and n > b ": -±. then (N. B) has an isomorphic disjoint mate. 

Theorem. Suppose k and b are positive integers and b > 4. There is a constant C(k, b) such that if 

(P, B) is an (n, b)-PBD and n > C(k. b). then there exist k mutually disjoint isomorphic mates of (P, B). 

Theorem. Suppose k and b are positive integers, k '" 2 and b > -±. If (P, p1), (P. p2) ...• , (P. pk) is a 

collection of partial dP!, b)-PBD•s, there exist k (n, b)-PBD's. (X.x1). (X.x2) .•.• , (X.~) such that 

(P,p.) is embedded in (X,x.) and for if j. p. rl p. = x. n x .. Additionally the existence of certain 
1 1 1 J 1 J • 

collections valuable in embedding is explored. (Received November 4. 1974.) 
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720-05-32 WILFRIED IMRICH, Montanistische Hochschule Leoben, 8700 Leoben, Austria and MARK E. 
WATKINS, Syracuse University, Syracuse, New York 13210, On automorphism groups of 
Cayley graphs, preliminary report. 

If G is a group and H is a generating subset of G, let XG,H denote the Cayley graph 

of G w.r.t. H. Let A(XG H) denote the automorphism group of XG H and define . . . 
c(G) min{jA(XG,H)j/jGj : H generates G}. ~: If jG1 j > jG2 j and G1 is not one of 

five "forbidden" groups, then c(G1 x G2) ~ c(G1) c(G2). Theorem 1: If G :ts a finite 

abelian group but not an elementary abelian 2-group, then c(G) = 2 with at most seven ex

ceptions. Theorem 2: c(G) is determined for allfinite generalized dicyclic groups G; it is 

usually 2, occasionally 4, but never more than 16. (Received November 4, 1974.) 

7Z0-05-33 DONALD J, McCARTHY, St. John•s University, Jamaica, New York 11439, Unicyclic 

graphs with cyclic automorphism group, Preliminary report. 

A graph whose automorphism group is isomorphic to the group r is termed a r-graph. Throughout, 

r k denotes a cyclic group of order k, and U is a unicyclic graph on p vertices, If m is a natural 

number, U(m) denotes the m-fold replication of U; this is a unicyclic graph on mp vertices obtained 

from U in a natural way and having U as a factor graph, Theorem, If U is asymmetric then U(m) is 

a r -graph, Moreover, if m cf 2 every r -graph is of the form U(m) where U is asymmetric. m m 
Corollary. If A (X) is the generating function for asymmetric unicyclic graphs, the generating function 

for unicyclic r -graphs is A(Xm) when m f 2, The Theorem is also applied to the following minimum-
m 

edge problem, Given a group r, it is known (c. f. these cJ/oliui) 19(1972), A-620) that for n sufficiently 

large, the minimum number of edges for a r-graph on n vertices is attained by adding standard asym

metric forests to a fixed r-graph M. A description of M can be given whenever r is commutative, 

Direct factors of order 2 are easily dealt with; if r is commutative and has no direct factors of order 

2, then M is a minimum-vertex r-graph whose components are mutually nonisomorphic and each of 

which is unicyclic with cyclic automorphism group. (Received November 4, 1974,) 

720-05-34 DENNIS P. GEOFFROY, University of South Carolina, Columbia. South Carolina 29208, 

Nuclei of a point determining graph. Preliminary report. 

The nucleus of a point determining graph G is the set G0 = [v E V(G)IG- v is point determining} 

and similarly the edge nucleus is the set E0 (G)= [e E E(G)jG- e is point determining}, (See D.P. 

Sumner, Discrete Math. 5(1973), 179-187 and Abstract 74T-A193, these cJ/oliui) 21(1974),A-519.) In this 

paper the investigation of E0 (G) (begun in the abstract above) is continued with particular emphasis on 

the relation of E0 (G) to G0. For G a connected, noncomplete, point determining graph we have the 

following. Theorem 1, G0 n V(E0(G)) I~. Theorem 2. Every vertex of G is adjacent to a vertex in 

V(E0(G)). Theorem 3, For v E a0 - V(E0(G)), li(v) ~ jV(E0(G))I, Theorem 4. There exists only a finite 

number of graphs with a given edge nucleus, Theorem 5, If G is totally point determining then every 

odd cycle contains an edge in E0(G). (Received November 4, 1974.) 

720-05-35 LJ:NDA LESNIAK, Louisiana State University, Baton houge, Louisiana, 
70803. P.ome recent results in hamiltonian graphs. 

A variety of recent de·.;eJ.opmen ts in hamilton ian theory are reviewed. In 
par-::icu.lar, se·.rera1 suffir;i.,nt conditions for a graph to te hamiltonian, certain 
harr:il toni an properti<:'s of line graphs, and various hamilton ian properties o·f 
powers of graphs are discm;sed. Furthermore, the c.'Jncepi, of an n-distant 
hamiltonian graph is introduced and several theorems involving this special 
r:lass of hamiltonian graphs are presented. (Received November 4, 1974.) 
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720-05-36 J.1~. MOON, University of Alberta, Edmonton, Alberta 
On the expected packing and covering numbers of a tree. Preliminary report. 

The packing number p of a tree T is the size of any largest subset of nodes of T 
no two of which are joined by an edge; the covering number C is the size of any smallest 
subset of nodes of T such that each remaining node of T is joined to at least one node 

in the subset. We discuss a method for determining the expected values of P and C · for 
various types of trees. In particular, it follows that the expected value of P + C over 
the nn-Z trees T with n labelled nodes is approximately .927 n, when n is large. 

(Received November 4, 1974.) 

*720-05-37 ALLEN J. SCHWENK, Michigan State University, East Lansing, Michigan 
48824. On moments and coefficients in spectral graph theory. 

The coefficients and monents of the characteristic polynomial of a p-

point graph are obviously related by means of the intermediate step of calcu-

lating the eigenvalues. However, this often tedious intermediate step can be 

avoided by various possible approaches. In fact, it is even possible to deter-

mine the first n / p coefficients from the first n moments (or vice-versa), 

whereas the routine melhod must fail because the eigenvalues are net even 

determined. The oldest formula that accomplishes this is a recurrence known 

as "Newton's Relation". The solution of this relation for the nth coeffi-

cient is best expressed by means of cycle indices as presented in Read ;canad. 

J. Math. 20 (1968) 808-841!. We present the corresponding solution for the 

nth moment. To express this formula, we introduce the concept of circular 

partitions of the integer n . (Received November 4, 1974.) 

*720-05-:lH WILLIAM SPEARS and BARBARA JEFFCOTT. Kansas State University, Manhattan. Kansas 
66506. A construction of combinatorial geometries. 

We give a method for constructing rank k + 1 combinatorial geometries from rank k combinatorial 
geometries. Specifically. given a geometry G(B). a set V disjoint from B. and a descriptor Q (a 
descriptor is a function from L(B) to P(P(V))). we construct a geometry G[Q] on B u V which. as a 
lattice, contains B as a copoint and contains L(B) as the closed interval from 0 to B. Conversely. 
given a combinatorial geometry G(S). we may find a copoint BE L(S) and a descriptor Q such that G(S) 
= G[Q]. Given G(B), V and a descriptor Q for G(B) and V. Q determines a geometry G(V). We 
characterize all those descriptors where the rank of G(V) is 1 or 2. (Received November 4, 1974.) 

*720-05-39 Frank Harary, l'nivcrsity of ~·'lichigan, Ann Arbor, Hichigan ·18104 and 
CARS'rEN 11!l)i•lASSEt<, llar;ms tlnivcrsity, l1arhus, Denmark, Anticrit.ical gr·aphs 

The term "critical graph" has been usctl rr.ost fn?quently to mean a graph such ti1at the 
removal of any line decr<!ases the chromatic number. This can be generalizec to define a 
graph G to be "critical" (IJ)" for an arbitrary invariant u, if for each line e,!J(G- eltu(G). 
Analogously we may consider any line e which joins two points not already adjacent in G, and 
define G as "anticritical ( p )", if \1 (G =e) t IJ(G). Anticritical graphs are investiga-
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ed here with respect to the following nine invariants: chromatic number, line-chromatic 

umber, point-connectivity, line- connectivity, point-independence number, line- chromatic 

.umber, diameter, radius, and cyclability number. (Received November 4, 1974.) 

*720-05-40 JEAN DUNBAR and RENU LASKAR, Clemson University, Clemson, S. C. 
29631. Finite nets of dimension d. Preliminary report. 

This paper introduces the concept of a finite net of dimension d. A 

d-class association scheme is defined on this system which is then shown to 

form a partially balanced incomplete block design. This generalizes results 

of Bruck [Finite Nets I. Numerical Invariants, Can. J. Math., (1951), 96-107] 

and Laskar [Finite Nets of Dimension Three I, to appear]. 

(Received November 4, 1974.) 

720-05-41 ALFRED P. MANEKI, Dept. of Defense, Fort George G. Meade, MD 20755, 
On permutations of groups, Preliminary report. 

Let G be a group of order n and let ~ be a permutation of G. Let Y be the 

n-multiset of G given by Y = {g- 1 ~(g):g£G}. It is easy to see that Y must have the 

property 

(*) Y1Y2 yn = 1 for some ordering of the elements of Y. 

HaLt>hdll Hall, Jr. (r roc. A.H. S. 3 (1?52)) h::>::; ::;ho\m thnt property (*) charactPri "'"'" 

such multisets Y in the case that G is abelian. 

We investigate this characterization problem without the abelian assumption on G. 

In particular, we show that Hall's theorem fails for nonabelian groups. 

(Received November 4, 1974.) 

720-05-42 JOHN F. DILLON, Dept. of Defense, Fort George G. Meade; 
MD 20755. Difference sets in 2-groups. Preliminary report. 

Let H denote the class of groups which contain a Hadamard difference set (i.e. v=4n). 

We generalize a construction of R. L. McFarland to obtain the 

THEOREM. H contains ~ group of order 22m whose ~ contains Z~. 

COROLLARY. H contains ~ ~ of order 22rr which is the direct product of m 

nontrivi.:J.l suhg>:oups. 

m-l We thus obtain difference sets in the groups z2 x z2m+l which demonstrate the sharpness 

of the exponent bound established by R. J. Turyn. That the condition of the theorem is 

not necessary is shown by the 

REMARK. Of the fourteen groups of order 16 only the cyclic and dihedral groups 

fail.!:.£_ belong to H. (Received November 4, 1974.) 
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*720-05-43 TERRENCE J. BROWN, State University of New York, College at Oswego, Oswego, New 

York 13126, A rank equality for matroids. 

Let .J and K be matroids on the same finite set. The union J U K is the matroid whose indepenc 

sets are unions of .J and K independent sets. The meet J n K is the matroid whose spanning sets az 

intersections of .J and K spanning sets. Then the rank functions satisfy: r(J UK) + r(J n K) = r(j) + 

r(K). Moreover, the maximal cardinality of an independent set shared by J and K is r(J)- r(J n K*; 

(Received November ii, 1974,) 

LADi·~OR GEISSiiJGER, University of North Carolina, Chapel Hill, N.C. 27514 

fombinatorics and an Algebra of Divided Powers, Preliminary Report 

ln his notes .>.-~ings and the Representation Theory of the Symmetric Group, Lecture Notes 
in i>lath 308, Springer 1973, D. Knutson systematically developes the correspondence between 
characters of the finite symmetric groups and symmetric functions of an infinite number of 
vari ab 1 es, and does it in tile context of the free ,\-ring on one generator. This allows for a 
nice description of much of the classical combinatorial theory associated with symmetric groups 
and functions. By considering the x.-ri ng as a Hopf a 1 gebra we are 1 ed to new interpretations 
of some symmetric function identitites and to the identification of the primitive and group
like elements and sequences of divided powers. l~e relate these to properties of characters of 
the symmetric groups. A natural inner product and duality are shown to correspond toP. Hall's 
inner product on symmetric functions. There are further connections with the representation 
rings of the hyperoctai1cdra 1 groups. (Received November 6, 1974.) 

A.E. HURD, University of Victoria, Canada. Nonstandard Methods in Combinatorics 
and Graph Theory, Preliminary report. 

The methods of nonstandard analysis are employed to extend known results in finite 

combinatorics and graph theory to the infinite case. As examples we consider the Rado 

Selection Lemma and generalizations, factorization of graphs, and results of the Folkman-

Fulkerson type on flows in infinite graphs. (Received November 6, 1974.) 

720-0!i--W i'AlfL K. STOCKMEYEH. College of William and Mary, Williamsburg, Virginia 2318!i. The 

enumeration of Boolean graphs. Preliminary report, 

A Boolt>an graph on 2n n•rtices is a graph whose automorphism group is the permutation group 

s2 i- s2 ' . . . ' s2 of order 2°. A one-to-one correspondence is established between Boolean graphs on 

2n vertil'es and pseudo-graphs on n vertices with no nontrivial atuomorphisms. Appropriate 

modifications of the author's results for eounting graphs with onl~ .. the identity automorphism lead to an 

enumeration of noolean !!;raphs IJ:\• numJJL•r of vertiees and edg(.'s. (Received November G. 197-!.) 

720-05-47 F. D. PARKEH. St. Lawrence University, Canton. New York 13617, Cydes of length 

four in ehromatie graphs, 

Given a set of n points, we join each pair of points b~· a colored line. using any one of k colors. 

How large can n be if the eomplete graph is to contain no cycle of length four? Using the adjacenc~· 

matrix and its characteristic values, it is pro,·ed that n < k2 + k + 1. (Reeeived November 6. 1974.) 
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*720-05-48 BELA BOLLOBAS, University of Cambridge, England, Extremal problems in graph theory, 

Preliminary report, 

Denote by Gn a graph with n vertices and by G(n, e) a graph with n vertices and e edges. The 

complete graph with p vertices is denoted by K • The author investigates the following functions. The p 
minimal number of K •s a G(n,e) must contain. The minimal number of edge disjoint K 1s and edges p p 
sufficient to cover every Gn. The minimum of e ensuring that every G(n, e) contains a given graph H. 

The minimal number of edges a Gn must have if the addition of every edge creates a new K . The p 
minimum of e such that every G(n, e) contains a topological copy of a given graph, The minimum of o 
such that every Gn (if n is sufficiently large) with minimal degree o contains d vertex disjoint edges, 

cycles or Kp's. The minimal number of pairs of vertices one has to check in order to decide whether or 

not a graph with a given vertex set has a given property. The author also investigates some corresponding 

problems about r-graphs and states a number of unsolved problems. (Received November 21, 1974,) 

(Author introduced by Professor F. Harary. ) 

*720-06-l 

06 Order, Lattices, Ordered Algebraic Structures 

ROBERT R. WILSON, California State University, Long Beach, California 90840 
Lattice Orderings on the Real Field. 

Since every total order is a lattice order, the real field with the usual total order 

is a lattice-ordered field. In 1956 Birkhoff and Pierce raised the question of whether 

the real field can be made into a lattice-ordered field in any other way. The answer 

is affirmative: Theorem: Every subfield L of the real field !• except the rational 

field, admits a non-total lattice order. Moreover, ~admits 2c such orders, where c is 

the cardinality of the continuum. (Received August 2, 1974.) 

720-06-2 TAEN- YU DAI. York College. City University of New York, Jamaica, New York 11432. 
RALPH E. DeMARR. University of New Mexico, Albuquerque, New Mexico 87131. Isotone 
functions and diagonal projection operators. 

Let A be a Dedekind a-complete partially ordered (real. associative) linear algebra (dsc-pola) 

which eontains 1 ---: 0 as a multiplicative identity. Let I'~ (y r: A: y ~~ 1 and y -l < 0} and A1 = I- I. It 

is known that A1 is a commutative algebra and is called the diagonal or functional part of A. (If A c. the 

algebra of all real n X n matrices with componentwise ordering, then A1 = all the diagonal matrices.) 

Let H = (x;:: A: x ·'!: 1}. Definition, An isotone function f: H ~A is a function with logarithm property if: 

(1) f(xy) = f(x) r f(y); (2) f(x) ;;; x- 1; (3) there exists some a E H such that f(a) <' 1. An analogous 

definition for a function with root property can also be similarly defined on H. Theorem. If a dsc-pola 

A which is also a lattice has a function with logarithm or root property, then there exists an isotone 

linear diagonal projection map ~:A-~ A1 such that:(i) !l{l) ' 1; (ii) L ~ L.(x) ::c: x for x ~ 0; (iii) :.\(z) = z 

for z E A1; (iv) L is multiplicative, i.e .. ;~(xy) = ~,(x),G(y) for all x,y. (Received October 2, 1974.) 

720-06-3 :-TI:Cll&:L i\ElSLEH, i·;andolph-;·:Jacon College 1 Ashland, Virginia 2300?. A character-

ization of a type of nearest point set in copPlete 11.-gr:oups. 

Let G be a complete 11.-group. S c G ·;~ill be said to be an 11.-nearest point set iff x £ G implies 
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there is an x € S such that jx- xj < jx- yj, for every y € S such that y t- x. ~· If G 

is a UHB-la.ttlc:e, tt1en every £-mear·est point set is a nearest point set with respect to the 

norn on G, but not the converse. Let P be the positive cone of G, ! = { a j a: P -+ P such that 

a i~ ~3otone, a(x) ~ x, for x € P, and a(x + y) f a(a(x) + a(y)), for x,y € P}, a+ S 

(X' a ( X) + 3 ( X - Cl ( X) ) ) I X E p} ' for a. s € J., and P* = { Cl € .a. I a + e l implies S = l}. 

I·* L t;·Jtc [AJ~ i.~,l vr: cone of a lateral com;:; let ion of G, denoted G*, For a E ,U., let a( x) = a(x +) 

VL:clur· J.;_,.tt; L• :c:·, 1.;,:;:, ::. !.J a.n ~-nearest point set iff there is >. € G* and a € .,U. such that T(S) 

(>. + :-ct,a])'l·:·(';), :Jt,•:::-e ·.:· L the canonica: map fror.1 G toG*, and [-a,a] { e • G* II s I ~ a}. 

(Received October 21, 1974.) 

720-06-4 EUGENE !1. NORRIS, DEPARTMENT OF HATHEHATICS AND COMPUTER SCIENCE, UNIVERSITY OF 
SOUTH CAROLINA, COLUMBIA 29208. Galois Connection Algorithms. Preliminary Report 

Let R be a relation from a set X to a set Y. A maximal rectangle in R is such a set 

Axil · R that if A'<Il CXD ·· R then A = C and B D. When Y = X we say a set C is an R-chain 
-1 

if cxc {I,X .'... RuR . As in Bednarek and Taulbee's paper 'Rev. Roum. Hath. Pures App XI (1966), 

23-·25: we say an R-·chain is maximal if it is contained in no other R-chain. It is known that 
-1 

R and its reflexive symmetric extension R* = RuR uL'IX have the same (maximal) chains. One 

v<orifies that if C is a "•axima1 R-chain then cxc is a maximal rectangle in R*. In the general 

case (X#Y) R generates a Galois connection (GC) between the "closed" subsets of X and Y; see 

Birkhoff's lattice theory IAHS Colloquium Publication XXV Ch. 4 Sections 5 and 6 (1948)] for 

details. The GC operates to produce the maximal rectangles in R. In An Algorithm for Finite 

Galois Connections ! Technical Report of KGM lSZSZI, Budapest, Hungary (1973) j G. Fay produces 

an algorithm for finding the GC when X and Y are finite, which is quite cumbersome computation

ally. We show how to use the algorithm of Bednarek and Taulbee for finding maximal R-chains to 

find GC' s. The link is this: Proposition. AxB is a maximal rectangle in R iff (1) A is a 

maximal R·i-l chain (2) B is a maximal R-1 ·R chain and (3) A!. B. (Received October 25. 197--1,) 

720-06-5 

If 

we put 

L is a 

M.J (f) 

SIEMION FAJTLOWICZ, University of 

Houston,. Houston, Texas. ..ieans in lattices and semilattices. 

complete lattice, . r 
-~ \../ f(t) 

Fe;.> te:F 
and 

an ultrafilter of subsets of a set X and f e. LX 

M.- ·(f) = \... .. '.) f (t). Theorem 1. A complete 
~· Ft:,t to: • 

distributive lattice is bi-Brouerian iff the algebra (L; v, (aAx)aF-L) is equationally com-

pact. Corollary (Baezer). A complete distributive lattice is bi-Brouerian iff every system 

of polynomial equations in .. sme variablt· is solvable in L whenever it is finitely solvable 

in L. The>nrP!'l ? • Tf 'l) = M · thPn L is equationallv compact iff both (L;v) and (L;A) 
.t-

are equationally compact. ~oroll~. If L is a complete completely distributive lattice 

then L is equationally compact. The proofs of Theorems 1 and 2 are based on the following 

Lemma. If L is a join complete semilattice in which every down-d;io_J;ected set has a meet 

then L is equationally compact iff for every ultrafilter j M ~:t· :LX .., L is a 

homomorphism. (Received October 30, 1974.) 
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*720-06-6 RICHARD GREECHIE, Kansas State University, Manhattan, Kansas 66506 
Some Results from the Combinatorial Approach to Quantum Logic 

A cubic structure space is a pair (X,~) where X is a non-empty set 
and c is the set of all maximal cliques for a graph on X such that each element of c is 
a three-element subset of X . A cubic structure space is wide (tight) 1n case, for all 
x,y e X with XfY , x and y have at most (exactly) one common neighbor in the graph deter
mined by (X,@). Each wide cubic structure space (X,t) can be embedded in a tight cubic 
structure space 11(X,t ). Each tight cubic structure space 11(X,t) determines an orthocomple
mented projective plane ]; (u(X,~ )) called the free orthocomplemented projP.r.tive plane over 
(X,~ ) . Most of the k: (11) 's. constructed are non-desarguesi an projective planes. Thus there 
exist non-desarguesian orthocomplemented projective planes. These correspond to 3-dimensional 
Proposition Systems chez Jauch and Piron. By properly selecting (X,e:) we produce proposi
tion systems which are not quantum logics, or which are and which admit dispersion free states. 
It follows that the quantum logical axiom "cr(a) = cr(b) = 1 implies cr(a 1\ b) = 1" is not 
deducible from the other axioms in a general proposition system (unlike the special cases of 
a Boolean cr-algebra or a Hilbert space). We also construct a 110 such thc.t Auti(~(110 )) 
contains a copy of the general quantum mechanical group. (Received November 1, 1974.) 

*720-o6-7 STEPHEN H. McCLEARY, University of Georgia, Athens, Georgia 30602. 
Groups of homeomorphisms of the real line with manageable auto
morphism groups. 

Let R be the real numbers, M the group of monotone permutations of R, A 

the increasing permutations, and B the increasing permutations of bounded 

support. Let D = ~g EM I g' exists and is never 0} and PL fg E M \ g is 

piecewise linear}. Let K be a doubly transitive subgroup of M containing 

a positive (in the pointwise order) element of bounded support, and let 

K* = K (I A. Thm. Every group automorphism Of K or K* is conjugation by 

an element of M, i.e., Aut (K) s: M(R). Thus every automorphism either pre-

serves or reverses order, and this is the key to the proof. Cor. Every 

automorphism of M is inner (Fine and Schweigert), and Aut(A) = Aut(B) = M; 

and analogously for D and PL. B is an infinite counterexample to Schreiers 

conjecture that every simple group has a solvable outer automorphism group. 

(Received November 4, 1974.) 

*720-06-8 JORGE MARTINEZ, University of Florida, Gainesville, Fla. 32611. 
Doubling chains, singular elements and hyper-l ~-groups. 

In an ~-group G a(descending) doubling chain is a sequence 

>an> ... of positive elements of G such that an~ 2an+l' An 

P-lement 0 < s E G is singular if 0 ~ g ~ s implies that g A (s - g) = 0. The 

main theorems are as follows: 1. The following two statements are equivalent; 

a) every doubling chaininG is finite; b) G =U < G' (<ranging over all 
l Ci 

ordinals less than a), where each G' is an ~-ideal of G, a < T implies that 
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G0 ~ GT, and GT+l/GT is generated by its singular elements, (or is a Specker 

group, a la Conrad). 2. If G is hyper-archimedean as well then either of the 

above conditions is equivalent to c): G is hyper-%, ie. every totally ordered 

!!,-homomorphic image of G is cyclic. (Received November 4, 1974.) 

l<-720-06-9 ERIC G. R. GERELLE, Kansas State University, Manhattan, Kansas 66506. 
Representation ~Finite Orthomodular Posets, Preliminary report. 

Let P be a finite orthomodular partially ordered set and S the convex set of 

states of P. If S is full on P then there is a faithful embedding P of P into 

the unit interval 1··0,1 5 ] of the order unit space of affine functionals on S. Let X 

denote the atoms of P. 

Theorem: If A~ X and siA ~ 0 for every s in S imply that A contains a 

maximal orthogonal subset of X, then P coincides with the extreme points of [0,1 5]. 

(Received November 4, 1974.) (Author introduced by Dr. R. J. Greechie.) 

*720-06-10 G. HERRMANN, Vanderbilt University, Nashville, Tennessee 37235 and R. WILLE, 
Technische Hochschule, Darmstadt, W. Germany. On modular lattices with four 
generators II. Preliminary report. - ----

For definitions see A. Day et al., Algebra Universalis 2 (1972), 317-323. 

Theorem. The subdirectly irreducible modular lattices which are generated by elements 

e1,e2 ,e3,e4 subject to the relations e1•e2 = e3 •e4 = 0 and e1 + e2 = e3 + e4 = 1 are 

exactly the lattices 114 , S(k,4) (k < co), FM(Ji) and its dual. This solves a problem stated 

by G. Birkhoff. The proof is based on the Lemma. If l-1 is a subdirectly irreducible modular 

lattice with generators and none of the above then either (a) e.•e. =0 
l J 

all i < j or (b) ei + ej = 1 for all i < j. Moreover, if (a) holds then there is a 

k < such that mk = mk+l where the mk are defined recursively by: mo = 1, mk+l = 

for 

e3mk + e4mk if k is odd. The key to the proof of 

the Lemma is a recent result of R. Freese: any subdirectly irreducible modular lattice can be 

embedded in an upper continuous subdirectly irreducible modular lattice. 

(Received November 4, 1974.) 

*720-06-11 ARMANDO R. GINGRAS, IBM Corporation, Boulder, Colorado 80302. 

Compact convergence lattices. Preliminary report. 

A convergence lattice is a complete lattice in which order convergence 

coincides with topological convergence w.r.t. the order topology 8 (Abstract 

74T-All8, these Notic.e-6 21 (1974), A433). Theorems. 1. A convergence lattice is 

8-compact iff the interval topology is Hausdorff. 2. A completely-distributive 

complete lattice is a compact convergence lattice. 3. The order and interval 

topologies agree on a complete Boolean algebra iff it is a convergence lattice. 

(Received November 4, 1974.) 
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*720-06-12 BARBARA JEFFCOTT and WILLIAM SPEARS, Kansas State University, Manhattan, Kansas 

66506. Semimodularity in the completion of a poset. 

Theorem. Let L be a complete lattice and let P be a subset of L containing 0 and 1. Provide P 

with the induced ordering. Let P denote the MacNeille completion by cuts of P. For X<;;; L define 

Xu={pEP:p~x'v'xEX, definex1 dually, anddefinexu1 = (Xu/. Define u:P-.L by u(Xu1)=Vxu1. 

Then u is an isomorphism iff 'v'a E L, a= /\au = Va 1• M.D. MacLaren proved that if L is a semimodu

lar, atomic, orthocomplemented lattice, then L is semimodular. We use the above theorem to show 

that this result does not generalize to posets. Theorem. Let P be an atomic, orthomodular, orthocom

plete poset with the covering condition. Then the following conditions are equivalent: (1) P satisfies the 

covering condition; (2) P is a lattice; (3) P is a complete lattice; (4) P is orthoisomorphic to P; (5) P 
is orthomodular. Furthermore, if P has no infinite chains, then the above conditions and the following 

conditions are all equivalent: (6) P is modular; (7) P is M-symmetric. (Received November 4, 1974.) 

720-06-13 MICHAEL E. DETLEFSEN, Slippery Rock State College, Slippery Rock, FA 16057 
Products of symmetric elements in the Noether lattice, RL(Ai), Preliminary report. 

If ~I= (k1 , ••• ,~) is an m-tuple of non-negative integers, a matrix (aij) of non-negative 

integers with m rows is an ~rmatrix iff 0~ aij ~ ki fori= 1, ..• ,m. An mXn ~rmatrix is maximal 

iff each row is maximum with respect to lexicographic order on n-tuples. Using a modification 

of [Gale, Thm. pl080, Pacific J. Math 7(1957) 1073-1082] we have Theorem. Let B be the maximal 

mXn ~matrix with row sum vector {ai) and column sum vector (sj). For a monotone decreasing n

tuple (bj) with}; bj = }:; ai, there exists an ~matrix with column sum vector (bj) iff (bj) is 

t t 
ma,jorized by (s.l); i.e., fori= l, ... ,n, 2:'1. bj ~ Ll s,i' Now, if RL(Ai) is the distributive 

regular local Noether lattice with regular parameters A1 , ••. ,An let ai be the join of all 

principal elements whose exponents sum to i and are bound by 0 and 1 {i = l, .•• ,n). Theorem. 

al tl, • ·an tn is 

•· by (ti ) where 

the join of all compositions of L iti whose exponent n-tuples are majorized 

* ti ti + ••• + tn·(Received November 6, 1974.) 

*720-06-14 RONALD P. MORASH, University of Michigan, Dearborn, Michigan 48128, The 

hvperoctant property in orthomodular AC-lattices. 

The complete atomic orthomodular lattice L is said to have the hyperoctant property iff for every 

orthogonal family of atoms {acx} in L with cardinality :;, 2, there exists an atom q s. t. q :'? V 0/. acx and 

q C aO/. for each 0/.. The projection lattice of any separable Hilbert space has the hyperoctant property 

and any atomic orthomodular lattice possessing the hyperoctant property is irreducible, but it is not 

known whether every complete, atomic, irreducible, orthomodular lattice (with no orthogonal families of 

atoms of cardinality > ~ 0) has the hyperoctant property. In this paper we show that under the additional 

assumptions on L of M-symmetry and the angle bisection property the hyperoctant property does obtain. 

(Received November 6, 1974,) 
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720-08-1 

08 General Mathematical Systems 

A WAD A. ISKANDKR, University of Southwestern Louisiana, Lafayette, 
Louisiana, 70501. Locally finite ring variety. 

A variety is called locally finite if every finitely generated member is finite. If U and V are 

ring varieties, then U · V is the variety of all rings possessing an ideal belonging to i:J whose quotient 

belongs to V. Theorem 1: A ring variety is locally finite iff its free member of rank 1 is finite. 

Theorem 2: A r.ing variety contains only finitely many subvarieties iff it is generated by a finite ring. 

Theorem :3: Let U and V be ring varieties. Then U· V is generated by a finite ring (locally finite) 

iff each of U and V is generated by a finite ring (locally finite). (Received October 7, 1974.) 

*720-10-1 

10 NumberTheory 

DONALD HAZLEWOOD, Southwest Texas State University, San Marcos, Texas 78666. On 

ideals having only small prime factors. Preliminary report. 

Let K be an arbitrary algebraic number field of degree n. Let (} denote the ring of integers in 

K. a an integral ideal in 0, p a prime ideal in 0, and Na the norm of a. For real numbers, x ~ 1, 

y /1, and an arbitrary integral k, k r (0), we define the function Wk(x,y) to be the number of ideals a 

with Na ~ x, (a, k) = (1), ann if pI a, then Np ~ y. After the manner of B. V. Levin and A, S. Fainleib 

[Russ. Math. Surveys, 22: 3(1967), 119-204]. we prove a general theorem giving a functional equation 

satisfied by sums over the ideals a with Na;:;; x for certain classes of completely multiplicative functions. 

For the special sum >Irk (x, y). using the functional equation, we derive an asymptotic estimate with 

arbitrarily many leading terms and a bonafide error term that is uniform with respect to x, y. and k 

within a restricted range, In the special case that k = (1), our asymptotic estimate improves previous 

estimates for x and y within the restricted range, (Received September 19, 1974.) 

*720-10-2 CARL POMERANCE, University of Georgia, Athens, Georgia 30602. 

On multiply perfect numbers and Mersenne primes. 

Say n(l) < n(2) < ... is an infinite sequence of integers, each with precise

ly k distinct prime factors, and a(n(t))/n(t) = a for all t , where a is 

a fixed rational. Theorem (Artuhov, Acta Arith. 23 (1973), 249-255): For all 

but finitely many t , n(t) is even. Theorem (Kanold, Math. Ann. 132 (1956), 

246-255): For all but finitely many t , n(t) = e(t)m(t) where (e(t),m(t))=l 

and e(t) is an even perfect number. In this paper we present a much quicker 

proof of Kanold's theorem and also prove some new corollarjes. Say that a set 

S of integers has property D 

members of S with precisely k 

set of all n for which a(n)/n 

if for each k there are only finitely many 

distinct prime factors. Corollary 1. The 

is an odd integer has property D. Corollary 

2. The set of all non-perfect multiply perfect numbers fails to have property 

D if and only if (1) there are infinitely many Mersenne primes and (2) there 

exists an odd multiply perfect number m I 1. Important in the proof of the 

theorem is a well-known result of Gelfand concerning rational approximations. 

Note that Corollary 2 ties together two famous unsolved problems. 
(Received November 6, 1974.) 
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*720-10-3 Craig M. Cordes, Louisiana 
State University,B.R.,La., Quadratic forms over non-formally realtidh 

Kaplansky defined the radical, R , of a field, K , as 

R = (a e K![a,b] l for all b e K} where [a,b] is the Hilbert symbol. R 

is a subgroup of K containing '2 K . Non-formally real fields with exactly 

two quaternion algebras have u-invarient equal to four and thus have level s 

equal to 1, 2, or 4. These notions are used to obtain a characterization of 

the Witt ring (and hence of the quadratic form structure) over such !'ields. 

Theorem. 

algebras. 

s = 1,2 

structure 

*720-10-4 

Let K be a non-formally real field with exactly two quaternion 

Suppose 1Kft2 1 = 2r < 00 and IR/K2 1 = 2k Then r = k (mod 2) 

and rfk (mod 2) if s 4 Moreover, k and the Witt group 

determine the Witt ring. (Received October 9, 1974.) 

HARALD NIEDERREITER, The Institute for Advanced Study, Princeton, New Jersey 
08540. The distribution of pseudo-random numbers generated ~ the ~ 
congruential ~· 

For m ~ 2, let y0,y1, ••• be a sequence in the least residue system mod m generated by 

if 

Yn+l = Ayn + r (mod m), n = 0.1, .... where (A.,m) = 1 and 1 f=. 1 (mod m), and let 'r be its 

period, Results concerning the equidistribution test for the associated sequence x0 = y0;m, 

x 1 = y1/m •••• of pseudo-random numbers are established. If m is prime, then for 1 ~ N < 'r 

-1 the discrepancy DN of x0 ,x1 •••. ,~-l satisfies DN ~X log (1 + 4X ) +X. where 
1/2 2 2 N X = (4m /nN)(;:- log T + S + :;:-), and a similar result holds for prime powers m. Analogous 

estimates are shown for arbitrary linear congruential generators mod primes, the results being 

particularly interesting tor pseudo-random numbers generated by maximal period sequences mod 

primes. The proofs depend heavily on bounds for character sums involving linear recurring 

sequences established by the author ~"Some new exponential sums with applications to pseudo-

random numbers." Colloquium on Number Theory (Debrec.en. 1974). North-Holland. to appear·:. It 

is also shown that the discrepancy estimates are best possible apart from logarithmic factors. 
(Received October 24, 1974.) 

*720-10-5 L. M. CHAWLA and ELLEN TORRANCE, Kansas State Univ., Manhattan, Ks. 66502 
More Additive Arithmetic Functions Inversely Associated with Partition Functions, 

Preliminary Report. 
Three classes of additive arithmetic functions {F(x)}, {G{x)}, {H(x)}, 

in each of which each member is inversely associated with a partition function F(n), G(n), 
H(n) in the sense that F(n) is the number of integers x such that F(x) = n, etc., were 
studied by Chawla, L. M., in On Additive Arithmetic Functions Inversely Associated with 
Partition Functions, Jour. Natur. Sci. and Math. 12 (1972) 413-420. Here we sharpen its Theo
rems A and C concerning respectively {F(x)} and {H(x)} and widen the class {G(x)}, and 
lheu t;ltarpcu Tlu::urem ll uu Lhe u~w claus (G(x) l. t-1~..• next cf~tabli8h thrPf.~ clnsHPS of .q,(lrlitiv~ 

arithmetic functions of two or more variables which are inversely associated with partition 
functions. These arise as the sum of two or more additive arithmetic functions belonging to 
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the same class {F(x)}, {G(x)}, or {H(x)}, and in each case the associated partition function 

picks up at least one summand from each of a given number of disjoint subsets of positive 

integers. Finally we set up three classes {(F,A)} , {(G,B)}, {(H,C)} of couples in which 

F, G, and H arc additive and A, Band Care multiplicative arithmetic functions, and prove 

that these arithmetic functions are inversely associated with certain product-sum partition 

functions which now arise as the number of integers x which simultaneously satisfy 

F(x) = n, A(x) = m; and similarly for the other two couples. (Received October 24, 1974.) 

*720-10-6 RIHO TERRAS, 399 Stratford Ct., Del Mar, CA. 92014. 
A stopping time problem on the positive integers. 

Define a function T on the positive integers by Tn = (3n + 1)/2 if n is odd 

and by Tn = n/2 if n is even. If there exists a positive integer k such that Tkn < n 

then choose the smallest such k and set X(n) = k, otherwise set X(n) = oo, Let ~ 

denote the counting function. Theorem, F(k) = ~ (1/m)~{n ~ ml X(n) ~ k} exists and 

k:i;m F(k) = 0. Let p(O,l) = 1/2 and let p(a,l) if a is an integer different from 0. 

Let k be a positive integer and let c(a,k) 1/2 if a is an integer satisfying 

k ~ (k- a) ? k(ln 2/ln 3) and let c(a,k) = 0 otherwise, Compute p(a,k) from 

the recursion c(a-l,k)p(a-l,k) + c(a,k)p(a,k) = p(a,k+l). Theorem. F(k) = a~Op(a,k). 
The determination of the values of X is discussed. The distribution function F(k) 

is tabulated up to k = 1000. (Received October 25, 1974.) 

*720-10-7 A. TERRAS, University of California, San Diego, Department of Mathematics, 
La Jolla, California 92037 .. A. Formula Relating r;K(s) and z;;K(2-s) for K 
totally real with class number one. 

If K is a totally real algebraic number field with class number one, we obtain a formula 

relating the Dedekind zeta function ;.;;K(s) ~lith z;;K(2 - s) (or z;;K( s - 1)). via a series of 

Bessel functions K (z). Here s is any complex number (with suitable interpretation at 
v 

poles). For integer s, the result is similar to results of Grosswal d [Proc. Symp. in Pure 

Math, 24, A.M.S.] 11hich generalize formulas of Ramanujan for K =the rational numbers. For 

example, d3) and ·j4) are related in this fashion. The proof is via the Fourier expansion 

of the Epstein zeta function for the field K [T. Tamagawa, Proc. Internatl. Symp. on Alg. No. 

Theory, Tokyo-Nikko (1955); or T. Asai, Nagoya Math J. 40 (1970)]. If K =the rationals, the 

Fourier expansion is often called the Selberg-Chawla formula [Crelle, 227 (1967), 86-110]. It 

is analogous to the Fourier expansion of modular forms. {Received October 18, 1971+,) 

*720-10-8 L/,RRY .J. (;QLDS':'Ef~ ar.d PTJ.!lJ·: DE I./I TORRF, University c•f Harylancl, Co1 h'?E' P;uk ... l'f]). 
f_edldnd Sums _G'.!!! Totallx _!'~a_! Algeh_!aie Number _!:~dd, Preli.minarv HPport.. 2u71<2. 

A definition of a Dedekind sum for a t.ota.lly rf'al algebraic nurr.her fleld K is proposed. 

The connection between these genernlizec' r.edekind sums and the la•1 of trans format ion of cer

tain generalized [,-functions is descr:i.bcd. These Dedek:inc1 ,;urns can be used to sU1te class 

number formulas for a certain family of algebra-ic number f:ielcls cf complex-rnllltipljc<.tion type. 
(Received October 25, 1974.) 
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*720-10-9 GREGORY WULCZYN, Bucknell University, Lewisburg, Pennsylvania 17837. Isomorphic 

Pellian quadratic forms and their associated continued fraction expansions. Preliminary 

report. 

From the primitive solution x = x0,y0 = y of i- Dy2 = .:!::1. D a nonsquare integer, are built 

up JD1 = ((~)yt + a1,a2, ... ,an_ 1, 2(~)yt + 2a1). JD2 = ((~)y(t- 1) + r- 1, 1, a2 - 1, a3 .... ,1, 2(~)y(t- 1) 

+ 2r- 2), and the associated quadratic forms D1 = (~)it2 + (1)2x0t +D. D2 = (~)y2t2 - (1)2x0t +D. Two 

parameter quadratic forms and c. f. expansions are found for periods 3-5 and 4-6. (Received 

October 29, 1974.) 

*720-10-10 J. M. GANDHI, Western Illinois University, Macomb, Illinois 61455 
On sums analogous to Dedekind's sums 

k 
Let h,kbe integers, (h,k)=l, k.:_1 and set s'(h,k) = L (-l)J.l((l!lk))(~)) where the symbol 

].l=l k 
((x)) is defined by ((x)) = x-[x]- l if x is not an integer 

2 

0 if x is an integer 

and [x] the greatest integer not exceeding x. In this paper we prove 

Theorem l. 

s'(h,k) = 0 if k is odd and s'(h,k) 1 
4k 

k-l Tim ~hm L tan ~ cot k when k is even. 
m=l 

Theorem 2. 

The denominator of s'(h,k) is a divisor of 2k. (Received October 30, 1974.) 

*720-10-11 c;<Ji.WtJ'\ L. \[PI', Cr1li.fomi:1 State University, Los ;\ngclt~s, ~JJ·.l:O~. 

T:t_t'_ ~~ n? !_~_;_<:_r:,t~~-_oX.~{tJ_B_~c_t~n_i _c:::__c_~!.'!C:. ~"'.. 

J.cr !• Dt' a ·~loll:Jl <hmain t··hosc quotient field F Jocs not have c:haracteristic 2, let \ 1>c 

a •Jt<'llr.T11i•'" :ti!!C'I't'<l o\'cr r. :mJ l•ct tl he· an ordL'r on A over ll, ;\ ri~ht <.l-mndulc '1t·:hich 

1 • .; ,;imuitancnti~lv n latti-:c on,\ over n is said to he ril!ht 0-gC'ncric if there exists 

. ,\, .>r ll ~ u, Sllt'!t th~lt .~- 1 ·.[ , ;:en ll. '.lur main result is that cv<'ry right 11-gcnC'ric 

mt>dule i~ <.:vcli<' it anJ onl\' if cVC'J'\ class in the sninor genus of'.) reprC'scnts a tmit 

in :1. 11nc· conscqu,·ncc is that n is in a spin0r !!enus of one class if and onlv if i)-generic 

mudulc> arc cyclic and 0 represents every unit represented lly its ~ninor •:cnus. In 

addition, 1t is sho1<n that a neccssa]'\' and suffil.'ient contlition that :m int.ct:rnl tcnla]'\· 

lattice• L be in a :•pinor .i:cnus of one class 1s that cvcrv nght OL-·~cncric 11air he 

cqui\·alcnt to a tt;o-sidcu 1JL-gcncric pair, 1-:hcre l\ is titc quaternion order assol.'iatC'd 

1\'i th L. 

720-10-12 

(Received October 29, 1974.) 

Li\WRENCE Kl!li'ERS, SouthL~rn lll.inois Un.iYersity, Carhoil<lale, lL. l1~~llll. 
~[!~J:~:.t __ i_s:_ di_s_t_r_i_ln!.!__i__o~E!~__I!!__<:l.!.~~~l!t ion of indcpenc~~ce. 

Let m "'- 2 be a fixed modulus. Let (a 11 ), n = 1,2, ... , be a given sequence or 
integers. For intl').!t'rs N"' 1 and ,i, let ,\(N;,i,an) be the number of n, 1 "'n 

:.. N, vvith a 11 = ,itmod m). If a(,i) =lim A(N;i,a )/~exists for each ,i, t!ll'n 
N-ho · 11 

A-59 



(an) is said to have a. as its asymptotic distribution function mod m (abbrevia

ted a.d. f. mod m). We denote a.(j) also by liA(an a j)JI. 
If (b) is another sequence of integers, then for N ~ 1 and j,k E Z we 

n 
ti,_~fine A(N;j,an;k,bn) as the number of n, 1.:;;;; n.:;;;; N, such that simultaneously 

il =j(modm)andb =k(modm). 1\fewriteJIA(a =j,b ak)IJ=limA(N;j,an; 
n n n n N-tm 

k,bn)/N in case the limit exists . 

Il_c:r:.ci!l_i_!_~o_!!_· The sequences (an) and (bn) are called independent mod m if 

lor all j,k = O,l, ... ,m- l the limits iiA(an a j, bn a k)i! exist and we have 

1iAia = j, b = k)ij = JIA(a = j)i!•!IA(b = k)jj. · n n n n 
,\criter-ion for independence mod min terms of exponential sums has alread] 

been estahl ishetl. We prove a criterion of a different type. 

(f<,··~dved October 30, 1974.) 

·720-JO-J:l CIIAHLE::l F. OSGOOD. Mathematics Research Center. Naval Research Laboratory, 

Washington. D. c. 2U:l7G. Finding good rational approximations to power series. 

Lc't K he an:v field of charaeteristic zero. y ·any formal power series in z -l which is not the 

<·xpam;ion of a rational function but which is a solution of an algebraic differential equation with 

codfi<'ients in Kjzj, and p(Z) and q(z) any two elements of K[z] with q(Z) t 0. Kolchin [Proc, Amer. 

Math. Soc. lH(l!l:)H), 2:lX-2·Hi showed how one could obtain an upper bound of the form d(degq(z))-! c on 

the ordet· of 1·anishing at z m of an~· difference y- p(z)(q<z))-l where d and c are independent of 

both JliZI and q(ZI. Kolchin's l'alue of d is given explieitly in terms of the differential equation 

satisfied hy .1·. lt will he Hhown. in several eases, how to give a smaller ntlue of d than that gi1·en by 

Kokhin. (Be<'eivl'd Ot'loher :lO. 1H7·1.) 

720-10-14 PETER llAGIS, JR., Temple University, Philadelphia, Pa. 19122. Every Odd Perfect 
Number has~- Least Eight Prime Factors, Preliminary report. 

Since the time of Sylvester there has been interest in the problem of determining a 

lower bound for the number of prime divisors of an odd perfect number. The most recent work 

in this area is due to Pomerance [Acta Arithmetica, XXV (1974)] and Robbins [doctoral 

dissertation, Polytechnic Institute of Brooklyn (1972)] who independently and simultaneo•J:-;ly 

showed that every odd perfect number is divisible by at least seven distinct primes. Using 

an extensive computer based case study the present author has shown that every odd perfect 

number has at least ci ght prime factors. (Received October 31, 1974.) 

*"720-10-15 ~~-~HA BROWN, Virginia Polytechnic institute ~State. University, 1\lackshurg, VA 
"-'+vbl. Diophantine Equations of the Fonn x + D = yP. II 

h 2 2 p T e author makes a study of diophantine eq-.Iations of the form x + dA = y , where 

d and A are integers and p is a prime. ln particular, he studies the cases d = 2, 

A = 2,3,4, 5. Sample results arc as follows: Theorem. The di···;>hantine equation 

x2 + 8 = yp has only the following solutions for p t 7 (mod 8): (p,x,y) = (2,± 1,±3) and 

(3,0,2); the dior>hantine <'quntio~ x2 + 32 = yp has only the following solution:> for 

P f 7 (mod 8): (p,x,y) = (2,±2,±6), (2,±7 ,±9), (5,0,2) and (5,_±88,6). 

(Received October 31, 1974.) 
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720-10-16 BURTON \J. JONES, University of Colorado, Boulder, Colorado, 80302 

Quasi-genera of quadratic forms. 

Let f be a quadratic form in n variables 1ri th integer coefficients and determinant d not 

zero. A prime p is called exceptior~l if every automorph of f whose matrix has rational elements 

and denominator prime to 2d, has a denominator which is a quadratic residue of p. Every excep

tional prime is a factor of 2d, For n > 2 , and in most cases for n = 2, each exceptional prime 

induces a splitting of the genus of f into two quasi-genera. Here it is proved that there are 

exceptional primes only if n:;; 4 and for n = 4 only if lll d implies that d/l is a square. It 

is also shown , with sone exceptions possibly for p = 2, that if p is symmetry-exceptional, it 

is exceptional for all products of two synmetries, (Receiveci October 30, 1974.! 

*720-10-17 ELMER K. HAYASHI, Wake Forest University, Winston-Salem, North Carolina 27109. 
Factoring integers whose digits are all ones in base b. 

Let b be a positive integer greater than one. For each positive integer k, define 

Ik bk-l + bk-2 + • • • + b + 1, the integer whose base b representation consists of k ones. 

If n and b are relatively prime, we define c(n) to be the smallest positive integer k such 

that n divides Ik. It is not hard to show that c(n) exists and furthermore that c(n) < n. 

l~e prove that c(n) nif and only if n = pal ar where pi is a prime divisor of b-1 
1 Pr 

and a. > 1 only if . I for i = 1' (p lim means p divides but p 2 does not p. 1, I ( ) ' r rn 
l l. c pi 

divide m). In particular, if b 10. the theorem asserts that c(n) n if and only if n is 

a power of three. We also show that c(n) = n-1 if and only if n is a prime which does not 

divide b-1 and b is a primitive root of n. (Received November 1, 1974.) 

*720-10-18 I. Borosh and L. B. Treybig, Texas AMI University, College Station, TX. 77843 

Bounds ££ positive solutions of linear Diophantine Equations 

Assuming that a system of linear equations with integer coefficients 

has a nontrivial solution in non negative integers, bounds B depending only on the system 

coefficients are found, such that the existence of such a solution bounded by B is guaranteed. 

For a single equation, B is the maximum of the coefficients and it is clear that this 

bound is sharp. (Received November 4, 1974.) 

*720-10-19 JOHN E. MAXFIELD, Kansas State University and University of New Brunswick, 
Fredericton, N.B., CN. On left-handed, right-handed and two-sided pr:,~~· 

A positive integer N = an ... a2a1 written to baser is a right- (left-) handed prime to 

base r iff 

are each primes. A positive integer is a two-sided prime iff it is both a left- and a right

handed prime. A two-sided prime N is a unifonnly two-sided prime to base r iff each of the 

primes in (1) and (1) ' is a two-sided prime. 
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A table of all left-handed and two-sided prirres to the bases 2 1 3 1 ••• 1 ll is given 1 and the 

folla,.,ing theorems are proved. 

(A) There are no two-sided prirres to an odd base having rrore than 3 digits. 

(B) If the base r is even and p is the smallest prirre such that (p 1 r) = 1 1 then the 

largest uniformly two-sided prime to base r has fewer than 2p digits. 

(Received November 4, 1974.) 

*720-10-20 DR. D. SURYANARAYANA, University of Toledo, Toledo, Ohio 43606. 
On a Conjecture of S. Chawla. 

Let 1p(x) x - [x] - ~· It has been conjectured by S. Chawla 

tliat 
l+t: 

O(x 4 ), for every t: > 0. In this paper we show that 

~s 
this conjecture is equivalent to l:n2{ 1j!2(f,) - ,1} 

n<IX 
O(x 4 ) by proving that 

l 
O(x4). (Received November 4, 1974.) 

(Author introduced by Professor J.Chidambaraswamy.) 

720-10-21 K. NAGESWARA RAO, North Dakota State University, Fargo, ND 58102 

~generalization of~ cyclotomic polynomial, Preliminary report. 

A(n) is a set of positive divisors of an integer n ~ 1 satisfying the 

conditions of Narkiewiez [Math. Colloq. 10 (1963), 81-94]. If m is any 

integer, then the A-greatest common divisor (A-g.c.d.) of m and n is defined 

as the largest member of A(n) that divides~ and is denoted by (m,n)A = 1 . 

. o o th f o (n) ( ) ( m) Let p be any prlmltlve n root o unlty and QA x = TI x - p , where the 

product runs over all integers m such that 0 < m ~nand (m,n)A = 1. The 

above polvnomial generalizes the cyclotomic polynomial. In this report, 

various properties of this polynomial are obtained together with its relation 

to a polvnomial whose roots are the products of the roots of two or more 

generalized cyclotomic polynomials. Finite Fourier series and character sums 

play an important role in this study. (Received November 4, 1974.) 

*720-10-22 PETER HAGIS, JR. and GRAHAM LORD, Temple University, Philadelphia, Pao 19122. 
Unitary Harmonic Numbers. 

* * If d (n) and a (n) denote the number and sum, respectively, of the unitary divisors 

of the natural number n then the harmonic mean of the unitary divisors of n is given by 

* * * * H (n) = nd (n)/cr (n). Here the properties of H (n) are investigated with particular 

* attention being paid to the set, UH, of those natural numbers for which H (n) is an integer. 
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Among the results obtained are: (1) there exist at most a finite number of elements in UH 

with a specified number of distinct prime factors; (2) UH has density zero. 

(Received November 4, 1974.) 

*720-10-23 NEVILLE ROBBINS, 1665 Grant Avenue, San Francisco, California 94133. Some remarks 

concerning guasi-perfect numbers. 

A natural number n is called quasi-perfect (or almost perfect) if cr(n) = 2n + 1, where cr(n) denotes 

the sum of the divisors of n. P. Cattaneo showed that if n is quasi-perfect, then n is not divisible by 

2 or 3. He also obtained a lower bound for n. Here we show that if n =IT~ 1q?i is quasi-perfect, where 
1= 1 

the qi are distinct primes, then (1) each qi = 1 (mod 16); (2) each ei = 0 or 2 (mod 8); (3) at least one 

ei = 2 (mod 8). From (1), one can obtain a much-improved lower bound for n. (Received November 4, 

1974.) 

720-10-24 PHYLLIS LEF'I'ON, Depa.:rtment of Mathematics, Columbia University, 
New York, N.Y. Trinomia.ls with Galois Group Cont.ained in An.·· 
Preliminary report. 

Let Jk(N) be the numbe:r of trinomials f(x) 

integer coefficients bounded in absclute value by N whose Galois groun, 

considered as a permut.ation g-roup on the roots of f (x), is a subgroup of An. 

We derive, with certain condit.ions on n and k, a non-trivial upper 

bound for Jk(K). We also give formulas for the discriminant of the general 

trinomial f(x) = xn + axk +b. 

Cur estimate for Jk(N) relates to a conjecture of van der Waerden. on the 

number of polynomials with integer coefficients bounded in absolute value 

by tJ whose Galois group is a proper subgroun of Sn. (Received November 4, 1974.) 

720-10-25 WITHDRAWN 

*720-10-26 ALAN H. STEIN, University of Connecticut, Waterbury, Connecticut 06710. Interprimed 

vectors in two dimensions. 

A vector (m, n) with positive integer components is called interprimed iff m and n have the same 

set of distinct prime factors. Let N(x) be the number of interprimed vectors with both components less 

than or equal to x. Motzkin and Erdos conjectured that N(x) ~ax. which was proven by H. N. Shapiro. 

Here it is shown that N(x) =ax+ pi/3 + O(i/5 log log x). The proof involves Dirichlet series in two 

complex variables. (Received November 4, 1974.) 

720-10-27 A.A. GIOIA, Western Michigan University, Kalamazoo, Michigan 49001 and 
M.V. SURB~O, University of Alberta 1 Edmonton, Alberta, Canada T6G 2Gl 
On the Scholz-Brauer problem in addivion chains. 

The Scholz conjecture on addition chains is ~(2 -1) < n - 1 + ~(n) . For definitions 

see Brauer (Bull. AMS, 45 (1939). 736-739) and Hansen (J. RPine Angew. Math., 202 (1959), 129-

136). Write each term as a. =b. + ci, b. > c. (i = 1, ... ,r) If b. ai-l vi 
' 

define 
l. l. ]_- l. l. 

m = 0 and T to be the mu1tiset {cl, ... ,cr } For each (if any) j ~b. -1 aj-1 define 
0 J 
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Rj = {ck: bk bj} Since i j j => Ri = Rj or Ri n Rj = ~ let m be the number of 

distinct Rj , and relabel so T1 , •.. ,Tm are the distinct sets; let T0 be the complement 

of T1 u u Tm relative to {c1 , ... ,cr} Define 8 = E1ci + E2dk, where E1 denotes the 

sum over ci E T0 , 1.2 is summed over k, 1 < k < m , and dk = max{c E Tk} Principal 

results: ~(2n-l) ~ 8 + r ; and, 8 ~ n- 1, = n- 1 iff bi =ai-l or bi-l (i = l, ••. ,r) 

As special cases these results include Brauer's, and most of Hansen's results on the Scholz 

conjecture. An extension of Hansen's work is obtained by proving that for n which do not 

satisfy above necessary and sufficient conditions, a refinement of the construction vields a 

shorter chain, Hhich i.n some cases has length n - 1 + t(n) . (Received November 4, 1974.) 

720-10-28 RAPHAEL P. FINKELSTEIN, Bowling Green State University, Bowling Green, Ohio 43403, 

On Fibonacci numbers of the form i + 1, 

Finkelstein ["On Fibonacci numbers which are one more than a square", J. Reine Angew, Math, 

262/263(1973), 171-178] showed that the only solutions of (1) Fn = x2 + 1, where Fn is the nth Fibonacci 

number and n is positive, are F 1 = 1, F2 = 1, F3 = 2 and F4 = 5. However, the proof given there was 

quite deep and depended upon properties of units in quartic fields, Recently, Williams ["On Fibonacci 
') 

numbers of the form k~ -1 1". to appear] has found a simpler solution of (1) which employs some very pretty 

identities of Lucas, I present a completely elementary solution of (1) which involves neither algebraic 

number theory nor the identities used by Williams, This is accomplished by showing that (1) leads to an 

equation of the form F -' x2 if m is odd and F = 3x2 if n is eyen and then solving these equations. 
m m 

(Received No\'ember 5, 1974,) 

*720-10-29 Nii~A SPEARS, University of Nebraska, Lincoln, Nebraska, 6 8 50 8, A 
pr'oblem involving simultaneous binary compositions, an improvement 
in error term. 

Let m ~ n be positive integral variables, and let 2 < h, k ~ 1 be fixed 

integral constants. An asymptotic formula is obtained for S(m,n), the number 

of positive integr'al solutions to the simultaneous equations 

m = xl + yl' n = x2 + y2' 
subject to the conditions 

(xl,x2) £ Q1' Y1 £ Qk' Y2 £ Qh' 

>vhcrc Qk is the set of k-free integers. The work is elementary in nature 

and yields ,, significu.nt improvement in error term over previous results. 

(Received November 5, 1974.) (Author introduced by P.rofessor Walter E.Mientka.) 

720-10-30 CHARLES R. WALL, University of South Carolina, Columbia, South Carolina 29208. 

Elimination sequences, Preliminary report. 

1\n e-elimination sequence {xn} of positive integers starts with two arbitrary integers x1<x2 ; 

an integer larger than x 2 is a term of the seauence if it cannot be expressed e or more ways 

as a sum of two distinct sequence elements (e?.1). Conjecture: Any elimination seauence has 

positive density. Theorem: Any double elimination (e=2) sequence whose first term is larger 

than 1 has positive density. (Received November 5, 1974.) 
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720-10-31 JUDITH s. SUNLEY, American University, Washington, D. C., 20016. 
Toward a Kronecker Limit Formula for the Siegel Modular Group of 
Dimension Two. Preliminary Report. 

The nonanalytic Eisenstein series for the Siegel modular group of 

dimension two is considered in an effort to derive a formula comparable to 

Kronecker first limit formula. The series E (Z, s) !Yis 2: llcz+DII-2s 
{C,D} 

has been shown to converge for Re(s) > 3/2. It has a pole of order one at 

s = 3/2 and an analytic continuation to the rest of the complex plane. The 

the 

function has a Fourier expansion and the coefficients of this expansion have 

been investigated for s = 3/2. Evaluating these coefficients (for the pieces 

which are entire) means evaluating a certain integral over a complicated 

matrix-space domain. This can now be done in terms of products of the gamma 

function and functions related to the gamma function. (Received November 5, 1974.) 

720-10-32 SAMUEL D. LAWN, 408 Court Street, Penn Yan, New York 14527. The 
asymptotic behavior of sums of multiplicative functions. Preliminary 
report. 

S~me results of Wirsing [Das asymptotische Verhalten von Summen uber multiplica

tive fur.ctionen II, Acta Mathematica Academiae Scientiarum Hungaricae 16(1967), 

4:1-467] are specialized and sharpened. A typical result is the following. 

ireore~. ~et f be a non-negative, real-valued, multiplicative function bounded 

by 1\ on the set of' primes and satisfying ~ f(p)l9..9....£ = "tlog x + 0( (log x) 1- 4) 
~X p 

a!O x-+<>t>, wMere '"C and i are positive constants. Suppose that a(l/2, A{l and c are 

absolu-.e constants such that for every integer k ~2, f(pk)~cpak for all but a 

fi ... t'e ,.,t.,mber of primes p, and f\pk)~cpAk for all remaining primes. Then there 
. . 'I: ( l ( l~-1 ( )"l·-1-P· ensts a oos~t~ve constant B such that n~x f n = Bx log x + O(x log x · ) 

··~r a: l f<"<• where c( is a sui table positive absolute constant dependent upon\:, 6 
a·~ A. A similar result specializes and sharpens a portion of 5atz 1.2 of the 

Heave L1aocr of Wirsing, from which a form of the prime-number theorem with error 

term is obtained, Other applications are made to estimate the summatory func

t~o.,s uf vrlrious classical number-theoretic functions. All proofs are elementary. 

(Received November 5, 1974.) 

*720-10-33 STEFAN A. BURR, Bell Laboratories, Madison, N. J. 
On Detecting a Periodic Event by Means of Period 
Observations. I. 

07940. 

The following situation is considered. A certain event is observ-

able only intermittently according to some period. An r;bserver attempts to 

detect an occurrence of the event by making observations according to some 

other period. We wish to determine the probability P(s) that the event is 

first detected by the sth observation. The period of the event may be 

known or unknown. This paper discusses the number-theoretic calculations 

necessary to solve the problem; computational aspects will be discussed 

in a future paper. (Received November 6, 1974.) 
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720-10-34 PAljL ERTIOS, Hungarian National Academy, and IAN RICHARDS, Universit 
of Minnesota, Minneapolis, l'1N 554-55. Density functions for prime an 
rel::Jtively prime numbers. 

Let .r*(x) rlenote the maximum number of relatively prime integers which can 
fjXi:-;t in ::m intr~rv:'ll (y ,y·•·x] of length x , and let /'_ * (x) denote the 
ma-;::imum number of orime integers in any interval (y,y+x] where y > x • 
(Our definition of~(x) assumes the "p::::·ime k-tuples conjecture".- There 
'.Jre rlofinii;ions of ~ * (xj vJhich avoid this conjecture} but they are more 
L0r:hnic,Jl.) 'We investir>;a.te the difference r*(x)- /~_*\.X) :i.e. we ask, 
how rnmw mace ::::·r,,l,_d;ivrol,y prim•o integers can exist on an interval of length x 
t~1on t:he mrtxi tn'.:m po[J[_;.ibl-:: 1mmber of prime integers ? As a lower bound we 
olJt<J.lH :~·* (z) - p* (x) ~ xr' £'or some c > () (v.rhen x ~ oo). This improves 
I;''''" p:t·•,VlOI..l~·: .~odr; c lJO'lUl'l of log x • As B.n upper bou..l'ld we get r* (x~ - p* (x) 
·= O! 7../( lo1~ zi' 1 • H b .r;:novm th11t p* (x) - n:(x) > const[x/(log x) ] ; 
!;IN:! !;hr, rl·\f'fr:r··:n·;~, i;et;vii·;'j~l r*(x~l _and ,P*(~1 is negligible compa::ed to 
jJ ~ ( :-r) - Jl(_z.J • 'l:nr; functlon r* (x) was stllaled by Erdl1s and Selfrldge 
(vJh.o ·u:>r;:.l "'J.:Lffr;!:·";!J't notr,t;ion; cf. Pr·oc. Manitoba Conference, Univ. of I1an
iLob:;, 1 .. //1). 'l'o men<;ion b.r:iefly some further results: The functions r*(x) 
;,u:J ,P_ ~ (x.) UIT .r·rol:_,i;r;rl to the "maximizing" or "saving" sieve. Similar 
eompu.r.·:L:;ow: :H'<; mfdc; between two variants of the "minimizing" or "killing" 
::ir-)vo.(Received November 6, 1974.) 

720-10-35 CAH.TER WAID, University of Delaware, Newark, Delaware 19711. ! Composition 
Theory for Decomposable Forms. Preliminary Report. 

A theory of composition of the classes of primitive decomposable forms in a given 

rat"ional class is developed which resolves the orientation problem inherent in Dedekind's 

th<Jo:ry. The product js multiv:J.lued in general but does satisfy the associative law in 

a certain sense. (Received November 6, 1974.) 

720-10-:Hi H. WELLS ,JOHNSON, Bowdoin College. Brunswick, Maine 04011, On the distribution of 

quadratic residues. 

For a prime p and any subinterml I of (0, p). let H(I) and NR(I) denote the number of quadratic 

residues and nonresidues which occur in I. If p ·.e 3 (mod 4). it is well known that R(I) > NR(I) for I'= 

(0, p/2). the difference being a positive multiple of the class number h of the imaginary quadratic field 

~(J- p). By relating h to the Bernoulli number B(p+1)/2 and using Voronoi•s congruences for the 

Bernoulli numbers. the differences H(I) - NR(I) are evaluated on the intervals I= (0, p/6). (p/6, p/4), 

(p/4, p/3), and (p/:l. p/2). The results are in terms of h and depend upon the residue of p (mod 24). 

(Received November 6, 1974.) 

720-10-37 J. CHIDAMBARASWAMY, University of Toledo, Toledo, Ohio, 43606, Generalized 
Dedekind's w-functions with Respect to a Polynomial 

For any polynomial f = f(x) of positive degree with integer coefficients and positive 

integers t and k, let 
(k) - nt <P(k)(dk, n/dk) )k)(dk) 

Uf ( ) " f,t f,t 
•f,t n - "' lct t 

dkln d (dk, n/dk) 

here <P(k)(n) is the totient function defined and studied f,t 

p. A53 where f~k)(t;n) is written for <P~~f(n)) and 

by the author (Notices: Jan. 1972, 

vf t(n) = TI (Nf(pk)at if n is a kth power and pak is the highest power of p dividing 
' Pin 
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nand 0 otherwise and let W(k)(n) = ~(k)(nk). It turns out ~(l)(n) = W(l)(n) is the f,t f,t x,l x,l 
Dedekind's w-function and ~~~~(n) = ~k(n) and W~~~(n) = wk(n), the functions ~k(n) 
and wk{n) being the extensions of Dedekind's w-function studied recently by D. Suryanarayana 

(Math. Scand. 26(1970), 107-118. Among other things all the results concerning ~k(n) and 

wk(n) in the paper mentioned above are extended to ~(k)(n) and w(k)(n). f,t f,t 
(Received November 6, 1974.) 

720-10-38 GERALD A. BOTTORFF, Pennsylvania State University, Mont Alto, Pennsylvania 17237. 

On the Littlewood conjecture. 

The "Littlewood conjecture" is as follows: Given arbitrary algebraically independent real numbers 

a,p; then for arbitrary (> 0 there exists p,q,r so that qlqa- PllqP- rl < (, The author considers the 

function f(n) defined as follows: f(n) = min(q) so that for every pair a,/1 (alg. indep.) qlqa- pllq/1- rl 

< 1/n. If L. C, is true then for all n, f(n) is finite, but if L. C. is false then some N exists so that f(N) 

= oo. The author first tried to calculate f(l), f(2), f(4), f(8), f(l6), ••. ; but f(16) must be so large 

(> 2000) as to be entirely out of hand computation range-there appears to be no easy way to program a 

computer for these calculations. If the L. C. is true, it is certainly interesting why f(n) is increasing at 

so great a rate. f(1) = f(2) = f(3) = f(4) = 1, f(5) = f(6) = f(7) = 2, f(8) = 3, f(9) = 7, f(10) = 15, f(ll) = 49, etc. 

(Received November 6, 1974,) 

720-10-39 H. M. STARK, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139. 

Analytic estimates of discriminants. 

Let D be the absolute value of the discriminant of an algebraic number field of degree n > 1. An 

old result of Minkowski is that there is a constant c > 1 such that Dl/n > c . Recently an analytic 
n n 

method was developed which gives, at least for large n, larger values of en than Minkowski. This 

method has been refined by Odlyzko to the point that. for large n, en is larger than the best previously 

obtained results in the geometry of numbers. The method has interesting applications to some problems 

in number theory which will be discussed. (Received November 6, 1974.) 

720-10-40 HUGH L. MONTGOMERY, University of Michigan. Ann Arbor, Michigan 48104. Assorted 

research problems in analytic number theory. Preliminary report. 

A selection of problems of current interest in multiplicative number theory will be mentioned. and 

possible approaches to these problems will be discussed. The problems will be primarily concerned with 

Dirichlet series, I.-functions, character sums. lattice points, and the distribution of prime numbers. 

(Received November 6, 1974.) 

720-10-41 LOWELL SCHOENFELD, SUNY at Buffalo, Amherst, N.Y. 14226. Improved 
bounds for the Chebyshev functions with applications. 

In a forthcoming paper by Rosser and Schoenfeld, certain bounds are given for 

e(x) - x where e(x) = E log p • These results are now applied to get 
p ~X 

better bounds for various ~her functions of primes such as n(x). In addition, 

the following better bound for e(x)-x is given: 

le(x) - xl < U(x) {8X/(17n)}~ e-X provided log x ~ 1711 and 

X = {(log x)/9.645908801}~ Here U(x) is an explicitly given function 
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x + oo Further, under the assumption of the Riemann which tends to 1 as 

hypothesis, le(x) - x 

(Received November 6, 1974.) 

720-10-42 

< (8~)-l /; log 2x for all x ~ 599 . 

PAUL T. BATEMAN, University of illinois, Urbana, illinois 61801, Zeros of Fekete 

polynomials. Preliminary report. 

If X is a real residue character modulo k, the corresponding Fekete polynomial is defined as 

f(u.X) -.- L:~,=l X(n)un. The behavior of f(u,X) for u in (0, 1) determines the behavior of the correspondil 

L-function. Here we examine the effects of replacing X by the product of X with a suitable principal 

character. It is easy to prove that for any given X there is a charaqter X which is the product of X by 

a suitable principal character and is such that f(u, X) has n changes of sign in (0, 1). Here we give 

some numerical evidence for the dual conjecture that for any given X there is a character X which is the 

product of X by a suitable principal character and is such that f(u,X) has no changes of sign in (0,1). 

(Received November 6, 1974.) 

*720-10-43 DANIEL SHANKS, Naval Ship Research & Development Center, Bethesda, MD 20084. 
Analysis and Improvement of the Continued Fraction Method of Factorization. 

The continued fraction 

v. 29, 1975, is based upon 
method of factoring N, by Morrison and Brillhart, Math. Comp., 

1 1 1 1 
N = qo + ql + q2 + ... + q-1 + '(ll"'N,---+-'----;;:P-)"/=Q- . One has 

n- n n 
( )n 2 2 ' n 2 
-1 . Qn = An - Bn N for each n. A subset of the ( -1 ) Qn having a square product Q 1 eads to 

NIA2-Q2. If (*) NlA-Q and N%A+Q, the GCD(A-Q,N) is a proper factor of N. In this paper, we 

analyze the conditions that lead to a failure of(*). Secondly, while Pn,Qn = 0(/N), 

An (mod N) = O(i'!). But we show that the An are not needed at all: the Pn,Qn generate the 

period of reduced forms; that suffices to determine the ambiguous forms and thereby the 

factors of N. (Received November 6, 1974.) 

*720-10-44 R. L. GRAHAM, Bell Laboratories, Murray Hill, New Jersey 07974 and 
D. IT. LlmMim, University of' Calif'ornia, Berkeley, Calif'ornia 94720. 
On th~) permanent of Schurr s matrix 

LEot M denote the n by n matrix (m .k) where m 'k = Ejk and E = exp (2iri/n). 
n .1 J 

We cienotf; the permanent of ~by Pn. The ctuantity Pn occurs on a variety of 

contexts in number theory and combinatorics, e.g., as the coef'f'icient 

A(l, 1, ••• , 1) in thf' expansion of the determinant of the circulant matrix C 
i i 

given by det(C) =,\A. . X 0 ... X n-ll where the (i,j)th entry of' Cis xl._J. 
l 0 ••. ln-l o n-

with the subscript reduced modulo n. 

It is known that Pn is a rational integer, P2 n = 0 and Pn = O(mod n). 

this note we give several new results for Pn. In particular, we show: 

(i) P ~ p!(mod p3) f'or p prime; 
p 

(ii) Pn ~ n(mod 2); 
(iii) N = O(mod pa) implies Pn ;- O(mod p(pa-l)n/pa(p-l)) f'or p prime. 

We also compute Pn f'or n ;_ 21. (Received November 22, 1974.) 
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*720-10-45 J. L. SELFRIDGE, Northern Illinois University, DeKalb, Illinois 60115 and 
M. C. WUNDERLICH, Northern Illinois University, DeKalb, Illinois 60115. Factoriza
tion and Prime Testing 

Several algorithms have been recently implemented on the IBM 360/65 at 

Northern Illinois University for factoring and prime testing large numbers. Among these are: 

a) Pollard's method which searches for prime factors p of N for which p - 1 has only 

small prime factors, b) an improved automatic version of the Horrison-Brillhart method of 

factorization which uses the continued fraction expansion of IN, and c) an algorithm which 

attempts to prove the primality of N by finding and using factors of N - 1 and N + 1 . 

(Received November 20, 1974.) 

*720-12-1 

12 Algebraic Number Theory, Field Theory and Polynomials 

CLARK KIMBERLING, University of Evansville, Box 329, Evansville, Indiana 47702. 

Generalized cyclotomic polynomials and the irreducible factors of Fibonacci polynomials. 

Let Ln(x, z) be the nth generalized Lucas polynomial, which is determined recursively by L0(x, z) 

= 2, L1 (x, z) = x, and Ln(x, z) = xLn-l (x, z) + zLn_2 (x, z) for n ~ 2. Then the polynomials .tn(x,y, z) = 

[Ln(x, z) - Ln(y, z)]/(x- y) for n ;;>: 0 include the Fibonacci polynomials and modified Lucas polynomials 

as special cases. From the .tn(x,y, z) polynomials Cn(x,y, z) are obtained having the following 

properties: (1) C is irreducible; (2) .t equals the product of Cd•s for which din; (3) the polynomial n n 
Cn(x, 1, 0) is the nth cyclotomic polynomial. Special choices for x,y, z in Cn(x,y, z) provide the 

irreducible factors of the modified and unmodified Lucas polynomials, and also, in answer to a question 

raised by Hoggatt and Long (Fibonacci Quart, 12(1974), 113-120), the irreducible factors of the Fibonacci 
polynomials. (Received September 3, 1974.) 

720-12-2 FRANK GERTH III, The University of Texas, Austin, Texas 78712. 3-class 
groups of cubic fields. 

One of the classical results of algebraic number theory is the specification of the 

ranks of the 2-class groups of quadratic fields. This paper describes algorithms for com-

puting the ranks of the 3-class groups of cubic fields. These algorithms use the number of 

ramified primes, the ranks of the 3-class groups of certain quadratic fields, and norm-

residue symbol computations. Certain examples of cubic fields provide interesting analogs 

to the classical results on quadratic fields. (Received September 23, 1974.) 

*720-12-3 VICTOR ALBIS-GONZALES, University of Cincinnati, Cincinnati, Ohio 
45221. ~a_ximal abe_!_~_an ~xtension~ vie~()_<! ~~ ~~~mer extensio~-· 

Let L be a local field of characteristic 0, containing the 

q-th roots of 1, q a power of a prime p; if La is the maximal abelian ex

tension of L, then it may be considered as a cyclic (kummerian) extension, of 

degree q, of the fixed field of a cyclic subgroup, with q elements, of Gal 

(La/1). We wish to determine which elements a e Lx = L- {O} satisfy the con-
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di.tion L (q'3) = L . q 'Y » a Our main results are contained in the following theorems: 

Tncorcm 1. 

r:-~mificd, 

Let i;q be a primitive root of 1. If L( q·/~q)/L is not totally 

ti1cn L c'W) = La if and only if L(q.[i3) = L(l.Yrr) where 11 is a uni
<l 

for~i.:ing parameter of L. 
n+l 

~arcover, there are exactly q such extensions. 

L1cor;;rn .2. 

,.;xtc:ns ions 

If L(t{(; )/L i.s totally ramified then there 
q 

are ,., ( ) n+l d' . 
'i' q q 1st1nct 

l ( ,1_ .r~, 11 . , 
I "l.J~")j ... ::-..UCJ1 that Lq (CJ{3) = La and they are completely determined 

(Received October 18, 1974.) 

Thomas Callahan, University of Toronto, Toronto, Canada. 
Morris Newman, National Bureau of Standards, Washington, D.C. 20234. 
Mark Sheingorn, Baruch College - CUNY, New York, New York 10010 
Ei~:i,_£§_ ~i!::.bc MaxiJ!l.~ JS.E.Q.Q~cker s:;_on§_ta:Q_I_ 

In 1857 Kronecker showed that if an algebraic integer 8 and its conjugates 8i 

lie Wlthin the unit disc then 8 is a root of unity (r.o. u.). Ma.ny authors 

have improved this theorem, most recently Blanksby and Montgomery who showed in 

1971 that if l8i1 ~ 1 + O(l/30n2log6n) then 8 is an r.o.u. The best possible 

constant is log2/n. This paper: (i) analyzes a class of "trivial" examples 

that have the best possible constant (ii) produces a class of non-trivial 

ex0.mples having that constant and (iii) proves a related embedding theorem. 

H. :VlJKES and F. JUCI-l:VIAN. New Mexico Slate Universit~·. Las Cruces. New Mexico 88003, 

J<:!Teclivc Jll'O('l'dures in algebraic number theory, 

Tll('t'C an· finite procedures for obtaining a basis for the group of units and the elements of the 

finite cl:1ss ,;roup of an algebraic numbet' fidd. (Hecei\·od October :JO, 1974.) 

720-12-6 RONALD P. INFANTE, Seton Hall University, South Orange, New Jersey 07079. 
The Structure of Strongly Normal Difference Field Extensions. Preliminary Report 

An inversive difference field M is called a strongly normal extension 

of F if (i) CM = CF is algebraically closed, (ii) F is relatively closed in M, (iii) 

for every isomorphism a of M over F, M < aM> = M < Ca > = oM< C0 > where C0 is the 

field of constants of M < OH >. Theorem 1: If M is strongly normal over F and the 

Galois group of M over F is linear, then F c:: E C M, where E is a Picard-Vesiot ex-

tension of F and M is a finite algebraic, monadic extension of E. A similar result holds 

if the Galois group is an abelian variety. (Received November ~, 1974.) 

720-12-7 HOYT D. WARNER, Vanderbilt University, Nashville, Tennessee 37235. Group, Roun~, 
and Pfister:_ forms over~ linearly compact__i_:i-eld. Preliminary Report. 

These results are applications of the structure theorems for quadratic forms over a field 

K with char(K) f 2, linearly compact at a valuation v, reported in Abstract 711-12-5 of 

these Notices. For an anisotropic quadratic form f over K let Gf = {a E Kxlaf ~ f}, 
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X 
Df={aEKia f(xl' ···,X), X. E K}, fl.f = {v(a) + zr Ia E Df} c r /2f (r =value group 

n 1. v -v v v 

of v); call f a~ form (resp. round form) if Df is a subgroup of Kx (resp. Gf = Df) 

--Thus round~ group. Assume further that the residue field k 
v 

of v is perfect if char(kv)= 

2, that kv has a unique quadratic extension k, and that 

anisotropic then (1) f a group form~ dim f = 2k, k > 0; 

Nk+k (k) = kv. If 
v 

indeed either dim f 

f is 

f = (1, a1) \29 · · ·0 (1, ak), a Pfister form. (a) f a round form~ dim f = 2k, k ~ 0, and 

discr(f) = 1 if k > 1; k = 2 ~ f is Pfister. (3) if (fv : 2fv) = 4 then equivalent 

conditions for f with dim f = 4 are : Pfister, round, group, 1 E Df and discr(f) = 1. 

Question: Does group, or even round, always imply Pfister? (Received November 4, 1974.) 

or 

*720-12-5 JACOB T. B. BEARD, JR., University of Texas at Arlington, Arlington, TX 76019 
and ROBERT M. McCONNEL, University of Tennessee, Knoxville, TN 37916. 
Rings containing division rings or fields. 

Let R be a ring with identity and let (R)n denote the complete matrix ring over R 

A E (R)n is called diagonable over R if A is similar over R to a diagonal matrix in 

(R)n . The study of matrix fields of (R)n , that is, subrings of (R)n which are fields, 

led to a number of general results concerning rings containing division rings or fields. In 

particular, if each idempotent in (R)n is diagonable over R , then R contains a division 

ring (field) if and only if (R)n contains a division ring (field). (Received November 4, 1974.) 

·)(-720-12-9 JACOB T. B. BEARD, JR., University of Texas at Arlington, Arlington, Texas 
76019, and ROBERT M. McCONNEL, University of Tennessee, Knoxville, Tennessee 
37916. Matrix fields over the integers modulo '!!_· 

Let Zm denote the ring of integers modulo m, with (Zm)n the complete matrix ring of all 

n ' n mat:ricc's l:>ver Zm under normal matrix addition and multiplication. All sub fields of 

tr,e Ping (Zm)n are enumerated and constructively characterized, with related results given 

or~ fleld extens~ons in 

for sul::fields of (Zm) 
n 

(Zm)n of subfields of (Zm)n and a rational canonical form over 

We also obtain partial results on subfields of (R) 
n 

whcen R 

Zm 

is 

ar, 'ir'b i trary finite commutative ring with identity. The techniques used are similar to those 

tFed carEer by the first author [Duke Math. J. 39(1972), 313-322, 475-484], [Acta Arith. 25 

11974), ~15-329, 331-335] and rely on results of R. W. Davis [Duke Math .. J. 35(1958), 49-59] 

and A. Steger [Padfic J. Math. 19(1966), 535-542]. (Received November 4, 1974.) 

*720-12-10 R.RUDMAN, Wayne State University, Detroit, Michigan 48202 and R.FINKELSTEIN, 
Bowling Green State University, Bowling Green, Ohio 43403. A generalization 
of Berwick's unit algorithm. 

Let K be an algebraic number field, 0 an order of K. An algorithm is given which 

determines a maximal set of independent units of 0 . When K is real quadratic or 

complex cubic, the single unit obtained is fundamental. (Received November 4, 1974.) 

'720-12-11 Ml'RRAY A. MARSHALL, Vniversity of Saskatchewan, Saskatoon, S7N OWO Canada. Local

global principles for formally real fields. Preliminary report. 

Let F be a formally real field, W its Witt ring, M the augmentation ideal of W, and T the 
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torsion ideal of W. Let S be the set of sums of squares of F, X the set of orderings of F, and F6 the 

real closure of F at 6 E X, Pfister showed that W ... TI tiE X W 6 has kernel T. Conjecture. The kernel 

of Mk/Mk+l_,n 6 EXM~/M~+l is [MknT+Mk+l]/Mk+l. Artinshowedthatif xEF* istotallypositive, 

then x E S*. Since M/M2 = F*/F*2, this affirms the conjecture in the case k = 1. The conjecture is true 

for k = 2 implies: (1) The Clifford map M2 /M3 _, Quat(F) is injective if the generalized u-invariant is 

~ 12. (2) The map Quat(F) .... n 6 EXQuat(F6) has kernel {lli(a1,si)lai E F*, si E S*}. The main result is 

Theorem. The conjecture is true for all k;;.; 2 if X if finite, (Received November 4, 1974.) (Author 

introduced by Dr. Stephen Berman.) 

720-12-12 GARY L. MULLEN, The Pennsylvania State University, University Park, Pa. 16802 
~ Permutation Polynomials ~ ..!! Finite ~. Preliminary report. 

A polynomial f(x1 , ... ,xr) with coefficients in GF(q) is a local permutation polynomial 

(LPP) in r ~ 1 variables over GF(q) if for each i = l, ... ,r, f is a permutation in 

xi when the remaining r-1 variables are replaced by arbitrary elements of GF(q). Various 

general properties of LPP's are discussed. The number of LPP's in 2 variables over GF(q) 

equals the number of Latin squares of order q. If q is an odd prime, a set of necessary 

and sufficient conditions is obtained for the coefficients of a polynomial f(x1 ,x2) in 

order that it be an LPP. Thus the number of Latin squares of order q an odd prime equals 

the number of sets of coefficients satisfying the given set of conditions. The conditions 

however are too complicated to state here. (Received November 4, 1974.) 

720-12-13 LARRY J. GERSTEIN, University of California, Santa Barbara, California 931o6. 
Indecomposable hermitian forms over quadratic nuniber fields. Preliminary report. 

It is well known that there exist indecomposable, positive definite, even, unimodular qua-

dratic forms over the rational integers in each dimension n = 0 (mod 8). A result of this 

sort is now given for hermitian forms. More precisely: Let E = Q ( ,j),_), where A. < 0 is 

a square-free rational integer such that A. 1 1 (mod 4), and let R be the ring of algebraic 

integers in E. Then there exists a definite, even, unimodular, indecomposable hermitian R-

lattice for each dimension n = 0 (mod 4). Moreover, an explicit construction is given for an 

infinite family of these lattices. (Received November 4, 1974.) 

720-12-14 THOMAS RIGO, Indiana University Purdue University at Indianapolis, Indianapolis, 

Indiana, 46205. On Pseudo Valuations, Preliminary report. 

Let F be a division ring and G a partially ordered directed homogeneous group. A mapping 

a from F onto GlJ{O} is a pseudo-valuation if a(O)=O, a(1)=1, a(ab)=a(a)a(b) and 

a(a+b)~ g-lh for all a,b EF for some fixed g~ 1 and all h ·uch that a(a)~ hand a(b)~ h. 

If a satisfies only a(ab) ~ a(a)a(b) then a is a weak pseudc-valuation. If a1 and a2 are 

pseudo-valuations with a1(F)=G1lJ{O} and a2(F)=G2lJ{O} then a1«a2 if there is a bounded sub

group NSG1 and a homomorphism y:G2 lJ{O}~(G 1/N)U{0} such that ya2 (x)=ja1 (x) for all XEF 

where j is the canonical mapping j:G1~G1/N and hEG2 with h<1 implies that y(h)~g for 

some fixed gEG1. a1 is equivalent to a2 (a 1~a2 ) if a1<< a2 and a2<< a1. The notion 

of equivalency in terms of the image groups has not previously been available. 
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Theorem 1: If F is a field, o1~o2 iff o1.and o2 give rise to the same topology {locally 
bounded ring topology) on F. Theorem 2: If F is a field, any weak pseudo-valuation is 
equivalent to a pseudo-valuation. Theorem 3: The topology on a field given by a pseudo
valuation is a field topology iff the topology induced on G makes G a topological group. 

(Received November 5, 1974.) 

*720-12-15 DAVID A. GAY, New College, Florida, and University of Arizona, Tucson, Arizona 
85721. A new proof in the Galois theory of function fields. 

Let K be a field and G a finite group. Then G can be realized over K means that 

there exists a Galois extension of K with Galois group G. Douady (C.R. Acad. Sc. Paris, 

vol. 258, 5305-5308 (1964)) proved a theorem one of whose immediate consequences is: If K 

is an algebraically closed field of characteristic zero and x is an indeterminant over K, 

then any finite group can be realized over K(x). This theorem follows from (1) Any finite 

group can be realized over ~(x) (1. Greenberg, BAMS, vol. 69, 569-573 (1963); M. Tretkoff, 

Comm. Pur. & App. Math. , vol. 24, 491-497 (1971)) and (2) If K and L are algebraically 

closed fields of characteristic zero, then, if G can be realized over K(x), G can also 
be realized over L(x). 

A proof of (2) will be offered using standard Galois Theory and basic commutative algebra. 

(Received November 6, 1974.) 

720-12-16 ROB~k~ A. MORRIS, Dept. of Defense, Fort George G. Meade, MD, 20755. 
An Enumeration of the Orders in Cubic Number Fields, Preliminary Report. 

Let 0 be an order whose index in R, the ring of integers of a cubic field, is a power 

of some rational prime p, and let F be its conductor, namely, the largest ideal of R con

tained in 0. Dedekind gave a characterization of the ideals which can serve as the conductor 

of some order. We give the following alternative characterization: F is either of the form 
r 

p , or there exists a prime ideal ~ of first degree over p such that F is of the form 
r+s -s 

p :f , for non-negative integers r and s, with the restriction s = 1 if 1f is rami-
fied. We can also show that 0/F is generated as an abelian group by 1 and at most one 

other element of 0, and has type (pr+s,pt), where 0 < 2t < r. Moreover, for F of the 

•Jh'en form, there is a unique order having F 
t-1 precisely WFp 

{p+l - number of 

distinct orders having F 

1st degree ideals over p, 

as conductor and t 0 

as conductor with t > 0, 

p - l, p} according as 

(namely Z+F) I and 

where is 

's = 0, s > 1 and :t' is unramified, s = 1 and f is ramified}. These results together 

with some primary decomposition theory allow us to enumerate the orders of general composite 

index in R. (Received November 6, 1974.) 

*720-12-17 D.Brizolis, University of Southern California, University Park, California 
90007. A local version of the nullstellensatz in rings of integer-valued 
po1ynomials. 

A Local Version of the Nullstellensatz in 
Rings of Integer-Valued Polynomials 

Let K be any algebraic number field with ring of integers D and let 

Dx ••• xD 

{f E K[X1 , ... ,x Jl rcnCn) )£D} 
n 
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polynomials over K The following is true: 

Theorem Let p be any prime ideal of D and let Dp be the completion 

of D with respect to the P-adic valuation on D For any ideal 

R(n) containing p let VJ p = {a. E Dpll f(a.) I p <1 for all f E 
D 

' 
If R(n) 

g E D and lg(a.)lp<l for all then g E 

(Received November 6, 1974.) 

720-12-18 P.J. WEINBERGER, University of Michigan, Ann Arbor, Michigan 48104 
On the number of normal number fields. 

J of 

J} 

Let G be a finite group. Let N(T,G) be the number of number fields 

K with Gal (K) = G and I disc (K) I ~ T If G is Abelian then N(T,G) is 

asymptotically of the form cTa(logT)b for certain constants c,a,b too complicated 

to give here. There are similar results for some small solvable groups. 

(Received November 20, 1974.) 

720-13-1 

13 Commutative Rings and Algebras 

r~LVIN HOCHSTER, Purdue University, West Lafayette, Indiana 47907. 
Homological questions in commutative rings and Cohen-Macaulay 
modules. 

The talk will survey the status of several open questions in the 

homological theory of modules over commutative Noetherian rings. There will 

be particular emphasis on problems and results connected with proving the 

existence of maximal Cohen-Macaulay modules and on questions which can be 

settled, wholly or partially, using their existence. (Received October 25, 1974.) 

720-13-2 HENRY J. SCHULTZ, University of Michigan-Dearborn, Dearborn, Michigan 48128. 

Higher Derivations and Automorphisms of c[lx1]. Preliminary report. 

Let A be the algebra of all formal power series with zero constant term 

over the complex numbers. If (Di)i?~ is a higher derivation of A (i.e., the Di are linear 

k 
l.i=O Di(a)Dk-i(b) for all k~l and all a,b belonging to A), we define with D0 = I and Dk(ab) 

e(Di) ~ D./i!. 
i>O 1 

For a large class K of higher derivations (Di) on A (which include all 

those of the form (Di) where Dis a derivation), e(Di) is a well defined automorphism of A. 

Theorem. Every automorphism of A is of the form e(Di) for some (Di) belonging to the class K. 

This extends a result of Scheinberg (J. Math. Anal. Appl., 31 (1970), p. 330) where the 
- i 

(non-empty) class of automorphisms of A which are not of the form e(D ) for any derivation D 

of A are characterized. (Received October 29, 1974.) 
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*720-13-3 JOHN FUELBERTH, Univ. of Northern Colorado, Greeley, CO 80631, JAMES 
KUZMANOVICH, Wake Forest Univ., Winston-Salem, NC 27109, and THOMAS 
SHORES*, Univ. of Nebraska, Lincoln, NB 68508. Splitting torsion 
theories over commutative rings. 

Let R be a commutative ring with identity and mod-R the category of 

unitary R-modules. If M £ mod-R and I is an ideal of R, let 

Soc(M,I) = {x£Mixi=O}. Theorem. Let e be an idempotent of R and Y a finite 

set of maximal ideals of R containing e such that for each P £ Y the localiza

tion R of R at P is a field. Define a functor T on mod-R by the formula (1) 
p 

T(H) = He + o:{Soc(H,P) IPEY})' for all !1 £ mod-R. Then (i) the sums in (1) are 

direct, (ii) formula (1) defines a splitting hereditary torsion functor on 

mod-R, and (iii) every splitting hereditary torsion functor on mod-R is so 

obtained. Corollary. Every splitting hereditary torsion theory on mod-R is 

TTF; moreover if R is Noetherian then such theories are centrally splitting. 

The known theorems about the splitting of the Goldie and simple torsion 

theories (for commutative rings) can be derived from our Theorem. 

(Received October 29, 1974.) 

*720-13-4 IRA J. PAPICK, Rutgers University, New Brunswick, New Jersey 08903 
Topologically defined classes of going-down domains 

Let R be an integral domain. Our purpose is to study GD (going-down) domains 

[Abstract 74T-A151, these Notices 21(1974), A-473] which arise topologically; i.e., we 

investigate hrn~ certain going-down assumptions on R and its overrings relate to the topo

logical space Spec(R). Many classes of GD domains are introduced topologically, and a 

systematic study of their behavior under homomorphic images, localization and globalization, 

integral change of rings, and the "D+M construction" is undertaken. Before stating two 

typical theorems, we make the foll~ing definitions. R is called an~ (respectively, 

UI-) domain if for each averring T of R, Spec(T)-Spec(R) is open (respectively, a 

local homeomorphism). R is said to have finite fibers if for each averring T of R, 

Spec(T)--+Spec(R) has finite fibers. If M is a maximal ideal of R, the set 

{P e Spec(R) :PCM} is called a branch of R. Theorem R is open ~ R is GD, R is 

semilocal, and each branch of R is well-ordered under inclusion. Theorem R is an 

ill-domain ~ every averring of R is open ¢:::::> R is open, R has finite fibers, and 

every averring of R is treed. (Received October 30, 1974.) 

720-13-5 JOSEPH E. CICERO, Clayton J.C., Morrow, Georgia 30260. Prime Ideals and 
Pseudo Boolean Valuations. 

Let R be a commutative ring with identity. A pseudo Boolean valuation 

on R is a mapping v from R into a Boolean algebra B which satisfies for all x and y in R: 

Vl) v(O) = 0, V2) v(xy) = v(x) n v(y), and V3) v(x + y) ~ v(x) \J v(y). THEOREM 1: For every 

commutative ring R with identity, there is a Boolean algebra B and a pseudo valuation v from 

R into B. THEOREM 2; Every set of prime ideals of R induces a pseudo valuation on R. 

For each b in B the set Ib = { x in R : v(x) ~ b} is an ideal in R. The ideal Ib is the 

intersection of all the prime ideals which contain it. Two pseudo valuations v and v' from 
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R into B are said to be equivalent if the sets of all Ib for v and v' are equal. THEOREM 3: 

Every pseudo valuation on a commutative ring with identity is equivalent to a pseudo valuation 

on R induced by some set of prime ideals of R. (Received October 31, 1974.) 

720-13-G PAUL A. Ff<OESCHL III, Saint Mary's College, Winona, Minnesota 55987. 
Chained l<ings. Preliminary report. 

A chained ring is a ring in which the set of ideals are linearly ordered under 

inclusion. A chained ring with Noetherian total quotient ring is the homo

morphic image of a valuation domain. Moreover, a valuation ring with 

chained total quotient ring is a chained ring if and only if the zero 

divisors of the total quotient ring are contained in the ring. An example 

is given of a valuation ring with chained total quotient ring that is not a 

chain<ed ring. Every valuation over ring of a ring R is a chained ring if and 

only if the ideal of zero divisors of T (R) is the conductor of R, the in-

tegral closure of R' in T ( R), (Received October 31, 1974.) 

E. GRAHAM EVANS, JR., University of Illinois, Urbana,Il1inois 61801 
Invariant Theory, Macaulay Rings, and Gorenstein Rings, 
Preliminary Report. 

If k is a field, R=k[X1 •••• ,Xn], and G is a finite subgroup of 

GL(n,k), then we can define a G action on R by extending the linear 

action on the Xi. Using theorems of Hochster and Serre, Watanabe has 

given necessary and sufficient conditions for RG to be Gorenstein if 

the order of G is prime to the characteristic of k. The above theorems 

will be discussed and a sketch of the proof of Watanabe's Theorem will be 

given. (Received Octooer :'·1. 197h.) 

720-13-8 MICHAEL SCHLOSSER, University of Kentucky, Lexington, Kentucky 40506 

Entropy of Ring Endomorphisms, Preliminary Report 

Rings are commutative with identity. Definition: A cover of a ring R is a finite collection e< = {a1 ,a2, ... ,ak }C R such 
k n n 

that ~ aiR = R. Definition: For covers e<i of R, Y <Xi = {.1r ai I ai E <Xi}. Definition: Fore< a cover of R, N (a) is the 
F1 F1 F1 

number of elements in a subcover of a of least cardinality. Definition: For a a cover of R, T: R-+ R a ring endomorphism 
1 [l;-1 . 

(unital), h(T,a) =lim -log N Cv T~). The ring entropy ofT is sup h(T,a) = hring (T). Propositions analogous to those 
n~ n 1=0 a 

in Adler, Konheim, McAndrew, Topological Entropy, Trans. Amer. Math. Soc. 114(1965), 309-319, are obtained. 

Theorem: If X is compact Hausdorff, T: X-+ X is continuous and onto, T: CR(X)-+ CR(X) via T (f)= f o T, then 

htopology (T) = hring !'i\ Theorem: If R is a ring, spec R its prime ideal spectrum, T: R--> R an endomorphism, then 

hring (T) = htopology (spec T). Theorem: If R is a commutative ring with the property that any nonzero ideal is contained 

in at most finitely many maximal ideals and T is an automorphism of R, then h(T) = 0. Corollary: Automorphisms of 

PI D's, Dedekind Domains, and dim 1 Noetherian Domains will have zero entropy. (Received November 1, 1974.) 

720-13-9 ROGER WIEGAND and SYLVIA WIEGAND, University of Nebraska, Lincoln, 
Nebraska 68508. The maximal spectrum of a Noetherian ring. Pre
liminary report. 

We describe a general method of constructing a Noetherian ring with a 

given maximal ideal space. (Received November 1, 1974.) 

A-76 



*720-13-10 ROGER WIEGAND, University of Nebraska, Lincoln, Nebraska 68508. 
Dimension functions on the prime spectrum. 

We define an invariant r(R) £ {O,l,2, ... ,oo} associated to each commutative 

ring R. We have r(R) ~ dim(R) for rings with Noetherian spectrum, and 

examples exist with dim(R) - r(R) arbitrarily large. This invariant allows 

one to prove sharpened versions of Serre's theorem on free summands in large 

projectives, Bass' stable range theorem, and several related theorems. We 

prove that r(R[X]) = r (R) + l for every ring R. (Received November 1, 1974.) 

720-13-11 DAVID WRIGHT, Columbia University, New York, N.Y. 10027. 
Algebras Which Resemble Symmetric Algebras, preliminary report. 

Let k be a commutative noetherian ring, and A a commutative k-algebra. 

A is said to be locally polynomial if A~kg is a polynomial algebra for all 

g E spec (k}. A is said to be invertible if there exists a k-algebra B such 

that A~B is k-isomorphic to a polynomial k-algebra. (All k-algebras here are 

assumed to be finitely generated over k.} Symmetric algebras of finitely gene

rated projective modules are both locally polynomial and invertible. 

Assume one of the following two conditions holds for A: 1} A is inverti

ble. 2} A is locally polynomial and augmentable (i.e. there exists a k-algebra 

homomorphism A~ k}. If I is the kernel of an augmentation, I/I 2 is a finitely 

generated projective k-module. Denote by S the symmetric algebra of I/I 2• 

Then A ~ S, where A denotes the completion of A with respect to the I-adic 

topology, and S denotes the completion of S with respect to its canonical 

augmentation ideal. In particular if I/I 2 is free of rank n, then A is iso-

morphic to the ring of formal power series in n variables over k. Furthermore 

if spec (k} is connected, we have dim A= dim k + ran~(I/I 2 }. If we view k 
2 as an A-module, we have either hdA(k} rankk(I/I} or hdA(k} = oo 

(Received November 1, 1974.) 

*720-13-12 T. T. MOH, University of Minnesota, Minneapolis, Minnesota 75455· The Method 
of Tschirnhausen-Newton-Puiseux. Expository report. 

Let k be a field of characteristic zero, k[x] a polynomial ring of one variable over k . 
Let f(x) Ek[x] be with deg f(x) =mn . Then there is an unique monic polynomial g(x) of 
degree m such that deg(f(x) - g(x)n) < (n- l)m . The polynomial g(x) is called the 
approximate n-th root of f(x) or a generalized Tschirnhausen transformation of f(x) . 
In case kCK( (T)) fieJ,d of meromorphic functions of one variable, the equation f(x) = 0 
can be solved in K( (~1 8 )) by Newton-Puiseux expansions as in complex variable. 
Important properties of Newton-Puiseux expansions can be deduced from the approximate n-th 
roots of a polynomial. One advantage is to have all information provided by Newton-Puiseux 
expansion while staying in k[x] • Several applications will be discussed, open problems 
will be mentioned. This talk is based on the author's works in collaboration with 
S. S. Abhyankar (c.f. Grelle vol. 260, 261 and two preprints). (Received November 1, 1974.) 
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*720-l3-l3 JIMMY T. ARNOLD AND PHILIP B. SHELDON, Virginia Polytechnic Institute and State 
University, Blacksburg, VA 24061. Integral Domains which satisfy Gauss's ~. 

Let D be a commutative integral domain with unity. For a polynomial f(X) in D[X], 

let Af denote the ideal of D generated by the coefficients of f. The polynomial f(X) is 

said to be primitive in case Af is contained in no proper principal ideal of D, and super

primitive in case A~1 = D. In this paper two classes of domains are studied, the GL-domains, 

those over which the product of two primitive polynomials is primitive (i.e. those in which 

Gauss 1 s Lemma holds )1 and the PSP-domains, those over which every primitive pofynomial is 

superprimitive . Some ideal-theoretic characterizations of these classes of domains are 

obtained, along with the relations between them and some related classes of domains. It 

follows from results of Tang ["Gauss's Lemma", Proc. Amer. Math. Soc. 35 (1972), 372-376] 

that every GCD-domain is a PSP-domain, and every PSP-domain is a GL-domain. It is shown 

that the GL-domains are contained in the class of all domains in which irreducible elements 

are prime, and it is shown by examples that all of these containments are proper. Finally 

a characterization is obtained for all those domains D for which D[X] is a GL•domain. 

(Received November 4, l974.) 

720-13-14 .JOONG HO KIM, East Carolina University, Greenville, North Carolina 27834. Completion 

of local ring which is not noetherian. Preliminary report. 

Let A be a semilocal ring with I\:1J(A)n = (0) where J(A) is the Jacobson radi_:al of A. Let 

d be the metric on A derived from the J(A)-adic topology in the obvious way, and let (A,d•) be the 

completion of a metric space (A, d). Then A forms a semilocal ring with n:lJ(A)n '" (0). Let a be 

the metric derived from the J(A)-adic topology. Then if J(A) is finitely generated, d' and a are 

equivalent; therefore. A is a complete semilocal ring, If J(A) is not finitely generated, d• and d. 
are not necessarily equivalent. Proposition. Let B be a semilocal ring with J (B)n = (0). Let 

B[[X1, •.•• Xnll be a formal power series ring in n indeterminates over B. and let A= 

u:lB[[Xl, ... ,Xn]]. Then A isasemilocalringwith n:lJ(A)n= (0), butasemilocalring A is 

not complete ((A, d) is not complete). (Received November 4. 1974.) 

*720-l3-l5 JOHN W. PETRO, Western Michigan University, Kalamazoo 49001. 
Concerning filtrations on commutative rings. 

Let f = (an}~=O be a (multiplicative) filtration of ideals on a 

commutative ring R with identity. (For example, f (an} for an ideal 
a 

a of R.) The power ~ of f is 'T (f) = inf(k/ml ~n !;;; amn 1fn}, 

provided such pairs k, m exist, and 'T(f) = otherwise. (Thus, 

'T(f ) ~ 1.) General properties of 'T(f) are discussed. For instance, what 
a 

real numbers can 'T(f) assume? Lemma. 'T(f) s 1 implies that 'T(f) = 0 

or 1. Example 1: A noetherian ring 

exists a filtration f on R with 

Dedekind domain and 'T (f) < co , then 

R such that for each r ~ 1 

'T(f) = r. Theorem 1. If R 

'T (f) = 0 or 1. Example 2. 

there 

is a 

A 

noetherian ring R 

where fa n f b = (an 

f = ( an} , g = ( bn) 

then 'T ( f n g ) ,_; 1 1 

with ideals a and 

n bn} I Theorem 2. 

b such that ,- (fa n f b) = 2 , 

If R is a Prufer domain, 

are filtrations on R with 'T (f) s 1, 'T (g) ,.; 1 , 

where f n g = (an n bn). (Received November 4, l974.) 
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720-13-16 JOHN W. PETRO and M. EDWARD PETTIT, JR , Western Michigan 
University, Kalamazoo, Michigan 49001. Filtrations with finite 
power ~ on Prufer domains, Preliminary report. 

Let f - ( }co - an n=O be a (multiplicative) filtration of ideals on a commu-

f denote the common radical of for n ~ 1. tative ring R. 

The power ~ of 

Let 

f 

rad 

is 'I"(f) = inf(k/ml a.. !::;; a n for all -·Kn m provided such 

'T'(f) co, otherwise. Theorem 1. pairs k, m exist, and 

valuation ring and 'T'(f) < 

R 

CO I then ·r(f) = 0 or 1. Theorem 2. 

is a 

If R is 

a Prufer domain, 'T(f) < and 

then T(f) = 0 or 1. Remark. 

rad f = pl n • . • npt I for pi E Spec R I 

There exist Prufer domains with filtrations 

f such that 1 < T(f) < 

(Received November 4, 1974.) 

co • For example, the ring of entire functions. 

*720-13-1'7 ANNE GRAMS, Univ. of Tennessee at Nashville, Nashville, Tn. 37203 and HOYT 
WARNER, Vanderbilt Univ., Nashville, Tn. 37235, Irreducible divisors in domains 
of finite character, Preliminary-report. 

A domain D is called an (idf)-domain if each nonzero element of D has only a finite 

number of nonassociate irreducible divisors. Theorem. A domain D n v of finite 
Cl Cl 

character is an (idf)-domain if one of the follolv.ing holds: (1) each Vet' except possibly 

one of them, is rank one discrete, (2) D is a GCD-domain, or (3) for some Bezout 

domain D0 with quotient field K, D0 £ D S K[{x1Jl· Several examples of non-(idf)-

domains of finite character are constructed, each an averring of a polynomial ring over Q 

or Z and each of the form V n W (l ( n i>l Vi), where V and W are rank one and each 

Vi is rank one discrete. Included is an example of a one-dimensional Prufer domain of 

finite character that is not an (idf)-domain. (Received November 5, 1974.) 

720-13-18 N. H. VAUGHAN. North Texas State University, Denton, Texas and R, W. YEAGY, Stephen 
F. Austin State University, Nacogdoches, Texas. Factorization of ideals into semiprime 
ideals in an almost Dedekind domain. 

Let D be a domain with 1 -1 0 and quotient field K An ideal A of D is said to be semiprime 

if A= J A. We prove Theorem 1. If every ideal A of D is a finite product of semiprime ideals then 

an ideal A of D is a prime power iff A is primary. Theorem 2. If every ideal of D is a finite 

product of semi prime ideals and the A. C. C. holds for prime ideals of D, then D is almost Dedekind, 

Theorem 3, Let R1 G R2 ;;; R3 ;;;, .• ;;; R be a Dedekind tower-construction. Suppose all the residue 

fields of R1 are perfect and that R is an almost Dedekind domain. Then every proper ideal of R is a 

product of semiprime ideals iff R has no critical maximal ideals, Theorem 4, There exists an 

almost Dedekind domain D (which is not Dedekind) such that every ideal of D is a finite product of 

semiprime ideals. (Received November 6, 1974.) 

720-13-19 M. P. MURTHY, University of Chicago, Chicago, Illinois 60637, Projective modules over 

affine algebras. 

A survey of results known and problems, with reference to Serre's problem, complete intersections, 

and structure of projective modules over two dimensional affine algebras. (Received November 6, 1974,) 

(Author introduced by Professor David Eisenbud.) 
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14 Algebraic Geometry 

*720-14-1 GUSTAVE A. EFROYMSON, University of New Mexico, Albuquerque, New Mexico 87131. 

Substitution in Nash functions. Preliminary report. 

Let D be a domain in Rn defined by a finite number of polynomial inequalities: pi(x) > 0, Let 

AD-, (f: D ~ Dif is analytic and there exists pf(z, x) in R[z, x) with pf(f(x), x) = 0 If x in D}. Then 

there exists a polynomial relation B(z, x) so that f(a) = b iff B(b, a). Let L be a real closed field 

containing R and define DL =- fa f' LnJpi(a) > 0 all il. Then one can define fL: DL-+ L by fL(a) = b 

if a r: DL and B(b, a). Let cp: AD~ L be a homomorphism. Since R[x1 , .• , ,xn] c AD, one can 

consider cpx c (cpx1 ... ,,cpxn) f' Ln. Moreover pi(cpx) > 0, all i, so cpx E DL. Theorem. fL(cpx)=cpf 

for all f in AD. This is proved using T. Mostowski's separation theorem, which he used to prove the 

nullstellcmmtz for AD. The nullstellensatz also follows from the above theorem. (Received October 31, 

1974.) 

720-H-2 BASIL GORDON, University of California, Los Angeles, California 90024 and LORNE 
HOUTEN, Roswell Park Memorial Institute, Buffalo. New York 14203, On cubic curves 
over finite fields, Preliminary report. 

The authors will discuss the following theorem and related results. Theorem, Let F be the 

finite field GF(q\ where q is a prime power. Let N(*) be the number of solutions of * over F. Then 

if v is any nonsquarc of F we have N(Y2 
-.o x3 +AX+ B) + N(Y2 = ~ + v2 AX+ iB) = 2q, (Received 

November;;, 1974.) 

1'720-14-:l FRANK SERVEDIO. Dalhousie University, Halifa....:, Nova Scotia, Canada, Singular orbits 

for linear algebraic groups, Preliminary report. 

Let P be a form of degree r in k[X1,,, .. Xn] ~ r (A\~) where k is algebraicall~· closed of 

n r n characteristic 0, L0t GL(n. k) act naturally on Ak and on (A\k) and take SP < GL(n, k) to be the 

full subgroup fixing p and s~, to be the identity component of sp . s~ is a linear algebraic group 

dcfincdovcr K. Finally, foreach j. 1.2,,.,,r- 1 define (o(j)P)tobetheidealin r(~) generatedbytheset 

of alljth partial derivatives of P with ()0lP) '(P), and let Z(P(j)) be the Zariski closed algebraic subset of 

zerosof (").ilP) in A;~ for j O,l,.,_,r-1, Theorem. If S~ isreduetive, thentheorbitsof S~ in Z(P) are 

the open subsets of nonsingular points of the irreducible components of Z(P(j)) as j varies over 

0, 1, .... r- 1. The techniques involve characterizing L(Sp), the Lie algebra of Sp· by a split exact 

sequence and usc of the Lemma. If a conneeted G acts on Z in the category of affine algebraie spaces 

over k with X a closed point in Z. then the G orbit of X is open in Z iff L(G)X _-, T X(Z). the tangent 

to Z at X. (Recei\·ed November G. 1974,) 
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15 Linear and Multilinear Algebra; Matrix Theory (finite and infinite) 

720-15-1 MARVIN MARCUS, University of California, Santa Barbara, California 93106 
Mjoints and the numerical range. 

All operators are on a finite dimensional unitary space. W. A. Beck and C. R. Putnam (J. London 

* Math. Soc. 31 (1956), 213-216) proved that if AN= N A for normal N, A is non-singular, 

* A= PU, P > o, U unitary, and 0 ¢ W(U), the numerical range of U, then N = N . Let z 

be any complex number and define the range multiplicity, v (A), to be the largest integer k z 
for which there exist k o.n. vectors ~, ... ,~ such that (Axj,xj) = z, j = l, ••• ,k. The 

first result develops a normal form under unitary similarity for arbitrary A satisfYing 
* • AN= N A, of the type A= B + c, where C has only O's in the main diagonal. It is then 

proved that v0 (u) ~ rank A- rank B. Using this inequality the Beck-Putnam result is general

ized as follows. If 0 ¢ W(U) then there exists an orthogonal decomposition of the space, 

V = W .f. r, such that W and vf are invariant subspa.ces of both A and N, A[W.L = o, N[W 

is hermitian, and dim W ~ rank A. (With A singular, U is an arbitrary but fixed unitary 

factor in the polar decomposition.) Various connections with and generalizations of subsequent 

work of S. K. Berberian, P. A. Fillmore, c. A. McCarthy, C. R. MacCluer, I. H. Sheth, o. Taussky, 

R. C. Thompson, and J. P. Williams are discussed. (Received September 23, 1974.) 

*720-15-2 JAMES W. BURGMEIER*, University of Vermont, Burlington, Vt. 05401 
RONALD E. PRATHER, University of Denver, Denver, Colo. 80210 

Polynomial Calculus with D-like operators. 

The expansion capabilities of rather general "derivative-like" linear 

operators are investigated. The class of all such operators is characterized. 

Imposing familiar differential properties leads to those possessing "Taylor

like" expansions and ultimately the derivative is characterized among all 

such operators. (Received September 27, 1974.) 

720-15-3 CARL D. MEYER, JR., North Carolina State University, Raleigh, North Carolina 
27607 The role of the group generalized inverse in the theory of finite 
~chains. 

For an m-state harogeneous Markov chain whose one-step transition 

matrix is T, the group inverse, A#, of the matrix A= I - T is shown to play a central 

role. For an ergodic chain, it is dennnstrated that virtually everything that one would 

want to kl10111' about the chain can be determined by cx:nputing A# • Furthenrore, it is sham 

that the introduction of A# into the theory of ergodic chains provides not only a 

theoretical advantage, but it also provides a definite cx:nputational advantage that is not 

realized in the traditional framework of the theory. (Received October 15, 1974.) 

*720-15-4 W.C. Pye, University of Southern Mississippi, Hattiesburg, 
Mississippi 39401 and Melvyn W. Jeter, University of Southern 
Mississippi, Hattiesburg, Mississippi A Minimal Permanent-Like Func. 

This paper contains a study of the smallest n-homogeneous, superadditive, 

'\'n! n '\'n! lower semicontinuous function T(S) = sup{l. 1 A. :S < l· 1A.A.} from 
~= ~ - ~= ~ ~ 
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the n-th order, nonnegative real matrices into the nonnegative reals, 

which agrees with the permanent function on each n-th order permutation 

matrix Ai. Several results for this function analogous to those for 

the permanent function are derived, and a particular effort is made 

to determine when T is convex. For example, if S is a doubly stochastic 

matrix and ctE[l-1/(n-1)!,1], then T(ctAi+(l-a)S) < ct+(l-a)T(S). 

(Received October 29, 1974.) 

720-15-5 R. c. THOMPSON, Department of Mathematics, University of California, 
Santa Barbara. Singular values and diagonal elements. 

Necessary and sufficient conditions will be given for the existence of a matrix with pre-

scribed singular values and prescribed elements in its main diagonal. 

(Received November 1, 1974.) 

*720-15-6 B.E.GAJN, Iowa State University, Ames Iowa 50010, and B.D.SAUNDERS 
and !!.SCHNEIDER, University of Wisconsin, Madison, Wisconsin 53706, 
On the geometry of dual pairs. 

If v is a norm equivalent to the Hilbert norm on a Hilbert space H with in

ner product <·,·>, then the numerical range with respect to v of an operator 

A ls the image un~er the continuous mapping (x,y) ~ <Ax,y> of the set of dual 

pairs, n(v) = {(x,y) E H xH: (x,y) = v(x)v*(y) = 1}. Here v* is the norm 

dual to v . The same numerical range results when n(v) is replaced by its 

subset, ITo(v) {(x,y) C f1xH: (x,y) = v(x) = v*(y) = 1}. We develop natural 

homeomorphisms between llo ( v) and the unit sphere S of' H , and between !I ( v) 

and the cylinder D + IR 'rhese sets are arcwise connected when dim1RH > 1 , con

sequently, the numerical range is arcwise connected. In particular, this holds 

for all norms on ~n. We use a correspondence between positive homogeneous, 

convex functionals on H and cones in H ~ R . Our techniques are related to 

those used in the theory of monotone operators. (Received November 4, 1974.) 

*720-15-7 EDWIN K. GORA and ,JAMES J. TATTERSALL. Departments of Physics and Mathematics. 
Providence College, Providence, Rhode Island 02918. On the reduction of functions of 
matrices to matrix polynomials. 

A pre\·iously reported method [Gora. ''On the use of Lucas polynomials in the theory of matrix 

functions", Abstract 703-A26, these c){otiai] 20(1973). A-354] permitting the reduction of functions of 

matrices to matrix polynomials without explicit knowledge of the characteristic roots is shown to be 

equivalent to the familiar Lagrange-Sylvester method. Procedures utilizing a combination of the two 

methods are now proposed, and first applied to circulant matrices. Adaptation of the results thus 

obtained to matrices in general leads to substantial simplifications in the expansions representing the 

coefficients appearing in the matrix polynomials. These simplifications make it possible to reduce such 

expansions to expressions in closed form for any matrix of rank N ~ 4. and for many matrices of higher 

rank. The proposed procedures are applicable to a wide range of problems. and have proved particularly 

useful in the treatment of linear canonical transformations in quantum mechanics. (Received November 

4, 1974.) 
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*720-15-8 JlN BAI KIM, West Virginia University, Morgantown, West Virginia 26505. Induced 

transformations on exterior product spaces. 

Let E be a vector space of dimension n@= 2) over a field. Let L(E) denote the set of all linear 

transformations of E. Let /\E = 1\ 0E Ell!\ 1E Ell!\ 2E Ell!\ .•• !\Ell!\ nE be the exterior algebra 

generated by E. h in L(E) induces h(q) :/\ qE _, !\ qE and hi\. (hi\ is called the induced 

transformation of h.) r(h) denotes the rank of h. N(h) and R(h) denote respectively the null space 

and the range space of h. Theorem 1. Let h,g E L(E). Then r((gh}") = 2r(h)-dim(R(h) n N(g)). In 

Theorem 2, we generalize a theorem by A.P. stone ["Induced transformations on exterior product spaces", 

Tensor 23(1972), 147-150]. (Received November 6, 1974.) 

720-15-9 STEPHEN BANCROFT, Gordon College, Wenham, Mass. 01914 

A Note on the Jordan Canonical Form 

Let ~:Vn~yn be a linear transformation of ann-dimensional space over the complex field C. 

The classical matrix representation theorem for such a transformation is known as "The Jordan 

Canonical Form". In this paper an elegant geometric approach is taken which motivates the con

struction of this form in a truly "natural" way. The proof is especially interesting because 

it makes no use of the Hamilton-Cayley theorem, minimal polynomials, or any "premature" triang

ular matrix forms. The proof displays, through an "unforgettable" geometric discussion, natural 

interpretations of the number of blocks and block dimensions appearing in the final form. The 

Hamilton-Cayley theorem and construction of the minimal polynomial for the transformation follow 

as immediate consequences of the Jordan Form, rather than as integral steps in the achievement 

of that form. (Received November 6, 1974.) (Author introduced by Professor Thomas Goulding.) 

*720-16-1 

16 Associative Rings and Algebras 

CA."'l.TER. LYONS, Madison College, Harrisonburg, Virginia 22801, Finite groups with 
senti.sinple endomo:ryhism rings. 

If the near ring E(G) generated by the endomorphisiiiB of a finite group G is a semi.simple 

ring, or nx>re generally, has square-free characteristic then it is sholm that G is abekian, a. 

direct sum of elementary p-groups. (Received October 4, 1974.) 

*720-16-2 TOM CHEATHAM, Samford University, Birmingham, Alabama 35209 
Regular Modules 

A left R-module is called regular (see Fieldhouse [Math. Ann. 184(1969), 1-18] )if each of its 

submodules is (Cohn) pure. Theorem 1. The class of regular modules is closed under taking pro-

ducts if and only if R/J is a von Neumann regular ring. (J denotes the Jacobson radical of R.) 

Theorem 2. Every regular (left) R-module is semisimple (i.e. a sum of simple modules) if either 

of the following conditions is satisfied: (i) all maximal left ideals of R are finitely gen-

erated, (ii) R is a commutative ring with a noetherian maximal spectrum. An example is given 

to show that neither condition is necessary. (Received October 11, 1974.) (Author introduced 
by Dr. W. D. Peeples.) 

A-83 



*720-16-3 JOE W. FISHER, University of Texas, Austin, Texas, 78712. Rings generated by 
their units. Preliminary report. 

Let R be an associative ring with unity. Theorem. If R is ~-regular of bounded index n 

in which 2 is a unit, then R is generated by its units. In fact, each element of R is a sum of 

at most 2n units. This theor~m extends Theorem 17 of Henriksen [J. Algebra 31 (1974), 182-193]. 

R. L. Snider and the author have shown that if R is von Neumann regular of bounded index, then 

R is unit regular and hence, if 2 is a unit in R, then each element of R is a sum of at most 2 

units. (Received October 4, 1974.) 

*720-16-4 ZOLTAN PAPP, George Mason University, Fairfax, Virginia 22030 
On Stable Noetherian rings. 

P. Gabriel calls a localizing subcategory stable if it is closed under 

taking injective envelopes and proves that a commutative Noetherian ring R 

is stable, that is, every localizing subcategory of RM is stable. (Bull. 

Soc. Math. France 90 (1962) 323-448, MR 38 #1144.) The following theorem is a 

generalization of this result. Theorem: A Noetherian ring R is stable if 

and only if for every pair of indecomposable injective R-modules E and F, 

llomR (F, E) 1 0 implies that is the associated kernel functor to 

the R-module S as defined by 0. Goldman. (J. of Algebra 13 (1969) 10-47, 

MR 39 #6914.) It can be shown that the stability of Noetherian rings is 

Morita invariant property. A number of applications of these results are 

also given in the paper. (Received October 15, 1974.) 

X-720-1C- ~·.: K, R, GOODEARL, University of Utah, Salt~ Lake City, Utah 84112. 
Com&etions £!. simple regular rings. 

This paper is concerned with the structure of the completion of a 

simple, von Neumann regular ring R with respect to the metric induced by a rank 

function. The set W(R) of all pseudo-rank functions on R is given a geometric 

structure, and it is proved that the completion of R with respect to a rank 

function N is a direct product of k (or oo) simple rings if and only if N is a 

positive convex combination of k (or oo) vertices of IP(R). Examples are 

constructed to show that the completion of a simple regular ring with respect to a 

rank function may be any of these possibilities. {_Received. October 17, 1974. ~-

720-16-6 GSORGE SZETO, Bradley University, Peoria, Illinois 61606. 
On rings with no ~on-trivial annihilators. Preliminary report. 

Let R be a ring. Ae call an element r in R a proper left zero divisor if 

there exist non-zero elements r', r'' in R such that rr' = 0 and rr" ::C 0. 

Clearly, if R. does not contain proper left zero divisors, then H = AU S where 
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A= {r I rR = 0} and S = {r I rt = 0 implies t = 0 for t in R}. Theorem l. 

By keeping the above notations, if R does not contain proper left zero divisors 

such that every element in S has a right identity, then (l) either R2 = 0 or 

R ~ Re@A as left R-modules, where e is a right identity of an element inS, 

(2) Re is an integral domain (called an integral component of R) and A is a 

torsion free left Re-module. !heore~ 2. Let C' be the category of all rings 

satisfying the hypothesis of Theorem l and with a same integral component D. 

Let C" be the category of all torsion free left D-modules. Then F: R- A is 

a bijective and full functor from C1 to C". (Received October 21, 1974.) 

*720-16-7 ROBERT GORDON, Temple University, Phila., Pa. 19122 and EDWARD L. GREEN, 
University of Pennsylvania, Phila., Pa. 19104. A Representation Theory for 
Noetherian Rings. 

The representation theory of noetherian rings developed in this paper resembles the repre-

sentation theory of artinian rings from which it is derived. It involves a notion of 

strongly indecomposable modules; and noetherian modules are decomposed in terms of them. 

Certain envelopes of the strongly indecomposable modules which decompose the factors of the 

module's submodule sequence are determined up to order and isomorphism by the module. More-

over, if the ring is finite over a commutative noetherian ring then the same strongly 

indecomposable modules decompose the module itself, and are determined by it up to subisomor-

phism. For such rings a notion of finite representation type is introduced. Various 

characterizations are obtained by exploiting well known theorems of M. Auslander and A. Reiter 

concerning the representation type of Artin algebras. (Received October 23, 1974.) 

*720-16-8 JITENDRA N. MANOCHA, Kent State University, East Liverpool, OH 43920 
a-noetherian rings and a-artinian rings. II. 

We use the notation of Abstract 74T-A69, these Notices 21 (1974), A-297. Theorem 1. Let R 

be noetherian relative to E(R)-torsion theory. (We shall call R a (right) Lambek

noetherian ring.) Then (i) R is finite dimensional. Thus condition (2): R has the a.c.c. 

on right E(R)-annihilators implies condition (1): R is finite dimensional in Jans 

[J. Algebra, 7 (1967), 35-43]. (ii) Finitely generated flat modules are projective. 

(iii) A projective submodule of a finitely generated free module is finitely generated. 

Theorem 2. (i) R is a (right) Lambek-noetherian ring iff each ring between R and the 

(right) maximal ring of quotients Qm (R) is a (right) Lambek-noetherian ring. (ii) If 

R is a-noetherian then R/a(R) and Q(R) are (right) Lambek-noetherian rings. Define M 

to be u-artinian if M has the d.c.c. on a-closed submodules. Then Theorem 3. A 

necessary condition for Q(R) to be a (right) noetherian (artinian) ring is that R is 

a-noetherian (a-artinian). If a has property (T), the above condition is sufficient. 

Theorem 4. Q(R) is a quasi-Frobenius ring iff Q(R) is right R-injective and R is 

a-noetherian or a-artinian. Further, Q(R) is a semi-simple ring with minimum conditions 

iff the R-singular ideal of R, ZR(R) = 0 where R = Rla(R). Applications to classical 

ring of quotients are discussed, improving a result of Jans; and Mewborn and Winton. 

(Received October 24, 1974.) 
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*720-16-9 PROFS. D. E. RADFORD, Lawrence University, Appleton, Wi. 54911, 
E .. J. TAFT* AND R.L. WILSON 1 Rutgers Universlty, New Brunswick, N.J. 
08903. Some Forms of Certaln Hop£ Algebras. 

One of the authors has given a construction of a finite-dimensional Hop£ 

algebra II over a field F whose antipode S has order Zn, where F 

contains a primitive n-th root tc of unity. We show here that the restric-

tion that w he in F can be dropped, so that F is required only to be of 

characteristic zero or of prime characteristic not dividing n. One forms the 

field extens ior: K ~ F(w) with Galois group G. Over K 
' 

one constructs a 

l!opf <'ll,r~chra L by tensoring certain Hop£ algebras whose antipodes have order 

2n. ~ acts on L hy semi-linear Hop£ automorphisms, and the space of G-

fixed points of is a Hopf algebra over F whose antipode has order Zn. 

II is an F- forn1 of in the obvious Hopf algebra sense. 

(Received October 30, 1974.) 

*720-16-10 .JAY SHAPIRO, Rutgers University, New Brunswick, New Jersey 08903 
0..2lon-commutative cmal~J?.!i.me ideals 

We work with a non-corrnnutative c.nalog of prime ideals in a corrnnutative ring. Call 
:: IR <;:_ R subcritical if R/I is monoform. Theorem: For any T-torsion theory c, a 

bijection: subcritical ideals of R0~cr closed subcritical ideals cf R. Theorem: Let 

R--;..S be a left flat, epi ring extension, let {Mi} be the maximal right ideals of S, 

then RnMi are ~~ubcr.itical ideals of R and S is ring " to R localized at 

ITE (R/Mi n R) . We give a candidate for a topological Spec R, which reduces to the 

Zariski topology in a corrnnutati\re ring. We define a presheaf of rings on Spec R, whose 

sheafification agrees with the structure sheaf if R is coll'mutati.ve. In certain instances 

(e.g. pritne goldie rings) this presheaf is a sheaf, with the stalk at. a point E e Spec H 

being RE' If J>.. = center R, we get an induced map Spec R--;..Spec A which is always 

continuous, and onto i.f R is integral over A. Theorem: Let R be a ring which is either 

f.g. over A or has right krull dimension and is integral over A, then :1 a family r of 

semi prime ideals .? , if N e F, the localization cr at E (R/N) is T, Ncr = J (R0 ), 

R/Ncr is artiniar. Moreover, ~·lr. is flat = Mcr is flat over R0 V N e F, and 

w. dim R = sup w. dim R0.• (Received October 30, 1974.) 

720-16-11 SUSAN C. GELLER. Cornell University, Ithaca. New York 14863. Presentations of 

GE(n, R) and computation of K2 (n. R). Preliminary report. 

Recall that GE(n. R) is the subgroup of GL(n. R) generated b~· elementary and diagonal matrices. 

Let GEU (n, R) be the group with generators X .. (r). r E R. 1 '§ i l j ~ n. and [u1 ... , . u ]. u. E R* (units 
lJ n 1 

of R), with relations the Steinberg relations. [u1 .. , .. un] [Y 1 ..... \'n] = [u1 v 1 .... , un v nl. Xij (r) [u1, ••.. un] 

-1 -1 
= [u1 •..• ,u ]X .. (u. ru.), and X .. (u- 1)X .. (1} = [u] .. X .. (u)X .. (1- u ) . where [u] .. ~ [v1 ..... v ] where 

n tJ 1 J 1.1 J 1 1J .11 1.1 1.1 n 

vi= u, vi = u -\ vk =• 1 for k I i, j. Let KG(n. R) be the kernel of the natural projection GEU(n, R) ~ 

GE(n, R). Then for all n there is an exact sequence 1 ~ H(n, R) ~. K2 (n. R) ~ K2 (n, R) ~ KG(n, R) ~ R* "': 

E(n, R)/[R*, R*] ~ 1. Note that. if R is commutative. this sequence is 1 ~ [symbols]~ K2(n. R) ~ KG(n. R) 
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_, 1. It can be shown that KG(n, R) is central in GEU(n + 1, R), and hence KG(R) = lim KG(n, R) is 

abelian. If R satisfies SRm (R), then KG(n, R) _, KG(n + 1, R) is surjective for n > m. By adding more 

relations to GEU(n,R), one can get corresponding exact sequences. Despite its similarity to K2 (R), 

however, KG(R) is not Morita invariant. (Received October 30, 1974.) 

720-16-12 GAR~ F. BIRKENMEIER, University of Wisconsin-Milwaukee, Milwaukee, 
Wisconsin 53211. A Decomposition of Rings. Preliminary Report. 

Let R be an associative ring with unity. A proper ideal B in R is semicom
pletely prime if for r E R s.t. rn E B, for some integer n, then r E B. Let N 
denote the set of nilpotents of R and J is the Jacobson radical of R. A right 
ideal X is densely nil, DN, if X = 0 or if X # 0 then every non-zero right 
ideal of R that is contained in X has non-zero intersection with N. Theorems: 
1. If N # 0 then N is contained in tR where t2 = t # 1 iff tR contains every 
element of nilpotent index 2 iff there exists an e # 0 s.t. e 2 = e # 1 and 
N (\ eR = 0. 2. If N # 0 and N is contained in tR where t 2 = t then tR is a. 
two sided ideal which is semicompletely prime and the right singular ideal of 
R is contained in tR. 3. If R is semiperfect with J nil or if R is right self
injective then R = eR ~ (1-e)R where e2 = e, N ~ (1-e)R and (1-e)R is DN, and 
if e # 0 then, for R semiperfect with J nil, eR will be a finite direct sum of 
division rings, and for R right self-injective then eR will be a right self
injective strongly regular ring with unity. Furthermore if R has another 
decomposition, R = A ~ B, where N ~ B and B is DN then B = (1-e)R and A is 
R-isomorphic and ring isomorphic to eR. (Received October 31, 1974.) (Author introduced 
by Professor Edmund Feller.) 

*720-16-13 MARJORY J. JOHNSON, University of South Carolina, Columbia, South Carolina 29208. 
Chain conditions~ regular ~-rings. 

Let R be a regular near-ring with a two-sided zero. A subgroup H of (R,+) is an R-sub-

group of R if HR c H. A principal R-subgroup of R is an R-subgroup of R of the form xR, where 

x E R. Theorem 1. If R satisfies d.c.c. on R-subgroups of R, then R satisfies a.c.c. on R-

subgroups of R. Theorem 2. If R satisfies a.c.c. on right ideals of R, then R satisfies 

d.c.c. on principal R-subgroups of R. (Received October 31, 1974.) 

720-16-14 J. J. MALONE, Worcester Polytechnic Institute, Worcester, Mass. 
Ol609.Endomorphism near rings that are rings, Preliminary report. 

R. J. Faudree [Proc. Amer. Math. Soc. 27 (1971), 236-240] has given a class of 

p-groups such that the distributively generated near rings generated by the 

endomorphisms of the groups are rings. These groups are of exponent p 2 and 

have the property that ~ = G' = Z. In this note the necessity of the condi

tion ~ = G' = Z is explored and it is shown that at least the condition 

~ = G' c Z is necessary. It is also shown that, for p = 2, the group in 

Faudree's class has its endomorphism near ring fail to be a ring. 
(Received November 1, 1974.) 
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*720-16-15 JOHN LAWRENCE, Carleton l'ni.versi ty, Ottawa, Canada. 
Semiperfect Group Rinv.s, Preliminary report. 

Let C(p) clenote the class of (not necessarily commutative) 

fieJ.ds of cl':aracterl stic p. Th~..Q~ Suppose G is a group and p a prime. Then 

the P"roup ri nv ~"I Gl is semi perfect for all FE C (p) if and only if G is a 

ftni.te extensl.on of a 1oca1Jy finite p-group. Examples of nonlocal group rings 

f"l_;;l , where FE C(p) is a commutative field and G is a finitely generated 

residually finite p-t:>:Toup, are constructed. These answer, in the negative, 

a conjecture due to Goursaud. P-adic valuations are used to give properties 

that G must possess if Ql G] is semi perfect (Q 

(Received November 1, 1974.) 

the rationals). 

720-16-16 S. C. Goel and S. K. Jain, Ohio University, Athens, ohio 45701. Rings with a 
class of modules projectives or guasi-injectives. Preliminary report. 

It was shown that for a ring R every cyclic right R-module is injective or projective if 

and only if R = S $T where S is semi-simple artinian and T is a simple right semi

hereditary right Ore-domain whose every proper cyclic right module is injective. (Goel - Jain -

Singh; Rings whose cyclic modules are injective or projective, to appear Proc. A.M.S.) We 

show here that the above conditions are also equivalent to: every cyclic J-semi-simple module 

(J(M) = 0) is injective or projective. Other equivalences in terms of a class of modules 

nvpr ::~ rine 'R hl?ine; injPrt:ivP nr proj'-'f"ti.v~ ~·!hich imply R is sr.mi-ni.mplc !lrt~_ni.?.n c!" 

right V-ring are also established. The condition that each singular right R-module is quasi

injective is studied and resul~s analogous to SI-rings investigated by Goodearl (Mem. A.M.S. 

#124, 1972) are obtained. For example, under this condition for any ideal A which is 

essential as a right ideal, R/A is semi-simple artinian ring. (Received November 4, 1974.) 

*720-16-17 MARK L. TEPLY, University of Florida, Gainesville, Florida 32611. 
Semi-prime and prime splitting rings. Preliminary report. 

A ring R is called a splitting ring if the singular submodule Z(M) 

is a direct summand of each right R-module M. A semiprime splitting 

ring with zero right socle contains no infinite direct sum of two-sided 

ideals. This result is used as a tool to reduce the study of splitting 

rings to the case where R is a prime ring. The center of a prime 

splitting ring is a field. Prime splitting rings with finiteness 

conditions on left and/or right ideals are examined. (Received November 4, 1974.) 

*720-16-18 DON E. EDMONDSON, The University of Texas, Austin, Texas 78712. Reductivity in 
Rings. 

Some properties of a ring are studied which follow from ~ lattice theoretic property in the 

lattice of ideals. A ring R is reductive if and only if for each pair A, B of ideals 

there exist ideals M,N such that A C:: M, B C:: N, U-:-N = R and An B • U n N. It is proved 

that for a reductive ring the lattice of ideals is distributive and that the same result holds 
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for certain weak forms of reductivity. It is also noted that a domain is principally re-

ductive if and only if it has a certain factorization property and its finitely generated 

ideals are principal. (Received November 4, 1974.) 

*720-16-19 JOHN McCONNELL, University of California, Berkeley, California 94704. 
On simple associative algebras arising from solvable Lie algebras. 

The simple algebras which arise from a completely solvable Lie algebra of characteristic 

zero may each be viewed as an algebra ~(V,o,G) constructed from a finite dimensional vector 

space V , an alternating bilinear form o on V and a finitely generated subgroup of the 

dual space V* . In "Representations of solvable Lie algebras, II," (to appear in Ann.Sci. 

Ecol. Norm. Sup.) we conjectured that two such algebras ~(V,o,G) and Jr(V' ,o' ,G') are 

isomorphic if and only if there exists a linear isomorphism from V to V' compatible both 

with o and o' and with G and G' and we showed that this was true if o I VG= 0 , where 

VG = n Ker A,(A E G) . If n = rank(oiVG) then we show that this conjecture is equivalent to 

a conjecture on the automorphism group of the Weyl algebra An and that both conjectures are 

true when n = l · (Received November 4, 1974.) (Author introduced by Professor G.Se1igman.) 

720-16-20 SNIDER, ROBERT L. Mathematics Department, V.P.I. & S.U., Blacksburg, Va. 24061 
Rings Whose ~ ~ Projective ~ 

Let R be a commutative ring with no nontrivial idempotents. Theorem: All ideals of R have 

projective covers if and only if R is one of the following three types (1) perfect, (2) Local 

Noetherian, (3) Dedekind. (Received November 4, 1974.) 

*720-16-21 JOHN FUELBERTH, University of Northern Colorado, Greeley, Colorado 80639 and 
J. KUZMANOVICH, Wake Forest University, Winston-Salem, North Carolina 27109. 
Primary Direct Sum Decomposition. 

If P is a prime ideal in a Noetherian ring, then a module N is called P-primary if 

every element of N is annihilated by some power of P. It is well known that the Dedekind 

domains are precisely the integral domains for which the P-primary submodule is a direct 

summand for each finitely generated module and prime ideal P. In this paper we determine the 

(noncommutative) Noetherian rings for which this property holds. Roughly speaking, they are 

the Artinian primary rings and the Asano prime rings with the restricted minimum condition. 

(Received November 4, 1974.) 

720-16-22 H. E. STONE, University of Pittsburgh, Pittsburgh, Pennsylvania 15260. Matrix 

representation of simple halfrings, 

The right and left simple halfrings described in Abstract 672-275, these c}/otictiJ 17(1970), 161 are 

used to obtain a matrix representation result. A right unital pair (u, v) of a halfring H is primitive if 

v- u is the only nonzero idempotent of (v- u)H(v- u); for present purposes a parafield is a right and left 

simple halfring having a primitive unital pair. Two halfrings are called isodiffric if they have isomorphic 

rings of differences. Theorem. Let H be a simple halfring which is the strong direct sum of minimal 

subtractive right ideals having primitive right unital pairs. Then H is isodiffric to the full halfring of 

matrices over a parafield. (Received November 4, 1974,) 
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*720-16-23 KLAUS E. ELDRIDGE and SAMSON HSIA, Ohio University, Athens, Ohio 45701. Hereditary 

and semihereditary group rings. Preliminary report, 

A ring with unity is said to be left (semi-) hereditary if all of its (finitely generated) left ideals are 

projective. Let G be a group of order n and let R be a ring with unity and characteristic m > 1. 

Among other results, we establish: (a) The group ring R [G] is left semihereditary iff R is left 

semihereditary and n is a unit in R. (b) The group ring R[G] is left hereditary iff R is left hereditary 

and n is a unit in R. The proofs depend on the fact that left R[G]-modules which are projective as left 

H-modules must be projective as R-modules, and the fact that if n is not a unit in R, then R[G] contains 

a central nilpotent element. (Heceived November 5, 1974.) 

*720-16-24 DAVID E. RADFORD. Lawrence University, Appleton, Wisconsin 54911. The antipode of a 

Hopf algebra. Preliminary report. 

Let A be a finite dimensional Hopf algebra over a field k with antipode s. For a nonzero left 

integral x in A let a I= G(A*) satisfy xh = a(h)x, all hE A, and let a E G(A) be the corresponding 

element for A*. Then s 4 (h) = a - 1 (a- h- a - 1)a. Theorem. The order of the antipode of a finite 

dimensional Hopf algebra is finite. If x is any left integral of A then s(x) =a~ x. The scalar a( a) 

plays a significant role in the structure of s2 . For any integral (left or right) x of A one can prove 

s2 (x) a(a)x. J<'or 0 cl A. E k the eigenspaces of s2 belonging to A. and x-1a(a) have the same dimen-
. 2 -1 -1 

sion. ThustheetgenvaluesA. 1, ... ,A.rof s andalso A. 1 a(a), ... ,A.r a(a). Ingeneralthereisno 

connection between existence of roots of unity in the ground field on the order of s. One can show that 

there is a close connection between the invariant factors of s2 and the coradical under fairly general 

conditions. For any Hopf algebra A the injectivity (bijectivity) of the antipode s is determined on the 

coradical. The antipode is always "locally bijective" in the following sense: if D is a finite-dimensional 

subcoalgebra invariant under s, then s: D ~ D is bijective. Various conditions can be given to insure 

that s is bijective; for example the coradical is finite-dimensional, or a Hopf subalgebra. (Received 

November 5, 1974.) 

*720-16-25 KLAUS E. ELDRIDGE and SAMSON HSIA, Ohio University, Athens, Ohio 45701. Group 

rings which are domains. Preliminary report. 

A ring with unity is a domain if it has no nontrival zero divisors, and a group is torsion free if no 

element different from the identity has finite order. Among other results, we establish: (a) If R is a 

domain and G is a finite direct sum of infinite cyclic groups, the group ring R[G] is a domain: (b) Let 

G be an FC-group. The group ring R[G] is a domain iff R is a domain and G is torsion free. In this 

case, R[G] has only trivial units: (c) If G is a torsion free FC-group and if R is a domain. the cross 

product ring of R with G is a domain. The proofs depend on the fact that an infinite cyclic group, 

hence a finite direct sum of such. is an ordered group and the fact that a finitely generated, torsion free 

FC-group is a finite direct sum of infinite cyclic groups. These results provide a partial answer to 

Problem 28 of Passman["Infinitegrouprings." Dekker, New York, 1971]. For a definition of ordered 

and FC-groups consult Passman's book; for a definition of cross product rings see A. A. Bovdi [Soviet 

Math. Dokl. 2(1961), 438-440]. (Received November 5, 1974.) 

720-l6-26 RICHARD K. MOLNAR, Oakland University, Rochester, Michigan 48063. 

On the coradical of a Hopf algebra. Preliminary report. 

Let H be a Hopf algebra over a field k and let H be the coradical of H. We wish 
0 

to determine when H0 is a sub Hopf algebra of H; and if so, whether there is a Hopf algebra 

retract for the canonical inclusion H + H. 
0 

Such a retract induces a semi-direct product 

decomposition of H as a Hopf algebra under certain conditions (Abstract 711-16-27, these 

Notices 21(1974), A-72). 
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Theorem 1. Let H be a Hopf algebra with cocommutative coradical. Then 

Hopf algebra if and only if H is separable as a coalgebra. 
0 

Theorem 2. Let H be a cocnmmutative Hopf algebra over k. If H is a 
0 

algebra (e.g. when k is perfect) then there is a Hopf algebra retract H + H 

H1# H 
0 

H: as Hopf algebras. 
0 

Theorem 3. Let H be a finite dimensional commutative Hopf algebra over 

If H0 is a sub Hopf algebra then there is a Hopf algebra retract 

(Received November 6, 1974.) 

H + H • 
0 

H is a sub 
0 

sub Hopf 

and 

k k. 

720-16-27 ROBERT W. MILLER, College of lHlliam and M"ry, Williamsburg, Virginia 23185. 

Finitely generated projective modules. Preliminary report. 

Let A be an associative ring with unit. Let PA be a finitely generated projective right A

module with A-endomorphism ring B, and letT be the trace ideal associated with PA. Let 

AQ= HomB( BP, BW) where BW is an injective cogenerator. Let::J ={Ax I P®X=OJ, a hereditary 

torsion class. Characterizations of the conditions that (1) Bp is projective, (2) AT is 

oroiective, (3) BP is flat, and (4) AT is flat are obtained via the PA-dominant codimension 

and A 0-dominant dimension of certain classes of A-modules, and the :J -global dimension {of 

the ring A. (Received November 6, 1974.) 

720-16-2:1 JOHN H. COZZENS, Rider College, Lawrenceville, NJ and Kent State University, 
Kent, OH 44242; FRANCIS L. SANDOMIERSKI, Kent State University, Kent, OH 44242 
Maximal Orders, Preliminary report. 

If Q is a simple Artin-ring and R a subring of Q, then R is an order in Q, if Q is the class-

ical (two,-sided) quotient ring of R. Orders R, S in Q are equivalent, R ~ S, if 

there are units et, B, et', ~· E Q such that CIRS <;:; S, et'S~' <;:; R. R is a maximal order in Q 

tf whenever R <;:; S, R ~ S, then R = S. Throughout R denotes a prime left and right Noetherian 

ring which is a maximal order in Q. An ideal I of R is invertible if 

Il-l= R =I-ll where 1-l = [q E Q/qi <;:; R}. If Pis a prime invertible ideal of R, then Rp, 

the Goldie local envelope of R exists and R = [rc-1 /r E R,c E C(P)} = [c-1r/rER,cEC(P)}, 
p 

where C(P) = [c ER/cx E P ~ x E P} is a set of regular elements of R with left and right Ore 

conditions as shown byHajarnavis-Lenagan, Localication in Asano Orders, J. of Alg., 21(1972), 

441-449. Theorem: If glb(R) ~ 2, then R ( 9 Rp) n S, where? consists of all prime maxi-

mal invertible ideals of R. ( n R) = T and S are R-flat ring epimorphisms, T is bounded and 
p p 

S has no non-trivial invertible ideals. Other observations about these rings will be made. 

(Received November 6, 1974.) 
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720-17-1 

17 N onassociative Rings and Algebras 

JOHN R. FAULKNER, University of Virginia, Charlottesville,Va. 22903 
Coordinatization of some quadrilateral geometries 
Preliminary report. 

An elation in a quadrilateral geometry (generalized quad

rangle) is a collineation fixing all objects incident to a,b, or c where a,b,c 

is an incident chain. The group generated by all elations of a quadrilateral 

geometry which has all possible elations has Steinberg relations of type B2 
or BC 2 ; i.e., the group is generated by subgroups Xa' acL, where E is a root 

system of type B2 or BC 2 , with (Xa,Xe)£TIXia+jt3' for llxcXa' there is 

wcxX X with X0 W = X0 , where w is the reflection in the Weyl group deter-
-a a ~ ~Wa a 

mined by a, and <X la>O>n <X la<O> = 1. Groups with Steinberg relations of 
a a 

type B2 may be parameterized by a pair (A,H) where either A is an associative 

division algebra with involution and H is the Jordan algebra of symmetric 

elements or H is a field and A is a Jordan division algebra of a quadratic 

form. This yields a corresponding coordinatization of certain quadrilateral 

geometries, paralleling the coordinatization of projective planes which admit 

all elations by alternative division algebras. The BC 2 case is incomplete. 

(Received October 17, 1974.) 

*720-17-2 MICHAEL A. GAUGER, University of Massachusetts, Amherst, Massachusetts 01002 

Borel and Borel-like solvable Lie algebras. 

Observing that the Borel subalgebras of semi-simple Lie algebras are rather special among 

all solvable algebras, we seek a characterization. A generator-relation presentation for Borel 

and parabolic subalgebras is obtained, and the derivations of these subalgebras are shown to 

be inner. Investigating solvable Lie algebras S whose derivations are inner (aD-algebra), 

one finds they have much of the structure associated to a Borel algebra through a Cartan 

decomposition: S = H + N where II is a maximal abelian subalgebra of semi-simple elements and 

N is the maximal nilpotent ideal. Results on H-roots in N are insufficient to make then the 

positive part of a "root system" (Bourbaki). Thus many non-Borel savable D-algebras are 

created for which the H-roots satisfy: . twice a root can be a root, root spaces can be more 

than 1-dimensional, and root strings can have length equal to the length of N. These results 

suggest axioms R1 - 11-root spaces are 1-dimensional, and R2 the H-roots a.1 , ... ,a.g occuring 

in N/N2 are a basis of!!* and {(k1, ... ,k ) jl:k.a.. is a root} is the set of coefficient 
g ~ ~ 

sequences of the positive part of a "root system". D, R1 and R2 characterize the Borels. as 

they allow construction of generators and relations obtained for Borels at the start. 

(Received October 22, 1974.) 

*720-17-3 JOSEPH FERRAR, Ohio State University, Columbus, Ohio 43210. Algebras of type 
E over number fields. -r 

J. Tits has shown that with suitably defined product the vector space .£(~, f)) = Der ~ + 

~0 ® f)0 + Der f), where ~ is a quaternion algebra over a field k, f) an exceptional central 

simple Jordan algebra over k, Der X the derivation algebra of X, and X the kernel of the 
0 

generic trace map, is a simple Lie algebra of type E7 over k. We assume here that k is an 

~lgebraic number field, S the set of primes of k, and denote by k the completion of k at 
p 
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p E S. As a consequence of Harder's Hasse principle for simply connected algebraic groups 

of type E we obtain Lemma: If ! and ! ' 
7 -- are algebras of type E7 over k, then ! ~ !' if 

and only if ~ ~ ~ for all p E S. 
p p 

Combined with the local classification results of Kneser 

and Tits, this yields Theorem: If ! is of type E over k, there exist algebras m, 9 as 
7 

above such that £ ~ £(m,9). Applied to an investigation of the forms of the 56-dimensional 

irreducible module for the split E this yields Corollary: Every exceptional Freudenthal 
7 

triple system over k is reduced. (Received October 25, 1974.) 

*720-17-4 JOHN SCHUE, Macalester College, St. Paul, Minnesota 55105 
Representations of Solvable p-algebras 

Let L be a solvable p-algebra over an algebraically closed field F of characteristic 

p > 2 and suppose P is a non-trivial irreducible p-representation of L on the vector 

space V, A p-subalgebra K of L will be called reducing for Lon V if p(K) has a unique 

minimal subspace U(K) and dim V = p[L:K] dim U(K) where [L:K] = dim L/K. We prove the 

existence of a reducing subalgebra K such that U(K) is one-dimensional and show that K 

and (U(K) determine p up to equivalence, Further results are obtained relating to 

invariant subspaces and composition series for p-ideals of L. (For example, if J is 

a p-ideal then in any composition serie~ for o(J) all composition factors are J-isomorphic.) 

A consequence is that if ~(L) is nilpotent then for any maximal ideal p-ideal J containing 

the kernel of p, J is a reducing subalgebra. (Received October 25, 1974.) 

720-17-5 STEPHEN BERMAN, University of Saskatchewan, Saskatoon, Sask., Canada 
Some results and open questions concerning Lie Algebras defined by 
Cartan matrices. 

Some known results concerning Lie Algebras defined by Cartan matrices 

will be presented, (for definitions see S. Berman, "On the construction of 

simple Lie Algebras," J. Algebra, Vol. 27, No. 1, 1973; or R. Moody, "A new 

class of Lie Algebras," J. Algebra, Vol. 10, No. 2, 1968), as well as some 

new results about these algebras. Also, associated automorphism groups, 

the possibility of a generalized MacDonald formula, some relations with 

algebras of Cartan type, and other problems, will be discussed. 

(Received October 29, 1974.) 

*720-17-6 DENIS R. FLOYD, IRVIN ROY BENTZEL, Iowa State Univ., Ames, IA 50010. 

An Application of Group Rings to Associator Dependent Algebras. 

A nonassociative algebra A over a field F is called an 

associator dependent algebra if, for some fixed scalars a,~,r,o,E,~ in F, 

the identity (1) a(a,b,c) + ~(c,a,b) + r(b,c,a) + O(b,a,c) + E(a,c,b) + 

~(c,b,a) = 0 holds for all choices of a,b,c in A, where the associator 

(a,b,c) is defined by (a,b,c) = (ab)c- a(bc). 

Identities of the form (1) correspond to left ideals of the group ring 

of s3 • We compute the basic types of associator identities; all others con

sist of assuming one or more of the basic ones. We classify various 
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identities found in the literature. Our group ring approach not only tells 

which identities are equivalent but presents a method of deducing one 

identity from another. (Received October 29, 1974.) 

720-17-7 MARGUERITE FRANK, 115 Broadmead, Princeton, New Jersey 08540, On certain classes 

of .Jacobian generated algebras. Preliminary report. 

Several classes of simple graded modular Lie algebras of known dimensions are obtained by 

constructing the Cartan prolongation of L_ 1 by L0 for restricted or nonrestricted representations I': L0 
~ EndL_ 1. In most cases L0 is chosen as a Witt-Jacobson or generalized Witt algebra. In the particular 

case p -- :l, the solvable algebra L 0 which previously led to a new simple restricted IS-dimensional 

algebra (Proc. Amer. Math. Soc. 38(1973)) is now used to define a class of simple 2 • 3n-dimensional 

algebras. nonrestricted for n > 2. (Received November 4, 1974.) (Author introduced by Professor 

George Seligman.) 

720-17--~ HELMUT STRADE, Universitat Hamburg, Hamburg, West Germany, Simple modular Lie 

algebras and Lie algebras over valuation rings, 

Let k be a field of characteristic p > 0. Then there exists a field K of characteristic 0 with 

valuation ring H. such that k , __ R/~ (~ll the maximal ideal in R). Let L be a simple finite dimensional 

Lie algebra over k. By representing L as a matrLx algebra in sl(k. n) we construct a Lie algebra M 

over R. Theorem. (1) M has a maximal ideal G. (2) M/G "'' L. (3) M 2>R K is a simple Lie algebra 

over the field K of characteristic 0. (4) M :&R k has a maximal ideal which is nilpotent. If L is 

classical but not of tv)Je A 1 one can regard this construction as a reversal of the Chevallev con-. np- . 
struetion. There arc some applications especially for graded algebras, (Received November 4, 1974.) 

720-17-9 RICHARD E. BLOCK. University of California. Riverside, California 92502. Irreducible 

representations of Lie algebras. 

The author surveys some recent results on irreducible representations of finite dimensional Lie 

algebras, especially concerning infinite dimensional representations at characteristic 0 (mainly over f;) 

and (finite dimensional) representations (not necessarily restricted) of Lie p-algebras. Emphasis is given 

to results and methods which apply in both the characteristic 0 and characteristic p cases. A principal 

method involves the inducing and coindueing constructions. Included in the results are embedding theorems 

for irreducible representations of nilpotent Lie algebras and of semisimple Lie algebras (over t;), and 

generalizations of theorems of Blattner. Dixmier, Lemire, Veisfeiler-Kats, Wallach and others. 

(Received November 4, 1974,) 

*720-17-10 ROBERT LEE WILSON. Rutgers University, New Brunswick, New Jersey 08903, Recent 

advances in classification of simple Lie algebras. 

We will discuss the classification of finite dimensional simple Lie algebras over algebraically closed 

fields of characteristic ~ 5. Recent progress on this problem has resulted largely from the study of the 

Lie algebras of Cartan type defined by Kostrikin and Safarevic [Izv. Akad. Nauk SSSR Ser. Mat. 33(1969), 

251-322; English trans!., Math. USSR-Iz\·, 3(1969), 237-304] (and subsequent generalizations). We will 

also discuss the classification of finite dimensional simple Lie algebras over arbitrary fields of 

characteristic zero. (Received November 4, 1974.) 
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720-17-11 HASAN A. ¥ELIK, California State Polytechnic University, Pomona 
91768, Semi-prime Antiflexible Rings, preliminary report. 

Let R be an antiflexible ring whose commutators are in the middle nucleus 
M(R). The author (J. Algebra 21 (1972) 428-440) proved structure theorems if 
R is prime. Theorem 1. Let R be a semi-prime ring. Then one of the following 
holds: {1) R is associative, (2) N{R) = Z(R), (3) R is a subdirect sum of a 
semi-prime associative ring R1 and a semi-prime antiflexible rino R2 with 
N(R2 ) = Z(R2). Theorem 2. Let R be a semi-prime ring with [R,R]C:N(R). Then 
one of the following holds: (1) R is associative, (2) N(R) = Z(R) and R+ is 
commutative and associative, (3) R is a subdirect sum of a semi-prime associa
tive ring R1 and a semi-prime antiflexible ring R2 whose plus ring R2 is 
commutative and associative. Corollary. If R is prime with [R,R]CN{R) then, 
either R is associative or R+ is commutative and associative. 
(Received November 4, 1974.) 

720-17-12 J.E. Humphreys, University of Massachusetts, Amherst, MA 01002 
On the analogues of Verma modules in characteristic ..E.!... Preliminary 
report. 

Let K be the Lie algebra of a simply connected Chevalley group over a field 

of characteristic p>O, ~its restricted universal enveloping algebra. For 

each restricted weight A, ZA denotes the universal ~-module of highest 

weight A, with composition factors M~ occurring dp times. Besides the 

properties of these modules studied earlier [J. Algebra 19 (1971), 51-79], 

it can be shown that d~=l when lJ is maximal in its "linkage" class (subject 

to a further condition). More generally, it can be conjectured that dlJ is 

essentially independent of p, depending just on the position of lJ in its 

linkage class. This is supported by recent work of S.G. Hulsurkar, 

D.N. Verma, J.C. Jantzen, which allows the numbers dlJ to be computed for 

types A1, Az, A3, Bz. (Received November 4, 1974.) 

720-17-13 JOHN B. JACOBS, University of Oregon, Eugene, Oregon 97403. 

Triple forms and related Lie algebras. Preliminary Report. 

Let V be a finite-dimensional vector space over F admitting a non-

degenerate triple form, w, either skew or symmetric. Let 

q(V,w) = tT EHomF(V,V) I W(Ta,b,c)+Ha,Tb,c)+W(a,b,Tc) =0 Va,b,c EV}. Then 

q(V,w) is a Lie algebra, and, if (U,9) is vector space and triple form 

with the above properties, q((V,w) + (U,9)) = q(V,w) + q(U,9). 

THEOREM: Let £ be classical Lie algebra over F with Killing form B. If 

9(a,b,c) B([a,b],c), then q(£,9) ~ £. 

COROLLARY: Let (£,9) be as above. Then dim£ and 9 uniquely determine 

L 

THEOREM: Let ~ Aut (£,9) = [T E HomF(£,£) \9 (Ta, Tb, Tc) = 9 (a, b,c) Va, b,c E£} 

and .J = [T E ~I \ Ta = pa where p3 = 1}. Then ~/.J ~ Aut (£). 

(Received November 4, 1974.) 
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720-17-14 ELENA M. MEDINA and BYOUNG-SONG CHWE, University of Alabama, University, 
Alabama 35486, A note on idealizers of terms of the ideal closure series of subalgebras of 
Lie algebras, Preliminary report. 

If H is a subalgebra of a Lie algebra L of finite or infinite dimension over a fixed, but arbitrary, 

field K, the ideal closure series of H in L, ••• H. <I H. 1 <I ••• <I H0 = L, is defined inductively by 
1 1-

Ho " L and Hi-t 1 '~ ( H Hi>. By ( H Hi) is meant the smallest subalgebra containing H and invariant unde. 

Lie multiplication by the elements of Hi. We consider !(Hi), the idealizer of Hi in L, for each i, and 

show that if H is the largest subalgebra which decides {H.}, then H = nH. and ni(H) = I(nH) It is 
1 1 i i . 

then possible to show that . . • !(Hi) c; l(Hi_1) <;;; ••• :;;; I(Hi) = L, (Received November 5, 1974,) 

720-17-15 DAVID KOPCSO, Babson College, Babson Park, Massachusetts 02157. Forms of Certain 
Generalized Witt Algebras. Preliminary report. 

Let 0 be a field of characteristic p > o. Following Wilson [Trans. Amer. Math. Soc. 153 (1971), 

191-210] we consider the generalized Witt algebras over 0 as certain Lie algebras of deriva

tions denoted W(rn:n 1, ... ,nrn) where m,n1, ... ,nm are integers> 1. Let r be an extension field 

of 0 and let p > 2. The 0-forms of the .Jacobson-Witt algebras W(m:l,l, ... ,l)r are known [see 

Allen and Swecdlor, .J. 1\lg. 12 (1969), 242-249]. Let n=n1 . Here we determine the 0-forms of 

W(l :n)r for r/f/J c;alois or simple purely inseparable exponent one. For n > 1, W(l :n) is non

restricted. In particular, if f/0 is Galois then any 0-form of W(l:n)r is 0-isomorphic to 

W(l :n)\?1 . ff !/'/J is simple purely inseparable exponent one, let A = 0 [x1 , ... ,xn]/ 

(x/ - /P1 , ... ,xnp - Jnp ) and F = _a_+ _a_ x p-l + ..• + ~x_ x1p-l xn~-1 1 For E a 
:lx1 :lx2 · 1 o .. 11 

derivation of 1\, let L(I\;E) denote the subalgebra {Efjf<.A} of Der A. Then, for suitably 

defined paramcteri:ing sets X and Y, 

only one algebra L(I\;E) where either 

we have any 0-form of W(l:n)r is 0-isomorphic.to one ~nd 

E=F with (fl•·· .,! )EX orE= F + (-l)n(£-1pP1 (y .)Pi) 
n 1 =1 n-1 J 

*720-17-16 

fn 0 and (Yl' .. ·• Yn-1) EY. (Received November 5, 1974.) 

.JAMES LEPOWSKY. Yale University, New Haven, Connecticut 06520. Existence of conical 

vectors in induced modules. 

Let g ~ f ·I n + n be an Iwasawa decomposition of a semisimple symmetric Lie algebra with splitting 

Cartan subspaces u over a field k of characteristic zero, and let m be the centralizer of a in 1, 

Given a linear functional v on u, extend v to a character of m ·r a~ n which is trivial on m 1- n, and let 

XV be the g-module (algebraically) induced from the resulting one-dimensional m + a + n-module. Certain 

conical vectors (non?.ero m + n-invariant vectors) are shown to exist in the g-modules Xv. and it is 

conjectured that with a certain 11atural restriction, these are all the conical vectors in the XV. The 

result generalizes the main theorem in D.-N. Verma's thesis [Yale University, 1966], which essentially 

deals with the case m '0 0. in the present notation. The rank 1 case (dim n = 1) has been studied in the 

author's "Conical vectors in induced modules" [Trans. Amer. Math, Soc,, to appear]. (Received 

November 5, 1974.) 

*720-17-17 GEORGIA BENKART. University of Wisconsin, Madison, Wisconsin 53706. On inner ideals 

and ad-nilpotent elements of Lie algebras. 

An inner ideal of a Lie algebra L over a field F is an F-subspace B of L such that [B[B L]] <;;; 

B. This paper investigates properties of inner ideals and obtains results relating ad-nilpotent elements 

and inner ideals. For example, let L be a simple Lie algebra in which ad!= 0 implies y = 0, If L 

satisfies the descending chain condition on inner ideals and has proper inner ideals, then L contains a 
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subalgebra S = (e,f,h), isomorphic to the split 3-dimensional simple Lie algebra, such that ad!= ad: 
0. Lie algebras having such 3-dimensional subalgebras decompose into the direct sum of two copies of a 

Jordan algebra, two copies of a Jordan bimodule, and a Lie subalgebra of transformations of the Jordan 

algebra and bimodule. In the special case when L is a finite dimensional simple Lie algebra over an 
algebraically closed field of characteristic p > 5 this decomposition yields Theorem. L is classical iff 
there is an x 1- 0 in L such that adp-l = 0 and if ad2 = 0 implies y = 0. The proof involves actually X y 
constructing a Cartan subalgebra which has !-dimensional root spaces for nonzero roots and then using 

the Block axioms (Trans. Amer. Math. Soc. 121(1966), 378-392). (Received November 6, 1974.) 

720-17-18 R. V. MOODY, University of Saskatchewan, Saskatoon, Saskatchewan, Canada. 

Representations of infinite dimensional Lie algebras and formulas of Weyl-Macdonald type. 

Using representations of Lie algebras based on abstract root systems with invariant form, V.G. Kato 

has proved and generalized Macdonald•s identities (Invent. Math. 15(1972), 91-143). We will discuss this 

work and its implications. (Received November 6, 1974.) (Author introduced by Professor George B. 

Seligman.) 

720-17-19 BRUCE N. ALLISON, University of Alberta, Edmonton, Alberta, Canada. Lie algebras of 

~Bc1 • 

Let L be a central simple Lie algebra of type BC1 over a field k of characteristic zero. Suppose 

the highest root space of L has dimension greater than 1. Theorem. L is isomorphic to one of the 

following: (a) The derived algebra of the skew transformations of a skew hermitian form of index 1. 

(b) The Lie algebra constructed from an algebra with involution (A,K), where (A ®k F,K) is isomorphic 
to the tensor product of two composition division algebras for some extension F /k of degree 1 or 2. 

The construction in (b) is based on a construction developed in the author's "A construction of Lie algebras 

from J-ternary algebras". Amer. J. Math. (to appear). (Received November 5, 1974.) 

720-18-1 

18 Category Theory, Homological Algebra 

JEAN MARIE McDILL. California Polytechnic State University, San Luis Obispo, California 

93407, Epireflective subcategories in concrete categories. Preliminary report. 

A definition will be presented for 0-regular and 0-compact objects in concrete categories. In 

consequence, a characterization theorem for epireflective subcategories, which has been proved pre

viously only for certain categories of topological spaces can be extended to a variety of concrete categories. 

Theorem. Let (C-,'1.() be a concrete category, which is complete, well-powered and co-(well-powered) 
and for which U preserves monomorphisms, and let 0 be a full replete subcategory of C. • Then 0 is 

epireflective in C. if and only if each 0-regular object has a concrete-embedding extension (w, W) in 0 

for which w is 0-extendible. (Received October 8, 1974.) 
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720-18-2 CHARLES CHING-AN CHENG, Rutgers University, New Brunswick, N.J. 08903. Finite 
Partially Ordered Sets of Cohoi!Dlogical Dimension One. Preliminary Report. 

Let C be a small category and R a ring with identity. Define the R-cohomological 

dirrension of C by cdRC=sup{k llimkji!O} , where limk is the k-th right derived functor of the 

limit functor lim: (rr.od R)C-+r:od R. Let C be a finite poset from l10VJ on. If p,qeC such that 

p<q and there is no keiC with p<k<q, then call p a cocover for q and q a ~ for p. An 

element of IC is su;perfluous if it is minimal with only one cover and if it is of height one 

with only one ccco·ver. By the process of eliminating superfluous elements, we obtain a 

finite poset E(C) which has no su);€rfluous elements. It can be shown that E(C) is 

independent of the order in which su);€rfluous elements are rei!Dved. Theorem 1. Let C be a 

finite ros~t with terminal elE:Jrent and R;iO. Then cdRC:;l iff E(IC) is a singleton. A poset C 

is irdtialJy finite if ICq={peiCip<q} is finite for each qeiC. Corollary 2. Let IC be an 

initially finite poset and P.ji!O. Then cdRIC<l iff E(C) is a singleton for each qeiC. Using - q 
tl:is, one can prc•vE· l'S.tchell 's theorem which characterizes all finite posets C such that 

gl Jin, A';::J+~::;l din·, A, where A is any abelian category with finite global dimension. 

("G'n tr.e dimension of objects and categories II", J. Algebra 9 (1968), 341-368). 
(Received October 15, 1974.) 

720-18-3 D01JOVN-! VAN OSDOL, University of New Hampshire, Durham, New Hampshire, 03824. 
Principal Homogeneous Objects as Representable Functors. Preliminary report. 

lPt: 1\ b'' a cocomplet:e category, G: li_ -+ li_ a functor, and £ a natural transformation 

f't'inl G to t;h,; idenU.ty functor on A such that £ is the coequalizer of £G and G£ . 

ld; X be· An c•b._i0Gt •Jf li_ and II an abelian f;roup in fi. , and assume that A has finite 

Jlr'Jducts. 1\ Il--pr"i.ncipal homogeneous object over X relative to G is a morphism Y L X 

.i.n A , an ar?tion !~: Yxrr ·->- Y , and a morphism s: GX -+ Y such that pas = £X and 
'1'1 p 

Yxrr ·:;·::.::. Y ---~ Y. is a coequalizer kernel-pair diagram in li_ • Such an object gives rise 

t:.) a irinrphism f: 11 2X ·> II such that fo£G2X - foG£GX + foG2£X = 0 , ie to a one-cocycle. 

Oiven R. nne-cocycle t': r('x-+ II let D(-,f): li_0 P-+ Sets be the functor defined by 

D(?:.f) = {(r;,h)jg: Z->- X, h: GZ-+ II, and foG2g = hoG£X- hoF:GX}. If this functor is 

r·eor>:'fl•:ntable, UK·n tho representing object is actually part of aIl-principal homogeneous 

nb,kct. ov•-=r X . In particular if A is tripleable over a base category and G is the 

p:enemted t~otrJple then the clements -of ~(X,II) are equivalence classes of certain 

J'E'presentable functors A0 p ->- Sets Such relationships form the basis for this talk. 

(Received November 1+, 1974.) 

I!A!lRY Cnr\SJ!OR, Dept. of ~!nth., Rutgers University, New Brunswick, 
N. J. 08903. An application of nonstandard analysis to category 
the>ory. 

We prove ~-lanes' theorem that the category of compa.ct Hausdorff spaces 

is tripleahle over sets by nonstandard analysis. This method permits the 

use of second enlargements rather than ultrafilters over the set of ultra-

filters. The corresponding left adjoint and ingrediants of the corresponding 

triple translate very succinctly into nonstandard analysis. 

(Received October 31, 1974.) 
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*720-18-5 HARVEY WOLFF, The University of Texas, Austin, Texas 78712, Free triples 

and the orthogonal subcategory problem. 

We are concerned with the relationship between free triples and the orthogonal sub

category problem (i.e., when the full subcategory of objects orthogonal to a given class 

of morphisms is reflective). Our main result deals with the following: suppose F ----4 U: 

~ + 93 and let !. = (T, T], IJ.) be any idemplltent triple on (f. Let If be the full subcategory 

of 93 whose objects are those B such that T]UB: UB +TUB is an isomorphism. We ask 

when is If a reflective subcategory of 93. If 93 has suitable completness properties, we 

characterize when If is reflective in terms of the existence of a certain free triple. 

Immediate consequences are the orthogonal subcategory theorem of Gabriel and Ulmer (.Lect. 

~ in Math No. 221) and a slight generalization of the Freyd-Kelly orthogonal subcategory 

theorem (~.Pure and Applied Algebra 2(1972), 169-191). In addition, we generalize a result 

of Gabriel and Ulmer (op. cit.) by showing the following: If £f is a small category, ~ 

is a set of morphism in [£f0 ,Sets] and D is a category in which certain limits and co

limits commute with each other, then the full subcategory of L € [~0,D] such that 

D (D,L) is orthogonal to ~ for all D in D is reflective. {Received October 31, 1974.) 

*720-18-6 WILLIAM F. KEIGHER, University of Tennessee, Knoxville, Tennessee 37916. 
Adjunctions and comonads in differential algebra. 

Let < S,T,cr,< > : A ~A' be an adjunction, let G and G' be comonads on A and A' 

respectively and let U : AG ~A and U' : A'G• ~A' denote the forgetful functors. If T 

commutes with G' and G, there is an adjunction < S,T,cr,"T > : AG~A'G• such that !J'S 

SU, UT = TU' , Ucr = crU and U'T = •U'. Hence if one takes as the base adjunction, for 

example, the ring of fractions adjunction, or the inverse image - direct image of sheaves of 

rings adjunction, or the stalk adjunction, or the affine scheme - global sections adjunction, 

and as comonads ones whose coalgebras are the differential analogues of the base categories, 

then the above result gives extensions of these ring-theoretic constructions to their 

differential analogues, i.e., differential rings of fractions, etc. {Received November 4, 1974.) 

720-18-7 V. S. KRISHNAN, Temple Univ., Philadelphia, Pa. 19122; Structured Categories 
and Projection Functors , Preliminary Report 

The forgetful functor from a topological or uniform algebra to the base algebra was 

generalized to a form of "base functor" in a paper by the author in 1969; in 1971 0. Wyler 

defined a top-category Cs over a category C by means of a contravariant functor 

s:C-) Cord, associating to each object of C a complete lattice of superposed structures. 

This paper combines the two forms of approach to present a type of "projective functor" 

from a "structured category over c" to C... The two notions are interrelated closely. 

This includes as examples not only semiuniform, topological or preoroered algebras over 

the algebras, but also semiuniform algebras over topological ones, or preordered ones, 

and topological spaces over convergence spaces. The projection functor also raises 

bicategory structures. (Received November 6, 1974.) 
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*720-20-1 

20 Group Theory and Generalizations 

JOHN R. DURBIN, K. BOLLING FARMER, University of Texas at Austin, Austin, 
Texas 78712. Projectively Monomial Groups. 

Transitive monomial projective representations of finite groups are shown to be the same 

as those induced from linear characters of subgroups. It is proved that all projective 

representations of a finite group G are monomial if and only if G has a representation 

* group G all of whose linear representations are monomial. The class of all such groups 

G is then shown to lie strictly between the classes of finite supersolvable and finite 

monomial groups. It is also shown that Dade's proof [Huppert, Endliche Gruppen I, V, 18.11] 

that every solvable group can be embedded in a monomial group cannot be extended to pro

jectively monomial groups. (Received August 12, 1974.) 

*720-20-2 JANET E. AULT, Madison College, Harrisonburg, Virginia 22801. Simple inverse 
semigroups ~ V-classes ~ w-semigroups. 

An w-semigroup is a semigroup whose idempotents form an w-chain e0 > e1 > Such 

semigroups occur naturally within regular semigroups, for if a V-class of a regular semigroup 

is not a Rees matrix semigroup, then it contains a subsemigroup which is an w-semigroup. 

Considered here are simple inverse semigroups whose V-classes are in fact w-semigroups. A 

construction is given of all such semigroups which are also fundamental, and the main result 

provides a method of locating all simple inverse monoids whose V-classes are w-semigroups, a 

description given explicitly in terms of a semilattice, a semilattice of groups V and a partial 

homomorphism of V. The multiplication in the construction is essentially the same as that of 

the Bruck-Reilly semigroups, with the only complication arising from the semilattice 

multiplication. An isomorphism theorem demonstrates that the construction is a very natural 

one. (Received September 16, 1974.) 

*720-20-3 JAMES C. BEIDLEMAN, Department of Mathematics, University of Kentucky, Lexington, Ky. 

On.!3tting Classes 

All groups considered are finite and soluble. Let l and 'if be Fitting classes of finite soluble groups. Then "JC is 

said to be strictly normal in ttj , denoted by~ <J< "/, provided that for each finite soluble group G an '3( -injector of G is 

contained as a normal subgroup of some 1-injector of G. Theorem l. Let ~I, ~2 and "f be Fitting classes such that 

~i <J< l· i = 1,2. Then 

(a) g(ln'3(2<J<'ll-

(b) If X is an 3€1 n 1f 2 - injector of the finite soluble group G, then there exists an~ 1 - injector X 1 of G and an 

~2 - injector x2 of G such that X 1 n x2 =X. 

(c) ~1 n ~2 <l<~t · 
Theorem 2. Let~1 , *z and4fl be Fitting classes such thatlfJ<l<~i• i = 1,2. Then "f<K:J€ 1 n~2· 

Let~ and 'lj be Fitting classes. Let'i·' denote the class {G J G/G~ E "f}. Thenl· 4l is a Fitting class. Let 

)/denote the class of finite nilpotent groups. Theorem 3. Let 3: =I= {I} be a Fitting class. Then~ is a normal Fitting 

class if and only if}; <I<)( i( (Received October 4, 1974.) 
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*720-20-4 JOSEPH BUCKLEY, Western Michigan University, Kalamazoo, 
Michigan 49001. Automorphism groups of isoclinic p-groups. 

This paper is related to the conjecture that jGj divides jAut Gj for all 

finite, non-cyclic p-groups G of order greater than p 2 . This has been proved 

for p-groups of class 2 by Faudree (Proc. Amer. Math. Soc., 19 (1968), 

1379-1382) and for p-abelian p-groups by Davitt (Illinois J. Math. 16 (1972), 

76-85). Recently, Hummel (Proc. Amer. Math. Soc. -to appear) has shown that 

if the finite p-group G is a central product of non-trivial subgroups N and 

A where A is abelian and if jNj divides jAut Nj, then jGj divides jAut Gj. 

Theorem. If the finite p-~ G is ~ central product Qf non-trivial subgroups 

Nand S where N < G, s ~ G and N n [S,S) = 1, then jAut Gj ~ 

pjAut Nj jAut G/NI . (Here jxj denotes the p-share of lxl the order of X.) p p p 
As corollaries we obtain Hummel's result as well as a dual result. The con-

cept of isoclinism, first introduced by P. Hall, enters into these corollaries. 

Hummel's hypothesis on G is equivalent to the statement that G is isoclinic 

with N. The hypothesis of our theorem is satisfied if G is isoclinic with 

either N or G/N. (Received October 10, 1974.) 

JAMES A. ANDERSON, Northern Arizona Universitv, Flagstaff, 86001 
Tensor Product of Commutative Semigroups. 

The purpose of this oaner is to describe the tensor product of two commu

tative semi~rouns in terms of their archimedean components. 

Given commutative semigroups U and V with maximal idempotent images A and 

B reso., let ¢(A,B) be the set of finitely generated bifilters of Ax B. For 

1'1 E ¢(A,B), designate M11 to be the union of all finite minimal generating sets 

of 11. Given m~M, let./\. 11 = U U~® V0. where {c } is the set of 
m,y axBE:c u " m,y y E. r my 

all chains in A x B with. least element m, which are maximal with resnect to 

this nronerty; and Ua and v8 are maximal archimedean components of U and V 

resp. for each a, B. Define H, to be the subsemigroup of <fJ A 11 such that if 
" m,y m,y 

e;;;_,_, )E HA and 1'1 = {(a,B)I'-· E;u ~VB for some i,y} then [M] = t.. 
l,y lY u lY a 

Denote the p, the finest congruence on \>/A such that ( :f. >. ) p ( 2- >.' ) 
u m , y my m , y my 

iff A = >.' + U ® V ).'=). +u ® V for some o,o,r,s,a,B and >.my= >.'my po oq a B' ~s rs a B 

otherwise. Let T = U A W A/ P. Define addition on T as follows: "~"or ( :£ >. ) p , 
u u m,y.my 

( ~, >. , ) p ~ T and !':,( M, N) = [M UN] • ( 2 >. ) p + ( i. , >. , ) p = ( Z. >. (b !-" >. , ) p 
n,u nu m,y my n,u nu m,y my ·~ nu 

"'' hi where=denotes addition in !'1(M,N). Tis the tensor nroduct of U and V . 
. ReceiveQ Octooer 1C, .LSJ'(If.) 

*720-20-6 JAMES R. WEAVER, The University of West Florida, Pensacola, Florida 32S04, 

The Existence of a Normal _ _§yl~_y-~~bg_~~--t:?E._<l_)J_orf!l.~_!_y_:.<:._<?_m_p_l_<c_m_~~t .. 

If His a subgroup of a finite group G then A(G;H) = {a E A(G) I g- 1 (g)a E H for each g in G} 

and f(G;H) = {a E A(G) I (h)a E H for each h in H} where A(G) represents the automorphism group 

of G, A(G;H) is a normal subgroup of f(G;H), It is shown that if f(G;H)/A(G;H) is a p-group 

for each p-subgroup H of G for p a prime dividing the order of G then G has a normal Sylow 

p<;ubgroup P nr a normal p-complemenL (Received October 15, 1974.) 
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*720-20-7 D. J. HARTFIEL, Texas A&M University and c. J. MAXSON, Texas AMf University, 

College Station, Tx 77801, A characterization of the maximal monoids and maximal 
groups in ex. 

In this paper we give a unified characterization of the maximal monoids and maximal 

groups in 0X' the scmigroup of binary relations on a set X. Our characterization is pre-

sen ted for the ismnorphic semigroup BX of XxX Boolean matrices. Let I be an 

idempotent in Ilx, M(I) = {A E BxiAI IA =A}, G(I), the group of units of M(I), C(I), 

the r.one generated by the columns of I, and End C(I) the semigroup of cone endomorphismso 

Theur•.""': M(I) b isumorphi.c to End C(I). This characterization is then refined, and 

BJ,plie<~ to obLah; the Clifford, Plemmons, Schein result. Corollary: If I is a partial 

y . , is isomorphic to the group of order automorphisms of (X, I) • 

(Received October 21, 1974.) 

*720-20-8 KEVIN E. OSONDU. State University of New York at Buffalo, Amherst, New York 14226. 

Homogeneous quotients of an inverse semigroup. 

Let S be an invcrsG semigroup. On S X S , define the relation SR by the rule (a, b) 

eR (c.. d) ir there exists X, y 0 s such that ax = cy and bx = dy . Theorem. eR is a left 

congruence on S X S The equiv3lence class of (a .. b) is called the right homogeneous 

quoticnt contnining (a.b) . Theorem. The right :left] homogeneous quotients of an inverse 

semigroup S , together with a suitably defined binary operation, form a group which contains 

a subgroup isom•.:>rphic to the! maximal group homomorphic image of S . This is the analogue for 

inverse semigroups of the theorem of Ore that a left 'right] reversible, cancellative semigroup 

is embeddable in a group. (Received October 21, 1974.) 

720-20-9 K. D. MAGILL, JR. and S. SUBBIAH, SUNY at Buffalo, Amherst, New York 14226. 

Regularity and Green's relations for sandwich semigroups, Preliminary report. 

Let X and Y be nonempty sets, let a be a function with domain contained in Y and 

range contained in X and let T (X, Y ,01) be any collection of functions with domains contained 

in X nnd ranges contained in Y subject to the condition that f o a o g belongs to 

T(X,Y,O() whenever both f and g belong to T(X,,Y,Oi) • Then T(X,Y,a) is a semigroup with 

the product fg of two functions f and g defined by fg = f o (X o g . This is what is 

meant by a sandwich semigroup with sandwich function a. The regular elements of sandwich 

semigroups are characterized ,;nd it is determined precisely when two such elements are 

!,R ,)1,)1) and ,?-equivalent where the lntter are Green 1 s relations. The regular l9-classes are 

characterized 3nd the maximal subgroups are determined. These results are then applied to 

such semigroups as sandwich semigroups of continuous functions from one topological space into 

another and sandwich semigroups of Boole3n ring homomorphisms. (Received October 23, 1974.) 

*720-20-10 DAVID E. ZITARELLI, Temple University, Philadelphia, Pennsylvania 19122. 

Compatible extensions of semigrouns. 

An ideal extension V of a semigroup S is called compatible if for every congruence 0 

on S, a o b implies va a vb and av " bv for all v E V. Equivalent conditions for 

a congruence o to be extended to V are given in terms of the identity extension of 

o and the translational hull of S. It is shown that every extension of an inverse semi-
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;roup is compatible. This notion is used to describe the least congruence on a subdirectly 

.rreducible semigroup V, where V is a compatible extension of its kernel . 

. Received October 29, 1974.) 

*720-20-11 GEORGE AKST and THOMAS P. DENCE, New Mexico State University, Las Cruces, 
New Mexico 88003. Linear projection operators on standard threads. 

All standard threads are constructed, rather basically, from three 

particular semigroups on [0,1]. Each is a topological semigroup under the ordinary topology. 

The space of all linear projections on each semigroup is characterized, and, using the 

structure theorem for standard threads, the general linear projection operator on a standard 

thread is exhibited. (Received October 30, 1974.) 

720-20-12 J. C. Higgins, Brigham Young University, Provo, Utah 84602. 
Semilattice s of Topological Semigroups. Preliminary report. 

Let S be a commutative semigroup and let S = { S } be the archimedean components of 
(l 

the greatest semilattice decomposition of S. Further, let each S n be a topological semi-

group where each topology is obtained from a convergence class C relative to the same 
(l 

directed set D. We then obtain a proposition: 

Theorem. The class UC is a convergence class for S. S endowed with this topology 
(l 

is a topological semigroup if and only if lim i-l lim v = lim j..l v for any j..l, v 1::: U C , 
(l 

If the Sn are N- semigroups (Cancellative and idempotent free) a standard topology 

based on the Tamura representation is given such that if multiplication in S is constant 

on the structure groups of the S n then S is a topological semigroup. 

(Received October 29, 1974.) 

*720-20-13 LARRY E, KNOP, The University of Texas, Austin, Texas 78712. Aut(G) of a 

Semidirect Product of Cyclic p-Groups, Preliminary report. 

Let p be an odd prime and let G= (a)(b) where (b) G, (a)n(b)=l, IPI=ps, 

and Let pu be the order of a as an automorphism of (b). Characterizing 

the automorphisms of G in terms of the generators a and b, it can be shown that the 

order of Aut(G) is r-u1 • s r s-u r s-1 
[p rmm(p ,p )][min(p ,p )][(p-l)p ]. Hence IGI! IAut(G) I, 

and IGI equals the p-order of Aut(G) if and only if r=u=s-1 or r=u=l. 

(Received October 31, 1974.) 

720-20-14 JOHN R. RASMUSSEN, Bowdoin College, Brunswick, Maine 04011. The generalized Artin 

exponent of a finite group. Preliminary report. 

Let P(G) and Q(G) denote. respectively, the ring of all integer combinations of permutation 
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characters and rationally valued characters of a finite group G. We define the generalized Artin expon 

n(G) as n(G) c \Q(G): P(G)\. Theorem. For every natural number n, there exists a finite group G su 

that n(G) = n, The theorem is proved by constructing a metacyclic group G depending on n, and then 

calculating n(G) by investigating the irreducible characters of G. (Received October 31, 1974.) 

720-20-15 GARY L. PETERSON. Michigan State Univ., East Lansing, MI 48823. On 
the Automorfhism Group of an Integral Group Ring, Preliminary report. 

Let G be a finite group and let Z(G) denote the integral group ring 
of G. A ring automorphism of Z(G) is called a normalized automorphism if 
f(q) has augmentation l for all g G .. The group of normalized automorphisms 
is denoted ~y NA(G). f' NA(G) is said to have an elementary representation 

-1 
if f(z) = u•·(x)u for all x (:Z(G) where u is a unit in the group ring 
uf G over the rationals and ·· EAut(G), Aut(G) the automorphism group of G. 
G is called an E.R. grour if every f "NA(G) has an elementary represent
u,tion. Severul E.R. groups are obtained, some of which include: (1) groups 
G of the form G = AB where A is a cyclic normal subgroup of G and B is 
:m ;,beli.·Jn :;ubgroup of G. (2) groups in which (G': = p. (3) groups G 
·nlwre G. Jti (G) is metacyclic. -!3 (G) the center of G, (4) p-groups of the 
form G ·~ l\!3 vrhere A is an abelian ~ormal subgroup with A .:.:: 1'1-(G) and 
~~ 'ti(G) elementary abelian of order p , and (5) all the symmetric groups. 
Freviously known results on when Aut(G) equals NA(G) and when Aut(G) has 
;; nurmiJ l cumJ:Clement in NA (G) are extended. Finally, normalized automoq:hisns 
of direct products are studied. One of the results obtained is that if 
G ~ G1 x ... xG where i G.'.iG.i) = 1 for i o! j and each G. is an E.R. 

n l J · l 

q ruup. then G is an E. R. group, (Received November 1, 1974.) 

X720-20-l6 I~J Yel L~n, ~nlo~ado State University, Fort Collins, Colorado 80523 
II~: '>I'.•:·'· i '''/ .-.f' 'certain riroup:; of Central Type, Preliminary report:. 

L•'l ·~ ~)'' ·! I ir1i.t·· ,',t'nur, with c(~nter Z hav}ng an iY.reducible character x such that 

X ( ! ,. ' [•;: :: J' I I".,' 
[.J 0 i'.J,··. ::,·i. llt!i'./, 

i: ''l;],,,j ·1 group of -central type. K. Iwahori and S. t1atsumoto 

T·:i·V•l, 111 (L'JtAl] not•'rd rl:ar G is a group of central tvpe if and only if 

,'f'I)Jlp·: ()! ('•'tr!t·Jl 1 V[1'' .1r'~ ~~vlvablP. 

1 counter·~xnm~lc to t-h(_~ conjRr:ture. We r.:;hO\;,' that G ha.; a homomorphic image 

,,I- t I"' r·urm II rv '1', l·l!l•'r'•' T i·; :;n]vahlP and ll is an CJUtomorphism group of a simple group. If 

I fll'll IT I and G it; solvahle. This is done by using the well-known 

c],,,c;,;ir;,-.,Jti,·,n:; ,,f :;orn•' i'initc• simpl•o groups. This strengthens a result of F. R. DeMeyer 

.md G. ,J. cl.tnllr-;;: [M.;th. 7,eit., LOR (1963), Theorem 7] and also supplements the following 

unpuhl i r;hed t ''''ot'•::m ,., r :; . r.;a,;ola: Let G be a gr'oup of type f. r. Assume th2t t G has an 

aheli<m p-:;yln" :ollil,>'.t'''''i' f,w <cV<'t"/ pcirne p · atisfying p6 /IGI . Then G is solvable. 

(Received November 1, 1971~.) 

~720-20-17 ALI'IIONSE II. DAARTMANS. Southern Illinois Uni\·en;it~·. Carbondale. Illinois 62901 and 
JAMES ,J. WOE PPEL. Indiana L'ni\'t~rsity Southeast. New Albany. Indiana 47150. The 
automorphism group of :1 p-group of maximal class with an abelian maximal subgroup. 

We give a detailed description of the automorphism group of a p-group of maximal class with 

exponent p having a maximal subgroup which is abelian. We first prove Theorem 2.1. rf G is a 

p-group of maximal class with exponent p hm·ing a maximal subgroup (a subgroup of index p) which is 

abelian, then the p'-complement H of the normal S:;low p-subgroup P of the group ;;; of automorphisms 

of G is isomorphic to C (p- 1) '"' C (p- 1)' l'sing the methods of Blackburn ("On a special class of p-groups." 

Acta Math. 100(1958). 45-92). we study the normal S~·low p-subgroup P of 0. obtaining Theorem 3.1. 
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G is a p-group of maximal class with exponent p having a maximal subgroup which is abelian, then 

'normal Sylow p-subgroup P is metabelian of class n- 2 of order p(2n-3). The commutator sub

oup P• of P is the subgroup of inner automorphisms .91 induced on G by the maximal subgroup of G 

tich is abelian. (Received October 30, 1974.) 

0-20-18 WITIIDRAWN 

720-20-19 THOMAS KRAFCIK, Miami University, Oxford, Ohio 45056. The subgroup lattice for groups 
2 3 of order p q and p 

In a paper by Holmes (Sem. Mat. Univ. Padova 45(1971), 71-80), the idea of the projective 

~epresentation for a lattice of subgroups was used.· Here, we have extended this notion to groups of order 

-}q and p3 in the process of classifying groups of such orders. Niegel (J. Reine Angew. Math. 258 

(1973), 1-22) classifies these same groups, but does so by using the standard Hasse diagram to graphically 

represent the lattice of subgroups. The projective representation gives an alternative visual representation 

of the lattice of subgroups which in some cases can lead to a much clearer understanding of the relation

ships among the subgroups. (Received November 4, 1974.) (Author introduced by Professor Charles 

Holmes.) 

720-20-20 JOHN KARLOF, University of Nebraska at Omaha, Omaha, Nebraska 68101 
The Subclass Algebra Associated with a Finite Group and Subgroup II 

Let G be a finite group and let H be a subgroup of G. If g~G, the sub

class of G containing g is the set E = {hgh -l I h~H} and the subclass sum 
g 

containing g is B = 2,x. The algebra over the complex numbers, K, generated 
g x~E 

by these subclass sums ~s called th~ subclass algebra (denoted by S) associated 

with G and H. Form the group G = HXG, subgroup H = {(h,h) h~H}, and double 

cosets H(h ,g )H for h~H, g~G. Let (h ,g)= ~ x and let D be the sub algebra 
xdi(h ,g )H 

of K(HxG) generated by the sums {(h,g)}. We show that Sis isomorphic to D 

as K-algebras. Also, the irreducible modules and characters uf 3 and D are 

demonstrated. (Received November 4, 1974.) 

*720-20-21 ROBERT L. WILSON, JR., University ofWisconsin, Madison, Wisconsin 53706 
Quasidirect Products of Quasigroups 

A sub-quasigroup is normal if it is the preimage of a single element for some homomorphism. 

This specializes to the usual definitions of normality in loops and groups. A construction is 

given, analogous to the semidirect product for groups, which produces all quasigroups with a 

specified normal sub-quasigroup and quotient. (Received November 4, 1974.) 

*720-20-22 MARSHALL SAADE, University of Georgia, Athens, Georgia 30602. 
A note on some varieties of point algebras. 

For definitions see these Notices 16 (1969), Abstract# 663-27. Theorem. 

Let n be an integer > 1 and (*) a generating operation. Then the 

class V (n,*) of all point algebras of the form (Sn,*) is a variety. 

(Received November 4, 1974.) 
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"*'720-20-23 PONALD C. LINTON, University of South Alahama, ~'ohile, i\lahrura 36688, Fully 

inv:uinnt suhyrouns of priJnary ~helian groups, 

F is fully invariant in r. i. f I,;( I') 5_ r for all ¢ c Encl(G), It is known that if F is 

fullv invari;mt in the tntally projective G, then F and G I r are also totally pro

j<Octive (sco ,1hstnct 711:i-,\H,, these .1/e.t..tcu 20(1973), A-650), If '- is a limit ordinal 

cnfin~l h'ith 1.1, thc:n the reduced ::-rrimary rroup G is a CA-group if G 1 p0 G is totally 

lheorer: Let I' be fully invariant in the C'-·group G of length 

\, Th:~n I_ 1 j ,: I 1: i.~ :·1 I so n c,-rroup if ,. is hotmded, and (2) if F is unb01.mded, 

t l1CI1 is (l ( .... ? rnup 1.\']H'rC ,. <lenotes the lenrth of F 
' 

and r: I F is totally projective 

"'. :,.on;•ti: nd •.•xc:•c•.!inp t!!C' h.'np.t·h of r:. (Received November 4, 1974.) (Introduced by 

Profecsor Richard Vinson.) 

720-20-24 DEAN C. MORROW. State University of New York, Oneonta, New York 13820, A 

characterization of SL(3, 8). Preliminary report. 

Let G be a finite group, A maximal element of the set of normalizers of 2-subgroups of G is 

called a mmdmal 2-local subgroup of G. The special linear group SL(3, 8) has a maximal 2-local 

subgroup M eonsisting of matrices of the form 

(H ~) 
with deteeminant 1. M is a split extension of an elementary abelian group of order 64 by GL(2, 8). 

Theorem. If G is a finite simple group with a maximal 2-local subgroup isomorphic to M. then G is 

isomorphie to SL(3, 8). Actually. this theorem is a corollary of a more general theorem classifying 

finite groups which have a m(L-ximal 2-local subgroup involving SL(2, 8) in a specified way, (Received 

November 4, 1974.) 

720-20-25 DE1~iHS. F. KINCH, University of North Carolina, Chapel Hill, N.C. 27514, Partitions 

~nd Representations of the Hyperoctahedral Groups, Preliminary Report 

To each partition n of an integer n we can associate an irreducible representation 

{n} and a transitive permutation representation ll(n) of the symmetric group S(n). If we 

linearly order the partitions, then the transition matrix for these representations is lower 

triangular witn l 's on the diagonal. 

We call (rr; >.) a Jouble partition of n if n is a partition of p ::; n (denoted 

·rrf--p) and ,\f--n - p. Each irreducible representation {n; \} of the Hyperoctahedral group 

B(n) corresponos uniquely to a douule partition (n; >.). Let ll(n; >.) be the transitive per

mutation representation with stabiliser S(n) x B(>.) = S(n(l)) x ... x B(>.(l) x ... , then we 

prove the analogous result for the transition matrix. Further the inner product <ll(a; s), 

{n; A}> is a sum of <ll(p), {n}> <ll(,), {>.}> for appropriate p~p. ,,__n - p. Using these 

results we then show that the representation ring of the Weyl group D(n) has as an integral 

basis the permutation representations \'lith stabiliser [s(n) x B(>.)] n D(n) for (n; >.) a 

double partition of n with nt--p ::; n/2, along v1ith (if n = 2m) all S(p) x S(p) for 

P\--nl. 

Some of the B(n) results were obtained by S. i·1ayer by different methods. 

(Received November 4, 1974.) 

A-106 



720-20-26 D. R. LATORRE, Clemson University, Clemson, S. C. 29631, A Construc
tion of the idempotent-separating congruences on ~ bisimple orthodox 
Seiiifgroup. 

In this article we show how to construct all idempotent-separating 

:ongruences on a bisimple orthodox semigroup, by making use of the construction 

theorem for all such semigroups due to Clifford [Semigroup Forum 5(1972), 

127-136]. The process yields an immediate one-one correspondence between 

these congruences and certain anti-isomorphic pairs (V,V') of normal subgroups 

of some of the components in Clifford's construction. (Received November 4, 1974.) 

*720-20-27 FRANCIS E. MASAT, Glassboro State College, Glassboro, New Jersey 08028, A 

generalization of right simple semigroups. Preliminary report. 

An element s in a semigroup S will be called a right simple element if sS = S. Note that a 

semigroup is right simple (RS) iff each of its elements is a right simple element. Non-RS semigroups 

with right simple elements are denoted by RSE; the subset of S of right simple elements is denoted by 

R, and the nonright simple elements by N. If R is a RS subsemigroup (subgroup, right group) of S, 

then S is called a partial RS semigroup (partial group, partial right group) and denoted by PRS 

(PG, PRG). A PRS semigroup is by definition an RSE semigroup; the converse is shown to be false. 

The structure of RSE semigroups is determined, and a decomposition is developed for R, with the 

results extending those of Abstract 713-A1, these c){ofice,j) 21(1973). A-386. The structure theorems are 

then applied to RSE semigroups where other conditions, such as the DCC on right ideals of N, finiteness, 

or left (right) cancellativity. are also present. .Iheorem. If S is a RSE semigroup and left simple 

(left cancellative). then S is a PG (PRG). For right cancellativity. the development follows that of the 

Baer-Levi theory. (Received November 4, 1974.) 

*720-20-28 ROBIN KUEBLER and J.D. REID, Wesleyan University. Middletown, Connecticut 06457. 

On a paper of Richman and Walker. 

In [Math. Z. 89 (1965), 77-81] F. Richman and E.A. Walker give a construction of a p-group F 

from its endomorphism ring E, as E-module. in case G is bounded or has unbounded basic subgroup. 

A different determination of the E-module G, for nonreduced G (thus covering the remaining case) is 

contained in Theorem. If 0 i' D is the maximal divisible subgroup of G then the E-modules D and R 

in 0 __, D _, G -~ R __, 0 are determined by E. The group Ext~(R, D) is cyclic p-aclic module-free of rank 

1 if R is unbounded, of order pk if R has exponent k-with generator determined by the above 

sequence. Two E-exact sequences 0 __, D _, X. _, R _, 0 have isomorphic modules X. iff the corresponding 
1 1 1 

elements of ExtE(R, D) generate the same p-aclic submodules. (Received November 4, 1974.) 

*720-20-29 LEO COMERFORD, Michigan StatEl University, East Lansing, MI 48824 and 
BERNARD TRUFFAULT, Universite de Nantes, Nantes, France. The Con
iugac¥ Problem for Free Products of Sixth Gronps with CyclTCAiiWT
~amat~on. Preliminary Report. 

We cal a group G a sixth-group if G· has a finite presentation <X; R > 
where R is syrnmetrized,that is, each element of R is cyclically reduced 

and R is closed under the taking of inverses and cyclic permutations, and R 

has the property that if r 1 and r 2 are distinct elements of R with 

b d b h lb ' 11 ' d ibl <' l!r j . r 1 = c 1 an r 2 = c 2 ,ten r<6r11 an 11 , 6 , 2 . Inth~spaperthe 
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authors show that the conjugacy problem for the free product of a collection o: 

sixth-groups with cyclic subgroups of the same order amalgamated is solvable. 

This generalizes a result of S. Lipschutz who showed (Proc. Amer. Math, Soc. 

17 (1966), 759-762) that the free product of a collection of free groups with 

infinite cyclic subgroups amalgamated has solvable conjugacy problem. 

(Received November 5, 1974.) 

720-20-30 Malcolm Ottaway, SUNY Binghamton, Binghamton, New York 13901. Maximal sub-

groups which determine the properties of ~ finite ~· Preliminary Report. 

Let E be a class of finite groups. M(E) is the class of those finite groups G such 

that if the prime p divides g, the order of G, then G has a subgroup H in the class 

E and the index of H in G is p . 

Theorem. E ~ M(E) if and only if E is the class of supersolvable groups. 

(Received November 6, 1974.) (Introduced by Ben Brewster.) 

720-20-31 '.flC!IAEL A. KLDJBARA, University of Cincinnati, Cincinnati, Ohio45221 
0:1 the canonical sets of subgroups induced ~_a_£_~~i_T\_!i__<:_l3_s._~-~· Prerrmrna:ry- ·rc-r·o-rT.------ -- -- --------------

,\n arbitrary Fitting class F, produces the following three 

canon: tl ;;_·1: ·:f subgroups in any given finite solvable group G : IF(G) the 

setofF-injectors of G; IIF(G) the set of Fischer F-subgroups; and IIIr(G) the 

set of F-maximal subgroups of G which contain GF the F-radical of G. It is 

clear from tile definitions that I F(G) £ I IF (c;) £ IIIF(G). Given a Fitting 

class F' F. l'. Lockett [see \Ia th. z. 137. (1974)' 131-136) defined a new Fitting 

class F* ~ {f~ i (G X c;) F is subdircct in G X G}. The purpose of this note ~s 

examine various conditions on F and F* which given IF(G) = IIF(G) = IIIF(G) 

*720-20-32 

I I IF* (G) and conversely. (Received November 6, 1974.) 

DAVID i'l. ROCKE, Governors State University, Park Forest South, Illinois 60466. 
p-Groups in which centralizers of non-central elements have the same order: 
Part I. Preliminary report. 

to 

Let G be a finite group in which [G:C(x)] = n if x is not in the center of G. We say then that 

G is of conjugacy type (n). In such a case, Ito has proved that n = pa and that G is the 

direct product of a p-group and an abelian group (Nagoya r'lath J., Vol. 6, 1953). Thus, 

consideration may be restricted to p-qroups of type (pa). In this paper, we derive certain 

facts about the structure of p-groups of types (o) and (p2). Let Gi be the i 'th term of the 

lower central series for G 11ith G2 = G'. Let Zi be the i 'th term of the upper central series 

for G with z1 = Z(G). I_HEOREr-1 G is of type (n) if and onlv if IG21 = p. THEOREM Let G be ----
of type (p2) ~1ith class G:>2. Then: a) class G 

d) [G:Z2] 

l1ith I z2_l p2, (Received November 6, 1974.) 
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*720-20-33 CHARLES FORD \vashington University, St. Louis, Missouri 63130. Connection 

between the Schur Index of a representation and the structure of the group. 

Theorem! Let G be a finite group with an irreducible complex character~ whose Schur 

index over an algebraic number field is m. Let pn be the p-part of m foran odd prime divisor 

p of m. Then one of the following alternatives holds: (1) p2n divides the exponent of G 

(2) pn divides the exponent of G', the commutator subgroup of G. 

This generalizes a recent result by B. Fein and T. Yamada. We have proved a general 

result which extends the Brauer-Witt theorem. It determines for each odd prime p a section of 

G whose structure explicitly determines pn. Any faithful irreducible character of this 

section has Schur index pn. One such character is related to X· Theorem A is a consequence 

of this result. We state a special case of the general result. 

Theorem With the hypotheses of Theorem A suppose G has Abelian p-Sylow subgroups. Then 

there is a prime q where pn divides q-1 and a section M of G which is a semi-direct product 

M = Q P where Q has order q and is normalized by P a cyclic p-group. For some integer c and 

any generator x of P Xq0 -l centralizes Q and has order pn. M has a faithful irreducible 

character with Schur index pn which, when regarded as a character on a subgroup of G, induces 

a character of G which contains y. (Received November 6, 1974.) 

*720-20-34 Ben Brewster, State University of New York at Binghamton, Binghamton, N.Y. 13901 
The formation generated by a \1>- free group. 

An attempt to explicitly characterize the formation generated by a finite group can be 

reasonably successful if restrictions on Frattini chief factors are included. For instance, 

let G be a finite solvable group. Then 1.) If there are no Frattini chief factors below 

F(G), then QR0 (G) can be explicitly described in terms of formations of smaller Fitting 

length, and 2.) If G has no Frattini chief factors, QR0 (G) is completely determined by 

primitive epimorphic images of G . (Received November 6, 1974.) 

*720-20-35 CHARLES s. HOLMES, Miami University. Oxford, Ohio 45056. Groups of order p3 q with 

identical subgroup structures, 

It is shown that there are two non isomorphic groups G and H both of order p 3 q with identical 

subgroup structures; i.e .. there is a lattice isomorphism from the lattice of subgroups of G onto the 

lattice of subgroups of H which preserves conjugacy and indices, and maps proper subgroups of G to 

isomorphic subgroups of H. Here p and q are odd prime numbers with p dividing q- 1, The 

smallest order of G and H in these examples is 189. The smallest order of such G and II in 

previously known examples is 260, In addition. for the groups G and H of order p3 q, various direct 

products G X K and H X K are shown to have isomorphic subgroup lattices. This is true if K is a group 

which is p, q-nilpotent in the sense that if hE K and the order of h is infinite or divisible by p and k E 

K and the order of k is infinite or divisible by q, then the subgroup generated by h and k is nilpotent. 

In particular K can be locally nilpotent. infinite dihedral. or a torsion group in which every element has 

order relatively prime to p and q. In this latter case G X K and H X K have the same situation of 

subgroups, i.e.. G x K and H x K have isomorphic subgroup lattices in which the lattice correspondence 

preserves indices and conjugacy. (Received November 6, 1974.) 
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720-20-36 RAY SHEPHERD, Palm Beach Atlantic College, W. Palm Beach, Florida 33401, Construct 
n < 2k+6 

of p-groups of maximal class with group order p = p • 

Let p be a p-group of maximal class with lower central series P, P2 , P3, .•. , Pn = 1, where IPI = 

pn, n~! 4. Set P 1 = C(P2/P4), choose s )t P1, s 1 E P 1 - P2 and write si = [si-l's] for i;;;; 2. For PJ. 

abelian, consider PJ. as a ~[D]-module where Dx = [x,s] and (:0iaiDi) x = lli[xai,is]. Theorem. Let 

p o= 5 be a prime and k ~' 1,cx,{J, and y be given integers. For a= (p- 1)/2 and 1 :;§ i ::§a- 1, let Vi 

be any word in the symbols s. for j -<~ k + 2i + 1. Then for any n "'2k + 6 there is a unique p-group of 
J 

maximal class (s, s 1) of order pn and degree of commutativity at least k such that (1) s 2 = s~_ 1 , 

p B . ] ""'a-1 a+i+ 1 (D)V 
(2) (ss1) ~ ~-l, (3) [si' si+1] ''Vi for 1 o> 1"' a- 1 and (4) [sa, sa+1 = L.Ji=1 (-1) qi i + ysn_1, 

where D = :Ba-i (r~i)(a+i~l )nr + :ra-i-1(a-~-1\(r+i) (D + 1)p-i-r-1. 
qi( ) r~o 1 r+2t+l r=O 1 ) r 

(Received November 7, 1974.) 

22 Topological Groups, Lie Groups 

*720-22-1 JOHN 0. KILTINEN, Northern Michigan University, Marquette, Michigan 49855 
On countably extending ring topologies. 

Sufficient conditions are obtained for putting a natural ring topology on a union of a count

able chain of topological rings, each of whose topologies extends those lower in the chain, 

in such a way that the topology on the union also extends each one in the chain. Three ap

plications of this result are then given. First, it is shown to yield a new proof of are

sult of L. A. Hinricr> that locally bounded field topologies can always be extended to 

countably dimensionea algebraic overfields. Second, together with a recent theorem of K.-P. 

Podewski, it leads to a proof that a field topology can always be extended from a countable 

field to any purely transcendental extension field of countable transcendence degree. Third, 

it implies that a countable union of locally compact rings can always be ring-topologized, 

although not necessarily with a locally compact topology. Combining the first and second 

results, one can get the following THEOREM: A first countable, locally bounded field to

pology on a countable field can always be extended to any countable overfield. 

(Received October 7, 1974.) 

720-22-2 MOHSEN PAZIRANDEH, The University of Texas, Austin, Texas 78712, Radial 
component of invariant differential operators at Principal nilpotent points. 

Let x0 be a principal nilpotent element of a complex semi-simple Lie 

algebra t·j- , :f. a TDS containing x0 with a basis (x0, Y 0, H0) and U 

the centralizer of Y 0 in f. j For any invariant differential operator 

D on ('J· with polynomial coefficients, the existence of radial components 

HD) and 6(D) on a Cartan subslgebra and the hyperplane X +U, 
0 

spectively, has been shown by Harish-Chandra. 6(D) has been calculated 

re-

explicitly when D = d(p), where p is an invariant element of the symmetric 
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algebra of ~ . We will use this result and a result of Kostant to 

calculate L':.(o(p)) on x0 +u. (Received October 10, 1974.) (Author introduced by 

Professor Roger Bleier.) 

*720-22-3 PAUL S. MOSTERT, University of Kansas; Lawrence, Kansas 66045, On the Centralizer 

Conjecture for Monoids on Manifolds. 

Let M be a topological monoid whose underlying space is a compact connected manifold with 

boundary, and let G be a connected closed subgroup of the group of units. Let ~ denote 

the action of G on M under inner automorphisms, il'(~) denote the system of non-zero 

weights of the action and ~'(G) the system of non-zero roots of G. Suppose that for each 

idempotent e in the centralizer of G, ~ is equivalent to a linear action at e. 

Theorem: ~·(G) ~ il' ('¥). Moreover, the centralizer ZM(G) = {x E M: gx = xg, g E G} is 

connected (modulo the minimal ideal) iff there is ~ connected submanifold T invariant under 

G which contains G, ~ the minimal ideal, and for which n• ( ~~ T) = ~'(G). 

As a corollary, it follows, for example, that if G is simple and dim M - dim G < 2r, r = 
rank G, then the centralizer ZM(G) is connected (modulo) the minimal ideal of M). As another 

corollary, if G is simple and ZG(x) = {g E G: gx = xg} has positive dimension, then ZM(G) 

is connected (modulo the minimal ideal). Proofs are based on the techniques of W.-C. and 

W.-Y. Hsiang. (Received October 25, 1974.) 

*720-22-4 DAVID ZERLING, Philadelphia College of Textiles and Science, Philadelphia, 

Pennsylvania 19144 ~) Topological Groups. 

A locally compact topological group G is called {CA) if the group of 

inner automorphisms of G is closed in the group of all bicontinuous automorphisms of G. The 

author's previous results [Abstract 711-22-20, these Notices 21(1974) A-111] are generalized 

by showing that each non-(CA) locally compact connected group G can be written as a semi-direct 

product of a {CA) locally compact connected group by a vector group. This decomposition 

yeilds a natural dense imbedding of G into a {CA) locally compact connected group P, such that 

each bicontinuous automorphism of G can be extended to a bicontinuous automorphism of P. This 

imbedding and extension property enables us to derive a sufficient condition for the normal 

part of a semi-direct product decomposition of a (CA) locally compact connected group to be 

(CA). (Received October 25, 1974.) 

LAWRENCE CORWIN, Yale University, New Haven, Connecticut 06520. 
Irreducibility ££ Induced Renresentations· Preliminary report· 

Let G be a locally compact gr\up, H a closed subgroup, n an 

irreducible unitary representation of H, and T the induced represen

tation on G • I"lackey (Am· J. Math. 73 (1951) gave necessary and sufficient 

conditions for the irreducibility of G in the case where G is finite. 

We shall discuss various extensions of this result to infinite groups· The 

basic tool (for necessity1 is a method of constructing intertwining 

operators of with itself. (Received Octo"oer 29, 197~ .. i 
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720-22-6 L. H. CRABTREE, the Citadel, Charleston, S. C., 29409, and J.S. YANG, University 
of South Carolina, Columbia, S. C. 29208. A note on unitary duals of C(X,G). 
Preliminary report. 

For a topological group H, let H' and H" denote the first and second unitary dual spaces of H, 

respectively. If X is a topological space and G a topological group, let r be the topological 

group of all continuous functions from X into G endowed with the compact-open topology and the 

pointwise multiplication. It is shown that r can be continuously imbedded into r" if X is 

hemicompact and G is maximally almost periodic metrizable group, and that r can be (topologi

cally) imbedded into r" as a retract subgroup if either (1) X is a first countable hemicompact 

space, and G is a direct product of a vector group and a compact metrizable group admitting 

faithful representation, or (2) X is a hemicompact k-space, and G is a compactly generated Lie 

group such that G/Z is compact. (Received October 31, 1974.) 

*720-22-7 DONALD MARXEN. Marquette University, Milwaukee, Wisconsin 53233, Neighborhoods of 

the identity of the free abelian topological group. 

The free abelian uniform group (AG(X), 'U 0 ) on a uniform space [X. UJ is constructed as a quotien· 

of the eli ret'! product of the free uniform semigroup (on [X, U]) with itself, If X is a completely regular 

space and 'Ci is its largest admissible uniformity, the uniform topology T(Ud is precisely the topology 

of the free abelian topological group. A base for the neighborhood systems relative to T(U 0 ) is describe( 

in terms of the gage of 'U.. It is shown that no sequence of words in (AG(X), ?..{ 0 ). whose lengths increase 

without bound, can have a limit. Corollaries of this result include some familiar theorems regarding the 

countability axioms and local compactness on free (abelian) topological groups. (Received November 1, 

1974.) 

-l!-720-22-8 TER-JENQ HUANG, State University of New York, College at Cort1and, Cortland, 
New York 13045. On Equicontinuous Transformation Group II. 

In this note, we intend to study more applications of the main theorem 

(On Equicontinuous Transformation Group, Notices of AMS, vol. 19 (1972) 

p. A-102 (abstract)) and we prove the following theorem. Theorem. Let 

T be a topological group and S be a closed syndetic subgroup ofT. Then 

T is maximally almost periodic if and only if S is maximally almost 

periodic. In the proof, we apply a recent result of W. H. Gottschalk 

(S_o_!ll.e ___ Ge,!l_e_ral __ Dypam_i_.,:_a__l_ ~lot_i_op~. Recent Advances in Tope logical nynam ic <;, 

Lecture Notes in Nathematics, Springer-Verlag 1973, p. 102 - 125) and the 

main theorem cited. As consequences, we have Corollary 1. (Murakami) 

Let G be a topological group and let N be a normal subgroup of G with 

finite index. Then G is maximally almost periodic if (and only if) N is 

maximally almost periodic. Corollary 2. (~1urakami, Kuranishi) Let G be a 

locally compact group and let G0 be the connected component of the identity 

of G such that G/G0 is compact. Then G is maximally almost periodic if and 

only if G0 is maximally almost periodic. (Received November 5, 1974.) 

720-22-9 JOHN R. DURBIN, The University of Texas, Austin, Texas 78712. Spherical functions 
on compact wreath products. Preliminary Report. 

Explicit formulas are derived, in terms of the characters of A, for the zonal spherical 

functions and associated spherical functions on a wreath product (monomial group) A wr Sn' 
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where A is any compact Abelian group and Sn is the symmetric group of degree n. This 

extends results on the zonal spherical functions on Zk wr Sn (Zk the cyclic group of order 

k), which are known to be the generalized Krawtchouk polynomials orthogonal on a symmetric 

multinomial distribution (D. Vere-Jones, Quart. J. Math. Oxford (2) 22 (1971) 247-270). 

(Received November 4, 1974.) 

*720-22-10 P. C. KUTZKO, University of Iowa. Iowa City, Iowa 52242. Representat~~ 
theory for GL2 over local rings. 

A complete set of complex continuous irreducible representations of the two dimensional 

general linear group over the ring of integers in a p-field is constructed using finite 

group-theoretical techniques, notably those of Clifford and Mackey. The restrictions to SL2 

of these representations are then decomposed thus yielding a complete set of irreducible 

representations for this latter group. Since the methods used are independent of the 

residual characteristic, complete results are obtained, in particular, for residual 

characteristic 2 which, even for SL2, have apparently not been previously obtained. 

(Received November 4, 1974.) 

720-22-11 SIGURDUR HELGASON, Massachusetts Institute of Technology, Cambridge, Massachusetts 

02139. Invariant differential eguations on homogeneous manifolds. 

• Motivated in part by the historical contact between Lie groups and differential equations, a number 

of general problems for group-invariant differential operators will be raised. Solvability questions for 

such operators will be discussed in some detail. (Received November 4, 1974.) 

720-22-12 LEONARD SHAPIRO, University of Minnesota, Minneapolis, Minnesota 5''>4.':>5· 
Generalized Bohr Compactifications, Preliminary report. 

In this joint work with Professor Shmuel Glasner, we extend the results of Ellis and Keynes 

[Israel J. of Math, 12 (1972), pp. 314-330] to apply to arbitrary topological groups T • 

In this way we obtain information about a compact group which generalizes the concept of a 

Bohr compactification of T • (In case T is nilpotent this group reduces to the ordinary 

Bohr compactification, but for noncompact semisimple Lie groups the group is nontrivial). 

For example, we prove that if T/f is compact, then for any neighborhood U of the identity 

in T there is a (generalized) Bohr neighborhood W of e such that we f U fV r for all 

neighborhoods V of e in T • These results promise to be of use in deciding for certain 

groups T whether the Furstenberg-Satake boundary is the same as the universal minimal 

proximal flow for T , and whether certain solvable Lie groups can admit nontrivial proximal 

minimal flows.(Received November 4, 1974.) 

*720-22-13 GERALD L. ITZKOWITZ, Queens College, Flushing, New York 11367. Density character of 

locally compact groups. Preliminary report. 

Let d(X) denote the least cardinal of a dense subset of the topological space X. Theorem 1. Let 

G be a locally compact topological group and let H be a closed subgroup; then d(H);;; d(G). Theorem 2. 
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Let G be a a-compact locally compact topological group and let H be a compact normal subgroup such 

that G/H is a separable metric group. Then d(G) = d(H). This theorem shows that the density character 

of all locally compact topological groups may be described in terms of the density character of an open 

a-compact subgroup. This answers a question of S, Kakutani ["On cardinal numbers related with a compact 

abelian group", Proc .. Japan Acad, 19(1943), 366-372], (Received November 4, 1974,) 

*720-22-14 NOLAN R. WALLACH. Rutgers University, New Brunswick, New Jersey 08903, A 

representation theoretic proof of a formula of Max Noether, 

• Let X be a symmetrit:! space of noncompact type and let G be the identity component of the 

isometry group of X. Let r c G be a discrete group acting freely on X, We will study techniques for 

computing the multiplicities of certain unitary representations of G in L 2 ( r\G) and relate these 

multiplicities to certain topological and analytic invariants of r\x using formulas of Matsushima and 

Matsushima and Murakami. As an application we prove the Ma.x Noether formula for r\B2 where B2 

2 
is the unit ball in C . (Received November 6, 1974.) 

26 Real Functions 

GOODMA:,, A.W,, l'NIVERS[TY OF SOUTH FLORIDA, DEPARTME~IT OF MATHEHATICS, 

TA.MPA, FLORIDA '33620. 

Remarks on the Gauss-Lu<'as Theoren: in Higher Dimensional Space 

A recent paper by J .ll. DL~z <md Dorothy B. Shaffer extends the Gauss-Lucas 

Tluoore~r. (nn tl:e 1ocation <.>f zerns of t]-,p derivative of a polynomial) to n-dimensional 

EuclldPan space. The authors lenve open certain natural questions concerning the 

existeJH't' ol "zeros of the tleri\'ative". Thi.'< paper answers three sueh questions 

and sugge:;ts sE'vend otber questions for further investigation. (Received October 29, 1974.) 

720-26-2 STEVE AGRONSKY. University of California, Santa Barbara. Some analogues of the 
Lusin-Menchoff.Theorem and applications •. Preliminary repo~ --- ' 

If A and B are sets of real numbers, we let A ([: B denote "every point of A 

is a point of Lebesque density of B." The Lusin-Menchoff Theorem states: If A is perfect, 

A c E ([ E, then there exists a perfect set A 1 such that A ([ A 1 c E. Analogues of 

this theorem are obtained by replacing "d" above by other suitable properties. Maximoff 

(Bull. Amer. Math. Soc. 1959 pg. 2(,4-267) has used the Lusin-Menchoff Theorem to give a rather 

complicated characterization of the class of approximately continuous fUnctions. The question 

considered is whether other classes of fUnctions have similar characterizations. A general 

theorem is given which states (roughly) that a class of fUnctions has a Maximoff-type charac

terization if certain rather weak conditions are met, and most importantly, if the appropriate 

analogue of the Lusin-Menchoff Theorem is valid. Several analogues of the Lusin Theorem are 

proven, each having as a corollary that a certain class of functions has a Maximoff-type 

characterization. Among the classes having such characterizations are Zahorski's classes 

!llli' i = 0,1, ... ,~; (Sur la premiere derivefe, Trans, Amer. Math. Soc. 69 (1950), pg. l-54.) 

(Received November 6, 1974.) (Author introduced by Professor A. M.Bruckner.) 
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*720-26-3. L. V. TORALBALLA and LOUIS I. ALPERT, Bronx Community College, Bronx, New York 

10453. On the existence of the differential of a function of several real variables. 

The concept of deviation as introduced by Toralballa in his work on surface area has been suitably 

modified here to define D(f: x0), the deviation of f at x0 where f is a general real valued function 

defined on a connected open subset of the real line. D(f:x0) is, in a sense, a measure of the nondifferent

iability of f at x0• We further define fi (x0), the derivative mean of f at x0 , a generalization of f• (x0). 

Differentiability is related to the definitions cited above as follows: (1) If f is differentiable at x0 then 

f1(x0) = fi(x0). (2) f is differentiable at x0 iff D(f:x0) = o. Consider now functions f(x,y) of two 

real variables x and y. We define the partial deviation functions D (f) and D (f) and the partial 
X y 

derivative means f and f as functions of x and y in the natural manner. We state a set of conditions 
X y 

for f to have a differential at (x0,y0) which we believe is milder than those currently in the literature. 

Principal theorem. Let f(x,y) be defined on N((x0,y0),6). If, as functions of x and y (1) f is 

continuous at (x0,y0), (2) fx and fy exist at (x0,y0), (3) Dx(f) is continuous at (x0,y0), (4) fx is 

continuous at (x0,y0), then f has a differential at (x0,y0). The above concepts and theorem may be 

extended to functions of more than two real variables. (Received November 4, 1974.) 

28 Measure and Integration 

720-28-1 NONBTIL TONG, California State University, Sacramento, California 95819. 

T!' ji tzil!l!.k.Y.. J:h.1!2£f!~..!.n . .J;h.~J!.;.".2.9-E..C:..UP-a.!J~. of tw.2_.~bstr_l!_<:.i !!.'_P8:~.1J..J.:4U!l!!<:.~s •• 

The late orofessor Trjitzinsky generalized a version of the density theorem in sense of Denjoy 

in a general abstract measure space as follows: Definition. Given the sets ~(F) of the 

completely regular family F, and the set X in ~(F); ~(F) and X are positive measurable-Q. 

If 0 < l, ( 1, and 0 < d~ < 1, o- (X) = fE, such that E E F, ~~;,)) >a(, Q(E) < ,) . 
c~..,s '-' ., 

Let S(r') bP. the union of all sets in F. ~):le_o_£e_!D. The density theorem, relative to a 

complet,ely regular family B' = is:~ with S(l:<') of finite measure-Q., takes place if and 

only if for all 0 < ~~ < 1, for every sequence 0 < ,.; < 1. 
m S ·--~ 0 as m ~ · ·•· , and m 

for every senuence of sets Xn' which is in L~(F) and is measurable-Q, such that 

-{ ..., v ) X .) ••• 
"l .J '2 ' ' (W.J. Trjitzinsky, 

.'r_heorie me.trigue _d~n.!_~S !£spaces .?.~.il y_~ ~-m..!!._s~, Gauthier-Villars, Paris, 1960) 

We extend_the various forms of the theorem to the product space of two abstract measure 

spaces. An example to illustrate the concepts is also given. (Received October 21, 1974.) 
(Author introduced by Professor Hugo Sun.) 

720-28-2 PARFENY SAWOROTNOW, Catholic University, Washington, D. C. 20064. Riesz theorem 

for H*-algebra valued positive linear mappings, Preliminary report. 

Let A be a proper H*-algebra and T(A) its trace-class [Proc. Amer. Math. Soc. 26(1970), 95-

100]; let L be a family of real-valued functions defined on a space S. Assume that L is closed under 

lattice and vector space operations and satisfies Stone's condition: if f r: L then f r: 1 ;: L. Let I be a 

positive linear mapping of L into 7"(A) such that fn t 0 implies (I(fn)a, a) i 0 for all a E A (fn is a 

sequence of members of L), Then there exists a T(A)-valued measure 1J. on S, defined on a ring of 

subsets of S. such that I(f) = jfdiJ. for all f E L. (Received October 30, 1974.) 
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*720-28-3 G. Y. H. em, University of Florida, Gainesville, Florida 32611 and University of Pittsbur 
Pittsburgh, Pennsylvania 15260, The Radon-Nikodym theorem in locally convex spaces. 
Preliminary report. 

Let (0,~.~) be a complete probability space, where ~ is a a-algebra. Let L~(O,~.~;F) be 

the locally convex space of all strongly integrable Borel measurable functions with the Egoroff property. 

Let F be a quasi-complete locally convex space with the following property: for every bounded subset 

B c .R.~{F}, the space of absolutely summable sequences, there exists an increasing sequence of absolutely 

convex compact metrizable sets, Mn c F, such that M = u:l Mn is bounded and :6~1 pM(xi) ~ 1, 

"'1 (xi)~l ~"B. Let m :~~F be a vector measure. Theorem. There exists an f E L~(O,~.~; F) such that 

m ~- ~f iff (i) m << ~. (ii) m has bounded variation, and (iii) m has locally relatively compact average 

range. This theorem extends the results presented in Abstract 712-B23, these cJVOticti) 21(1974), A-342. 

However, the result here covers in addition the precompact duals of separable P*-barreled 1. c. s,' with 

property (B) of Pietsch. and hence, in particular, the precompact duals of separable metrizable spaces. 

(Received No\·ember 6, 1974.) 

*720-21-l-4 HOY A. JOHNSON. Washington State University, Pullman, Washington 99163, A 

decomposition of measures. Preliminary report. 

Suppose ~ and 11 are measures on the same sigma-ring. We say that ~ is quasi-dominant over 

11 if given measurable E. i F s. t. ~(E) o' ~(E ~F) and s. t. II(E n F n G) = 0 whenever ~(E 11 F n G) = 
0. For example. any measure is quasi-dominant over a sigma-finite measure. We say that ~ is strongly 

dominated by 11 if the only measure less than or equal to f.L and quasi-dominant over II is the zero 

measure. Theorem. If f.L and 11 are measures on the same sigma-ring. then :it measures Tr and P s. t. 

(1) ~ is the sum of Tr and p, (2) 'TT is strongly dominated by 11. and (3) p is quasi-dominant over II, 

An application is given to decompositions of product measures. (Received November 4, 1974.) 

*720-28-5 WILLIAM GRAVES, University of North Carolina, Chapel Hill, North Carolina 27514 
An Example £i !!. Universal ~1easure. Preliminary Report. 

Let R be a ring of subsets of a set X, M(R) the corresponding space of real-valued 

simple functions on R, and X : R r H(R) the natural map which associates to each A E R its 

characteristic function XA. Let LCS be the category of locally convex Hausdorff topological 

vector spaces. For any W ~ LCS, a finitely additive function u : R + W is a measure if 

{JJ(Ai)} is Cauchy for every sequence A1 .::_ A2 .=_ ... from R and converges to JJ(A) when, in 

addition, A = uAi c R. Let T be the coarsest locally convex topology on ~1(R) such that 

E •> I [uiJ is eontlnuous fur every W c LCS and every measure 1J : · R + W. 

Theorem. (~1(R) ,T) ~ LCS, and x : R > (M(R) ,T) is a universal measure (i.e. for any 

measure IJ : :\ ,. W, IJ u o x where ~(f) = I fdJJ is linear continuous). 

Example. Let R P (JN) = the power set of the positive integers. Functions in M(P (JN)) 

may be identified with sequences (ai) which assume only finitely many values. For any positive 

sequence (n 1.) such that n 1• + ""• let U('l.) ={(a.) E M(P(IN)): Ia. I < n. Vi}. The U(ni)'s 
l. l. l. l. 

are a fundamental system of neighborhoods of 0 for the topology T on :1(P(JN)). That T is a 

Mackey topology is equivalent to the Orlicz-Pettis Theorem on subseries convergence. 

Many other aspects of the theory of vector-valued measures have interesting formulations in 

terms of (H(R),T) and the universal measure X· (Received November 6, 1974.) 
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*720-28-6 W.M. Bogdanowicz &J.P. McCloskey, Catholic University of America, Washington, D.C., 
20064. A relation of measurability with respect to a sigma-ring V to measurability 
with respect to the smallest sigma-algebra extending v. 

Let V be a sigma-ring of subsets of a space X such that x4v. Let W be the smallest sigma-

algebra extending V. Denote by M(V,R) the space of all V-measurable functions f: X~ R, where 

R=(-~,~). Let B denote the collection of all sets being complements of sets in v. Notice that 

B is filter base. 

Theorem. A function fd1(W,R) belongs to M(V,R) if and only if the llmit o[ [with re~:~peci: to 

the filter base is zero. (Received November 6, 1974.) 

*720-28-7 JON C. HELTON, University of Arizona, Tempe, Arizona 85281. Mutual existence of 

product integrals in normed rings. 

Let R be the reals and N a normed ring. If G is a function from R X R to N, then G E OM* 

on [a, b] only if (1) nY(1 + G) exists for a;§ x < y ;§ b and (2) if £ > 0, then :!I a subdivision D of [a, b] 
X X 

3, if {xi}~=O is a refinement of D and 0 ;§ p < q :§ n, then IX n q(1 +G)- n~p+l (1 + Gi)l < t'; and G E 

OM0 on [a, b] only if (i) nY (1 + G) exists for a ~ x < y ~ ~ and (ii) J:b !1 + G- IT(1 + G)l exists and is x a 
zero. Further, GEOP0 on [a,b]onlyif:!Iasubdivision D of [a,b] andanumber B 3, if (xi}~=O is a 

refinement of D and 0 < p ~ q ~ n, then I n~p(1 + Gi)l <B. If F and G are functions from R X R toN, 

F E OP0 on [a, b], each of lim + F(x, y) and lim _ F(x, y) exists and is zero for p E [a, b], 
x,y~p x,y~p 

each of lim p+F(p,x), lim _ F(x,p), lim +G(p,x) arid lim G(x,p) exists for p E [a, b), and G x;.., x-+p x;..,p x .... p-

has bounded variation on [a, b], then any two of the following statements imply the other (on [a, b]): (1) F + 

G E OM*, (2) F E OM*, and (3) G E OM*. In addition, with the same restrictions on F and G, any two of 

the following statements imply the other (on [a, b]): (1) F + G E OM0 , (2) F E OM0 , and (3) G E OM0 • 

(Received November 6, 1974.) 

*720-28-8 PAUL LEWIS, North Texas State University, Denton, Texas 76203. Absolutely summing 

and mapping properties of representing measures, 

Let H be a compact Hausdorff space, let each of E and F be a Banach space, and let C(H, E) be 

the space of all continuous E-valued functions on H re sup norm. Proposition 1. (a) If (xi) is weakly 

p-summable in E and (y.) in F1 (=closed unit ball of F), then :6x. ~ y. is weakly p-summable in 
1 1 1 

E ®F. (b) If L: C(H, E)-~ F is absolutely p-summing (unconditionally convergent), then L1 : C(H) .... 

B(E, F) is absolutely p-summing (unconditionally convergent), where L1 is the naturally induced operator. 

Proposition 2, Suppose that L: C (H, E) .... F is an operator with representing measure m : ~ __, B(E, F). If 

L is absolutely p-summing (unconditionally converging) (completely continuous) (nuclear) (quasinuclear) 

(strictly singular), then m(A) is absolutely p-summing (unconditionally converging) (completely 

continuous) (nuclear) (quasinuclear) (strictly singular) for each A E ~. Proposition 3, If m .. L: C(H, E) 

__, F is absolutely p-summing, then 'I'P(m) < oo, Conversely, if 'I' (m) < oo, then L is absolutely p p 
p-summing. Here TT (m) denotes the p-summing total variation of m. (Received November 4, 1974.) 

p 
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30 Functions of a Complex Variable 

*720-30-1 F.R. KEOGH, University of Kentucky, Lexington, Kentucky 40506 
A characterisation of convex domains in the plane 

n f n k f 
Let f(z) = E a z be analytic in the open unit disc~. and lets (z) = E~z crn(z) 

n 0 n n OK 

E sk(z)/(n+l). T. Basgoze, J.L. Frank and F.R. Keogh [Can. J. Math., Vol. XXII, No. 1(1970), 
0 

123-127] showed that if f(~) c: D, where D is a convex domain, then crf(~)~D for all n and the 
n 

values assumed by s! (z) for lzl <-}lie in D for all n. Theorem. If D is a nonempty non-

convex domain, then there exists a function f analytic in ~ such that f(~)C D and cri(~) -D f ~ 

(or, equivalently, si (~) assumes values outside D). (Received October 1, 19'74.) 

Z'(;>rJ-)0-:-' IIEHB W. Silverman, University of Delaware, Newark Delaware 19711 and EVELYN M. 
SILVIA, University of California, Davis, California 95616. On Linear Combinations of 
Convex Function..<>_Qf_Order {3. Preliminary report. 

fl.- n I I Given f (z) = z + i. a z analytic and univalent in V ( z < 1), 
2 n 

a (0 ~a< 1), f(z) .is 

We denote f E K(a) said to be starlike of order ~ denoted f E S(a) .if Re z!' > a. 

if 
zf" 

Re ( 1 + ·-y,·l .· 't and we say that f (z) is convex of order a. Let f,g E K(a) and 

F = Af + (1 - >)g where z E V and The authors obtain bounds for the 

radii of starlikeness and convexity of F. This generalizes the work of R. K. Stump 

[Can . .J. Math. (23) 4(1971), 712-717]. f:P..eceived Sep'tember 27, 1974.) 

*720-30-3 eALE H. MUG~E.R 1 ~yracus~ Univer:sity, Syracuse, New York 13210. Sompletely 
onvex arid Pos1t1ve Harmonic Funct1ons. 

A completely convex function is a positive real-valued function on a real interval whose even derivatives 

alternate in sign. In this report, I show that every completely convex function is the restriction to the 

real line of a positive harmonic function in a vertical strip which is completely convex in x for each y. 

I present an integral representation for those extensions whose first order partial derivatives with respect 

toy vanish for y = 0 , and discuss its relation to the integral representation of a completely convex function 

found by R. P. Boas, Jr. (Amer. J. IVI:lth., 81(1959),pp. 709-714). Finally, conformal transformations are 

used to derive analogous differentiability conditions providing similar extensions for functions defined on 

other curves in the plane. (Received October 17, 1974.) 

*720-30-4 TED J. SUFFRIDGE, Department of Mathematics, University of Ky., 
~exington, Kentucky 40506 Starlike functions as limits of 

polynomials 

Let Ck(a), k = 1,2,···, be defined by the equation z/(l-z) 2 (l-a) 

00 k 
Ek=lCk(a)Bkz are starlike of order a for some fixed a < 1. Then f*g(z) 

E~=lCk(a)AkBkzk is starlike 

and satisfy Re(zf' (z)/f(z)) = 

of order a. Further, if f and g are analytic 

a and Re(zg' (z)/g(z)) a on open arcs of length 

yf and yg respectively on the unit circle lzl = 1 and yf + yg > 2 TI then 
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Re(zf*g' (z)/(f*g(z))) =a on an open arc of length yf+yg- 2TI on lzl 1. 
00 k . 

Also, if 1 ~ S > a then !k=lck(S)~z 1s starlike of order s. 
The proof consists of characterizing the class of function which are 

starlike of order a < 1 as being limits of polynomials of a certain type. Then 

theorems which can be proved about the classes of polynomials translate into 
theorems about functions starlike of order a. (Received October 21, 1974.) 

*720-30-5 Herb Silverman, University of Delaware, Newark, Delaware 19711. 

Univalent Functions with Negative Coefficients. 

Let T*(a) and C(a) denote, respectively, the subclasses of univalent func-

tions that are starlike of order a and convex of order a for which the 

coefficients are all negative. We obtain coefficient bounds, distortion, and 

covering theorems for these classes. We also find the order of starlikeness of 

C(a) and the radius of convexity of T*(a). Finally, we determine the closed 

convex hulls and the set of extreme points for these classes. All results are 

sharp. (Received October 21, 1974.) 

720-30-6 JEFFREY C. WIENER, Georgia Institute of Technology, Atlanta, 
Georgia 30332. Quadratic Differentials, Preliminary Report. 

A 

IfR R are Riemann surfaces, we will say that z0 is an isolated point 
A 

boundary component of R if there exists a neighborhood U of z 0 in R with U -

{z 0} R. We shall prove that the quadratic differential Q(z) d z 2 obtained 

from solving the module problem p(a1 ,a2 ,···,ak) for a free family of k homo

topy clabses on R (see On Analytic Self-Mappings of Riemann Surfaces II by 

J. A. Jenkins and N. Suita) can be extended to z 0 E R so that either Q(z) is 

regular at z 0 or Q (z) has a simple pole at z 0 . (Received October 21, 1974.) 

*720-30-7 MAXWELL 0. READE, University of Michigan, Ann Arbor, Michigan 48104 and THOMAS 
ARMSTRONG, Princeton, New Jersey. On functions of bounded boundary rotation. 
Preliminary report. 

Let P(M) denote the set of functions .fll,·\==-7.-..-;,. that are analytic in the unit disc, with 

-~'r1:\T-C and boundary rotation at most ~I[ there. The authors find the (sharp) radius 

R\.f''I)N) such that each+(;- f\(~j) has boundary rotation at most N /l: in the disc 

jt:-i<. Kl(I,\)N), whereJ.~N ~{V{ The authors' proof depends upon solving a suitable 

extremal problem in a suitable Banach space. (Received October 24, 1974.) 

720-30-8 ROGER W. BARNARD, Texas Tech University, Lubbock, Texas 79409. On 
the Radius of Starlikeness of (zf)' for f Univalent. Preliminary--
report. -- -- ----- --- -

Let S be the standard class of normalized univalent functions. For a given 

function f, f(z) = z + a 2z 2+ .•. , regular for lzl < 1, let r(f) be the radius 

of starlikeness of f. In 1947 R. M. Robinson considered the combination 
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gf(z) = (zf) '/2 for f E s. He found a lower bound of .38 for r(gf) for all 

f E s. He noted that the standard Koebe function k, k(z) = z(l-z)-2 has its 

r(gk) equal to 1/2. A consequence of A. Livingston's result in 1966 is that 

minimum r(gf) for all close to convex functions is 1/2. A question that has 

been asked since Robinson's paper is whether 1/2 is the minimum r(gf) for all 

f in s. It is shm-m that this is not the case by giving examples of functions 

f whose r(gf) is less than 1/2. (Received October 25, 1974.) 

720-30-9 MORRIS MARDEN, University of Wisconsin- Milwaukee, Milwaukee,Wisc., 
53201 and PETER A. MCCOY, U.S. Naval Academyi Annapolis, Md., 21403 
Level Sets of Polynomials in n Real Variab es 

The methods used in studying the zeros of a polynomial in a 

single complex variable are here adapted to investigating the level surfaces of 

a real polynomial in En , with respect to their intersection and finite or 

asymptotic tangency with certain cones. Special attention is given to the 

equipotential surfaces generated by an axisymmetric harmonic polynomial in E3 . 

for example, if (x,p,$) are the cylindrical coordinates in E3 , then an 

equipotential surface generated from a real harmonic polynomial of degree m 

is unbounded if and only if it is asymptotic to a cone e = ej where 

P (cos e.) = 0 1 < j < m. The 
Ill J ·~---= 

Pm(u) is the Legendre polynomial of degree m 

and cos 8 = x;/x2 + p2. (Received October 30, 1974.) 

*720-30-10 JOSEPH CIXA, University of North Carolina, Chapel Hill, North Carolina 27514 
On the .!E.g_£.!.~ ~c:!t_licht function. Preliminary Report. 

We give an elementary proof of the fact that if f is a normalized schlicht function 

the unit disk then log (!+~l) is in (\ HP. Further, it is shown that for each such p> 
't 

in 

f 

the function I log I f < e J. > II has its averages over intervals of length h bounded by a con-

stant multiple of hjlog hj. (Received October 30, 1974.) 

720-30-11 DOUGLAS M. CAMPBELL, Brigham Young University, Provo, Utah 84602 
The limiting behavior of zf"(z)/f'(z) and two conjectures .2!! univalent functions. 
Preliminary Report. 

There is a univalent analytic function in ! z I< 1 for which lim sup (1 - ! z i2 l I zf"(z)/f'(z) I= 
0 but such that 1) f(z) cannot be quasiconformally extended to the entire complex plane and 

2) f(e-t z) + (et- e -t) zf'(e -t z) is not univalent for small t. This settles in the negative 

two questions of J. Becker appearing inCh. Pommerenke's Problems in Complex Function 

Theory, Bull. London Math Soc. 1972, 354-364. (Received October 30, 1974.) 
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*720-30-12 F. W. CARROLL, DAN EUSTICE AND T. FIGIEL, The Ohio State University, Columbus, 
Ohio 43210. The Minimum Modulus of Polynomials with Restricted Coefficients. 

For n = 1,2, ••• , let ~n denote the class of polynomials with ±1 as coefficients. 

For each P in ~n, let m( n ,P) denote its minimum modulus on the circle T = jl z I =1}, 

and let m(n) be the largest of the m(n,P), as P ranges over J. Let n 
L = supilog m(n)/log(n+l): n = 1,2, ••• ). J, E. Littlewood [JLMS 16(1966), 367-376], has 

found the extremal polynomials for n :S 20, and has shown in particular that 

log m(l2)/log 13 = .431. Hence, we know that L > .431, while elementary considerations 

show that L :S ·5· Our most striking result ~s: 

Theorem 2. The sequence ilog m(n)/log(n+l) l converges to L. 

To prove this result we first show that m(n) 7 = with n. Specifically, we prove that 

m(n) ~ C(n+l)' 431 for a positive constant C by using the polynomials found by Littlewood to 

generate polynomials in J for n = 1}K - 1. These polynomials have this order of growth. n 
An interpolation technique enables us to complete the argument. At a crucial step in the 

proof we need that m(n) > 2 for 13 :S n :S 168, For certain values of n in this range we 

find it necessary to use a high speed computer to verify that polynomials in 

minimum modulus greater than 2 on T. (Received October 31, 1974.) 

J exist with 
n 

720--30-13 J .w. NOONAN, Holy Cross College, Worcester, Massachusetts 01610. 
Powers of p-valent Functions, Preliminary report. 

For p>O, denote by S(p) the class of functions regular and areally mean 

p-valent in the unit disc 't , and denote by C (p) the class of functions 

regular and circumferentially areally mean p-valent in r . It is known 

that if f E S(p) and 0 <A~ 1, then f). E S(pA), and that iff E C(p), 

then fA E C(p~) for all A> o. Theorem 1. If f E S(p) and A> 1, then 

h \2 . b . T e valence PA lS est posslble. Theorem 2. Let p > o, 

Then f'~ E S (p>. ) for all A > 0 if and only if f E C (p). 

720-30-14 JOSEPH WARREN. Fordham University, New York, New York 10023. Rate of growth of 

spiral functions. 

Let D be the unit disk and S = {r(e)exp(iB) I r(e) positive, continuous and monotonically increasing 

to 1 as e tends to ro} a spiral in D. Let w = f(z) be holomorphic in D with asymptotic value zero 

on s. Define K(e) = Sup jf(r exp(ie))l, r(e - 2'17) ,; r ::?: r(e). and S(e) = Sup jf(r(t) exp(it))l, t ~ e - 2'17. It is 

known that K(e) has limit infinity as e tends to infinity, Theorem. Given £ > 0 and 0 < 6 < 1. there 

is a e0 such that for e > e0 , S(e- f)= K(e + E")-B, The spiral S may be replaced by a general spiral in 

D and the /) may be replaced by a function of e which tends to zero at a rate which depends on the shape 

of this spiral, Moreover, in the stated theorem, K(e) may be replaced by the maximum modulus 

M(r(e), f). The proof uses Ahlfor•s distortion theorem and principles of harmonic measure. (Received 

November 1, 1974.) 
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*720-30-15 STEVEN JACOBSON, Yale University, New Haven, Connecticut 06520, Analytic capacity oi 

open sets, 

It has been conjectured that the set function, analytic capacity, is subadditive for disjoint compact 

sets in the complex plane. Using results of A. Davie, this can be shown to be equivalent to the following 

question, Given a bounded open set V and a compact set E of zero analytic capacity, lying in the 

boundary of V. is it always true that V and E U V have the same analytic capacity? One can show that 

this is so in many cases, and, in fact, that all of the boundary can be added on in these cases without 

changing the value of the analytic capacity, Another class of open sets is described next; the sets of this 

class arc seen to be the crucial ones for comparing the capacities of V and E U V; and it is shown that 

for members of this elass a certain portion of the boundary can always be added on, The technique of 

proof is A, G. Vitushkin•s approximation procedure, as modified by T. Gamelin and J. Garnett, (Received 

Oetober 30, 1974.) 

720-30-16 SANFORD S. MILLER, State University of New York, Brockport, New York 14420. 

!\. -~!.§l_s_:s_ E.f __ D.!._f_te_~_I!',I!.~i,_a]. ___ "!:_n~~!i_l.:_~-~-i.l!'_~ lmplying_Jl..c~mndedn~~· Preliminary report. 

Let w(z) be regular in the unit disc with w(O)=O, and let h(u,v) be a 

continuous function defined in a domain ofdC x4:. With some simple restrictions on h(u,v) 

the author proves that lh(w(z),zw'(z))l < 1 implies lw(z)l < 1. Generalizations of this 

resul.t for other domains are considered. (Received November 1, 1974.) 

720-30-17 J~.l'. BARTH, Syracuse Univ., Syracuse, NY 13210, D.D. BONAR, Denison Univ., Gran
ville, Ohio 43023, and F.W. CARROLL,Ohio State Univ., Columbus, Ohio 43210, Zeros 
of Strongly /\nnular Functions. 

tn his mono)l"raph, On Annular Functions (VEB Deut, Verlag der Wissen., Berlin 1971), the 

second author raised the question: "Can the set of limit points of the zeros of a strongly 

annular function consist of exactly one point?" This was shown to be the case by Barth and 

Schneider (J. reine angew. >lath. 234 (1969), 179-183). Using an extension of the techniques 

in the ahove paper, the authors answer the question affirmatively. (Received November 1, 1974.) 

*720-30-18 HERBERT H. SNYDER, Southern Illinois University, Carbondale. 
IL 62901. Holo~orphic functions gg cyc!!Q gro~ algebra§. 

Let en= {1,j,j2 , ... ,jn-l} (jn=l=j0 ) be the cyclic group of order n, and let 

Ot. = s· z: z = x 1 +jx2 + ••• +jn-lx , x .ed?) the group algebra of C over the real 
l~ n 1 ~ k-l n 

field~. We study functions f:Ot~Qt,i.e., f(Z) = Z j fk(x~··· .,xn) 

wher;; the (.r·t:al-va1u~d) component fum:tions fk e c(l)(c8) (1/:j'" a dom&in of 

Of, in the topology of the Euclidean norm on (J1..). We call f(Z) s-r~ula!: onr/} 

if it is differentiable on It in the classical sense, and F-regular on rfJ if 

Js f(Z)d11 = 0 for every smooth closed (n-1)-dimensional hypersurface in,/7. 

We obtain such theorems as (e.g.): (i) f(Z) isS-regular onrlJiff the line 

integral ~C f(Z)dZ = 0 for every smooth closed path cC:it; (ii) both F- and 

s-regularity are characterized by sets of (generalized) Cauchy-Riemann 

equations satisfied on /1 by the fk; (iii) let f be S-regular; then there 

exist infinitely many linear transformations carrying f to a function g which 

is F-regular on cl} • The matrices of these transformations are given 

explicitly. (Received November 1, 1974.) 
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·*720-30-19 D.D. BONAR' Denison Univ., Granville, OH 43023, F.W. CARROLL, Ohio State Univ., 
Columbus, OH 43210 and GEORGE PIRANIAN, Univ. of Michigan, Ann Arbor, MI 48104. 
Strongly annular functions with small Taylor coefficients, Preliminary report. 

A function f analytic on the unit disk is strongly annular if there 

exists a sequence {rm} such that and the minimum modulus of f on the circle lzl = 

tends to as m + oo • Various examples of strongly annular functions have been constructed 

r 
m 

by means of gap series with unbounded coefficients. We use the function b (z) = (1/2 - z) I (1 - z/2) 

as a building block and establish the following result. For appropriate sequences {em} and 

{km}' the function f(z) = [cm[b(z)]km = [anzn is strongly annular, satisfies the condition 

a + 0 as n + oo , and is nonlacunary in a strict sense: if f = g + h , where 
n A 2 

g (z) = \'bvz v and A -A > 2 for all v , then h does not belong to the Hardy class H t..... v+l v-
The proof depends on careful estimates of the Taylor coefficients of the function [b(z)]k 

(Received November 4, 1g74.) 

*720-30-20 A. L. SHIELDS, University of Michigan, Ann Arbor, Michigan 48104 and D. L. WILLIAMS 
Syracuse University, Syracuse, New York 13210. Duality and Multipliers in spaces 
of harmonic functions. 

Let ~be a positive continuous function on [0,1) with ~(r) ~ 1, ~(0) 1, and Hr) + 0 as 

r + 1-. We study the Banach spaces h00 (~) of functions u harmonic for lzl < 1 with llu II =sup 

{luCz)I~Cizl) : lzl < 1}. L.A. Rubel and A. L. Shields have shown that h00 (~) is the second 

dual of its subspace h (~) = {u £ h (~) : luCz)I~Cizl) + 0, lzl + 1-}. For weight functions~ 
0 00 

such that 1/~(r) grows more slowly than some power of 1/(1-r), we show there exists a finite 

positive Borel measure~ on [0,1) such that h1 (~) = {v £ L1 (d~(r)d0) : v harmonic for lzl < 1} 

is isomorphic to the dual of h0 (~). We also characterize the algebras of coefficient multi

pliers of these spaces of harmonic functions, and we generalize some results of Hardy and 

Littlewood on fractional integratjoo. (Received November 6, 1971,,) 

*720-30-21 JAMES W. ROBERTS and MANFRED STOLL, University of South Carolina, 
Columbia, South Carolina 29208. Maximal ideals in the algebra N+. 

Let N denote the Nevanlinna class of functions of bounded characteristic in the unit disc 

. 21r +I it I 21r + I it I + l~m ! 0 log f(re ) dt = ! 0 log f(e ) dt. The space N with 
r+l 

u. A function f~N is in N+ if 

the metric p given by p(f,g) = lim t- f~7flog(l + lf(reit)- g(reit)ldt is an F-algebra. For 
r+l 7f 

each A~U, y(f) f(A) defines a continuous multiplicative linear functional on N+. 

Conversely, if y is a nontrivial multiplicative linear functional on N+, then y is continuous 

and there exists A~U such that y(f) = f(A) for all f~N+. Consequently, for each A~U, 
}1A = {f~N+: f(A) = 0} is a closed maximal ideal inN+. The following converse is proved. 

Theorem. If I is a nonzero prime ideal inN such that I is not dense inN+, then I = MA for 

some A~U. 

Corollary. Every closed maximal ideal in N+ is the kernel of a multiplicative linear 

functional on N+. We also show by example that there exist maximal ideals inN+ which are not 

the kernel of a multiplicative linear functional. (Received November 4, 1974.) 

*720-30-22 DOROTHY BROWNE SHAFFER, Fairfield University, Fairfield, Connecticut. Analytic 

functions in class HJ. and their applications. 
2,fl 

Let H denote the class of functions h(z) with expansion h(z) = 1 + c zn + ••• ,n ~ 1, in lzl < 1 
a,n n 

satisfying the condition Re(h(z)}>a. 0 :§a< 1, Lemma 1. Let H(z) E H1,. , then R(zh•(z)/h(z)) ~ 
2,n 
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n 2 1 1 2n 2 n-1 ~ 2 n-1}/ 2 n-1 -nr /(1+r ),for r = z O'§y, Re(zh•(z)/h(z))"' {2[1- r + n(1- r )r ] 2 - 2- n(1- r )r (1- r )r 

for lz I > y; y solution of 2y(1 + yn) = n(l - y2). Typical applications of this lemma are the following 

results: (1) the determination of the radius of convexity of the meromorphic function F(l;) = I; + a 0 + 

a1/ ~;:n- 1 + a 2/ Cnt. . • , n ~ 2, anal. 1 < II::/ < oo satisfying the condition /F• (I;) - 1/ < 1. (2) Let g(z) be 

convex, f(z)/g(z) E Ht;, 1 then the radius of starlikeness rs of f(z) is given by the solution of r 3 - 3r2 + 

Sr- 4 = 0. (Received November 4, 1974.) 

720-30-23 s. CHAKRAVARTY, Dept. of Mathematics, University of Kentucky, 
Lexington, Kentucky 40506 An extremal entire function 

Description: Let f(z) be a transcendental entire function of order, A(<+oo). 

Define, M(r) = maxlf(zll, E(r) = {z: \z\ = r, lf(z)\ > l} and IE(rll de
lzl=r 

notes angular measure of the set E(r). Earlier, I had announced a theorem 

about IE(r) I. Now we show that the theorem is best possible through, 

Theorerrt (2): Given A, (O<A<+oo), there exists an entire function f(z) of order 

A, having all its zeros placed on a very rapidly expanding sequence of 

circles { I z I = RK} so that, 

(1) IE (RK) I + 0, (K + oo) • 

(2) lim {R//2+s\E(RK) I} + 00 

K+oo 

( 3 ) 1 im { RK A/ 2- s I E ( RK) I } = 0 ( s > 0) . 
K+oo 

Proofs will appear shortly. (Received Noverriber 4, 1974.) 

*720-30-24 JAMES W. ROBERTS, University of South Carolina, Columbia, South Carolina 29208 
The component of the origin in the Nevanlinna ~lass. 

The Nevanlinna class N is the class of analytic functions on the disc U whose character-
1 2 it istic T(r,f) = ZTI / 0 rr log+ I f(re )~t is bounded. The metric d defined by d(f, g) = 

. 1 fz·n I it it I . . . . t~T Zrr 0 log (1 + f(re ) - g(re ) dt Ls complete and translatLon LnvarLant on N. J.H. 

Shapiro and A. L. Shields have shown that N is not connected and they have posed the question of 

characterizing the component of the orig:i.n in N. The component of the origin is described as 

follows; For any f s N, liT f(reit) = f(eit) for almost every t in the unit circleT. A 

function f is said to be ~: N+ if lim f log+ I f(reit) ldt = J log+ I f(eit) \dt. If ~ is a 
r+l it 

nonnegative singular Borel measure on T, then the functionS (z) = J8 +z d~(t) is called a 
~ Lt 

singular inner function. The measure~ is said to be continuous if~~{w}Y = o for every wsT. 

We let K denote all functions of the form, f/S where f s N+ and ~ is continuous. Theorem: K 
~ 

is the component of the origin and K is locally connected. (Received November 4, 1974.) 

*720-30-25 MARVIN ROSENBLUM and JAMES ROVNYAK, University of Virginia, Charlottesville, 

Virginia 22903. Restrictions of analytic functions. 

Let P denote the class of functions w(z) analytic and having nonnegative imaginary part in the 

upper half-plane y > 0. Let !:, be a Borel subset of the real line. For any f E L 2 (6). let f denote the 

Hilbert transform of f. By a Cayley inner function we mean a function ~(z) in P whose boundary 
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function ~( x) = ~(x + iO) is real a. e. New results are obtained for the class P which solve, for example, 
the following two problems. Problem 1 (generalized Loewner problem). Characterize all real valued 
functions u(x) on f::, such that ,.-1 J J~xll[(u(x)- u(t))/(x- t)]f(t)f(x)*dtdx ~ 0 for all functions f such that 
both f and uf belong to L2 (t:,) (the integral is taken as ((ufr ,f)- <f,uf)). Problem 2, Characterize all 
nonnegative functions v(x) on f::, such that J6 l112vdt ~ J6 lfl2vdt for all functions f such that both f and 
vf belong to L2(6). A real valued function u on 6 is a solution to Problem 1 iff there exists wE P 
such that u(x) = w(x + iO) a. e. on f::,. A nonnegative function v on /::, is a solution to Problem 2 iff there 
exists wE P such that iv(x) = w(x + iO) a. e, on /::,, A theory of Cayley inner functions is developed with 
an application to rational approximation on a finite union of real intervals. (Received November 4, 1974.) 

720-30-26 S.M. SHAH, University of Kentucky, Lexington, Kentucky 40506 
Components of Characteristic functions of Gaussian and Poisson distributions 
and means 

Let f be entire and denote by M 0(r, f), Mp(r, f) (O<p< OO) the means off and by M(r, f) 

the maximum modulus, Theorem 1. Let f(z) be the characteristic function (c. f.) of Gaussian 

then (i) lim 
r-+oo 

M0(r, F)/M (r, F)= 0; (ii) lim M (r, F)/M(r, F)= 0. 
P r-+oo p 

Theorem 2. Let 

k. 
f.(z) = z 1 exp(Q.(z))P.(z) (i = 1, 2) be entire functions of integer order p, (1:5' p<oo). Let 1 1 1 

- p p -1 p Qi(z)- aiz +biz + ••. , log M(r, Pi)= o(r ) (i= 1, 2), and F = ell+ c 2f 2 (c1 * 0). 

Then(*) lim M 0(r, F)/M (r, F)= 0. If f2 be any entire function 
r-+oo p 

such that lim sup log M(r, 
r-+oo 

f2 )/rp = la2 1 and if rrla 2 1 < (rr-l)la11 then also(*) holds. 

Analogous results have been proved for c. f. of Po is son distributions and for functions of 

infinite order. (Received November 4, 1974.) 

*720-30-27 JOHN PFALTZGRAFF, University of North Carolina, Chapel Hill, North Carolina 27514. 
Univalence of the integral of f• (z) c. 

For f(z) = z + . • . analytic and locally univalent in the open unit disk E, let f(z;c) = r f' (w) c dw, 
c complex, and let ord(f) denote the order of the linear invariant family generated by f. Theorem. If 
ord(f) =a< oo then f(z;c) is univalent in E for all c in lei~ 1/(2a). Corollary 1. If f(z) is univalent 
in E and if lei~ :it then f(z;c) is univalent in E. Corollary 2. If Re{eib(1 + zf"(z)/f•(z))} > 0 in E 
and if 0 <cos b ~ i then f(z) is univalent in E. Proof of the theorem is elementary and depends on a 
recent result of Ahlfors. Corollary 1 extends the known information on a problem of Duren, Shapiro and 
Shields (Duke Math. J. 33(1966), 247-254). Corollary 2 completes the answer to a question raised by 
M.S. Robertson (Michigan Math. J. 16(1969), 97-101), (Received November 5, 1974,) 

720-30-28 David Horowitz, University of South Florida, Tampa, Florida 33620 

Coefficient Estimates for Univalent Polynomials 

Let~ {f(z) = z + a2z2 + a 3z3 + ·•· : f is analytic and univalent on the open unit disc}, 

and define the subclasses ..!}': {f(z) <-9: f is a polynomial} and !!J':' = {f(z) Eg: 
f is a polynomial of degree~ m} form= 1,2,3, ..• The Bieberbach conjecture asserts that 
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if f(z) = z + a 2z 2 + a 3z3 + · .. is in,.9, then JanJ 5._ n for n = 2,3,4, .... Moreover 

it is well-known that it suffices to prove this conjecture for the c.lass ,Y', i.e. if 

there is a counterexample to the Bieberbach conjecture, then there is a polynomial 

counterexample. Using a lemma of Dieudonne (Ann. Ecole Norm. (3) 48(1931), 247-358), 

an inequality of FitzGerald (Arch, Rat. Mech, Anal. 46(1972), 356-368), and the fact 

that it is known that Ja J < n for n 5._ 6, the author has shown that the Bieberbach 
n -

conjecture is true for the subclass ~7 . (Received November 6, 1974.) 

720-30-29 

720-30-30 

WrTIIDRAWN 

JOHN R. QUINE, JR., Florida State University, Tallahassee, Florida, 

32304. A characterization of the complete polar of a polynomial. 

Let p(x) be a polynomial of degree n and i:¢-+¢n be defined by 

i (x) = (x, ... , x). Then there exists a unique polynomial 'P<z1 , ... , znl 

such tnat (i) p is symmetric (ii) 'j?oi = p (iii) 'P is linear as a function 

of the elementary symmetric functions of z1 , ..• , zn. tp is in fact the 

complete polar of p and properties 

(Received November 6, 1974.) 

(i), (ii), and (iii) characterize 'f?. 

720-:lO-:ll 1-LOK CHANG, American University. Washington. D.C. 20016. Zeros of an annular 

function. Preliminary report. 

A function f, analytic in the unit disc D. is called annular if there exists a sequence (Jn} of closed 

,Jordan curves about z 0, converging outward to the unit circle K. such that the minimum modulus of 

f on ,Jn tends to infinity, Let Z'(i) be the subset of K consisting of all the limit points of the zeros of 

f in n. Let m(r) denote the minimum modulus of f on Jzl = r, and let T(r) be the Nevanlinna 

characteristic function of f. We show Theorem. Let f be an annular function in D. Let {Rk} be a 

positive sequence increasing to 1. Suppose there exist positive constants A,a. and c. where 0 :'i a,· 1, 

a •'Rk f h f) 0 · c ·· 1. such that log(m(Rk)) ,, A(Rk- Rk-l) Jc T(r)(Rk- r)dr, or k -~ 1,2., ... t en Z'( ~ K. 

(Received November 6. 1974.) 

31 Potential Theory 
*720-31-1 HUI-HSIUNG KUO, University of Virginia, Charlottesville, Va. 22903 

Potential theory associated with Uhlenbeck-Ornstein process. 

Parallel results of Gross' paper (Potential theory on Hilbert space, J. 

Func. Anal. 1 (1967), 123-181) are obtained for Uhlenbeck-Ornstein process U(t) 

in an abstract Wiener space (H,B). Generalized number operator N is defined by 

Nf(x)=lim {E[f(U(T(r)))]-f(x)}/E[T(rl], where T(r) is the first exit time of U(t) 
r-1-0 X X X 

starting at x from the ball centered at x of radius r. It is shown that 

Nf(x)=trace n2f(x)-(Df(x).x) for a large class of functions f. 

the transition probabilities of U(t). The ;\-potential G A f (A > 0) and normalized 

Potential Rf of f are 

fo [qtf(x)-qtf(o)Jdt. 

!"" -/..t defined by G/..f(x)= 0 e qtf(x)dt and Rf(x)= 

It is shown that if f is a Lip-1 function then trace 
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2 2 J D GAf(x)-(DGAf(x),x)=-f(x)+AGAf(x) and traceD Rf(x)-(DRf(x),x)= Bf(y)p 1 (d0-f(x) 
Where pl is the Wiener measure in B with parameter 1. (Received October 7, 1974.) 

*720-31-2 MYRON GOLDSTEIN, Arizona State University, Tempe, Arizona 85281 
Subharmonic Functions Possessing Local Harmonic Majorants. 

Let R be a compact bordered Riemann surface and R the interior of R. Let V be 

a non-negative subharrnonic function on R having the property that each boundary 

point is the center of a half disk in which V possesses a harmonic majorant. 

The V possesses a globally defined harmonic majorant. This extends a recent 

result of Gauthier and Hengartner. (Received October 23, 1974.) 

*720-31-3 N.V. RAO, University of Toledo, Toledo, Ohio 43606 and 
DAN F. SHEA, University of Wisconsin, Madison, Wisconsin 53706 
Growth problems for subharmonic functions of finite order in space. 

Let u be a subharmonic function in Rm; T(r,u) = cr~ 1 jl u+(rw)dw the characteristic function 

and its order lim log T(r,u) = \ where dw denotes the (m-1) dimensional surface area on the 
r-- log r 

unit sphere and crm its total area. The growth of T(r,u) with that of N(r,u) 

Let k(u) = Tim TN~r,ul . We prove that 
r-- r,u 

-!I!+l 
~\k(u) > I sin 'ITA[ (A+l) 2 (0 < A < oo m = 2, 3, 4) -

and m+l 
k(u) > A [sin 'ITA[(\+1) 

--2-

- m (0 < \ < 00 m > 5) 

where Am depends only on m. 

We further show that there exist subharmonic functions u, of order \ in Rm with 
A,m 

u(rw)dw. 

-!I!+l 
11\k(u, ) < C [sin 11\[(\+l) 2 where em depends only on m. (Received October 23, 1974.) 1\,m - m 

*720-31-4 NORMAN MIRSKY, Texas Tech University, Lubbock, Texas 79409. Poly
harmonic Green's functions and null classes, Preliminary report. 

On a Riemannian manifold R, let yn be the Green's function for the polyharmonic 

equation 6nu = 0, and u = 6u = 6n-lu = 0 on the ideal boundary. For w 

the harmonic measure of aR0 , R0 contained in a regular subregion of R, we 

have: n yn exists if and only if w E L (R0). This generalizes Sario's result 

(A criterion for the existence of biharr:10nic Green's functions (To appear)). 

The above condition is used to find relations between the existence of yn and 

polyharmonic null classes. (Received October 30, 1974.) 
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*720-31-5 J.R. DIEDERICH,University of California, Davis, California 95616 
Natural lir.1~. ts for harmon~ c and sunerharm':lnic functions. Preliminary 
rep0rt. 

Let D be an 0pen, connected set ·in Rn. Let B(y,r) = {x: jx-yl(r () n} :lEI, the 

measure of:<:: G g(x) dx '· IEer_g(x) dx. Set uf(y,r) =C- ju(x)-f(y)l dx foro<. - 1ro J~; ..18,~ . .-) 
r. The0rem l. If D is a Lipschitz domain :md u(x) is harmonic and bounded in n, 
then there js a function f(y) on ~n such that uf(y,r) = o(l) for a.e. yon an. 
Theorem ;:·. If u(x) js an r,1 Green potential in 1x1 (. l, then u 0 (y,r) = o(l) for 

a.e. IYI ~ l. Theorem 3. As in Theorem l, if u(x) is bounded from below in al

m'lst every cone with vertex on ~D, then there is an f(y) on an such that uf(y,r) 

= 0(1) for' a.e. y, where the tntegral is over A(y,r) which contains a cone with 
. 1 . 

vertex at y and ~~7~ l,~(y,r)j IB(y,r)l- = 1. Theorem 3 extends the main results 

0f Hunt and \·!hee.:len, Trans. l\mer. Math. Soc., 133(1968),307-322. Theorems 1 and 

~ El:0w that mean continuous limits, which are stronger than nontangential limits 

for· llarmrmlc functions .ln Upscl1itz domains, are natural for harmonic and super

LarmrJnir· functions v:is-a-vjs nontangential limits for superharmonic functions 

wh.ich ·Jo not exist in r-ener.<Jl, see ltJjdman, Ark. Mat.,6(1966),4·'35-533. 

EDWIN BRAITHWAITE. University of Illinois, Urbana. illinois 61801. A conYerse to Fatou•s 

general theorem, Preliminary report. 

Lt't n be an integer with n : 2; let m denote the (n- I)-dimensional Lebesgue measure on the 

x o plant• in the real Euclidean space Rn. and let A be a Borel subset of x = 0 which. in the n n ----
rclatin' topology for xn 0. has nonempt_\' interior and Lebesgue-measure- zero boundary (that is. 

m( •A) 0). T_~eorcm. lf u is a positi\·e harmonic function on the half-space xn > 0 in Rn. if 1-L is the 

Borel mPasuro in thp Poisson representation for u, and if u(AX)- L as A~ o~ for each x in xr, > 0, 

where L is a constant. then to oaeh £ > 0 there corresponds a number r > 0 such that 11-L(B)/m(B) - L! 
< E whcne\'l'l' B is n subset of x11 .. 0 whit>h satisfies the following conditions: (1) B is geometrically 

similar to A; (2) 13 contains the origin; and (3) B is a subset of the ball of radius r with center at the 

origin. Obscrvt> that this theorem generalizes the con\'erse to Fatou•s g·~r-eral theorem in a half-space as 

given b,r Loomis in two dimensions (Trans. Amer. Math. Soc. 53(1943), 239-250) and as gi\·en b~· Gehring 

in three dimensions (Proe, London Math. Soc. (3) 8(1958). 149-160). Generalizations and related 

theorems are also treated. (Heceived November -±. 1974.) 

"*720-31-7 PETER A. FOWLER, California State University, Haywerd California 94542 
Infimum and don,ination principles in vector lattices 

Let L be a vector lattice, L' a subspace of the algebraic dual of Land L'+ = {fE~I<x, f> 

>0 for all xEL with x>O}. DEF. !>map T:L-> L' is coercive if for all WEL, <v-w, Tv>/!ivli 

_,.~as llvll _,_ ""· DEF. The triple (L,T,L') satisfies the infimum principle if for all x,yEL 

and z'cL', Tx-z'EL'+ and Ty-z'cL'+ imply T(xAy)-z'EL'+; it satisfies the domination principle 

if Tx-z'sL'+ and Ty-z'd'+ and ( (x-y)+, Tx-z') ~ 0 imply >:'!:_y. DEF. If Lis a Banach 

space and L' the continuous dual space,amapT:L ~- L' is hemi-continuous if it is continuous 

from each line segment of L to the weak* topology of L'. 

THEOREM I. Let T:L ~- L' be strictly monotone. Then the infimum principle implies the 

domination principle. THEOREM 2. Let L be a reflexive Banach space with closed positive 

cone, L' the continuous dual space, T:L-+ L' a monotone, hemi-continuous and coercive map. 

Then the domination principle imp! ies the infimum principle. (Received November 4, 1974.) 
(Author introduced by P.rofessor George B. Pedrick.) 
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720-32-1 

32 Several Complex Variables and Analytic Spaces 

L.R. HUNT, Texas Tech University, Lubbock, Texas 79409. Uniqueness 
of Analytic Continuation on A Real Hypersurface in C2 , Preliminary 
report. 

Let M be a c,."" real hypersurface in «: 2 • If the Levi. form on M either vanishes 

identically on M or does not vanish anywhere on M, then necessary and suf-

ficient conditions for M to have uniqueness of analytic continuation for its 

C-R functions are known. We wish to find necessary and sufficient conditions 

for M to have uniqueness of analytic continuation for these functions if the 

Levi form on M is allowed to vanish only on a nowhere dense subset S of M. 

If S contains a complex submanifold of M which disconnects M, then uniqueness 

of analytic continuation does not exist (at least locally). If S does not 

contain such a manifold, then M does have the desired property of uniqueness 

of analytic continuation. (Received October 15, 1974.) 

*720-32-2 JOHN PESEK, JR., University of Michigan, Ann Arbor, Michigan 48104, 
Runge domains _Emd lacunary_ r_c:>wer series in ~veral variables. Preliminary Report. 

Theorem: Let f(z) = l:a 
a 

define z 
a 

a function holomorphic in the unit polydisc un 

Let (rnk,mk):=l be a sequence of pairs of integers such that mk/mk -> 00 and rnk+l > m' 
k 

l~ssume that a = 0 if mk :" I al :" Ink for some k Let p:L' _,_ en Le the (possibly 
c 

nany-sheeted) domain of existence of the function f(z) Then the sequence 

s (z) = l: a ·/" converges uniformly en compact sets tc f(z) in ~' 
mk p.Jsmk o 

Corollary 1: 

~s siGgle-sheeted. Corollary 2: n is a Runge domain. This reEult is a generaJ.ization of 

il cL'"-''·ical theorerr. cf Ostrowski for '' single v&dable (J. London Math. Soc. l (FJ2E.) 251-263). 

L.ru.:r: prc.of i!::; bosed c·n an estimate. of lhe :r:emainders of the Taylor series outside the· domair: 

(\f -:::or.verser:cc. Tbe est ima.t e uses the Bergrno.n-\r\1ei 1 ir. tegral forrnulu t'lnd ~Olllf:! a.lgebrai c lemmas. 

(Received October 31, 1974.) 

*720-32-3 JOHN MURRAY, Texas Tech University, Lubbock, Texas 79409. A Second 
Main Theorem on Stein Manifolds with Pseudoconvex Exhaustion, 
Prerimlnary re9o~ ----

A second main theore~, and, with restrictions on the map under consideration, a 

defect relation are derived for a meromorphic map from a Stein manifold to a 

complex projective space; this is done without the assumption that the deficit 

term which appears in the first main theorem vanishes. The proof is a modifi-

cation of the Ahlfors-Weyl argument for meromorphic curves; it utilizes Stoll's 

deficit estimate, and also his generalization to higher dimensional manifolds 

of the idea of associated map. (Received November 1, 1974.) (Author introduced by 

l~ofessor 1. R. Hunt.) 
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720-32-4 

720-32-5 

WITHDRAWN 

WILLIAM R. ZAME, State University of New York at Buffalo, Amherst, New York 14226. 
Some analytic uniform algebras. Preliminary report. 

Let 0 be an open subset of the complex plane, let G(O) be the algebra of all functions 

analytic on 0 and let A be a closed subalgebra of G(O) which contains the polynomials. 

It is shown that, if 0 has only a finite number of connected components, then SpA (the 

spectrum of A ) admits the structure of a one-dimensional analytic space and that A is 

represented as the algebra of all analytic functions on SpA Analysis of the singularities 

of SpA leads to classification theorems for subalgebras of G(O) . If 0 has infinitely 

many connected components, analogous results are obtained by restricting the algebra A to 

open and closed subsets of 0 which have only finitely many connected components, and passing 

to a limit. (Received November 4, 1974.) 

.J!·720-32-6 ANDREW C. HARKOE, Department of Hathematics, University of Washington, 
Seattle, Washington, 98195. Invariance of Holomorphic Convexity Under 
Proper Haps. 

A counter--example. is presented disproving the conjecture that the proper holomorpic 

ir:Jac." of a hoJ omorphi.cally convex analytic space is again holomorphi-

cally convex. Thi-s .is quite surprising since it is known that the conjecture is true under 

the addit.ional hypothesis of holomo.c·phic point separation. 

In a positive direction, it is shown that holomorphic convexity does persist under a 

proper map provided tlJat the quotient of the image by the partition of maximal connected 

compact subvarieties is an analytic space. Also holomorphic convexity persists under a 

proper map whenever the imat:e is normal and the fibers are connected. 

(Received November 6, 1974.) 

*720-32-7 LINDA KEEN. City University of New York, Lehman College and Graduate School & Uni
versity Center, New York, New York 10036, On real Teichmuller spaces and their modular 
groups. 

• Let S be a compact !Hemann surface of genus g from which n points and m closed disks have 

been removed. Characterizing the space of conformal structures such a surface admits is the classical 

problem of moduli. In this paper we approach this problem by first looking at a covering space of this 

moduli space, the Teichmuller space. We describe the Teichmuller space real analytically in terms of 

lengths of closed geodesics on the surface S. The group of conformal homeomorphisms of S acts on the 

Teichmnller space and is called the Teichmnller modular group. We study the action of this group on the 

parameters of the Teichmuller space and indicate how to represent the factor space which is the moduli 

space. The constructions of the Teichmnller space v involve a study of Fuchsian groups and rest upon 

the theory of qnasiconformal mappings as developed by Ahlfors and Bers. The construction of the funda

mental domain for the modular group depends upon the classical work of Fricke and Dehn as well as some 

recent results of Bers. (Received November 6, 1974.) 
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*720-33-1 

parameters 

33 Special Functions 

JOAQUIN BUSTOZ, University of Cincinnati, Cincinnati, Ohio 45221 
A sum of Ja~obi .J?..tlY.:n9_lll~JllS. 

Let P~a, 8 )(x) denote the Jacobi polynomial of degree k with 

p~8,8)(x) 
R. Askey conjectured that 

PI(f~ 

¥ R(S)(x)zk 'I 0 if lzl < 1, -1 < x _< 1, 8 _> 0. 
k=O k 

We conjecture that if a ?. 0, 

We prove that this 

conjecture is true for B 

(Received October 23, 1974.) 

1/2 and a> u, and is also true for 8 > 1/2, a> 1. 

*720-33-2 MOURAD E. H. ISMAIL, Mathematics Research Center, 610 Walnut Street, Madison, 
Wisconsin 53706 and DOUGLAS KELKER, University of Alberta, Edmonton, Alberta, Canada, 
The Bessell polynomials and the student t-distribution. 

Trlifaj (Apl. Mat. 19(1974), 1-5) studied the asymptotic expansion of K11(x)/xK11+1 (x). This quotient 

of Bessel functions appeared in connection with the Schrodinger equation of a rectangular potential well, 

The infinite divisibility of the student t-distribution for odd degrees of freedom is equivalent to the com-

plete monotonicity of K ~(./x)/.rxK ~(./x)=y 1 (1/Jx)/./xy (1/Jx), n~1,2, ... ,y (x) beingthenth 
n4a n+2 n- n n 

Bessel polynomial, Let Ol ., 1 ::§ j ::§ n, be the zeros of y (x). We show that 6?- 10lk . vanishes for k = 
n,J n J= n,J 

3.5 .... ,2n-1 andis (-4)n(n!)2{(2n)!r2 and (2n-1)-1 (-4)n(n!)2{(2n)!r2 for k~2n+1 and 2n+3 

respectively, This is then used to show that K111t/x)/./XK11(./x) is infinitely divisible for v = 3iJ,41J,5~, 

and. in general, there exists en> 0 such that the inverse Laplace transform of K1;<./x)/./XKn ~ ~(./x) is 

positiveon [9n,oo], Weconjecturethat K11(./x)/./x.K1.J+1 (,jx) iscompletelymonotonicfor v>O. 

(Recei.ved October 30. 1974.) 

*720-33-3 B. c. CARLSON, Ames Laboratory-USAEC, Iowa State University, Ames, Iowa 50010. 

Quadratic transformations of Appell functions. 

In the accepted classification of hypergeometric power series in two variables, Appell's 

functions F1, F2, F3, F4 are series of order two. Doubts raised by Erdelyi in 1948 about the 

significance of this classification are revived by a quadratic transformation of F4 with equal 

denominator parameters into a series of order three. From a different point of view (that of 

double integral averages instead of power series) this transformation resembles five known 

cases in which F4 is reduced to something simpler by a single restriction on the parameters. 

Comparison of the six reduction formulas yields eight quadratic transformations with two free 

parameters, all but one of them involving F1 or F2. They include a generalization of Landen's 

transformation of incomplete elliptic integrals and a transformation which contains Gegen-

bauer's formula for the product of two ultraspherical p9lynomials. (Received November 1, 1974.) 
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*720-34-1 

34 Ordinary Differential Equations 

KURT KREITH, University of California, Davis, California 95616. 
Nonselfadjoint Fourth Order Differential Equations with Conjugate Points. 

Let ~(~) be the smallest p > a such that the real nonselfadjoint fourth order differential 

equation .t[y] = (p2(t)y"- q2(t)y')"- (p1(t)y'- q1(t)y) 1 + p0(t)y = 0 has a nontrivial solu

tion satisfying y(a) = y'(a) = 0 = y(p) = y'(p). It is relatively easy to establish criteria 

for the~-existence of the conjugate point~(~), but the problem of showing the existence of 

conjugate points is substantially more difficult in the nonselfadjoint case. Generalizing 

upon a technique due tow. M. Whyburn (Amer. J. Math. 52(1930), 171-196) one can represent 

.t[y] = 0 in the form of a second order system y" = a(t)y + b(t)x; x" = c(t)y + d(t)x and 

establish the following criteria for the existence of n<~): (i) c(t) ~ a(t) > 0 and 

b(t) ~ d(t) > 0; (ii) u" + min[b(t)-d(t), c(t)-a(t)}u = 0 is oscillatory at t = m; and 

(iii) ;·"'tb(t) dt = (tc(t) dt = m, These criteria can be translated into criteria involving 
~; oJ 

the original coefficients. While these results establish criteria for the existence of 

conjugate points in the nonselfadjoint case, they fail to provide specific upper bounds for 

~(a). (Received August 15, 1974.) 

*720-34-2 JOYCE R. MCLAUGHLIN, Rensselaer Polytechnic Institute, Troy, N.Y., 
An inverse eigenvalue problem of order four. 

A method is determined for finding coefficients A(s), B(s) E C00 [0,1] such 

that A <A <···<A are the first n eigenvalues for y( 4 )+(Ay(l))(l)+By-Ay 
1 2 n 

y(o) = y(l)(o) = y(l) = y( 1 )(1) 0; and if yA. is the eigenfunction 

11 2 ~ 
corresponding to A., then p. = [y, (s)] ds. The proof is constructive. 

~ ~ 0 A, 
~ d 

The functions A(s) and B(s) are determined to be A(s) = -4dsK(s,s) and 

0, 

d3 n 
B(s) = -AKsls=t+ (Kss-Ktt)tjt=s- 2--3K(s,s), where K(s,t) =I: [F.ZA -G.ZA*]. 

ds i=l ~ i ~ i 
The functions zA. and ZA~' i=l,2, ... ,n, are known solutions to a related 

~ ~ 

eigenvalue problem, and Fi and Gi' i=l, ... ,n are solutions of a set of 2n 

nonhomogeneous, linear equations. (Received October 4, 1974.) 

*720-34-3 S. L. CAMPBELL, C. D. MEYER, JR., AND N.J. ROSE, North Carolina State University, 
Raleigh, N. C. 27607. Applications of the Drazin inverse to linear systems of 
differential equations. 

Let A,B be n x n matrices, f a vector valued function. A and B 

may both be singular. The differential equation Ax' + Bx = f is studied utilizing the 

theory of the Drazin inverse. A closed form for all solutions of the differential equation 

is given when the equation has unique solutions for consistent initial conditions. 

(Received October 15, 1974.) 
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*720-34-4 LLOYD K. WILLIAMS, Atlanta University, Atlanta, Georgia 30314, Y' = G(X,Y), GEC'. 

Much previous work, from the time of Newton, has centred on the situation where G is 

a polynomial in Y of degree at most three (3), 

Those of degree one (1) are first order linear equations. B,y a well known result, 

those of degree two (2) are equivalent to second order linear equations. Collectively 

called Abel equations, those of degree three (3) include Van der Pol, Emden, Thomas-Fermi 

and Langmuir equations. 

One is ordinarily restricted to particular solutions if the degree exceeds one (1) 

and uses series, numerical methods or successive approximations, By the procedure 

given here we can find the general solution whenever G is continuous together with 

its first partial derivatives. It is not necessary that G be a polynomial in Y. 

(Received September 23, 1974.) 

*720-34-5 BRIAN KELLY, The Pennsylvania State University, Worthington Scranton Campus, 
Dunmore, Pennsylvania 18512. The Topology of the Stokes Phenomenon. 

Topological methods of function theory are particularly effective in 

determining domains in which an asymptotic solution to a differential equation is valid and 

across whose boundaries the solution may undergo an abrupt change in asymptotic character. 

This change is known as the Stokes Phenomenon. The main analysis first gives a necessary 

and sufficient condition for identifying those domains, called admissible, which arise 

naturally in the asymptotic theory; and then indicates how this condition leads to a geo-

metric interpretation of the Stokes Phenomenon. (Received October 9, 1974.) 

*720-34-6 MARK FEY 
The Pennsylvania State University, The Capitol Campus, ~fiddletown, Pa. 17057 
" h . 4 n+2 11 + 2n+l 0 . 11 On t e eguat~on x y y 

It will be shown that the given equation has both oscillatory 
and nonoscillatory solutions. (Received October 17, 1974.) (Author introduced 
by Dr. G. Diiul.tonio.) 

*720-34-7 GANGARAM S. LADDE, State University of New York, College at Potsdam 
Potsdam, New York 13676, Time-Delay Interconnected Systems and 
Extensions of Lyapunov's Direct Method. Prel1m1nary Report 

Consider a time-delay interconnected system described by the system of 
functional differential equations 

(1) x' ~ f(t,x,xt)' xto ~ •o• where x,fERn, • 0 EC 0 [-t,o]. 

System (1) is composed of s subsystems described by the systems of 
differential equations 

(2) 

represents the i-th component of the state vector 

T T T T T 
x ~ [x1 , x 2 , ... ,xi, ... ,xs] , where T denotes the transpose of a vector. 
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When the interaction hi(t,x) _ o- k 1 (t,xt)' the unforced subsystems 
described by 

(3) xi= h 1 (t,x 1J. 

By employing Lyapunov-like functions and the theory of functional 
differential inequalities, sufficient conditions are derived for connective 
stability of the time-delay interconnected system (1) under structural 
perturbations, on the basis of stability of each unforced system (3). 
(Received October 18, 1974.) 

*720-34-8 RIC liARD C. GILBERT, California State University. Fullerton, California 92634 
The deficiency index of a third order operator 

Consid"r !he formally selfadjoint operator Ly = iy(3) + (a y')' + ib y' + (2-lib 1 + 
1 1 1 

vvlr<: r·r· h 1 1 ,; X < Let d = b/c 113 . 

> 0, e1 < 2'.'/3, ci=O. 0 f. aCI/2, then Ly = icry 

has fhr<'" lin(:arly inrkpt'ndent solutions - -v/3 rx yk'"' ,_l + o(l) J x exp. A.k(t) dt, where the 

3 ,Z. 'b. ?-l.b'+ 2) 0 \k(f) ar"solufio!lsofit .. t·a 1 ,. t-r 1 t .. +(~ 1 1 a 0 - c = • 
xo 

The proof depends 

on asympfoti•· formulas for !he i.k(!.) and a Jnethod of Fedorjuk ("Asyn1ptotic m.ethods in 

f]"' flrt•ury of orw-rlinH•nsional singular differential operators'', Trans. Moscow Math. Soc. 

h ( [<l(,l>). l H-)Kh). lfsing this th0orem and previous work of other authors the deficiency 

inrl<·x of L is rl"f"nninl!d, for Pxan1ple, for all values of C/, •; except Ci ~ z· .. /3 when 

'I> 0. pr·ovid"d d I 'l/2. 2 /). d i '1/2 1/'3. (Received October 29, 1974.) 

VAIJIM KOMKOV. Texas Tech UniYersit~·. Lubbock, Texas 79409. A generalization of the 

Sturm- Pieconc comparison theorem, 

The behavior of solutions of (1) (a(t)x')' ' c(l)x = 0 is compared with solutions of (2) (A(l)u') + 

C(t)u . g(t). Suppose a solution of (1) has zeros at t =a and t ~ f3 >a, and " a function cp(t) <: c1 [a,/.3] s, t. 

a(t)cp(t) > 0, (acp')'"' 0, g(l)c.J(t) ~ 0 on raj~] and either g(l)<D(t) or (acp')' does not vanish identically on 

ra,,B]. If A~ acp and C .: c(,J '! t •- ]a.fi?J then ever~· solution of (2) will have at least one zero on [a.,8]. 

(It was not asserted that either A~: a. or that C '~c). (Received October 29, 1974.) 

720-34-10 ROBERT E. BECK, Villanova University, Villanova, PA 19085 and 
BERNARD KOLMAN, Drexel University, Philadelphia, PA 19104. An 
Algebraic Approach~ Homogeneous Matrix Differential Equations, 

One type of system of polynomial differential equations arises from the matrix 

differential equation X= X (rX)m-l, m ~ 2, where X is a pxq matrix and r is a 

qxp matrix. Levin and Shatz [Duke Math. J. 30(1963), 579-594] have studied the 

case where m=2 from an algebraic point 0f view. This paper treats the case 

where m 2 3. Following Markus' construction, one can associate to each such 

matrix differential equation, a pq dimensional m-algebra A (ie. a pq dimensio

nal real veLLur s~K~e wllh an m-ary multilinear operation). For certain prin-

cipal indempotents of A, a Pierce-like decomposition of A is obtained, and 

p raper ties of this de campos it ion are inves ti gated. (Received October 30, 1974.) 
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720-34-11 JAMES D'ARCHANGELO, U.S. Naval Academy, Annapolis Md. 21402 and PHILIP HARThi.AN 
The Johns Hopkins University, Baltimore, Md. 21218, Integration of ordinary linear 
differential equations El_ Laplace-Stieltjes transforms. - ---

Let R be a constant N x N matrix and g(t) an N x N matrix of functions 

representable as absolutely convergent Laplace - Stieltjes transforms for t > 0 . 

Sufficient conditions are given for the existence of certain solutions of the linear, 

first order system y' = (R + g(t}>· which are representable as Laplace - Stieltjes transforms 

or linear combinations of such transforms with coefficients of tl1e form eAttv. The 

are applied to the Bessel equation to obtain for the Hankel functjons H(l), H(Z) , 
).! ).! 

results 

new 

integral representations involving Legendre functions. (Received October 30, 1974.) 

*720-34-12 V. LAKSHMIKANTHAM, A. RICHARD MITCHELL, and ROGER W. MITCHELL, The University of 
Texas at Arlington, Arlington, TX 76019. Maximal and Minimal Solutions and Com
parison Results for Differential Equations in Abstract Cones. Preliminary Report. 

In this paper properties of abstract cones, the extended definition of quasimonotone function, 

and the Kuratowski measure of non-compactness of a set were used to prove existence of 

extremal solutions in Banach spaces. From the existence of extremal solutions comparison, 

theorems are obtained and as an application of the comparison technique a general uniqueness 

theorem was considered. All the results in the paper have as special cases results for 

finite systems of differential equations.(Received October 31, 1974.) 

*720-34-13 V. LAKSHMIKANTHAM, A. RICHARD MITCHELL, and ROGER IV. MITCHELL, University of 
Texas, Arlington, TX 76019. Differential Equations on Closed Subsets of a 
Banach Space. Preliminary report. 

The problem of existence of solutions to the ini_tial value problem x' = f(t,x) , 

x(t ) = x E F , where 
0 0 

f E C[ [t0 ,t0 + a] x F , E] , F is a locally closed subset of a 

Banach space E • Nonlinear comparison functions and dissipative type conditions in terms 

of Lyapunov-like functions are employed. A new comparison theorem is established which 

helps in surmounting the difficulties that arise in this general setting. 

(Received October 31, 1974.) 

*720-3L.-l4 V. LAKSHMIKANTHAM, University of Texas, Arlington, TX 76019 and S. LEELA, State 
University College, Geneseo, N.Y. 14454. On the Zeros of Nonlinear Operators on 
Closed Subsets of a Banach Space. Preliminary report. 

One of the techniques of proving the existence of zeros of nonlinear operators in a Banach 

Space is intimately connected with proving the existence of solutions of the corresponding 

differential equation and considering the solution operators. In this paper, Lyapunov-like 

functions and the theory of differential inequalities are employed to obtain some general 

results in this direction. (Received October 31, 1974.) 

*720-34-15 T.K. PUTTASWAMY, Ball State University, MUncie, Indiana 47306, Two Point 
Connection Problem for A Certain Differential Equation with An ~rregular Singular 
Point of Rank Two 

The purpose of this paper is to solve in the large the linear homogeneous differential 

equation (1) 
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The variable z is complex, the coefficients a 0 , bi' ci' di 

complex with a0 t 0 and b 2 t 0. 

i = 0, 1, 2) are real or 

Then (1) will have a regular singular point at z = 0 and an irregular singular point at 

z = oo. The rank of z = oo is two. The indicial equation about z = 0 is found to be 

(2) a0h(h-l)(h-2) + b0h(h-l) + c 0h + d0 = o. 

It is also assumed that no two roots of (2) differ by an integer. 

(Received November 1, 1974.) 

720-34-16 BHAGAT SINGH, University of Wisconsin Center, Manitowoc WI, Asymptotic Nature of 
Nonoscillatory Solutions of nth Order Retarded Equations ----

Theorem 1: For the delay equation r(t)y(n) (t) + r' (t)/n-l) (t) + a(t)yT(t) = f(t), let 
(i) r(t) > o, J00l/r(t)dt < oo; (ii) for sequences {~}, {bn}, bn > ~ for all n, and bn - ~ + oo 

as n + . .., let J na(t)dt = oo, a(t) > o; (iii) fJ f(t) / dt < 00 then /n-Z) (t) + a finite limit as 

an 
t + '"; where y(t) is a nonoscillatory solution of the above equation. Application of this 
result is shown for second and third order equations of the above type which constitute Theorems 
2 aml 3. Theorem 4: Suppose n = 2 and conditions (ii) and (iii) of theorem (1) hold. Further 
suppose that r(t) is positive bounded function that satisfies the following: 

b 
[f ~ I Kr(t)dt 

aK 

then (bK- a)+~ asK+""· Suppose o < T 1 (t) < L < 1. Let y(t) be a nonoscillatory 
solution of the a~ove equation, then y(t) + o as t + ""· 

Some known results of this type are generalized. (Received November 4, 1974.) 

x-720-34-17 .XJcl rl. lHN;~uN, University 0t' 'l'ennessee, Knoxville, Tennessee 37?16 <Lnd RQG~:R 'l', 
L.~Wl.:3, ~H.inper~ Hnck State ColJ.ege, Cilippery Rock, Pennsylvania 16G?/. 0~~
:?l'.e~-~!~.-<:rJ.!::'!'l-.!!-_for ..!>l:!Jf:_l::l.la!_ di fferer.ti!>l operators with midd.:.e. tez:~· 

Let ~~ b<~ t.he :iiffet'r~nt.ia.l opentor of 0rder 2n defined by l(y) 

( j ~ x < .,) , where r,he t:CJe!'t'ici.entil >lt'e real continuous functions and p11 > C•. The f:"Jrma:::; 

se l. t'-ad.io int upr~r~tor .t. determines a minimal closed symmetric 1 inear operator L0 .in th~ 

t.'Xtensicm L w-hieh is not ,_miauP., but ail Guch ;, have the same continuous snectru.tn. We are 

concerned here wit .. h ,!ouditi.ons on the pi which wi.ll lmnl? that the s-pectr'..lm cf such an L 

is bounded bel1)W and discrete. A. M. Mo.lchanov gave a neces::;ary and sufficient -~riterion for 

boundedness below an'i discreteness of the spectrum of self-ad,joint o-perators ~?=enerated by 

on i o, ... ). we make an extension of the sufficiency criterion of ;>'!olchanov 

to i. A necessary criterion for i is also ~~;iven. (Received November 4, 1974.) 

*720-34-18 R. lv. MITCHELL and M. E. MOORE, University of Texas, Arlington, TX 76019. 
Vector Lyapunov Functions and Perturbation Theory. Preliminary report. 

A new comparison result is given that connects the solutions of perturbed and unperturbed 

differential systems in terms of solutions of comparison system. Stability and asymptotic 

behavior of solutions is considered. The study involves vector Lyapunov functions and the 

theory of vectorial differential inequalities. (Received November 4, 1974.) 
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720-34-19 Ronald Grimmer, Southern Illinois University, Carbondale, Illinois 
62901. Nonlinear Boundary Value Problems. 

The boundary value problem (B V P) x" + f(t,x) = 0 , x(O) = x(l) = 0 

is studied. Assume that the solutions of the initial value problem are unique, 

f (t ,x) /x ... 0 as x ... 0 uniformly in t and assume that the 

solutions of u'(t) (t - a)f(t,u) 0 :> a < 1 , have uniform escape time. 

Theorem. For each n , n = 0,1, ... there is a solution to (B V P) that has 

n zeros in (o, 1). (Received November 4, 1974.) 

*720-34-20 JAMES P. FOTI, u. S. Naval Academy, Annapolis, Maryland 2liW2. 

Asymptotically Autonomous Multi-valued Differential Equations. 

For multi-valued functions F and G whose values are non-empty subsets 

of d-dimensional Euclidean space, Rd , the generalized differential equation 

x'EF(xl -t· G(t,x\ is said to be asymptotically autonomous if G(t,x) becomes 

small in l:!ome sense as t _,.oc.. 'I'he main result of this investigation estab-

lisr1<~;' the relationship of the asymptotic behavior of solutions of the above 

pq:_;at -~c-J: to that of sol1...tions of the autonomous equation x 'E. .F(x) 

Ma.:.n re3ult: J.et F be a positive-hontogeneou,; upper ,jc:mi-~ontinuou~ 

~:;a!:I:·:..n,_' frur, R1 tc- the rwn-E:mpty, eompact, convex Sl.t1Jset3 of Hd Btwh that 

a_,_..:. _..,_. .:.~.t .•.'?!'' ,~r x 'E F(x) approach zero a:o t ", .. ~- . Let G be a 1I1applrw; from 

:~..:.--1 ~-(·ther<c-r.-cn::r:•ty:;nb>Jet.sof Rd •3u:·~hthat G(t,•)-..o a:; t••-uni-

d 
R it' a bc•unded :;olutiou ur the equa-

:·:'E '··x· G(t,x\ on f_o,,.-.;• then .0(t) apJ:•roac.:hes zero a.:; ·t->-""'-1 • 

(Received November 4, 1974.) (Author introduced by Professor Peter McCoy.) 

*720-34-21 M. E. LORD and A. RICHARD MITCHELL, University of Texas, Arlington, TX 76019. 
A New Approach to the Method of Nonlinear Variation of Parameters. Preliminary 
report. 

Parallel to the classical variation of constants formula for linear systems, a technique for 

nonlinear equations is presented which offers a variety of variation of constants formula. 

These results include various existing results, including Alekseev formula. As applications 

of the methods, asymptotic equilibrium and asymptotic behavior of solutions are considered. 

(Received November 4, 1974.) 

720-34-22 Stephen H. Saperstone, George Mason University, Virginia 22030 and Masahiro 
Nishihama, University of Maryland, Maryland 2.1228. Continuity of the Limit
set maps in Semi-Dynamical Systems. 

Let a semi-flow~ be given on a metric space (X, p). We investigate both the upper and 
lower semi-continuity of the set valued maps x + K( x ), x + L(x), x ~ J(x) and x + D(x), 
where K(x) is the positive orbit closure, L(x) is the positive limit set, J(x) is the positive 
prolongational limit set and D(x) is the positive Prolongational set of x. 
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The question of contuity of the map L defined on probability measures ar1s1ng from 
diffusion processes was prompted by A. Boyarsky, J. Diff. Equations 14 (1973), 559-567. We 
establish that for the map K, the following are equivalent. (i) Each K(x) is positively 
stable, (ii) Each L(x) is positively stable, (iii) The map K is continuous on X. We further 
show that the map L is continuous on X if and only if each L(x) is eventually stable. The 
notion of eventual stability is weaker than the one of stability. We prove several results 
for prolongations. Some results are closely related to the ones given by N.P. Bhatia, 
Symposia Mathematics val. VI (pp. 151-166), Academic Press, New York-London 1971. and Ordinary 
Differential Equations 1971 NRL-MRC Conference, edited by L. Weiss (pp. 365-370), Academic, 
New York-London 1972. (Received November 4, 1974.) 

-*720-34-23 GARRET J. ETGEN, University of Houston, Houston, Texas 77004. Oscillation of 
second order differential systems in Banach spaces, 

Let K be a real Hilbert space and denote by a = a(K,K) the Banach algebra of bounded linear 

operators from K to K with the standard operator norm, Let S be the subspace of a con

sisting of the self-adjoint operators and consider the second order differential equation 

(1) Y" f- P(t)Y = 0 on R+ [0,"'), where P: R+""' S is continuous, A solution Y = Y(t) 

of (1) is nonsingular at t = a if Y(a) has a bounded inverse and the range of Y(a) is X; 

otherwise Y is singular at t = a. A solution Y is conjoined if Y~'Y' = (Y*) 'Y (i' denotes 

adjoint) on R+. A solution Y is oscillatory if Y(a) is nonsingular for at least one 

a E R+ and for each b E R+ there exists c :::_ b such that Y(c) is singular. The equation 

(1) is oscillatory if it has at least one conjoined oscillatory solution; otherwise (1) is 

n Dllll s c: i 11 at ory, Let be the set of bounded linear functionals on S such 

g E & there corresponds a positive number such that g(A2) > p [g(A)] 2 
pg - g 

The set i.s non-empty. THEOREM: If there exists g E & such that lim 
t""' 00 

that to each 

for all A E S, 

g[J~ p (s )ds] = oo, 

then (1) is oscillatory, This result includes a number of well-known oscillation criteria for 

(1) as special cases. (Received November 4, 1974.) 

720-31+-24 .J. F. WIGGS, North Carolina State University, Raleigh, N. C. 2760"(. 
Boundedness of solutions to ordinary differential eguations using Lianunov 
t'unctions. Preliminary report. 

Consi<ler the system x' = f(t,x) where f [ 0 ,oo) x JRn -> JRn is conti-

nuouc<. lly using two Liapunov-type functions U and V, with U being a Liapunov-type function 

on a s"L E C JRn and V b"ing a Liapunov-type function on JRn and there being assumed a 

relatiom;llLp between their Dini derivatives onE, we obtain results guaranteeing that no 

ncllwontinuubJ<• solution to the initial value problem x' = f(t,x) with x(t 0 ) = x0 has finite 

escape time and that all solutions to the initial value problem are bounded in the future 

(provided V is sufficiently well behaved with respect to (t 0 ,x0 ) outside of E when lxl is 

large). 'J'hcse r·esults extend results due to J. Haddock [Applicable Analysis, 1972, Vol. 1, 

pp. 321-330]. (Received November 4, 1974.) 

*720-34-25 RICIIAHD H. ELDERKIN. Pomona College, Claremont. California 91711. Separatrices in 

solitude, 

A compact inYariant set I of a flow <P is solitary if it has a compact neighborhood U such that any 

half-trajectory contained in U has its limit set contained in I, A maximum trajectory segment a in 

U- I is a primary separatrL...;: generated by I if for some x F a there are sequences xn ~ x. tn""' oo 

such that c:J(xn, [0, tn]) c U and ({J(x11 • ln) converges to a point in U- I, or the analogous statement holds 
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for tn .... - oo. The separatrix set ,.I is the closure of the union of all such segments. When one tries to 

find ,.I using numerical methods in a computer, the propagation by cp of external tangencies to some 

subneighborhood V, I c V c U, appears to approximate ,.I. This view is justified to the following extent: 

For such V, let e(V) be the union of all trajactory segments in U- V which contain an external 

tangency to V. If 11 = {V n} is a fundamental sequence of neighborhoods, let e(ll) = lim sup e(V n) taken 

as n-+ oo, Theorem. ,.I is the intersection ne(ll) taken over all fundamental systems 11. (Received 

November 4, 1974,) 

*720-34-26 ALLAN PETERSON, University of Nebraska, Lincoln, Nebraska 68508 
On the sign of Green's functions. 

We are concerned with the sign of Green's functions for n-th order linear 

differential equations. The result is well known for disconjugate differen-

tial equations. Here we do not assume that we have an interval of discon-

jugacy. A corollary of the main result is that if our equation is 

(k,n-k)-disconjugate fork= p-1, .•. ,n-1, then the Green's function for the 

(pq) -BVP is of constant sign. (Received November 4, 1974.) 

*720 34-27 PHILIP W. WALKER, University of Houston, Houston, Texas 77004. Certain second 
or.der boundary value problems. 

The second order boundary value problem, -y" = A.y, a.1y(O) + a.2y'(O) + a.3y(l) + 

0, S1y(O) + S2y' (O) + S3y(l) + S4y'(l) = 0 is considered in the case where the 

Green's functions has double poles or perturbed double poles of large modules. Asymptotic 

formulae are given for the eigenvalues. The nature of the related expansion in eigenfunctions 

is studied. (Received November 4, 1974.) 

*720-34-28 DEmns D. BEB.KEY, Boston University, Boston, Massachusetts 02215 
~.PJ~onal.Jl9.!!!inan~_and g~~S:ibility for L:inear Dif,ferential ~stems 

Let the nxn matrix A have hlock form A [R C] where R is kxk. Let 
D F 

m = max { i! G'!, I !r< I!} . Fe say A is hlnt;_!: ci:i a~.~.llz ~ant j f for some 5 > 0 
k n-k 

Re b. . + 'I i bi i I + m .::; - 5 < 0 for all j =1,,.,, k and F.e f. j - ~ If .. I - m > o > 0 for all 
n i=l ·v 1. j=l J.J -

~h jh 
i=l, ... ,n-k. Thea~. If A(t) is block dia17,onally dominant and m(t) is bounded then the 

dHferential system x 1 = A(t)x (a) admits an expcnenUal dichotomy and (b) is kinematically 

sim:ilar to an equation of the form y 1 = rG( t) O 1 y. If A( t) is almos+, period:i.c the 
L 0 H( t~ 

simi::.arity is via an almost periodic chan11;e of variables, This theorem is 11sed to 11;ive 

condj tions under which the a.p. system x' = A( t)x :is kinematically s:imilar to the a,p, 

system y 1 = D(t)y with D diagonal a.p. (Received November 5, 1974.) 

720-34-29 FREDERICK SCOTT, Comcon, Inc. Cinnaminson, New Jersey 08077 On a Partial 

Asymptotic Stability Theorem of Willett and ~long 

A theorem of Willett and Wong (p.p. 15, Journal of Mathematical 

Analysis and Applications, Vol. 23, No. 1, July 1968) which gives sufficient con-
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ditions for all solutions of the differential equation (p(t)x')' + q(t)f(x) = 0 

to tend to zero as t approaches infinity is generalized. The generalization 

illustrates a procedure which the author has used in the development of new results 

on partial asymptotic stability. In addition, an analysis of Willett and Wong's 

results is presented which includes a counterexample to three "corollaries" of the 

theorem given by them. (Received November 5, 1974.) 

720-31+-30 HEPJ-IAN GOLL\-IITZER, Drexel University, Philadelphia, Pa. 19104. 

Stability properties of a differential equation 

Some recent results concerning the asymptotic stability properties 

nf the, ordinary differential equation (py') 1 + q f(y) = e will be presented. Special 

reference will be made to some recent and unpublished work of Dr. Frederick Scott. 

(Received November 5, 197lf.) 

WILLIAM F. TRENCH, Drexel University, Philadelphia, Pa. 19056. 

LinP.ar Differential E"luations Subject to Integral Smallness Conditions Involving 

O:rdinary Integrability. 
oO 

on [9,'""'), Jp1(t}l tq dt<oO, and the integrals Theorem. If p1, ..• , p are continuous 
o<> n 

J~ q+k-1 
p (t) t dt (2 -{ k ~ n) converge - perhaps conditionally - for some q:> 0, then the 

k 

scalar equation )nl + p1 (t))n-l) + · " · + p n (t)x = 0 (t 0, n = 2) has solutions x 0 , ••• , xn 

such that x.(r)(t) ~ _t:!_~:r (l + o(t -q)) (0 ~ j ~ r) and x-(r)(t) = o(tr-j-q) (r + l-{ j-{ n - 1). 
J (r-J)! J DQ 

_(' l q+k-1 <CO 
(P. Hartman has obtained the same conclusion by assuming thatJ I pk(t) t dt 

(1 tS k ln) for some q ~0.) The special case applicable toy"+ p{t)y = 0, together with a 

suitable transformation, yields results on asymptotic relationships between solutions of 

(r{t)x')' + g(t)x = 0 (assumed nonoscillatory on [0 ,o.o)) and {r{t)y')' + f{t)y = 0, under 

integral smallness conditions on f - g which involve ordinary - rather than absolute 

integrability at cO (Received November 6, 1974.) 

720-3le-32 Kent l'o~ter, Sonthern fllinois Universit)·, Carbondale, Ill. 62901 
~J__~--~l_l;1_t_h_o2:'i_ r1_C :.1_ J~o_r_£e_l~ I'ven_ ':2E_der_:_ Q_!:_[_f~rential_ EquatiO]~-

(n) t- l·s· Consider the euuati.on :c + f(t,x) = n(t), n =even, where 

nonclecrcasing 'in x, xi"(t,x) > !l Cor x 1 !l, e1ncl n(tl If X (t) 

i~ a JlO!'itivo (negative) snluti0!1, tllen y(t) = x(t) r(t) is R positive tnega-

tivc) solution of \.(n) + f(t,:· + r(t)) = 0, for sufficiently large t, and satis

fies y(n-l)(t),; c:"! \·(t,T,\·(n-J.!(T)), t;;:, T Khere v(t,a,v 0 ) is the !'laximal 

(minimal) solution of 

d-1 = (n-1)~2n(n-l) 

n -1 
v ' = - C ( t , d t v + r ( t) ) 1\ hen v 0 > IJ ( v 0 < 0) 
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Theorem. Assume that for each v 0 > 0 (v 0 < 0), and a> 0, the solution 

v(t,a,v0) has a zero at some T > a. Then each solution of x(n) + f(t,x) 

Q(t) oscillates on its maximum interval of existence. (Received November 6, 1974.) 

*720-34-33 SADANAND VERMA, University of Nevada, Las Vegas, Nevada 89154. On operational 
methods via matrix operators for a system of ordinary differential equations. Preliminary 
report. 

While solving ordinary differential equations with constant coefficients, one introduces the operator 

D the nth order linear operator with constant coefficients L = a Dn + ..• + a . and their inverses in 
' o n 

some sense to obtain particular solutions in a convenient fashion. All books on the subject illustrate 

through their exercises that such operational methods fail in many cases. The intent of this paper is to 

devise generalized operators and their inverses in order to show that the operational method never fails, 

and then to extend the operational methods for solving systems of ordinary differential equations with 

-::onstant coefficients M(D)X(t) = F(t) via the matrix operator M(D) and its inverse M(D)- 1 . The 

generalized operator F(D) and its inverse F(D) - 1, associated with an arbitrary function F(x) represent

able by its Maclaurin's series, are considered, (Received November 6, 1974.) (Author introduced by 

L, J. Simonoff,) 

*720-34-34 J, MICHAEL DOLAN, Western Carolina University, Cullowhee, North Carolina 28723 
and GENE A. KLASSEN, University of Tennessee, Knoxville, Tennessee 37916. A 
geometric oscillatory theory for the equation Lny = q. 

By identifying the solution set of Lny = q with Euclidean n-space, the geometric properties of the 

set of oscillatory and nonoscillatory solutions of Lny = q are examined when Lny ~ 0 is nonoscillatory. 

It is shown that there are 2 hyperplanes which decompose n-space into three disjoint regions with the 

set of oscillatory solutions "sandwiched" between the positive and negative solution sets. Simplification 

of these results is obtained if Lny = 0 is disconjugate. (Received November 6, 19H.) 

720-34-35 JOHN V. BAXLEY, \~ake Forest University, Winston-Salem, north Carolina 27109. 
On Singularly Perturbed Initial Value Problems. Preliminary Report. 

In his investigation of two-parameter sinqularly perturbed initial value problems, 

O'Malley [J. Math. Mech. 16 (1967), 1143-1164] showed that the initial value problem 

cR" + wa(x)R' + b(x)R = O(c 1/ 2), R(O) = 0, R' (0) = O(e:-l/2 ), where a(x) and b(x) are positive 

and and ~ are inter-related small positive parameters satisfying c/~ ~ 0, ~ 2/c ~ 0 

as E • 0, has a unique global solution R(x,c) on [0,1] which is uniformly bounded as E ~ 0. 

We obtain a non-linear version of this result. Conditions are formulated which guarantee the 

global existence on [a,b] of a unique solution y(x,E) of the probleM e:y" + f(x,y,y' ,E) = 0, 

y(a) = cdd, y' (a) R(c) for e: > 0 sufficiently small. Explicit bounds are obtained on 

y(x,c) and y' (x,c) which imply that y(x,e:) is uniformly bounded on [a,b] as c ~ o. The 

linear result mentioned above then appears as a corollary. (Received November 6, 1974.) 

720-34-36 J. S. BRADLEY, University of Tennessee, Knoxville, TN 37916 and W. N. EVERITT, 
The University, Dundee DOl 4HN, Scotland. Singular Integra-Differential 
Inequalities. Preliminary report. 

An inequality of the form f: [plf'l 2 + qlfi 2J :._ 110 J: f 2 , (f £D) is established, and 

the cases of equality are determined, where p, q are real-valued coefficients, with 
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p(x) > 0 , ~O is a real number, and f is a complex-valued function in a set D so chosen 

that both sides of the inequality are finite. The interval of integration is of the form 

- 00 < a < b < oo • The problem is singular in that q is not integrable on (a,b) . 

(Received November 6, 1974.) 

*720-34-37 DAVID LOHELL LOVELADY, Department of Mathematics; Florida State University 
Tallahassee, Florida 32306. The Structure of Oscillatory Solutionsof Third 
Order Linear Differential Equations 

Let q be a continuous function from [O,oo) to (O,oo), THEOREM 1: If u is an oscillatory 
Ill 

and { f,g} .::_ { u,u'u"} then the zeros of f and g separate each other. ;;;olut ion of u -'lU =0 

~f c,<L, u(a) u(b) = 0, u(t) 10 if a<t<b, c and dare in (a,b,) and u'(c) = u"(d) = O, 

th•en c<d. Tii!C<J~U.:I'·l 2: If u is an oscillatory solution of u'" +qu = 0, and a is the second 

z.•or·o •Jt- u, and (f,g} .::_ {u,u~u"), then the zeros off and g on [a,oo) separate each other. If 

aC:."<:,, u(,") = u(L) = 0, u(t) 10 if a<t<b, c and d are in (a,b), and u'(c) = u"(d) = 0, 

U''"' rl<c. (Received November 6, 1974.) 

720-34-3:-l ABOLGIIASSEM GHAFFARI, Arya-Mehr University of Technology, Teheran, Iran and NASA. 

On a nonlinear differential equation occurring in astrodynamics, 

The integration of (1) y" (1, y'2)f(x,y,y'),which is encountered in astrodynamics (A. Ghaffari. 

Celestial Mech. ·!(1971), 49-53). can be carried out either by quadrature or reduced to a first-order 

differential equation provided the function f(x. y. y') is linear in y' and an exact total differential, 

Physical interpretations of (1) are described, (Received No\' ember 5, 1974.) 

35 Partial Differential Equations 

720-35-1 Louis R. Bragg and John w. Dettman, Oakland University, Rochester, 
Michigan 48063. Analogous Function Theories in the Theory of Heat 
Conduction and Singular Cauchy Problems. Preliminary Report. 

In 1966, Widder pointed out various analogies between the theory of heat 

conduction and classical analysis. These connections can be made more precise 

by considering various integral transformations which carry solutions of the 

heat equation into solutions of Laplace's equation. The basic building blocks 

in the case of the heat equation are the heat polynomials of Widder and 

Rosenbloom and their corresponding Appell transforms. 'l'he expnnsJ.ons of solu

tions in terms of these functions hold respectively in time strips and half

planes. The corresponding expansions in the case of Laplace's equation hold 

respectively inside and outside of a circle in the complex plane. A similar 

analysis can be carried out for the radial versions of these equations and for 

the GASPT problem. In these cases, the basic solutions involve Jacobi poly-

nomials, and in the case of GASPT certain transforms of the associated heat 

functions produce pseudo analytic functions which can be used to solve 

Dirichlet and Newmann problems for the disk. There are corresponding analogies 

between the heat equation and the E-P-D equation. (Received October 9, 1974.) 
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*720-35-2 Louis R. Bragg, Oakland University, Rochester, Michigan 48063. The 
Riemann-Liouville Integral and Parameter Shifting in a Class of 
Linear Abstract Cauchy Problems. Preliminary report. 

Numerous abstract Cauchy problems, both singular and non-singular, can 

be transformed into abstract hypergeometric problems involving one or more 

parameters. The structure of a solution of such a problem corresponding to 

one set of values of these parameters can differ substantially from a 

solution corresponding to a different set of values for these parameters. In 

this paper, the author uses the properties of the Riemann-Liouville integral 

to develop an extensive class of parameter shifting formulas from a pair of 

basic integrals connecting solutions of these hypergeometric problems. The 

results are applied to solutions of a variety of singular Cauchy problems 

and to some special functions. (Received October 11, 1974.) 

720-35-3 L.R. HUNT and M.J. STRAUSS, Texas Tech University, Lubbock, TX 79409. 
On Holmgren's Theorem. Preliminary Report. 

Let M be a real hypersurface in Cn, n ~ 2, and assume that the Levi form on M 

vanishes at most on a nowhere dense subset of M. Let N be a real (2n-2)-
00 

dimensional C submanifold of M. Sufficient conditions are given for Cauchy-

Riemann functions on M that vanish on N to vanish on an open subset of M con-

taining a given point of N. (Received October 15, 1974.) 

*720-35- 4 JOHN GUCKENHEIMER, UNIVERSITY OF CALIFORNIA, SANTA CRUZ, 

Regularity for A Single Conservation Law 

Existence and uniqueness theorems for conservation laws generally 

rely upon techniques which allow one to say little about the geometric 

structure of the discontinuity set of a solution. This paper deals with 

this problem. A regularity theorem for "generic" solutions of a single 

"generic" conservation law in one space dimension is stated. Examples are 

given and problems stated concerning the structure of the discontinuity set 

for a single conservation law in two space dimensions. (Received October 15, 1974.) 

*720-35- 5 LOUIS B. BUSHARD, Aerospace Research Laboratories, Wright-Patterson AFB, Ohio 
45433. Comparison and uniqueness results for a class of quasilinear elliptic 
partial differential equations, Preliminary report. 

A comparison theorem and a uniqueness corollary for positive solutions 

L~=1 fpi cx,u)ux.)x. + qCx,u)u = o on the closure of a bounded open set 
\ 1 1 

to the equation 

are found. The 

important hypotheses on the nonlinear coefficients are that each pi is positive and monotone 

increasing in u and q is monotone decreasing in u. 

(Author introduced by Dr. Dennis W. ~uinn.) 
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*720-35-6 RENE P. SPERB, Dept. of Math., University of Tennessee, Knoxville, Tenn. 37916 
Extension of two Theorems of Payne to some Nonlinear Dirichlet Problems. 

It is shown that under the appropriate convexity and symmetry assumption on a domain 

D < R2 the solution u of ~u + Af(u) = 0 in D , u = 0 and D has only one interior 

critical point. This extends results of L. E. Payne. (Received October 21, 1974.) 

(Author introduced by Professor P. W. Schaefer.) 

*720-35-7 PATRICK M. BROWN, Department of Mathematics, Gonzaga University, Spokane, 
Washington 99202; ROBERT P. GILBERT, Department of Mathematics, Indiana 
University, Bloomington, Indiana 47405; and GEORGE C. HSIAO, Department of 
Mathematics, University of Delaware, Newark, Delaware 19711. Constructive 
function theoretic methods for fourth order pseudoparabolic and meta-parabolic 
equations in two space variables. 

Two problems are discussed: an initial-boundary value problem for a fourth 

order pseudoparabolic equation, and a non-characteristic Cauchy problem for a fourth order 

meta-parabolic equation in two space variables with analytic, time independent coefficients. 

Integral representations for the solutions are obtained in terms of fundamental solutions. 

rn both problems, a fundamental solution for the corresponding equation is constructed by 

recursively solving an infinite family of complex Goursat problems. (Received October 23, 

1974.) 

')(•720-35-8 R. E. SHOWALTER, The University of Texas at Austin, Austin, Texas 78712. 
~oECline~--D~enerate Evolution Equations and Partial Differential Equations of 
]1i~~T.YJ'.!!'· 

The Cauchy problem for the evolution equation Mu'(t) + N(t,u(t)) = 0 is studied, where M 

and N(t,·) are, respectively, possibly degenerate and nonlinear monotone operators from a 

vector space to its dual. Sufficient conditions for existence and for uniqueness of solutions 

are obtained by reducing the problem to an equivalent one in which M is the identity but each 

N(t,·) is multivalued and accretive in a Hilbert space. Applications include weak global 

solution,; of boundary va.luc ;>roblems \vith quasilinear partial differPntiA.l equations of mixed 

Sobolev-parabolic-elliptic type, boundary conditions with mixed space-time derivatives, and 

those of the fourth or fifth type. Similar existence and uniqueness results are given for the 

semilinear and degenerate wave equation Bu"(t) + F(t,u'(t)) + Au(t) = 0, where each non-

linear F(t,·) is monotone and the non-negative B and positive A are self-adjoint 

operators from a reflexive Banach space to its dual. (Received October 24, 1974.) 

720-35-9 HOMER F. WALKER, University of Houston, Houston, Texas 77004. An existence 
theorem for first-order elliptic operators in Rn. Preliminary report. 

Suppose 
n () 

A= Aro + L b.{x) ~ + b0 (x) 
i=l 1. ox 

is an elliptic operator in Rn which is the 

sum of a constant-coefficient elliptic operator A00 and a perturbation term satisfying the 

decay conditions lim I I lxl~ ,bi(x) = 0, i = l, ... ,n, and 
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following Fred holm-type existence theorem holds: a function f E 12 is in the range of A 

if and only if f is in the range of A"' and orthogonal to the (finite-dimensim,,a.l) null

* space of A in 12 • This is an extension of earlier work of the author and is based on 

results obtained jointly with L. Nirenberg. (Received October 25, 1974.) 

*720-35-10 C. V. PAO, North Carolina State University, Raleigh, North Carolina 
On ! Uniform Parabolic Equation With Mixed Boundary Condition 

27607. 

Let Q be a bounded domain and let r = r l n r 2 be the 
n 

boundary surface of 

Q, Consider the parabolic equation Lu = b(t,x)ut 

subjecting the initial condition u(O,x) = u 0 (x) (x 

I (a .. (t,x)u ) 
i,j=l lJ xj xi 

£ Q) and the bmmdary 

+ c(t,x) f(t,x) 

condition 

aujav + S(t,x)u = 0 (x E r 1 ), u(t,x) = 0 (x £ r 2 ), where S ~ 0 and 3/3v denotes the conormal 

deri vati vc on r 1 • The operator 1 is uniformly parabolic if the m<>trix A = (a .. ) is positive 
lJ 

definite and the function b is positive on [O,T] X n. In this paper we study a nonuniformly 

parabolic equation in the sense that A is only positive semi-definite and b is not 

necessarily positive. It is shown that if b(O,x) ~ 0 and for some o > 0, c 1/2bt > o then 

the system has a unique weak solution in some appropriate sense. When b(t,x) = 0 the above 

system is reduced to a degenerate elliptic system. The existence of a unique weak solution 

for the elliptic problem is then deduced from the corresponding parabolic problem. 

(Received October 29, 1974.) 

720-35-11 HAROLD D. r4l:YER, Texas 'lech university, Luboock, 'I'exas 7~40J. A 
representation for distributional solutions of parabolic pro~lems. 
Preliminary Report. 

A -'.JOUnc.iary··integral representation is derived for certain distriJ.Jutional solu-
tions of the parabolic problen, 

I (-1) IPI D P(a (x,t)D qu) + au= u 
IPI,jql~m x pq x at 

in a finite cylinder, where the base of tile cylind8r is an analytic ;;tanifold. 
T.~le method involves use of a duality principle at the boundary and extends re
sults in [d. u. JV!eyer, A representation for a distributional solution of tne 
neat equation, to aj?pear in SIAH J. !•lath. Anal.). A corollary provides a ver
sion of the result sui table for practical applications. (Received October 29, 1974.) 

720-35-12 LEONARD J. LIPKIN, University of North Florida, Jacksonville, Florida 32216 
On ~ singular parabolic operator. Preliminary report. 

We study the operator L[u}=%¥ -!J r2u, r 2=:Exr, which is parabolic except at an isolated in

terior point of the x-space, In the class of functions u~,x)which are analytic in (t,x) for 

tin some interval in 1R1 and xeBP (the ball of radius p>O with center at the origin in ,Rn),we 

exhibit all solutions of L fuJ=O using the series u(t,x)~ r 2ke 2(k+l) (Zk+n)thk (e4 (k+l)tx), where 
c k = 0 

each ~ is harmonic and suitable conditions are required for convergence. A representation is 

also obtained for solutions of L[u]=f(~x), f(t,x) analytic. As a consequence we find contrasts 

to the"regular" parabolic case. Among them are: (l)a solution of Llul=o analytic in x at 

t=t0 is analytic for all t < t 0 , and examples are given to show that there may be no forward 

analyticity; (2)for prescribed analytic initial values at t=t0 and no prescribed boundary con-
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ditions there exists a unique local analytic solution of L[u]=O valid for t<t0 , but the 

"sections" u(t1,x), t 1 <t0 , must be in a special subclass of analytic functions; (3)for given 

initial values u(t0 ,x), xeBp' the domain of analyticity in x-space of u(t1,x) may vary in t1; 

(4)there exist solutions which possess certain "interior" maxima. The same methods may be 

employed in the study of the singular hyperbolic operator L[u]= ~ -6r2u. 

(Received October 30, 1974.) 

720-35-13 BARBARA KEYFITZ: Columbia University, New York, N.Y. 10027. Form
ation of a Shock from a compression wave. Preliminary Report. 

For a system of two conservation laws u + f(u,v) = 0, v + g(u,v) = 0, 
t X t X 

such that Riemann invariants are defined, consider Cauchy data such 

that one Riemann invariant is initially constant. Under certa)n restric

tions on the equations and on the data it is shown that a unique, smooth 

shock forms and at a later time, a rarefaction wave of the opposite 

family, enclosing between them a region of smooth, fully-developed 

flow. This makes rigorou,;; some of the results of K. 0. Friedrichs 

[Comm. Pure ~ppl. Math 2 (1949)] on approximate shock paths and 

profiles arising from a compression wave, and extends, in this special 

case, the local results of S. R. Goldner on nonlinear hyperbolic 

equations with a discontinuity along a curve Thesis, N. Y. U., 1949] 

to all t. The method of proof employs the hodograph transformation. 

(Received October 30, 1974.) 

720-:l!i-H EDWIN T. HOEFEH. Hosar~· Hill College, Buffalo, New York 14226, Harmonic Faber 

polvnomials. Preliminal)" report, 

Solutions of the three dimensional Laplace equation may be obtained by the method of Bergman 

integral operators. Let b be a compact. connected set in E3 which is related by the method of the 

B:l-integral operator to the set K '-: C'. Suppose that K has a set of Faber polynomials, [I\. (u)}, k '= 

1. 2, 3,... Appl~· the n3-integral operator to the set Lpk(u)tm}. m =- 0, .::; 1. _:: 2, ••• , :::_ k, to obtain 

I\. m (X) B3 (pk (ultm. X, L), The set of all such Hk. m (X) is called the set of harmonic Faber poly

nomials belonging to b. Theorem. Let m be fixed, If (ak} is an infinite sequence of complex 

numbers such that limi~Jl/k 1/R, then the series :'~:"lakHk.m(X) converges absolute!~· and uniformly 

on bR ::-' jj and represents a harmonic function there. Theorem. The harmonic Faber polynomials 

fn1 (X)} belonging to b satisfy a recursion formula analogous to the formula for the recursion of the 
(,ffi . 

Faber polynomials belonging to K. (Rcecived October 30, 1974.) (Author introduced by G. Georgantas.) 

*720-35-15 GIDEON PEYSER,New Jersey Institute of Technology,Newark,N.J.07102 
On the corner problem for s~metric positiV;e systems. 

Consider the symmetric positive system A~+B~+ c:-c "C\U +Du = f 
eX 7>Y ~ i~i 

(i=l, ••• ,m), in the corner dom11in1 x>O, y>O, -oo.::zr'"", with homogeneous data 
on x=O and y=O. The nxn matrices A,B,Ci are symmetric and D is sufficiently 
positive. The matrix elements and their first order derivatives are continuous 
and unifor-nly bounded. On the boundary surfaces the matrix coefficients 
A,B,Ci satisfy certain positivity conditions, referred to as "torsion" 
conditions. For f with square integrable first order derivatives, the strong 
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solution with stron; first order derivatives is derived. The principal tools 
are spaces with norms of negative order, adapted to include boundary values. 
From this the strong solution is obtained for the case that f is only square 
integrable. Also, subject to a possibly stronger positivity condition on 0, 
the identity of the weak and stron~ solutions is established. For partially 
differentiable f, that is, possessing derivatives with respect to only some 
of the variables, the partially differentiable strong solution is derived, 
provided more severe torsion conditions are satisfied on the boundaries. 
Further, the partially differentiable strong solution is obtained for the 
case that the torsion conditions are satisfied only on one side of the corner. 
(Received October 30, 1974.) 

*720-35-16 Professor Robert Carroll, Nath. Dept., University of Illinois 
Eisenstein integrals and singular Cauchy problems 

For previous results see R. Carroll, Notices, AhS, Vol 20, 

No. 6, Oct. 1973, p. A-615 and R. Carroll and H. Silver, Jour. Applicable 

Analysis, J (l97J), 247-266, where references to earlier work are cited. The 

idea is to characterize, solve, and obtain properties of solutions of singular 

Cauchy problems, generalizing the classical EPD equations of Weinstein, on 

homogeneous spaces G/K in terms of Lie theoretic Fourier machinery in the sense 

of Harish-Chandra and Helgason. For G a real connected noncompact semisimple 

Lie group and K a maximal comnact subgroup with G/K of split rank l the prob-

lem is completely solved and the objects of interest turn out to be certain 

Eisenstein integrals. Explicit formulas, recursion relations, etc., are 

obtained in terms of hypergeometric functions, using recent results of 

Helgason. The Euclidean case can also be handled, and some higher rank cases. 
',:Received. Octo",Jer 30, 1974. ~ 

*720-35-1'7 JEFFERY COOPER, University of Maryland, College Park, Haryland, 20742, and 
1-lALTER A. STRASS, Brown University, Providence, R.I. 02906 
Scattering of Waves Reflected off a Moving Obstacle. 

We consider finite energy solutions of the wave equation ou = 0 in the exterior of a 

moving obstacle O(t) with the boundary condition u = 0 on ClO(t) for all t. Let 

v = (vx,vt) be the interior unit normal to the space time boundary E = U 80(t) x{t}. 
Assume that the obstacle remains in a bounded set and that there exists a, 0 < a < 1 such 
that 

v + av • ~ < 0 E t x r - on • 

When the number n of space dimensions is odd and n ~ 3, we prove that the total energy of 
solutuons is bounded, and that for solutions with initial data of compact support, that the 
local energy dec~ys exponentially. It is then possible to show the existence of a family of 
scattering operators S(t), depending on t. The condition on E is interpreted as an 
illumination condition, and this condition (modified slightly) is shown to be invariant under 
Lorentz trar.sformations which preserve the positive t orientation. As an example, our 
results apply to the case of a star shaped, pulsating body centered at the origin, assuming 
only that the body stays within a bounded set, and that E is strictly time-like. 
(Received October 31, 1974.) 
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*720-35-18 EUTIQUIO c. YOUNG, Florida State University, Tallahassee, Florida 32306, Comparison 

and oscillation theorems for singular hyperbolic equations. 

Let Lu = utt + k(ult) - (a .. u ) + pu = 0 and Mv = vtt + k(vlt) - (b .• v ) + qv = 0, where k is a 
ij~~ Q~~ 

real parameter. Comparison theorems are obtained for solutions of Lu = 0, Mv = 0 subject to certain 

boundary conditions for various ranges of k in the cylindrical domain RT = ((x, t)!x ED, T;,;; t;,;; T}, where 

D is a bounded domain in En. When all the coefficients of the differential equations are independent of t, 

it is shown that under certain conditions on a solution of Lu = 0 every solution of Mv = 0, ov/on + sv = 0 

has a zero in the interior of R0• Oscillation theorems are also obtained for solutions of Mv = 0, When 

0 "': p ~ q and 0 < r ~ s, it is shown that every solution of Mv = 0, ov/on + sv = 0 has a zero in ((x, t)l 

xED, T "t ~ m} for every T. More generally, every solution of Mv = 0, v = 0 on aD X [0, ro) is 

oscillatory if tho equation Z11 + k(Z•/t) + CZ = 0 is oscillatory, where C is some continuous function. 

(Received October 25, 1974,) 

720-35-19 HOWARD A. LEVINE, University of Rhode Island, Kingston, Rhode Island, 
02881. Growth properties of solutions to a nonlinear Euler-Poisson
Darboux Equation. 

We study the initial and initial boundary value problems for a nonlinear 

EPD equation of the form utt+kt- 1ut-Anu=f(u) where An is the n dimensional 

Laplacian and u is a function of n+l variables. Here f is a convex point 

function satisfyin~ 

lim inf s-p-lf(s)>O 
S >-+oo 

for some r>O. We show that weak solutions cannot exist for all times for some 

choices of initial datum u(x,O). The result holds for all k>-1 and any space 

dimension. This improves the result of J. Keller for k>l, n=2 and classical 

(twiec cont:Lnuously differentiable) solutions. (Received November 6, 1974.) 

720-35-20 J.B. RAUCH and B.A. TAYLOR, University of Michigan, Ann Arbor, Michigan, 48104. 
The Dirichlet Problem for the Equation of Zero Gauss Curvature. 

If D c lR 2 is an open set then the smooth surface z = u(x,y) has zero Gauss curvature 

iff u2 - u u ., o 
xy XX yy 'rhis nonline<tr partial differential equation is not elliptic. 

Theorem. If D is bounded and strictly convex then for any continuous function 

f: an -.. lR there is a unique convex function u such that u = f on an and 

u~y - uxx uyy = 0 in a generalized sense. In general u will not be smooth and the general

ized sense of zero curvature is that the set of unit vectors which are normals to support 

planes of the convex surface z = u(x,y) over D is a set of measure zero in s2 

(Received November l, 1974.) 
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720-35-21 DENNIS W. QUINN, Aerospace Research Laboratories, Wright-Patterson AFB, Ohio 
45433. Exterior Dirichlet and Neumann Problems in Generalized Bi-Axially Symmetric 
Potential Theory, Preliminary report. 

Existence and lU1iqueness theorems for bolU1dary value problems are obtained for the equation of 

generalized hi-axially symmetric potential theory (GBASPT): 

L~=l Ux.x. + (p/xn_1)Ux + (q/xn)Ux = 0. For p = 0, this equation reduces to Weinstein's 
1 1 n-1 n 

generalized axially symmetric potential theory. The problems considered differ from previous 

results in that exterior Dirichlet, exterior Neumann and interior Neumann bolU1dary value prob-

lems are solved. For the exterior Dirichlet problem, the bolU1dary data are allowed to become 

lU1bolU1ded near the singular hyperplanes xn-l = 0, xn = 0. The existence proofs are construc

tive in that potential theoretic methods are employed. (Received November 4, 1974.) 

720-35-22 NATHANIEL CHAFEE, Georgia Institute of Technology, Atlanta, Georgia, 
30332. Saddle Point Behavior for a Nonlinear One-Dimensional Para
bolic Equation, Preliminary report~ 

We shall consider an initial-boundary value problem governed by a non-

linear parabolic partial diff§rential equation in one space variable. This 

space variable x is allowed to vary on the interval [0,~]. The boundary con-

ditions are of homogeneous Neumann type. We shall introduce an appropriate 

phase space for this problem and we shall investigate the phase portrait near 

un equilibrium solution. Under appropriate hypotheses we shall show that this 

phase portrait has a saddle point structure. We shall also point out some re

lated aspects of the phase portrait. (Received November 1, 1974.) 

*720-35-23 NARENDRA L. MARIA, California State College, Stanislaus, Turlock, 
California 95380. Elementary Solutions of P(D). 

Let a= (a 0 ,a1 , ... ,an)' aj non-negative integers, I a I = ~: a· , D. = 
j2,n J J 

ao al an v 
n0 n1 ... Dn , x = Cxrx 2, ..• ,xn), 

constants, with coefficient of D~ unity. 
v ~ 

Let E(x 0 ,x) be a distribution in x 

which depends on x 0 as a parameter, be a solution of the equation P(D)E = 0 

h h . ( v) . 8E ( ~) 0 be sue tat llmE x 0 ,x , llm ~ x 0 ,x = , ... , 
X -+Q X -+Q 0 

. 8m-2r: 
llm --

m-2 x 0-+0 8x 0 
for x 0 > 0, and 

v 
( x 0 , x) = 0, 1 im 

8m-1E v 0 1./ 0 
---m=l (xo,x) = o(x); then an elementary 
8x 0 

solution of P(D) with 
xo-+o 

v 
support in the half-space x 0 ~ 0 is given by e(x) = 0, for x 0 < O, ECx 0 ,x), 

for x 0 ~ 0. The result is used in writing down the elementary solutions in 

a number of specific cases of P(D) with support in a half-space. 

(Received November 1, 1974.) 
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720-35-24 HOWARD C. SHAW, University of Michigan, Ann Arbor, Michigan 48104. A note on a 

theorem by Landesman and Lazer. Preliminary report. 

Consider the boundary value problem Lu = Nu, where L is a second order, selfadjoint, uniformly 

elliptic operator, with homogeneous Dirichlet boundary conditions and nontrivial null space. Let N be a 

nonlinear operator of the form Nu = h(x)- g(u), with g real-valued and continuous, h in L2(G), and G 

a bounded domain in Rn. Then under sutiable conditions on g, including that g(oo) and g(- oo) exist 

and that (*) g(- oo) < g(t) < g(oo), a solution is guaranteed to the nonlinear boundary value problem. 

(See Landesman and Lazer, J. Math. Mech. 19(1970), 609-623.) We give a much shorter proof of the 

sufficiency of these conditions that also permits generalization of the operators L and N; in particular, 

the condition (*) is dropped and N may involve derivatives of u. As in the paper of Landesman and 

Lazer, use is made of the alternative schemes of Cesari and Hale. (Received November 4, 1974.) 

*720-35-25 NEIL EKLUND, Centre College of Kentucky, Danville, Kentucky 40422. Parabolic Green 

functions in open sets. 

The potential theoretic definition of a Green's function is generalized to parabolic operators L 

with discontinuous coefficients in divergence form. Green's functions are shown to exist for bounded 

domains D in En+ 1 and, in the case where D = 0 X (0, T) for some bounded domain 0 c En, coincide 

with that obtained by D. G. Aronson [Ann, Scuola Norm. Sup. Pisa 22(1968), 607-694], (Received 

November 4, 1974.) 

*720-35-26 CLIFFORD 0. BLOOM, SUNY at Buffalo, Amherst, N. Y. 14226. An Algebraic Rate of 
Decay of Local Energy of Solutions of Hyperbolic Systems on Exterior Regions, 
Preliminary Report. 

We establish an algebraic rate of decay for the local energy of solutions of initial-boundary 

value problems for general systems of 2nd order hyperbolic equations with variable coefficient& 

The solutions we study are defined on exterior regions with star-shaped boundaries. The 

solutions arc required to vanish on the boundary, and have compact initial data with continuous 

first derivatives. Our decay estimate is derived assuming a piecewise smooth boundary, and 

that the coefficients in the differential equations have continuous first and second deriva

tives. We also require hypotheses on the rate of approach of the coefficients to those of a 

system of uncoupled wave equations as either r ~ oo or t ~ oo , and on the magnitude of the 

first derivatives of the coefficients. The total energy of the solutions may increase alge

braically with time. Our results apply to solutions of a general class of symmetric first 

order hyperbolic systems, The argument we use to obtain energy decay is modeled after that 

used by Bloom and Kazarinoff to obtain decay estimates for the local energy of solutions of 

single 2nd order hyperbolic equation with variable coefficients (Cf. Bull. Amer, Math. Soc. 79 

(1973), 969-972.). (Received November 4, 1974.) 

720-35-27 DANIEL J, DEIGNAN, University of Kentucky, Lexington, Kentucky 40506 
_Boundary Regularity of Weak Solutions to a Quasilinear Parabolic Equation 

Second order nonlinear parabolic equations of the form ut = di v A(x, t, u, u) 

+ B(x, t, u, ux) are studied in cylinders inn+ 1 space. I investigate the boundary 

behavior of weak, or distributional solutions to the first boundary value problem 
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for this equation. The main result is a Wiener-like condition, involving capacity, 

which implies continuity of the weak solution at a point on the lateral boundary of 

the cylinder. (Received November 4, 1974.) 

*720-35-28 LETITIA SEESE,University of New Mexico, Albuquerque, New Mexico 87106. Uniq~ 

in the Cauchy problem for !. doubly characteristic _£perator. 

Let P be a second order differential operator doubly characteristic at 

the origin and strictly hyperbolic on the remaining points of the initial surface t=O. A sim

ple example is (x2+y2) ~t2 - ~x2 - dy2 -c dt· A uniqueness theorem is obtained subject to a 

+ 
certain factorization of the principal symbol if c~-n, nrZ , Counterexamples are given when 

this condition fails, (Received November 4, 1974.) 

720-35-29 R. E. WHITE, North Carolina State University, Raleigh, North Carolina 27607 
Local Solutions for Quasi-Linear Semi-Elliptic Differential Eguations.Preliminary, 

Let P(x,p.(D),D)u = L a (x,p.(D)u)Detu where p,(D) j = 1, ... ,11, are 
J o<let:ml<l et J J 

- n et. 
I I \ _l. 

differential operators with complex constant coefficients, et:m = L 
i=l mi 

et = ( et 1 , ••• ,etn), 

m = (m1 , ••• ,mn) with eti non-negative integers and mi positive integers, and a (x,p) £ c(n x EJI,) 
Ct 

with n (mn open and bounded. P(x,pj(D),D) is defined to be semi-elliptic on n if and only if 

for all x £ nand for all p £ ICJI, P (x,p,E;) = L a (x,p)E;et 0 implies E; = 0 where E; £ JRn. 
o let:ml=l et 

Let p.(E;) 2 = [ ileti1Detp.(E;)I 2 < C(l + I ls.lmi) 2 /(l + lsl 2 l for all E; £ JRn where Cis a 
J I et I ::_o J - i=l ]. 

constant depending only on j. Let aet(x,p) £ CM+s+2+[n/2](n x ICJI,) and f(x,q) £ Cs+l+]n/2](nxiC) 

where M = max m. and s is a positive integer. Using the Schauder fixed point theorem we 

l.:J.S.n l. 

prove for all x £ n there exist a compact neighborhood K ( n of x such that P(x,p. (D) ,D)u = 
0 0 J 

f(x,u) has a local solution in H~+m+[n/2 ](K}. (Received November 4, 1974.) 

*720-35-30 WILLY, LEE, Rutgers University, Camden, New Jersey 08102. On a correctness class of 

the Bessell type differential operator SIJ.' Preliminary report. 

A correctness class of the Cauchy problem of the Bessell type differential operator SIJ. was found 

among smooth functions with compact supports. It is left as an open problem to find a correctness class 

among nonsmooth functions with certain boundary conditions. (Received November 4, 1974.) 

720-35-31 MICHAEL G. CRANDALL, University of Wisconsin - Madison, Madison, 
Wisconsin 53706. The Semigroup Approach to a Single Conservation 

Law. 

S. N. Kruzkov (Math. U.S.S.R. - Sb. 10(1970), 217-243) defined 

a notion of the solution of a single conservation law and proved existence 

and uniqueness of solutions of the associated Cauchy problem. The flow so 
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obtained in fact agrees with the evolution governed by an m-accretive oper

ator in L1 (RN). This relationship, developed in the work of the author, 

Ph. Benilan and others, is described. (Received November 5, l9'74.) 

720-35-32 CO~STANTINE M. DAFERMOS, Brown University, Providence, R.I. 02912. 
Admissibility criteria for solutions of conservation laws. 

We survey various admissibility criteria for weak solutions of 

hyperbolic conservation laws and we discuss the interrelationship, 

established or conjectured, of these criteria. (Received November 5, 19'74.) 

720-35-33 RONALD J. DiPERNA, University of Michigan, Ann Arbor, Michigan 48104 

!iyperi.Jolic conservation laws and the theory of functions of bounded variations. 

r;ne of the natural function spaces in the theory of conservation laws is the space BV of 

functions wh.i r:i1 llave J:.oun.::ied variation in the sense of Tonelli-Cesari. The purpose of this 

talJ.. is t.o gi.vo a si1ort ir,troduction to BV theory from the point of view of conservation laws 

and to discuss certain open problems in the regularity of solutions which are naturally posed 

in tlll: frame....-orf.. of BV ti·.eory. (Received November 5, 1974.) 

720-35-34 AVRON DOUGLIS, University of Maryland, College Park, Md., 20742. Layering 
methods for parabolic systems, Preliminary report. 

Methods of layering, originally designed to obtain weak solutions of scalar, quasilinear, first 

order conservation laws [Kuznetsov, Math. Zametki 2 (1967), 401-410; Douglis, Ann. Inst. 

Fourier 22 (1972), 141-227] are here extended to parabolic problems of certain kinds. The 

principal results so far refer to a system of equati2ns of 
a u. dU. df.(x,t,u(x,t)) 

(1) ____.!. + ]. + 
lJ dt dX gi (x, t, u) = lliax2]. ' 

the form 

i = l,•••,n, where \.li > 0, 

and the matrix (afi/auj) has real, distinct eigenvalues. In initial-value problems for (1)\.1 

in the upper-half xt-plane, layering permits the existence, smoothness, and other properties 

of solutions to be established by working with 
dU. df.(x,t,U(X,t)) 

smooth solutions of the hyperbolic system 

(l)o atJ. +-=1---:a~x----+ gi(x,t,u) = 0, i=l,•••,n, 

only. The layering method also leads to proofs of convergence of certain finite difference 

schemes with discontinuous intitial data. These results of course carry over to boundary

value problems that are reducible to pure initial-value problems, say by reflection. 

Generalizations to multi-dimensional x are made in the case n = 1. (Received November 5, 1974.) 

*720-35-35 JAMES M. GREENBERG. State University of New York at Buffalo, Buffalo, New York 

14226. Decay theorems for the quasilinear wave eguation. 

We shall confine our attention to piston type problems for the quasilinear wave equation (WE) 

c~q) %f- ~~ = 0 and ~~- c(q) ~ = 0, where c(q) > 0 and dc(q)/dq < 0 for -oo < q < oo; that is to 

solutions of (WE) in fx > 0 and t > O} which satisfy a homogeneous initial condition and one of the 

following boundary conditions: (BC)1 q(O, t) = q0 (t) where q0 (t) < 0, 0 < t < T 1 and q0 (t) "'0, t > T 1 or 

(BC)2 v(O, t) = v 0 (t) where v0 (t) > 0, 0 < t < T 1 and v 0 (t) = 0, t > T1 . We shall demonstrate how the 

vanishing of the forms U(q)dx + vdT' and vdx + !:(q)d7" with U(q) = J~ds/c(s) and !:(q) = J~c(s) ds around 
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certain judiciously chosen contours in [x > 0 and t > o} together with an integrated form of the "entropy" 
.h 

inequality may be exploited to produce the estimate that solutions to the above problems decay as l/t2 as 

t .... +oo. (Received November 5, 1974.) 

*720-35-36 TAI-PING LIU, University of Maryland, College Park, Maryland, 20742. 
Entropy Condition for General Systems of BY£erbolic Conservation Laws. 

We consider general systems of conservation laws 

(1) u + f (u) 
t X 

o, 

Assume that (1) is strictly hyperbolic and that along any shock curve, the shock speed is 

unequal to the characteristic speed of different family. An extended condition (E) is proposed 

for (1). Condition (E) extends Oleinik's condition (E) to systems and reduces to Lax's shock 

inequalities (L) when (1) is genuinely nonlinear. For 2 x 2 general conservation laws and 

3 x 3 gas dynamics equations, we prove that there exists a unique solution to the Riemann prob

lem in the class of centered simple waves which satisfy condition (E) . We also justify condi

tion E for 2 x 2 conservation laws by viscosity method. For gas dynamics equations, it is 

shown that the therroodynamics entropy increases across any shock satisfying condition (E). 

(Received November 5, 1974.) 

*720-35-37 TAKAAKI NISHIDA, Kyoto University, Kyoto Japan and JOEL SHOLLER, University of 
Michigan, Ann Arbor, Michigan 48104. Mixed problems for a class of nonlinear 
conservation laws. 

We consider mixed problems for hyperbolic systems of conservation laws of the form 

0 ut + p(v)x = 0 , where p(v) = v-(l+E) 

a) t ~ 0 0 , and in regions b) t;, 0 

aries we prescribe thE· velocity U = U, (t) 
}_ 

i = 1,2 

scribe the Cauchy data u0 (x) , v0 (x) . We ~ (1) 

0 ~ E < 1 , in regions 

On the vertical bound-

and on the remaining boundaries we pre-

0 < A 5 v (x) ~ B < + oo 
0 

I u0 (x) ! 5 C < + ro a.nu u1 (t) , u2 (t) , v 0 (x) , u0 (x) have finite total variation. For problems 

in regions a) , global solutions exist if E • 'J'V{u1 ,v0 ,u0 } is sufficiently small. In regions 
(x2 ..• t 

b), we~ set Q(t) = )" v0 (x) dx + j (u 2 (s) - u1 (s)) ds , and we~ (2) 
x1 o 

0 < 6 5 Q (t) s V < +"' for all t ?. 0 , where o and V are constants. Then global solutions 

exist if E • TV{u1 ,u2,v0 ,u0 } is sufficiently small. Assumption (2) has a natural physical 

interpretation. lve construct an example violating (2) for which global solutions fail to exist. 

(Received November 5, 1974.) 

720-35-38 BURTON WENDROFF, Los Alamos Scientific Laboratory, Los Alamos, New Mexico 
87544. Numerical Methods for Conservation Laws. 

A short survey of computational methods is presented, with particular emphasis on 

the equations of compressible gas dynamics. Unresolved questions of convergence are discussed. 

(Received November 5, 1974.) 
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*720-35-39 WILLIAM F. MOSS, Georgia Institute of Technology, Atlanta, Georgia 
30332. Existence of Fundamental Solutions for Degenerate orSingula4 
Second Order, Llnear, Elllptlc Partlal Dltferentlal Equations. 

Let G denote an open, connect set in Rn and L the partial differential op-

erator. Under suitable hypotheses on the coefficients of L, there exists a 

fundamental solution for L in G. If certain "barrier" functions exist at each 

point of G, the boundary of G, then this fundamental solution is continuous up 

to G. The ellipticity of L may degenerate on G, or the coefficients of L may 

be discontinuous on G. This class of equations includes, for example, Tricomi's 

equation in the upper half-plane, the equation of Weinstein's generalized axi-

ally symmetric potential theory, and Schrodinger's equation with a singular 

potential. (Received November 5, 1974.) 

720-35-40 PETER D. LAX, New York University, New York, N.Y. 10012 
Survey of Problems in the Theory of Shock Waves 

Existence, uniqueness, decay and numerical computa.tion of solutions of 
hyperbolic systems of conservation laws. Steady and unsteady flows with 
shocks in two space dimensions. (Received November 6, 1974.) 

*720-35-41 J.B.DIAZ,Rensselaer Polytechnic Institute,Troy,N.Y.l2l80 and R.B.Ram, 
State University College 1 0neonta,N.Y.l3820. Reflection princiQ.les 
for .!_he i te£atei:l 1-lelmhol 1:~ equahon. ------- ·-

The well known reflection principle for harmonic functions,due to Schwarz,has 
been extended in many directions.Diaz & Ludford(Reflection principles for linear 
elliptic :2nd order p.d.es.with constant coefficients,Annali di Matematica pura 
ed applicat0, Serie IV,XXXIX l9SS,pp.87-95) have proved the reflection principles 
for Helmholtz equation with 3 kinds of b.cs.:(bl)of Dirichlet type,(b2 ) involv
ing a linear combination of the normal derivative and the function,(b0) involv
ing a linear combination of a directional derivative and the function~The refle
ction principle for the biharmonic equation with Dirichlet b.cs.is given in the 
work of Poritsky(Application of analytic functions to-two dimensional biharmonic 
<:ln<:llysis,Truns. of the AMS,vol 59(1946)pp.248-279),Duffin(Continuation of bi
harmonic functions by reflection,Duke Math J.22(l955)pp.313-324),Huber(The ref
lection principle for polyharmonic functions,Pacific J. of Math,vol 5,No.3(1955) 
pp.433-·139,0n the reflection principle for polyharmonic functions,Comm.on Pure 
and Appl.Math,vol IX(l95G)pp.471-78).Their results were used by Diaz & Ram(A 
reflection principle for a 4th order p.d.e.which is related to the biharmonic 
eqn.- to appear)to obtain a reflection principle for iterated Helmholtz eqn with 
Dirichlet b.cs.This result of Diaz & Ram has been used in this paper to obtain 
reflection principles for iterated Helmholtz eqn. with b.cs. of the type: (b4 )the 
simultaneous vanishing,on the boundary,of a linear comb.of the function and its 
normal derivative,and,also,of the normal derivative of the same lin.comb.,(bs) 
the simultaneous vanishing,on the boundary,of a linear comb.of the function and 
its directional derivative in a fixed direction,andialso,of the directional 
derivative,in the same fixed direction,of the same inear combination. 
(Received November 6, 1974,.) 

*720-35-42 DAVID G. SCHAEFFER. Massachusetts Institute of Technology, Cambridge. Massachusetts 

021:39, The generic theory of regularity for a single convex conservation law. 

The author applies the theory of singularities of differentiable mappings to prove that generically the 

solution of a conservation law is piecewise smooth. Only a single convex conservation law is considered, 

and the method makes essential use of the Hopf-La.x formula for the solution in this case. (Received 

November 6, 1974.) 
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*720-35-43 FRANK J. MASSEY, Ill, University of Kentucky, Lexington, Kentucky 40506 

Analyticity of solutions of nonlinear evolution equations 

We establish analyticity in t of solutions u(t) of nonlinear evolution equations of the form du/dt + A(u)u = f(u), 

t;;;. 0, u(O) = u0 • The unknown u(t) is a function oft with values in a complex Banach space X, while A(u) is a linear 

operator in X and f(u) E X. Theorem. Assume the following. The resolvent of A 0 = A(u 0 ) contains the left half plane 

and there exists c such that II (A- Ao rt II...; C(1 +I A I rt' ReA..;;; 0. The domain, D, of Ao is dense in X. There exists 

0..;;; ~ < ~..;;; 1, R > 0 such that u0 ED(~·) and for II w- A~ u0 II< R, one has f(A~~) EX and A(A(;w) is a linear map 

from D into X. The maps w 1-+ A(A""r,~w)A-d and w 1-+ f(A(;w) are analytic with values in B(X) and X respectively. Under 

these assumptions there exists T > 0, 'I'> 0 and a unique function mapping ~ = { t: I arg t I < '1', 0 <It I < T} analytically 

into X such that u(t) ED, II u(t)- A~u0 II< R, u'(t) + A(u(t)) = f(u(t)), t E ~ and u(t) ..... u0 as t ..... 0. This theorem 

can be generalized to the case where A and f depend on t. Applications are given to parabolic mixed problems of the 

form 3u/3t + ~ aij(t,x,u,\i'u) o2 u/3xi3Xj = f(t,x,u,\i'u), t;;;. 0, X E S1 C Rn, u(x,O) = Uo (x), X E S'l, u(x,t) = 0, X E oil, 

t;;;. 0. (Received November 6, 1974.) 

*720-35-44 W. RUNDELL, Department of Mathematics, Texas A&M University, College Station, 
Texas, 77843, The Solution Of Initial-Boundary Value Problems For Equations 
Of Sobolev Type. 

Using an analogue of Hadamard's method a fundamental solution for linear, third 

order equations of Sololev type is constructed. This fundamental solution is then 

used to solve initial-boundary value problems for this class of equations. 

(Received November 6, 1974.) (Author introduced by Dr. Michael Stecher) 

720-35-45 M. J. STECHER, Department of Mathematics, Texas A&M University, College 
Station, Texas, 77843, Construction Of Solutions Of Parabolic Parti.al 
Differential Equations. 

A constructive approach to solving initial-boundary value problems for certain types 

of linear parabolic partial differential equations in three space variables is developed. 

The approaeh is based upon constructing Bergman type integral operators and then reducing 

the original problem to solving an integral equation. (Received November 6, 1974.) 

720-35-46 E. D. CONWAY, Tulane University, New Orleans, Louisiana 70118, Formation and decay 

of shock waves in several dimensions. 

We consider the initial value problem for a single conservation law in several dimensions: 

ut + V • F(u) O, u(o,x) = cj>(x). 

Here F: I c lR + lRn, cj> (X) E I for all x in is then a shock forms iff 
-1 

'o 'o F"(cj>) • Vcj> is negative somewhere. The time at which a shock first appears is 

sup{-F"(cj>) •Vcj>}, Let u be the unique generalized solution satisfying Krnzknr's enrrory "on<li

tion. Theorem if F"(s) • e > 0 for al"! s E I where e is some unit vector then 

sup{ I u ( t ,x) I : x E lRn} = 0 ( t 4-) provided that the support of cj> is bounded in the direction 

e. If cj> has compact support then the support of u(t,•) is asymptotically translated along 

the vector F'(O). Its dimension in the direction of F"(O) is O(t*) while its dimension in 

directions normal to F"(O) is bounded. (Received November 6, 1974.) 
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720-39-1 

39 Finite Differences and Functional Equations 

C.S. DURIS, Drexel University, Philadelphia, PA 19104. Interpolating with 

Discrete Natural Polynomial Spline Functions. 

Discrete natural polynomial spline functions of degree 2n-l with nodes Ak = {m0 ,m1 , .•• ~}, 

m0 = 0, ~ = i~, are functions S(x) defined for integers x t: [-·n+l:N+n-1] and satisfying 

vnllns(x) = 0 for x '- [O;Ll] ·- Ak and llnS(x) = 0 for x .::_ -1 and x .::._ N-n+l. In a recent paper, 

.\star and Juris [to appear in Numer. l1ath (1974)] have shown that an analog of the minimum 

norm property for continuous splines is also satisfied by these discrete natural splines. This 

mln i.mum norm property causes the discrete natural splines to be desirable for interpolation. 

Ia this paper some further results are given concerning discrete B-splines developed by 

Schumaker [In A_pl'.._roximation Theory, G.G. Lorentz, ed. New York. Academic Press 1973]. These 

re:mlts are tlten used to develop a procedure for carrying our discrete natural spline 

interpol::1tion, which is analogous to a procedure for continuous splines presented by Anselone 

nnd :.aurent (;·lumer. :•!at h. 12, 66-82 (1968) ]. The method is based on the use of discrete 

B-:<;> l Lncs to form a basis for the class of n--th differences of discrete natural splines of 

degree 2n-L The actual computer algorithm for this interpolation procedure is reasonable in 

terms of computational stability and efficiency, (Received November 5, 1974.) 

X720-39-2 \'1,;\llf'lll! llRllBOT, University of Santa Clara, Santa Clara, Cal, 195050 

iln the speed of convergence of iterations of a function, 

Let flx) he ;1 cont.inuo11s function sud1 thnt O<f(x)<.:.x, f(O) 0, Put f 1 (x) = f(x), 

was slio1,n hy ,\,ClstrCllvski that if f(x) = x - r'\xp + o(xP), p ;> 1, 

B, lvherc h(r-1) = I and BP" 1(A(p-l)) = 1. If f(x) is concave, 

we proYc t!w fo llnKi ng converse: l f n- <= o+ c: (*) holds then x - x· < f(x) <:: x - x· for 

nrhitrnr;:c "? n ;1nd x suffidently small, (Received November 6, 1974.) 

720-39-3 H. T. BANKS, Brown University, Providence, Rholde Island 02912, and J. A. BURNS, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061. 
A note on linear hereditary systems in LP-spaces. Preliminary report, 

Working in the space of continuous functions, Hale and Shimanov developed a method of 

finite-dimensional projections for linear retarded functional differential equations. By an 

appropriate choice of state space, the equation may be treated as an equivalent abstract 

equation in a Banach space. In this note we exploit this equivalence and indicate how 

functional analytic techniques may be applied to develop a theory which parallels that 

developed by Hale and Shimanov. (Received November 6, 1974.) 

720-39-4 BERNARD A, ASNER. JR.. University of Dallas, Irving, Texas 75060. Representation of 

the solution of a delay-differential eguation. Preliminary report. 

It is known that the solutions to the linear vector delay-differential equation x(t) = Ax(t) + Bx(t - h) 

may be expressed by using the fundamental matrix X(t). In situations where the equation is pointwise 

degenerate (perhaps strongly), a Z matrix is known to exist and satisfy the matrix equations B = AZ- ZA, 

ZB = 0, In this case, we prove the following representation for the fundamental matrix 

X(t) =eAt+ ~~1 (-Z)j-l(eA(t-jh)z- ZeA(t-jh))u(t- jh). 

where u(t- jh) is the unit step function. (Received November 6, 1974.) 
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720-40-1 

40 Sequences, Series, Summability 

DAVID F. DAWSON, North Texas State University, Denton, Texas 76203. 
! Tauberian theorem !2£ stretchings. 

I. J. Maddox [Bull. London Math. Soc. 2(1970), 63-65] proved the 

following Tauberian theorem for subsequences: If x is a sequence such that 

some non-Schur matrix sums every subsequence of x, then x is convergent, and 

the set of non-Schur matrices is maximal for this statement. Let D denote 

the set of all complex matrices A = (~q) such that for some N, limp apq cq 

for q ) N, .L~=N+l cq converges, and li~ 2.. ;=N+l (apq - cq) = 0. In the 

present paper the following Tauberian theorem for stretchings is proved: 

If x is a complex sequence such that some non-D matrix sums every stretching 

of x, then x is convergent, and the set of non-D matrices is maximal for this 

statement. (Received August 19, 1974.) 

720-40-2 BILL ANDERSON, East Texas State University, Commerce, Texas 75428 and KENNY 
ZUBER, New Mexico State University, Las Cruces, N. M. 88001. Convergence~ 
generalized power series. Preliminary report. 

A generalized power series is a series of the form E~x¢(n) where ¢(n) is a function satisfy-

inp. the conditions: 1) 0 < ¢(1) < ¢(2) < ••• < ¢(n) < ••• 2) lim ¢(n) = oo V. Murgescu and A. 

Climescu (Gaz. Mat. Ser. A 12(65) (1960), 517-522) studied the radius of convergence of a gen

eralized power series and gave the formula R = lim~~ I l/ [¢(n+l)-¢(n) l for the radius 
an+l 

of convergence. B. Anderson and R. Ward (Gaz. Mat. Ser. A 11(67) (1972), 406-408) gave a 

counterexample for this formula in case lim [¢(n+l) - ¢(n)] = 0. In this paper sufficient 

conditions are given which imply the validity of this formula for the radius of convergence. 

(Received September 30, 1974.) 

720-40-3 J.K. SHAW, Virginia Polytechnic Institute and State University, Blacksburg, Va. 
24061. Series Expansions and Linear Differential Operators. Preliminary report. 

Let L be the nth order linear 

a y, where a. Ecn- j[ a, b] and a0(t) 
n J 

boundary forms and assume that the 

(n) (n-1) differential operator given by Ly = a0y + a1y + .•. + 

# 0, a S t s b. Let B1 ,B2 , ..• ,Bn be linearly independent 

eigenvalue problem Ly = Ay, By = 0, is self-adjoint. With 

each such problem there is associated a series expansion whose coefficients are boundary values. 

If 0 is not an eigenvalue, the expansion takes the form f(x) = ~=O~~=l(BjLkf)pnk+j(x), a Sx Sb, 

where the functions (pk} are defined in terms of a fundamental system of solutions of the 

homogeneous equation Ly = 0 and the Green's function for the problem. If 0 is a simple eigen-
"' n k value, with normalized eigenfunction y0 , the expansion is f = (f1y0)y0 + ~=O~j=l(UjL f) qnk+j, 

where each Uj is a linear combination of B1, ..• Bn' and the functions [qk} are developed by 

means of generalized Green's functions. In each instance, necessary and sufficient conditions 

for absolute convergence are given in terms of the non-zero eigenvalue nearest the origin. For 

the case Ly = -y", B1y = y(O), B2y = y(l), the first expansion is the Lidstone series, If 

Ly = iy', B1y = y(l) -y(O), the latter series reduces to the well-known expansion in terms of 

Bernoulli polynomials. (Received October 24, 1974.) (Author introduced by George W. Crofts.) 
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*720-40-4 J.A. FRIDY, Kent State University, Kent, OH 44242 
Summability of Rearrangements of Sequences 

The sequence y is called a rearrangement of the sequence x provided that there is a 

one-to-one function n from the positive integers onto themselves such that for each k, 

In 1943, R. C. Buck gave a characterization of convergent sequences 

by proving that if x is a nonconvergent sequence, then no regular summability matrix 

can sum every subsequence of x [Bul.A.M.S. 49 (1943), 898-899]. The basic result of 

the present paper is an analogue of Buck's theorem in which "subsequence" is replaced 

by "rearrangement." This result is then extended to show that for any x and any 

regular matrix A, there exists a rearrangement y of x such that every limit point of 

x is a limit point of the transform Ay. Other variations show that one can weaken 

the assumption that A be regular. Similar results are proved for absolute summa

bility: e.g., the null sequence x is in ~l if and only if there exists a sum-

preserving ~-~ matrix that maps every rearrangement of x into ~1 . (Received October 18, 1974.) 

HELAMAN FERGUSON, Brigham Young University, Provo, Utah 84602. 
Generalization of Fibonacci Numbers useful in Dynamic Memory Allocation. 

A binary splitting of memory blocks into a pair of blocks gives block sizes corresponding 

to cPrtain generalized Fibonacci numbers. In general a splitting sequence of block sizes 

fBn: n · 11 has the property that B = B + B where 
n r m 

1 s m s: r < n. We consider 

analytically the case of r = n- 1. m = n- k, k .~ 1: generalized Fibonacci numbers with 

structure polynomial ,k- zk-l - 1. Location of the roots gives complete information 

about limits of quotients for each k and lin1its of those limits as k -~co. For example 

we have the Two Annuli Theorem: All of the cornplex roots of the above structure polyno-

n1ial lie in the intersection of two annuli containing the unit circle. 

(Received October 31, 1974.) 

*720-40-6 W. VANCE UNDERFILL, East Texas State University, Commerce, Texas 75428. 
Matrix Summabili~heorems Involving a Certain Class of Sequences. 

By the lim~tinJLset of a sequence is meant the set of all limits of subsequences of the 

sequence. A closinEc sequence x = [xn} is a bounded, complex sequence such that limlxn+l-xnl =0. 

It is known that every closing sequence has a connected limiting set. The following partial 

converse is proved: if x is any bounded sequence having a connected limiting set, then x is a 

rearrangement of some closing sequence. Let 100 , c, c0 , and CL denote the Banach Space of all 

bounded, convergent, null, and closing sequences, respectively. If an infinite, complex 

matrix A is regarded as a sequence-to-sequence transformation, necessary and sufficient 

conditions on A are found in order that: (1) A: c0 + CL, (2) A: c + CL, (3) A: loo + CL. 

(Received November 4, 1974.) 
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*720-4o-7 KUSUM SONI, University of Tennessee, Knoxville, Tennessee 37916. ~ Tauberian 
Theorem for the Generalized Logarithmic Method of Summation. 

rt 
'O 

~et L(t) be a slowly varying function in the sense of Karamata and let L*(t) = 

(u+l)-l L(u) du ~ oo as t .... 00 We define the generalized logarithmic method 

of summation (A, pn) as follows. If p = L(n) and (Ln:~ n . 

as x-+ 1-, then sn-+ s (A, pn). Theorem. If lim inf (sn- sm) ~ 0 when n > m, 

m-+ oo and log L*(n) - log L*(m) -+ 0 , then sn -+ s (A, pn} imolies s -+ s . This 
n 

includes similar results given recently by Kwee [J. Math. Anal. Appl. (1971)] and 

-Phillips [Canad. J. Math. (1973)]. (Received November 6, 1974.) 

*720-41-1 

41 Approximations and Expansions 

SHELDON M. EISENBERG.LUniversity of Hartford, West Hartford, Connecticut 06117 and 
BRUCE rroon1 Universiv of Arizona, TUcson, .Arizona 85721 • Error estimates iD 
appraximat1on b[ extended Hermite-Fejer operators. 

The authors present an analogue to an estimate of Bojanic ( 11a note on the precision 

of interpolation by Hermite-Fejer polynomials", Proceedings of the Conference on the 

Constructive Theory of Functions, Budapest, 1969, pp. 69-76) for the appraximatioo of 

unbounded functions on the real line by- extended Hermi te-Fejer operators. 

(Received October 15, 1974.) 

*720-41-2 MICHAEL BRANNIGAN, Iowa State University, Ames, Iowa 50010. 
H-sets, an approach to linear Tchebycheff approximation. 

We show that H-sets can be defined in a simple manner. 

Using this definition of H-sets, in terms of singular matrices, many of the 

theorems of linear Tchebycheff approximation, where the Haar condition is 

supposed, can be extended to the non-Haar case. Thus a general framework for 

linear Tchebycheff approximation can be constructed. The maximal linear 

functional of the dual problem can be written in terms of H-sets and with a 

strong H-set uniqueness follows. 

We also consider a geometric definition for H-sets as the non-trivial 

intersection of balanced and convex hulls of certain sets. Developing this 

idea we show that this intersection is a line when we have minimal H-sets and 

for basic minimal H-sets the intersection of simplices in a single point 

interior to each simplex. (Received October 24, 1974.) (Author introduced by Richard K. 

Miller.) 

*720-41-3 MICHAEL P. CARROLL, Virginia Polytechnic Institute and State University, Math. 
Dept., Blac~sburg, Virgi~i~ 24061, An Algorithm for L1 Approximation Using Near 
Best Approx~mates. Prel~m~nary Report. 

Let I be a nondegenerate real compact interval, [a,b]. Let f be a continuous real valued 

function on I and HaHaar system consisting of n functions, pl'p2, ... ,pn. Let A,(a1,a2, .•• ,an)' 
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. n n { } be a point Ln E and L(A,x) =i~l aipi(x). An algorithm is given to construct a sequence .An 

such that J \£-L(An,x) \dx s;knJEn J\£ - L(A,x) \dx + ~· Further it is shown that {An}~A, where 
I 

J \£-L(A,x) \dx = in£ n J i£-L(A,x) \dx. (Received October 31, 1974.) 
I A EE I 

*720-41..:.4 ALBERT EDREI, Syracuse University, Syracuse, New York 13210, The complete Pad~ 
tables of certain series of simple fractions II 

Let the meromorphic function A(z) = K + r, l_ 
j=l S .-z 

J 

= l: 
k=O 

k 
~z be such that (i) all the 

B 's are real, no fl is zero and Bj +oo as j + oo• 
' 

(ii) K ~ 0, r/i3j > 0 for all j; (iii) 

E(r./0 .) ~ + oo; (iv) for some integer 
.1 J 

s ~ 0 l: 1/S .\s+l < +oo. 
J 

Let 

(1- = 1,2,3, ... ), 

and m(A) .,. "'• 

be two sequences of positive integers such that m(A) + n(A) = odd integer 

Consider the Pade approximant PA/QA of the entry n(/.) -)-'XI' as 

(m(A), n(A)) of the table of [degree (PA) ~ m(A), degree (QA) ~ n(A), QA (O) 1]. 

Then, with each A, it is possible to associate polynomials VA (z), WA (z), both of degree ~s 

and such that, as A+ oo, PA(z) exp (VA(z)) + G(z), OA (z) exp (WA(z)) + H(z), {WA(z)-VA(z)} + 

~~ (z), uniformly on every compact set. 

The entire functions G and H have no common zeros and A(z) = exp (ll(z) )G(z) /H(z). The 
polynomial >l(z) is of degree ~s; the functions G and H are both of order < s+l. 

(Received October 31, 1974.) 

*720-41-5 

Let 

Define 

P.ERDOS, stanford University, Stanford, Cal.94305 and A.R.REDDY, 
Michigan State University, East Lansing, MI. 48824, Rational approx
imation on certain unbounded domains of the complex plane. 

CD k f(z) :0 akz a 0 > o, ak L 0 (k2,1) be an entire function. 
k=O 

~O,n $0,n (1/f) inf l\f~z)- P(~)\\L"'(G) where 1fn denote the 
PE7rn 

class of all complex polynomials in the variable z having degree at most n , 

G denotes a (suitably defined) certain unbounded domain in the complex plane. 

We obtained in this note upper and lower bounds for $O,n , for some class of 

entire functions of order less than 2 . (Received November 1, 1974.) 

*720-41-6 T. J. RIVLIN, T. J. Watson Research Center, IBM Corp., Box 218 Yorktown Heights, 
New York, NY 10598 and E. W. CHENEY, University of Texas at Austin, Austin, Texas 
78712. On Some Polynomial Approximation Operators. 

A linear projection operator introduced by de La Vallee Poussin produces the polynomial of 

degree n-1 which best approximates a given function on a discrete set of n+l points ("nodes"). 

If the nodes are taken to be the extrema of the nth Tchebycheff polynomial, then the operator 

norms grow like (2/rr)log n, and it is conjectured that this is the minimal order of growth for 

such operators. The paper also discusses the norm of this operator for other choices of nodes, 

and establishes a theorem to the effect that the projection constant en of the nth-order 

polynomial subspace in C[-1,1] is strictly less than the projection constant pn of the nth 

order trigonometric polynomials in c2rr' The best current estimate of c is l(p -1) ~ en < pn . n 2 n 

(Received November 1, 1974.) 
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720-41-7 W. H. LING, Union College, Schenectady, N. Y. 12308, H. W. 
MCLAUGHLIN and M. L. SMITH, Rensselaer Polytechnic Institute, Troy, 
N. Y. 12181, Approximation of Random Functions, Preliminary Report. 

Let f 1 (x) and f 2 (x) be real valued functions defined on [0,1] and occur 

with probability w1 and w2 respectively, where w1 + w2 = l. We seek an 

approximating polynomial p with degree at most n which will minimize the 

expected value of the error, that is, will minimize llw1 (f1 -p) ll+llw 2 (f 2 -p) II, 
where the norm is the supremum norm. Such a polynomial will be called a best 

approximation. We show that every best approximation has an alternating 

property under certain smoothness conditions. Characterization of the set of 

best approximations and an algorithm for computing a best approximation are 

presented. Generalizations for more than two functions and for other 

approximating families are studied. (Received November 4, 1974.) 

*720-41-8 C.K. CHUI, E.R. ROZEMA, P.W. SMITH and J. D. WARD, Dept. of Mathematics, Texas 
A&M University, College Station, Texas, Simultaneous Spline Approximation and 
Interpolation Preserving Norm. 

Let ~k' k ~ 2, be the space of all splines of order k and continuity class 

Ck-Z[a,b] with a finite number of knots in [a,b]. Given any function f in C[a,b], 

along with interpolation points {ti}, i 1, · • • ,n, and £ > 0. We prove that there 

exists a spline S£ 7k such that s(t.) 
]. 

f(ti), i = 1, • • • ,n, II f-s II < £, and 

II s II = II f II· (Received November 4, 1974.) 

720-41-9 C. K. CHUI, P. W. SMITH, and J. D. WARD, Departwent of Mathematics, Texas A&M 
University, College Station, Texas, Limits of H ,p_splines as p + 1. 

The weak-star cluster points of Hk,p_splines asp+ 1 are partially characterized. In 

particular, they are solutions of a natural minimization problem in the space of functions 

whose kth derivatives are regular Borel measures. Furthermore, if s is such a cluster point 

then s(k) = ~ + v where~ is purely atomic and v is piecewise an exponential of a polynomial 

spline. (Received November 4, 1974.) 

*720-41-10 

Let s 
p 

C. K. CHUi, P. W. SMITH, & J. D. WARD, Department of Mathematics, Texas A&li 
University, College Station, Texas, Favards Solution is the Limit of Hk,p Splines. 

satisfy for all f E Hk,p (I) such that 

f(t.) = s (t.) ]. p ]. 
for i l, ... ,n and Then s + s 

p 
as p -+ co, 

where s is the Favard solution satisfying I ls(k) I loo ~I lf(k)l loo for all f E Hk,oo 

such that 

*720-41-11 

f(ti) = s(ti) = yi. (Received November 4, 1974.) 

DAVID W. KAMMLER, Southern Illinois University, Carbondale, Illinois 
62901. Cnebychev a}!proximation of completely monotonic functions 
.Q.y sums of exponentials. 

A )]Y(t) 
n 

~ 0 for some choice of 

A1 , ... ,An E R\, n=l,2, ... , (wDere D=d/dt is the differential operator) and let 
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bE (o,co]. A function P E C[O,b] is completely monotonic on [o,co] (i.e., 

(-D)r F(t) 2 0 fort> 0, r = 0,1 •••• ) if and only if for each n=l,2,,,, there 

exists a best uniform approximation, I 0 , to f on [O,b] from V having the form 
n 

Yn(t) =- a 111 exp(-/,111 t)+ ... + annexp(-Annt) with 0 .S: Anl < .. , <Ann and ani.?_ 0 

for i_c,_l. ••• , n. lf P is completely monotonic on [o,co] with F(co) = 0 if b =co, 

and if F ¢ Vn, t~wn the best approximation In is unique, the error F-Yn 

alternutes r•xactly 2n times on [O,b] with F(O)- In(O) = IIF- Yn/1' and the 

f>Xpont!r~ts j_ni >:.ncl partial sums A11 i = a 111+ .•• +_ani for I 11 strictly interlace 

t .. os(-' !'or Y11 + 1 • (Received November 5, 1974.) 

R. D. LARSEN and W. R. MADYCH, Texas.A&M University, College Station, Texas, 
77843, Walsh-Like Expansions and Hadamard Matrices. Preliminary report. 

We develop general methods for generating complete orthonormal systems of 

Walsh-like functions from certain permuted Kronecker products of Hadamard matrices. 

(Received November 6, 1974.) 

720-41-l:l URI FfXMAN, Queens University, Kingston, Ontario, Canada and LEE A, RUBEL, 
Unh·ersity of Illinois, Vrbana, Illinois 61801, Uniform approximation by rational functions 
and their derivati\·es, Preliminary report. 

A subset E of the complex plane is called a D-set if for every sequence {fn}:1 of rational 

functionH holomorphic on E which conYergos uniformly to 0 on E, such that the derivatives [f~} 

converge uniform!~· on E to a finite function g. one must have g = 0 identically on E. It is easy to 

soc that a totally disconnected set is not a D-set. It is proved here that a rectifiable curve is a D-set. 

An example of E. Bishop provides a continuous (but nowhere rectifiable) arc that is not a D-set. It is 

asked whether the dosed D-sets are just the closures of unions of rectifiable arcs. A pseudometric ;', 

is defined, by means of (-chains, on any closed set E ;;; t::. such that x is joined to y by a rectifiable 

arc J '· E iff ~(x,y) -- m, In particular, two points lying on a rectifiable curve lie on a rectifiable arc 

contained in that curve. (Received November 6, 1974.) 

*720-41-14 B. GOPINATH and R. P. KURSHAN, Bell Laboratories, Murray Hill, New Jersey 07974. 

Extremal polynomials in bounded 'f-systems. 

For the classical 'f-system ui (t) = ti, i =- 0,1 .•• ,, n, on [a, b] a theorem of Karlin and Shapley 

[Mem, Amer. Math. Soc, No. 12(1953)] states that every nonnegath·e polynomial admits a unique 

representation as a sum of two nonnegative polynomials having n zeroes counting multiplicities. In 

Karlin and Studden ["'fchebycheff systems; with applications in analysis and statistics", Pure and Appl. 

Math., vol, 15, Interscience, New York, 1966] an analog of the result for continuous 'f-systems on [a, b] 

is proved. We extend the relevant results, in particular Theorem 10.2, Chapter II of the second reference 

to bounded T-systems on bounded subsets of the real line. (Received November 6, 1974.) 

720-41-15 STEPHEN ROD!, Mary Baldwin College, Staunton, Virginia 24401. Stone- Weier
strass Properties in Some Commutative Banach Algebras. Prelimnary Report. 

The paper establishes sufficient conditions (namely, X and Y both totally disconnected) 

a 
which assure that every point-separating, self-adjoint, non-vanishing subalgebra of V (X, Y) 
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= C 0 (X) ®a C 0 (Y) is dense whenever a= ap, q• the Lapreste' norm. For 4/3< p ~ 2, a 

counter-example is given to show that not every closed subalgebra of Va(Z, Z), a = ap, P' is 

determined by its constancy sets. The same is true for the closed subalgebras of the 

companion spaces 'l.fa(Z). These latter examples answer in part a question posed by 

Kahane regarding the closed subalgebras of the intermediate algebras in a chain of algebras 

whose smallest member is A(Z) and whose largest member is C 0 (Z). 

(Received November 6, 1974.)(Author introduced by John E. Gilbert.) 

720-41-16 FRITZ JOHN, Courant Institute of Mathematical Sciences, New York University, New York, 

New York 10012. A priori estimates, geometric effects, and asymptotic behavior. 

• Physical processes are often described by solutions u(x) = u(x1 , •.• , xn) of a system (S) of partial 

differential equations. Ordinarily, the solutions are well behaved and do not display any striking 

qualitative features. Such features usually only appear in extreme situations, brought about by some 

degeneracy in the differential equations or in the domain of the solutions. Certain terms in (S) then 

become negligible, while the remaining ones, sometimes combined with boundary conditions, lead to a new 

asymptotic system (S') of differential equations. For a rigorous derivation of (81), one has to decide on 

the orders of magnitude of the various derivaties of u occuring in (S). Here, it is useful to introduce 

the notion of wave length L of a function u(x) with domain R as a measure for the distance required 

for u to change by an appreciable percentage. We define the wave length at a point x of R as the 

largest L such that (1) Ink u(x)l ,;; (1/L) supR lui fork= 1, ••• , n; (Dk = o/o~). The larger L, the smoother the 

function u. Fundamental for many asymptotic results is the fact that for solutions u of an elliptic system 

there exist predictable lower bounds for the wave lengths of solutions u of the form (2) L:;:,; .Xd(x)/(J.I+d(x)); 

here A and JJ. are certain characteristic lengths associated with system (S) (found by dimensional 

analysis in the simplest cases), while d(x) denotes the distance of the point x from the boundary B of 

R. For significant applications, a further observation is needed. If on a portion B• of B homogeneous 

boundary conditions (of a type implying suitable coerciveness properties) are satisfied, we can largely 

ignore the location of x relative to B' and replace d(x) in (3) by the distance of x from the remaining 

portion B" = B- B' of the boundary, As a typical example, such estimates for L can be applied to the 

equations of equilibrium for a thin elastic plate of thickness h, loaded only at the edge. There they lead 

to "interior" equations, valid asymptotically at points whose distance from the edge is large compared to 

h. No boundary conditions at the edge need to specified, as long as we are given an upper bound for 

supR luI. While boundary layers forming near the edge might possibly depend on the precise nature of the 

edge conditions, such boundary effects are largely filtered out in the interior. The effects of constraint 

that have the form of a priori inequalities are of importance in other contexts. Their use is widespread 

in controlling the size of errors in numerical solutions of problems, especially of ill-posed problems, 

Proceeding in a different direction, we observe that for a fixed solution u of an elliptic system (S) in a 

fixed domain R, the estimate (2) implies that (3) lnku(x)l § M/d(x), k = 1, ••. ,n; x E R, 

with a fixed M. Generally, the converse does not hold, that is, the u satisfying (3) need not be bounded. 

However, (3) always implies that u is of bounded mean oscillation, i.e,, there exist an N and, for each 

cube ')I in R, a constant cy such that lu - cyl < N in at least 2/3 (by measure) of the points of ')1. In 

some cases this yields a connection between solutions of partial differential equations with certain a 

priori bounds and functions of bounded mean oscillations. Other instances of such a connection occur in 

geometry. (Received November 11, 1974.) 
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42 Fourier Analysis 

*720-42-1 CRULL PARK, MIAMI UNIVERSITY, OXFORD, OHIO 
An Extension of Parseval's Eguation 

a. 
Let {a.k(x)}1 be any real complete orthonormal system on [a,b]. Then 

Parseval's equation asserts that L~=lfabj(ab f(x)g(y)a.k(x)a.k(y)dxdy =j(abf(x)g(x)dx holds 

for any square integrable functions f and g on [a,b]. This paper gives conditions on 

k(x,y) under which L~=ljabjabk(x,y)a.k(x)a.k(y)dxdy =J(abk(x,x)dx holds. Also shown is that 

for a large class of complete orthonormal systems {vk(x)}1~ on [a,b] the identity 

00 JbJb (X jb(b r.k=l a a k(x,y)vk(x)Ja vk(u)dudxdy = (1/2) a Ja k(x,y)dxdy holds. The result and others 

are used to introduce a certain type of stochastic integral as an application. 

{Received October 15, 1974.) 

*720-42-2 HAROLD E. BENZINGER, Department of Mathematics, University of 
Illinois, Urbana, IL 61801. Biorthogonal Systems Equivalent 
To Fourier Series 

Using the interpolation theorems of Marcinkiewicz and Riesz-Thorin, 

we prove that the system fuk}, k = o, ±1, ••. of root functions of an 

arbitrary order Birkhoff regular boundary value problem on the interval 

[0,1], is a basis for LP(O,l), 1 < p < oo, which is equivalent to the 

Fourier system ~k(x) exp(2k~ix), that is, there exists a bounded inver

tible linear operator A : LP(o,l) -> LP(O,l) such that AC!1t = Uk. 

{Received October 21, 1974.) 

*720-4?.-3 DANIEL WATERMAN, Syracuse University, Syracuse, New York 13210. On the 

summability of Fourier series of functions of A-bounded variation. 

For f in ABV with A = (niHl} I it is shown that the 

Fourier series of f I S[f] 1 is everywhere (C 1 ~) bounded, 

-1 ~ p < 0 , and everywhere (C,a} summable for a > ~ . If 

f is continuous in [n1H 1 J-variation 1 -1 < 13 < 0 1 S [f] is 

everywhere (CI ~·) summable. These results hold uniformly on 

each closed interval of continuity of f • If ABV ~ (n~+l)BV 

properly, there is a continuous function f in ABV such that 

S[f] is not (C~S) bounded at some point. A lemma on the 

continuity of the A-variation and a surnrnability test similar 

to the Lebesgue convergence test are the principal tools. A 

new proof is indicated for the fact that functions of harmonic 

bounded variation satisfy the Lebesgue test. {Received October 31, 1974.) 
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*720-42-4 WILLIAM CONNETT AND ALAN SCHWARTZ, University of Missouri-St. Louis, 
St ~ Louis"'Missouri 6~121. T~e Theoqr of Til tra spherical Mnl ti pliers 
anu The luea of Local Stabl lty. 

The complex method of interpolation of Calderon is adapted so 

that it can be used for non-reflexive Banach spaces. In particular, it is 

shown that various families of multipliers for the ultraspherical polynomials 

can be interpolated, and although the seale of spaces is not stable, it is 

locally stable, and that is sufficient to prove that every space in the scale 

of spaces is a space of multipliers. This method has applications to other 

orthogonal families. For example if .£q are the Bessel pot8ntial spaces on R a 

and ~k(x) = ~(x-k) is a cut off function, then define Bi = (f l sup 
k 

C < =} for i = 0,1. Then [B0 , B1 ]s ,f Bs' but Bs is a space of multipliers if 

B0 , B1 are. (Received October 31, 1974.) 

720-42-5 ELAINE COHEN, University of Utah, Salt Lake City, Utah 84112. On the degree of 
approximation by partial sums of Fourier series in certain Orlicz space norms, 
Preliminary report. 

Let w,o/ beN-functions, Vw the set of functions of w-bounded variation 

and for ~~0, f(~) the Weyl fractional derivative of order ~. Suppose f(~) E Vw , we prove a 

generalization of a result of Salem [ Essais sur les series trignometriques, Actualite, Sci. 

Ind., #862] and B.I. Golubov[Math. USSR Izv. 2(1968),pp 803-5]. Theorem: If Ew*(l/k)<oo where· 

w* is the Young's complement to w,ftf-Sn(f)IIC =o(n-~) iff(~) is continuous and llf-Sn(f)IILoo 

=u{n-~) + O(n-~ll/~)11~), if/~) is not continuous. We also generalize another result of 

Golubov [Ibid., p. 802]. Under the assumption that o/ is 6', and other restrictions on o/, 

Theorem: If f (~) is continuous, II f-S (f) II = O( \ ) • Otherwise, II f-S (f) II 
n o/ n ~o/- (n) n o/ 

0 
i 

0 ( ~ -~ ) + ---:---71------
n o/ (n) n~o/-1 (n)o/-l(l/(kEo/( oj))) 

, where f(~) is discontinuous as xi and 

f(~)(x.+) f{~)(x -). (Received November 1, 1974.) 
1 i 

*720-42-6 TIMOTHY SIMPSON and ROBERT B. KELMAN, Colorado State University, Ft. Collins 80523 
Existence, Uniqueness and an Algorithmic Solution for a Dual Cosine Series. 
Preliminary report. 

An algorithm (roughly speaking, a precisely-defined finite set of rules involving only 

a finite number of elementary arithmetic operations) is presented for the solution of 

the dual cosine series 

~ a0 cos~+ L:=l an cos{~)x 

~ a a0 cos~ + L:=l an n(n+l)/(2n+l) cos(n~)x 

f(x) 

g(x) 

(O<x<c) 

(c<x<11) 

In support of the algorithm, computational results are presented, and an existence 

proof is described. Approaches to the problem of uniqueness are discussed. 

(Received November 4, 1974.) 
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*720-42-7 COLIN BENNETT, California Institute of Technology, Pasadena, California 91125. 
Extensions of the Hausdorff-Young theorem. 

variants of Peetre's J- and K-interpolation methods are used to 

characterize the rearrangement-invariant (r.i.) spaces that are weak-interpolation spaces 

between LP and Lq ( 1 :=: p < q :=: oo ). Application to the Fourier transform leads to a gen

eralized Hausdorff-Young theorem for r.i. spaces. This result contains as special cases 

previous extensions of the Hausdorff-Young theorem due to Hardy-Littlewood, Zygmund, 

Calderon and the author (Pacific J. Math. 47(1973), 311-328). (Received November 4, 1974.) 

*720-lf2-8 J.W. GARRETT and C,V, STANOJEVIC, University of Missouri-Rolla, Rolla, Missouri 

65401. On Integrability and 11 Convergence .£f. Certain ~ Sums. 

The cosine sums in [C.S, REES and c.v. STANOJEVIC, Necessary and Sufficient Conditions 

for Integrability of Certain Cosine Sums, J. Math. Anal. Appl. 43 (1973), 579-586] motivated 

the following. Theorem 1. 

sequence of real numbers satisfying the following properties: 

(2) lim ~n 
n·+oo n-1 

= 0; (3) lim (~n-~n) < oo; (4) for 0 < __ k -~ n - 2, 
n-+co 0 1 

(5) for 

n ~ 2, ~~~~Jk=n-2 ~ 0. Then (i) g(x) = lim g (x) exists 
n-7«> n 

for x E (O,TI]; and (ii) g E L1 [0,TI] 

if and only if lim [~n0-n(~n 1-~n)] n-+co n- n 
"" < "'• Theorem 2. Let g(x) = ~a0 + Z akcos kx where 

k=l 
"' 2 lim a = 0 and E (k+l)lt akl < "'· n.-, n k=l 

n n n 
Let gn{x) = \E ~ak + E Z ~a.cos kx. Then gn converges 

=0 k=l j~k J 

to g in L 1-norm. (Received November 5, 1974.) 

720-42-9 A.P. CALDtiliOllf, Ma!:lsac.:husetts Institute of Technology, Cambridge, Mass. 
02139 and A. TORCHINSKY, Cornell University~ Ithaca, N.Y. 14850. Inter
polation between HP spaces, the complex methoa. Preliminary Report.---

Let F(x,t) = (f*rot)(x), where f is a tempered distribution in Rn and rot is an 

approximate identity of the form cpt(x) = (det At)-1cp(A~1x), cp in Jro(x)dx;io. 

We say that f E HP if supt)oiF(x,t)l E LP, 0 ( p ~ oo, and f E HP if 

JJ!F(y,t)lty(l/p-l)dy ~( oo, where y =trace infinitesimal generator of At 

and 0 ( p ( 1. We discuss the interpolation properties, via the complex 

method, of the spaces Hp and HP and give applications to the problems of 

fractional integration and differentiation. Fefferman, Riviere and Sae;her 

have obtained results in this direction for the spaces Hp using the real 

method of Lions-Petree and approximate identies cpt(x) = t-ncp(x/t), y = n. 

(Received November 5, 1974.) 

*720-42-10 MISRA ZAFRAN, Stanford University, Stanford, Ca. 94305. Measures as 
convolution operators on H1 and Lip a . 

If \.1 is a finite regular Borel measure on the real line, let T\.1 denote the operator 

defined as convolution by \.I He study the spectral theory of the operators T\.1 on the 

spaces H1 and Lip a , 0 < a < 1 The analogue of the classical Wiener-Pitt theorem for 

the algebra of measures is obtained in this context; specifically, we show that there exists 

a measure ]..1£ M0 (R) so that sp(T ,H1 ) "I Q(R) U {0} and sp(T ,Lip a) "I ~(R) U .fo} . Here 
\.I \.I 
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sp(T,X) denotes the spectrum of the operator T on the Banach space X The object of 

our study is an infinite Bernoulli convolution of the form ~ (l2 o0 + l 6 ) where 
k=l 2 tk 

the sequence is subject to certain arithmetic constraints. We prove our results by 

carefully analyzing the j-fold sum of the Cantor set 0 or l} j = l ,2, ... 

Some applications of this theory are also given. (R~ceived November 5, 1974.) 

720-42-11 RICP~RD A. HUNT, Purdue University, West Lafayette, Indiana 47907. Interpolation 

of operators and a.e. convergence of Fourier series, Preliminary report. 

Interpolation of restricted weak type inequalities for the maximal function Mf = supls fl 
n 

can be used to obtain a.e. convergence of Fourier series. Endpoint results are obtained 

by extrapolation of the Lp estimates. Estimates of f, the conjugate function of f, 

play an important role in the basic results. If one could show that I If I loo ~ 1 implies 

m{ltl > 1} ~ C J exp{-C/If(x)l}dx, a duality argument could be used to prove that 

lacunary subsequences of the partial sum of the Fourier series of f converge a.e. for 

f e L log log L. This would be a best possible result. Some partial results are known. 

(Received November 6, 1974.) 

*720-42-12 LAWRENCE GLUCK, DePaul University, Chicago, Illinois 60624. On p-weights for even 

functions. 

Necessary and sufficient conditions on a weight w are g~yen for the Hilbert transform restricted 

to even functions to be continuous on the weighted .eP space, .eP((O,oo);w). (Received November 6, 1974.) 

*720-42-13 Charles Fefferman, Nestor M. Rivi'Sre and Y. Sagher. University of Chjcago, 
UniversipY of Minnesota and Weizmann Institute of Sciences. Interpolation be
tween H spaces, 0 < p < oo • 

Using the characterization of Hp spaces due to Fefferman and Stein and a decomposition of 

Calderon-Zygmund type we show that (HPo,qo HPl, q1) = Hp,q where 
' 8, q 

l 
p 

1-8 8 A 1 0 < < -p+ ,o< .. < ' q_"'• 
0 pl 

(Received November 6, 1974.) 

43 Abstract Harmonic Analysis 

*720-43-1 JOHN J.F. FOURNIER, l'niversity of 
British Columbia, Vancouver, Canada V6T 1:-15 
Convolution operators of weak type 

Let G be an infinite, locally compact, group, and let 1 < p < 2 . It is 

shown that there exists a convolution operator on S that is of "eak type (p,p) but is not of 

strong type (p,p). This generalizes previous results of the author (these Notices 21(1974), 

74 T-Bll5), and '!. Zafran (these ;'Jot ices 20 ( 19 73), 7 3T-B261) . The counterexaMple is the suM of 

a series of ~udin-Shapiro measures. The key tool in proving that the operator is of wenk type 

(p,p) is Zafran's multilinear interpolation theorem for the real method. 

(Received October 21, 1974.) 
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*720-43-2 FREDERICK W. KEENE, University of Miami, Coral Gables, Florida 33124. A Plancherel 

theorem for AN. 

Let G = KAN be the Iwasawa decomposition of a semisimple Lie group. The nilpotent subg-roup N 

has L2 -representations iff the reduced restricted root system is of type A1 or A2• By combining 

the Mackey machinery for induced representations and the Kirillovtheory, we prove Theorem. Let G = 

KAN so that G/K has symmetric space rank 1. Let Z be the center of N so that Z = lRk is a 

manifold. Then, for y r= c:;o (NA), Y(lNA) = J k-1 trace TT>.. (Dy) dcr (A.) where sk-1 is the unit sphere in 

k-1 s A k 
Z. da(A) is Lebesgue measure on S • fT>.. F (NA) parametrized by >.. and Dis an operator on c:;o(lR ) 

~ ~ 

given by D =' i(t)2 /2TT if Z = N, and D = (i/2fT)q(L'I)2 q if Z -1 N, where q = ~(n + 2k), where n = dim(N/Z) 

and L:. is the Laplace operator on c:;o (Rk\. (Received October 29, 1974.) 

*720-43-3 HARVEY A, SMITH, Oakland University, Rochester, Michigan, 48063. 

Characteristic Principal Bundles. 

Characteristic principal bundles are the duals of commutative twisted group algebras. A 

principal bundle with locally compact second countable (Abelian) group and base space is 

characteristic iff it supports a continuous eigenfunction for almost every character measur-

ably in the characters, also iff it is the quotient by Z of a principal E- bundle for every E in 

Fxt (G, Z) ancl a measurability condition holds, Although characteristic G-bundles need not 

be• locally trivial, the class of characteristic G-bundles is a homotopy invariant of the base 

spacC', The isomorphism classes of commutative twisted Q;roup algebras over G with values 

in a given commutative c'~-algebra A are classified by the extensions of G by the intE'g;er 

first Cech cohomology group of the maximal ideal space of A. (Received October 29, 1974.) 

*720-43-4 ROGER A, HORN, The Johns Hopkins University, Baltimore, Md. 21218. guadratic 
Forms in Harmonic Analysis and the Bochner-Eberlein Theorem. 

Let cp and f be complex valued functions on a locally compact Abelian group G, and suppose that 

cp and f are continuous at the identity element of G. consider the inequality 

(*) ~ tp(x. - x.) c.c. ~ I ~ f(x. + x.) c.c. I where the sum is over all finite choices of 
~ J ~J ~ J ~J 

group elements xi and complex numbers ci. Then: (1) (*) is satisfied if and only if tp is a 

positive definite function (i.e.,cp ( P(G)) and f is a Fourier transform of a bounded regular 

complex measure on the dual group G (i.e., f ( B(G)); (2) if cp ( P(G) then (*) is satisfied 

with f = tp; (3) if (*) is satisfied then the measure of which f is the Fourier transform has 

certain properties of the positive measure of which cp is the Fourier transform, e.g., having 

compact support or being an r,p function; (4) the relation (*) is closed under convex 

combinations and products;(5) tp and fare bounded and continuous. These results are 

alternatives to well-known characterizations of Bochner, Eberlein, Weil, and Ryan. 

(Received October 31, 1974.) 
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*720-43-5 CHARLES P. DOWNEY, University of Nebraska at Omaha, Omaha, Nebraska 
68101. Reisz Transforms for Vector Spaces over a Local Field. 

Reisz transforms Rj, 1-=Sj:Sd, are defined on Lp(Kd), l<p4X>, as singular 

ntegral operators with kernals wj, wj(x) = w(xj), xj ~ O, and wj(x) = ~ 
f xj = 0, where x = (x 1 , ••• ,xd) and w is a homogenous degree zero multl-

?licative character of K*. These transforms are shown to satisfy a class-

ification theorem analogous to that satisfied by the Hilbert transform over 

the local field K. (Received November 1, 1974.) 

720-43-6 GUUAR E. LIEPIIm, Texas Tech University, Lubbock, Texas 79409 

A Paley-Hiener Theoren, Prelininary report, 

A generalized Paley-Wiener theoreM is proved in the settin~ of locally compact abelian 

p;roups, Let G be a l.c,a. p.:roup, f its character p.:roup 1 f' the space of il'laP.:eS of the 

one-parameter subgroups of r, and U ~ r• an open set. A function F is analytic on 

u x r if 

i) 

is continuous for all (x1 ,y1 ) E f 1 X f' and (x 1y) E U X f 1 and 

ii) (u+iv)F( )(x,y) 
xl,yl 

The notion of analyticity is further p:eneralized for L2 functions and au r:<' 
Paley-Wiener theoren is proved, This proves affirmatively a con,1ecture of Mackey 

["The Laplace TransforM for Locally Compact Abelian Groups", Proc. Hat. Acad, Sci. 

U.S.A., 34(1948), 156-162j. (Received November 1, 1974.) 

*720-43-7 J. Edward Kerlin, University of Kentucky, Lexington, Kentucky 40506 
Generalized multipliers of soaces on locally groups II, Preliminary report. 

If G, H and K are locally compact groups, 8 : K 4 G and 1/1 : K 4 H are continuous homomorphisms, and X(G) and 

Y(H) are left translation invariant normed linear spaces of functions or measures on G and H, respectively, then a (8, 1/1)

multiplier T: X( G) 4 Y(H) is bounded linear map such that Ll/l(z) o T =To L8 (z) for all z E K. The basic properties 

and results of (8 ,1/1)-multipliers are introduced in an earlier paper by this author [Bull. A.M.S. 79 (1973), ~223-27]. By 

an extension of the results of Bachelis and Gilbert on compact multipliers, we have Theorem 1. If G and Hare compact 

and ifX(G) and Y(H) are left homogeneous Banach spaces such that either both are rejlexil'e or one is reflexive and the 

other contains the cuntinuous functions and has its dual identifiable with a subspace of bntmrh•d measures. then the dual 

of the compact (6 ,1/1)- multipliersofX(G) into Y(H) is X(G) o\1(K)Y(H) and the double dualisall the (8 ,1/1)

mu/tipliers. Theorem 2. X(G) <F!KY(H) and X(G) ®L 1 (K) Y(H) *are identifiable concretely with function spaces on 

G ®KH. The next theorem is the strongest result known in the event G and H are possibly non-compact. Theorem 3. If 

{(8(z), 1/l(z)) J z E K} is pre compactinG X H (e.g., if K is compact), then LP(G) ®KL q(H) is identij)able concretely for 

1 .;;;; p, q < oo with the jimction space .4-~(G ®KH). Corollary. HomK(LP(G), L q'(H) =~~ (G ®KH) *. Corollary. The 

space of bounded linear maps of LP(G) into L q(G) commuting with left translation by elements of a compact subgroup 

K is identifiable concretely as the dual of a function space on (G X G)/ diag K X K. (Received November 4, 1974.) 
(Author introduced by Professor A. Lambert.) 
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720-43-8 ALAN ARMSTRONG, Kansas State University, Manhattan, Kansas 66506. Multipliers or 

compact groups with unconditionally converging Fourier series. Preliminary repor 

Let G be a compact group with dual object r. Let M~(r) denote the 

multipliers of type (p,q) and m~(r) the compact multipliers of type (p,q). A set E ~r is 

said to be local AP if there exists an M < oo such that I jTr(AUa(x))l lp s Mj jTr(AUa(x))j lr 

for all a EE and some r<p. It is shown that for l~ps2 and l~qs2 then an element ~E m~(r) and 

having an unconditionally converging Fourier series is equivalent to ~ E m~(r) if the support 

of .p is local A2. If also p ~ q, then the derived algebra of m~(r) is M~(r) n m~(r) if r 

is local A2. It follows that if 1 ~ p ~ q ~2 then the derived algebra of M~(r) is the 

double dual of (p,q) multipliers with unconditionally converging Fouri~r series if r is local 

A2. Similar results are obtained when 1 ~ p < oo and q > 2. This generalizes results of 

Bachelis and Pigno(Can. J. Math. 24(1972), 477-484.) (Received November 4, 197Lf,) 

\.;LLJ.lA:-1 II. B.\RKER, Dartmouth College, Hanover, New Hampshire 03755 • 

. :!:!~J.>J:herical lloclmer Theorem on Semi-Simple Lie Groups. 

Let (; he a connected semi-simple Lie !!,roup l~ith finite center and K a maximal compact 

subgroup. Denote ( i) llnrish-Chandra' s Schwartz spaces by cP {G) (O<p.::_2), (ii) the K-biinvari

ant elements in cl'(G) by rP(G), (ii.i) the positive definite (zonal) spherical functions by P, 

and (iv) the spherical transform on cP(r;) by ¢ + ·~. For T a positive definite distribution 

on G it is established that (i) T extends uniquely onto c1 (G), (H) there exists a unique 

measure u of polynomial gr01·1th on P such that T[w] = f p·~du for all ·;> £ r 1(G), (iii) a.ll 

measures u of polynomial grm~th on P are obtained this way, and (iv) T mav be extended to a 

particular rP(G) space (l_:-y::_2) if and onlv if the support of u lies in a certain easily 

defined subset of P. These results generalize a l~el.l known theorem of c;orlement, and the 

proofs rely heavily on the recent harmonic analysis results of Trombi and \'araclarajan. 

(Received November 4, 1971+,) 

720-lG-10 JIA-ARNG CHAO, IJnjversity of Texas, Austin, Texas "7871.2. A._.£1Iaracteri.:<atj.cn 

of Hp -spaces on a local fie].E_, Preliminary report, 

Let K be a local field. For any positive p, Hp(K) is the space of 

all distributions on K whose maximal functions are in Lp (K). It is shov.·n 

that for 0 < p < oo, a di strihut i.on is in Hp if and only if its Lusln area 

function is in LP. An immediate consequence is that nice singular integral 

transforms preserve uP for 0 '· p < ~·. (Received November 4, 1974.) 

720-43-11 DANIEL M. OBERLIN. Florida State Fniversity. Tallahassee. Florida 32:lOG. Multipliers 

of closed ideals of LP(D00), Preliminary report. 

Let G be a compact abelian group with character group X. For a subset E of X. let M~ be 

the set of complex-valued functions on E which multiply ~G) into itself. and let MP = M~. Let G 

be the Cantor group D00 o' Z(2)N. Theorem 1. There exists E :; X such that for 1 , p :52. there is a 

multiplier of ~ into £i which is not in MPjE, Theorem 2, For p ~ 4. 6, 8, •... MPJE is a proper 
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subset of M~. Now let G = Z(n)N, for some n = 3,4, .••• Theorem 3, With G and n as above, 

there exist E ~::;X and mE' Mi(n-l) such that m F M~ for only a finite number of p F(2,2(n-l)). Thus 

m is in no space MPJE for p lc 2. (Received November 6, 1974,) 

*720-43-12 P. R. MASANI, University of Pittsburgh, Dept. of Math., Pittsburgh, Pa. 15260 
Generalizations of P. Levy's inversion formula. 

Let r, r be dual l.c.a. groups with Haar measures m, ~on the a-algebras f:;, G generated 

by their topologies. Let \.1 be a bounded complex-valued c. a. measure on ')) and cf> be its Fourier

Stieltj es (FS) transform on r. Write nB (ct) = j B ct (t) m(dt), if aS & \fB £ f':, "J m(B) < ""· 

Thm. 1. Let r be first countable and (Vk)~ be a base 0f pre-compact open symmetric sets 

vk+l <;:: vk & () ~ vk = {0}. Then \j pre-compact D £ '6 ~ Ill! (n -... D) = 0, 

l.I{D) =lim m(;) fr nn+v (a) nv (a) cf>{a) ~(da). 
n....., n n n 

Thm. 2. Let R be a non-degenerate closed bounded interval in lRq, and 3R, a2R.,,,, aqR be 

the union of its q-1, q-2, ••. , 0 dimensional closed faces. Then 

lim J nR(ct) cf>{ct) m(dct), 

A....., [-A,A]q 

.,-h. 
1\ _,.. 

where m is (1/v'z;;:)q times q-dimensional Lebesgue measure. These and other similar theorems 

extend to Hilbert space-valued orthogonally scattered measures and for spectral (projection

valued) measures and their FS transforms. (Received November 6, 1974.) 

720-43-13 JOHN E. GILBERT, University of Texas, Austin, Texas 78712. T~~ 
p:r;oduct_s, _!.!l_terpol_l!!=.:i,9n theory ~!_n.Q. .. ~~nvolut:i.on operat9_rs. 

Using tensor product techniques involving factorization of linear 

operators through Lp-spaces we introduce pointwise Banach algebras Wpq(X,Y) of functions 

arising as bilinear forms on L1(X,l.l) x L1(Y,v). Connections with group representation 

theory and with both strong type {p,p) and weak type (p,p) convolution operators are 

established when G acts as a transformation group on X and Y (cf. Bull. Amer. Math. 

Soc. Sept. 1974). Together with interpolation space theory these techniques solve a number 

of problems in convolution operator theory and suggest new approaches for solving others. 

(Received November 6, 1974.) 

*720-45-1 

45 Integral Equations 

SUSAN r1ILTotl, Radford College, Radford, Virginia 24141 and CHRIS TSOKOS, 
University of South Florida, Tampa, Florida 33€20. On the Existence of 
~Random Solution of~ Nonlinear Perturbed Random Integral Equation 

In the past few years much attention has been focused on developing the theory and 

investigating the applications of those random integral equations which can be considered 

as probabilistic analogs of classical deterministic integral equations of the Hammerstein, 
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Volterra, and Fredholm type. The systematic study of the theoretical aspects of these 

equations is a relatively new endeavor which has developed rapidly in the last ten years 

using as a basis the techniques of probabilistic functional analysis. The object of this 

study is to develop conditions under which there exists a unique random solution of a 

nonlinear perturbed random integral equation of the form 

x(t;w) = h(t,x(t;w)) + J~ k0 (t,T;w)e(T,X(T ;w))dT, t > 0. 

(Received October 2, 1974.) 

*720-45-2 CHARLES GROETSCH, Univ. of Rhode Island, Kin~ston, R. I. 02881. On 
Existence Criteria and Approximation Procedures for Integral 
Equatton~ of the First Kind. ------ --

'J'lF:~''" resultc> are motivated by a paper of Diaz and Metcalf [Math. Comp. 24 

( l:Hn) ]. :;uppocv: that A is a compact, self adjoint, positive semidefinite 

"f.>c>:.·:J.tJJI' em a Y'<c?ill iLL lbert space. Lot {¢t} be a net of continuous functions on 

-1 
!-r),:J] o(A) ~-;u•:h th.•1t L\¢t(A)} is uniformly bounded and ¢t (lc)-->-lc for each non-

::•:r·o cc-L1'.'?nvalue i .. Lf Ax=y has a solution x then y . .LN(A) and ¢t(A)y-+-x-xN. A 

f',;r•rn:-illy \·ir•al-:<?r' ,~rmvet•se holds; if yl.N(A) and {¢t(A)y} has a weak limit 

f"•int- x t.lu"n 1\x=:i and ¢t (A)y+x. The results are easily extended to the case 

irt whic·h l\ i:-; rJnly compact. Special choices for {¢t} yield results for Fridman's 

it .. r•:J.t-i«n, !•':cJ.dr}~·--,v's lt•'ration, a Newton-type iteration and Tihonov's regulari-

(Received November 4, 1974.) 

.3'J\~N_;_,r:;y I . •.7l-i.03:3l':AN, University of hontana, l'ii ssoula, l':ontana 
~nbcl. ~esolvents of Volterra Integral Equations with Differ
entiable ~ernels. Preliminary Heport. 

~e consider the Volterra Integral ~quation 

x(t) = f(t;) -" .r6 a(t-sh(s)ds 

~nd define its resolve~t by 

:;->(t) = -a(t) + /~ a(t-sh·Cs)ds. 

In this paper -de ,c:;ive conciitions which isuarantee that the resolvent r(t) 

will be in L-'-[0, o:;) ·;~Len~ derivative of the kernel a(t) is 

integrable. (Received November 4, 1974.) 

*720-45-4 G. S. JORDAN, University of Tennessee, Knoxville, TN 37916 and ROBERT L. WHEELER, 
Iowa State University, Ames, IA 50010. As~mptotic behavior of unbounded 
solutions of linear Volterra integral and lntegroaitterentlar-equatlons. 

The asymptotic behavior as t + 00 uf solutions of the linear Volterra integral equation 

Jt 
O u(t-s)dA(s) = f(t) (0 ~ t < oo) is described when the Laplace-Stieltjes transform 

A "" (z) = has finitely many zeros in its closed half plane of convergence. 

The results extend a theorem of Pitt [Proc. London Math. Soc. (2) 47 (1942), 248-267] who 

considers the case of finitely many zeros in the open half plane of convergence. In addition, 
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some of the results of Miller [J. Differential Equations 15 (1974), 129-157] concerning the 

integrodifferential equation x'(t) = Ax(t) + J~ x(t-s)B(s)ds + f(t) , x(O) = x0 , are 

somewhat sharpened. (Received November 4, 1974.) 

*720-45-5 TERRY L. HERDMAN, Mathematics Department, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia 24061. Local Stability Properties for ~Non
Linear Volterra Integral Equation. 

We consider an n-dimensional non-linear Volterra integral equation (*) x(t) = f(t) 

+ Jt g(t,s,x(s))ds, t e[o,~). It is shown that whenever(*) possesses a unique solution, a 
0 

certain type of local stability holds for the set of solutions of a corresponding equation 

involving "nearby data". (Received November 6, 1974.) 

720-45-6 JOSEPH F. McGRATH, Dikewood Industries, Albuquerque, 87106. Invariant Imbedding 
Applied to a Class of Fredholm Integral Equations. Preliminary Report. 

An existence and uniqueness result is obtained for the integral equation <f>(z) g(z) + 

y i""K(j"?.-z'l) Hz') dz' for z2:o. The solution is shown to be approximated almost uniform-

ly on the finite interval y .$ z .S x. For appropriate functions K, the techniques of invariant 

imbedding are employed to write the solution of the finite interval problem in the form 

<t>(z,x,y) = j"" R(x-z, z-y, s) f(s)ds 
0 

1"' -a(s)(z-y) 
for any g of the form p,(z,x,y) = 

0 
f(s) e ds 

where R is the solution of a set of four initial value imbedding equations. (Received 

November 6, 1974.) 

*720-46-1 

46 Functional Analysis 

RONN CARPENTER, University of Houston, Houston,Texas Interplating bases in C[O,l] 
are not Bessel~an 

Many of the Schauder bases which have been constructed for C[O,l] consist of sequences 

(perhaps doubly subscripted) of piecewise linear functions satisfying the following condition. 

Corresponding to the basis [f. . ] 
~.J 

is a sequence of points [x .. ] 
~,] 

such that 

fi,j<~,l) = 0 for k< i and the matrix whose i,jth entry is fk . (x. . ) 
,J K,~ 

is non-

singular for all k. It is shown that a bounded basis of this type cannot be p-Besselian. 

(Received October 3, 1974.) 

*720-46-2 C. D. ALIPRANTIS, Occidental College, Los Angeles, CA 90041 and STD 
Research Corporation, Arcadia, CA 91006. On Nakano's Theorem and the 
completeness of locally solid Riesz spaces. 

A locally solid Riesz space (L, T) is said to have the Fatou property if T has a basis 

for zero consisting of solid and order closed sets. If (L, T) has the Fatou property and L 

is Dedekind complete then (L, T) is called locally order complete. Nakano's theorem states 

that: _li (L, T) is locally order complete then every order interval of Lis T-complete. We 

show that Nakano's theorem is equivalent to Fremlin' s theorem: .li (L, T) is a Hausdorff 

locally solid Riesz space with the Fatou property then L is order dense in its topological 

completion L. Using the above equivalence a new proof of the following result (due to D. 

H. Fremlin) is obtained: If (L, T) is Hausdorff with the Fatou property then its topological 

completion (L, '!')has also the Fatou property. 
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Finally, some characterizations of the topological completeness of locally solid Riesz 

spaces will be presented and a conjecture will be stated which if true will provide a nev 

proof of the Nakano theorem. (Received October 15, 1974.) 

*720-1.;.6-3 ROBERT M. YOUNG, Oberlin College, Oberlin, Ohio, 44074. 
on perturbing bases of complex exponentials in L2 (-~.~). 

I Hnt} 
A sequence of complex exponentials te is said to be a Riesz basis 

for L2 (-rr,rr) if each function in the space has a unique representation 
i.).t 

f = r. c n e n J with A r I c n I 2 ~ '' f II 2 ~ B f I c n I 2 
I 

is real and 1). - n I~ L < 1/4 (-co< n <oo), then 
n 

It is known 

J i).nt} . 
1. e J.S 

that if each ).n 

a Riesz basis. 

1 b . J int} The purpose of this note is to show that not only the orthonorma asJ.s ~e 

but any Riesz basis can be suitably perturbed. (Received September 20, 1974.) 

*720-46-4 JOHN DAVENPORT, Madison College, Harrisonburg, Virginia 22801. The strict dual 

of B* -algebras, Preliminary report. 

Let X be a B* -algebra and A C:: X be a closed two-sided ideal. Denote by SA the strict 

topology on X induced by the semi-norms (Aa)a£A and (pa)aEA' Define the strong topology on 

(X,SA)* to be the topology of uniform convergence on the SA-bounded subsets of (X,SA). Using 

the representation X*= {x,f:x£X,f£X*} for the dual spac~ of X and the existance of a 

bounded approximate identity on X, we have the followinf result. Theorem. If A is a closed 

two-sided ideal in the B* -algebra X, then (X,SA)* with the strong topology is isomorphic 

to A*. (Received October 18, 1974.) 

*720-46-5 G. A. EDGAR, Northweste~·n University, Evanston, Illinois 60201 
A NONCOMPACT CROQUET THEOREM 

The proof of the following representation theorem, which is analogous to Choquet's 

theorem, uses vector-valued martingales. Theorem: Let E be a Banach space with the 

Radon-Nikodym property, and let C be a closed, bounded, separable, convex subset of E. 

Then for every point x £ C, there is a probability measure ~ on the sigma-algebra of 

universally measurable subsets of C such that the barycenter of ~ (as a Bochner integral) 

is the point x and ~ is concentrated on the set of extreme points of C. 

(Received October 21, 1974.) 

HARRIS S. SHULTZ, California State University, Fullerton, California 92634, 

A New Algebra of Distributions on Rn, 

An algebra of distributions on Rn is introduced; it contains all the distributions having 

support in the positive cone {(tl'''',t0 ): ti !!'; 0, i=l,"",n} and all the functions which 

are locally inte~rable on R11 • For u = 2, the algebra consists of those distributions 

which are regular in the sets [(x,y) : ~ < x < o1 and ((x,y) : ~ < y < 01 for some 
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~ < 0, The multiplicative operation is convolution, defined so that there are no growth 

restrictions nor are there any restrictions on the supports. For those distributions having 

support in the positive cone, the g:i,ven definition of convolution is consistent with the 

standard one, (Received October 22, 1974.} 

*720-46-7 STUART P. LLOYD, Bell Laboratories, Murray Hill, New Jersey 07974. 
On the mean ergodic theorem of Sine. 

Robert Sine has shown that the ergodic averages (I+T+ ••• +Tn)/ 

(n+l) converge in the strong operator topology iff (x E I : Tx x} separates 

(~ € I* : T*~ = n. T :I ->I being a Banach space contraction with adjoint 

T* I* ->I* [Proc. Amer. Math. Soc. 24, 438-439.] We prove a generalization 

in which r(T) ~ 1 (spectral radius) replaces IITII ~ 1, and any bounded averaging 

sequence converging uniformly to invariance replaces the ergodic averages. 

Conditions for the existence of such sequences are discussed. 

(Received October 24, 1974.) 

720-46-8 W. L. BYNUM, College of William and Mary, Williamsburg, VA 23185. 
Weak parallelogram laws for Banach spaces. Preliminary report. 

Theorem 1. If 2 < p, if p - 1 < b, and if x and y are in ~ , then 
- - p 

IJx + YJI2 + b IJx- yjJ 2 ~ 2 IJxJI2 + 2 IJyf 
moreover, P - 1 is the smallest possible value of b. 

Bynum and Drew showed in Amer. Math. Monthly 79(1972), 1012-1015, that for 1 < p ~ 2, the 

inequality in Theorem 1 is,reversed. These two results motivate the following definitions: A 

Banach space V is an uoper weak parallelogram space (or an upper w.p. space) with constant b if 

b is a number such that the inequality of Theorem 1 holds for each x andy in V. A lower w.p. 

space with constant b is a space V for which there is a number b such that the inequality of 

Theorem 1 is reversed for each x and y in V. 

Theorem 2. If V is a lower w.p. space with constant b, then its dual V* is an upper w.p. 

space with constant (16/b) + 1. (Received October 29, 1974.) 

*720-46-9 JOHN ANNULIS, University of Arkansas at Monticello, Monticello, Arkansas 71655. 

Order Arguments on the Dimension of Vector Lattices. 

Theorem: If V is an infinite dimensional Dedekind complete space with 

unit, then there exists an infinite set of positive disjoint components. Corollary. Let V be 

a Dedekind sigma-complete space with unit then dim (V) ~c. The Corollary is false if we do 

not assume that V has a unit. The Corollary may be established by Banach space arguments, but 

here we only use order arguments. (Received October 29, 1974.) 
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*720-46-10 JOHN N. MCDONALD, University of Arizona, Tempe, AZ 85281 
Extreme Linear Operators on Hoo. 

Let H00 denote the algebra of bounded analytic functions on the unit disk D. 

Let B denote the unit ball of H00 • Let P = {T : T:H00+H00 , T linear, 

T(B) S B, and Tl 1}. Theorem. Suppose F,GEB and G is an extreme point 

of B. If there is a TEP such that TF = G, then there exists an extreme 

point s of P such that SF = G. Theorem. If F is inner and G is an 

extreme point of B with G(D)SF(D), then there is an extreme point S of 

P such that SF = G. (Received October 30, 1974.) 

*720-46-11 S.J. BERNAU AND H. ELTON LACEY. The University of Texas, Austin, Texas 78712, 
Complex Banach lattices with order continuous norm. 

Let X be a complex Banach space. In an earlier announcement (these Notices 74T-Bl86) 

the authors claimed a necessary and sufficient condition for X to admit the structure of 

of a complex Banach lattice with order continuous norm. In this talk we will prove the 

necessity part of our condition and show that in the case of L spaces (1 ~ p < oo) our p 

condition reduces to X is an i ~ space for every 'A> 1. (Received October 30, 1974.) p,/\ 

·*720-46-12 CHARLES TUCKER, University of Houston, Houston, Texas, 77004. Concerning 
a-homomorphisms of Riesz spaces. 

If L is a Riesz space (lattice ordered vector space), a Riesz homomorphism cp of L 

is an order preserving linear map which preserves the finite operations "v" and "A". 

Theorem Suppose L is a cr-co~ete Riesz space with the property that every Riesz homo-

morphism of L onto an Archimedean Riesz space preserves the order limits of sequences. Then 

every Riesz homomorphism of L into an Archimedean Riesz space preserves the order limits of 

sequences. Theorem Suppose L is the ath Baire class of functions on the interval [0,1], 

where a > 0. Then every Riesz homomorphism of L into an Archimedean Riesz space preserves 

the order limits of sequences (Received October 30, 1974.) 

*720-46-13 ~fARIJEAN SEELBACH, State University College at Brockport, Brockport, New York 
14420. A common fixed point theorem of the alternative type. Preliminary report. 

Let (E,T) denote a locally convex Hausdorff topological vector space whose topology is 
generated by a family P of continuous seminorms. Theorem: Let S be a compact subset 
of E. Let f,g : S ~ S be functions (not necessarily continuous) which satisfy 
(1) p[f(x) - g(y)] ~ 01 [p(x- f(x))] + 02[p(y- g(y))] + 03[p(x- y) ], and 

(2) p[g(y) - f(x)~ ~ 01 [p(y- g(y))] + 02 [p(x- f(x))] + 03[p(x- y)], for every x,y £ S, 

p E P, where 01 , 02, and 03 are real valued functions which are continuous at 0 and 

either 01 or 02 s-atisfies the condition 0i (r) < r if r > 0. Then either 

(i) for some p E P, where M (x) 
p 

(ii) f and g have a common fixed point in S. 
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(Received October 22, 1974.) 



'20-46-14 S.J. GUCCIONE and C.V. STANOJEVIC, University of Missouri-Rolla, Rolla, Missouri 

65401. Probabilistic Foundations of Quantum Theories ~ Rubin-Stone Spaces 

Let R and N denote generalized inner product spaces in the sense of Rubin-Stone (PAMS, 

>1.4,1953) and Nagumo (Jap.J.Math.,vol.l2,1936) respectively. Let (S,p) denote a probability 

?ace in the sense of Mielnik (Comm.Math.Phys.,vol.9,1968) and (S,p*) a probability space as 

edified by Stanojevic (TAMS,vol.l83,1973). The following results are established: Theorem 1: 

et R be a topological linear space with a Rubin-Stone functional q. Then (R,p) is a prob

bility space of dimension 2, where p(x,y) = q(x+y)/2[q(x)+q(y)],x,y f e, p(6,6) = 1. 

Let U be a bounded, absolutely convex 

Define p: U x U + [0,1] by p(x,y) = 
:heorem 2: Let R be a real T1-topological linear space. 

1eighborhood of "O" and q(x) its Minkowski functional. 

q2 (x+y)/2[q2(x)+q2(y)], x,y f 6, p(6,6) = 1. If (U,p) is a probability space of dimension 2, 

then R is a generalized inner product space in the sense of Rubin-Stone. Theorem 3: Let N be 

a generalized inner product space in the sense of Nagumo. Let f* = {fjfECR[O,oo), f ~ 0, 

f(O) = 0, f(l) = 1, f(x) = 0 <=> x = 0}. If p*(x,y) = f(jjx+yjj)/2[f(jjxjj) + f(jjyjj)], 

x,y f 6, p*(B,B) = 1, where f E F*, then (N,p*) is a probability space of dimension 2. The 

notion of a probability space arises in attempts to represent quantum states in a more general 

setting than Hilbert space. (Received October 30, 1974.) 

*720-46-15 KLAUS BICHTELER, The University of Texas at Austin, Austin, Texas 78712 

A special class of function metrics. Preliminary report. 

Let X be a set, R a vector lattice of functions closed under the operation f + f A 1, 

and G : [O,oo]X + [O,oo] an increasing countably subadditive function with G(rf) + 0 as r+O 

(f £ R). The G-mean closure t 1(R,G) is complete, and satisfies the monotone and dominated 

convergence theorems provided (*) G(fn) + 0 ·for disjoint order bounded sequences of R 

There is a notion of G-measurability satisfying all the usual properties, which enables one to 

identify the dual, multipliers etc. of L1 in terms of measurable functions. 

Applications: The topological vector lattices in which disjoint order bounded sequences 

converge have order continuous topology and are exactly the spaces L1(R,G) , which can be 

regarded as 'known'. Gauges G with(*) replace control measures for non-locally convex valued 

vector measures. They unify the theories of Lorentz spaces, Orlicz spaces, Koethe sequence 

spaces, and stochastic integrals. They appear naturally in weak type inequalities, martingale 

theory, and various interpolation schemes. (Received October 30, 1974.) 

*720-46-16 CHARLES E. CLEAVER, Georgia Institute of Technology, Atlanta, 
Georgia 30332 and Kent State University, Kent, Ohio 44242, 
Packing Spheres in Orlicz Spaces. 

Given an Orlicz space LM(X,a,~), let AM be the largest number such that 

for r : AM, an infinite number of non-overlapping balls of radius r can be 

packed in the unit ball of ~· Using an interpolation theorem and examples, 

upper and lower bounds are found for AM. These results generalize known 

results for Lp spaces. (Received October 30, 1974.) 

*720-46-17 GARY D. RICHARDSON, Department of }lathematics, East Carolina University, 
Greenville, N. C. 27834, Sequential Convergence in. C(X) 

Let X be a sequential convergence space as defined by Frechet. Let C(X) denote the set 

of all continuous real-valued funct:l.ons on X, equipped with following structure: 
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in C(X) iff fn(xn) ~ f(x) in R whenever xn ~ x in X, which is known ss continuous 

convergence in C(X). The pretopolo~ical modification (neighborhood space) of X is 

denoted by 1rX. 

Pr~position 1. C(X) is complete (in the sense of Dudley). 

Proposition 2. X is embedded in c2(X) iff X is sequentially re~ular (in the sense of 

Novak). 

~e>si tion 3. .,c(X) is a Banach spac:e whenever X is sequentially compact. 

(Received October 30, 1974.) 

720-46-18 JOHN BERGLUND, Department of Mathematical Sciences, Virginia 
Commonwealth University, Richmond, Virginia 23284. LMC and LUC 
Semigroups of Operators, Preliminary Report. 

Let T be an equicontinuous semigroup of operators on a Mackey space E • 
If the topological dual E' of E contains an element Ao such that the 
weak* closed convex circled hull cco(T'Ao) is absorbing, then one may 
define analogues to the Banach subspaces LMC(S) and LUC(S) of the space 
C(S) of bounded continuous complex valued functions on a semitopological 
semigroup S • If right translation operators on C(S) are considered, 
definitions of LMC(S) and LUC(S) may be given demonstrating that they are 
generalized almost periodic functions. Using a suitable anti-homorphic image 
T of T , one may do the same in the abstract setting. The groundwork is then 
laid to work with LMC- and LUC-semigroups of operators in a way reminiscent 
of deLoe.ew and Glicksberg's work with weakly amost periodic semigroups of 
operators. (Received October 31, 1974.) 

*720-46-19 JOSEF WICHMANN, Texas Christian University, Fort Worth, Texas 76129. 
On commutative B*-equivalent algebras. 

A complex Banach *-algebra is said to be B*-equivaient if it possesses a B*-norm equivalent 
to the given norm. It is well known that a Banach *-algebra A is B*-equivalent iff there 
exists a constant M such that I lexp(ih)l I ~M for all Hermitian elements h of A (Glickfeld's 
characterization). In this note we show that a commutative Banach *-algebra A is B*-equivalent 
iff for every Hermitian element h in A there exists a constant M, depending on h, such that 
I lexp(ith)l I~ M for all real t. As an immediate consequence we obtain a new characteri
zation of locally B*-equivalent algebras (B.A. Barnes, Locally B*-equivalent algebras, Trans. 
Amer. Math. Soc. 167 (1972), 435-442, MR 45 f.! 5763). (Received November 1, 1974.) 

720-46-20 PAK-KEN WONG, Seton Hall University, South Orange, New Jersey 07079. 
The p class in a dual B*-algebra. Preliminary Report. 

Let A be an arbitrary dual B*-algebra. Suppose a is a nonzero element 

in A. Let a*a • ~nrn&n be a spectral representation of a*a and ku = l:rn(>O), Define 
1/ 

lalp • (~ ~) P for (O < p < •) and lal. • max{~: n • 1, 2 ,,,}, For a • 0, we de
n 

fine lalp • 0 (0 < p ~ •). Let Ap • {a£ A : lalp < •}. Theorem!· For 1 ~ p ~ •, Ap 

is a dual A*-algebra which is a dense two-sided ideal of A. Theorem £. For 1 < p < .. , ~ 
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is uniformly convex aDd hence reflexive. Theor- 1· For 1 ~ p < •, 81111 1/p + 1/q • 1, 

the conjugate space of Aq can be identified with A,• This is a generalization of the class 

C, of compact operators on a Hilbert space. (Received November 1, 1974.) (Author introduced 

by Professor Charles Franke.) 

*720-46-21 JERRY A. JOHNSON, Department of Mathematics, Oklahoma State University, 
Stillwater, OK Extreme Lipschitz Functions 

If (S,d) is a metric space, let E(S) denote the set of extreme points of 

{f: S-+- Rl lf(s) I 2_ 1 and lf(s) - f(t) I 2_ d(s,t) Vs, t £ S}. A. K. Roy characterized 

E([O,l]). The problem of characterizing E(S) in general is discussed and partial results 

presented. (Received November 1, 1974.) 

720-46-22 WITHDRAWN 

*720-46-23 STEVEN F. BELLENOT, Florida State University, Tallahassee, Florida, 32306 On 
nonstandard hulls of convex spaces 

A 

Let E be a locally convex TVS with dual E: The nonstandard hull E of E is a (standard) 

TVS which contains E as a subspace (see Trans. AMS, 172(1972),405-435.) Let LE' be the 

A 

subspace of E which is mapped to zero by elements of E'. THEOREM. E is inductive semi-

reflexive (Sovt. Math. Dok., 9 (1968), 1080- 1082) iff E $ 1E 1 • THEOREM. A For DF space 

has invariant nonstandard hulls iff its strong dual has invariant nonstandard hulls iff 

bounded sets are precompact. 

Proposition. A DF space is a Schwartz space iff bounded sets are precompact. The 

proposition is proved standardly. (Received November 4, 1974.) 

720-46-24 BENJAMIN MUCKENHOUPT, Rutgers University, New Brunswick, NJ 08903 
Weighted ~ inequalities 

The general weighted norm inequality problem to be discussed is the following. Given an 

operator T and p satisfying l~<oo, determine all pairs of non-negative functions U(x), 
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V(x) such that [.,1Tf(x) !Pu(x)dx ~ c("" if(x) iPvCx)dx, where C is a constant independent 

of f. For some operators such as the Hilbert transform or the Hardy-Littlewood maximal 

function it is not hard to obtain a necessary condition for such an inequality. In these 

cases when U(x) is assumed to equal V(x) the necessary condition for a given value p0 of 
p can be shown to imply weak type inequalities for values of p both less than and greater 
than Po so that a standard interpolation argument shows that the strong type norm inequality 
is true. If U(x) is not assumed equal to V(x), the conjectured condition for a given p 

does not imply weak type for a smaller p. It seems that a new type of interpolation theorem 
with change of measure is needed. The suggested generalization of the Marcinkiewicz theorem 
would assume that for Po3'3?l that T maps 1P (V) into weak 1P (U) for any pair U, V 
satisfying a condition, S,• depending on p, and conclude that for p0<p<p1 T maps 
LP(V) into Lp(U) for any pair U, V satisfying Cp. (Received November 4, 1974.) 

720-46-25 JOHN WOLFE, Oklahoma State University, Stillwater, OK 74074, Equivalent strictly 
convex increasing ~ on C(S) spaces, Preliminary report 

A norm on a Banach space is strictly convex if the surface of the unit ball contains no 

line segments. A norm II ·II on the Banach space C(S) of continuous functions as a compact 

Hausdorff space S is increasing if 0 ~ f ~ g =£> ilfll ~ llgll. The point s E S has the 

neighborhood countable intersection property if the family of neighborhoods of s is closed 

under countable intersections. An adaption of an argument of Day [Trans. Amer. Math. Soc. 78 

(1955), 516-528] gives: Theorem: If S has a point with the neighborhood countable inter-

section property, then C(S) has no equivalent strictly convex increasing norm. 

(Received November 6, 1974.) 

*720-46-26 B. J. PETTIS, University of N.C., Chapel Hill, N.C., Openness For Homomorphisms 

Via Somewhere Denseness 

A homomorphism T on a subsemigroup S' of a topological group G to a Hausdorff group 

H is "somewhere dense" if T(N n S') is somewhere dense for every neighborhood N of the 

origin. Two theorems, elaborations of known results and essentially consequences of Weston's 

bijection open mapping theorem and Kelley's uniform space lemma, are given; these assert if T 

is somewhere dense then under mild restrictions on G and T the latter is open on S' to 

H. These imply certain open mapping results of Katznelson, Bade and Curtis, Kaufman, Ptak, 

Bernard, Ng, and Glicksberg, and indicate the possible importance of characterizations of 

somewhere denseness for sets and maps. (Received November 4, 1974.) (Author introduced by 

Professor R.L. Davis.) 

*720-46-27 CLIFFORD KOTTMAN, Oregon State University, Corvallis, Or. 97330 and 
BOR-LUH LIN, University of Iowa, Iowa City, Iowa 52240. On the 
other side of nearest points. 

Let A be a closed convex bounded subset of the Banach space X and for each 
x in X, let PA(x) denote the (possibly empty) set of points of A nearest to 
x. For an element y of PA(x), consider the ray R(x,y) = {tx + (1-t)y: t ~ 0} 

A-180 



on the "other side" of the nearest point. Our question concerns whether the 

union OS (A) = U {R(x,y): y EPA (x) and x EX) is all of X. Conjecture: 

OS(A) =X for all closed convex bounded subsets A of X only if X is finite 

dimensional. The converse of the conjecture is easy to establish. Theorem: 

For each p with 1 < p < ~, 1 contains a closed convex bounded set A such 
- - p 

that OS (A) '1- lp. (Received November4, 1974.) 

720-46-28 WILLIAM L. GREEN, Georgia Institute of Technology, Atlanta, Georgia 
30332. Compact groups of automorphisms of von Neumann algebras, 
Preliminary report. 

Let A be a von Neumann algebra, let B be its unit ball, and let Aut(A) be 

the group of all automorphisms of A. We consider Aut(A) in any of several 

natural topologies obtained by viewing it as a set of maps of B into B. (These 

topologies have recently been considered by Araki, Connes, Haagerup, and 

others.) We then derive necessary and sufficient conditions that a subgroup 

of Aut(A) have compact closure in Aut(A). A special case of these results 

concerns the von Neumann algebra L generated by the left regular representation 

of a locally compact unimodular group G. If G is the group of all inner 

automorphisms of G, then G may be identified with a subgroup of Aut(L), and G 

has compact closure in Aut (L) iff G is an [FIAf - group. (Received November 4, 1974.) 

720-46-29 JOHN A. LINDBERG, JR., Syracuse University, Syracuse, New York, 13210. Renorming 

a normed algebra having a semi-group of near isometries. Preliminary Report. 

Let (A, I 1·1 I> be a normed commutative algebra with identity e and let g £ (0,1]. 
A multiplicative semi-group S of non-zero elements with e E S is called a semi-group of 

g-near isometries if II sa II ~ e: II s II II a II holds for all (s, a) E SxA, and a semi-group of 
isometries if the preceeding inequality holds with e: = 1. Our main result states that if S 

is a semi-group of g-near isometries in A, then there is an equivalent norm on A with 

respect to which S is a semi-group of isometries. The equivalent norm constructed is shown 

to be the largest such norm less than the given norm. In the second part of the paper, our 

results are concerned with norms I 1·1 10 on [A,S], the usual algebra of quotients, that ex

tend I 1·1 I· One of our results states that if S is a semi-group of g-near isometries and 

a set of generators for A, then the I 1·1 I -completion of [A,S] is a regular Banach 
0 

algebra whenever I 1·1 lo satisfies I ls-1 1 10 ~ el lsi 1-l for all s E s and some positive a. 
As a corollary we have that, under the above hypotheses, every non-topological divisor of zero 

in A has an inverse in the I 1·1 10-completion of [A,S]. (Received November 4, 1974.) 

*720-46-30 A. C, COCHRAN, University of Arkansas, Fayetteville, Arkansas 72701 and T. K. 
MUKHERJEE, Jadavpur University, Calcutta, India. Unigue topologies in duality. 
Preliminary report. 

The main results of this paper give conditions which insure the existence of a unique topology in 

dual pairing. Any subspace of the arbitrary product of complex fields which contains the corresponding 

direct sum has this property. In addition, related questions for topological algebras are considered. In 

particular, the direct sum of scalar fields (R or C) is shown to have a unique locally m-convex 

topology in duality. It is also shown that A-convex topologies may have locally m-convex topologies in 

the same dual pairing. (Received November 4, 1974.) 
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720-46-31 ROBERT A. FONTENOT and IRWIN SCHOCHETMAN, Oakland University, 
Rochester, Michigan 48063. Compact operators and induced 
representations. Preliminary report. 

Let G be a locally compact group and ~ a representation in a Banach 

space E Under certain fairly general conditions, we define a representatio 

of G induced from ~ . Besides obtaining basic results on induced 

representations, we obtain Theorem: Let the quotient G/H be compact. If 

~ is CCR (Hilbert-Schmidt) , so is the induced representation of G . 

Representations of type c 
p 

for p > 1 are defined and studied; trace-class 

and Hilbert-Schmidt representations are special cases. (Received November 4, 1974.) 

720-46-32 JAMES R. HOLUB, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia 24061. Strict convexity and orthogonality in Banach spaces. Preliminary 
report. 

Several characterizations of strictly convex Banach spaces suggested by various notions 

of orthogonality are given. Extensions of these results to characterizations of inner product 

spaces are also obtained. (Received November 4, 1974.) 

720-46-33 JUDITH PALAGALLO, Colorado State University, Fort Collins, Colorado 80523 
Linear and Nonlinear Functionals on the Spaces LP, 0 < p < 1. Preliminary report 

Let (X,B,~) be a measure space where~ is a finite (a-finite) nonnegative measure 

on the members of B . The effect of the presence of atoms in X on the existence of linear 

and nonlinear functionals on LP(x), 0 < p < 1, is studied. Then, under various continuity 

requirements on a nonlinear additive functional F, we obtain integral representations 

for F of the form 

F(x) = fx(fox) d~ , 

for all x in Lp(X), 0 < p < 1, where f is a real-valued function on R with properties 

corresponding to those imposed on F. (Received November 4, 1974.) 

*720-46-34 L. C. MOORE, JR., Duke University, ~l)urham, North Carolina 27706. Hyperarchimedean 

Riesz spaces. 

A Riesz space L is called hyperarchimedean if for every order ideal A in L the quotient Riesz 

space L/ A is archimedean. Theorem. An archimedean Riesz space L is hyperarchimedean if and 

only if every finite dimensional subspace of L is contained in a finite dimensional Riesz subspace of L. 

(Received November 4, 1974.) 

*720-46-35 DONALD HARTIG, Ohio University, Athens, Ohio 45701. On functors from compact pairs 

to Banach algebras. 

Certain natural properties of the functor taking a compact pair (X, A) to the Banach algebra C(X, A) 

of continuous complex-valued functions on X vanishing on A are shown to characterize it. (Received 

November 4, 1974.) 
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720-46-36 P. P. NARAYANASWAMI, Memorial University, St. John's, NewFoundland, Canada 
AlC 5S7. On strong triples for closed graph theory, Preliminary report. 

Let 'Ji denote a class of linear maps between locally convex spaces, CG the class of linear maps 

with a closed graph, and l8 the category of locally convex spaces and continuous linear maps. For a,/3 
£ imi define (a,13,'Jf) to be a strong triple for CGT iff (i) E E a, F E 13, f: E _, F, f E 'Ji n CG => f E 

Morph ll; (ii) E E a iff for each F in 13, f: E .... F, f E 'Ji n CG => f E Morph lll; and (iii) F E 13 iff for each 

E in a, f: E .... F, f E 'Ji n CG => f E m. If we relax either (ii) or (iii), we obtain a weak (domain) or a weak 

(range) triple for CGT. For a large collegtion a of spaces, we provide a method to construct strong 

triples (a,l3,'li ), and choosing subclasses 13• of 13, we obtain several generalizations of the class a. Specific

ally choosing the range as the class of all separable Banach spaces, or separable Infra- Ptak spaces, several 

generalizations of countably barrelled and countably illfrabarrelled spaces are obtained. The case when 

8 reduces to a singleton is interesting. We study two such instances, where F is either c 0 or C[O,l], 

and describe the corresponding domain classes. In the analogous situation for the open mapping theorem, 

we are able to obtain only weak triples. (Received November 4, 1974.) 

*720-46-37 G. T. RUrTIMANN, Univ. of Mass. Math/Stat Dept., Amherst, Mass. 01002 
Jordan-Hahn Decomposition of Signed Weights on Finite Orthogonality Spaces. 

Let (X,#) be a finite orthogonality space (X a non empty set; # a non-reflexive, symmetric 

relation) with at least one weight, and 6 a non-empty, convex, closed (in the topology of 

pointwise convergence) subset of weights in the signed weight space of (X,#). Then 

(lin 6,6) is a finite dimensional base normed space. {,le(X,#) ,_£} denotes the logic, and 

((lin b)*,~,e) the order unit normed space associated with (lin 6,6). There is an order 

monomorphism f from ~(X,#),£} into the order interval {[O,e),~} as follows: fM(v) = 0 

if M = 0, fM(v) = LxEDv(x) if M F 0 (ME~(X,#)) where D is an orthogonal set such that 

D## = M. Main Theorem: f is an orderisomorphism from {~X,#),£} onto {ext[O,e];~} if 

and only if b has the Jordan-Hahn decomposition property (in the sense of N. Zierler) and 

is ultrafull. If it is so then (i) (X,#) is a Dacey space, (ii) 6 is unital and has 

finitely many pure weights, (iii), for any ME.t(X, #) 6 C aff {wE ext6J w (N) = 0 or = 1} 

holds. This result is of interest for the operational approach (Foulis-Randall) to the 

Foundations of Empirical Sciences. (Received September 26, l974.) (Author introduced 

by P.t'ofessor T. A. Cook.) 

720-46-38 PROFESSOR THURLOW COOK- UMass, Math/Stat Dept., Amherst, MA 01002 
The Hahn-Jordan decomposition theorem in infinite quantum logics 

Based on the theory of manuals of operations as developed in the works on Empirical 

Logics by C. Randall and D. Foulis, we give a necessary and sufficient condition 

that each signed state on such a logic can be written canonically as the difference 

of two positive states. The result is then applied to the traditional model of 

quantum logic, namely, the duality of projections and self-adjoint trace class 

operators on a separable Hilbert space and is also applied to countably additive 

measures on a compact Hausdorff space. The latter case gives the connection with 

the classical Hahn-Jordan decomposition for measures. (Received September 26, l974.) 

*720-46-39 SUN-YUNG CHANG, SUNY at Buffalo, Amherst, New York 14226. On the Structure and 
Characterization of Piecewise Continuous Functions. 

Let Cf 00 } be the subalgebra of L00 of the real line JR consisting of functions f continuous 

on R, such that lim f(x) and lim f(x) both exist but are not necessarily equal, and let 
x-+ oo 
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"' B(=} be the closed subalgebra of L<» generated by H and C(=}. The following results are 

proved: (i) Let BULC (for bounded uniformly logarithmically continuous) be the set of all 

bounded uniformly continuous functions f on :R satisfying the condition: given e > 0, there 

exists a ll > 0 such that I f(hx) - f(x) I < e: for all x e: R whenever lh- 11 < 6 • Then 

BULC is the closed algebra generated by quotients of Blaschke products invertible in 

B(=} • (ii) B(=} = H"' + BULC the linear hull of H"' and BULC. (iii) If B is any subalgebra 

"' "' of L containing H which has the same: maximal ideal space as B(=}, then B = B(=} 

E an arbitrary subset of JRU [=}, let "' . CE denote the space of functions in L that are 

For 
I 

continuous at each point of :RU [=} - E and have one-sided limits at each point of E • Let 

"' <» BE be the closed subalgebra of L generated by CE and H All above results could be 

generalized to corresponding statements in BE • (Received November 5, 1974.) 

*720-46-40 CHARLES W. NEVILLE, Central Connecticut State College, New Britain, Connecticut 

06050. Conditionally injective Banach spaces. 

Let C. be a subcategory of the category B of Banach spaces and linear maps of norm ~ 1. We 

call a Banach space E (not necessarily an object of C.) C. injective if, given objects A and B in C., an 

into isometry i E Home. (A, B), and a map f E Hom8 (A, E), there exists g E Hom8 (B, E) such that g • i = 
f. If C. is the full subcategory of all Banach spaces with a dense set of cardinality 0'!! ~0 • then each C. 

injective is the direct limit of its subspaces in C. of type C(X). Further, C(X) is C. injective iff it 

satisfies a certain conditional completeness property as a vector lattice. These two results generalize 

the Goodner-Nachbin-Kelley characterization of injectives in B. Finally, we give an example of a C. 

injective E which is far from being a space of type C(X). (Received November 5, 1974.) 

*720-lii-41 W.A. FELDMAN and J.F. PORTER, University of Arkansas, Fa;yetteville, Arkansas 
72701. Representation £!.harmonic functions, Preliminary report. 

The space E of real fUnctions harmonic on the complex plane in the topology of 

compact convergence is realized as a space S of continuous functions on the unit 

circle with a locally convex topology stronger than the sup norm topology. The dual 

S' is an extension of the measures on the circle analogous to the Schwartz distributions. 

The space E' of functions harmonic on some neighborhood of zero then has representation 

via the members of S' , This includes the Herglotz representation of harmonic functions 

on the open unit disc which are pointwise positive. (Received November 5,1974.) 

*720-lii-42 J.F. POFTER and W.A. FELDMAN, University of Arkansas, Fayetteville, Arkansas 
72701. Order and distributions, Preliminary report. 

The Schwartz distributions on the unit circle with their usual topology are 

obtained as a quotient space of a generalized base norm space V' • Here V' is 

the dual of a generalized order unit space which is an extension of the infinitely 

differentiable functions on the circle with their·usual topology. 

(Received November 5, 1974.) 

720-46-43 JAMES N. HAGLER, Catholic University of America, Washington, D. C. 20064, A cousin of 

a space of R. C. James. Preliminary report. 

By modifying an example of James and using techniques of Lindenstrauss and Stegall, we construct 

a separable Banach space X with basis (en) satisfying: 1. If F is the closed span of the functionals 
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X* biorthogonal to the en's, then X*/F is isometric to c0(A) (A uncountable). 2. If Y is a 

ace of X with Y* nonseparable, then Y contains a subspace isomorphic to c0• (Received 

nber 6, 1974.) 

-46-44 FRANCIS SULLIVAN, Catholic University of America, Washington, D. C. 20064. Upstream 

geometry. Preliminary report. 

Let X be a Banach space and X, X', X",X"' and x(4) be the successive dual spaces. A 

sequence of a well-known theorem of Dixmier is that if X is not reflexive then x(4) is not rotund. 

act, Dixmier•s theorem shows that if X is not reflexive then x(4) fails to have a property which is 

ictly weaker than rotund involving only the behavior of X• in X11 1 • This observation motivates the 

tinition of Banach spaces which are very smooth (VS) or very rotund (VR). The local reflexivity 

inc iple is used to obtain connections between VS, VR and other geometric conditions for reflexivity. 

ae results are "upstream" in the sense that properties of X imply conditions in X". Local reflexivity 

1 also applied to Dixmier•s condition to obtain a new proof of a criterion of R. C. James for irreflexivity. 

Received November 6, 1974.) 

'720-46-45 ROBERT SHARPLEY, III. Oakland University, Rochester, Michigan 48063. 

Counterexamples in interpolation theory. 

Various indices have been considered for rearrangement invariant function spaces in order 

to obtain interpolation theorems. Shimogaki [ "A note on norms of compression operators on 

function spaces," Proc. Japan Acad. 46 (1970), 239-242.] has given an example of a space X 

where two types of indices (Boyd and fundamental) are unequal. Using this space, one can show 

that several theorems appearing in the literature are incorrect. For example, the funda-

mental indices of X 

for Lp and Lq when 

(Xx, yx) are both equal to 1/2 but X is not an interpolation space 

l<p<2<q<oo. X also provides a counterexample to a conjecture of the 

author. X satisfies 

but X is not an interpolation space for A(X) 

(Received November 6, 1974.) 

L2 ' 1 and M(X) 

*720-46-46 ALAN M. GENDLER, California State U., Long Beach, CA 90840. 
Extreme operators in the unit ball of L(C(X),C(Y)). 

X, Y are compact Hausdorff spaces. C(X), C(Y) are the Banach spaces of 

continuous complex-valued functions on X and Y, respectively. L(C(X),C(Y)) 

is the space of bounded linear operators from C(X) to C(Y). If E is a 

Banach space, then S(E) is the closed unit ball in E. An operator T which 

is extreme in S(L(C(X),C(Y))) is nice if T{~(ext S(C(Y)~~))C ext S(C(X)~~). 

For each y ~ Y, (y 

in S(L(C(X),C(Y))) 

Corollary. If T 

denotes point mass at y. Theorem 1. 

and II T~~(t.y)l\ = 1 for each 

is extreme in S(L(C(X),C(Y))) 

y €. Y, 

and T 

If T is extreme 

then T is nice. 

is compact, then 

is nice. Theorem 2. If X is metric, 

is extreme in S(L(C(X),C(Y))), then T 

Y is basically disconnected, and 

is nice. Now assume that the 

T 

T 

functions in C(X) and C(Y) are real-valued, The next theorem is a special 

case of a theorem proved by Blumenthal, Lindenstrauss, and Phelps (Pacific J. 

Math., 15(1965), 747-756). However, the proof does not use any selection 

theorem. Theorem 3. If X is the Cantor set and T is extreme in 

S(L(C(X),C(Y))), then T is nice. (Received November 6, 1974.) 
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720-46-47 C,J.A. HALBERG, JR., University of California, Riverside, California 92502 . .Qn. 

structure of the spectra of certain classes of operators on the .tp spaces. Prelimin 

report. 

We introduce some elementary techniques for the determination of the fine structure of the SI 

of certain classes of bounded linear operators on the sequence spaces .t , including some of those 
p 

studied by Stafney (Pacific J. Math. 42(1972), 515-525). In particular we compute the fine structur, 

the spectra of the operators defined on the .t spaces, 1 10 p 0'§ co, by the lower triangular matrix A 
p 

(a .. ), where a .. =a., i;;;;:: j > 0, I:.la.l <co. This result, together with other lemmas, is used to 
ij ij 1 1 1 

determine the fine structure of the spectra of operators defined by more general classes of infinite 

matrices. (Received November 6, 1974,) (Author introduced by ProfessorS, R. Gordon.) 

720-46-48 WITHDRAWN 

720-46-49 AARON R. TODD, Brooklyn College, Brooklyn, New York 11210. Images of linear 

pseudocomplete spaces. 

Definitions. A topological space has a continuous metric iff there is a metric which induces on } 

a topology weaker then the topology of X. A function f from X to a topological space Y is almost 

open iff, for each U open in X, fU is contained in intfX((fX)- n fX). For pseudocompleteness of X, ~ 

Oxtoby [Fund. Math. 49(1961), 157-166]. The following extends the theorem in Abstract 711-46-55, thest 

cNoticeiJ 21(1974), A-189: The image of a linear pseudocomplete space under a linear continuous almost 

open map is complete if it has a continuous metric. The corollaries follow immediately: 1. The linear 

continuous image of a convex pseudocomplete space is complete if it is barrelled and has a continuous 

metric. 2. The linear continuous image of a linear pseudocomplete space is complete if it is Baire and 

has a continuous metric. As each uncountable product of nontrivial (linear) pseudocomplete spaces 

contains proper dense (linear) pseudocomplete subspaces, a linear pseudocomplete space need not be 

complete, and a convex pseudocomplete space need not be a Ptiik space. (Received November 6, 1974,) 

720-46-50 HASKELL P. ROSENTHAL, University of Illinois, Urbana, illinois 61801, Some recent 

discoveries in the isomorphic theory of Banach spaces. 

• We shall discuss recent progress made by several researchers concerning both infinite and finite 

dimensional Banach spaces. In particular, we shall consider two fundamental problems. The first 

concerns infinite dimensional subspace structure, and is as follows: Does every infinite dimensional 

Banach space contain a subspace which is either isomorphic to c0, isomorphic to .t1, or reflexive and 

infinite dimensional? (Two Banach spaces are said to be isomorphic if there exists a bicontinuous linear 

bijection between them; c 0 denotes the space of all sequences of scalars vanishing at infinity; .t1 the 

space of all sequences of scalars with absolutely convergent sum.) The recent work on this problem 

involves combinatorial and real-variable techniques, in particular a basic method and theorem of Baire 

on functions of the first Baire class. This work reduces the problem to the case of spaces not containing 

.t1 . For example, it is proved that if a separable Banach space does not contain a subspace isomorphic to 

.t\ then it is "sequentially dense" in its double dual, and also every bounded sequence in its double dual 

has a weak* convergent subsequence. The second problem concerns "local" or finite dimensional subspace 

structure, and is as follows: Does every infinite dimensional Banach space contain uniformly complemented 

,tP, s for some p E [1, 2, coh Precisely, given such a space B, is there a A < co and a p E [1, 2, co} so 
n 

that for all n there exist linear operators u :tP ..... B and v :B ..... ,tP with v u = I and llv II llu II 0'§ A? 
nn n n nn n n 

The progress on this problem uses some rather powerful finite dimensional inequalities concerning 

subspaces of L 1, and more generally, operators from finite dimensional spaces into L 1• (Received 

November 6, 1974.) 
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)-46-51 CRUMP BAKER, Dept. of Mathematics, University of Kentucky, Lexington 
Kentucky 40506 Representation of C*algebras, Preliminary Report 

Let A be a C*algebra. It is known from the Dauns-Hofmann repre

sentation theory that there exist a uniform field of C*algebras such 

that A is isometric and isomorphic to the ring of global sections which 

vanish at infinity. Under the assumption that the set {zajz is in the 

center of A, a e A} is dense in A, it is shown that K, the Pedersen ideal 

of A, is isometric and isomorphic to the ring of sections with compact 

support, that the algebra of multiplications on A (double centralizer 

algebra), M(A), is isomorphic to the ring of all bounded sections, and 

finally that the algebra of multiplications on K, M(K), is isomorphic to 

the ring of all (continuous) sections. (Received November 6, 1974.) 

720-46-52 TERRENCE S. McDERMOTT, Loyola Marymount University, Los Angeles, California 

90045. Sequential convergence in locally convex spaces, 

Let (E, T) be a Hausdorff, locally convex, topological linear space, T 1 a locally convex topology 

for E satisfying cr (E, E•) ="iT 1 ="iT, and T 0 the topology for E' of uniform convergence on all T 1-null 

sequences of E. Theorem. Every T1-null sequence is T-null iff every T-equicontinuous subset of E' 

is T 0-precompact. Corollary 1. Every T1-null sequence is T-null iff every T1-null sequence is T

precompact. Corollary 2, If (E, T) is metrizable, every T1-null sequence is T-null iff T 0 coincides 

with A(E', E), the topology of uniform convergence on T-precompact subsets of E. (Received November 

6, 1974.) 

720-46-53 D. L, BURKHOLDER, University of Illinois, Urbana, Illinois 61801. Martingale methods in 

analysis, 

• Martingale theory, long a standard tool in probability, is now being used with increasing frequency 

and effectiveness in such fields as differential equations, the structure theory of Banach spaces, and 

harmonic analysis, Some of the recent developments in both the theory and its applications will be 

sketched. New work to be described includes information on the problem of the existence of an uncondit

ional basis for H1. (Received November 6, 1974.) 

720-47-1 

4 7 Operator Theory 

MILTON ROSENBERG, 8400 Shore Front Pkwy, Rockaway Beach, New York 11693. Square
integrability wrt nonnegative hermitian measures and spectral integrals of operator-valued 
functions. Preliminary report, 

We extend the results of Rosenberg [J. Multivariate Anal. 2(1974), 166-209] by making use of facts 

"On operator ranges" [Fillmore and Williams, Advances in Math. 7(1971), 254-281], Let M, N be q X q 

nonnegative hermitian measures of finite trace on 13, a cr-algebra over 0, Let .P be a p X q linear 

operator (not necessarily densely-defined or closed) -valued function on 0, Let A be a p X q operator. 

Let 1="ip,q,r="iro, For iPEL2,M' let JwdMW*=Jn<.PJM•)(iP./M•)*dll (Bochner) where M«11. 

Theorem, (a) iP E L2, M and .P E L2 , N => .P E L2 , M+N and f Wd(M + N) .P* = f .P dM W* + J .P dN.P*; 

(b) M(B) ="i N(B) V BE 13 and iP E L2 N => .P E L2 M and f .P dMiP* ;;;; f .P dNiP*; (c) [R= range] 
' ' 
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R./M•(w) ~ R./M(O) a. e. (II) and A/M(O) is Hilbert-Schmidt~ W(w) =A E L 2 M and J A • dM • A' 
' 

A/M(O)(A/M(O))*; (d) R./M(O) = IYIY = f (t./M• (W))x(w) dtl, x E L2 , 11(.t~)}; (e) E, a spectral measurt 

for a Hilbert space 'II~ (i) JwdE is a linear operator from 'llq to 'liP; (ii) Mz(B):!! MY(B) VB E B 

z=LiY where xE~; (Hi)VxE~, ~JWdE.:;fwdEL~. Etc. (Received0ctober30, 1974.) 

*720-47-2 JOSEPH BALL, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia 24061 and ARTHUR LUBIN, Northwestern University, Evanston, Illinois 
60201. Contractive perturbations of restricted shifts·. 

We study a class of contractive perturbations of restricted shifts on infinite 

dimensional Sz.-Nagy-Foia~ spaces. In special cases, we determine the spectra and 

characteristic functions of the perturbed operators and relate this to the original 

operators; when the perturbation is unitary, we give a unitary equivalence to multipli-

Hl 2 
cation by e in L (~) for an operator-valued measure p. (Received October 21, 1974.) 

*720-47-3 ALAN LAMBERT, University of North Carolina, Charlotte, North Carolina 28223. 
Equivalence for groups and semi-groups of operators. 

Let H be a complex Hilbert space. Theorem 1. If {S } and {T } are strongly continuous 
g g 

unitary group representations of the a-compact, locally compact abelian group G and 

sup II S - T II < 1 
ge:G g g 

then {S } 
g 

and {T } 
g 

are unitarily equivalent. Theorem 2. If 

and {Tt} are strongly continuous semi-group representations of IR+ and 

{St} 

sup list- Ttl! < 1 
t E JR.+ 

then {St} and {Tt} are unitarily equivalent. The proof of Theorem 2 uses the following 

lemma: If U and V are isometries on H and for some integer n ~ 1 llun - vnll < 2 

the dim Ker U* = dim Ker V*. This generalizes the fact that every unitary operator is the 

distance 2 from every non-unitary isometry (P. R. Halmos, A. Hilbert space problem book, 

Van Nostrand, Princeton, 1967, problem 119.). (Received October 23, 1974.) 

*720-47-4 JOSEPH A. BALL, Virginia Polytechnic Institute and State University, Dept. of 
Mathematics, Blacksburg, Virginia 24061. Canonical models for contraction opera
~ with unitary part. Preliminary Report. 

Let T be a contraction operator acting on a complex separable Hilbert space H. We give a 

method of recapting the spectral invariants of Tu' the unitary part ofT, from the behavior of 

T on its invariant subspaces. The methods are based on the canonical models (especially over

lapping spaces) of de Branges-Rovnyak and the characteristic functions of Brodskii and Svarcman. 

A representation of Tu is obtained in terms of characteristic functions of restrictions ofT, 

from which the spectral invariants for Tu may be read off. 

Sample Theorem: Suppose X is a collection of invariant subspaces of T such that H is spanned 
-1 -1 I .1. by the vectors PM (I-wT*) (I-T*T)x and PN(I-wT) (I-TT*)x for x EH, Jw < 1, M EX, N EX, 

PM (PN)_ =projection onto M(N). Then Tu is absolutely continuous. If 9 and 6M are respective 

characteristic functions ofT and T\M, the spectrum of Tu is f\J (f the unit circle) where J 

is the largest open subset of r such that the induced factorization S(t) = v(t) 6M(t) is 

regular (in the sense of Sz.-Nagy-Foias) a.e. on J. 
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spectral multiplicity function is sometimes easy to interpret. In case T = U(I+K) 

is a unitary multiplication operator and K is a Volterra type integral operator on 

, the spectral invariants of Tu are described in terms of U and K. These results (but 
methods) parallel results ofT. L. Kriete (Notices 74T-Bl89 Vol.21, no.6) for the self 

: part of a dissipative operator. (Received October 24, 1974.) 

,7-5 JEFFREY R. BUTZ, The Johns Hopkins University, Baltimore, Md. 21218. 
Unitary Parts of Hankel Contractions. 

i Hankel matrix H = (c. k) which is a contraction, necessary and sufficient conditions 
J+ 

obtained for the existence of a non-trivial unitary part, and an explicit description 

this unitary part is given. In particular, a Hankel contraction H defined by 

ie> < ie> < -ie 2 "' . II II I II 2 2 e = P+f e x e ), where xE H , f£ L w1.th f .. = IH , and P :L _,.H is orthogonal 
+ 
·a 

ejection, has a non-trivial unitary subspace M if and only if \f(el. )\ = 1 and 

(ei9)f(e-i9> = k2 a.e. for some constant k2 , k = 1. In such a case, the subspace M 

.s given by M = {xt H2 : kHx = x} e {x€ H2 : kHx -x}. Analogous results are obtained 

for abstract Toeplitz and Hankel contractions defined on any Hilbert space X having 

a unilateral shift. (Received October 15, 1974.) 

W.E. FITZGIBBON, University of 
Houston, Houston, Texas 77004 

*720-47-6 

Product Integration in Reflexive Banach Spaces, Preliminary report. 

X denotes a reflexive Banach space and {A(t) I t E [O,T]} a time dependent family 

of accretive operators defined in X. Def. {A(t) I t e [O,T]} is said to be product stable 

provided that: D(A(t)) is independent of t; R(I + A A(t}) = D(A(O)) for A > 0; there exists 

a subset N of [O,T] having Lebesque measure zero so that A(•):[O,T] ~ N x X+ X is weakly 

closed; and if x e D(A(O)) there exists an M(x) > 0 so that for any partition {ti} 

[ k ~ 
O,T] we have I IA(u)ITi=l(I + (ti-ti_1)A(ti-l)) xl I ~ M(x). We have the following theorems: 

Theorem 1. Let {A(t) I t e [O,T]} be a product stable family in X, then for each 

x £ D(A(O)) there exists a unique strong solution to the Canchy initial value problem; 

u'(t,x) + A(t)u(t,x) = 0, u(o,x) = x t E [O,T]. Theorem 2. Let {A(t) I t e [O,T} satisfy 

the above conditions and e 

u(t, x) = w-lim IT[t/en](I: 

(Received October 30, 1974.) 

~ 0, then the solution to Canchy problem has representation 

en A(ien))-l x where w-lim denotes the weak limit. 

720-47-7 WILLIAM HASTINGS, University of Michigan, Ann Arbor, Michigan, 48104. Subnormal 
operators quasisimilar to an isometry, Preliminary report. 

Let V = v0~v1 be a Hilbert space isometry, where v0 is unitary and v1 is a unilateral 

shift of finite multiplicity. Theorem. Let s be a subnormal contraction, and let S = s 0 ~ s 1 

be its decomposition into a unitary operator and a completely nonunitary (c.n.u.) contraction. 

Then S is quasisimilar to V if and only if s 0 is unitarily equivalent to v0 and s 1 is quasi

similar to v1• We also give a complete description of when a c.n.u. subnormal contraction s 1 

is quasisimilar to v1• This generalizes a result of s. Clary [Abstract 684-B38, these 

Notices 18 (1971), 522]. (Received October 30, 1974.) 
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*720-47-8 Carl Pearcy, University of Michigan, Ann Arbor, Michigan 48104 and 
Norberto Salinas, University of Kansas, Lawrc.nce, Kansas 66044 
The reducing essential matricial spectra of an operator. 

If T is an operator on a separable infinite dimensional Hilbert space 'li and n is a i 

integer, then the reducing essential n X n spectrum Rn(T) of T is by definition the 
e 

of all n X n complex matrices L such that there exists an identity preserving *-hom 

morphism qJ from the c* -algebra generated by T and ~ into the algebra of all n X 1 

complex matrices satisfying qJ(T) = L and such that qJ can be factored through the 

Calkin algebra. The set R~(T) coincides with the reducing essential spectrum of the 

operator T, c. f. "Reducing essential eigenvalues" by Norberto Salinas, Duke Mathemat 

Journal, Vol, 40, No, 3, 1973. The following generalization of the Weyl-Von Neumann

Berg theorem is obtained. If T and S are n-normal operators on 'li (i.e. if each of 

them is unitarily equivalent to an n X n matrix of commuting normal operators on 'li), t; 

T is unitarily equivalent to a compact perturbation of S if and only if Rn{T) = Rn(S). It e e 

is also shown that if T is an operator on 'li such that R:(T) f ~ and S is ann-normal 

operator on 'li such that R:(S) c R:(T), then T ~ S is unitarily equivalent to a compact 

perturbation of T • (Received October 30, 1974.) 

*720-47-9 JAMES E. THOMSON, Virginia Polytechnic Institute and State University, Blacksbu 
Virginia, 24061. Commutants of analytic Toeplitz operators. Preliminary repor 

= 2 For~ in H , let T~ denote the analytic Toeplitz operator on H defined by T~f =~f. L£ 

(T }' denote the commutant of T • We characterize the commutants of certain analytic Toeplit 
q.> ~ 

operators in terms of the well-known commutants of unilateral shifts. Theorem. If the 

inner part of ~ - ~(A) is a finite Blaschke product for uncountably many A in the open unit 

disk, then [T~ }' = (T ~ }' -where ~ is a finite Blaschke product of which ~ is a function. 

Furthermore, if~= XF is the inner-outer factorization of~. then {T }' = (T }' n(TF}'. In 
~ X 

particular, if ~ is univalent and nonvanishing, then {T k}' = {T }' for every positive integer 
~ z 

k. (Received October 29, 1974.) 

*720-47-10 W. G. DOTSON, JR., North Carolina State University, Raleigh, N. C. 27609 
An iterative process for nonlinear monotonic nonexpansive operators in 
Hilbert space. 

The following theorem is proved: Suppose H is a complex Hi~bert 

space, and T : H + H is a monotonic, nonexpansive operator on H, and f e H. Define 

S : H + H by Su = -Tu + f for all u e H. Suppose 0 ~ tn ~ 1 for all n 1,2,3,···· 

and Ln:l tn(l- tn) diverges. Then the iterative process vn+l = (1- tn)vn + tnSvn 

converges to the unique solution u = p of the equation u + Tu = f. 

(Received October 31, 1974.) 

720-47-11 JOHN MICHAEL MCVOY, Ogontz Campus of Penn State U., Abington, PA 19001. Weakly 
closed abelian algebras which ~ not self-adjoint need .!!£:!:_be singly S!.enerated. 

Preliminary report. 

The role of the adjoint operation in the study of von Neumann algebras £s critical1 

its use underlies much of this theory. A result of von Neumann showed that any self-adjoint 

weakly closed abelian algebra is singly generated. However, if the weakly closed abe1ian alge

bra is not self-adjoint, the algebra need not be singly generated. Let A denote the algebra of 
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Lytic Toeplitz operators. Let H be the direct sum of countably many copies of H2 and M be 

family of all analytic Toeplitz matrices over A which are in B(H). Theorem: The family M 

an antisymmetric maximal abelian algebra of operators on H. Although M is naturally gener

~ by two isometries, it is not singly generated. Let K be the Hilbert space which is the 

rect sum of two copies of H2 and N the algebra of 2 by 2 matrices over A with A11 = A22 and 

2 = 0. Theorem: The family N is an antisymmetric maximal abelian algebra over K which is 

>t singly generated. Nevertheless, N is naturally generated by an isometry and a nilpotent 

perator. (Received November 1, 1974.) 

*720-47-12 DAVID F. FINDLEY, University of Cinc;:innati, Cincinnati, Ohio 45221 
Polyhomogeneous_Maps. 

E and Fare topological vector spaces; O~a0 <a 1<···an are real 
numbers. A map P : E + F is polyhomogeneous of degrees (a 0 , ... ,an) in x-x0 if 
it has the form P(x) = L~ 0A (x - x0), where the maps A : E + F satisfy a· 1= a. a. 
A (tx) = t 1 A (x) for all t 1 > 0 and all x e E. We have 1 obtained theorems 
ai ai 

about such maps which generalize most of the results of Bochnak and Siciak 
(Polynomials and multilinear mappings between topolQgical vector spaces, Studia 
:'-lath 39(1971) Fasc.l, 59-76). Also, suppose Lis a cover of E by bounded sets, 
P is sequentially continuous, and a~ an is given. If f : E + F is such that 
limuo (f(x0+th) -f(x0) -P a (x0+th) )/ta= 0 uniformly in h on each S e L, then P is 
said to be the best local approximation to f of degree a at x0 . The results 
of Moore and Nashed (Local and asymptotic approximations of nonlinear operators 
by (k1 , ... ,kN)-homogeneous operators, TA~IS 178(1963), 293-305) can be obtained 
for L-precompact maps when F is locally convex. Finally, the familiar "per
manence" properties regarding products, quotients, composites and integrals of 
Taylor polynomials can be established for these approximations. 
(Received November 1, 1974.) 

720-47-13 FRANK GILFEATHER, University of Nebraska, Lincoln, Nebraska 68508 
Reductive operators with a spectral separation property. 

An operator on a Hilbert space H is called reductive if it is reduced by 

its invariant subspaces. Under a spectral separation hypothesis (given below) 

the structure of a reductive operator is determined as the direct sum of 

spectral operators with normal scalar parts. This extends similar results for 

quasi-decomposable or decomposable reductive operators. The spectrum of an 

operator Tis said to be separated if whenever z1 + z 2 belongs to a(T), then 

there exists hyperinvariant subspaces 117 in' i = 1,2, n = 1,2, ... , forT so 

that their closed span is H and disjoint neighborhoods Ni of zi' i = 1,2, so 

that Nin crCTI»Jin) = cp while Nif\ crCTI1?7jn) + cp, j + i, i = 1,2, 

n = 1,2, ... (Received November 4, 1974.) 
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720-47-14 ELIAS s.w. SHIU, California Institute of Technology, Pasadena, California 
91125. Numerical Ranges of Powers of Qperators. 

Let T be a bounded operator on a Hilbert Space. Let W(T), a(T) denote the numerical range 

spectrum ofT, respectively. Using von Neumann's theory of spectral sets, we prove 

Theorem. Let cr(T) :;:. [m,oo), m > 0 and let D be an operator commuting with T, 

a(D) n (-oo,O) = ¢. Then either T = T* or for each € E (O,m) there is an integer N(€) such 

that (z E a:ilzl :s_ (m- E)n}::;: W(T~) Vn :::-_ N(€). The theorem readizy implies the following 

results in C. R. DePrima & B. K. Richard, A Characterization of the Positive cone of B(~ ), 

Indiana Univ. Math. J. 23(1973), 163-172. Corollary 1. If Tn is accretive, n = 1,2,3 .•• , 

then T = T*. Corollary 2. If Re W(D) > o, TD = DT, TnD accretive, n = 1,2,3 ••• , then 

T = T*. (Received November 4, 1974.) 

*720-47-15 IVAN ERDELYI, Temple University, Philadelphia, Pennsylvania 19122. Strongly 

decomposable unbounded operators. 

A strong version of spectral capacity (sc) in a Banach space X is applied to investigate strong 

decomposability in the unbounded case. A strong spectral capacity sse in X is an application E :,K-+ .§(. 

from the collection X of closed subsets of the complex plane 'fr into the set .§(X) of subspaces of X 

which satisfies (i) E(¢) '= (0}, E('IT) =X; (ii) n~1E(F ) = E(n~1F ) for every sequence (F } c F; (iii) n- n n~n n-
for every FE F and every finite open cover (G.:f.1 of F, E(F) = 6 00 E(F n(} ); (iv) for every FE F 

- 1 n=1 n -
the linear manifold E0(F) = {x f E(K) :K is compact and K ~ F} is dense in E(F). A linear operator 

T: DT (;;;;X)~ X has sse E if T: is closed, has a nonvoid resolvent set, and satisfies: (v) E(K) ~ DT for 

every compact K c 'fr; (vi) T(E(F) nDT) ~ E(F) V FE£:; (vii) the restriction TF =Tj(E(F) n DT) has the 

spectrum sp(T F) ~ F for each F E ,E. (i), (iv) and (v) imply T is densely defined on X. The following 

properties of T with sse E are obtained: (I) for every compact K c fT, T K = TIE (K) is a strongly 

decomposable bounded operator on E(K) with sc EK defined by EK(F) = E(K n F) V F E ,E. (II) All 

operators with sse satisfy the single valued extension property. (ill) E(K) is a spectral maximal space 

of T for every compact K c fT, and E(F) is a weak spectral manifold of T for each FE ,E. (IV) 

Every T under consideration has a unique sse. (Received November 4, 1974.) 

*720-47-16 GUIDO WEISS, Washington University, St. Louis, Missouri 63130, Interpolation on Hp 

spaces and some of their generalizations. Preliminary report. 

On spaces of homogeneous type (Coifman-Weiss, Lecture Notes in Math., no. 242, Springer) one 

can define HP spaces in terms of atoms (Coifman, 11 A real variable characterization of Hp, 11 Studia 

Math., to appear); several interpolations of operator techniques can be extended to obtain new results 

concerning operators acting on these Hp and corresponding Lp spaces. One obtains Marcinkiewicz 

type theorems as well as extensions of interpolation of analytic families of operators. These results are 

applied to study Fourier multipliers since Fourier transforms of these Hp spaces are easily character

ized. (Received November 6, 1974.) 

*720-47-17 GARY WEISS, University of Michigan, Ann Arbor, Michigan 48104. 
Indecomposable Hilbert-Schmidt Operators. 

In 1973, L. G. Brown, R. G. Douglas, and P. A. Fillmore characterized the set of all 

operators of the form N + K where N is a normal operator and K is a compact operator 
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they asked whether or not every Hilbert-Schmidt operator is the sum of a normal operator 

1 a trace class operator. They later asked if, for every Hilbert-Schmidt operator A 

ere exists a normal operator N for which A e N is the sum of a normal operator and a 

:ace class operator. We produce a large class of Hilbert-Schmidt operators A none of which 

s the sum of a normal operator and a trace class operator, and furthermore, for each 

xbitrary operator Q , A e Q is not the sum of a normal operator and a trace class operator. 

qe then use this to show that their characterization of the operators N + K does not hold 

true if we replace the class of compact operators by the trace class or by any ideal I for 

which I~ I 112 . (Received November 4, 1974.) (Author introduced by Professor Allen L. Shields.) 

*720-47-18 WILLIAM R. DERRICK, University of Montana, Montana 59801. 
A limit theorem for Eynctional Sturm-Liouville Problems, 

Let Cn=(Cn[O,lJ,i!·!l }, cg the subspace of functions vanishing at 0, and D0°= 
0 n 0 

Cc0[-1,1J,II·II}. Let cp(~O)eD0 be positive on (-6,0) and vanish on [0,1]. De-
fine Tr:c6~Dg by Tru=CIJ(-r) on [-1,-r], Tru=~ on [-r,O], and Tru=u on [0,1]. 
Consider the functional Sturm-Liouville eigenvalue problem (•)(-u"=)Lu= 
\F(\,Tru),u(O)=u'(l)=O, where F:R1xDg~c0 is a bounded continuous operator 
positive with respect to the cones of nonnegative functions. If F is super
linear there exists a continuum rr of nontrivial positive solutions (\,u) 
of (•) joining (O,O) to oo in c1, for all r>O. This is not the case when 
r=O. Theorem, The continuum rr(O<r<<l) of nontrivial positive solutions 
(>, ,u) of (*) satisfies (1). lluJI~(cx/2)1!TrOI!bA., for llullo91TrOI!<e, and 
(2). (2/cx).$.A.I!ull~-l, if I!Jboil.s.llu:/ 0 , cx>O, b>l. Thus two eigenfunctions corre
spond to each A.<;icxl!TrOI/ -l), and the eigenfunction satisfying (1) tends to 
0 as ~ 0. (Received November 4, 1974.) 

*720-47-19 JOANNE DOMBROWSKI and GERD H. FRICKE, Wright State University, Dayton, Ohio 

45431. The absolute continuity of phase operators. 

Let H be a separable Hilbert space with orthonormal basis [cp }, V the unilateral shift operator on 
n 

H so that Vcpn = cpn+1' and A be defined by Acpn = an_1 cpn with a0 = 0. Consider the operator C = 

1/2(V*A + AV). If the sequence [a } converges monotonically to 1 and is so chosen that the spectrum of 
n 

C is exactly the interval [-1, 1], the operator C is called a phase operator. It was previously known 

that certain phase operators were absolutely continuous and that all phase operators had an absolutely 

continuous part. The present work completes the discussion by showing that all phase operators are 

absolutely continuous, (Received November 5, 1974.) 

720-47-20 DONALD W. HADWIN, Indiana University, Bloomington, Indiana 47401. Closures of unitary 

equivalence classes. Preliminary report. 

The author has determined (Abstract 74T-B55, these cJ{otiai) 21(1974), A-306) the closure of the 

unitary equivalence class U(T) for each operator T in a certain large class of operators on a separable 

infinite-dimensional Hilbert space. This class of operators has been enlarged to include the following: 

(1) the class of operators which generate a CCR (liminal) C*-algebra (this class includes all n-normal 

operators), (2) the class of essentially n-normal operators, (3) the class of operators T for which T * T 
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- 1 is compact, (4) the class of irreducible operators whose image in the Calkin algebra generates l 

C*-algebra. It is also shown that if T generates a CCR (postliminal) C*-algebra, then U(T) is cl 

iff T is unitarily equivalent to A E9 B E9 B E9 B E9 ..• , where A, B act on finite-dimensional Hilbert s_ 

The techniques involved make use of the direct integral decompositions of representations of C*-alge 

(Received November 5, 1974.) 

*720-47-21 L.J. GRAY, Union Carbide Corporation, Nuclear Division, P. 0. BoxY, Oak Ride 
~enn. 37830. Products of Hermitean Operators. Preliminary report. 

Let A and B be hermir.ean operators on a Hilbert space, T = AB. Williams and Radjavi 

(Michigan Math J. 1!1 (101)9) 177) have shown that, contrary to the finite dimensional case, 

* * T is not necessarily similar to T . They have asked whether dim N(T) = dim N(T ) (dim N(X) 

is the dimension of the null space of X) is a sufficient condition to guarantee similarity; by 

means of a counter example it is shown to be insufficient. The situation when A and B are 

~-

Fredholm operators is investigated, and it is shown that T and T are similar under various 

additional assumptions. (Received November 5, 1974.) 

720-47-22 FRANCOIS TREVES, Rutgers University, New Brunswick, New Jersey 08903 
Fourier integral operators with complex phase. 

Summaries of the works of Melin and Sjostrand. Possible extensions and problems. 

Some applications. (Received November 6, 1974.) 

*720-47-23 THOMAS G. KURTZ, University ofWisconsin, Madison, WI 53706 
An Abstract Averaging Theorem 

For each t _? 0, let A(t) generate a contraction semigroup on a Banach space L. Suppose 

the solution ut = EA(t)u is given by an evolution operator VE(t, s). Conditions are given under 

which V ((t + s)/E, s/E) converges strongly as E _,.. 0 to a semigroup T(t) generated by the 
E T 

closure of Af = lim t I A(t)f dt. 
T_,..oo 0 

This result is applied to the following situation: Let A generate a contraction group S(t) 

and the closure of A + EB generate a contraction semigroup SE(t). Conditions are given under 

which S(-t/E )SE(t/E) converges strongly to a semigroup generated by the closure of 

- 1 T 
Bf = lim T I S(-t)BS(t)f dt . This work was motivated by and generalizes a result of Pinsky 

T_,..oo 0 
and Ellis for the linearized Boltzmann Equation. (Received November 6, 1974.) 

*720-47-24 Professor RICHARD BOULDIN, Univ. of Georgia, Athens, Georgia 30602 
Approximating the Shift with Toeplitz Operators 

The distance from a (bounded linear) operator T to the set of non-

negative operators is called the modulus of positivity, denoted o(T). If 

Un denotes the n dimensional shift then we prove that [1'\(Un) 1 is an 

increasing sequence which converges to l; this verifies a conjecture of 

P. R. Halmos. For the unilateral shift, as an element of the Toeplitz 

operators, we exhibit all positive approximants (best approximating non-
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negative operators) and all extreme points of the set of positive approxi-

mants. We extend those results to any nonnormal subnormal operator for 

which the zero operator is a positive approximant. (Received November 6, 1974.) 

*720-47-25 DAVID P. MATHER, The American University, Washington, D.C. 20016, Commutativity 
Properties of Continuous Operators on the Space of Entire Functions. 

In 1904, J. Schur published a paper asserting that if two finite order differential opera

tors A and B commute with a third operator C, then AB = BA. His proof was not completely 

clear. We are concerned with a general examination of the algebra ~ ( C,) of continuous linear 

operators on the space C, of entire functions; by a representation theorem of Buck, each of 

these can be represented by an infinite order differential operator with entire coefficients. 

The study concentrates on ~ the subalgebra of finite order operators, and on the nature of 

the centralizer ~(A) in £(€) of a single operator A E 3- Using a theorem of Del-

sarte and Lions, this is reduced to the study of l:(DN) and the complete structure of the 

latter can be described in terms of certain specific nilpotent operators. The basic techniques 

use the entire functions in A and z associated with an operator T by 
A -)\z .>.z . 
T(z, )1.) = e Te ; analys1.s of the 

positions of T. These imply ~ (DN) 

nature of these entire functions of )\ yield decom
N is itself not commutative, but ~(D ){1 ~ is, in con-

firmation of Schur's assertion. A further application of the Delsarte and Lions theorem gives 

that in general ~(A) is not commutative. (Received November 6, 1974.) 

*720-47-26 RONALD C. ROSIER, Georgetown University, Washington, DC 20057. Tensor products 
of p-nuclear, quasi p-nuclear, and p-integral maps. 

This paper extends the results of two earlier papers of Holub [Tensor product mappings, Math. 

Ann. 188 (1970), 1-12. MR 44 # 2052. Tensor product mappings II, Proc, Amer, Math. Soc, 42 

(1974), 437-441]. The main results are: 

(1) Let 1 ~ p < ~. If S and T are both p-nuclear, or quasi p-nuclear, or p-integral, 

then S e>e: T is of the same type and the appropriate norm of S c»e: T is bounded by the product 

of the corresponding norms of S and T. 

(2} If a is in c0 but not in for any p < ~, then the diagonal map D 
a 

p-nuclear for every p, 1 < p < oo (so also quasi p-nuclear, p-integral, and absolutely 

p-s=ing), but Da ~ Da is not absolutely p-summing for any p, 1 ::;: p < oo (hence not 

p-nuclear, quasi p-nuclear, or p-integral). 

is 

Combined with the results of Holub, this shows that p-nuclear, quasi p-nuclear, p-integral, 
and absolutely p-summing maps are preserved by the e: tensor product for all p, 1 ~ p < oo, but 

that only !-nuclear and !-integral maps are preserved by the ~ tensor product. 
(Received November 6, 1974.) 

720-47-27 P. M. FITZPATRICK, University of Chicago, Chicago, Ill. 60637 and 
W. V. PETRYSHYN, Rutgers University, New Brunswick, N. J. 08903. 
Positive eigenvalues for nonlinear operators. 

Let X be a Banach space. If Kcx, K is called a wedge if it is 

closed and if AX+ Sy e K when x, y e K and A,S e R with A,S ~ 0; a 
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wedge K with the property that K n { -K} = { O} is called a cone. Theorem: 

Let K c X be a wedge, with ucx a bounded neighborhood of o. Suppose 

C: K n u + K is compact and a > 0 is such that jjc Cxlll ;:_ a if 

x E: aKcun K). Let T: un K + K be condensing, with iKCT,U n Kl I= o. 

Then, if either K is a cone or K n B CO,ll is noncompact, there exists 

/.. E: R with I. > 0 and x E: aKcu f1 K) such that x ~ T(x) = 'AC(x}. (See 

R. D. Nussbaum [Ann. Mat. Pura Appl. 89 (1971)]} for the definition of the 

fixed point index, iK(T,\i f"l K) .) A multivalued version of the above result 

is also proven, and applications are given to differential equations. 

(Received November 6, 1974.) 

*720-47-28 RALPH GELLAR, North Carolina State University, Raleigh, North Carolina. 
Circularly symmetric normal and subnormal operators. 

A bounded operator T in Hilbert space will be called rotationally 

invariant if and only if T is unitarily equivalent to ei8T for all real e. T is circu

larly symmetric (c. s.) if and only if u8TU;~ = ei8T for u8 a 2rr-periodic unitary group. 

(A c. s. operator is an operator-weighted shift). Are these concepts equivalent? Yes 

for finite dimensional operators and normal operators on separable spaces. No on non-

separable spaces. 
ie 

v is a c. s. measure on the complex plane if and only if v(e E) = v(E) 

for all real 8, all measurable E. A subnormal weighted shift is multiplication by z, Mz, 

2 2 
on H (dv1 ), a cyclic c. s. normal operator is Mz on L (dv2 ) for c. s. v1 and v2 . 

Main Theorem: A cyclic subnormal c. s. operator is Mz@ Mz 
2 2 

on H (dv1 ) ®L (dv2 ). The 

converse question "which operators of this form are cyclic?" is answered except in those 

cases where v1 and v2 are "kissing" and v2 is "outside" v1 , for instance when v1 is Lebesgue 

area measure on the unit disc and v2 is Lebesgue linear measure on the unit circle. 

(Received November 6, 1974.) 

720-47-29 R. J. FLEMING AND J. E. JAMISON, Memphis State University, Memphis, Tennessee 
38152, Operators on Modulared Spaces. 

Let ()} , L: 1 , )l) be a measure space, let .p ( t; , t) be a real valueil nondecreasing function of 

? > 0 for each t E: I! and a measurable function of t for each ; > 0, and let 

<!> (; , t) = s~O .p( '1 ,t)dl). Let L<j> denote the space of functions determined hy the modular 

M(f) = fn <!> (If ( t) I , t)d)l. The class of modulared spaces L<!> includes the Orlicz spaces and 

the Lp(t) spaces. [Nakano, Topology and Linear ~opological Spaces, Tokyo lQSl). ~ith suit-

able (though fairly gener<!l} restrictions on .p , it is possible to identify the l-Termitian 

operators and therefore the onto isometries on Lq,· In general, the spaces contain a Bilbert 

subspace (possibly trivial) as a direct summand and the operators of interest necessarily are 

direct sums of operators on the summands. In particular, Hermitian operators are essentiallv 
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multiplications and adjoint abelian operators are either multiples of reflections or simply a 

projection onto the Hilbert subspace followed by a self adjoint operator. 

(Received November 6, 1974.) 

*720-47-30 D. H. HYERS, University of Southern California, Los Angeles, California 90007. A note on 

Frechet• s definition of polynomial operators. 

In 1929, M. Frechet defined "polynomes abstraits" as those operators P from a real vector space 

X to another, Y (where X and Y were "espaces algebrophiles") which have the following properties. 

(1) The operator P is continuous. (2) t.: h P(x) = 0, for all x and h. in X (j = 1,2, ... ,m). Here 
1'" m J 

the symbol in the left member of (2) represents the mth forward difference of P with the increments 

h1,h2 , ... ,hm (J. Math. Pures Appl. (9) 8(1929), 71-92). We modify Frechet•s definition as follows. 

The spaces X and Y are taken to be topological vector spaces with real or complex scalars. Condition 

(1) of continuity is replaced by the weaker condition that P be Gateaux differentiable everywhere. The 

resulting definition turns out to be equivalent, in the present context, to either of the two standard 

deflnitions of polynomial operators (Prenter, Nonlinear Functional Anal. and Appl. (Proc. Advanced Sem., 

Math. Res. Center, Univ. of Wisconsin, Madison, Wisconsin, 1970),Academic Press, New York, 1971, 

pp. 362-363 and Hille, "Functional analysis and semigroups," Amer. Math. Soc. Colloq. Publ., vol. 31, 

Amer. Math. Soc. Providence, R.I., 1948, p, 66) (Received November 6, 1974.) 

720-47-31 R. J. FLEMING and J. E. JAMISON, Memphis State University, Memphis 
Tennessee 38152, On a conj·ecture of rs·tratescu. 

In this note we give an example of an adjoint abelian operator A on a 

uniformly convex Banach space X with the property that A2 + AI fails to be 

adjoint abelian for every nonzero scalar A. This answers a question of 

V. I. Istratescu in the negative. We also show that the conjecture of 

Istratescu is valid in many of the classical Banach spaces. 

(Received November 6, 1974.) 

*720-49-1 

49 Calculus of Variations and Optimal Control 

S.D. FISHER AND J. W. JEROME, Department of Mathematics, Northwestern University, 
Evanston, Illinois 60201. Stable and Non-stable elastica equilibria. 

Let points p1 , •.• ,pm be given in the plane and let L be a fixed positive number. Let C con

m 
sist of all curves (x(t), y(t), 0 ~ t ~ 1, which pass through the points {pi}l; which have 

.. .. 2 
length no more than Land for which x, y EL (0,1). Assume Cis non-empty. Then it is 

known that C contains at least one curve (x0 (t), y0 (t)) for which f~ k 2(t)dt is minimal over 

the class C where k is the curvature. Let {ti}~ be· points in [0,1] for which 

(x0 (ti), y0 (ti)) =pi, i = l, ••• ,m. Then each of x0 , y0 is Coo on (ti' ti+l) fori l, ••• ,m-1 
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and c2 on [0,1]. Further, if k is the curvature of (x0 , y0 ) then k satisfies the differential 

equation 

on (ti' ti+l) where s is arc-length, A > 0, and Ci is a constant. 

given. (Received October 15, 1974.) 

Other results are also 

*720-~-9-2 DONALD R. SNCW, 3righam Young University, Provo, Utah 84602. A New Proof 
of Rayleigh's Principle for Eigenvalue Arproximations. Preliminary report. 

Rayleigh's Principle gives a characterization of the eigenvalues and eigenfunctions 
of a differential equation as the minimum value and minimizing function, respectively, 
of a related variational problem. This gives information on the eigenvalues and a 
simple means of obt8ining upper bounds for them. This paper presents a new proof of 
this principle in the case of Sturm-liouville differential equations. The method shows 
both the necessity and sufficiency of the condition by using a modification of 
Caratheodory's method of equivalent problems in the Celculus of Variations. The me>thod 
is simple both conceptually and computationally and does not use the classical varia
tional techniques. It shows immediately that any function satisfying the boundary 
conditions, when substituted into the Rayleigh ratio, yields an upper bound to the 
eigenvalue, and the eigenfunction used therein yields exactly the eigenvalue. It also 
shows the positivity properties of the eigenvalues under appropriate assumptions on 
the coefficients of the differential equation. It appears that the proof can be 
generalized to handle other kinds of problems, such as eigenvalue problems for partial 
differential equations, as well as the one independent variable case presented here. 
(Received October 7, 1974.) 

*720-49-3 MARVIN I. FREEDMAN and JAMES L. KAPLAN, Boston University, Boston, Massachusetts 
02215. Perturbation analysis of a class of time optimal control problems. 

The authors phrase a regular perturbation problem for a time optimal control problem in which the 
optimal controller is bang-bang. Formal procedures for computing the asymptotic series expansions of 
the variables and then establishing the uniform validity of these asymptotic series are given. The tech
nique is based upon the idea of introducing a nonlinear change of variables which freezes the switch times 
and the terminal time of the perturbed problem, and allows for an asymptotic analysis in the new 
variables. This is necessitated by the fact that a perturbation analysis in the original variables does not, 
in general, exist because of the discontinuous nature of the control. (Received November 5, 1974.) 

*720-49-4 V. L. BAKKE, University of Arkansas, Fayetteville, Arkansas 72701. Boundary arcs for 
integral equations. 

Behavior of boundary arcs for control systems is investigated when the systems are governed by 
integral equations of the Volterra type. The main result, in the form of a maximum principle, is used to 
obtain necessary conditions for a minimum control problem. (Received November 6, 1974.) (Author 
introduced by Professor James E. Scroggs.) 
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50 Geometry 

50-1 LYNN E. GARNER, Brigham Young University, Provo, Utah 84602 
Proper lineations on real spaces are collineations, Preliminary Report. 

Jsing the corresponding place to characterize a proper lineation (see L. Garner, 

teations between projective spaces," Abstract 711-50-3, these Notices 21(1974), 

02), a proper lineation from a real projective space into itself is shown to be a 

jective collineation. Applications to collinearity-preserving functions between affine 

nes are discussed. (Received October 25, 1974.) 

0-50-2 THOMAS STROMMER, University of Washington, Seattle, Washington 98195. 

Arrangements Generated by Polygons, Preliminary report. 

one defines a polygon P to be a set of points x 1 , ••• , Xu in the plane together with the 

~gments xixi+l and XnXl such that no three consecutive xi are collinear, one may consider the 

et of lines A determined by these segments. A forms a special type of what is known as a 

:uclidean arrangement of lines. We show that if P is generated by n points, then A may contain 

as few as J1+2n' distinct lines. Further, A may have any number of vertices (places where two 

or more lines meet) between n and (l/2)n(n-l) inclusive whenever n#6. (When n=6, the only 

exception is that there is no 6-gon which generates an arrangement with only 6 vertices.) 

(Received October 30, 1974.) 

*720-50-3 LEOPOLDO V. TORALBALLA, Bronx Community College, Bronx, New York 10453. A 

topological measure-theoretic apProach to dimension theory, 

Our work on surface area has led to a general definition of p-dimensional measure in 

q-dimensional Euclidean space, p ~ q, With this definition, dimension is always an integer and is 

topological, Let P E E c S, a Euclidean space, Let n be any positive integer, If there exists a 

ball B(P,£) and an open set A c E n B(P,l'), P E A, such that /Jn(A) = 0, where /Jn(A) is our 

n-dimensional outer measure of A, we say that the dimension of E at P is less then n. If m is the 

least positive integer such that the dimension of E at P is less than m, then we say that the dimension 

of E at P is m- 1, If for all P E E, the dimension of E at P is d, then we say that the dimension 

of E is d. Theorem 1, Let the dimension of E at P be n > 0, Then there exists a ball B(P, £), and 

an open set A c En B(P, (), PEA, such that the dimension of Bdy A is ='in- 1, Theorem 2, Let 

dimension of E at P be m. Let A be an open set in E n B(P, () such that ~-'m (A) > 0. Then there 

exists Q E Bdy A such that dim(Bdy A) at Q = m- 1, Theorem 3. Dimension, as we defined it, is 

topological and agrees with the Menger-Urysohn definition. Through imbedding, our definition is extended 

to separable metric spaces in general, (Received November 1, 1974,) 

*720-50-4 s. E. PAYNE, Miami University, Oxford, Ohio 45056 and J .A. THAS, University of Ghent, 

Ghent, Belgium, Generalized quadrangles with symmetry, 

Let S be a generalized quadrangle with order (s, s). A symmetry 9 about a line L is a 

collineation of S fixing each line meeting L. Then L is said to be a center of symmetry if the group of 

symmetries about L is of order s (the maximum possible). Theorem. If three lines that are centers 

of symmetry meet at a point x00 , then S is a translation generalized quadrangle, So s is a prime 
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power with x regular when s is even and antiregular when s is odd, Theorem. A generali 
00 

quadrangle S of order s with an antiregular point is equivalent to a finite Laguerre plane of odd 

s. (Received November 1, 1974.) 

*720-50-5 Branko Grlinbaum, University of Washington GN-50, 
Seattle, Washington 98195. Arrangements of colored lines. 

An arrangement of n lines in the real projective plane is k-colored if e~ 
line is assigned one of the "colors" 1,2, ... ,k. We denote by nj the 

number of lines having color j, by sj the number of vertices all lines 
through which have color j, and we put d = n2 - n1 . It is well known tha· 

~jsj > 0 (T. S. Motzkin, Notices A.M.S. 14(1967), 837; G. D. Chakerian, Am~ 

Math. Monthly 77(1970), 164-167.). A 2-colored arrangement is biased if 
s 2 = 0. Theorem 1. There exist (two) infinite families of 2-colored biased 
arrangements with d = 4. Conjecture 1. If the lines of color 2 of a biase. 
2-colored arrangement do not form a pencil then d ~ 4; moreover, if s 1 = 1 

then d ~ 1. A k-coloring of an arrangement is nice if no vertex is incident 
with lines of precisely two different colors. TheOrem 2. For arbitrarily 
large k there exist (nontrivial) arrangements that have nice k-colorings. 
Conjecture 2. In each nice k-coloring nj ~ 4 for some j. 
(Received November 4, 1974.) 

720-50-6 J. W. FREE~1, Department of Mathematical Sciences, Virginia 
Commonwealth University, Richmond, Virginia 23284. Relations 
Between Two Baer Subplanes of PG(2,q 2 ), Preliminary Report-.----

Using the representation of PG(2,q 2 ) = ~(q 2 ) in PG(S,q) = E(S) and 4-

dimensional sections of ~(5) , the possible relations between two distinct 

Baer subplanes of ~(q 2 ) are examined. The number of subplanes in a parti-

cular intersection relation with a given subplane is found in each of 6 

possibl~ relations. (Received November 5, 1974.) 

720-50-7 Gary L, Ebert, University of Wisconsin, Madison, Wisconsin 53706, 
Disjoint circles in finite miquelian inversive planes. Preliminary 
report. 

Let C1,---,Cn be any n mutually disjoint circles in a finite miquelian 
inversive plane IP(q), where q is an odd prime power and ~4. Assume that 
there does not exist a circle D orthogonal to the given n circles, and that we 
do not have one circle of our set orthogonal to the other n-1 circles. Also 
assume that all subtriples are non-linear. Let G be the group of collineations 
of IP(q) generated by the inversions and the collineations induced by the pro
jective linear group of the line PG(1,q2 ), Let H::: tt:h:G/9-permutes the Ci's} 
and K-= { e'" G/G- fixes the Ci' s). Theore.m 1 K= 1 and H is isomorphic to a sub
group of Sn· A classification of the possibilities for H is given when n = 4 
and n :::5. The possible orders for H are discussed when n = 6, 7, or 8. Theorem 1 

H cannot be non-abelian simple for 4 ~ n ~8, The exceptional case when n = 5 and 
one of the circles is orthogonal to the other 4 circles is also considered, 

It should be noted that the classification of sets of n disjoint circles of 
IP(q) where 0 ~ n ~(q-1)/2 is equivalent to the classification of subregular 
spreads of index n, and hence each equivalence class of disjoint circles 
corresponds to an equivalence class of translation planes, 
(Received November 5, 1974.) 
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720-50-8 SUE WHITESIDES, University of Wisconsin, Madison, Wisconsin 53706, 

Collineations of order 10 planes, Preliminary report, 

The existence of a projective plane P of order 10 has been investigated 

by studying its collineations, An unpublished result of E, T, Parker, that 

a collineation of P of prime order must be non-central and of order 3 or 5 

(see p, 177 of Dembowski), has been verified; a somewhat stronger result 

stated without proof by D, R, Hughes {On homomorphisms of projective planes, 

Proc, Symp, Appl, Math, 10, 45- 52,) has not been verified, Results, 

1)The full collineation group of P has order 3e or 3e•5, where e may be 0; 

2)A collineation of P of order 5 must have a unique fixed point and a unique 

fixed line, Such a collineation determines much of the structure of P; 

J)Any collineation group of P which maps a set of 12 points, no 3 collinear, 

upon itself must have order 1 or 3, (Received November 5, 1974.) (Author introduced 
by Professor R. H. Bruck.) 

720-50-9 T. F. BANCHOFF, Mathematics Department, Brown University ,, 
~- M. STRAU$S, Applied M~thematics, Brown University Analysis) 

Cusps of S~mplic~al Mapp~ngs to the Plane \W~tn computer Graphics 

ror an "excellent" smooth mapping of a closed surface M2 to the plane (such 

that the only singularities are folds and a finite number N of cusps), Thorn 

has shown that N : ?((~2 ) (mod 2). A more general theorem for simplicial map

pings involving multiple cusps and ramification indices is proved which special

izes to the above result if the singularities correspond to those of a smooth 

mapping, and this result is extended to simplicial mappings of ann-manifold 

to n-space. Computer graphics illustrations will include projections of the 

Veronese surface and unfoldings of simplicial approximations of the complex 

singularities of z + zn • (Received November 6, 1974.) 

*720-50-10 R.H. BING and MICHAEL STARBIRD,University of Texas at Austin, Austin, 

Texas 78712. Linear Isotopies. 

Let P be a polygon simplicially embedded in En. An isotopy ( t £ [0,1)) 

is a linear isotopy taking P to h1(P) if h0 is the identity map and for each t in 

[0,1], ht is linear on each simplex of P. 

It is proved that if P is a finite graph simplicially embedded in E2 and 

h: E2 + E2 is an orientation preserving homeomorphism such that h(P) is also a simplicial 

embedding, then there is a linear isotopy of E2 taking P to h(P). An example is 

presented to show that the analogous statement for a finite graph embedded in E3 is 

false. (Received November 6, 1974.) 

720-50-11 RODNEY T. HOOD, Franklin ~allege, Franklin, Indiana 46131. 
Rest points, tangent circles, and the rational number line. 

We consider two externally tangent circles lying on the 

same side of a common tangent line. Let S be the set of all circles 

that can be generated from these, such that each generated circle is tan

gent to the given line and to two touching circles of the family. If 

the radii of the two original circles are each of the form kr2, where k 

A-201 



is a non-square integer and r is rational, then every circle in S has 

a radius of the same form, and the coordinates of points of tangency of 

the members of S with the given line may be taken to be rational. We 

show that the set of these rest point coordinates is precisely the set of 

rationals on a given closed interval. We further show that every rational 

number is the coordinate of the rest point of a circle of an enlarged family 

S*, obtained by an easy extension of the defini~ion of s. 
(Received November 6, 1974.) 

52 Convex Sets and Geometric Inequalities 

*720-52-1 GEMLO HEL:lt, California State University, Los Angeles, California 90032. 

StarshapeJ sets and the Hausdorff metric. 

Let C be a compact set in Rn. The r-narallel body of C, Br(C), is the union of 

the family of closed r-balls l'lhose centers lie in C. If C is starshaped with respect 

to the orip,in, then the gauge of Br(C) is a Lipschitz functior; this observation in 

conjunction l'lith the Arzela-Ascoli theorem yields a Blaschke selection theorem for 

starshaped sets. In addition, each parallel body is a union of a finite collection 

of parallel bodies of starshaped sets. From this decomposition, we show that Lebesgue 

measure is continuous on the metric space of parallel bodies of a fixed radius in Rn 

relative to the Hausdorff metric. (Received October 24, 1974.) 

*720-52-2 G. T. SALLEE, University of California, Davis, California 95616, 
Tiling Convex Sets by Translates. Preliminary report. 

Let K be a compact, convex subset of Ed such that K can be tiled by a finite 

number of translates of some compact set Y; that is, K = X+ Y where X is finite and 

the [Xi+ Y} are disjoint on interiors. The possible structures of K, X andY are c~ 

pletely determined under these conditions. This result extends earlier ones of H. Groemer 

[Arch. d. Math. 19(1968), 445-448], and S. K. Stein ["Factors of some direct products", 

Duke Math. J. , to appear] • (Received October 25, 1974. ) 

*720-52-3 JOHN C. OXTOBY, Bryn Mawr College, Bryn Mawr, Pennsylvania 19010. Construction of 

disjoint arcs through finite sets within given disks. 

Let U be an open subset of the plane, F 1 .... , F m disjoint finite sets, and D1, ... , Dm open disks. 

:3: disjoint ares A1, •.• ,A 3 F. c A. c D. n U iff for each j, F. is contained in a single component of 
m J J J J 

D. n U. If U contains a convex neighborhood of each F., if diam F.> 0, and if c > 2/ J3, then :3: disjoint 
J J J 

ares 3 F. cA. c U and diamA. ;§ cdiamF., but not necessarily if c ;§ 2/ J3. Among other applications, 
J J J J 

this result completes the proof, in the case n = 2, of a lemma of C. Goffman [Acta Math. 89(1953), 261-

278, Lemma 4] as modified by H. E. White, Jr. [Proc. Amer. Math. Soc. 44(1974), 391-394]. (Received 

November 4, 1974.) 
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>1<720-52-4 HAN8-HEINRICH HERDA, Boston State College, Boston, Massachusetts 02115, Character· 

Lzation of spheres among compact 3-.bodies, II, Preliminary report. 

Let K be a compact subset of E3 having finite surface area s. Let q be the infima! surface-

area-bisecting cross-section of K. If K is convex, then s ~ 4q, and s = 4q implies that K is a sphe1 

[H. Herda, "A characterization of spheres among compact 3-bodies", Colloq. Math, 33 (1) in press]. 

It is shown here that the result still holds if K is only assumed to be the closure of a bounded open set 

such that oB is rectifiable. (Received November 4, 1974,) 

*720-52-5 

A set S 

DAVID C. KAY and MARILYN BREEN, University of Oklahoma, Norman, Oklahoma 73069. 
General Decomposition Theorems form-Convex Sets in the Plane. 

ism-convex if for each m points x1 , ..• ,xm in S at least one pair X. !liX• 
l. J 

exists such that the segment joining xi and x. 
J 

lies in s . Let C(S) = the smallest 

integer m such that S is the union of convex sets c1 , .•. ,Cm. Obviously, if C(S) = 
m - 1 then S is m-convex, m ~ 2 The main result of this paper settles in the affirm-

ative the conjecture that C(S) < oo for any closed, planar, m-convex set S A bound 

obtained for such a set is C(S) < mm . 

In particular it can be shown: If a line of support for S exists at a point 

p E ker S then C(S) = m - 1 ; if bd S n ker S 1 0 , then C(S) S 2m - 3 ; if S is 

4-convex then C(S) S 6 (best possible bound here is C(S) = 5 ); and if conv Q c S , 

where Q = l.n.c. points of S , then C(S)S3m- 2 . In general, if S is closed, planar, 

m-convex then C(S) S 2(m- 1)m- 2(m- 1) 2 . (Received November 6, 1974.) 

*720-53-1 

53 Differential Geometry 

GEORGE PARKER, Southern Illinois University, Carbondale, Illinois 
62901. On ResulLs of Bochner and Nomizu. 

Nomizu ("Holonomy, Ricci tensor and Killing vector fields," Proc. AMS 

12 (1961), 594-597) gave an invariant proof of Bochner's Theorem relating 

Killing fields and the sign of the Ricci 

Lemma: If X is a Killing field, then 

tensor, basing his proof on the 
2 

div (AxX) = -Ric(X,X) - trace (Ax)· 

We generalize this lemma and use the generalization to give an invariant 

proof of Bochner's Theorem relating harmonic fields and the sign of the Ricci 

tensor. (Received October 24, 1974.) 

*720-53-2 THOMAS E. CECIL, Vassar College, Poughkeepsie, N. Y. 12601, Taut 
Immersions of Non-compact Surfaces into R3. 

Let f be a c"" immersion of a smooth surface M into R3. For p E R3, x E M, the 

function ~(x) = d(f(x),p) 2 , where dis the Euclidean distance in R3. The 
immersion f is called taut if f is proper and if every Morse function Lp has 
the minimum number of critical points on M required by the Morse inequalities. 
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The cyclides of Dupin are precisely those surfaces M in R5 for which both 

sheets of the focal surface of Mare degenerate. A compact cyclide is either 
a Euclidean sphere, a standard torus of revolution or a surface obtained by 
inverting a torus of revolution in a sphere whose center is not on the torus. 

A non-compact complete cyclide is either a plane, a circular cylinder, or 
a surface obtained by inverting a compact toroidal cyclide in a sphere whose 
center is on the compact cyclide. We prove the following: 

Theorem: let f: M-+ R3 be a taut immersion of a connected, non-compact 
surface. Then f(M) is a complete cyclide of Dupin. (Received October 29, 1974.) 

*720-53-3 ROBERT S. CAHN, University of Miami, Coral Gables, Florida 33124 and JOSEPH A, 
WOLF, University of California, Berkeley, California 94720. The asymptotic expansion of 
the zeta-function of compact symmetric spaces of rank one. 

Let M = G/K be a compact symmetric space with Lie algebra G1 = R + ~ + !ll with ~ of dimension 

one. Then by classification M is ffiPn, <J:Pn, lliPn or FiSpin(9). Using the results of Cartan, L2 (M) = 

$1T where 1T is a representation of G with a K-fixed vector. If M is made a Riemannian manifold 

with G invariant metric at the coset eK given by the projection of -0, with 0 the Casimir element of 

IJI, then every representation space is an eigenspace of t:, and the zeta-function of M is C(t) = 
L:fl' degree('IT) exp(-tfi'(O)). Using the dominant weight theory of class one representations C(t) can be 

analyzed using a summation formula of Mulholland (Proc. Cambridge Philos. Soc. 24(1928), 280-289) and 

the coefficients in the asymptotic expansion of C(t) can be computed. The formulas involve the convolution 

of exp(jlij2t) with a Laurent series. (Received October 30, 1974.) 

720-53-4 RICHARD H. ESCOBALES, JR., Canisius College, Buffalo, New York 14208. Submersions 

from complex projective space. 

Let f be a Riemannian submersion from complex projective r space, CP(r), onto another 

Riemannian manifold B. Assume f has connected, complex, totally geodesic fibers with 2 "§dimension 

of fiber"§ 2r- 2, The following result then obtains, if the fibers are complete. Theorem. Any submersion 

f: CP(r) ... B satisfying the above conditions must fall into one of the following classes: (1) f: CP(2n + 1) ... 

QP(n) or (2) f: CP(7) ... s8 (t) with 1 "§ K* "§ 4, where K* denotes the sectional curvature of quaternionic 

n space QP(n) and where s8 (t) denotes the eight sphere of radius i. In fact, class one is not empty 

and if n"" 2 then any two submersions from a fixed CP(2n + 1) onto QP(n) are equivalent. (Received 

October 30, 1974.) 

*720-53-5 GARY JENSEN, Mathematics Department, Washington University, St. Louis, MO 63130 

Imbeddings of Stiefel manifolds into Grassmannians 

There are natural imbeddings of the Stiefel manifold 

p-frames in IFn (where F = R or H) and 0 < p < n) into the Grassmannian 

s n,p 

G n+p,p 

of unitary 

of 

(oriented) p-planes in 'Fn+p . S is imbedded as an orbit of the isotropy of the n,p 

homogeneous space Gn+p at a specified origin. ,p Thus s n,p is contained in a distance 

sphere of G +p centered at the origin. There is a choice of radius of this distance n ,p 

sphere such that the metric on s n,p induced from the canonical metric on G n+p,p is 

Einstein. For example, when 'IF ~-m , p • 1 , sn,l is the unit 4n - 1 sphere in mn 
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and is the quaternionic projective space HPn • If is the metric on 1HPn 

of sectional curvature 1 
K , 4 S K S 1 , then for any r , 0 < r < n , sn,l can be 

imbedded as the distance sphere of radius r centered at the origin of lHPn When r 

satisfies cos 2 I= 1; 2n , then the induced metric on sn,l is an Einstein metric of 

positive sectional curvature with pinching & = ( 1; 2nl • (Received November 4, 1974.) 

*720-53-6 CALABI, Eugenio, Math. Dept., University of Pennsylvania, Philadel
phia, Pa. 19174, On Manifolds with nonnegative Ricci curvature II. 

Let M be an n-dimensional Riemannian manifold with nonnegative Ricci 

curvature. Then the exponential mapping expp for any p E M • restricted to 

the domain bounded by the cut locus, is everywhere volume decreasing.From this 

fact one deduces the following THEOREM. Let M be a Riemannian, n-dimens

ional, complete manifold with nonnegative Ricci curvature. Then, if r de

notes the injectivity radius and D the geodesic diameter of M , the volume 

V of M satisfies V >-cnrn-lo, where Cn is a positive constant depending 

only on n In particular, if M is not compact (i. e. if D = ~ ), the 

volume of M , under the same assumptions, is infinite. (Received November 6, 1974.) 

720-53-7 , GEORGE DEENEY, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia 24061. QE weakly asymptotically ~ ioace-times. Preliminary Report 

Consider a Lorentz 4-manifold (M,g) which is time-orientable, possesses no closed timelike 

trajectories, and the metric g satisfies the Einstein equations without cosmological constant. 

An asymptotically simple (a.s.) space-time is, roughly, any such manifold which allows 
A 2 

"compactification" by extension to a conformally-related manifold with boundary (M,rl g) using 

an appropriate smooth conformal factor r/ to "bring in" the infinities of null geodesics. The 

conformal infinity so produced is oM and M M U oM. In that this is quite a great global 

restriction, one is usually concerned with weakly asymptotica!_ly !'].rrp_l_EO!_ (w.a.s.) space-times, 

which might possess large open regions with the a.s. property but might also have other regions 

where that property does not hold. It is well-known that under certain rather general condi

tions (e.g., the vacuum Einstein equations) oM is a union of null hypersurfaces for a w.a.s. 

space-time. We prove in this instance that the null generator of oM is both a geodesic and a 

conformal Killing vector field on oM. In general this vector field on the boundary is not 

divergence-free; otherwise oM would be a so-called Killing horizon. Some of this approach is 

discussed in the wider context of "asymptotic symmetries" in general and "asymptotically 

stationary" in particular. (Received November 6, 1974.) 

*720-53-8 JOHN K. BEEM, University of Missouri, Columbia, Missouri 65201. Pseudo
Riemannian manifolds with totally geodesic bisectors. 

Let M be a pseudo-Riemannian manifold. Locally a distance function may be defined. 

The bisector of two points is the set of points equidistant from these two points. The 

space M is shown to have constant curvature if and only if whenever two points are not 

zero distance apart the bisector of the points is a totally geodesic submanifold of M. 

(Received November 6, 1974.) 

A-205 



720-53-9 HOWARD JACOBOWITZ, Rice University, Houston, Texas 77001. 
Kaehler Gauss-Codazzi Equations, Preliminary report. 

The Gauss-Codazzi equations for a Kaehler manifold can be given as a 

Hirsh-Smale type statement. 

Theorem. A simply connected Kaehler manifold M can be isometrically 

embedded in eN by means of a holomorphic map if and only if there is a 

holomorphic bundle map TM ~ M x eN which is isometric on each fibre. The 

results of Calabi [Ann. Math 58(1953), 1-23] follow simply from this 

formulation of the isometric embedding problem. (R~ceived November 6, 1974.) 

*720-54-1 

54 General Topology 

PETER F. MAR and S. A. NAIMPALLY, Lakehead University, Thunder Bay, 
Ontario, Open and Uniformly open mapping theorems 

The following results were obtained in a search for a common refinement of theorems of 

J.L. Kelley (Theorem 6.36 of GenePal Topology) and J.D. Weston (Theorem 8 of J. London Math. 

Soc. 32 (1957), 342-354) as proposed by B.J. Pettis at the Charlotte Topology Conference, 

March 1974. If (X,o) is an Efremovi~ proximity space and Y a topological space, then a 

relation R C XxY is called weakly open iff y E R[A] 

(1) If R is weakly open and nearly open, then R is open. 

(2) If X is metric, Y a Morita uniform space, and RCXxY is weakly open and uniformly 

nearly open, then R is uniformly open. Generalization of Weston's result to an injective 

relation and Kelley's result to Morita uniform space follow. These in turn give two results 

on relations which are refinements of two pairs of results of Pettis. We finally discuss 

applications to topological groups and topological vector spaces. (Received May 8, 1974.) 

720-54-2 BEVERLY L. BRECHNER, University of Florida, 2Gainesville, Florida 
32611. Almost periodic homeomorphisms of E are periodic. 

In this paper it is shown that every almost periodic (a.p.) homeomorphism 

of E2 onto itself is periodic. This improves similar results for the disk 

by Foland [A Characterization of Almost Periodic Homeomorphisms on the Closed 

2-cell, PAMS, 16 (1965) pp. 1031-1034] and Hemmingsen [Plane Continua Admitting 

non-periodic autohomeomorphisms with equicontinuous iterates, Math. Scand. 2 

(195V 119-141]. Foland proves the result for the disk directly, while it 

follows from Hemmingsen's work when one uses the fact that a.p. homeomorphisms 

on a compact metric space have equicontinuous families of iterates. The proof 

of the main theorem in the present paper uses Bing's E-growth technique to 

obtain invariant disks and thus re-does a portion of Foland's and Hemmingsen's 

papers in a particularly nice way. (Received August 19, 1974.) 
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720-54-3 CHARLES E. AULL, Virginia I:ol:ytechnic Institute and state University, Blacksburg, 
Virginia, 24061. Initial topolOSies, k-spaces and accessibility spages 

Every T2 continuous image of a T4 space X is a k or k' space iff the space 

is compact. Every T3t continuous image of a T4 space X is an accessibility space 

iff X is a compact Frechet space. Every T4 continuous image of a T4 space X is a 

sequential (Frechet) space. A space that is accessible by countably compact sets such 

that every sequentially compact subset is closed is a Frechet space. 

(Received August 19, 1974.) 

*720-54-4 w. T. WHITLEY, Marshall University, Huntington, West Virginia, 25701. 
Another characterization of semiprime ideals in C(X). 

Text. Let C(X) denote the ring of continuous real-valued functions on a topo-

logical space X. Definition. An ideal I in a commutative ring R is an FP-

ideal if for each x in I, there exist y, z in I such that x = yz. Theorem. 

An ideal I in C(X) is an FP-ideal if and only if I is semiprime. Neither im-

plication in the theorem is true for arbitrary commutative rings. 

(Received October 7, 1974.) 

*720-54-5 LUDVIK JANOS, University of Montana, Missoula, Montana 59801. On the Edelstein 

contractive mapPing theorem. 

A mapping f from a metric space (X, d) into itself is said to be contractive if x of y implies d(f(x), 

f(y)) < d(x,y). It was proved by M. Edelstein that if f is contractive and for some x EX the sequence of 

iterates \f(x)n! has a convergent subsequence, then f has a unique fixed point. This theorem proved 

relevant to many situations concerning differential equations where the Banach fixed point principle is not 

applicable as is seen from the following Theorem 1. Let C denote the space of all continuous functions 

on the real line endowed with the topology of uniform convergence on compacta and let T : C .. C be the 

operator of integration, i.e., Tg(x) = J~g(t) dt for g ~C. Then there is a metric on C, compatible with 

the above topology, relative to which T is contractive, but in contrast to this there is not such a metric 

relative to which T is a contraction in the Banach sense. Recently J. Bryant and L. F. Guseman 

[Canad. Math. Bull. 16(1973), 185-192] investigated the case when the hypotheses in the Edelstein theorem 

imply that for every y ~X the sequence \f(y)nl converges. We have the following topological character

ization of this case. Theorem 2. Let X be a metrizable topological space, f: X .. X continuous and such 

that for every x EX the sequence \f(x)nl converges. Then the following two statements are equivalent: 

1. There is a metrization of X relative to which f is contractive. 2. For every nonempty compact 

!-invariant subset Y of X the intersection of all iterates ~[Y] is a one-point set. (Received 

September 23, 1974.) 

*720-54-6 PAUL R. MEYER. Lehman College C.U.N.Y. 1 Bronx, N.Y. 10468. 
Cardinal functions on compact dispersed spaces. 

I. Juhasz (Cardinal functions in topology, Math. Centre Tracts #34, Amsterdam, 

1971) gave a partial ordering for the cardinal functions on a compact space X 

(all spaces are T2). It is shown here that, under the further hypothesis 

that X is dispersed, this ordering reduces to: 
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1! 
1) k 5. c = d = lT 5. "/'=X = s = h = z = w = lxl 5. inf [ d , exp d}, and 

ii) k 5. (J = 1: = f 5. I X I • Examples show that no further reductions are 

possible. Notation follows Juha'sz, with the following exceptions: T = tight

ness; Ci = net character, as defined by the author (Indag. Math. 34 (1972) 

210-211); and~= dispersal character. Portions of the proof are established 

under less restrictive hypotheses, including: If X is a chain net space, then 

a-= 7::5. "'f and lxl 5. d ~ • If X is dispersed, then c = d =1r 5. s = z and 

I X I 5. w. If X is regular and dispersed, then I X I 5. exp d. (Received september 27, 
1974.) 

*720-54-7 W.F. PFEFFER, University of California, Davis, California 95616. 
On some subspaces of Helly space, Preliminary report. 

Helly space H is defined in Kelley's ~ Topoloiy, chapter V, 
problem M. We show that every separable metrizable space can be 
imbeded into H and we characterize all separable metrizable subspaces 
of H. We also characterize compact G0 subspaces of H and by means 

of this characterization we prove that every compact metrizable subspace 
of H is G0. This result is used to exhibit a certain class of compact 

first countable Hausdorff spaces which are not imbedable into H. 

(Received October 18, 1974.) 

*720-54-8 MARY ELLEN RUDIN, University of Wisconsin, Madison, Wisconsin 53706 
A perfectly normal, nonmeti'izable manifold 

0, a combinatorial statement which holds in Gl)edels constructible universe, implies 

the existence of a perfectly normal, nonmetrizable manifold. The example given is 

hereditarily separable and Z-dimensional. (Received October 18, 1974.) 

*720-54-9 H.B. KEYNES, University of Minnesota, Mpls, MN 55455 and D. NEWTON, University 
of Sussex, England. Real Prime Flows. 

We continue the study of prime flows initiated by Furstenberg1 Keynes, and Shapiro in 
two directions. First, we enlarge the class of examples of prime ~actually POD) flows by 
constructing real-time prime flows. These examples are obtained by suspending under a 2-
valued function which is constant over 2 "intervals", and imposing mild assumptions on the 
heights of the function. Next, we examine general properties of prime transformation groups 
by studying various proximality conditions and properties of automorphisms. We show that 
there are classes of prime flows (the purely prime flows) which are distinct from POD flows, 
and that such flows arise quite naturally. Purely prime flows are studied in detail, and 
results such as the "unique-factorization" of minimal n-fold products, and pairwise dis
jointness yielding minimality of the n-fold product are proved. Finally, automorphisms of 
prime flows are shown to be weakly mixing and regular-prime (no regular factors). 
(Received October 21, 1974.) 

*720-54-10 Ethan M. Coven, Wesleyan University, Middletown, Ct. 06457 and Michael E. Paul, 
University of Maryland Baltimore County, Baltimore, Maryland 21228. Sofie Systems. 

A symbolic flow is called a sofic system if it is a homomorphic image (factor) of 

a subshift of finite type. We show that every sofic system can be realized as a 

finite-to-one factor of a subshift of finite type with the same entropy. From this 
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it follows that sofic systems share many properties with subshifts of finite type. 

We concentrate especially on the properties of TPPD (transitive with periodic points 

dense) sofic systems. (Received October 21, 1974.) 

*720-54-11 J.C. SMITH, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia 24061. 9-Characterizations of Generalized Paracompact Spaces, 
Preliminary report: --

The notion of A-refinability, introduced by Worrell and Wicke in 1969, has played an 

important role in the study of a number of classes of topological spaces. In 1970 D. Burke 

provided a 9-type characterization for the class of subparacompact spaces. In this paper it 

is shown that certain generalizations of paracompactness such as metacompactness, meso-

compactness, sequential mesocompactness and screenability have 9-type characterizations. 

In particular, we have the following: 

Definition: A space X is said to have property~ provided every open cover q of X has 
co 

a refinement U q. satisfying 
i=l ~ 

(i) each qi is an open cover of X, and 

(ii) for each x E X, there exists a neighborhood U(x) of x 

and an integer n(x) such that ord(y,qn(x)) <co for 

y E U(x). 

Theorem: A space X is metacompact iff X satisfies property M. (Received October 21, 
1974.) 

*720-54-12 Dr. David Wigner, University of Michigan at Ann Arbor. Inverse limits and the 
completeness of quotient groups. 

It is shown that the quotient of a complete abelian topological group by a closed metrizable 
subgroup is complete. It is further shown that the incompleteness of an arbitrary quotient 
is related to the derived functors of the inverse limit. (Received October 21 1974 ) 
(Author introduced by Peter Weinber-ger.) ' • 

*720-54-13 M, JAYACHANDRAN, Madurai College, Madurai, India, and M. P.AJAGOPAI,A"l, Memphis 
State Univ., Memphis, Tn. 38152. Scattered compactifi.cations. 

N is the discrete space of integers. A P-point of order 1 in RN-N is an orninary P
point. Let a P-point of order a have been defined for an ordinal o.. Let x E RN·-N. x is 
called aP-point of order a+ 1 if there is" seauence x1 ,x2 , .. xn''' such that each xn i.s a 
P-point of order a and xis aP-point of the subspace fx1 ,x2 , .. xn•··}- {x1 ,x2 , .. xn, •. }. 
Let a be an ordinal and let a P-point of order y have been defined for all y < a. Let 
x E SN-N. xis called aP-point or order a if there is a sequence x1 ,x2 , .. xn•·· and an 
increasing sequence y1 < Yz < - < yn < of ordinals such that Yn~a and x is a P-point of 

{ x1 ,x2 , .. xn .. } -- {xl'x2 , .. xn .. } and xn is aP-point of order Yn· 

In this paper it is shown that if p is a P-point of order a for some ordinal o in 
SN-N then N V {p} has a scattered compactification. He also show that the space Sa of 
Arkangelskii and Franklin have scattered compactifications for each ordinal a. This is done 
by introducing the idea of the N U {p} sum of a sequence of known topological spaces and 
showing that this process preserves scattered compactifications. This answers a. problem of 
Semadeni partially. (Received October 21, 1974.) 
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720-54-14 KAREL PRIKRY, Institute for Advanced Study, Princeton, NJ 08540. Non-extendable 
families of continuous functions, Preliminary report. 

Let Q denote the space of rationals. Mrowka Acta Math. 120 (1968), 161-185, defined 

defNQ. Let A be the least cardinal such that there is a sequence US (S e A) of open sets 

of reals with Q = nLus : s e AJ. 
Theorem. (a) defNQ = A. 

(b) If Con ZF, then Con(ZFC + z"~o = li'2 +A and 
H 

Con(ZFC + 2 o = H 2 =A). 

(c) If is real-valued measurable, then A < 2H~ • (Received October 21, 1974.) 

These results answer a question of Mrowka. (Received October 21, 1974.) 

*720-54-15 LEONARD R. RUBIN, Department of Mathematics, The University of Oklahoma, 
601 Elm Ave., Rm. 423, Norman, Oklahoma 73069. Relative collaring. 

Robert Connelly published an alternate proof of Morton Brown's collaring theorem, and T. 

Benny Rushing in his book, Topological Embeddings, used Connelly's method to prove a rela-

tive collaring theorem for admissible manifold pairs (N,M) . However, Rushing's proof does 

not work in case aM n aN is not closed in aN . Under a revised definition of relative 

local collaring, we prove in general that relative local collaring implies relative 

collaring in paracompact spaces. This theory embraces the previous set of results as 

corollaries, while correcting the difficulty encountered in Rushing's setting. 

(Received October 21, 1974.) 

720-54-16 BRUCE LOATMAN, Georgetown University, ~ashington, D.c. 20007. Functions 
continuous in some compact metric topology. Preliminary report. 

Let t E, T) be an uncountable c0111pact metric space and F: (E, T)-+ Rn ( n 4 OD) be a B-measurable 

mapping with compact image. Lorch ("Continuity and Baire functions", Amer. Math. Monthly. 7b 

(1971),7~-762) has asked whether there always exists another compact metric topology T' such 

that F:(E,T')~ an is continuous. The answer is no, even for functions of Baire class 1. More 

generally, if F:(E,T)~Rn is continuous (T compact metric) then for each finite k, the set 

Xk of all points of Rn whose preimage under F has at least k points, must be an Fer. Also 

( Kuratowski, Topology, vol. 1, Academic Press, New York, 1966, p.496) the set AF of points of 

uncountable order is analytic. The converse has not been resolved. However, if F has compact 

illage, each Ik is an Fer, points of uncountable order are of order c, and in addition, the set 

AF is an Fv then there exists a compact metric topology T on E such that F is ·r-continuous and 

also T has the sa.e dimension as the image of F. Kuratowski (ibid. p.497) has remarked that 

AF need not be borelian. (Received October 21, 1974.) 
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*720-54-17 DOUGLAS M~HON, Dept. of Mathematics, University of Oregon, Eugene, OR 97403 
and T. S, WU, Dept. of Mathematics, Case WRU, Cleveland, OH 44106. On the 
Connectedness of Homomorphisms in Topological Dynamics. Preliminary Report. 

Let (X,T) be a minimal transformation group with compact Hausdorff phase space. In his 

paper on distal transformation groups, Ellis proved that a distal minimal set (X,T) is equi

continuous if X is totally disconnected and T is generative, i.e., T is an Abelian 

group generated by some compact neighborhood of the identity. We have generalized this result 

by requiring that T be the direct product of a compact group with a compactly generated 

separable group rather than that T be generative. More generally, we have shown that if 

t : (X,T) ~ (Y,T) is a distal homomorphism and has a structure similar to the structure 

Furstenberg derived for distal minimal sets, then for T belonging to a class of topological 

groups 7, the homomorphism X 4 X/S(f) has connected fibers, where S(~) is the rela

tivized equicontinuous structure relation. The class 7 is defined by Sacker and Sell in 

their paper "finite extensions of minimal transformation groups" as consisting of all groups 

T with the property that there is a compact set K ~ T such that T is generated by each 

open neighborhood of K. They show that for such T, a distal minimal set which is a finite

to-one extension of an almost periodic minimal set is itself an almost periodic minimal set. 

We have provided an example that shows that the restriction on T cannot be dropped. 

(Received October 24, 1974.) 

*720-54-18 ALLAN JAWORSKI, Department of Mathematics, University of Texas, 
Austin, Texas 78712. The discrete Bebutov dynamical system. 

Suppose (X,G) is a transformation group, where X is a 

locally compact separable metric space and G is a finitely generated 

discrete group. Consider the shift dynamical system E(G), the transformation 

group consisting of the continuous real-valued functions on G equipped 

with the topology of pointwise convergence, where G is acting by left 

translation. We give necessary and sufficient conditions for certain 

(X,G) to admit equivariant embeddings in (E(G),G) in terms of torsion 

in the action of G. (Received October 24, 1974.) 

*720-54-19 FRANK SIWIEC, John Jay College of CUNY, New York, NY 10019. 
Characterizations of some countable, T,-, k-spaces having exactly 
one non isolated :POint. Preliminary re:POrt. 

There are essentially only seven distinct examples of topological spaces 
Which satisfy the conditions of the title and Which additionally are quotient 
images of complete separable metric spaces. Quotient images of separable 
metric spaces are also considered, but with an incomplete analysis. 
(Received October 25, 1974.) 

*720-54-20 WILLIAM G FLEISSNER, McGill University, Montreal, Quebec Canada, 

The Character o-~~~_tl __ FJ.::_st _Countable Spaces •. 

The character of Y in X is the minimal cardinality of a 

neighborhood basis for Y as a subset of X. We seek the least upper bound, ~. for this 

when Y ~ -·-·, and X is first countable. We show that it is consistent that ~ > v.J', and it 

is cons is tent that ~ = ,..;, , using techniques developed in cons ide ring Kurepa' s Hypothesis. 
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Further, it is consistent that in a first countable space, discrete collections of sets 

homeomorphic to :-..~, can be separated whenever the space is normal. (Received October 25, 

1974.) (Author introduced by M. Makkai) 

720-54-21 KENNETH KUNEN, University of Wisconsin, Madison, WI 537 06 
On the cardinalities of compact spaces, Preliminary report. 

Let P 1 be the statement: Whenever X is compact Hausdorff of weight .::; w 1, if 
w 

\XI> w1 then jxj = 2 1 

Let P 2 be the statement: Whenever X is compact Hausdorff of character .::; w 1, if 
w 

I X I > w 1 then \X I = 2 1 

Thus, P 2 ...... P 1 trivially. However each of l P 1 , P 1 /'. l P 2 , and P 2 is consistent with 

WI 
CH/'. 2 >w 2 . 

Note that if in P 1 and P 2 , w 1 is replaced everywhere by w 0, then both statements are 

always true. (Received October 30, 1974.) 

720-54-22 JOHN C. MARTIN, North Dakota State University, Fargo, North Dakota 
Generalized Morse Flows on ~ Symbols 58102 

The definition of a generalized Morse sequence given by Keane in 

Z. Wahrscheinlichkeitstheorie und ~· Geb. 10 (1968), pp. 335-353, is 

extended to include sequences on n symbols, which are almost periodic points 

in the shift transformation group on n symbols, and the topological structure 

of the resulting symbolic minimal flows is investigated, The maximal equi-

continuous factor of such a flow is computed, and the symbolic flow is shown 

to be an AI extension of its maximal equicontinuous factor. Finally, it is 

shown that every endomorphism of such a flow is simply the composition of the 

shift transformation with a certain permutation of the symbols. 

(Received October 29, 1974.) 

*720-54-23 GARY GHUENHAGE, Auburn University, Auburn, Alabama 36830. Compact Basically 
Scrcoenablc Spr_ces ere Hetrizable, Preliminary report. 

A collection r af subsets af a space X- is rank 1 if v;henever g,g' € r and 

gl\ G' f r/J , then g C g' ar g' C: g. A callectian T of apen subsets of X is a 

tree ::>f apen se~s if 1-:henever t E T, the set { t' E T \ t' ::> t} is well-ardered by 

re·verse inclusian. X is saiG. to be basically screenable if X has a basis B which is 

the unian of countably many rnnk 1 trees of apen sets. Thearem. A campact basically 

screenable space is mctri~o~l ble. This ::ms1·:ers a q_uestion of Peter :·Jyikos. Fe say a cover 

'U at' X by elements of B is B-minimal if it is a minimal caver in the usual sense, 

and no element of t/ can be replaced by one of its predecessors in a tree without destraying 

the minimality af the caver. The major part of the proof is shmdng that number of B-minimal 

cavers is cauntable. (Received October 29, 1974.) 
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*720-54-24 JERRY E. VAUGHAN, University of North Carolina at Greensboro, Greensboro, North 
Carolina 27412. Some properties related to [a,b]-compactness,II. 

In these NOTICES 21 (1974) A-621, we defined for infinite cardinals a ~ b the properties 

N[a,b], S[a,b], and G[a,b], and announced that N[a,b] + [a,b]-compact + S[a,b] + G[a,b] + 

[a,b]-compactr, and that none of these implications can be reversed for every value of a and 

b. Here we are concerned with conditions on the cardinals a and b under which some reverse 

implications hold. Theorem: (1). (Alexandroff & Urysohn, and Mrowka) If a= ~0, then 

[a,b]-compactr + N[a,b]. (2). If a is regular and b\!!1= b, then G[a,b] + N[a,b]. (3). 

If b is regular or if cf(b) <e a, then S[a,b] + [a, b)-compact. (4). [GCH] If a is 

regular then G[a,b] + S[a,b]. In particular, if [GCH] holds and both a and b are regular, 

then G[a,b], S[a,b], [a,b]-compact, and N[a,b] are equivalent regardless of the number 

of singular cardinals between a and b. (Received October 30, 1974.) 

720-54-25 ISTVAN JUHASZ, University of Wisconsin, Madison, WI 53706 On non-metrizable 
spaces in which every subspace of small cardinality is metrizable, Prelim. report. 

Let M(K) be the statement: Whenever X is a first countable normal space of 

cardinality K such that every subspace Y c X with IY I < K is metrizable, then so is X. 

P. Hamburger raised the question whether M(K) was true for K ~ c..: 2. The following two 

results concerning this question were obtained by A. Hajnal and the present author: 

a) M(K) is true if K is a weakly compact cardinal; b) if V = L then M(K) is false for 

every non-weakly compact regular K. (Received October 30, 19'74.) (Author introduced by 

Professor M. E. Rudin.) 

*720-54-26 Roman Fric, University of Transport Engineering, Zilina, Czechoslovakia, 
On E-seguentially regular spaces 

Using the theory of sequential envelopes for convergence spaces in the sense of Y. 

Novak we describe the categories of E-sequentially regular and E-sequentially complete sequen

tial spaces. Definition. A sequential space X is said to be E-sequentially regular if it is 

homeomorphic with the sequential modification sY (in the sense of S. P. Franklin) of a sub-

space Y of a power ~ of E If Y is closed in sEm , then we say that X is E-se-

quentially complete. Theorem. The categories of [o,l] - sequentially complete and R-se

quentially complete spaces, resp. [0,1} - sequentially complete and Q-sequentially complete 

spaces coincide. We also indicate further connections between the categories of convergence 

spaces and sequentially spaces. (Received October 30, 1974.) (Author introduced by Professor 

Darrell c. Kent. ) 

720-54-27 CARLOS A.INFANTOZ~I,Universidad de la Rep~blica,Atlantico 1514,Mon
tevideo,Uruguay.11A note on the Foundations of S.EQUEl'iTIAL TOPOLOGY 11 • 

Notations:i derived set;{x~} sequence(neN,integers~O);(x~)range of f(n}=x~. 
Ax{oms for ~L)-spaces: ~1), ~1), L~), Kuratowski; ~o)o-(uniqueness of the 

limi ); L!).- uniqueness of the limit only for 11 eventually constant 11 sequen
ces); L:T.-(distinctness of points).- If p&X', then 3~~\such that:1x~t~p, 
x,.•p, '[x,,.)~X and all the sequences ~y .. ~ ..,...p if y., 6 (x,.); ~~>·- Iftx .. ,.\-x.,and\x .. I 
-x, then 3 a sequence {x ... , ... \-x, with x,..,..E(x,,..). 

Axioms for the spaces: (1) (L«)-Kuratowsli:l: L1 , Lu La; (2) (L)pre-T1 : L~, 
L1 , L.~, 1 La;(}) (L)pre-T1i (fLt )-Urysohn): L~', L1 , Lot., L3 ; (!T (L)pre-T.~,: D, L, 
L.~,, Ls\D of Hausdorff). 
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Adding L~to spaces (1),(2),(3)t(4) we characterize,respectivelytthe spaces 
(!:) (S"*)-spaces;(~) (L)-T~sp.;(~J (L)-T1 ~ sp.((St )-Urysohn sp.);(~J (L)-T.i,sp. 

With similar a.x1oms A,.A.t, II• 11\ 0 ,/\~,A:,I\ 11 for Moore-Smith convergence t we charac
terize, reepectively, the spaces: (1 11 ) "closure-sp." (Cech); (2 11 J pre-T1 sp. 
( "gestufte Rl!ume"-Hausdorff); (3") pre-T1 .~- ("Classes (R) "-Fr~chetT; (4 11 ) pre-T.u 
and adding the axiom Ap the spaces (1"): (2"), (3 11 ), (4") become,respective
ly: (r") topological-a~.; (2"') T1 -sp.; {3"') Td: -s:p.; (4"') TJI.-sp. 

If the spaces, ( 1'' ) , { 2"), ""T3" ) , ( 4" ) , '{"!'''), ( 2'"), (3~, ( 4'" )fulfill the oon
di tion L) .- pt;X ~ .3 1x .. 1 ._ ~· x..,• ~· (x, )s<X, then they are, respectively, the 
spaces rl), (2), (3), (4), {1'), {2'), (3'), (4'). 

(Remark: D -L~~ L: • but D+!'Ao-N~ ). (Received October 30, 1974.) 

*720-54-28 LEWIS LUM, Salem College, Winston-Salem, N. C. 
Weakly S.mooth Continua. 

27108 

We define and investigate a class of continua called weakly smooth. Smooth dendroid.s, 

weakly smooth dendroid.s, generalized. trees, and smooth continua are all examples of weakly 

smooth continua. We generalize characterizations of the above mentioned examples to weakly 

smooth continua. In particular, we characterize them as compact Hausd.orff spaces which 

admit a quasi order satisfying certain properties. (Received October 31, 1974.) 

(Author introduced by G. R. Gordh, Jr.) 

720-54-29 JUDITH ROITMAN, Wellesley College, Wellesley, Hass. 02181. Some results 
about spread. Preliminary report, 

All spaces are Hausdorff. The spread of a space is the supremum of the cardinalities of its 

discrete subspaces. 1. If cflK)=~>w and for someS<~, 2a>~,K not a successor, then~X whose 

spread is K such that X has no discrete subspace of cardinality K, 2. For any K there is a 

space whose spread is K which is not the union of a hereditarily K-separable and a hereditarily 

K-Lindelof space. 3. Assume K-CH. Then there is a space of cardinality K+ which is 

hereditarily K-separable and hereditarilY K-Lindelof such that, if Y is a subspace of 

cardinality K +, then any basis for Y has cardinality K +. 4, Define a downward space as the 

disjoint set union ,b X. of discrete subspaces Xi such that each~ Xi is open. Then there 
~<w ~ ~<n 

is a model of set theory in which some space has spread of cofinality w and no discrete sub-

spaces of the cardinality of the spread iff in this model there is a downward space with the 

same spread and no discrete subspaces of the cardinality of the spread. 

(Received October 31, 1974.) 

*720-54-30 ROBERT A. McCOY, Virginia Polytechnic Institute & State University, Blacksburi, 
VA 24061. First Category function spaces under the topology of pointwise 
convergence. 

The space~ (X,Y) of continuous functions from X into Y under the topology of 
pointwise convergence turns out to be of first category for most non-pathological spaces 
X and Y. S~a~e X will be called completely Hausdorff with respect ~ Y if for every 
finite set lx1 , ... ,x } of distinct points of X and every finite set {v,, ... , V } of nonempty 
open subsets of Y, tHere exists a continuous function f: X-+Y such that f (x;i)E\}: for every 
i=l, •.• ,n. Let X contain a convergent seauence which is infinite as a subset'of X, and 
let X be completely Hausdorff with respect toY. If Y satisfies any of the following three 
conditions, then C (X,Y) is of first category: (i) Y is of first category, (ii) Y contains 
two nonempty open ~ubsets with disjoint closures, or (iii) Y contains a sequence {w;l of 
nonempty open subsets such that for each sequence {yi} in Y with Y;E WI for every i, no 
subsequence of {yi} converges. As a corollary to (i1), if X is a non-descrete T1-space 
which is completely Hausdorff with respect to Hausdorff space Y, then ~(X,Y) is of first 
category. ~Gr example, Crr(I,I) is of first category, where I is the closed unit interval. 

(Received October 31, 1974.) 
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*720-54-31 L. E. Ward. Jr •• University of Oregon 1 Eugene. Oregon 97403. 
The Hahn-Mazurkiewicz theorem for ~-finite continua. 

A continuum is a compact connected Hausdorff space, An .!£!:. is a continuum with 

exactly two non-cutpoints. A space is ~-finite if its topology admits a base whose 

members have finite boundaries. 

Theorem. If X is a rim-finite continuum. then there exists an arc L and a 

continuous mapping f(L) • X. (Received October 31, 1974.) 

720-54-32 MANUEL P. BERRI and CARROLL F. BLAKEMORE, University of New Orleans, New Orleans, 
Louisiana. 70122. The regular continuous image of a. minimal regular space is not 
necessarily minimal regular. 

Herrlich has shown that the regular continuous image of a regular-closed space is 

regular-closed. An example is given to show that Herrlich's result cannot be extended to a 

corresponding result for minimal regular spaces. A modification of this example shows that a 

continuous function from a minimal regular space onto a regular space is not necessarily a 

closed function. (Received November 1, 1974.) 

w. HOLSZTYNSKI, Southern Illinois University, Carbondale, 
Illinois 62901, Extending cross-sections onto countable unions. 

Let g 1 A-+E be a cross-section of p ' E-+X =A u x1 v x2 u 

such that g and any extension of g onto A v x1 V ••• vXn can be 

extended to a cross-section gn+l : A v X1 u . . . v Xn+l ~ Y ( n = 0, 1 •••• ) • 

The main theorem of this paper asserts that if X is compact and p 

satisfies some conditions then g can be extended to a global cross

-section G 1 X~ E of' p • It has several applications to universal 

functions, dimension theory, compactifications and bijective continuous 

functions. The main theorem specialized to an extension theorem for maps 

holds even for countably compact spaces. 

On the other hand, the class of' the "f'iberations" p 1 E -"X considered 

in the paper is interesting from the geometrical and algebraical points of view. 
(Received October 30, 1974.) 

*720-54-34 PHILLIP ZENOR, Auburn University, Auburn, Alabama 36830. Countable paracompactness 

of F crsets. 

For each cardinal number m , there is an m -paracompact space X which contains an Fa -set F 

such that F is not countably paracompact. This follows from Theorem. Each Fa -subset of X X [0, 1] 

is countably paracompact iff X is normal and countably paracompact. (Received November 1, 1974.) 
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*720-54-35 SAM B. NADLER, JR., University of Georgia, Athens, Georgia. Arcwise accessibility 

in hyperspaces. 

Let X be a metric continuum, 2X the space of all nonempty compact subsets of X with the 

Hausdorff metric, and C(X) the space of nonempty subcontinua of X canonically embedded in 2x. 

Arcwise accessibility of points of C(X) from 2X- C(X) is investigated. It is shown that every 

nondegenerate member of C (X) is arcwise accessible from 2X - C (X) beginning with a two-point set. 

The rest of the paper will focus on arcwise accessibility of singletons. Specific examples are included 

and unsolved problems are stated. A thorough study is made of the theory of points of 2X which 

arcwise disconnect 2x. (Received November 4, 1974.) 

720-54-36 PETERS. SHOENFELD, National Bureau of Standards, Washington, D.C. 
20234. Generalized almos~ finite homomorphisms of minimal sets. 
Preliminary Report. 

Suppose rr:X~Y is a homomorphism of minimal sets (R.Ellis, Lectures on Topo

logical Dynamics, Benjamin, New York, 1969). Define the flow 2rr={AcXIA closed 
- 1 

and A c rr (y) for some y e Y}, with the Hausdorff topology. We say that rr is 

generalized almost finite (G.A.F.) if some, or equivalently every, almost 

periodic element of zrr is finite. We say that rr is highly proximal if these 

elements are singletons. Theorem. rr is regular (these NOTICES 20 (1973), . 
A-378, Abstract 703-Gl) and G.A.F. iff rr=y\f· where y is highly proximal and 1f 

is a finite group extension. This and related results extend to products of 

G.A.F. 's and to homomorphisms which satisfy (l)rr-ty)u=rr-Cy)oU for all y e Y 

and u e J with yu=y; (2)(Au)ou=AU whenever A e zrr, Acrr-Cy) for some y e Y, 

and u e J with yu=y. Theorem. rr satisfies (1) and (2) iff there exist 

minimal set homomorphisms 6, y, and¢ such that¢ is almost periodic, y 

is highly proximal, and rr6= y ¢. We may take 6 to be highly proximal as well. 

(Received November 4, 1974.) 

*720-54-37 ROLAND E. LARSON, Pennsylvania State University, Behrend College, Erie, Pennsylvania 

16510. The height of the lattice of finite topologies. 

The height of a finite lattice is the maximum length of a chain in the lattice. In this paper we show 

that the height of the lattice of topologies on a set of finite cardinality n is (n2 + n)/2. (Received 

November 4, 1974.) 

*720-54-38 George M. Reed, Ohio University, Athens, Ohio 45701 
On normality and countable paracompactness 

It was established by C. H. Dowker in 1951 that in spaces with closed sets Gs -sets, 

normality implies countable paracompactness. However, the validity of the converse remains 

an open question. In [Bull. Pol. Acad. Sci. 8 (1970), 179-181], C. W. Proctor defined a 

space to be pseudo-normal provided each two mutually exclusive closed sets one of which is 

countable can be separated by open sets, and he noted that countably paracompact T3-spaces 

are pseudo-normal. Also, Proctor gave an example of a separable, pseudo-normal Moore space 

which is not metrizable. Another such example is now known due to F. Tall. However, it is 

not known if either of these spaces is countably paracompact (or even normal without 

additional set theory). Theorem 1. There exists a separable, pseudo-normal Moore space 

that is not countably paracompact. Theorem 2. There exists a collectionwise Hausdorff, 

pseudo-normal, first countable T3-space that is neither countably paracompact nor normal. 

In addition, new concepts are defined and other examples are given which relate to the 

above question.(Received November 4, 1974.) 
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72G-54-39 WILLIAM REDDY, Wesleyan University, Middletown, Connecticut 06457. Expansive 

properties of maps. Preliminary report. 

Positively expansive maps and expanding endomorphisms of manifolds are quite similar while 

Anosov diffeomorphisms and expansive homeomorphisms are not. If the restriction to manifolds is 

lifted, the dissimilarity lncreases. Work of M. Eisenberg, E. Hemmingsen, T. O•Brien, W. Reddy, 

R.K. Williams, M. Shub and others will be cited in illustrating this theme. Expansive homeomorphisms 

arising as inverse limits of positively expansive maps of 3-dimensional nilmanifolds will be classified 

and general theorems suggested by this family of examples will be stated. (Received November 4, 1974. 

720-54-40 GARY BRADY North Carolina State University, Raleigh, North Carolina 27607. 
The lattice structure of the set of (E,SE)-compactifications. 

A brief discussion of (E,SE)-compactness as defined by H. Gonshor [Fun. 

Math. 1972] is followed by the development of a "closure" type operator designed to operate 

in Tychonoff spaces and replace the closure operator in defining an (E,SE)-compactification 

of a Tychonoff space X. In order to guarantee an (E,SE)-compact superspace of a space X we 

simply restrict our consideration to spaces which are Tychonoff. Also, mappings will be con

tinuous functions. This operator has most of the useful properties of the usual closure 

operator. Next, an equivalence relation "~" and a partial order "~' are defined in the 

usual way on the class of all (E,SE)-compactifications of X where the equivalence relation 

generated by "<" is equivalent to "~"· This enables us to consider the lattice structure 

induced by "~' on the set ~(X), of all non-equivalent (E,SE)-compactifications of X. The 

main results are (1) that ~(X) is a complete upper semi-lattice with a largest element which 

can be exhibited, (2) that KxCX) = K(X) the set of all non-equivalent compactifications of X 

and (3) that K(X) is a lattice iff ~(X) is a lattice for all Tychonoff E. 

(Received November 4, 1974.) 

*720-54-41 DANIEL J. RANDTKE, University of Georgi a, Athens, Georgi a 30602 
On the existence of compact metric subspaces. 

A topological space X has property o- -CM if for every countable family F 

of continuous functions on X there is a compact metrizable subspace M of 

X such that f(X) = f(M) for every f in F . Clearly every space having 

property ~-eM is pseudocompact. Every compact metric space, every closed 

ordinal space and every weakly compact subset of a Banach space has property 

~-CM. Our main result implies that every Hausdorff continuous image of an 

arbitrary product of spaces having property o- -CM also has property o- -CM. 

The one point compactification of a locally compact metric space always has 

property cr-CM; the Stone-Cech compactification of a non-compact locally 

compact metric space never has property cr-CM. If X is a completely regular 

space having property o--CM, then X is a Baire space and every closed G6 

subset of X has property o--CM. Every normal space having property o- -CM 

is countably compact. For compact spaces property o--CM is not comparable 

with sequential compactness. (Received November 4, 1974.) 

*720-54-42 W.A.R. WEISS, University of Toronto, Toronto,Canada MSS lAl. A solution to 
the Blumberg Problem, Preliminary report. 

A topological space X is called Blumberg if every real-valued function on X is continuous 
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on a dense subspace of X. The Blumberg problem is "Is every compact Hausdorff space 

Blumberg?" An internal characterization of the Blumberg property for linearly ordered 

~0 l• 
spaces is given, as well as the following Theorem. If 2 > ~2 , then there exists 

a compact linearly ordered space X which is not Blumberg. Let Y be the Stone space of 

the Boolean algebra of Lebesgue measurable sets modulo sets of measure zero. Theorem. 

If 2 ~ 0 = ~1, then Y is not Blumberg. This leads to Corollary. X x Y is a compact 

Hausdorff space which is not Blumberg. (Received November 4, 19'74.) (Author introduced 

by Professor Franklin D.Tall.) 

720-54-43 FRANKLIN D. TALL, University of Toronto, Toronto, Canada MSS lAl. The density 
topology, Preliminary report. 

The density topology on the real line consists of those measurable sets S with metric 

density 1 at each point of S. It is known to be completely regular, but not normal, 

first countable, separable, or Lindelof. It follows from known results that it is perfect, 

that it satisfies the countable chain condition, and that its projective cover is the 

Stone space of the reduced measure algebra. The following new results are established 

concerning this topology. It is not metacompact. It is hereditarily subparacompact. 

It is not of point-countable type. Any collectionwise normal or metacompact subspace 

is the union of a Lindelof subspace and a closed discrete subspace, and (hence) is 

hereditarily paracompact. Assuming 2 'N ° < 2 ~1 , the same holds true for normal subs paces. 

Assuming Martin's Axiom, the density topology is neither Blumberg nor metalindelof, 
:-:. ~ 

but has a subspace of power 2' 0 such that any subset of it of power < 2' 0 is closed, 
~ while any open cover of any subset of it has a subcover of power< 2' 0• The usual 

axioms of set theory do not decide the density character of the space, nor whether it has 

caliber ~1· (Received November 4, 19'74.) 

*720-54-44 VICTOR SAKS, Dept. of Math., University of Costa Rica, San Jose, costa Rica 

Ultrafilter invariants 1a topological spaces 

Theorem. Let m .2: ~ and X = TT i e:Xi. Then X 

is [~1m)-compact for all J c I with 

is 
m 

IJI ~ ·i. 
["t0 ,m)-compact if and only if 

Definitions. Let 

m .2: ~~ {xt: ~ < m} a net in X, p E X, and :0 ~ am. Then p = :!>-lim~< mx~ if 

{ ~ < m : x~ E U} E ~ for every neighborhood U of p; a subset A of X is :0-closed if 

p = :0-lim~<mx~ and x~ E A implies .P E A; finally, a function f : X-+ Y is :!>-closed 

if f[A) is :0-closed in Y for all :!>-closed A c X. Theorem. Every topological space 

is characterized by its :0-limits. Theorem. A function f : X-+ Y is perfect if and only 

if f is ~closed for every ~. Theorem. If X is a Hausdorff space and D is a discrete 

space equipotent with a dense subset of X, then X is a continuous perfect image of a 

subspace of ~D if and only if X is regular. (Received November 4,1974.) (Author 

introduced by Professor W.W.Comfort.) 
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*720-54-45 S.D. Shore, University of New Hampshire, Durham, N.H. 03824 and S.A. Kenton, 
Eastern Conne~ticut Stat~ College, Willi~aqtic, Conn.+ 06226 
Completeness m. semimetr~c spaces. Prel~tn:L.n&rY'--repor .. 

If d is an admissible semimetric for a topological space (X,T) (i.e., cl~ = 
{x linf {d(x,a) I a G A = O} for each A~ X), then several completeness concepts 
are possible: every d-cauchy sequence converges; every d-cauchy filterbase of 
closed sets converges; strongly complete and weakly complete (in the sense of 
McAuley, A relation between perfect separability, completeness, and normality, 
Pacific J. Math. 6(1956), 315-326); complete develop~~nt (in the sense of 
R.L. Moore). Relationships among these are considered in the cases that d is a 
semimetric, a developable semimetric (i.e., a semimetric that is continuous on the 
diagonal, {(x,x) I x E X} ) and a continuous semimetric. THEOREM. For any 
admissible semimetric d for (X,T), (X,T) is d-weakly complete iff every d-cauchy 
filterbase of closed sets converges. THEOREM. If d is an admissible developable 
semimetric for (X,T) and (X,T) is d-weakly complete, then (X,T) admits a complete 
development. (Received November 4, 19'74.) 

720-54-46 JAMES E. BAUMGARTNER, Dartmouth College, Hanover, New Hampshire 03755. 
Topological properties of Specker types, Preliminary report. 

A Specker !Y~ is an uncountable linear ordering with the property that no un-

countable subset is well-ordered, conversely well-ordered, or embeddable in the reals. 

A Specker type is small if it is the countable union of discrete subspaces (relative 
wl 

to the order topology); otherwise it is lar~. Theorem 1. There are 2 Specker 

types none of which is homeomorphic to a subspace of any other. Theorem 2. There are 

metrizable and nonmetrizable large Specker types. Theorem 3. There are metrizable 

small Specker types. Theorem 4. () implies that there are nonmetrizable small 

Specker types. Theorem 5. Martin's Axiom implies that every small Specker type is 

metrizable. Theorem 6. There are metrizable and nonmetrizable Specker types with no 

non-trivial homeomorphisms. (Received November 4, 1974.) 

720-54-47 MARYAM SHAYEGAN HASTINGS, University of Toledo, Toledo, Ohio 43606 
An embedding theorem for seminearness spaces. Preliminary report. 

The concept of nearness spaces was introduced by Horst Herrlich 
(Gen. Topol. Appl. 4(1974)). LetS-Near denote the category of seminearness 
spaces. Let (X,i;)£ S-Near, then (X,.;) is topological ifftr1£E; =?Cl.;eflf¢. 

Theorem. The epireflective hull of topological S-Near spaces in S-Near is 
S-Near. (Received November 4, 1974.) (Author introduced by H. L. Bentley.) 

*720-54-48 RICHARD H. WARREN, Aerospace Research Laboratories, ARL/LB, Wright-Patterson AFB, 
Ohio 45433. Boundary of a fuzzy set in a fuzzy topological space. 

G. J. Nazaroff (J. Math. Anal. Appl. 41 (1973), 478-485) has shown that the boundary of a 

fuzzy set in a fuzzy topological space is useful in the study of optimality in fuzzy systems. 

Definition 1. Let X be a set. A fuzzy set in X is a function from X into [0,1]. A fuzzy 

topology T on X is a family of fuzzy sets in X such that \.10, l-lx E:. T; if gi E:. T, then V gi C T; 

and if g, h C T, then g A h CT. Definition 2. If a is a fuzzy set in (X,T), then 

a = j\ {f : a _:: f and 1 - f C T}. Definition 3. If a is a fuzzy set in (X, T) , then the 

b b 
boundary of a, denoted by a , is defined as follows. If a A~= \.10, then a = \.10. Other-
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wise, ab = (\{"a : a(x) = a(x) if (a 1\ r-:a) (x) > O}. Theorem. If a0 denotes the interior of 

hf -0 b b----
t e uzzy set a, then a = a v b and a ~ a 1\ 1 - a ::._ a - a 0 • Other properties of the fuzzy 

boundary are proved. A fuzzy boundary operator is introduced and it is shown that spaces so 

defined are identical to fuzzy topological spaces. (Received NOvember 4, 1974.) 

*720-54-49 H. H. WICKE and J. M. WORRELL, JR., Ohio University, Athens, Ohio 45701. 

Point-countability and compactness. 

A proof is given, partly in response to certain requests, of the following theorem, stated 

for the T1 case as Theorem (iv) of Worrell-Wicke, Can. J. Math. 17 (1965) 820-830. 

Theorem l. Suppose X is a countably compact space and 'tl is an open covering of X which is 

the union of a countable collection qj~ :n " N} of collections of open sets such that each 

x " X is in at least one but not in more than countably many elements of some tJ::. Then some n 
finite subcollection of 'U covers X. Call a space X weakly ae-refinable if and only if every 

open covering of X has a refinement "LL with the property of the hypothesis of Theorem l. A 

collection { ·l)~:n " N} as in Theorem l (whether or not it covers X) is called a-distributively 

point-countable. Theorem 2. A Hausdorff M-space is a paracompact p-space if and only if it 

is weakly ae-refinable. Theorem 3. Every weakly oe-refinable regular T0 w~-space satisfies 

Burke's p-space criterion. Theorem 4. Suppose X is a countably compact Hausdorff space. Then 

the following are equivalent: (a) X is compact metric. (b) X is quasi-developable. (c) X 

is weakly oe-refinable and has a G0-diagonal. (d) X is weakly oe-refinable and its diagonal 

is locally a primitive set of interior condensation. (e) X can be covered by a a-distributive

ly point-countable collection of open sets each of which is weakly oe-refinable and has a 

primitive base. (Received November 5, 1974.) 

*720-54-50 ROBERT M. TARDIFF, University of Massachusetts, Amherst, Massachusetts 

01002, Closure space structures for probabilistic metric spaces. 

Let (S,J,<) be a probabilistic metric space, and let ¢:R+[O,l] be a 

profile function, so that for any x>O, ¢(x) is the maximum probability with 

which one can make statements about distances less than x. For any o>O, the 

¢-o neighborhood of pis the set Np(¢,6) = {qESj Fpq(x+o)+o~¢(x), for 

XE[O,t)}, where Fpq is the distance distribution function of p and q, (If 

F (x)>¢(x) for all x, then p and q are indistinguishable relative to¢.) For 
pq -

any any A~S let C(A)= {pESj N~(¢,o)()A~r;D for all o>O}. Then (S,G) is a 

closure space in the sense of C'ech. If, furthermore, Cis idempotent (which 

is the case when, is continuous and<(¢,¢)=¢), then Cis a Kuratowski closure 

operator. These results improve earlier results due to E. Thorp and 

R. Fritsche where, in general, C(AUB)!r;C(A)UC(B). Products and quotients of 

these closure space structures for PM spaces are also discussed. 

(Received November 5, 1974.) (Author introduced by Professor B. Schweizer.) 

*720-54-51 MICHAEL D'AMBROSA, Seton Hall University, South Orange, New Jersey 
07079. B-like Compactifications and 0-1 Measures. Preliminary 
report. 

We begin with a set X and a certain algebra of functions, E, on X. The weak 

topology generated by E is put on X. A Hausdorff compactification B(E,X) is 
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derived and we show BCt,X) is equivalent to the Wallman compactification de-

rived from the normal base A = Z(t). f £ t iff f is bounded and A-continuous 

iff f is A-uniformly continuous iff f can be extended to S(t,x>. B<t,X) is 

called a a-like compactifioation (as in Mrowka) because of its similarity to 

BX. We show BCt,X> is equivalent to the compaotification generated by all A-

regular 0-1 measures defined on the algepra generated by A, thus getting an 

integral representation for the extension of f. Finally we show a connection 

with inverse-closed subalgebras of C (X). (Received November 5, 1974.) 

720-54-52 H. L. SHAPIRO, Northern Illinois University, DeKalb, IL, and F. A. SMITH, 
Kent State University, Kent, OH 44242 On Extending Locally Finite Collections 

We prove the following theorems: THEOREM: If X is a normal expandable space then for 

every closed subset S of X, every locally finite co-zero-set cover of S can be extended 

to a locally finite co-zero-set cover of X. We also show the following THEOREM: If X is 

a countable union of closed paracompant P-embedded subsets, then X is paracompact. 

(Received November 5, 1974.) 

720-54-53 JOHN C. MORGAN II, Syracuse University, Syracuse, New York 13210, On the absolute 
Baire property. Preliminary report. 

A unification of the concepts of absolute measurability and the Baire property in the re

stricted sense is given, within the author's abstract theory of Baire category (see Abstract 

72T-B95, these Notices 19(1972), p.A-436), in the case of complete separable metric spaces. 

The relationship between this unification and that given earlier for the real line (see 

Abstract 711-04-2, these Notices 21(1974), p.A-29) is clarified by the existence of analogies 

between order isomorphic mappings of sets and homeomorphic mappings of sets. (Author intro

duced by Professor John C. Oxtoby.) (Received November 5, 1974.) 

*720-54-54 STEPHEN H. HECHLER, Queens College of the City University of New York, Flushing, 
New York 11367. On the structure of open subsets of flN- N. Preliminary report. 

We consider the structure of open subsets of flN- N in terms of the clopen subsets used to 

construct them. Thus, following Negrepontis, we define the type of an open set U (abbr. 

tp(U)) to be the cardinality of the smallest family of clopen subsets of U which covers U. 

We also define an open set to be monic iff it can be expressed as an increasing union of clopen 

sets and .to be rU6j.ohtted iff it can be expressed as a disjoint union of clopen sets. Theorem. 

~) An open set is both monic and disjointed iff it is clopen or of type ~~. E) An open set 

U is monic iff it contains the closure of each open subset V c U of type strictly less than 

tp(U). £) (J. Isbell) An open set is disjointed iff it is paracompact. ~)Martin's Axiom 

implies that if tp (U) < c, then U is regular. Next, define the .inc.lo.&Uite of an open. set U 

(abbr. inc(U)) to be the interior of its closure. Since the inclosure operator is in a sense a 

"smoothing" operator, it is reasonable to expect that while it might lower the type of an open 

set, it would not raise it. This is in fact true given Martin's Axiom as can be seen from d 
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above, but we also prove: Theorem. It is consistent with the negation of the Continuum Hypoth

esis that there exist an open set U such that tp(U) = ,~, but tp(inc(U)) =c. We conclude 

by considering pairs of disjoint open sets with intersecting closures, and we note that many 

of our results hold for arbitrary compact zero-dimensional spaces. (Received November 5, 1974.) 

720-54-55 EUGENE S. BALL, The American University in Cairo, Cairo, Egypt, a-weak normality 

and related properties, Preliminary report. 

S is a-weakly normal if for any well-ordered monotone decreasing family {H Ia E A}, cardinality of A ;§; a 
a:, with no common part and a closed set H not intersecting Ha, a E A, then for some b f A there is a 

domain D containing Hb and the cl(D) does not intersect H. This property is considered in its 

relationship to regularity, normality and paracompactness. (Received November 6, 1974,) 

*720-54-56 PETER W. HARLEY III and R.M. STEPHENSON, JR., University of South Carolina, 

Columbia, South Carolina 29208, Products of symmetrizable spaces. 

A point p of a space X is called a regular G0 if there is a sequence {V n} of neighborhoods of p 

such that {p} = n{Cl V }. Theorem, Let X be a symmetrizable space in which each point is a regular 
n 

G0• The following are equivalent, (a) For every symmetrizable Hausdorff space Y, X X Y is 

symmetrizable. (b) X is locally compact. (Received November 6, 1974.) 

720-54-57 JOSEPH W. GOLDSTON, N. C. Central Univ., Durham, N.C., 27707. 
Generalized sequential spaces, Preliminary report. 

Let n be a class of directed sets. J. E. Vaughan ["Convergence, closed projections, and 

compactness," to appear Proc. Amer. Math. Soc.] defines a topological space, X, to_ be ann-net 

space if U c X is open if and only if every net, with domain in n, which converges to a point 

in U is eventually in U. This extends the concept of sequential space (Q = {w0 }) due to 

s. P. Franklin [Fund. Math. 57(1965), 107] and m-sequential space (Q =the class of all 

directed sets of cardinality $ m) due toP. R. Meyer [Coll. Math. 23(1971), 223]. Analogously, 

'2-neighborhood and '2-Frechet spaces are defined. We study the properties of these spaces. 

Theorem. 

Theorem. 

The category of '2-net spaces and continuous functions is coreflective in TOP. 

Every '2-net ('2-Frechet) space is the quotient (pseudo-open) image of an '2-neighbor-

hood space. These results unify and extend those of Franklin, Meyer, and others. Also, for 

a broad class of 'l's, a necessary and sufficient condition for a regular '2-net space to have 

'2-net product with any '2-net space is given. This extends and improves the sequential case 

due to E. Michael [Ann. Instit. Fourier Gren. 18 2(1968), 281]. (Received November 6, 1974.) 

*720-54-58 R. B. SHER, University of North Carolina at Greensboro, Greensboro, North 
Carolina 27412. Extensions, Retracts, and Absolute Neighborhood Retracts 
in Proper Shape Theory • 

The notion of an extension of a proper fundamental net is defined and studied. Various 

results concerning this notion are obtained; these include a homotopy extension theorem 

and results relating the idea of extension to the concept of proper fundamental retraction. 

We also define absolute neighborhood proper shape retract (ANPSR), and show that the 

property of being an ANPSR is a hereditary proper shape invariant. (Received November 6, 
1974.) 
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*720-54-59 S. WILLIAMS and M. GEWAND, SUNY at Buffalo, Amherst, New York 14226. 
with Lindelof spaces. Preliminary report. 

Products 

The authors give some new, but simple sufficient conditions for the product of (1) two 
Lindelof spaces to be Lindelof, (2) two Lindelof spaces to be c-Lindelof, (3) a paracompact 
and a Lindelof space to be paracompact, and (4) two paracompact spaces to be paracompact. Two 
techniques are used: (a) investigating a special closed subspace determined by an open cover, 
(b) investigating a special quotient space determined by an open cover. Technique (a) is used 
in (1), (3), and (4). Technique (b) is used in (1), (2), and (3). (Received November 6, 1974.) 
(Authors introduced by Professor Lee Mohler.) 

*720-54-60 Peter W. Harley,III, University of South Carolina, Columbia, South Carolina 
29208. G~ points in symmetrizable spaces 

A symmetric d for a space X is said to satisfy (*) provided that for every point x in X 
and sequence fsn1 in X, if sn~x, then d(sn,x)~O. Here it is shown that a set of card
inality N' 1 with the cofinite topology is symmetrizable. This provides a simple example 
of a symmetrizable space in which no point is a Gs and for which there exists no symmetric 
satisfying(*). (Received November 6, 1974.) 

726-54-61 STANISLAW MROWKA, State University of New York at Buffalo, Buffalo, N.Y. 14226 
Dimension in metric spaces, Preliminary Report. 

We offer some simplications and extensions of P. Roy's 

construction of metric spaces X with ind X < dim X • (Received November 6, 1974.) 

*720-54-62 DAVID M, SEGAL, City College, New York, New York 10031, Some applications of 
Landweber- Novikov operations. 

Previous results on the characteristic numbers of Sp-manifolds are extended in three different 
ways. I. It is shown that the primitive symplectic Pontrjagin class evaluated on a 4(2j - 1) dimensional 
Sp-manifold always gives a number divisible by 8, This forms an analogue to a well-known result of 
Milnor concerning U-manifolds, II. It is shown that some of the results of Floyd as well as an analogue 
of the previous result can be obtained for •pseudo-symplectic' manifolds, III. Results are generalised to 
(Sp,fr) manifolds, (Received November 6, 1974,) 

*720-54-63 G. R, GORDH, JR.~ Guilford College, Greensboro, North Carolina 27410 
and SIBE MARDE~Ic, University of Zagreb, Zagreb, Yugoslavia. 
Characterizing local connectedness in inverse limits. 

Let X denote the limit of an inverse system X of locally connected 
Hausdorff continua. The main purpose of this paper is to define a notion 
of local connectedness for inverse systems, and to prove that if ~ is 
locally connected, then so is the limit X • If the bonding maps of the 
system ~ are surjective, then X is locally connected .if and only if 
~ is. A number of corollaries are also obtained, For example, if ~ is 
a well-ordered inverse system of arcs, then X is metrizable or X is a 
generalized arc. (Received November 6, 1974.) 

720-54-64 EPWARD BECKENSTEIN, St. John's University, Staten Island, New York, LAWRENCE 
NARICI, St, John's University, Jamaica, New York, CHARLES SUFFEL, Stevens Institute 
of Technology, Hoboken, New Jersey and SETH WARNER, Duke University, Durham, North 
Carolina, Maximal ideals in algebras of continuous functions. 

Let T be a topological space, F a topological field, C(T, F) the F-algebra of all continuous F-
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valued functions on T. Conditions are given on T and F insuring that every subspace of codimension 

1 in C(T,F) containing only singular elements is a maximal ideal. This result is shown to be true for 

all completely regular spaces T when F is the real numbers, and all ultraregular spaces T when F 

is a complete rank one nontrivially nonarchimedean valued field. 

55 Algebraic Topology 

*720-55-1 WILBUR WHITTEN, University of Southwestern Louisiana, Lafayette, La. 
70501. Groups and manifolds characterizing links 

Let L denote a tame link K1 V ... UK in S 3 , and let p and 11 be fixed 
integers; p, arbitrary; 11 = ±2. For eacM of i = 1, .•. ,~, let v. be a tubular 
neighborhood of Ki; a~sum~ tnat ViO~· = 0 whe~ i ¥ j: If D(KitP,11l is a 
(p,11)-;:ouble of Ki ly1ng 1n Int(Vi) 1rl the obv1ous "n1ce" way, we call Uo·(K.) 
the (p,11)-double of Land denote 1t by D(L;p,11). .l. 

3 Let W. be a tubular neighborhood of D(Ki;p,11) in Int(V.), set c 3 (L;p,11) 3= 
s - Int(wtu ... vw~), and let {L} denote the ambient isotopy type of Lin s 

Theorem. If L 1 and L2 are tame links in s 3 , then {Ll} = {L2 } iff ~ 1 (c 3 (L1)) ~ 
3 

~l(C (L2)). 

Corollary 1. We have {L1 } = {L2 } iff c3 (L1 ) is homeomorphic to c 3 (L 2). 

Corollary 2. If K is~ knot in s 3 and if K* is K's mirror image, then K is 

3 3 * amphicheiral iff ~ 1 (C (K)) ~ ~ 1 (c (K )) . 

An outline of the proofs is given in [w. Whitten, Bull. Amer. Math. Soc. 
80 (1974)]. In case L is a knot, complete proofs are in [w. Whitten, Invent. 
Math. 26 (1974)' 259-270] · (Received October 29, 1974.) 

*720-55-2 D. A. EDWARDS, R. GEOGHEGAN and H. M. HASTINGS, SUNY- Binghamton, N.Y. 13901 
On Homotopy Inverse Limits and the Vanishing of lims for stable Pro- Groups. 

Let SS be the category of simplicial sets and Pro-SS be the category whose objects {X } 
a 

are inverse systems in SS and whose set of morphisms is given by Pro -SS({Xa},{Y 13 }) 

lim colim SS(Xa,Y 13 ). A strong homotopy category Ho(Pro -SS) is defined by inverting level 

weak equivalences. 

Theorem 1: The natural inclusion Ho(SS) -- Ho(Pro- SS) has an adjoint 

Holim: Ho(Pro- SS) - Ho(SS). 

Let I be a directed set and lims the s-th derived functor of the inverse limit functor 

lim: (Abelian Groups) I -- (Abelian Groups). 

Theorem 2: lims factors through Pro - (Abelian Groups). 

Corollary: If {Aa} is stable (i.e., isomorphic in Pro -(Abelian Groups) to a group), then 

lims {A } = 0 for s f. 0. (Received November 1, 1974.) 
a 

*720-55-3 DAVID HANDEL, Department of Mathematics, Wayne State University, Detroit, 
Michigan 48202. §Pimorphism plus monomorphism implies equivalence in the 
homotopy category. 

A continuous map f: X-+ Y is epic (resp. ~) if for any two maps g, h: Y -+ Z (resp. 

g, h: z-+ x), gf ""hf {resp. fg"" fh) implies g =- h, where "" denotes free homotopy. 
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Theorem. If X and Y are path-connected and f : X -+ Y is both epic and monic, then f 

is a weak homotopy equivalence, (Received November 1, 1974.) 

*720-55-4 DANA MAY LATCH, Lawrence University, Appleton, Wisconsin 54911. A uniqueness 

theorem for homology in C-at, the category of small categories. 

Laudal (Ann. Sci, Ecole, Norm, Sup, (3)82 (1965), 241-296] has shown that derived functors of 

colimit (resp. limit) define a relative homology (cohomology) theory for pairs (X, X') of posets, where X• 

is initial in X. The author has shown that these derived functors define relative homology (and cohomology) 

theories in the sense of Eilenberg-Steenrod-Milnor (infinite additivity) for a category ad of admissible 

pairs (<t, <t•) in C-at. (<t, <t•) E !act! IFF <t• is an initial subcategory of <t, i.e., p E <t• implies 

kx: q ... p}!: <t•. This theory has absolute homology (L* colim)6A = H*(N(<t);A), where N(<t) is the nerve 

of <t in simplicial sets, and D.A in a AB4 category a. The author will outline a proof of the uniqueness 

of these theories with respect to the Eilenberg-Steenrod-Milnor axioms, (Received November 4, 1974.) 

720-55-5 s. K. KIM, University of Connecticut, Storrs, Connecticut 06268, D, McGAVRAN, Uni
versity of Connecticut, Waterbury, Connecticut 06710 and J. PAK, Wayne State University, 
Detroit, Michigan 48202. On the fixed point indices and Nielsen numbers. Preliminary 
report. 

Let 3' = (E, p, B) be a locally trivial orientable fibering in the category of compact connected ANR 
-1 -1 spaces. A fiber map f: E ... E induces maps f• : B .... B and fb: p (b) ... p (b) for each b E B. If the 

spaces involved satisfy the Jiang condition then it is known that the Nielsen numbers satisfy the relation 

N(f) • P(f) = N(f') • N{fb) and the fixed point indices satisfy the relation i(f) = i(f') • i(fb) • P(f), where 

P(f) is defined algebraically. We show that the number P(f) is a fiber homotopy invariant and if 3' is a 

principal circle bundle over n-dimensional complex projective space then P(f) depends only on the 

classification of the bundle and the degree of f. We also develop some algorithms for the computation of 

P(f) and show that the formula N(f) = N(f') • N(fb) may not hold in some cases. (Received November 4, 

1974.) 

720-55-6 RAYMOND Y. T. WONG, University of California, Santa Barbara, California 931o6. 
On the problem of Hilbert cube factors. Preliminary Report. 

Suppose X c Y c z are metric spaces, a homotopy At : Y ~ X is a straight deformation re

traction if Ao = id, Al is a retraction of Y onto X and for t < 1, At is an imbedding 

of Y into l such that At I X = id. We show that if A : Y x [0, 1] ~ l x [0, 1] is defined by 

A(y,t) = (At(y),t), then A(Y X (1}) is a Z- set in M. Theorem. The product of any~

pact metric absolute retract with the Hilbert cube is homeomorphic to the Hilbert cube. 

Theorem. The product of any locally compact metric absolute neighborhood retract with the 

Hilbert cube is~ Hilbert cube manifold, (Received November 4, 1974.) 

*720-55-7 David A. Edwards and Ross Geoghegan, State University of New York at 
Binghamton, Binghamton, New York 13901, The Wall obstruction in shape 
and pro-homotopy, with applications. 

A series of papers is described, in which the interplay between shape, pro

homotopy and geometric topology is used. Among the results are: (in homotopy 

theory) a splitting theorem for homotopy idempotents; (in differential topo

logy) a new method of constructing open manifolds of dimension ~ 5 with strange 

ends in the sense of Siebenmann; (in pro-homotopy and shape) algebraic 
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criteria for a pro-complex [resp. compactum] to be homotopy [resp. shape] 
equivalent to a complex; (in shape theory) two-dimensional compacta shape 
dominated by finite complexes but not shape equivalent to finite complexes. 
The principal tools are the Bousfield-Kan homotopy limit and the Wall obstruc
tion to finiteness. (Received November 4, 1974.) 

720-55-8 STAVROS G. PAPASTAVRIDIS, Brandeis University, Waltham, Massachusetts 02154, 

Relations among characteristic classes. Preliminary report. 

Let B be BO or BSO or BU, M an n-dimensional closed, compact, connected C00 manifold, 

which is orientable in the theory B and tM: M .... B the map which classifies the stable tangent bundle of 

M. Let q, k be nonnegative integers s. t, q + k ~ n, and all cohomology groups have coefficients Zp 

where p isaprimenumber. Let q,k,n,p befixedthroughout, Let SCH*(B). Let ~(B,S,k,p) bethe 

set of all elements x E ~(B) s, t, t* (x) • ~(M) = (O} for all manifolds which can be oriented in B and 
m 

have tM:(S) = (o}. ·The problem is to compute I~(B,S,k,p), We have the following two results, Theorem A, 

If all elements of S have degree > n/2 then ~(B, S,k,p) = ~(B,~,k,p) + (S}q where (S} is the smallest n n 
ideal of H*(B) which contains S and which is a module over A (the mod-p Steenrod algebra), p 
Theorem B. Except for the case B = BSO, p = 2 for all the other cases I~(B,~,k,p) = ~(B,~,n- q,p), 

There is an algebraic analogue for Iq(B, S, k, p) (see Brown and Peterson, Topology 3(1964), 39-52); it is 
n 

a little bit more complicated to describe ~(BSO,~,k,2), nevertheless it is true that Iq(BSO,~,k,2) = 
n n 

alglq(BSO,~,k,2) although usually Iq(BSO,~,k,2) = ~(BSO,~,n- q,2), The proofs follow the ideas of 
n n n 

Brown and Peterson, (Received November 6, 1974,) 

720-55-9 GEORGE E. LANG, JR., Fairfield University, Fairfield, CT. 06430 
Localizations and Gn(X). 

Let xX be the identity component of the space of functions from a finite, 

simple, connected CW complex X to itself, w:XX----.x the evaluation map, and 

at the 

prime p and Xp the homotopy localization of X then 

of the group Gn(X) 

Gn(Xp) ~ Gn(X)p. 

Corollaries on cross sectioning fibrations with fiber localized at p and 

conditions for X to be a G-space in terms of Gn(Xp) follow from this result. 

(Received November 6, 1974.) 

720-55-10 R, M. GILLETTE, Montana State University, Boseman, MT 59715 and J, M. VAN BUSKIRK, 
University of Oregon, Eugene, OR 97403, Knots Invariant under Switching an 
Essential Crossing. 

A knot crossing is essential if it can be encircled by an unknotted simple closed curve which 

is homologically, but not homotopically, trivial in the complement of the knot, and is 

ambiguous if, further, it can be switched (from an over-crossing to an under-crossing) without 

changing knot types. Examples are given of: a knot having an ambiguous crossing among the 

minimal number of crossings for its type; a knot having an ambiguous crossing and the Alexander 

polynomial of any given amphicheiral knot; a knot having an ambiguous crossing and unit 

Alexander polynomial; a trivial knot which retains its unit Alexander polynomial on switching 

an essential crossing. A purely algebraic version is given of J. M. Martin's question of the 

existence of a trivial knot with ambiguous crossing, and it is noted than an affirmative 

answer to this question would imply that each knot type contains a knot having an ambiguous 

crossing. (Received November 6, 1974.) 
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720-55-11 J. c. CHIPMAN, Oakland University, Rochester, Michigan 48063. Presentations for 

Proper Fundamental Groups. Preliminary report. 

This paper is concerned with devising a framework for the development of computational 

means of determining the proper fundamental group, .!!:.l (K,.!!), of the end [a] of K based at a. 

(The introduction of proper homotopy groups was made by Brown in Topology Conference, Lecture 
1 Notes in Math. 375, Springer (1974).) Now ~ = .!!:.l (~, ~) forms a natural set of operators on 

~ (K,~), and it is necessary to know these actions as well as the group .!!:.l (K,~) for many ap

plications. These requirements can be satisfied by exploiting the fact that for any .!!:.1 (K,~ 

there exists an epimorphism n: ~ + .!!:.l (K,.!!). We define a presentation of .!!:.1 (K,_2) to be a set 

of generators for Ker n. Then we have that: i) The action of ~ on .!!:.1 (K,~) is reduced to 

the action of F on F modulo the Ker n, ii) Any homomorphism e: .!!:.1 (K,~ + .!!:.1 (L,£_) commuting 

with the action of F lifts to a homomorphism e : F + F commuting with the action of ~· and 

iii) If K = K1UK2 where K0 = K1nK2 and [a] is an end of K0 then a presentation for .!!:.1 (K,.!!) 

can be given in terms of presentations for the .!!:.1 (Ki'~) and the appropriate inclusion maps 

between them. For i) and ii) above the problems reduced to ~ are solved explicitly. 

(Received November 6, 1974.) 

*720-55-12 DONALD W. ANDERSON, University of California, San Diego, La Jolla, California 92037. 

Fibrations and geometric realizations. 

• There is a folk theorem inhomotopytheory whichhas·been particularly useful in the study of loop 

spaces, classifying spaces, etc. This theorem states that if E .. B is a map of simplicial spaces, which 

is a degreewise fibration, then R(E) .... R(B) is a fibration where R is geometric realization. However, 

along with this folk theorem comes some folk wisdom-extra hypotheses are needed and the terms need 

suitable definition or anyone will be able to produce counterexamples. The first version of this theorem 

to be proved and published is due to Peter May, who requires among other things that all Bn be connected, 

and who substitutes "quasi-fibration" for "fibration". His proof is difficult and his hypotheses are not of 

a homotopy invariant nature, but his version of the theorem has proved to be very useful. However, it is 

desirable to have other versions of so useful a theorem, as well as a sufficient understanding of the 

geometric realization functor to deduce homotopy invariant versions of this theorem. Chris Reedy 

showed that certain of the mysterious technical assumptions which naturally appear in any attempt to 

prove the folk theorem are in fact very reasonable conditions from the point of view of Quillen• s 

axiomatic homotopy theory. Also, Reedy developed sufficient tools within axiomatic homotopy theory to 

understand the homotopy theoretic nature of the geometric realization functor. Reedy's work will be 

explained, and a new version of the folk theorem will be proved which does not require that the Bn be 

connected. While this is not exactly a generalization of May's version, it can be used to extend some of 

May's applications of the folk theorem. (Received November 6, 1974.) 

720-57-1 

57 Manifolds and Cell Complexes 
RUSSELL J. ROWLETT, Department of Mathematics, University of Tennessee, 
Knoxville, TN 37916. Torsion in the bordism of oriented involutions. 

We give a new geometric proof of an old result: a class in the oriented bordism ring ~* 

has order 2 iff it is represented by a manifold that admits an orientation-reversing 

involution. The method generalizes, so that one obtains results on the bordism ~*cz2k) 
smooth, oriented z2k-actions. Theorem: All torsion in ~*cz2k) is of order 2. If p 
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the family of proper subgroups, all torsion in maps to 0 A class 

in is of order 2 iff it is represented by an action that commutes with some 

orientation-reversing involution. In particular the Witt invariant of Conner and Raymond 

vanishes on the 2-torsion of Q*(Z2). (Received October 21, 1974.) 

*720-57-2 LAWRENCE S. HUSCH, University of Tennessee, Knoxville, Tennessee 37916. 
Diffeomorphisms of 3-manifolds which are homotopy equivalent to sl, 

Let h be a diffeomorphism of an open 3-manifold M onto itself and let r(h) be 

the closed semigroup generated by h in the space of smooth mappings of M into itself 

1 with the C -topology. If r(h) is compact, then r(h) contains a unique idempotent 11' > 

let I(h) be the image of ~. THEOREM. If M is homotopy equivalent to the !-sphere 

and if g and h are diffeomorphisms of M onto itself such that r(g) and r(h) are 

compact and such that I(h) t M t I(g), then h and g are topologically equivalent if 

and only if (i) there exists a homeomorphism k of M onto itself such that k(I(h)) I (g); 

(ii) hI I (h) is topologically equivalent to k-1gkiiCh) and (iii) if (hiM- I(h))* is 

the homomorphism of H*(M- I(h)) induced by h, then ChiM- I(h))* = (k-1gkiM - I(h))*. 

(Received October 21, 1974.) 

*720-57-3 JEROME DANCIS, University of Maryland, College Park, Maryland, 20742. 
Building Subbundles. 

Theorem 1. Let M and Q be topological m- and q-manifolds, resp. m ~ (2/3)q- 2, (M 
~ompact and aq = Ql). I.et M"-+Q be a locally flat embedding. There is a locally flat embed
ding h: Mx [-1,1]'-+-Q, with hI MXO the inclusion map, if and only if there is a homotopy 

{f : M--+Q, t E [0,1]}, 
t 

t E (0 ,1] 

and f 0 is the inclusion map. 

Theorem 2. Let l;r I M and nq I M be PL r- and q-block. bundles over a compact PL 
m-manifold M, aM= lil, with associated projection maps p1 : l;r I M-+-+M and p : nq I M--++M, • 2 
Let 3r+m ~ 2q- 5. Suppose h: ~r I M-nq I M is an embedding of the sphere block bundle 
~r I M associated with I; I M such that [J2 n is homotopic to p1 I ~r I M. Then there is a PL 
(q-r)-block bundle eq-r I M such that nq I M = ~r 6l eq-r I M (mod subdivision). 

(Received October 25, 1974.) 

*720-57-4 P.L.KING, University of North Car-olina, Chapel Hill, N.C. 27514. ~ 
combinatorial pontr1agin classes. 

Theorem. A 4-manifold M with polyhedral structure can be given a riemannian structure in 
which the pontrjagin data vanish outside arbitrarily small neighborhoods of the vertices, and 
near a vertex depend only on the polyhedral structure at the vertex. 

The idea of the proof is that if a sufficiently natural metric is constructed, the pon
trjagin form will vanish nearly everywhere. Here "sufficiently natural" means "flat in 
enough directions." Roughly, the metric is built thus. A flat metric is canonically con
structed on M - Sk~. Near Sk~- Sk~ a natural metric arises, because the link of a 2-face 
of M is a triangulated circle, and there is a natural flat metric on the disc which is the 
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cone on a triangulated circle. A metric is determined near the edges and vertices of M by 

making (non-constructive) choices related to combinatorial structure. The local metrics are 

then patched with a suitable partition of unity, and the pontrjagin form computed explicitly. 

(Received October 30, 1974.) 

720-57-5 RICHARD SLOCUM, University of Tennessee at Martin, Martin, Tennessee 38238. 
Brick partitionings and 2-cells. Preliminary report. 

(Zippen) Theorem. Let M be a Peano continuum which has a 1-sphere J 

such that a) there is an arc which spans J b) every arc which spans J separates 

M and c) no closed proper subset of an arc spanning J separates M . Then M is a 

closed 2.-cell with boundary J • A new proof is given which uses brick partitionings. 

The properties of the brick partitionings are similar to properties of brick partitions 

used to prove characterizations of 2-manifolds. (Received November 4, 1974.) 

720-57-6 THOMAS W. TUCKER, Colgate University, Hamilton, N. Y. 13346. Surfaces in 
noncompact 3-manifolds, Preliminary report. 

A 3-manifold M is a missing-boundary manifold (abbreviated mbm) if it is homeomorphic 
to N-K where N is a compact manifold and K is a closed nonempty subset of ()N. A sur
face F in M is trivial if F is in bM and ~(F) -+ :n:1 (M) is trivial or M-F has two 
components and at least one component C has ~(C) -+ ~ (M) trivial. Removing the wild point 
from the Fox-Artin sphere (Ann. Math 49 (1948), 979-99Q), one obtains a trivial plane F in 
R3 such that the closure, c, of one component of R3- F is not a mbm while the interior of 
C is. In contrast, we prove: Theorem 1 Let F be a nontrivial separating surface in the 
mbm M where ~(F) is finitely generated. Then the closures of the components of M-F 
are mbm' s. Theorem 2 Let M be a 3-manifold such that the interior of M is a mbm and 
every component of bM is nontrivial in M. Then M is a mbm. The first result implies that 
axry plane in R3 invariant under a standard Z-action splits R3 into components whose closures 
are half-space, and corrects an error in A. Marden's recent paper on kleinian groups (Ann. of 
Math 99 (1974), 383-462). (Received November 4, 1974.) 

*.720-57-7 RICHARD E. HEISEY, Vanderbilt University, Nashville, Tennessee 37235. 
Bounded weak-* manifolds. 

Let F be of (1) a separable, reflexive, infinite-dimensional Banach space with its 

bounded weak topology, (2) the conjugate of a separable, infinite-dimensional Banach space 

with its bounded weak-* topology, or (3) Q00 = dir lim Qn, where Q is the Hilbert cube. 

Let M and N denote paracompact connected F-manifolds. Theorem 1. M x F is homeomorphic 

to M. Combined with previous work of the author (see Abstract 699-G30, these Notices 19 

(1972), A-811) this theorem yields the following as corollaries. Theorem 2. M embedds as 

an open subset of F. Theorem 3. If M and N have the same homotopy type, then they 

are homeomorphic. (Received November 4, 1974.) 

*720-57-8 JOHN M. WOODS, Oklahoma Baptist University, Shawnee, Oklahoma 74801. Homology of 

finite cyclic coverings, Preliminary report. 

This paper gives several new results concerning the rational homology for finite cyclic coverings of 

smooth codimension 2 submanifolds of ~+2 , n ~ 1. Particular emphasis is given to periodicity 

phenomena of the homology. The resulting theory is a broad generalization of part of C. Gordon's paper 

(I'rans, Amer, Math. Soc,l68(1972), 357-370), which deals only with classical knots and their branched 
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cyclic covers, The author's results include a complete description of the rational homology of finite 

branched and/or unbranched cyclic coverings of knots and links in all dimensions, Some of the results 

also apply to more general submanifolds, The principal method used is that of Wang sequences. 

(Received November 4, 1974,) 

"*720-57-9 ROBERT SCHWARTZ, Burlington County College, Pemberton, New Jersey 08068. 
P.L. Actions and Equivariant General Position. Preliminary Report. 

If G is a closed subgroup of SO(n) and K is a simplicial complex, a P.L. action is de

fined to be a topological transformation group G x K --> K such that (i) for each x e K, G(x) 

is a P.L. subspace of K (ii) for each g E G, g: K--> K is a P.L. map (iii) at each x e K, 

there is a slice which is a P.L. subspace of K. 

Let K be a simplicial complex and M be a P.L. manifold, each with a P.L. action under G. 

If f: K -->M is an equivariant P.L. map, f is defined to be in equivariant general position 

iff is non-degenerate and dim(f(K-KH)OM) ~ dim(K-KH) +dim MH- dim M for each isotropy 

subgroup H of G. Theorem: Let f: K--> M be an equivariant P.L. map and suppose that for 

each isotropy subgroup H of G, dim KH~dim MH, and MHis a P.L. submanifold of M whenever 

KH# ~· Then f is equivariant1y homotopic to a map in equivariant general position. This 

theorem is subsequently used to show that certain bounds on the dimension of the double point 

set can be achieved through equivariant homotopy. Hence, under certain conditions, 

f: K --> M is equivariantly homotopic to an embedding. (Received November 4, 1974.) 

*720-57-10 MARVIN ISRAEL, Goucher College, Towson, Maryland 21204, Close piecewise linear 

codimension one embeddings; Preliminary report, 

Let M, N be PL manifolds with M a closed codimension 1 TOP submanifold of N, Let n = 

dim(N). Theorem. Suppose n < 4 or n> 4 and ~(M;Z2) = 0 and £ > O. :ii a o > 0 ;:, if gi: M-+ N, 

i = 0, 1, are PL locally flat embeddings within o of the inclusion, then there is an £ PL isotopy G: N 

X I-+ N X I, G0 = id and G1 g0 = g1, Counterexamples, If n > 4, ~(M;Z2 ) f 0, M = M X [0] c M X R = N, 

then the theorem is false, (Received November 5, 1974,) 

*720-57-11 ULRICH KDSCHORKE, Queens College, Tiushing, N.Y. ll367. Indices of framefields 
with finite singularities. 

Assume n>2q. Let 'IT(n,q), resp. 'IT(n,q) 0~ denote the set of elements in 'IT 1 CV ) Which occur 
n- n,q 

as indices of q-framefields with finite singularities on arbitra.Iy, resp. oriented, closed 

snooth (connected) n-manifolds. Let e:'IT 1cv )-+il 1 CPq-lxBO(n) ;</>) be the hOJJIOIIlOrphism 
n- n,q q-

defined in the author's papers "Framefields and non-degenerate singularities", to appear in 

Bull. AMS. Theorem 1. 11Cn,q) is a subgroup of 'IT 1 cv ) and contains the kernel of e. -
n- n,q 

Next define condition C(n,q) to mean that an n-rnanifold M is bordant to a manifold with 

(stable) span ~ q Whenever all Stiefel-Whitney rrurnbers divisible by wj (M), n-q < j, vanish. 

This holds e.g. for q :: 4- and arbitrary n. Theorem 2. Assume C(n,q) holds. If n is odd, 

then 'IT(n,q)=Ker e. If n is even, then 1T(n,q)=Ker e i 7/:•i, Where i is the index of a q-field 

on Sn (if q > span csD-1 )+1), resp. on pl1 (if q :: span (Sn-l)) ;- Similar results hold for 

'IT(n,q)or. Theorem 3. Let s:-n f o(4-), and let es be the hOJimlorphism of Atiyah and Dupont 

(Acta Math. 128 (1972), p. 3). If C(n,q) holds for oriented manifolds and bordisms, then 

es('IT(n,q)or) is the largest hClliOilOrphic image of 11Cn,q)or in which the index always becomes 

independent of the q-field (and dependent only on the underlying oriented manifold). 

(Received November 6, 1974.) 
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*720-57:-12 IAN HAMBLETON, University of Chicago, IL 60637 
Involutions on 2-Connected 6-Manifolds 

We classify smooth, closed, orientable 6-manifolds M with w1M = z2 and 

w2M = 0. Consider H = a;M as a module over zrz2J and A: H x H ~z, the 

intersection pairing, as a z2-form. Let ~: H ~ z2 be the Browder-Livesay 

quadratic map. The form 9 = (A,~ 1 H) is restricted if 9 ~ e0ee 1 , where e0 is 

the form on s3 x RP3 and el is a non-singular form on a free Z[Z 2J-module. 

Theorem: Diffeomorphism classes of closed orientable 6-manifolds M with 

w1M = z2 and w2M = 0 correspond bijectively with isomorphism classes of invar

iants: (1) a free abelian group H of rank = 2 (4) , (2) a restricted form 

(A,~,H), (3) a class w2 e z2 , and (4) a splitting invariant s 2 e z2 • 

(Received November 6, 1974.) 

*720-57-13 JEFFREY L. TOLLEFSON, University of Connecticut, Storrs, Connecticut 06268. 
A 3-manifold with no PL involutions. 

We present an example of a closed, orientable 3-manifold M (fibered over s1 ) with 

the property that ~ is the only PL homeomorphism h of M for which h2 = 1M We 

conjecture that M admits no non-trivial, periodic, PL maps. So far, we have only been 

able to show the nonexistence of free periodic maps if the period is greater than two. 

(Received November 6, 1974.) 

*720-57-14 FREED, BENJAMIN M., Kent State University, Kent, OH 44242 
Embedding Contractible 2-Complexes in ~ 

Let L be either a figure eight complex wi.th sewing words a.rSs a.mfln, where rn - sm = + 1 

or a (1,1,1) complex with sewing word a.E(l)a.e(2) •·• a.e(n) where E(i) = ± 1 and 

i~l E(i) = ± 1. Then there are infinitely many different embeddings of Lin E4 We do 

this by showing the embeddings have distinct non-simply connected complements. 

(Received November 6, 1974.) 

720-58-l 

58 Global Analysis, Analysis on Manifolds 

F. R. MILLER and W. D. CURTIS, Kansas State University, Manhattan, Kansas 66506. 
A Theory of Higher Order Derivatives for H-differentiability on Locally Convex 
Spaces 

A theory of calculus for locally convex spaces is given which uses the 

strong(H) differentiability but gives higher order chain rules. This is accomplished by 

requiring that the derivative of f:E + F take values in the space L(E,F) 0 where a is the 

mapping from the continuous s~inorms of F into the continuous seminorms of E with respect 

to which f is differentiable. It is shown that this is the good theory to use for the 

infinite dimensional varieties of mappings and its nice properties are developed. 

(Received October 23, 1974.) (Authors introduced by Professor R. B. Burckel.) 
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720-58-2 WILLIAM PERRIZO, North Dakota State University, Fargo, North Dakota 
Truncations of Vector Field Flows, Preliminary Report 58102 

If a vector field flow admits an isometric tangent lift which commutes 

with its derivative lift, the derivative displays a linearity with respect to 

length. Dynamical properties of the original flow can be studied using this 

linearity. If a vector field flow admits a tangent lift, which commutes with 

its derivative and is "nearly isometric," the behavior of the derivative flow 

with respect to length is sufficiently linear to allow a similar analysis. 

Various definitions of "nearly linear" can be used. The method is roughly 

similar to truncation of the nonlinear part in ordinary differential equations. 

(Received October 29, 1974.) 

720-58-3 SHELDON E. NEWHOUSE, University of North Carolina, Chapel Hill, North Carolina 
27514, Hamiltonian Systems 

We extend results of Pugh, Robinson, and Takens on the existence of special motions in 
Hamiltonian systems. Let M be a (not necessarily compact) symplectic manifold and XH 
be a Hamiltonian vector field with Hamiltonian function H. If x is a non-wandering point 

2 for XH whose orbit is bounded, then H may be C perturbed to H1 so that XHl 

has homoclinic oribts near x. If XH has a second independent integral, then H1 may 
be found so that XHl has infinitely many quasi-periodic and homoclinic motions as well 

as periodic motions near x. (Received November 4, 1974.) 

*720-58-4 ZBIGNIEW NITECKI, Tufts University, Medford, Massachusetts 02155. An irreversible 
analogue of the Denjoy theorem. Preliminary report. 

The classical dynamical theory of homeomorphisms of the circle, initiated by Poincare, can be 
symmarized in three statements. There is an invariant, 7', of (oriented) topological conjugacy, called 
the rotation number. It is rational iff the system has periodic points. If 'T' is irrational, there is a 
perfect, closed invariant subset with dense orbit, which is either the whole circle (in which case the 
system is conjugate to rotation by 'T') or is a nowhere-dense set which can be mapped 2-to-1 onto the 
rotation. Denjoy showed that a sufficiently smooth (continuous derivative of bounded variation) 
homeomorphism with irrational 'T' must be a rotation, but that c1 systems of the second type exist. It 
was shown ("Factorization of nonsingular circle endomorphisms", Dynamical Systems, Academic Press, 
1973, 367-374) that, in general, a map f of the circle to itself of degree n > 1 which is locally a 
homeomorphism possesses a hi-invariant, perfect, closed set Kf which is either the whole circle (in 
which case f is conjugate to the map expi9 ... expni9) or a cantor set. Here, an argument of A.J. 
Schwartz (Amer. J. Math. 85 (1963), 453-458) is adapted to show that the map on Kf, for f E c2, is an 
inverse limit of one-sided shifts of finite type, but examples show that this fails in the c1 case. 
(Received November 5, 1974.) 

*720-58-5 sAMm KAR, Indiana University, Bloomington, Indiana 47401. The (H\1) rectifiable 
subsets of' a homogeneous space without rotation. 

On his paper on the (~,k) rectifiable subsets of a homogeneous space [Acta 

Math, Vol. 122, 1969, 197-229] John Brothers gave an inter~ing characteriza-
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tion of purely (Hk,~ unrectifiable subsets of Euclidean space Rn under the 

assumption that the full group of isometries was acting on the space. Our 

investigation was directed towards relaxing the condition on the group of 

isometries and as a significant step in this direction we present the 

following theorem: 

Let B be a proper (n-1) dimensional submanifold of class ~ of ~n with non

zero Gaussian curvature at every point. If E c ~n with H1 (E)<~ and if 

g E ~n. then there exists a countably 1-rectifiable Borel subset R of ~n 

such that (E-R) is purely (H1 ,1) unrectifiable and (E-R)n(g+B) =~for 
Hn almost all gE~n. Conversely, if EcRn such that for Hn almost all 

gE~n En(g+B) = ~. then E is purely (H1 ,1) unrectifiable. For definitions and 

notations see Federer (Geometric Measure Theoryl. (Received November 5, 1974.) 

*720-58-6 BRIAN H. MARCUS, University of California, Berkeley, California 94720. Unique 

ergodicity of some flows related to Axiom A diffeomorphisms. 

A continuous flow on a compact metric space is called uniquely ergodic if it has a unique invariant 

Borel probability measure. Now it is possible to define a continuous flow whose orbits are the unstable 

manifolds of a connected attractor of an Axiom A diffeomorphism, provided that the unstable bundle is 

one-dimensional and orientable. Such a flow is called a Wu flow. Theorem. Wu flows are uniquely 

ergodic. This is related to, but does not include, H. Furstenberg's result (Recent Advances in 

Topological Dynamics, Lecture Notes in Math., no. 318, Springer-Verlag, pp. 95-114) that the horocycle 

flow for a two dimensional compact riemannian manifold of constant negative curvature is uniquely 

ergodic (the horocycles are the unstable manifolds for the geodesic flow). We also observe that if two 

continuous flows have the same orbits and no fixed points and one is uniquely ergodic then so is the other. 

Finally we give an example to show that the no fixed point assumption above is essential. (Received 

November 6, 1974.) 

*720-60-1 

function 

60 Probability Theory and Stochastic Processes 
William N. Hudson, University of Utah, SAlt Lake City, Utah 84112 and 
Howard.G .. Tucker, Uoiversitv of.CaliforBia.at Irvioe~ lrvioe California 92664 On AdmlSSlble Translates orlnflnlte y lVlSlble Dls~rlbUtlons. 

The density of an absolutely continuous infinitely divisible distribution 

F is positive a.e. (Lebesgue measure) over the support of F which is 

necessarily an unbounded interval. (Received September 9, 1974.) 

*720-60-2 W. N. HUDSON, J. D. MASON, University of Utah, Salt Lake City, Utah 84112. 
More on equivalence of infinitely divisible distributions. 

Any infinitely divisible distribution on Rn, n > 1, with infinite absolutely continuous 

Levy spectral measure and no Gaussian component has a density which is positive a.e. over 

its support. This extends the result for n = 1 of W. N. Hudson and H. G. Tucker 

[Abstract 711-60-3, these No:tic_e;, 21(1974), A-234]. (Received September 30, 1974.) 
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*720-60-3 JAMES KUELBS, University of Wisconsin, Madison, Wisconsin 53706, 
The law of the iterated logarithm for Banach space valued random variables. 

Let B denote a real separable Banach space and assume x1, x2, • • • are i. i. d. B-valued 

random variables such that E(Xk) = 0 and E(IIXkll 2) < co. We provide necessary and sufficient 

condition for the sequence {Xk: k 2: 1} to satisfy the law of the iterated logarithm on B. As 

an application of this result the law of the iterated logarithm is established for C[O, 1] valued 
variables 

random/under conditions related to those used to prove the central limit theorem in this setting, 

(Received October 7, 1974.) 

*720-60-4 AVNER FRIEDMAN, Northwestern University, Evanston, Illinois 60201 
Existence of densities for degenerate diffusion processes. 

A system of n stochastic differential equations ds = b(s)dt + cr(s)dw(t) de-

tcrmines a diffusion Markov process provided, say, b(x) and cr(x) are uni

formly Lipschitz continuous. If the matrix cr(x) is non-degenerate, then 

the transition density function exists. In this work the existence of the 

transition density function is established in some cases where cr(x) is de

genera tc. (Received October 7, 1974.) 

*720-60-5 WALTER ROSENKRANTZ, University of Massachusetts, Amherst, MA 01002 
Limit Theorems for solutions to Stochastic differential equations. 

Let x(t) be the solution to the stochastic differential equation 

(1) dx(t) = dw(t) + b(x(t))dt, where w(t) is the Wiener process and £)Cx)dx = a. Set 
') 

xn (t) = x(n-t) /n. 

Theorem: As n~ the family of processes xn(t) converge weakly to a Markov process 

Ya(t). If a = 0 then Y0 (t) = w(t) but in all other cases Ya(t) is a ~larkov process whose 

infinitesimal generator is a non-classical generalized second order differential operator 

of the Feller type D D + The implications of these results for the general theory of mp 

Markov processes will be discussed. These results will appear in the Dec. 1974 issue of 

the Indiana University Journal of Mathematics. (Received October 7, 1974.) 

*720-60-6 MARK A. PINSKY, Department of Mathematics, Northwestern University, 
Evanston, Illinois 60201. Asymptotic analysis of the linearized 
Boltzmann equation 

For the linearized Boltzmann equation with finite cross section, the solution 

is represented as an integral over the paths of a Markov jump process. The 

integral is only shown to converge conditionally, where the limiting process 

is defined by an increasing sequence of stopping times. The integrand is a 

local martingale, in the sense of K. Ito and s. Watanabe. Using purely ana-
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lytic methods, we outline the proofs of the following limit theorems (see these 

Notices, Abstract 74T-Bl44, 21(1974), A-487);lim E(-t/e}T (t/e}f = N(t)f 
e-+0 e 

where E(t) denotes the semigroup corresponding to the linear inviscid Euler 

equations and T (t) denotes the semigroup corresponding to the linearized e 
Boltzmann (or Navier-Stokes) equations. Finally we discuss the accuracy of 

the Navier-Stokes approximation in relation to the approximation obtained 

through the limit theorems. (Received October 10, 1974.) 

*720-60-7 M. Ann Piech, SUNY at Buffalo, Amherst, N. Y. 14226. 
An infinite dimensional Laplacian, Preliminary report. 

The transition measures associated with the Brownian motion process provide probability 

measures which are particularly well suited to the study of differential operators over 

infinite dimensional spaces. We discuss the properties of a promising candidate L for the 

role of "Laplacian" on a real separable Hilbert: space. L is a stochastically defined 

infinite-dimensional second order differential operator, whose closure coincides with the 

infinitesimal generator of the Ornstein- Uhlenbeck velocity process for Brownian motion -

i.e. with the number of particles operator of quantum field theory. (Received October 15, 

1974.) 

720-60-8 MURRAY ROSENBLATT, University of California, San Diego, La Jolla, California 92037, 

Random solutions of Burgers eguation. Preliminary report. 

A class of stationary random solutions of the Burgers equation ut + u ux = J.L uxx, J.L > 0, are con

sidered. The asymptotic distribution of these solutions is determined up to first and second order as 

t-oo. Information about the spectra of the asymptotic approximations is also obtained. (Received 

October 9, 1974.) 

720-60-9 PAO-LIU CHOW, Wayne State University, Detroit, Michigan 48202, 
Integration of Stochastic Partial Differential Eguations. 

A class of linear partial differential equations with random coefficients 

is considered, In general, the coefficients involved are multi-parameter stochastic processes 

(or random fields). To determine the solution measures, it is expedient to establish the 

connection between the stochastic P.D.E,s and the corresponding differential equations in 

function space governing certain expectation-functionals for solution processes, Integration 

of stochastic P.D.E.s is thereby reduced to a problem of integration in function space, 

Concrete examples are provided for the purpose of illustration, (Received October 10, 1974.) 
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-*720-60-10 GEORGE C. PAPANICOLAOU, Courant Institute, New York University, N. Y. 10012, 
Fluctuations in the Navier-Stokes equations. 

We consider viscous incompressible motion of a fluid in a two-dimensional bounded region in the 

presence of random body forces. The statistical analysis of the velocity process is formulated 

as a limit theorem for a nonlinear abstract stochastic equation. We show in particular that 

the fluctuation of the velocity converges weakly, when properly scaled, as a process in the 

space of continuous functions with values in a Sobolev space with negative index, to a 

generalized Ornstein-Uhlenbeck process (joint work with CIPRIAN FOIAS). 

(Received October 17, 1974.) 

*720-60-11 CHRISP. TSOKOS and A.N. RAO, University of South Florida, Tampa, Florida 33620. 
Existence and Stability Behavior of a Class of Stochastic Functional Integral 
Equations. Preliminary report. 

The purpose of the study is to investigate the existence and stability properties of solutions 

of a random, Hilbert space valued integral equation of the form 

x(t;w) = h(t;w) + Jot 

+ I: 
Using functional analytic techniques and admissibility theory, sufficient conditions are 

obtained to assure the existence of a random solution to the above equation. Also, frequency 

criteria are developed for the almo-6-t .6UI!.e. and ..llle.an-J.>qu.cvr.e. abJ.>olu.te. sample path stabilities, 

when the kernel is of the convolution type. (Received October 17, 1974.) 

"(20-60-12 HARRY KESTEN, Cornell UnivF?rsity, Ithaca, N.Y. 14850. Recurrence of 
d-dim>·nsional random walks and the exterior Dirichlet problem, 
Prr·I:Jl.ma ry rc-po rt 

e1 dr·notr·s thr· d-v,-.ctor with components oij' 1 ~ j ~ d. The random walks 

untir·r consideration ar,., Markov chains {Sn}n L_o on zd wi~h (*) Pfsn+l = 

x + Pil Sn ~ x} = PfSn+l= x- eil Sn = x} = pi(x) ) o) 0 , 2! pi(x) ~ 1 (so 
that I Sn+l-.'Jnl 1 w. p. 1.). It is well known that if there exists a function 
f, f(xl ~ 0 f(xl ~ oo (r~spectively ~ 0) as lxl ~ oo and such that f(S ) is 

- n 
a suur>rmartingalr as long as Sn is outside a finite set, then Sn is re-
currr·nt (r,-.spectively transient). Meyers and Serrin, J. Math and Mech. 2. 
(1960) 51~-5~8 in their study of the exterior Dirichlet problem considered the 
PXist,-.ncP of such functions f in the analogous situation on Rd. Their 
method yields Pxamul~s of transient 2-dimensional random walk satisfying (*) 

and PVPn pi(x) ~ ~ (lxl ~ oo). It also seems that even under(*) there exist 
rr>curr,.,nt random walks in any dimension provided o = o(d) is sufficiently 

small. (Received October 17, 197if,) 
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720-60-13 M. ZUHAm NASHED, Georgia Institute of Technology, Atlanta, Georgia 30332. 
MeasurabUlty of generalized inverses of random linear operators in Banach spaces and 
random generalized Green•s functions. Preliminary report. 

Let (O,B,IL) be a complete probability space. Let X, Y be Banach spaces. Let T be an almost 

surely (a. s. ) bounded or densely defined closed linear random operator on 0 X X into Y with range 

RT(w) and nullspace 71T(w)" Suppose that a.s. the closed subspaces R;(w) and 71T(W) have topological 

complements, say .J(w) and "'t(w), respectively. Several results o~ the measurability of the generalized 

inverse of T, relative to ,/(w) and "'t(w), are established under mild technical conditions. In particular 

if X and Y are separable Hilbert spaces and T is an a. s. closed densely defined linear separable 

random operator from 0 X X into Y such that nc17 T(W) is dense in X, nJJ T*(W) is dense in Y, and 

T(w)T*(w)x is separable on 0 X x0, where x0 = fx:x EX and x Eni'T(w)T*(w)}' then the (Moore

Penrose) generalized inverse of T is a random operator. Our setting also provides extensions andre

finements of results of Nashed and Salehi [SIAM J. Appl. Math. 25(1973), 681-692]. We give applications 

to generalized random Green•s functions and matrices from the viewpoint of generalized inverses. 

(Received October 21, 1974.) 

*720-60-14 T. F. LIN, Louisiana State University, Baton Rouge, La. 70803 
Existence of Markov processes associated with noncontraction semi
groups. 

Let B 'be the ordinary Banach space of all bounded, measurable, C-valued 

functions on c. If the semigroup St , 0 ~ t ~ T, of linear operators 

on B satisfies conditions (i) Stl = 1 , (ii) w-lim fn = f implies 

w-lim Stfn = Stf , (iii) II St II ~ exp (bt) for some b 2 0 , then there 

exists a (generalized) Markov process x(t) , 0 s t ~ T , such that 

E(f[x(t+s)] Ia [x(u) , 0 ~ u ~ t11= Ssf[x(t)] for each feB and 

0 .~ t ~ t+s .3;; T • (Received October 21, 1974.) 

*720-60-15 PAUL c. SHIELDS, Department of Mathematics, The University of Toledo, Toledo, Ohio 
How well can one fit two processes together 43606 

We use the terminology of Furstenberg's disjnintness paper (Math. Systems Theory 1(1967 

pp. 1-49). Call U a pairing of SandT if SandT are factors of U. We show that if SandT 

are ergodic measure preserving transformations·then there is a pairing U such that 

h(U) = max {h{S), h(T)}. The proof makes use of the Sinai-Ornstein Theorem (see Shields, 

The theory of Bernoulli shifts) and th~ theory of skew products. An analogous topological 

result seems unlikely for no topological analogue of the Sinai-Ornstein theorem is known. 
(Received October 23, 1974.) 

*720-60-16 MARK J. CHRISTENSEN and A.T. BHARUCHA-REID, Wayne State university, Detroit, 
Michigan 48202. An algebraic model for Wiener measure. 

In this paper we construct an algebraic model (in the sense of Dinculeanu and Foias, Illinois 

J. Math. 12 (1968), 340-351) for Wiener measure. Let D be any dense subset of [0, 1]. Then, 

for every x E D, n an integer, and k a positive integer, we define a mapping from c[o, 1] to 

the unit circle as follows: f ~ exp{2rri(nf(x))/k], which we denote by F{x,n,k,•). The 

collection of all such F generates a group G if we consider multiplication to be 
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F(x,n,k,•)F(y,m,l,•)(f) = exp(2rri[nf(x)/k+mf(y)/l]} = F(x,n,k,f)F(y,m,l,f). G, with inte-

gration on C defining a positive-definite function, is an algebraic model for Wiener measure 

on c[o, 1]. (Received October 24, 1974.) 

*720-60-17 HELEN SKALA, University of Massachusetts, Boston, Massachusetts. The Petersburg 

paradox. 

The Petersburg Game is a two-person game in which one person A flips a coin until a head turns 

up. If this happens on the nth throw (i.e., the first n- 1 throws turn up tails and the nth throw heads), 

A receives 2n-1 dollars from the other person B. What is the maximum amount A should pay B to 
2s-3 

play this game? Theorem. If A has wealth w, he should pay no more than the amount s where 2 

+ s/2 = w. If A pays more than the amount s, his chance of going broke, never having attained more 

than w, is greater than t. (Received September 19, 1974.) 

*720-60-18 S.P. LLOYD, Bell Laboratories, Murray Hill, N.J.,07974,and R.C. SINE, 
University of Rhode Island, Kingston, R.I., 02881. Lorentz manifolds 
and retarded Markov operators. Preliminary report. 

A single stable Markov operator on C(X) is considered. If T has reasonable 

asymptotic behavior then the convergence can be improved upon by slowing the 

process down (averaging with the identity operator so that T is replaced by 

TE = EI + (1-E)T for 0<£~1). If T is norm ergodic then T£ has norm convergent 

iterates (with the aid of Karlin's ergodic theorem). If Tis strongly ergodic 

then T£ has iterates convergent in the strong operator topology (with the aid 

of Lorentz's theory of almost convergence). Conditions are given on convex 

power series L:a Tn for similar results to hold. (Received November 5, 1974.) 
n 

*720-60-19 DAVID H. NASH, Transportation and Urban Analysis, General Motors Research 
Laboratories General Motors Technical Center, Warren, Michigan 48090 and MURRAY s. 
KLAMKIN, University of Waterloo, Waterloo, Ontario, N2L 3G1 Canada. A spherical 
characterization of the normal distribution. 

An elementary functional equation proof of the following classic theorem is given: Theorem. 

Assume (1) f: R1 -+ [0, co) is Lebesgue (J.J.) measurable, (2) JR1 fdJ.L = 1, (3) n > 1 and (4) llf(x.) is 

constant on each n- 1 sphere S(r) = {(x1, .•• ,x., ••• ,x ) I:B x? = r 2}, r > 0. Then f is a normal1density 
1 n 1 

with zero mean. The theorem remains true for n > 2 if (4) is replaced by the condition that there is 

a sequence {r.} of positive reals such that r.-+ +co and Tif(x.) is nonzero and constant on each S(r.). 
J J l J 

(Received November 1, 1974.) 

720-60-20 HAROLD D. TAYLOR, Indiana University, Bloomington, Indiana 47401. On the limiting 

behavior of infinitely many queues in tandem with identical service time distributions. 

Masterson and Sherman [Ann. Math. Statist. 34(1963), 300-307] have shown that, in the case of 

infinitely many queues in tandem with identical service time distribution, the probability that the inter

arrival time between the first and second customers is less than any fixed t tends to zero as time 

approaches infinity. They also raise the question of whether the same behavior is exhibited by the 

interarrival time of customers n and n + 1. We answer this question in the affirmative. An analogous 

result is that if the input distribution is the same as the service time distribution, the probability that the 

length of the nth queue is less than k tends to zero as time approaches infinity. (Received November 4, 

1974.) 
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*720-60-21 ITREL MONROE, University of Arkansas, Fayetteville, Arkansas 72701. On the square 

variation of martingales. 

Let (Xt, Gt), t ~ 1, be a uniformly integrable martingale with continuous paths. Let P n be an 
increasing sequence of partitions of the interval [0, 1]. Letting P n = [t0 < t < .•• < tm}' define S = 

L:~1 (Xt·- Xt· )2 • It is well known that as n .... ro, S converges in measure. An example is given to 
1- 1 1-1 n 

show that Sn need not converge almost surely. (Received November 4, 1974.) 

*720-60-22 LOUIS H. BLAKE, Worcester Polytechnic Institute, Worcester, Mass. 
01609. A smoothing index and equiconvergence of martingales. 

Let (.fl. , Ot, P) be a probability space with .X:. 
A smoothing index p is given by p(r ,~) = inf 

E:>O 

which indicates the amount of smoothing done ~ t 

and ~ sub cr-fields of ot.. 

{sup P(jE(Icj~)-Icl>cj:::;d 
Cf' 

by ~ • p is used to 
reprove Boylan's equiconvergence theorem for martingales (Ann. Math. Statist., 
42(1971), 552-559). It is also proved that the usual metric on sub cr-fields 
of 01: , the "Neveu conditions" (as set forth in "A note on the tightness of 
the metric on the set of complete sub a-algebras of a probability space", 
Ann. Math. Statist. , Q, 1369-1371) , equiconvergence of martingales, and the 

smoothing index p are all equivalent concepts. (Received November 4, 1974.) 

*720-60-23 STEPHEN J. WOLFE, University of Delaware, Newark, Delaware 19711. On the 
unimodality of spherically symmetric stable distribution functions. 

Several theorems are obtained concerning the unimodality of spherically symmetric 

distribution functions. These theorems are used to show that a class of spherically 

symmetric infinitely divisible distribution functions that contains the class of spherically 

symmetric stable distribution functions is unimodal. (Received November 4, 1974.) 

*720-60-24 ROBERT P. KERTZ, Georgia Institute of Technology, Atlanta, Georgia 
30332. Random Evolutions and Limit Theorems for Initial Value 

tion 

Problems. --- -----

We give a new representation in terms of random evolutions for the solu-

(ui(t)) i 1 I •• ,N of the 

Clu. 
l. A.u. at l. l. 

Cauchy 

+ 

f. 
l. 

I 
N 

j=l 

problem 

a .. u. 
l.J J 

i = l,••,N 

where for each i = l,••,N, Ai is the infinitesimal generator of a strongly con

tinuous semi-group T1. (t) ; t > 0 on some Banach space Band (a .. ) i,j = l,••,N 
l.J 

are real numbers (or operators). We construct this representation through tech-

niques of renewal theory and semi-Markov processes. We then use this represen-

tation together with extensions of the Hersh-Papanicolaou renewal-type conver-

gence arguments to prove singular perturbation-type theorems. A special case of 

interest was mentioned by M. Miyamoto [Proc. Japan Academy, 42 (1966), 70-74). 
(Received November 4, 1974.) 

A-239 



720-60-25 F.ATherto Grt.mbatnn, University of Califomia,Berkeley,Califoznia 94720. 
'!he detenninant of a rand0111 ma:trix 

Let M(x) be a random matrix with independent Gaussian entries M ..• The means EM .. =m •• an! 
J.] J.] J.] 

tmknown and the variances an! all equal to one. '!hen the distribution of the determinant 

of M suffices to determine the singular> values of E M=m plus the value of det m. 

(Received November 4, 1974.) (Author introduced by Professor Jacob Feldman.) 

*720-60-26 S .C.PORT ,C .J. STONE, U.C.L.A. ,Los Angeles,CA & N .A. WEISS* ,Arizona 
State u. ,Tempe,AZ 85281. ~ and~ 'for Infinite Particle systems 

Suppose that particles are distributed in z2 according to a point process A0 

where the r.v.'s A0 (x), xez 2 are i.i.d. with finite fourth moments. The part

icles initially present are translated independently via two-dimensional re-

current random walks all with the same transition function. For a finite 

nonempty subset B let Sn(B) denote the total occupation time of B by time n 

and Ln(B) the number of distinct particles in B by time n. Let gn equal the 

expected number of visits to 0 by time n of a particle starting at 0, qn the 

probability that such a particle does not hit 0 by time n, and A= EA0 (x). 

Then ES (B) =AlBin, Var S (B)-2AIBI 2ng , EL (B)-Anq and Var L (B)-Anq • n n n n n n n 
Moreover, both Sn(B) and Ln(B) satisfy the strong law of large numbers and 

central limit theorem. (Received November 4, 1974.) 

*720-60-27 ARUNAVA MUKHERJEA and JAMES GARD, University of South Florida, Tampa, Florida 
33620. On the Convolution Iterates of a Probability Measure. 

In this paper we study the limit behavior of convolution iterates of a probability 

measure on certain groups and semigroups. Let S be a locally compact non-compact group that 

is either (i) nilpotent, ~ (ii) non-unimodular, ~ (iii) connected maximally almost periodic. 

Suppose S is generated by the support of a probability measure ~· Then ~n~ vaguely 

<Jfd~n~ for every f with compact support). 

We also studied properties of the limit of pn where p is a probability measure with two 

point support on a certain compact semigroup. (Received November 4, 1974.) 

*720-60-28 Richard A. Moynihan, Univ. of Mass., Amherst, MA 01002. Conjugate 
transforms for 'T semigroups of probability distribution functions. 

LetT: [O,l]x[O,l] + [0,1] be continuous, non-decreasing, associative 
with T(a,l)=a (so that T is at-norm or I-semigroup). Let~+ be the set of 
p.d.f. 's F such that F(O)=O. For any F,G in ~+ and any T the mapping 'T 

defined by 'r(F,G)(x)=supu+v=xT(F(u),G(v)) is a semigroup on~+ (such semi
groups arise in connection with the triangle inequality in probabilistic metric 
spaces). Using the conjugate function concept of convex analysis, one can 
define a conjugate transform CT on ~+ for any suitable T. Such transforms 
and their inverses yield a theory of "characteristic functions" for 'T semi-
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groups. Thus they can conveniently be used to develop a structure theory for 
TT semigroups. With their aid we have studied .algebraic questions such as the 
cancellation law, roots and powers (i.e., "infinite divisibility"), solvabil
ity of linear equations as well as various convergence questions and limit 
theorems. (Received November 5, 19'74.) (Author introduced by Professor Berthold Schweizer.) 

*720-60-29 E. c. GOOTMAN and D. KANNAN, University of Georgia, Athens, Georgia 
30602. Zero-One Laws in Finite W*-Algebras (noncommutative proba
bility). 

Let A be a W*-algebra, T a normal, finite, normalized, faithful trace 
on A , and [Ai,i ~ 1} a sequence of W*-subalgebras of A. Definition: 
(a) {Ai} is called IT-independent (resp. A-independent) iff for every family 
[Ph; Pi E Ai} of projections T(Tij~l Pij) = Tij~lT(Pij) (resp. T(Aj~l Pij) = 
Tij=l T(Pij)). We consider only the A-independent Ai. Then, (1) Ai are mu
tually commuting. In what follows A is generated by A-independent Ai. (2) 
A = ®Ai. (1) and (2) open up several structure problems of A. (3) If 

AF = W*[Ai,i /!:. F], Fa finite subset of indices, and B = nFAF' then B = [cl!l}. 
Definitions: (b) Ai's are identically distributed iff for each pair (i,j), 
i F j, there is a trace preserving isomorphism~·. : A. ~A.. (c) T E A is a 

lJ 1 J 
symmetry operator if a(T) = T for all finite permutations a of integers. 
(4) If Ai's are also identically distributed, the only symmetry operatiomin A 
are scalar multiples of I. (Received November 5, 1974.) 

720-60-30 DAVID B. Miller, Department of Mathematical Sciences, Virginia 
Commonwealth University, Richmond, Virginia 23284. An Epidemic 
Branching Process, Preliminary Report. 

A critical Bellman-Harris branching process with generating function h(s) 
and lifetime distribution function G~(t) is amended by permitting cells to 
experience a sterile existence after reproduction according to a different 
lifetime distribution function G(t) . In an epidemic context, this is the 
isolated stage following detection of the disease and separation from the 
population. Asymptotic moments and limit laws for the number of isolated cells 
alive at time t , the total born by time t , and other quantities of interest 
are found via integral equations. Immigration of fertile cells and correlation 
of offspring lifetimes are also introduced into the model, both separately and 
jointly. Asymptotic moments and limit laws for functions similar to the above 
are then derived in each of these three models. (Received November 6, 19'74.) 
(Author introduced by Dr. James Deveney.) 

720-60-31 STEWART N. ETHIER, University of Wisconsin, Madison, WI 53706 An error 
estimate for the diffusion approximation in population genetics. Prelim report. 

Let {Y (k): k = 0, I, ... } be the homogeneous Markov chain in Q = {(i,j): n n 

i, j integers _:: 0, i + j :S. Zn} whose transition function starting from (i, j) E Q n is trinomially 

distributed with parameters Zn, 1/Zn, j/Zn, and define Xn(t) = Yn([2nt])/2n for t _:: 0. Let 

{X(t) : t _:: o} be the diffusion process on Q = {(x, y): x _:: 0, y _:: 0, x + y :S. I} associated 

with the closure (in C(Q)) of the degenerate elliptic operator A on C2(Q) given by Af(x,y) 
I I 4 = 2 x(I - x)fxx(x, Y) - xyfxy(x, y) + 2 y(I - y)fyy(x, y). Then for f E C (Q ), 
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E[f(X {t)) IX (0) = (x , y )] - E[f(X{t)) IX{O) = {x, y)] = 0(\1 f II 4 /n) as n-- ao uniformly for 
n n n n c (Q) 

(x,y) E Q and t _? 0, where x = [Znx]/Zn, y = [Zny]/Zn, and llfll 
i+j <m i n n Cm(Q) 

= ~i, j_?" 0 sup(x, Y)EQ I DxD~f(x, y) I· Weak convergence follows from this. Remark: Yn( ·) is 

Wright's model for random genetic drift at a tri-allelic locus in a monoecious diploid population 

of size n. Analogous results hold for one or two multi-allelic loci with the effects of mutation, 

migration, selection, and recombination taken into account. (Received November 6, 1974.) 

*720-60-32 T. SMITH and C.P. TSOKOS, University of South Florida, Tampa, Florida 33620. 
On Investigation of Sequential Testing Procedures for Comparison of Stochastic 
Branching Processes. Preliminary Report. 

It has been previously suggested the implementation of an inexact form of Wald's sequential 

probability test (Girshick's procedure) for comparing two branching stochastic processes 

characterized by a probabilistic law of an exponential class and whose trajectory values, 

Xi(t), i = 1, 2, are sufficient statistics. When X(t) is Markovian, stationary or ergodic 

or if the transition probabilities are stationary, then the exact test is developed and 

compared with the inexact test. A modified form of the test is given for use when X(t) is 

not a sufficient statistic. (Received November 6, 1974.) 

720-60-33 G. D. ALLEN, Texas A&M University, College Station, Texas 77843. 
A Generalization of a Theorem of Cramer. 

Consider the stochastic process defined by the spectral representation 

x(t) J: g1(t,u)d b1 (u) + J: g2(t,u)d b2(u), where bi(u), i = 1,2, are independent 

Weiner processes and 0 < t < 1. If, for i = 1,2, the functions gi(t,u) satisfy the 

regularity conditions: (1) gi(t,u) is continuous for 0 ~ u ~ t ~ 1; 

(2) jgi(t,u)- gi(s,u)j < M It-s! for u ~ min(s,t) and (3) g(t,t) + 0 it is shown 

that the spectral representation cannot be canonical in the sense of the Hida-Cramer theory. 

This result is a generalization of a theorem of Cramer. In his result (2) is replaced by 

(2)' g(t,u) E c1 for each u and dg(t,u)/dt is L2 (o ~ u ~ t ~ 1). The techniques 

employed here involve establishing the existence of a linear operator T satisfying 

x1 (t) = Tx2(t). (Received November 6, 1974.) 

*720-60-34 D. G. KOSTKA, Department.of Mathematics, Texas A&M University, College 
Station, Texas, 77843, On The Erdos-Feiler Criterion 

Let Sn = x1 + ••• Xn where {Xk}k ~ 1 is a sequence of independent, identically 

distributed random variables with mean zero and variance one. Suppose 

co 2 L .1hl e-cp (n)/2 < ... 

n=l n 
Then we show that 

.. 2 
L ..t:i!!l P(S > rn cp(n)) < ... 

n=l n n-
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The proof relies on the Skorohod representation of Sn and a judicious use of Chebyshev's 

inequality. As with the Erdos-Feiler criterion this result is used to find a sequence 

w(n) such that P(Sn > W(n) infinitely often) = 0. (Received November 6, 1974.) 

*720-62-1 

62 Statistics 

GAINEFORD J. HALL, JR., The University of Texas, Austin, Texas 78712, 

Non-Stationary Stochastic Gold-Mining. 

This paper treats an extension of gold-mining problems formulated by R. Bellman and 

J. Kadane. There are N gold mines, each mine i having an initial amount of gold 

zi ~ 0. There is a gold-mining machine which can be used in only one mine per day. We 

assume that the fraction of gold mined on the jth excavation of mine i is a random 

variable, cx,ij' and that {cx,ij}j~l are independent processes for 1 < i < N. The proba-

bility that the machine will break down and be irreparably damaged during the jth exca-

vation of mine i is given by l-~ij(cx,il' ... ,cx,i,j-1) 

{cx,ij} j~l and {~ij}j~l 

where ~ij are known functions. 

Kadane treated the case where are constant, 1 ~ i ~ N. The 

problem is to find an optimal gold-mining policy to maximize the expected amount of gold 

excavated before breakdown of the machine. Conditions are given to guarantee the existence 

of an optimal policy which is the appropriate analog of the Bellman-Kadane rules proven to 

be optimal in the case where the r.v. 's are constant.(Received November 4, 1974.) 

720-62-2 A.N.V. RAO and C.P. TSOKOS, University of South Florida, Tampa, Florida 33620. 

Bayesian Estimation of Life Parameters and Reliability Function in the Weibull 

Distribution, Preliminary Report 

This paper develops a Bayesian analysis of the scale and shape parameters in the Weibull 

probability distribution and the corresponding reliability function with respect to the usual 

life-testing procedures. In the present analysis we consider both the scale and shape parameters 

to behave as random variables. The joint probability density function which characterizes 

their simultaneous behavior is being approximated by using generalized Laguerre polynomials. 

Previous works on this type of problem were based on independent characterization of the two 

parameters by assuming specific classical probability distributions for each. Bayesian 

estimates are also given through a conjunction of a Monte Carlo simulation and numerical-

integration techniques. (Received November 6, 1974.) 

*720-62-3 G.T. DUNCAN, Carnegie-Mellon University, Pittsburgh, PA 15213, and E.O. MILTON, 

University of California, Davis, CA 95616. Scoring Multiple-Answer Multiple
Choice Test Items: Bayes and Minimax Strate~ 

A multiple-answer multiple-choice test item has a certain number of alternatives, any 

number of which might be keyed. The examinee is also allowed to mark any number of alterna-

tives. This increased flexibility over the one keyed alternative case is useful in practice 
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but raises questions about appropriate scoring rules. In this article a certain class of 

scoring rules is considered and the concepts of proper scoring rules and equivalence among 

these scoring rules are introduced. The examinee's strategy with respect to a scoring rule is 

examined and the critical role of a quantity called the scoring ratio is emphasized. In the 

case of examinee uncertainty about the number of correct alternatives on the item, a Bayes and 

a minimax strategy for the examinee are developed. Also an appropriate response for the 

examiner to the minimax strategy is outlined. (Received November 6, 1974.) 

720-62-4 D. S. TRACY and N. N. MIKHAIL, University of Windsor, Windsor, Ontario and 
C. E. COX DWYER, Simon Fraser University, Burnaby, B.C. The multivariate 
moments of weight 6 of moment-statistics for samples drawn from a finite population. 

The work of Sukhatme (1943) for moments and product moments of moment

statistics in univariate finite sampling was extended by Mikhail (1970) for 

bivariate case and Tracy (1974) for multivariate case through weight 5. In 

this paper, we use Dwyer's (1972) and Skellam's (1949) techniques, using 

partitions, to derive all moments of weight 6 in the bivariate case. 

(Received November 6, 1974.) (Author introduced by Dr. F.W. Lemire.) 

*720-62-5 ARJUN K. GUPTA, Dept. of Statistics, The University of Michigan, 
Ann Arbor, Michigan, 48104, On a Classification Model 

A model for classification into one of two populations has been 
studied when multiple observations are available on the same 
variable for each individual. The distribution of the classification 
statistic, and exact and approximate probabilities of misclassification 
ue investigated. (Received November 6, 1974.) (Author introduced by 
Professor J. Sethuraman.) 

720-62-6 N.N. MIKHAIL and D.S. TRACY, University of Windsor, Windsor, Ontario, N9B 3P4. 
The sampling moments of the generalized variance for finite populations. Pre
liminary report. 

For p-variate X distributed with mean vector ~and variance-covariance 

matrix L, we obtain the moments of the generalized variance for samples of size n, drawn from 

a finite population of size N, in terms of population generalized variance I II. The first and 

second moments for p=2, and the first moment for p=3, have been derived using a partitional 

approach and a theorem on products of power sums (Tracy and Dwyer, 1973). Carver functions 

in e.-l = N(i)/n(i) are made use of. The case for general pis under consideration. The mo
l 

ments will be useful for testing multivariate normality.(Received November 6, 1974.) 

:Author introduced by Dr. F.W. Lemire.) 

720-65-1 

65 Numerical Analysis 

R. BRUCE KELLOGG, JAMES YORKE, Institute of Fluid Dynamics and Applied Mathematics, 
University of Maryland, College Park, Maryland 20783 and TIEN- YIEN LI, University of 
Utah, Salt Lake City, Utah 84112. A method of continuation for finding Brouwer fixed points. 

Let D be a bounded convex domain in Rn, and let F : D _. D be continuous. The Brouwer fixed 

theorem guarantees the existence of a fixed point, a point x0 E D such that F(x0) = x0. The broad 
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applicability of this theorem makes the associated numerical problem important, namely "give a general 

applicable algorithm for finding the fixed point. " The first constructive method for finding such fixed 

points is due to H. Scarf in 1967, The method has been substantively improved over the recent years. 

In this paper we introduce a different method for computing a fixed point of a c1 function F. Our 

algorithm is based on a different proof of the Brouwer fixed point theorem given by M. Hirsch and J. W. 

Milnor. In this proof one reduces the existence of a fixed point to the nonexistence of a retraction H of 

D onto oD, The retraction is shown not to exist by assuming that it does and studying the curves H-1(x0), 

x0 E em. To formulate our algorithm, we construct a retraction H: D\C ... oD, where C is the set of 
-1 0 0 fixed points. We then show that the curves H (x ) lead from a point x E oD to the set C. The 

algorithm involves following these curves. The numerical results are also given. (Received September 

30, 1974,) 

720-65-2 JOHN R. CANNON, University of Texas at Austin, Austin, Texas 78712 
and RICHARD E. EWING, Oakland University, Rochester, Michigan 48063. 
A direct numerical procedure for the Cauchy problem for the heat 
equat~on. Prelim~nary report. 

For the Cauchy problem, ut 0 <x < 1, 0 < t ~ T, u(O,t) = f(t), 

0 < t ~ T , ux (0 ,t) = g (t) , 0 < t ~ ~ , a direct numerical procedure involving 

the elementary solution of vt vxx 0 < x , 0 < t ~ T , vx(O,t) = g(t) 

0 < t ~ T , v(x,O) = 0 , 0 < x , and a Taylor's series computed from 

f(t) - v(O,t) is studied. Continuous dependence better than any power of 

logarithmic is obtained. Some numerical results are presented. 

(Received October 29, 1974.) 

720-65-3 PATRICIA S. WILLIS, American University and Computer Sciences Corporation, 
2824 W. George Mason Road, Falls Church, Virginia 22042 Computer Symbolic 
Integration of Non-Linear Differential Equations: Progress Report 

An = Dn + a1nn-l + + an-lD + ani for n=l,2,3, ... , is a 

differential operator with entire function coefficients which operates on the space 
of entire functions; Bm is defined similarly. The relation AnBm - BmAn = 0 generates 

a coupled system of differential equations which may be solved fur the coefficients of 
Bm in terms of the coefficients of An using integration and substitution. A computer 

program has been developed for doing symbolic algebraic manipulation on the system of 
equations. Results obtained by using the program on the cases n = 2, m = 1,2, ••• ,7, 
were presented at the International Congress of Mathematicians, Vancouver, B.C., 1974. 
Results of using the procedure on higher order differential operators will be presented. 
(Received November 6, 1974.) 

720-65-4 JUNIOR STEIN, The University of Toledo, Toledo, Ohio 43606. 
Convergence rates for conjugate direction methods, Preliminaryreport. 

Gram-Schmidt conjugate direction methods are used to minimize 

a real valued function of n real variables. By restarting every 

n steps, convergence is quadratic under appropriate conditions. 

This is verified computationally. The main idea is that one 

Newton step ts roughly equtvalent to n iterations using conjugate 

directions. (Received November 6, 1974.) 
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*720-65-5 JOHN JONES, JR., Air Force Institute of Technology, Dayton, Ohio 45431. Zeros of 
continuous real-valued functions. Preliminary report. 

Let f(x) be a solution of the selfadjoint d. e. .e. (f) = [r(x)f• (x)]' + p(x)f(x) = 0 where r(x) > 0, p(x) 
are continuous on a< x </3. Let v(x,h), [r(x)v•(x,h)] E C•[a, b], [a, b] c ~./3), v(a,h) = v(b,h) = 0, 
Theoreml, If:i! h>O 3 s:+hv(x,h)£[v(x,h)]dx>O, then f(x) hasazeroon (a,a+h). Letthetrial 
function v(xl' Xz ;h, k) be a solution of the elliptic equation .e. [v] = L::~=l L:;~=lO~. (aij ~:.> + 

1 J 
c(xl'Xz)v(xl'Xz;h,k) = 0 V (x1,x2) E R = {(xl'Xz) :x10 < x1 < x10 + h•Xzo < Xz < Xzo + k} and vanish on 

the boundary oR of R. Let f(x1,x2) be a solution of the elliptic equation n![f] = L::~=l L::~=lo~. (Aij ~~) + 
1 J 

then f(xl' x2) has at least one zero in R. (Received November 4, 1974,) 

*720-65-6 John Gregory, Southern Illinois University, Carbondale, Illinois 62901. 
Numerical Solutions of Differential Equations. Preliminary Report. 

Numerical algorithms are given for problems involving second order 

differential equations which are the Euler-Lagrange equations for a quadratic 

form. The quadratic form is approximated by finite dimensional quadratic forms 

which "preserve the negative and zero dimensions" of the original quadratic 

form. Focal points and Euler-Lagrange equations are derived for the finite di

mensional quadratic forms; the resulting equations converge to the given dif-

ferential equation in the space W~ The results are the "final" step in an ab-

stract theory of quadratic forms given by the author. Thus, they can be gene

ralized to include the numerical solutions of 2nth order, selfadjoint differen

tial systems (including partial and integral-differential equations of Fred

holm type) which occur in eigenvalue problems, oscillation problems, and other 

extremal problems. (Received November 4, 1974.) (Author introduced by Dr. George Parker,) 

720-65-7 

Let 

L.J. LARDY, Syracuse University, Syracuse, N.y., 13210 and J.E. OSBORN, University 
of Maryland, College Park, MD., 20742, An example concerning the Ritz method. 
Preliminary Report. 

H be a separable Hilbert space and let A be an operator on H which is densely 
defined, self-adjoint, and positive bounded below. If the Ritz method is used to obtain 
approximations xn to the exact solution x* of the equation Ax= y, then xn converges 
to x* in the energy space HA provided the sequence of linearly independent coordinate 
functions belongs to and is complete in· HA. Lucl~ in [Ukrainian Math. J. 20(1968), 713-717] 
asserts that if the linearly independent coordinate functions are taken from the domain of A 
and are complete in H, then xn converges to x*. We show that this assertion is not valid. 

(Received November 4, 1974.) 
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720-65-8 GEORGE F. VOTRUBA and ROBERT P. BANAUGH, University of Montana, 
Missoula, MT 59801. A quadratically convergent iterative procedure 
for solutions of equations of the second kind. Preliminary report. 

We consider the equation (I - lK)x = y in a Banach space, where K is bounded 

and linear, and we search for solutions in the form x = (I + lR)y. A well 

known iterative scheme for matrix inversion suggests the use of the itera-

tion R 1 = R + (I + lR )C where c = K- (I - lK)R . The convergence of n+ n n n n n 
the method depends upon the choice of the initial approximation R0 , and the 

method may converge even if I - lK is not invertible. Theorem 1. If the 

spectral radius of c0 is < 1/h.l, then (R } converges to some R* where n 
I - AR* is a right inverse for I- H. Theorem 2. If, for the initial choice 

%· (R } converges, say to R*, and if (C (I - H)} converges to 0, then n n 
I + lR* is a generalized inverse of I - lK. Methods for the selection of R0 

are discussed and error estimates are obtained. The results are applied to 

the case where K is compact and to Fredholm integral equations. 
(Received November 5, 1974.) 

*720-65-9 DffiAN SARAFYAN and CURTIS OUTLAW, University of New Orleans, Lakefront, New 

Orleans, Louisiana 70122. Approximate integration with built-in error bounds. 

A three-point formula for numerical integration is presented which can be combined with Simpson's 

rule in one way to produce a highly accurate approximate integral, and in another way to yield a running 

error estimate, usually with upper and lower bounds for the error. The error estimate and bounds are 

obtained from simple combinations of the available ordinates; no evaluations of or bounds for derivatives 

are required. (Received November 1, 1974.) 

720-65-10 JAMES V. BLOWERS, U.S. Air Force, AFATL (DLYA), Eglin AFB, Florida 32542. 

Constrained optimization of nonlinear functions without derivatives. Preliminary report. 

In recent years several methods for converting constrained nonlinear optimization problems into 

unconstrained problems have been published. Some do not require evaluation of derivatives, e.g., Powell 

("A method for nonlinear constraints in minimization problems," Optimization (Sympos., Univ. Keele, 

Keele, 1968), Academic Press, London, 1969, 283-298), Bandler and Charalambous (J. Optimization 

Theory Appl. 13(1974), 607-619), and Kowalik, Osborne, and Ryan (Operations Res. 17(1969), 973-983). 

Any of these methods will be completely derivativeless if combined with a nonderivative unconstrained 

optimization method such as that of Powell (Comput. J. 7 (1964), 155-162). In this presentation the three 

constrained methods mentioned above combined with Powell's 1964 method are compared for a selection of 

test problems. (Received November 1, 1974.) 

*720-68-1 

68 Computer Science 
KENNETH 0. LELAND, Navy Personnel Research and Development Center, San Diego, 

California 92152. An interactive program for several algorithms for winding numbers. 

Several definitions of winding numbers for closed polygonal paths in the 

plane are given as well as several algorithms for their computation. One of these has 

been discussed by this author in Abstract 73T-Bl77 in these NOTICES 20 (1973), A-434. 

An on-line interactive computer program has been written which allows one to use all of 
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the algorithms and to test their efficiency. Applications of winding numbers include 

complex function theory, the location of points in polygonal domains and locating 

minima of functions. (Received November 4, 1974.) 

720-70-1 

70 Mechanics of Particles and Systems 

GERALD ROSKES, Queens College,Flushing, N.Y. 11367. On the Propaga
tion of Energy in Multiphase Wavetrains.Preliminary report. 

The motion of a broad class of slowly varying nonlinear dispersive waves 

can be shown to satisfy the equation Qt: ( ~ O.XJC + i ~ o?- (A,* . In the unstable 

case ( ~I> D ) ,solitary envelope solutions can be found which show that 

energy can be transmitted over long distances in a concentrated packet of 

waves. For unstable multiphase wavetrains with overlapping group velocity pro-

jections, we derive conditions under which solitary envelope solutions can be 

found. The results indicate that multiphase waves consisting of non-energy 

trapping modes can be used to concentrate energy. A physical explanation is 

given. 

*720-70-2 RAY F. SNIPES, Bowling Green State University, Bowling Green, Ohio 43403. 
The Rotational Gradient Operator. Preliminary report. 

The total torque, about the center of mass of a rigid body, acting on that rigid body in 

a conservative force field is usually written in terms of cross-products of vectors. In this 

note, we introduce a rotational gradient operator associated with the Eulerian angles specify

ing the orientation of a rigid body. The total torque acting on the rigid body can then be 

expressed as the negative of the rotational gradient of the potential energy of the rigid 

body. We also introduce a rotational Laplacian operator and briefly indicate the properties 

of these operators as they "operate" on the (spherical) surface harmonics. Finally, a 

simple example is given showing an application to electrostatics. (Received November 1, 1974.) 

*720-70-3 PETER J. MELVIN, LAS College, University of Illinois, Urbana, Illinois, 61801. 
On~ New Analytical Method of Solution of Nonlinear Differential Eguations: 1· 
The Nonlinear Oscillator Eguation. Preliminary report. 

The equation of motion in a potential energy well Y"=F(Y) is formally integrated by a combined 

power and Fourier series. A new notation is used to reduce the integration problem to the 

algebraic problem of the solution of two recursion relations in a finite form. Two general 

algorithms are obtained from the recursion relations for motions in asymmetrical and symmetri-

cal, parabolic wells. A third algorithm is presented for the periodic solutions of a form of 

the Emden-Fowler equation. The computer versions of the algorithms for parabolic wells are 

checked against independent analytical solutions of the equation for time dependent radial 

motion in the Newtonian two-body problem and the equation of Blasius. The limitations of the 
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solutions to small to moderate amplitudes are found by the analytical-computer solution of the 

radial part of the orbital and scattering motions in a Lennard-Jones six-twelve potential. 

(Received November 4, 1974.) (Author introduced by "Pt'ofessor Paul T. Bateman.) 

720-70-4 DONALD G. SAARI, Northwestern University, Evanston, Illinois 60201 
On the asymptotic nature of the n-boqy problem. 

Bounds on the growth properties of some random type behavior in the n-body problem 

are found. They permit a sharper picture of general evoling n-bodY systems. 
(Received November 4, 1974.) 

*720-76-1 

76 Fluid Mechanics 

SHIH-LIANG WEN, Ohio University, Athens, Ohio 45701 and L.K. CHI, Sperry Univac 
Division, Sperry Rand, Cinnaminson, N.J. 08077. Higher order corrections to the 
boundary layer eguations. 

The boundary layer equations are usually derived from the Navier-Stokes equations. They 

can also be regarded as the zeroth order asymptotic solutions to the Bhatnagar-Gross-Krook 

model of the Boltzmann equation [Chi, Phys. Fluids, 8, 5, 991 (1965)] when the Chapman-Enskog 

development is coupled with the Prandtl boundary layer analysis. We obtain the first and sec

ond order asymptotic solutions which are higher order correction terms to the usual boundary 

layer equatiom;. (Received October 3, 1974.) 

*720-76-2 LOKENATH DEBNATH, University of Maryland, College Park, Maryland, and East Caro
lina University, Greenville, North Carolina 27834. On a Microcontinuum Model of 
Pulsatile Blood Flow. 

Based on a microcontinuum model, an initial value investigation is made of the pulsatile blood 

flow through a rigid circular tube with entrance effects due to the impulsive action of an ar

bitrary as well as particular pressure gradient. The solutions for the unsteady velocity field 

as well as the microrotation velocity of the blood red cells are explicitly determined. The 

asymptotic behavior of the solutions is studied with physical significance. Special attention 

is given to the investigation of the entrance effects on the structure of the blood flow. It 

is shown that the entrance effects are reflected in the solutions of the problem through the 
zM terms containing the exponential factor exp(- -v-)• and the solutions are significantly dif-

ferent from those of the fully developed flow. It is also predicted that the present theory 

gives rise to a boundary layer phenomenon not present in the previous works in the microcircu

lation of blood. This new boundary layer is introduced by the influence of the entrance ef

fects. This analysis reveals the generation and propagation of waves in the blood vessels 
v traveling downstream with velocity b . These waves are primarily caused by the entrance ef-

V fects and eventually decay within the boundary layer distance of the order bo An exact as 

well as an approximate equation for the oscillatory inlet length is derived. 
(Received October 2, 1974.) 

720-76-3 M. BALARAM, Grambling State University, Grambling, Louisiana 71245. Heat generated 

by MHD Couette flow with porous walls. 

The simultaneous effects of mass injection and magnetic field on the heat generation due to viscous 
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dissipation is investigated analytically. The present findings are in general agreement with the temperature 

measurements of Chang-Yi Wang (J. Lubrication Technology, Trans. ASME 95(1973), 539-541]. 

Numerical results indicate larger reductions in maximum temperature and a significant increase in the 

heat take off by porous boundaries, if magnetic field is present. The most striking feature of this in

vestigation is the marked improvement in the temperature reduction with the application of the electro

magnetic force. (Received October 29, 1974.) 

*720-76-4 DAVID H. HOITSMA, Wesleyan University, Middletown, Connecticut 06457. Existence and 

unigueness of axisymmetric free boundary flows. 

This paper gives a proof for the existence and uniqueness of certain steady axisymmetric flows with 

free bound·aries. We consider the flow of an ideal fluid about an infinite cylinder of radius r (r;;: 0) when 

a small, nonconstant pressure disturbance acts on the free surface. The existence of a solution to the 

problem is established by using a general perturbation theorem on a nonlinear elliptic equation obtained by 

a change of variables. Uniqueness can be shown under more general conditions, and proofs are given 

when either a large pressure disturbance or an obstacle is present. (Received November 6, 1974.) 

(Author introduced by Professor J.D. Reid.) 

*720-78-1 

78 Optics, Electromagnetic Theory 

JOHN I. BOBBITT, Purdue University, Hammond, Indiana 46323. !_1!_~ ASY1J~Jl..!'_o~~C:. 
E]C_p~n_sj._o_n_ ~E- ~ Focu~. !':_or Almost Plane Waves. Preliminary Report. 

A technique is developed for obtaining an approximate differential equation valid near 

a focus or a caustic. The asymptotic expansion is based on a parameter, E, measuring the 

thinness of the ray system. Higher order terms of both the phase and the amplitude are 

considered in order to verify the consistency of the technique. The solution to the equation 

is obtained and compared to the known solution. 

'l'he technique presented systematizes methods used by other authors to obtain analogous 

equations. The importance of the phase variable, in particular, is stressed. The technique 

as presented is easily generalized to nonlinear problems. (Received October 18, 1974.) 

720-78-2 RICHARD C. MORGAN, St. ,John's University, Jamaica, New York 11439 and SAMUEL N. 
KARP, New York University, Courant Institute of Mathematical Sciences, New York, New 
York 10002. Multi-mode surface wave phenomena. 

We show, by means of ane:l>.-plicitlysolvable problem, use of a slightly singular solution to demon-

strate certain aspects of surface wave propagation. The solution is required to be bounded. However, 

one of the first derivatives is allowed to be singular at a junction of the structure. The surface wave 

guidance action of the structure is modelled by a two-mode phenomenological boundary condition (multiple 

impedance condition). For simplicity of illustration a plane structure that is terminated by a perfectly 

conducting plane vertical to it is selected. The solution to the resulting mathematically formulated two

dimensional quarter plane problem is obtained exactly in an elementary fashion. Thus, it is possible to 

simply observe certain properties of surface wave propagation. The main result is that the "subsurface" 

power flow at the junction depends directly on the amplitude of the slightly singular solution, leading us to 

conjecture that such fields represent leakage or excitation through the junction. Additionally, we show 

that control over the form of the excited outward travelling surface waves may be exercised by inclusion 

of this term or by a slot imbedded in the vertical termination, i.e., mode conversion is possible. 

Finally, by simultaneously adjusting the termination and the slot, the structure can be made to be only 

cylindrically radiating. (Received November 5, 1974.) 
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!0-81-1 

81 Quantum Mechanics 

MICHAEL TORTORELLA and JAMES A. LEISE, U. Wisconsin - Milwaukee 53211 
The Unitarity Equations for Matrices and the Problem of Determining 
the Scattering Amplitude from the Differential Cross-Section. 

n this article we discuss the problem of finding a unitary matrix with pre
.cribed diagonal and each of whose elements has prescribed modulus. We show 
lOW this problem arises from the discretization of a nonlinear integral equa
tion (the "generalized optical theorem'', Newton, J Math Phys .2_, 2050) arising 
in the inverse scattering problem for elastic scattering in quantum mechanics. 
Sufficient conditions for the solution of this problem for a symmetric circu
lant unitary matrix are given. (Such matrices arise, for example, in spheri
cally symmetric scattering in two dimensions). We gi~e several examples of 
nonuniqueness and a decomposition theorem for circulant matrices. This theo
rem is used to deduce necessary and sufficient conditions for solution of the 
problem for an 8 x 8 symmetric circulant unitary matrix, and necessary con
ditions for solution for 2k x 2k such matrices. As an illustration, we give 
an example in which the prescribed modulus of each element is n-l/2 and a 

connection of this example with the Gauss sums Gn = ~~=~exp(2~ik2/n). 
Finally, two other equivalent formulations of the problem are presented. 
(Received October 23, 1974.) 

*720-82-1 

82 Statistical Physics, Structure of Matter 

WILLIAM GREENBERG, Virginia Polytechnic Institute & State University, Blacksburg, 
Virginia 24060. Spectral Analysis of the Multigroup Transport Operator. 

The self-adjoint kernel of the multigroup linear transport equation is represented 

as a multiplication operator on L2 by decomposing the Hilbert space into non-orthogonal 

cyclic subspaces. Then Hille-Yosida semigroup theory provides a solution of the inhomogeneous 

transport equation. An explicit representation of the isomorphism generated by the 

functional calculus is derived. The method generalizes the approach of R. Hangelbroek. 

(Received November 4, 1974.) 

*720-83-1 

83 Relativity 
RAINER K. SACHS, University of California, Berkeley, California 94720, General 

relativity and cosmology. 

• A broad survey, for mathematicians, of current nonquantum general relativity and cosmology,with a 

few examples discussed in detail. Standard definition of a spacetime with remarks on: the unification of 

space, time and gravity; the multiple roles a Lorentzian metric plays in physics; time-orientability; para

compactness; etc. Basic cosmology: observed time scales; the microwave radiation; the hot Einstein 

deSitter model; matter now and in the early universe. Astrophysical versus mathematical cosmology. 

Lumps in the universe and the need for general theorems. A theorem of S. W. Hawking on geodesic in

completeness; its application to the early universe. The theorem is representative of various recent 

results on: the big bang; gravitational collapse; the evolution of black holes; and the structure of stationary 

black holes. Its assumptions will therefore be put into context, mathematically and physically, as follows. 
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1. Chronology theory is the study of [exp P jq E M}, where M is a spacetime, exp is the expon. q q 
map and P is the set of past-timelike vectors in the domain of exp . One gets two main global q q 
structures: the transitive chronology relation << (a subset of M x M; "q << r iff q can signal to 

a speed less than the speed of light"); and the proper time function t:<< .... (O,oo) (somewhat simila 

the distance function of Riemannian geometry), Technical restrictions on spacetimes are conditions 

how well <<, t, and the spacetime topology T cooperate, In particular, M is defined as strongly 

causal iff the interval topology for << is T ("even near-ancestorcide is impossible"). More space 

of current interest are strongly causal and Hawking's result assumes strong causality, 2. It also ae 

restrictions, suggested by current observations, on the Ricci tensor of spacetime. Such conditions a 

related to: the local measurement of gravity by measuring relative accelerations ("tidal forces"), 

modelled by the Jacobi equation of geometry; the Einstein field equation; and the properties of stress

energy. Roughly: positive energy and mass ... Ricci(Y, Y) > 0 V timelike vector Y _, gravity tends to l 

things together. If time permits, Hawking's theorem will be proved in detail and some similar theore1 

will be stated (an expanded version of the talk is being prepared for the Bulletin). Concluding remarks 

mathematics versus physics, (Received October 18, 1974,) 

*720-83-2 M. HUMI, J. A. LEBRITTON, Worcester Polytechnic Institute, Worcester 
Mass. 01609. Interior solutions to plane symmetric Einstein
Maxwell equations. 

For zero pressure we obtain an interior solution to plane symmetric 

Einstein-Maxwell equations. For the general case we assume a functional 

relationship between the coefficients of the metric and show that the 

solution can be written in an integral form. (Received November 5, 1974.) 

720-90-1 

90 Economics, Operations Research, Programming, Games 

JACK E. GRAVER, Syracuse University, Syracuse, New York 13210. On the Founda
tions of Integer Linear Programming I. 

Every integer linear programming problem can be put in the following form: maximize g•x 

subject to b•x = e(b) for all hER, and to b•x ~ S(b) for all bES, where xEZn (the set of all 

n-dimensional integral vectors), where Rand S are disjoint finite subsets of Zn, and where 

S:RUS + Z. The set D of vectors satisfying the above constraints is called the domain of the 

problem; the vector g, considered as a function from D into the reals by x + g•x, is called the 

gain function of the problem. 

Let V = {x:b•x = 0 for all b~R,xEZn}. For v,uEV, we say v ~ u if (b•v)(b•u) ~ 0 and lb·vl 

~ lb·ul for all bcS. Under the assumption that RU S spans Z, which is not a very restrictive 

assumption, the relation ~is a partial order with 0 as unique minimum element. The minimal 

non-zero elements in this partial order are called indecomposable vectors of this problem. It 

is proved that the set of all indecomposable vectors is finite. 

The main result is that the algorithm described below converges to a an optimal solution in 

a finite number of steps whenever g is bounded from above on D. Starting with a vector XED, 

search through I for a v such that x + vED and g·v > 0. If such avis found, replace x by 

x + v, otherwise stop - x is optional. (Received October 30, 1974.) 
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CHARLES J. LESKA, Syracuse University, Syracuse, New York 13210. Covering and 

Matching Problems as Integer Linear Programs, 

Let G = (V,E) be a connected graph. Let ~E and pgV, then pF(p) is the number of edges of F 

incident with p. Let b be a function, b:V + z+l/{0}. A b-covering of G is a subset C~E which 

satisfies pc(p) ~ b(p) for all pE;V. Let w be a function, w:E + Q+U{O}. The weight of a b

covering C~E is given by ~ w(e). A b-covering C* is a minimal weighted b-covering if w(C*) :£(; 
=min {w(C):C is a b-covering of G}. A subset MSE is a b-matching if pM(p) ~ b(p) for all pEV. 

In this paper we are interested in finding: 

1. a maximal weighted b~matching of G, and 

2. a minimal weighted b-covering of G. 

Considering these problems as integer linear programs, we use the theory presented by J. E. 

Graver in "The Foundations of Linear and Integer Programming I" to produce natural algorithms 

for these integer linear programs and for the special cases: w(e) = 1 for all eEE or b(p) = 1 

for all pEV. The algorithms for these matching problems are compared to known graph theoretic 

algorithms. (Received October 30, 1974.) 

720-90-3 Issie Rabinovitch, University of Waterloo, Waterloo, Ontario N2L 3Gl. 
Stable Assignments, Preliminary report. 

Given a collection of n men and n women. Each individual ranks those 

of the opposite sex, with no ties allowed. A marriage assignment is just a bijective function 

from the set of men to the set of women. An assignment is unstable if there is a man and a 

woman who are not assigned to each other but prefer each other to their assigned partners. 

Gale and Shapley showed that there always exists at least one stable assignment. 

In this paper the following questions are treated. Necessary and 

sufficient conditions for the existence of a unique stable assignment, bounds on the number 

of distinct stable assignments, the structure of the set of stable assignments relative to 

certain natural partial orders and binary relations, and convergence to stable assignments 

from arbitrary assignments under various criteria for partner swapping. The roommate problem 

is similar in structure to the above w~rriage problem and yet, as Gale and Shapley showed, 

does not in general have a stable solution. Sufficient conditions for the roommate problem 

to have stable assignments are given and many of the above questions are posed for the room

mate problem and generalizations of it. (Received October 30, 1974.) (Author introduced by 

Professor H. Shank.) 

720-90-4 JAN MYCIELSKI, Mathematics Department, University of Colorado 80302. 
Discrete theories of pursuit and evasion 

This taJ.k will be about (1) approximations of some differential games of pursuit end 

evasion by positional discrete games with perfect information, (2) discrete analogs of some 

theorems of differential game theory, (3) some new existential theorems on optimal strategies, 

and (4) open problems about pursuit and evasion in the circle, (Received November 4, 1974.) 

720-90-5 Robert G. Underwood University of South Carolina Columbia, S. C. 
A Functional Differential Equation Approach to Solving Infinite Games 

This paper develops a theoretical foundation for the numerical solution of two classes of 

infinite zero sum games, namely continuous and L-infinity games. Our approach is to intro-
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duce a dynamical model (a functional differential equation) for non-dynamic L~infinity 

games and then to show that approximate solutions to a symmetric L~infinity game can be 

obtained by examining the limiting behavior of the game's dynamical model. By viewing a 

continuous game as an L-infinity game, it is shown that exact solutions to a symmetric con-

tinuous game can be found by examining the limiting behavior of the corresponding 

1-in:finity game dynamical model. Finally a symmetrization is described for continuous 

games, and thus, the theory provides a general method for solving games of this class. 

(Received November 4, 1974.) (Author introduced by Professor William C. Chewning.) 

720-90-6 RICHARD K. GUY, The University of Calgary, Alberta, T2N 1N4. 
Combinatorial game theory. 

l.Jhat is a game? Nim-like games and Sprague-Grundy theory for normal play in impartial 

games. Octal games. How to play several games at once in a dozen different ways; disjunctiv~ 

conjunctive and selective compounds. How to lose when you must; the misere game. Conway's 

Sylver Coinage. Numerous open questions will be mentioned. This to complement a talk of 

E.R. Berlekamp on unimpartial games and other aspects of combinatorial game theory. 

(Received November lr, 1974.) 

720-90-7 EDWARD THORP, University of California, Irvine, California 92664 
Recent: results and open questions for some particular games, 
Preb.minary report. -- --- ----

Blackjack: A simple formula for approximately evaluating an arbitrary 

point count system. Allows rapid estimates, relative merits of various count: 

systems without: lengthy calculations. Leads co discovery of new more nearly 

optimal systems. Also prove that: a specified simulation procedure will de

termine approximate maximum theoretical advantage using all cards seen. 

Backgammon: Approximate win probabilities for endgame from computer simu

lation. Recursive procedure for exact solution, endgame. 

Baccarat and Chemin de Fer: Proof that for none of the many variants is 

there a card counting procedure which yields a significant advantage. 

Negates many recent papers. Proof uses Fund. Thm. Card Counting [Intl. J. 

Game Theory, 1973, pp. 109-119]. 

Also discuss Go, chess, bridge, Trente et Quarante, connections with 

economics (theories of risk, utility), computer applications. 
(Received November 4, 1974.) 

720-90-8 URI N. PELED, Department of Combinatorics and Optimization, University of 
Waterloo, Waterloo, Ontario N2L 3Gl. Reducing the Number of Constraints in 
Covering Problems, Preliminary Report. 

Given a covering problem in 0-1 variables, it is desired to represent the feasible set as the 
solution set of a small number of linear inequalities. An algorithm based on a variant of 
the dual simplex algorithm is presented. In particular, if the feasible set is the solution 
set of a single linear inequality, the algorithm always finds one; thus it solves the 
synthesis problem of threshold logic. (Received November 6, 1974.) 
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*720-90-9 P.L. HAMMER, E.L. JOHNSON and U.N. PELED, Department of Combinatoric& aai 
Optimization, University of Waterloo, Waterloo, Ontario N2L 3Gl. The Role 
of Master Polytopes in the Unit Cube. 

Many 0-1 programming problems can be reduced to monotone problems in the same variables, i.e. 
ones whose set of feasible solutions is monotone. A class of special monotone sets, called 
master sets is introduced. To each monotone set S one can associate a family F of master 
sets S*, so that all the facets of (the convex hull of) S can be obtained (by means of a 
straight forward transformation) from those of any S*EF. (Received November 6, 1974.) 

720-90-10 EMMETT B. KEELER, Rand Corporation, Santa Monica, California 90406 and JOEL H. 
SPENCER, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139. 
Backgammon doubling strategy. 

Using a theoretic result on Markov processes the optimal doubling strategy in backgammon is 

determined. The technique is applied to a variety of other doubling rules. (Received November 27, 1974.) 

720-92-1 

92 Biology and Behavioral Sciences 

DAVID A. SMITH, Duke University, Durham, North Carolina 27706. ! model for 
perception of optical illusions. Preliminary report. 

The Lie-theoretic model of Hoffman (SIAM Rev. 13 (1971), 169-184) is reformulated in terms of 

elementary differential equations and is shown to be based on the well-established empirical 

observation that the eye tends to see acute angles as slightly larger than they really are. 

Examples are given which show that Hoffman's model fails to explain adequately some illusions 

of angle. A modification is proposed which corrects these difficulties and resolves some 

ambiguities in the cited paper. The adequacy of the modified model is demonstrated by 

computer plots of its predicted apparent curves without the distortion patterns that give rise 

to the illusions. (Received October 15, 1974.) 

*720-92-2 ALFRED INSELBERG, IBM Scientific Center, Los Angeles, California 90067. Mathematical 

model of a cochlea (inner ear) with variable geometry. The low freguency threshold. 

A mathematical model of the cochlea is studied at low input frequencies. The cochlear shell is 

represented by a conical surface of revolution. Internally it is partitioned into two chambers (scalae) by a 

plane consisting of a wedge shaped basilar membrane-modelled as a plate-and its rigid supports. An 

opening in this plane-the helicotrema-at the narrow end of the cochlea (where the basilar membrane is 

the widest) allows the viscous and imcompressible fluid filling the two chambers to communicate. At the 

other end (where the cochlea is wide and the basilar membrane is narrow) the system is driven by 

periodic forcing. The equations of motion of the system consist of three linear partial differential 

equations with variable coefficients. Previous models of the cochlea utilizing uniform geometry showed 

good response at high frequencies but poor low frequency response. A previous conjecture that the 

opposing tapers of the cochlea and basilar membrane as well as the boundary conditions at the helicotrema 

are needed to provide good low frequency response is proved. Preliminary results obtained on a 3-

chambered cochlear model (that is with the scalae tympani vestibuli and the cochlear duct) will also be 

presented. (Received November 1, 1974.) 
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*720-92-3 CHRIS RORRES, Drexel University, Philadelphia, PA and WTI~~ FAIR, Drexel Univ. 

Optimal Sustainable Yield of a Renewable Resource Divided into Classes. 

A renewable resource is divided into classes (animals according to age or stage, trees 

according to height, fish according to location, etc.) and the effect of harvesting different 

portions of different classes is investigated. The yield of the harvest is said to be 

sustainable if the distribution of the resource after each harvest remains unchanged. If a 

discrete linear deterministic model governs the growth of the resource between harvests, 

linear programming techniques will determine the optimal sustainable yield. The optimal 

harvesting policy is shown to be one in which each class is either completely harvested 

or not harvested at all, with possibly one exceptional class for which some fraction is 

harvested. (Received November 5, 1974.) 

720-92-4 FRED SPRINGSTEEL, University of Montana, Missoula, Montana 59801 and PAUL 
BENNETT, Holyoke College, Holyoke, Massachusetts. Minimal recognition of biodevelop
mental languages. Preliminary report. 

With the definitions of biological (cellular) developmental languages of A. Lindenmayer (e. g., J. 

Theoretical Biology 30(1971), 455-484), one can compare the usual hierarchy of context-sensitive (CS), 

etc., languages and deduce recognition space bounds, possibly deterministic ones, for the various systems. 

Roughly, an i- L system (i = 0, 1, 2) is a linear array of cells where the next state of each cell is in

fluenced by i of its neighbors. We obtain: Theorem 1. If M is a propagating 1- L system, L(M) is 

left CS, Theorem 2, A language L is CS iff L = L(M) for some propagating 2- L system M. 

Corollary. Minimal recognition space, on offline Turing machines, for 2 - L languages is a linear 

function of input length. Theorem 3. A deterministic, propagating 2 - L system requires linear storage 

only for the deterministic recognition of its generated language. Thus, linear bounded automata recognize 

such languages deterministically. (Received November 6,1974.) Author introduced by Stanley Grossman.) 

*720-92-5 ROBERT SCHWABAUER, Virginia CCI!Illlonwealth University, Richmond, Virginia 23284 
llhzY!!!!tiC neurons 

By enzymatic neuron we uan the model neuron introduced by Michael Conrad (J, Theor. 

Biol. 46(1974) 167-188; see also feature article by Conrad in SIAM News, August 1974). Let 

p be a propositional function. Then p can be 9"rformed by an encymatic neuron with k 

enzyua, where k is the number of conjunctions in the disjunctive normal form of p. The 

weighting coefficenta can be taken as 1 or -1 and the activation parameter of each encym.e 

can be the number of non-negated variables in ita corresponding conjunction. 

The concepts of simplicity (Of the 2-ary functions, only "iff" and "exclusive or" 

require encyua.) and evolvability ('rh1a leads to new probleu in logic.) are discussed with 

examples of Conrad circuits, i.e. nets of McCulloch-Pitta and encym.atic neurons. In some 

instances, these concepts suggest the value hence biological possibility of dual (or 

conjunctive) ensymatic neurons. (Received October 30, 1974.) 
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93 Systems, Control 

*720-93-1 N. U. AHMED, University o.f Ottawa, Ottawa, Canada, On the existence o.f 
Optimal control .for systems governed by Ito stochastic differential and 
flinchonal equahons. 

In this paper a critical and up to date review o.f the existence o.f optimal 

controls .for systems governed by stochastic di.f.ferential and .functional differential 

equations o.f Ito type will be presented. Existence theorems .for optimal controls with or 

without state (information) .feedback will be discussed. 

A new result on the existence theorem .for optimal control o.f partially 

observed diffusion, with control constraint set a variable compact convex subset o.f a 

metric space, will be presented. The proof of the theorem, based on Martingale theory 

and some recent selection theorems in metric spaces, will be briefly outlined. 

A number of unresolved problems will be discussed. 

(Received October 9, 1974.) (Author introduced by Professor A.T. Bharucha-Reid.) 

*720-93-2 ROBERT M. GOOR, University of Kentucky, Lexington, Kentucky 40506 

Existence of an Optimal Control for Systems with Jump Markov Disturbances, 
Preliminary Report 

Consider the optimal control of stochastic system.s in the form x = f(t, r(t), x, u), 

where r(t) is a countable state Markov process and the control u is to be chosen from a 

suitable class !B of uniformly bounded, non-anticipative functions taking values in a fixed 

set U. The performance criterion to be minimized is J(u) = E{T I x(t0 ) = x 0 , r(t 0) = i 0}, 

where Tis the smaller ofT, the first time x(t) reaches a compact target set M, and T, 

a fixed terminal time. If the function f is uniformly bounded and f(t, r, x, U) is closed 

and convex for each (t, r, x); if suitable closure properties hold for the space constraint 

set, then there exists an optimal control u in !ll for J(u). (Received November 4, 19'74.) 

*720-93-3 iTofessor William C. Chewning, lmiversity of South Carolina, Columbia, S.C.29208 
Null Controllability For Parabolic Non-Linear Equations 

(1) 

Consider the parabolic boundary control problem (0 ~ x ~ 1) 

2 
ut(x,t) = ~(x,t) + f(u); u(x,O) E L [0,1]; u(O,t) = 0; u(l,t) c(t), 0 ~ t ~ T. 

We say that (1) is locally approximately null controllable if for each positive integer 

N, there is a constant K(N) > 0 such that if I lu(x,O)I I ~ K(N), then there is a smooth 

control c(t) for which (1) has a solution uc(x,t) with< uc(x,T), sin nTix > = 0 for 

n = 1,2, ••• ,N. 

The proof that (1) is locally approximately null controllable if f satisfies mild 

assumptions will be presented. Some numerical examples and the extension of (1) to 

more general equations and more space variables also will be discussed. 

(Received November 4, 1974.) 
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*720-94-l 

94 Information and Communication, Circuits, Automata 

HENRY G. GORDON, Allentown College of St. Francis DeSales, 
Center Valley, Pa. 18034. Complete Degrees of Finite-State 
Trans formability 

Let (Q,Z,5,w) be a finite state automaton with input-

output alphabet Z. Let z+ be the free semigroup generated by z, and 

let ZN be the set of infinite sequences of elements of Z. G. Rayna, in 

"Degrees of Finite-State Transformability", Information and Control (1974), 

calls a sequence x E ZN complete if and only if every A E z+ is contained 

in x. Rayna also defines a partial ordering on the class of degrees of 

finite-state transformability. In this paper we present several results 

concerning this partial ordering as it pertains to the complete degrees of 

finite-state transformability, i.e., degrees generated by a complete sequence. 

(Received November l, 1974.) 

720-94-2 PAUL A. WILLIS, Teledyne Geotech Laboratories, ~O.Box 334, Alexandria, 
Virginia 22313 Distortion Mappings III : Progress Report 

An algorithm for recovering an original discretehttice spectrum from its 
N-aliased sampled version was presented at the International Congress of Mathematicians, 
Vancouver, B.C., 1974. (A spectrum of width W cycles-per-secondE N-aliased when the 
corresponding time series is sampled at a rate of R samples-per-second, where 
2W/(N+l) .LT. R .LE. 2W/N.) This algorithm is applied to detect and estimate the 
component frequency locations of a narrow-bandwidth discrete lattice signal spectrum 
imbeded in a wide-bandwidth signal space. (Received November 6, 1974.) 

·' 20-98-l 

98 Mathematical Education, Collegiate 

JA;.:E0 G. ?A?.H2Y, University of :<orth Carolina, Cht1pel "fill, ll.C. 27'514. Intevra

tion of PolvnoL1iAls wi tcwut .::valuf'tior. of Antiderivatives. 

Various such methods hnve been proposed (for example, Abstract 74T-Bl4, these Notices 21 

(1"74), .'1-o). :e present yet an easier [Jroof' "hich avoids mathematical induction a.nd re

quires only the first two terms of the tino~iPl expansion. The problem easily reduces to the 

calcc;letion of I ~ s~ /'dx. I:' •;e set J = 5~ xl/rdx, then I + J = l (the erea of the unit 

square). Ii' ·,,e select pBrtition points of' the for'n i/n for I ~nd (i/n)r for J, then, with

out evnluntin~ either inte:r•l directly, we readily obtain B second equation J = ri. Solv

in:_ t:te tv"o er!1.,ntions J.-·or I rn;.-: J. '-'e obtein I :::: 1/( r + 1), the desired result. 

!Received Octoter 21, 1974 .I 

*720-98-2 WILLIAM E. HARTNETT, State University College, Plattsburgh, New York 12901. 
The Mathematization of Analysis. 

There is at present and will be for the future a strong need for 

economical ways to learn to do Mathematics - economical, that is, for the learner. One possib~ 

aid to economical learning would be (in lecturing and writing) to "make things which are the 

same look the same". In particular, this would mean that functions, wherever and whenever they 
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appear, should be recognizable as such. Analysis has traditionally done much to obscure what 

is really happening in Analysis; most of what is done in elementary Analysis involving func-

tions doesn't even resemble what is done in other parts of Mathematics. Functions which do 

appear don't look like functions, say, that the learner encounters in Algebra or Geometry and 

the most interesting functions are never even identified as functions - indeed, they are care-

fully disguised. Examples are given of the kind of thing which might improve the situation 

and hence lead to economical learning. One might hope that the ubiquitous "new Ph.D.'s" 

might help cure our long-standing functional schizophrenia. (Received November 4, 1974.) 

720-98-3 THERON ROCKHILL, State University of New York, College at Brockport, Brockport, New 

York 14420. Media assisted self study lessons in calculus, 

We discuss the development and evaluation of eleven media assisted self study lessons in beginning 

calculus. Each lesson is designed to replace one fifty minute calculus lecture and consists of a super-S 

film cassette synchronized with an audio cassette. The delivery system enables the student to stop a 

lesson at any time to review segments of the lesson or to work the exercises in the accompanying lesson 

guide, Upon completion of each lesson the student provides a brief evaluation of the lesson and the 

delivery system. The paper summarizes these evaluations and the overall student evaluation of media 

assisted self study lessons in calculus. (Received November 4, 1974.) (Author introduced by Dr. E.O. 

Stephany.) 

720-98-4 LEE D. THOMPSON, Loyola University, Chicago, lllinois 60626. Method for teaching 

introduction to computer science, Preliminary report. 

An introductory course in computer science has been taught using, in part, a technique which 

might be called PROGRAMMING: A DISCOVERY APPROACH. Students are given a series of source 

language program listings to keypunch and submit to the computer. Output from each program includes 

a list of questions produced by a call to a stored subroutine. Example: From the output X= . 5; J = 0; 

K = 0; L ~ 1 produced by instructions X= 1./2.; J = 1/2; K = 1/2*2; L = 2*1/2 the student is led by the 

questions to conclude that there are different types of numbers from the computer's view and integer 

arithmetic is not commutative. Curiosity about results produces class discussions leading to language 

independent issues concerning the computer and its operation. Advantages and disadvantages of the method 

will be discussed, (Received November 4, 1974,) 

*720-98-5 SISTER RITA EHRMANN, Villanova University, Villanova, Pennsylvania 

19085. Minimal surfaces rediscovered. 

The present"paper" is a ten minute 16mm. mathematical movie at the colle

giate level. The subject is minimal surfaces and minimal linkages -- the 

solution of Plateau's and Steiner's problems, The soap films are captured 

rather clearly on black-and-white film, and the e~periments are accompanied by 

expository narration. The paper indicated as, available on request is of the 

nature of a teacher's manual for the movie. This manual elaborates some of 

the mathematical aspects of the film and suggests (and solves) several class

room problems. The latter include a compass and straight edge construction of 

a "Steiner point", computation of the minimal spanning surface of a tetrahedral 

framework, and a calculus minimization of the linkage for the vertices of a 

square. (Received November 5, 1974.) 
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99 None of the Above 
720-99-1 SAUL STAHL, Western Michigan University, Kalamazoo, Michigan 49001. 

Self-dual embeddings of graphs. Preliminary report. 

All embeddings discussed here are 2-cell embeddings on surfaces (2-manifolds). 

An embedding of a graph G is said to be self-dual if G is isomorphic to its 

dual on that surface. By an embedding of a group on a surface is meant an 

embedding of some Cayley graph of that group on that surface. Finally, the 

regular complete m-partite graph of order mn is denoted by Km(n)' 

Theorem 1: Km(n) has a self-dual embedding on an orientable surface 

provided that both m and n-1 are divisible by 4. Theorem 2: ~(n) 

has a self-dual embedding on a non-orientable surface if any of the 

following four conditions holds, a) n=:O (mod 4) and m>2; b) n:2 (mod 4) 

and mi 2 (mod 4); c) n is odd, m~2 (mod 4), m is not a power of 2, and 

Km(n) is not K3 , K5 , K12 , or K3 (3); d) n=l, and m:O (mod 4). Theorem 3: 

Every finitely generated abelian group, except z2 and z3 , has a self-dual 

embedding on an orientable surface. Theorem 4: Every finitely generated 

abelian group of order at least 6 has a self-dual embedding on a non

orientable surface. (Received October 17, 1974.) 

720-99-2 R. HECHT-NIELSEN and A. P. WANG, Arizona State University, Tempe, 
AZ 85281 Transport Operators 

2 Let D={ (x,y)ER jx<y} and B be a Banach Space. A Transporter is a continuous 

map S:D~L(B) that satisfys S(x,x)=I,S(x,y)*S(y,z)=S(x,z). Given a transporter 

S define T=S(D) U{ [S(x,y)]*-1 1 (x,y)£0}. Then Tis a weakly associative local 

topological group. Also, S satisfys a Riccati operator differential equation. 

A formula for solving this equation is developed by means of a *-integral. 

These results connect the local physical properties of a system with the bulk 

response of the system. The formulation makes the results pertinent to 

Radiative Transfer, Neutron Transport, and Wave Propagation. 

(Received October 21, 1974.) 

*720-99-3 JOHN ROBERTS, Western Michigan University, Kalamazo.o. Michigan. 49001. 

~Cyclic Graphs. 

A graph G having only cyclic blocks is ~ cyclic if it has at least one vertex 

which belongs to every cycle of G. This generalizes the notion of a graph being 

randomly eulerian from a vertex. In addition to showing that many properties of 

randomly eulerian graphs hold in this more general setting, it is also shown that 

the center of a vertex cyclic graph induces a connected graph. 

(Received October 21, 1974.) 
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*720-99-4 T. J. LANOUE and V. L. BOAZ, Westinghouse Electric Corp., MIR M. ALI, Ball State 
University, Muncie, Indiana 47305. A Mathematical Method For Approximating the 
Potential and Gradient At Any Point Between An Insulated Cable to Plane. 

An approximate mathematical model is developed for the determination of the potential and 

gradient at any point between an insulated cylinder to plane. The solution is based on an 

approximated boundary system of the exact system so that uniform field boundary conditions can 

be used after an analytic transformation of the modified boundaries. This method assumes that 

the interface of the two insulating mediums lie on an equipotential contour. With this 

assumption, only one analytic transformation is necessary for obtaining the solution to this 

problem. The accuracy of this method is checked by comparing the results to an electrostatic 

analog field plot, since an exact solution to the problem is not available. The comparison 

shows that the derived mathematical model can be used as a reliable means for determining 

minimum spacing between pairs of high voltage leads and high voltage leads to grounded planes 

in large high voltage transformers. 

Dr. T. K, Puttaswamy. ) 

(Received October 30, 1974.) (Authors introduced by 

*720-99-5 H. w. Gould, West Virginia University, Morgantown,w. Va. 26506, Limiting 
and asimptotic behavior of the Bondurant-Hoskold formulas for valuation of 
coal m ne parcels for equitable tax assessment. Prelim1nary Report. 

Donald M. Bondurant (unpublished engineering of mines thesis, w. Va. Univ.) has defined 
the factors H(i ,i ,n) = 1/(i + i /((1 + i )n- 1)) (Hoskold factor),A(i ,i ,k,n) = 

-k p s p s s k p s 
(1 + ip) H(ip,i8 ,n-k), B(ip,is,ct 1k,n) = ct(1 + ct) A(ip,is 1k,n), n = number of years, 

.t n-1 ,1: n-1 (. 4 n-1 ( ) (. . ) A 
n 

D 
n 

k 0 A(i ,i ,k,n), B = k 0 B 1 1 i 1 ct 1 k 1n), C = k 0 k+1 B 1 1 1 1 ct 1 k,n , = p s n = p s n = p s 

where 

certain investment, sinking fund, and production interest rates relative to valuation 
of coal mine parcels. The Hoskold factor H was introduced in 1877 by Henry D.Hoskold 
and has been a standard method of valuation ever since, In this paper we make an 
analysis of the behavior of An,Bn,cn,Dn,En' for general values of the parameters 
involved and obtain limiting and !symptotic values as n ~ oo. For example, it is 
proved that: A = (1 + i )/(i ) ; B = c (1 + i )/i (i - c ) if o ( c ( i • 

00 p p 00 t p p p t t p' 

B IV n 
n 

where 

as n -+oo if ct ip; Bn O<z-n) as n .... oo if ct) i > 0 and 
p 2 

z = (1 + ip)/(1 + ct) so that 0 < z < 1; C 00 = ct(1 + ip) 2/ip(ip - ct) if 

0 <ct < ip; etc. The results are useful and the series are a kind of generalized 

Lambert series requiring great care to estimate for practical applications. 
(Received November 1, 1974.) 

720-99-6 SAUNDERS MAC LANE, University of Chicago, Chicago, Illinois 60637. Topology and logic 

as sources of algebraic ideas. 

a Research interests in algebra which depend upon suggestions and problems in geometry, topology and 

mathematical logic are summarized. Such dependence emphasizes the sense in which mathematics is a 

web of ideas with many surprising connections between fields. Several specific examples will be discussed, 

The first, dealing with independence relations, arose from geometric ideas of linear dependence in a vector 

space, particularly from work of Hassler Whitney, which greatly assisted the study of arithmetic questions 

concerning fields: The so-called inseparable extensions of prime characteristic p used a geometrically 

inspired idea of p-dependence which led to the notion of a separable extension of fields which was later 
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applied to algebraic geometry, The second example concerns cohomology of groups, arising from arithme
tic work on fields with Schilling and topological work with Eilenberg, which has applications in topology and 
number theory. Closely related is the geometric idea of splitting a topological space into component pieces 
each with one homotopy group (Eilenberg-Mac Lane spaces). These pieces demanded algebraic analysis, 
however, which led to many new algebraic constructions, e.g., bar construction and divided powers intro
duced by Cartan. Finally the rise of the concepts of category theory from geometric questions is described 
-specifically why certain formulas for homology groups in topology involve isomorphisms which are 
"natural". Specific recent theorems about coherence in categories, which assert that all diagrams of 
certain types commute, are also useful in the study of infinite loop spaces in topology. (Received 
November 21, 1974.) 

Bio 75-1 

Symposium on Some Mathematical Questions in Biology 
New York, New York, January 29- 30, 1975 

H. G. OTHMER, Rutgers University, New Brunswick, New Jersey 08903 
Nonlinear Waves in Reacting Systems. 

It has frequently been suggested that propagating chemical waves can 

serve as a means of communication and control in developing biological 

systems. We consider systems described by the scalar equation ut + f(u)ux 

Duxx + g(u) where u is chemical concentration, f(u)ux describes active 

or convective transport, Du diffusive transport and g(u) reaction and XX 

exchange. When f(u) = 0 it is known that transition (change of state) waves 

exist for appropriate g(u). We show that if f(u) f 0 both periodic and 

solitary waves also exist for a large class of f(uJ. The asymptotic 

stability (or instability) of these waves and their significance in the 

Cauchy problem is as yet undetermined. (Received November 1, 1974.) 
(Author introduced by Professor K. Wolfson.) 

*Bio 75-2 F. ALBERTO GRUNBAUM, University of California, Berkeley, California 94720 
The phase problem in crystallography 

A finite number of~ masses Ilk are located at the unknown positions rk in R3 • The 
problem is that of determining the masses and the positions from the modulus of the Fourier 
transform of this measure in R3 • As such the problem has a nonunique solution. We show 
that if the rk are taken as independent Gaussian vectors with unknown means <rk>' cr~=:J.. then 
both the ~ 1 s and <rk> 1 s can be dete:nn.liled in an essentially tinique fashion. This is a 
very simple model of the effect of random the:nral motion of the atoms on the diffraction 
pattern they produce. (Received October 31, 1974.)(Author introduced by Professor Jacob 
Feldman.) 
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*Bio 75-3 D.J. SIMANAITIS and WILLIAM P. MACLEAN. College of the Virgin Islands. St. Thomas. 
USVI 00801. Predator/~ dynamics with ~distributions. Preliminary Report. 

Two-species predator/prey dynamics are studied in a model which reflects varying 
age distributions of each species. The mechanism makes use of Leslie population matrices 
superimposed on interactive landscapes of the sort considered by Rosenzweig and MacArthur. 
Simulations yield equilibria. extinctions. and the limit cycle behavior suggested by May. The 
approach appears amenable to modeling interactions of more than two species without affecting 
accessibility. (Received October 23, 1974.) 

Bio 75-4 ROBERT ARMSTRONG, RICHARD McGEHEE, and JOHN ZICARELLI, University of 
Minnesota, Minneapolis 55455. Some mathematical aspects of the ecological 
principle of competitive exclusion-:-Frellmmary report. -

A model proposed by S. Levin of E. species competing for E limiting factors is 

studied. Certain linearity assumptions allow one to conclude that exclusion must occur if 

E < E.· However, it can be shown that exclusion need not occur if the linearity assumptions 

are relaxed. This limiting factors model is related to certain predator-prey models. It is 

shown that E. predators can coexist on fewer than E. prey. (Received October 30, 1974.) 

*Bio 75-5 GANGARAM S. LADDE, State University of New York, College at Potsdam 
Potsdam, New York 13676, Stability of Model Ecosystems with Time
Delay, Preliminary Report. 

In this work, we attempt to formalize and partially resolve the "time
delay vs. stability as well as "complexity vs. stability"problems in model 
e.:osystems, in the framework of Lyapunov's stability theory. Sufficient 
conditions are given for stability of models with time-lag under structural 
perturbations caused by nonlinear interactions among species in the 
community. As a byproduct of this analysis, we will show important structural 
properties of the density-dependent models with time-delay, and establish 
tolerance of community stability to a broad class of nonlinear perturbations 
and to a class of time-delays. (Received October 18, 1974.) 

Bio 75-6 P.T. SAUNDERS and M.J.BAZIN, Queen Elizabeth College, London 
W8 7AH, England. Oscillations in stable ecosystems. 

It is commonly held that the observed absence of large-scale 
population oscillations in tropical ecosystems is due to their complexity. A 
simple analytical argument indicates that the degree of complexity may have 
relatively little effect on the rate at which the oscillations of a stable 
system damp, and this is borne out by the results of computer simulations. A 
possible alternative explanation is suggested by the analysis of a general 
n-species food chain; it is shown that under conditions of great enrichment 
such a system will, providing that it remains stable, pass to an overdamped 
phase in which any oscillations rapidly die out. (Received November 4, 1974.) 
(Authors introduced by D. A. Brannan.) 

*Bio 75-7 BENNY LEVIKSON, Purdue University, West Lafayette, IN 47907 
Random selection forces in infinite diploid populations. 

We study the effects of varying selection intensities on the evolutionary 
process of gene frequencies in infinite diploid populations. Thus we re

introduce a discrete time model having random selection forces, obtain its 

limiting diffusion and analyze its properties. Conditions for fixation, 

quasi-fixation, convergence to a polymorphic point or to a stationary 
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polymorphic distribution are given in terms of the means and variances of the 

selection coefficients. Comparing our results (for the diploid case) with 

those of the haploid case shows some important differences. For example 

while quasi-fixation in the haploid case implies recurrency of the gene 

frequency process this is not so in the diploid case. (Received October 10, 1974.) 

Bio 75-8 J. r1Yl<ON HOOD, Occidental College, Los Angeles, Ca. 90041 and LEROY HOOD, Caltech 
Pasadena, Ca.9ll09. A Mathematical Model of Immunoglobulin Evolution. 

One important area in the study of immunology centers around determining the pattern 

of evolution of imrr.unoglobulin polypeptides. Such studies are greatly er.hanced by the 

availability of immunoglobulins from animals representing many stages of the evolutionary 

spectrum. Our study compares the immunoglobulin polypeptides from two inbred strains 

of mice (NZB and BALB/c) whose evolutionary paths separated only a few hundred years ago, 

as well as those of man and mouse which have been separated for at least 75 million years. 

The study of immunoglol::ulin evolution of these species is based on an analysis of the 

nature and extent of diversity in t:he amino acid sequences of their polypeptide chains. 

In order to determine how sets of polypeptides vary, we have constructed a mathematical 

model that assigns to each chain, a matrix based on which of 20 amino acids are present 

in each of the 23 N-terminal residues. Next we define a diversity measure on sets of 

thE'se matrices. By calculating the index of diversity of different sets, we can analyze 

the degrees of relatedness of either different populations of polypeptides occurring 

within a single species or populations frorr different species. Preliminary evidence frorr' 

our model sugc;rcsts that immunoglol::ulin evolution proceeds very rapidly. 

(Received November 4, 1974.) 

( 1) 

Symposium on Theory vs. Practice 
in the Finite Element Method 

New York, New York, January 31,1975 

GILBERT STRANG, Massachusetts Institute of Technology, Cambridge, Massachusetts 

02139. Can mathematics be useful? 

The finite element method has been a tremendous success in engineering calculations, opening up 

the possibility of solving more complicated problems with much greater accuracy and speed then ever 

before. But, from the viewpoint of contributions by mathematicians, the story is in part one of missed 

opportunities. The basic idea was originally presented by a mathematician, Richard Courant, in 1941-

and, as far as one can see, it was immediately forgotten. It was only after a group of structural engineers 

had reinvented and developed the method that its coincidence with Courant's idea was recognized. The 

question now is: What contributions can mathematicians make to the extension of the idea to new classes of 

problems-the safety of nuclear engineering designs, and a whole range of other applications? I plan to 

discuss this question with the other panelists and with the audience. The finite element method has 

provided an unusual opportunity to numerical analysts, and I hope we will be able to accept it. 

(2) ROBERT L. TAYLOR, Department of Civil Engineering, University of California, Berkeley, 

California 94720. The impact of the finite element method on structural engineering. 

Although the origins of the finite element method can be traced to Courant (1943), in Structural 
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Engineering it was independently developed and published by Turner et al (1956) and Argyris (1955). 

This early work was published under the titles of discrete element and matrix displacement methods; the 

earliest mention of the term "Finite Element" can be found in a paper by Clough (1960), During the 1960's 

the method expanded rapidly in the field of structural engineering and many computer programs based 

upon the method were made available to practicing structural engineers. Analyses on many structural 

systems ranging from gravity dams to solid propellant rocket systems were performed necessitating 

further developments for transient heat conduction, flow in porous media, incompressible elasticity, etc., 

including both transient and nonlinear effects. As the finite element method nears its twentieth anniversary 

in structural engineering, its use in analysis has become routine. Its impact has been profound and much 

of the required analysis for certification of structures safe against earthquakes, blast, wind, as well as 

other common dead and live loads can be traced to the growth of the finite element method. 

(3) TODD DUPONT, University of Chicago, Chicago, Ulinois 60637. Modeling wave 

propagation with finite element methods. 

Finite element methods, developed by structural engineers in response to the necessity of being 

able to treat problems with complex geometry, are now being intensively studied by numerical analysts. 

One of the effects of the interest of mathematicians in these methods has been the acceleration of their 

successful application in many fields other than structural mechanics. These applications, in turn, 

stimulate questions that would not be asked if one merely considered modeling structures. I shall discuss 

some of the uses of finite element methods to problems that can be loosely grouped under the heading of 

wave propagation, In particular, I shall try to compare several finite element schemes for use on first 

order hyperbolic equations and diffusion-convection equations. For some of these problems, one factor in 

the choice of a particular method is that increasing the freedom in the trial space (without making it 

nonconforming) can actually increase the error; this is something that one would not expect in the context 

of structural engineering. 

(4) RIDGWAY SCOTT, University of Chicago, Chicago, Ulinois 60637. The interplay between 

the mathematical and engineering approaches. 

Mathematical questions about the finite element method began to be studied in earnest in the late 

1960's, By then, there was already a considerable body of successful techniques (developed by structural 

engineers) that had no theoretical basis. The study of these techniques by numerical analysts has yielded 

new mathematical insights in addition to making the engineering ideas mathematically precise. The 

mathematical theory now encompasses isoparametric elements, nonconforming elements, the use of 

numerical integration, mixed methods, hybrid methods, the facet approximation of a shell, and more. 

Rather than try to describe all of these ideas, we will illustrate how mathematics and engineering have 

interacted in these problems by describing in detail the evolution of the displacement model of the bending 

problem for a simply supported plate with curved boundary. This is a typical example of how engineering 

ideas led to significant mathematics that we hope, in turn, will have a productive influence on engineering 

thinking. 

(5) ROBERT E. NICKELL, Applied Mechanics Division, Sandia Laboratories, Albuquerque, New 
Mexico, Computer program construction and maintenance-the future of centralized finite 
element activity. 

Finite element software that was developed ten years ago was often ancillary to other concerns in 

physical and mathematical research, Little effort was ever given to writing programs that could be used 
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easily by others; instead, the method of operation was geared toward the training of finite element 

specialists-each with at least some ability to generate functional programs. Later in the decade, 

entrepreneurial forces began to presage a new format for program development, generally built around a 

temporary and often accidental collection of gifted programmer-analysts. The fundamental demarcation 

of these later groupings from earlier workers, however, was the ultimate aim of producing software for 

analysts to use who were not specialists in finite element methodology. The initial investment in the 

computational tools and adjunct equipment can be a deterrent to the development or acquisition of finite 

element software by companies and organizations with relatively small analysis staffs. However, the vast 

market potential represented by such firms collectively has not gone unnoticed and a number of hardware 

suppliers and software suppliers have formed loose alliances to serve these customers. While the develop

ment cost of a general purpose program may be about $500,000 and be prohibitively expensive to the small 

user, a surcharge of 15-20 percent on computer time for the same program used in a service bureau 

environment may only cost the small user a few hundred dollars per month, well within economic reason, 

Since the majority of the general purpose programs available today (and the special purpose programs as 

well) were developed, at least initially, at government (taxpayer) expense-through the subsidy of contract 

research for programmer support-there is a growing movement that seeks to establish a nationally-based 

software activity. In this presentation I will try to indicate the various steps that are taken during the 

inception and development of a general purpose finite element program, with some examples of portability 

constraints and modular construction; then, the marketing principles that currently apply will be examined 

in order to test the climate for establishment of a centralized software activity of the type described above. 

ERRATA 
Volume 21 

JEFFREY B. REMMEL, Co-r, e. cohesive vector spaces, Abstract 74T-E90, Page A-595. 

Line 6, for "cl(W US)<;;; V" read "cl(W US) :2 V". 

Line 7, for "generates a finite dimensional subspace" read "contains no infinite dimensional 

subspace". 

FREDRIC T. HOWARD, Factors and roots of the van der Pol polynomials, Abstract 717-A34, Page A-608 

Line 4, for "234(1969), 45-64" read "260(1973), 35-46". 

Line 7, after "number, " insert " p > 3m, ". 

WILLIAMS K. FORREST, A property of uncountable free algebras. Preliminary report, Abstract 74T

A-107,Page A-431, 

Line 3, for "lA I" read "lA I• ". 
J. M. PLOTKIN, ZF and Boolean algebras. Preliminary report, Abstract 74T-E69, Page A-551. 

Line 2, for "homogeneous" read "weakly homogeneous". 

DAVID ZEITLIN, Identities for integer sequences involving the greatest integer function, VI, Abstract 

74T-A203, Page A-523. 

Line 4, for "C(i,j)/T2" read "C(i,j)/T ". 

FRED GALVIN, Bounds for power sets of singular cardinals. Preliminary report, Abstract 74T-E80, 

Page A-554. 

This result was obtained independently by Andras Hajnal and the author, and it will be 

published jointly. 

KENT R. FULLER, On rings of finite module type, Abstract 74T-A236, Page A-588. 

The "Theorem" stated has not been proved, 
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SITUATIONS WANTED 
Unemployed mathematicians, or those under notice of involuntary unemployment, are allowed 

two free advertisements during the calendar year; retired mathematicians, one advertisement. The 
service is not available to professionals in other disciplines, nor to graduate students seeking their 
first postdoctoral positions; however, veterans recently released from service will quality. Applicants 
must provide (1) name of institution where last employed; (2) date of termination of service; (3) 
highest degree; (4) field. Applications from nonmembers must carry the signature of a member. Free 
advertisements may not exceed fifty words (not more than six 65-space lines), including address 
of advertiser; excess words are charged at the rate of $0.15 per word (minimum charge $1). 
Anonymous listings are carried for an additional fee of $5; correspondence for such applicants 
will be forwarded to them. Employed members of the Society may advertise at the rate of $0.15 
per word; nonmembers, currently employed, will be charged $0.50 per word (minimum charge 
$15). Deadline for receipt of advertisements is the same as that for abstracts; date appears on 
the inside front cover of each issue of the c/{otiui). Application forms may be obtained from, and 
all correspondence should be directed to, the Editorial Department, American Mathematical 
Society, P. 0. Box 6248, Providence, Rhode Island 02940. 

Correspondence to applicants listed anonymously should be directed to the Editorial Department; 
the code which is printed at the end of the listing should appear on an inside envelope in order 
that correspondence can be forwarded. 

MATHEMATICS TEACIDNG OR TEACIDNG ANDRE
SEARCH, Ph. D. 1961, Wisconsin, Algebra. Female, 
age 37, 13 years experience. 4 papers on Representa
tions of Finite Groups. Prefer west, midwest. Available 
Fal11975. Patricia Tucker Montague, Mathematics De
partment, University of Tennessee, Knoxville, Tennessee 
37916. 

MATHEMATICS TEACIDNG-UNDERGRADUATE, SERVICE 
AREAS. Ph. D. 1967, Illinois, Algebra. M.s. in Opera
tions Research expected 1975. Male, age 34, 7 years 
experience. 6 papers. Prefer west, midwest. Available 
Fall1975. J. Stephen Montague, 514 Rockingham Drive, 
Knoxville, Tennessee 37919. 

APPLIED MATHEMATICIAN. Ph.D. 1967. Four years 
nuclear power engineering; eight years teaching graduate/ 
undergraduates, emphasis on numerical analysis, differ
ential equations; several publications; computer related 
course development. Desires position at a technical uni
versity; or industrial position developing/applying num
erical methods (finite element, splines, etc.), differ
ential equations, control theory. Robert B. Grafton, 16 
Fairfield Rd., West Hartford, Connecticut 06117. 

PROFESSORSIDP-VISITING OR PERMANENT. Currently 
active interests, in which direction (of research, semi
nars, graduate courses) could be furnished include uni
versal algebra, ordered structures, and model theory. 
work well with students and colleagues; poorly with ad
ministrators or in administration. Isidore Fleischer, 
Centre de Recherches Mathematiques, Universite de 
Montreal Case Postale 6128, Montreal H3C 3J7, Quebec, 
Canada. 

RESEARCH AND/OR TEACHING MATHEMATICIAN. 
Ph.D. 1974. Age 25. Speciality: Elasticity and Numerical 
Analysis. Four published articles. Five years teaching 

and research experience. References and resume upon 
request. Available immediately. Dr. Raj Rani Bhargava, 
Indian Institute of Technology, Bombay 400076, India. 

TEACIDNG AND/OR RESEARCH MATHEMATICS EDU
CATION. Ph.D. Cornell University 1973. Age 29. 4 
years experience teaching math and supervising student 
teachers at Cornell. 2 years experience in teacher prep
aration at Haile Sellassie I University, Ethiopia. Resume 
and references upon request. Rita Cantor, P. 0. Box 
5329, Addis Ababa, Ethiopiao 

MATHEMATICS TEACIDNG AND RESEARCH. Ph.D. 
1971, Princeton University, Hacettepe University, 
Ankara. 4 papers on algebra and geometric topology. 
Available now. Dr. Mehmet Emin Bozhuyuk, Visiting 
Fellow, Department of Mathematics, Dartmouth College, 
Hanover, New Hampshire 03755. 

ANONYMOUS 

APPLIED MATHEMATICIAN. 25 years experience since 
Ph. D. from top institution. Equally at home in industrial 
and academic environments. Effective at interacting with 
members of other disciplines. Have taught at all levels; 
supervised numerous Ph. D. students. Publication record: 
over 50 papers in open literature, 3 books. Currently 
self-employed. Seek stimulating position in industry, 
college, or university. Salary considerations secondary. 
SW39 

ADMINISTRATIVE POSITION. Ph.D. in Analysis - 1967, 
twelve published papers, one forthcoming graduate level 
book, excellent teacher, held several administrative 
assignments. SW40. 
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People Are Beginning to Look 

Calculus with Analytic Geometry 
Abraham Spitzbart 
The University of Wisconsin-Milwaukee 

Calculus and analytic geometry for an 
integrated three-semester course. Early 
introduction to vectors; early presentation 
of limits and derivatives. Full development 
of analytic geometry using a moderate vector 
approach. Well-organized treatments of the 
standard applications of calculus to physics 
and geometry. Smooth, interrelated 
progression from topic to topic. Balanced 
approach between intuitive presentations and 
formal proofs. Available now: 1975, 784 
pages, cloth, approx. $12.95, with Answer 
Key 

Finite Mathematics 
A Discrete Approach 
Karl J. Smith, Santa Rosa Junior College 

Only a knowledge of high-school algebra 
assumed. Well-motivated development of 
finite mathematics topics including linear 
programming, probability, matrices, Markov 
chains, and the theory of games. Emphasis on 
understanding and applying concepts rather 
than on proving theorems. Early, but optional, 
introduction of computers and computer 
applications. Applications to business, 
economics, and social and behavioral sciences 
throughout. Many worked-out examples and 
graded exercises. Algebra review. With 
complete Instructor's Guide. 1974, 384 pages, 
cloth, approx. $10.95 

Essential Calculus 
With Applications in Business, Biology, and 
Behavioral Sciences 
Margaret L. Lial and Charles D. Miller 
American River College 

Brief, down-to-earth presentation of calculus 
fundamentals. Many practical examples and 
thirteen case studies showing realistic, practical 
applications of calculus. Diagnostic pretest 
and algebra review. Pretest for each chapter. 
Optional sections for longer courses. Both drill 
and word problems. Reasonable assumptions 
about the mathematical sophistication of 
students. Instructor's Guide includes course 
outline, alternate diagnostic pretest, sample 
chapter tests, three final exams, and answers. 
Available now: 1975,352 pages, cloth, approx. 
$11.95 

Modern College Algebra 
Herman R. Hyatt and James N. Hardesty 
Los Angeles Pierce College 

Comprehensive number of topics, including 
supplementary sections, to meet diverse needs 
of students in this course. Flexibility in 
choosing topics to be covered. Algebra review 
with diagnostic pretest. Self-tests for each 
chapter. Hundreds of worked-out examples. 
Exercises for computational skills, challenge 
and enrichment, as well as optional computer 
problems and some proofs of theorems. With 
Instructor's Guide. 1974, 384 pages, cloth, 
$9.95 
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to Scott, Foresman for Math 

Methods of Computation 
The Linear Space Approach to Numerical 
Analysis 
Jens A. Jensen 
John H. Rowland, University of Wyoming 

The flavor of modern functional analysis 
without loss of the practical aspects of 
computation. Stress on techniques before 
they are applied as solutions to individual 
problems. Topics frequently discussed within 
the framework of a linear space to unify many 
ideas. Knowledge of elementary calculus 
assumed. Available now: 1975, 272 pages, 
cloth, approx. $11.95 

Elementary Modern Algebra 
Robert C. Thompson 
University of California, Santa Barbara 

Wholly elementary presentation of rings and 
fields, with some material on groups, for 
prospective secondary teachers and 
mathematics majors. Unusual in motivational 
approach to traditional topics. 1974, 350 
pages, cloth $12.95 

Calculus of One Variable 
Second Edition 
Robert T. Seeley, Brandeis University 

Intuitive presentation of one-variable 
calculus along with a wide range of 
applications and computational techniques. 
Early discussion of derivatives. Differential 
equations presented in natural, spiral way. 
1972, 608 pages, cloth $13.95, with Solutions 
Manual 

Elementary Functions 
A Precalculus Primer 
I. H. Rose, The City University of New York 

Clear, to-the-point presentation of the topics 
required to prepare students for the 
contemporary calculus sequence. Enough 
material for students of varying levels of 
ability. 1973,324 pages, cloth $10.95, with 
Answer Key 

Study Guide for College Algebra I 
Precalculus Mathematics 
Charles D. Miller, American River College 

Many varied and interesting exercises giving 
confidence in skills through individualized 
semi-programmed instruction. Excellent 
supplement for College Algebra and 
Precalculus Mathematics (below) for increased 
learning efficiency. Available now: 1975,320 
pages, paper, approx. $5.50 

College Algebra 
Margaret L. Lial and Charles D. Miller 
American River College 
1973, 278 pages, cloth $11.50, with Answer 
Key and Sample Tests 

Precalculus Mathematics 
Algebra, Trigonometry, and Analytic 
Geometry 
Margaret L. Lial and Charles D. Miller 
American River College 
1973,419 pages, cloth $11.95, with Answer 
Key and Sample Tests 

For further information Visit Booth 39 
Or write Jack Bevington, Advertising Department 
Scott, Foresman College Division 
1900 East Lake Avenue Glenview, Illinois 60025 
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BASIC MATHEMATICAL SKILLS: A Text-Workbook, Second Edition 
Loyce C. Gossage, Mt. San Antonio College 
Emphasizes understanding and computational skill. New topics include 
signed numbers, distributive property, algebraic terms, ratio and 
proportion, and the metric system. 1975, 320 pages, $7.50; Instructor's 
Manual 

ELEMENTARY ALGEBRA: Structure and Use, Second Edition 
Raymond A. Barnett, Merritt College 
Emphasizes development of basic algebraic skills. Instructor's manual 
includes a Keller-type guide for self-paced or individualized instruction. 
1975, 350 pages, $9.95; Instructor's Manual 

THE MATHEMATICS OF THE ELEMENTARY 
SCHOOL 
Edward G. Begle, Stanford University 
Covers all mathematical ideas and skills for the 
elementary school curriculum. Includes brief in
troductions to probability, statistics, and flow 
charting. 1975, 576 pages, $12.50; Instructor's 
Manual 

MATHEMATICS: An Exploratory Approach + 
Robert G. Stein, California State, San Bernardino 
Provides understanding of the content and back- 4lllliDD 
ground needed to teach elementary school mathe: 6 
matics. Thoroughly treats word problems, pytha- t:::=:=::::J 
gorean theorem, square roots, and topoiogy. ltF/ IIJL 
1975, 288 pages, $11.95 <wnq/lffill 

College & University Division McGraw-Hill Book Company 
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ALGEBRA AND TRIGONOMETRY, Third Edition 
ALGEBRA, TRIGONOMETRY, AND ANALY
TIC GEOMETRY, Second Edition 
both by Paul K. Rees, Louisiana State Univer-
sity; Fred W. Sparks, Texas Technological Uni
versity; and Charles Sparks Rees, University of 
New Orleans 
Two popular alternatives to prepare students 
for calculus. Both texts contain over 4000 problems. 
New material on linear programming, intercepts, and 
symmetry in polar coordinates is included. 
Each text: 1975, 512 pages, $11.95; 
Instructor's Manual 

aMcGP 
Hill 

MANAGERIAL SCIENCES I; I; PRACTICAL CALCULUS FOR THE AND 

Laurence D. Hoffmann, Claremont Men's College 
Emphasizes an intuitive understanding and provides 8 X firm working knowledge of introductory calculus in one 

term. Stresses practical applications. 1975, 384 pages, 
$9.95; Solutions Manual 

ooooooooo 

INTRODUCTION TO ABSTRACT ALGEBRA 
Louis Shapiro, Howard University 
Includes more historical perspective and examples than 
most other texts. Survey chapters on Wedderburn theorems, 
Group Representations, and Galois Theory introduce students 
to more advanced topics. 1975, 448 pages, $10.95 

ADVANCED ENGINEERING MATHEMATICS, Fourth Edition 
C. R. Wylie, Furman University 
Excellent treatment of applied mathematics focusing on applications in the 
physical sciences. New topics include the Calculus of Variations and La
grange's Equations, Green's Functions, Ber and Ber Functions, and the 
Mittag-Loeffler Theorem. 1975, 864 pages, $16.00; Solutions Manual 

1221 Avenue of the Americas, New York, New York 10020 Prices subject to change. 
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~w books plO.S :Qew aQd 
previoasly publislled 

a1Idio,.,tutorial programs 

to give yoar stude:Qts 
IllOre opportU:Qities for 

successful study. 

INTRODUCTORY MATHEMATICS: A PRE
LUDE TO CALCULUS by Robert C. Fisher. 
F1orida International University; John Riner. Jerry 
Silver. and Bert K Waits. all. The Ohio State Univer
sity. Prepares students from diverse backgrounds for 
calculus courses utilizing a functional approach. In• 
structor's Manual. March, 1975 I 480 pp I 6% x!J% "/ 
$11.95 I 8750. 

HISTORY OF MATHEMATICS by Arthur 
Gittleman. California State University. Long Beach. A 
clear, thorough, chronological treatment of historical 
trends in mathematics. Solutions Manual. January, 
1975/304 pp/6x9'Y$14.95/8784 

INTRODUCTION TO THE THEORY OF 
COMPUTING by Charles A Kapps, Temple Uni
versity, and Samuel Bergman. Ben Gurion University. 
For the sophomore/junior level. coverage of the basic 
topics of modem mathematics with an emphasis on 
applications to computer science. Solutions Man
ual. January, 1975/352 pp/6x9'Y$14.95/8769 

GEOMETRY by Joseph Verdina, California State 
University. Long Beach. A one-term. junior-senior level 
course for prospective secondary mathematics 
teachers or mathematics majors that treats elementary 
geometry based on the real number system. Solutions 
Manual. March. 1975/352 pp/6x9'Y$14.95/8738 

STATISTICS FOR THE ALLIED HEALTH 
SCIENCES by Richard J. Larsen, Vanderbilt Uni
versity. Thoroughly discusses "where." "how," 
and "why" statistical methods are employed in medical 
research. Solutions Manual. April. 1975 

ELEMENTARY ALGEBRA, 2ND EDITION. 
Moon & Davis. ,January, HJ75 

INTERMEDIATE ALGEBRA, 2ND EDITION, 
Newmyer & Klentos. March 1975 

ELEMENTARY FUNCTIONS: ALGEBRA AND 
ANALYTIC GEOMETRY. Klentos & Newmyer. 
January, 1975 

ELEMENTARY FUNCTIONS: TRIGONOME
TRY. Klentos & Newmyer. March. 1974 

BASIC ARITHMETIC, Moon, Konrad, Klentos, & 
Newmyer. 1971 

APPLIED MATHEMATICS FOR TECHNI· 
CAL PROGRAMS: Arithmetic and Geometry, 
Algebra, Trigonometry, Moon. 1973 

For further information or free examination copy, send 
your course title, number of students, and name of cur
rent text to BOYD LANE, Merrill, Box 508, 
Columbus, Ohio 43216. 

A Bell & Howell Company 
Glrarles E. Merrill f>O.blislriru~ Go. Columbus. Ohio ~ BELL.:.HDWELL 
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Count on Marcel Dekker, Inc.--
to offer a 25°/o discount on these new 
and outstanding books in mathematics 

Finite Rings With Identity 
(Pure and Applied Mathematics Series, Volume 28) 
by Bernard R. McDonald 
An important reference for research mathematicians in algebra, finite linear modeling, combina
torics, finite geometries, and related fields; and an excellent supplementary text for courses in 
general ring theory. 
Contents: Introduction and Elementary Results. Finite Fields. Finitely Generated Modules Over a 
Ring. The Radical. Nakayama's Lemma and Local Rings. Structure Theorem for Finite Commutative 
Rings. ldempotents. Finite Simple Rings. Examples: The Matrix Ring and the Group Ring. Basic 
Rings and Checkered Matrix Rings. Decomposition of a Ring as Ideals. Modules Over a Finite 
Ring. The Polynomial Ring R[X] Part 1: Regular Polynomials. The Polynomial Ring R[X] Part II: 
Separable Local Extensions. The Galois Theory of Local Commutative Rings. Galois Rings. Local 
Commutative Rings. The Group of Units of a Commutative Local Ring. The Role of the Galois Ring 
in the Theory of Finite Rings. The Skew-Polynomial Ring R[x;o]. The Units of a Finite Ring. 

448 pages, 1974 Prepaid price: $20.62 

Differential Games and Control Theory 
(Lecture Notes in Pure and Applied Mathematics Series, Volume 10) 
edited by E. 0. Roxin, Pan-Tai Liu, and R. L. Sternberg 

Presents the lectures and papers of twenty-two .authorities in the field, covering the new theoretical 
aspects as well as applications of differential games and control theory. Of great interest to mathe
maticians in a variety of areas including management science, engineering, operations research, 
economics, and social science. 
Contents: Asymptotic Controllability of Nonlinear Differential Games, D. Lukes. N-Person Games 
for Systems of Hyperbolic Linear Partial Differential Equations, E. Grove and J. Papadakis. Dif
ferential Inequalities and Differential Games, G. Ladde and V. Lakshmikantham. General Control 
Systems Without Backwards Extension, P. Kloeden. An Application of Control Theory to Population 
Dynamics, W. Palm. Strategy Design in Pursuit Games, 0. Hajek. Function Space Controllability 
for Linear Functional Differential Equations, H. Banks, M. Jacobs, and C. Langenhop. Pursuit in the 
Circle: Lion Versus Man, J. Flynn. Existence of Equilibrium Points in N-Person Differential Games, 
R. Scalzo. Computation of Open Loop Saddle Points for Differential Games of Fixed Duration, 
R. Stern. Some Sufficient Conditions for a Stochastic Optimal Control, P. Liu and M. Chang. A 
Dynamic Version of Cournot's Problem, J. Case. Differential Games with Incomplete Information
Introductory Remarks, R. Isaacs. The Search Game with Mobile Hider on the Circle, S. Alpern. 
A Discrete Search Game with a Mobile Hider, R. Worsham. The Princess and the Monster on the 
Circle, J. Foreman. Min-Max Feedback Control of Uncertain Systems, H. Blum. Symmetries and 
Identification of Nonautonomous Control Systems, E. Chukwu. Exact Boundary Value Controllability 
Theorems for Wave and Heat Processes in Star-Complemented Regions, D. Russell. Extended 
Isaacs Equations for Games of Survival, R. Elliott and N. Kalton. A New lnvariance Property for 
Nonautonomous Differential Equations, D. Wakeman. Some Results on Expected Utility and Con
sumption Functions Under Uncertainty, A. Kats. Epilogue. 

426 pages, 1975 Prepaid price $18.37 

I am enclosing a check/money order for $ , including $.50 per book 
shipping and handling charge. Offer good only for prepaid orders sent directly to 
Marcel Dekker, Inc., New York. 

Please send me the book(s) checked below at the special prepaid price: 

0 FINITE RINGS WITH IDENTITY 

0 DIFFERENTIAL GAMES AND CONTROL THEORY 

Nam~-------------------------------------------------------------

Address•----------------------------------------------------------------

City _________________________ state·--------LiP------

MARCEL DEKKER, INC. 270 Madison Avenue, New York, N.Y. 10016 175-256585 
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Mathematics 
ELEMENTARY NUMBER THEORY 
A Computer Approach 
Allan M. Kirch, Macalester College 

••• 

An introduction to elementary number theory and the 
computer applications the subject suggests. Each unit in the 
text presents a problem that can be investigated with a 
computer. Solutions to most of the exercises are provided. 
1974 339 pages $11.75 

FUNCTIONAL ANALYSIS 
A Short Course 
Edward W. Packet, Lake Forest College 
Designed for a one semester course at the advanced under
graduate or introductory graduate level, this brief text covers 
all the major topics in functional analysis. Carefully selected 
exercises are interspersed throughout. 
1974 172 pages $10.00 

PREPARATIONS FOR CALCULUS 
William L. Hart, University of Minnesota 
Suitable for CUPM's recommended Course "0" in Elementary 
Functions. Analytic geometry, analytic trigonometry, and the 
elementary functions are covered on the pre-calculus level. 
1971 367 pages $10.00 

FUNDAMENTALS OF FINITE MATHEMATICS 
Benjamin W. Volker and AndrewS. Wargo, 

Bucks County Community College 
An introductory course in finite mathematics, including logic, 
reasoning methods, set theory, probability, statistics, and 
linear programming. 
1972 368 pages $10.50 

Write to us on departmental stationery if you are interested 
in reviewing any of these texts for class adoption. We'll be 
happy to send you a copy at once. 

lntext Educational Publishers 
666 Fifth Avenue 
New York, New York 10019 
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Here's What's New! 
ELEMENTARY FUNCTIONS 
An Algorithmic Approach 
Theodore C. Burrowes, The College of Wooster 

and Sharon K. Burrowes 
A flexible and contemporary presentation of precalculus 
mathematics. "Algorithmic" in the title indicates that 
flowcharts may be used as a teaching-learning tool. 
Flowcharts and computer outputs occur where they will help 
understanding. If students wish to make flowcharts, or if there 
is computer hardware available, such use is suggested but 
always in the service of the mathematics, not as an end in 
itself. 
Now available 484 pages $11.75 

FUNCTIONS OF COMPLEX VARIABLES 
An Introduction 
Zane C. Motteler, Michigan Technical University 
A fresh approach--Professor Motteler develops the 
mathematics with some usual and some not so usual results 
which enable the student to study in depth one classical 
application of significance and interest: the hydrodynamics 
of two dimensional incompressible fluid flow. 
March, 197 5 about 256 pages approximately $10.00 
Solutions Manual: free to adoptors. 

THE FOUNDATIONS OF GEOMETRY 
AND THE NON-EUCLIDEAN PLANE 
George E. Martin, State University of New York, Albany 
The stated aim of the comprehensive text is to learn the 
Foundations of Euclidean Geometry by studying 
Non-Euclidean Geometry. 
May, 1975 about 464 pages approximately $15.00 

TOPICS IN MATHEMATICS 
Edward P. Merkes, University of Cincinnati 
A pragmatic selection of elementary topics, treated to reveal 
applications to the social sciences. The author presents 
models, logic, number theory, graph theory, probability, • 
statistics, and computer programming. 
May,1975 about 300 pages approximately $10.00 
Solutions Manual: free to adoptors. 
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NEW 
SOLUTIONS 

FROM 
PRINCETON 
STABLE AND RANDOM 
MOTIONS IN 
DYNAMICAL SYSTEMS 
With Special Emphasis on 
Celestial Mechanics 
J0RGEN MOSER 
Annals of Mathematics Studies, 77 $7.50 

STRONG RIGIDITY OF 
LOCALLY SYMMETRIC SPACES 
G. D. MOSTOW 
Annals of Mathematics Studies, 78 $7.00 

DISCONTINUOUS GROUPS 
AND RIEMANN SURFACES 
Edited by LEON GREENBERG 
Annals of Mathematics Studies, 79 $12.00 

SMOOTHINGS OF PIECEWISE 
LINEAR MAN I FOLDS 
MORRIS W. HIRSCH 
and BARRY MAZUR 
Annals of Mathematics Studies, 80 $6.50 

THE DISCRETE SERIES OF GLn 

OVER A FINITE FIELD 
GEORGE LUSZTIG 
Annals of Mathematics Studies, 81 $6.00 

BRAIDS, LINKS, AND MAPPING 
CLASS GROUPS 
JOAN S. BIRMAN 
Annals of Mathematics Studies, 82 $8.50 

THE P(0h EUCLIDEAN 
(QUANTUM) FIELD THEORY 
BARRY SIMON 
Princeton Series in Physics Cloth, $20.00 
Paperback Edition $7.50 

HOMOGENEOUS RELATIVISTIC 
COSMOLOGIES 
MICHAEL P. RYAN, JR. 
and LAWRENCE C. SHEPLEY 
Princeton Series in Physics Cloth, $15.00 
Paper $7.50 

TOPICS IN ALGEBRAIC AND 
ANALYTIC GEOMETRY 
PHILLIP GRIFFITHS 
and JOHN ADAMS 
Mathematical Notes, 13 $5.00 

LECTURES ON COMPLEX 
ANALYTIC VARIETIES 
Finite Analytic Mappings 
ROBERT C. GUNNING 
Mathematical Notes, 14 $4.00 

CORE AND EQUILIBRIA OF A 
LARGE ECONOMY 
WERNER HILDENBRAND 
Princeton Studies in Mathematical Economics 
$12.50 

PRINCETON 
UNIVERSITY PRESS 
Princeton, New Jersey 08540 
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H[]lT (]ffEAS Y[]U THE BEST 
~~ r:l~TH-------, 

CALCULUS AND ANALYTIC GEOMETRY, Third Edition. 
by Abraham Schwartz, City College of New York 

This extensive revision of an outstandingly successful book is a careful exposition of the 
necessary topics in calculus. Some features to look for in this new edition are: more 
emphasis on the definite integral concept; the logarithm is now defined as a definite 
integral and the exponential function as its inverse function; new material on the triple 
scalar product and the triple vector product; an explanation of Kepler's laws of Plan
etary Motion; addition of proof of the Implicit Function Theorem; new matter on the 
center of gravity, and a new appendix article on sum notation. Almost all the exercises 
in each chapter are new and present new ideas and concepts. A detailed Solutions 
Manual is available for instructors use. 
Spring, 1974/1150 pages /$15.00 

CALCULUS FOR THE NONPHYSICAL SCIENCES 
With Matrices, Probability and Statistics 
by Simeon M. Berman, New York University 

The aim of this outstanding new textbook is to teach mathematical methods to the 
non-math, non-science major. Expressly written for the student in social sciences, busi
ness, economics, or life sciences, the book may also be used as a supplement in such 
courses as genetics, mathematical sociology, or operations research. Over 600 illustra
tions and numerous applications and exercises from all areas of interest aid in making 
abstract theory accessible to students of the humanistic professions. The four main 
areas covered in the text are analytic geometry, matrix algebra, calculus of one and two 
variables, and probability/statistics. Each section is followed by an initial set of exercises 
devoted to drill techniques and then by more specialized problems and applications. 
Answers to the odd numbered exercises may be found in the back of the book; others 
are located in the comprehensive Instructor's Manual. 
Spring 1974/672 pages/$14. 50 

For complimentary copies please send your course title and approximate enrollment to: 

Kaye A. Widmayer, Advertising Editor 
HOLT, RINEHART AND WINSTON, INC. 
383 Madison Avenue 
New York, New York 10017 
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A fresh concept 
in teaching 

HARLEY FLANDERS and JUSTIN J. PRICE 

Algebra Ready Apri/1975, about 350 pages 

Trigonometry Ready Apri/1975, about 230 pages 

Algebra and Trigonometry 
Ready March 1975, about 450 pages 

Approach. Pedagogical technique. Design. An exceptionally well integrated presentation. 
Three extraordinarily effective textbooks ... 

The APPROACH is informal. Emphasis is placed on demonstration and 
example, on carefully paced, intuitive explanations, on problem solving and 
avoidance of common errors. Definition-theorem-proof sequences are 
avoided and set theory is omitted. 
The PEDAGOGICAL AIDS include: hints on problem solving, tips on 
graphing, warnings of common student errors, remarks offering additional 
facts and explanations, and instruction in the use of pocket calculators. 
Two short tests are placed at the end of each chapter. And there are 
thousands of exercises. 
DESIGN. The clean, open pages and the bright, two-color format have been 
carefully developed to maintain student interest, clarify concepts, and 
highlight important points. 

For complimentary copies, write to the Textbook Department. 

ACADEMIC PRESS, INC. 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 

111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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Applied Finite 
Mathematics 
HOWARD ANTON and 
BERNARD KOLMAN 
both at Drexel University 

Designed for students who have had no more than high school 
algebra, this new textbook examines those areas of mathematics 
which are likely to prove most valuable in future courses and 
occupations. The approach is strongly applications oriented, and 
great emphasis is placed on practical problem solving. The authors 
develop the student's ability to apply modern mathematical 
techniques in a wide variety of fields, including the biological and 
social sciences, and actual business practice. 

Topics chosen for their value to the student. 
Each new idea well illustrated by thoughtfully worked out 
examples. 
A brief introduction provided to computing and computers. 
The clean, open pages and bright, two-color format carefully 
designed for maximum clarity. 

CONTENTS: 

Chapter 1: Set Theory 

Chapter 2: Coordinate Systems and Graphs 

Chapter 3: Linear Programming (A Geometric Approach) 

Chapter 4: Matrices and Linear Systems 

Chapter 5: Linear Programming (An Algebraic Approach) 

Chapter 6: Probability 

Chapter 7: Statistics 

Chapter 8: Applications 

Chapter 9: Computers 

An Answer Book is available on request. 

475 pages. $10.95 

For complimentary copies, write to the Textbook Department. 

ACADEMIC PRESS, INC. 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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HARLEY FLANDERS 
Tel Aviv University 

ROBERT R. KORFHAGE 
Southern Methodist University 

JUSTIN J. PRICE 
Purdue University 

Calculus 
A revolutionary, occasionally irreverent presentation of calculus, this book 
is defined by one, overwhelmingly important point-it works. Excellent 
problems, emphasis on practice rather than theory, and attention to computer 
applications are only a few of the qualities that have won it new and 
renewed adoptions. 
969 pages, $15.95 

A First Course in Calculus with 
Analytic Geometry 

An intuitive, practical approach to single variable calculus which immediately 
introduces the student to the fundamental tools of the discipline. Emphasis 
is placed on techniques, applications, and problem solving. There are 257 
completely worked examples and over 2400 exercises. 
644 pages, $10.95 

A Second Course in Calculus 
The integration of theory with practice, concrete coverage of linear algebra 
and differential equations, and emphasis on practical computational 
techniques are just a few of the features that distinguish this outstanding 
introduction to multivariable calculus. There are 265 completely worked 
examples, and over 1500 exercises. 
688 pages, $10.95 

For complimentary copies, write to the Textbook Department. 

ACADEMIC PRESS, INC. 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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FORTHCOMING@ TEXTBOOKS 

A First Course in Stochastic Processes 
New Second Edition 

SAMUEL KARLIN, Stanford University 
HOWARD TAYLOR, Cornell University 
An elementary, but rigorous introduction to the theory of stochastic processes. 
Now completely revised, the new Second Edition includes four totally new 
chapters, extending the discussion of Brownian motion, and adding new ma
terial on martingales, point processes, and renewal theory. Applications and 
examples have been up-dated to include current topics in economics, manage
ment science, communications, and population ecology. The Second Edition 
contains over 400 problems, many of which are new. Their range and distribu
tion has been adjusted to provide a larger proportion of elementary exercises. 
Ready March 1975, about 560 pages 

Introduction to Abstract Algebra 
J. T. MOORE, University of Western Ontario 
A carefully paced, intuitive introduction to modern algebra. Taking into account 
the difficulty usually associated with a student's initial exposure to abstract 
mathematics, Professor Moore introduces abstraction very slowly. Concepts are 
developed heuristically and are discussed only as they are about to be used, 
rather than in an introductory cluster. A logical progression of material is 
stressed, and to this end the text proceeds from sets, to semigroups and 
groups, to rings. 
Ready February 1975, about 272 pages 

Elementary Differential Equations 
with Linear Algebra, New Second Edition 

ALBERT RABENSTEIN, Washington and Jefferson College 
Thoroughly rewritten, and with a strong emphasis on basic concepts, the new 
Second Edition provides a highly integrated introduction to differential equa
tions and linear algebra, stressing the interplay between the two subjects. The 
sections dealing with linear algebra have been completely revised, and some 
of the more theoretical material has been eliminated. Additional applications 
from biology and economics, as well as the physical sciences have been 
included. 
Ready February 1975, about 400 pages 

Data Structures: Theory and Practice 
New Second Edition 

ALFS T. BERZTISS, University of Pittsburgh 
Serving as an introduction to both discrete mathematics and data structures, 
the new Second Edition represents a major revision. Changes include updated 
and expanded treatment of pushdown stores, lists and list structures, scatter 
storage techniques, and sorting. New sections have been added covering the 
minimization of Boolean functions, group codes, tape sorting, and disk files. 
Six major application studies have been added, as well as over 200 new 
exercises. 
Ready March 1975, about 544 pages 

For complimentary copies, write to the Textbook Department. 

@ ~~~~~~~~c~~!:c~!~sh~r~C. 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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Differential Equations, 
Dynamical Systems 
and Linear Algebra 
MORRIS W. HIRSCH and 
STEPHEN SMALE 
both at the University of California, Berkeley 

A uniquely integrated approach in which linear 
algebra is developed simultaneously with dif
ferential equations and dynamical systems. 
The treatment is unified and coherent, and 
each subject motivates the others. Applica
tions form an integral part of the text and in
clude such topics as Kepler's laws, Hamil
tonian mechanics, and the mathematical the
ories of electrical circuits and competing 
species. The level of rigor is high and proofs 
are developed to add insight to the theorems. 
358 pages, $14.95 

Boundary Value 
Problems 
DAVID L. POWERS 
Clarkson College of Technology 

The focus of this text is on solving problems 
that arise in physics and engineering, with the 
objective that the students develop an intui
tion of how the solution of a problem should 
behave. Several different methods of solution 
are presented, but the classical method of 
separation of variables receives the greatest 
attention. There are over 300 problems which 
range from drills to deriving new results and 
developing new material. 
238 pages, $10.95 

An Introduction to 
Non-Euclidean 
Geometry 
DAVID GANS 
New York University 

Using methods familiar to the student from his 
study of elementary geometry, Professor Gans 
first gives a substantial historical account of 
the origin of non-Euclidean geometry and then 
discusses with great care the classical non
Euclidean geometries, hyperbolic geometry 
and the two eliptic geometries. Each topic dis
cussed is supported by exercises and prob
lems. 
274 pages, $10.95 

A Course in 
Probability Theory 
Second Edition 
KAI LAI CHUNG 
Stanford University 

Class tested and improved, the new revised 
edition retains the effective orientation to the 
novice that distinguished its predecessor. 
Clarity is stressed over elegance. The aim is 
to provide the student with a thorough under
standing of the concepts and a highly ade
quate ability to manipulate the metho.ds of the 
discipline. Over 500 original exercises are 
graded in difficulty from easy to conceptual. 
365 pages, $15.00 

Discrete Computational 
Structures 
ROBERT R. KORFHAGE 
Southern Methodist University 

Professor Korfhage establishes a solid back
ground in discrete mathematics which the stu
dent is then able to apply in studies specif
ically oriented towards computer hardware, 
software, and systems. A large and varied 
selection of problems, including programming 
assignments, is provided. 
381 pages, $13.95 

Advanced Calculus of 
Several Variables 
C. H. EDWARDS, JR. 
University of Georgia 

A modern conceptual t(eatment of multivari
able calculus. The interplay of geometry and 
analysis via linear algebra is emphasized, as 
is the approximation of linear functions by 
non-linear ones. 
Basic principles and methods are illustrated 
by concrete computational examples, result
oriented exercises, and many applications. 
457 pages, $15.50 

For complimentary copies, write to the Textbook Department. 

ACADEMIC PRESS 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW 1 7DX 
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Elementary Functions 
and Analytic Geometry 
HARLEY FLANDERS 
Tel Aviv University 

J. J. PRICE 
Purdue University 

CONTENTS: 
Functions and Graphs 
Linear and Quadratic Functions 
Polynomial Functions 
Rational Functions 
Exponential and Logarithm Functions 
Trigonometric Functions 
Identities and Inverse Functions 
Trigonometry 
Vectors 
Analytic Geometry 
Solid Analytic Geometry 
Complex Numbers 
Induction and the Binomial Theorem 
Answers to Odd-Numbered Exercises 
Tables 

An Instructor's Manual is available on request. 

386 pages, $9.95 

Essentials of 
Elementary School 
Mathematics 
MAX D. LARSEN and JAMES L. FEJFAR 
both at the University of Nebraska 

CONTENTS: 
Part 1/Fundamentals 

The Language of Mathematics 
Sets 
Binary Operations 
Relations 

Part 11/The Theory of Arithmetic 
The System of Whole Numbers 
The System of Integers 
Place-Value Numeration Systems 
Systems of Rational and Real Numbers 

Part Ill/Expanding Mathematical Experiences 
Number Theory 
Clock Arithmetic 
Counting Techniques and Probability 

Part IV /Geometry 
Motion Geometry I 
Motion Geometry II 
Functions and Coordinate Geometry 

An Answer Book is available on request. 

410 pages, $10.95 

For complimentary copies, write to the Text book Department. 

ACADEMIC PRESS, INC. 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 

111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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:Jhe latest in 
Jl4Jll72l6JWJll7:JCS rnoo:xs 
A FIRST COURSE IN TOPOLOGY -an introduction to mathematical thinking By 
Robert A. Conover 

This book is designed for a basic course in topology with aims of maximizing the student's enjoy
ment of mathematics while developing his skill in doing it. Most of the material is standard point
set topology and the treatment of sets, functions, and transfinite numbers in chapters one and two 
is similar to that given to the real line in most first-year calculus books. 1975 I 261 pages I $11.95 

A BASIC TEXT IN ADVANCED CALCULUS By Leopold Flatto 

An advanced text for students who have already been exposed to introductory calculus. It reviews 
elementary concepts such as continuity, differentiability, etc., and provides new tools and tech
niques for solving the more advanced problems. The first seven of 14 chapters deal with the func
tions of one variable; the last seven chapters with functions of several variables. 1975 I approxi
mately 552 pages I in press 

TOPOLOGY -an introduction to point-set and algebraic areas By Donald W. Kahn 

This text eliminates the need for using several texts in order to cover general and algebraic topol
ogy. It provides adequate coverage of the two main branches of topology. specifically 2-manifolds, 
covering spaces and fundamental groups. 1975 I approximately 242 pages I in press 

A BRIDGE TO ADVANCED MATHEMATICS By F. Dennis Sentilles 

This text presents a new, simplified approach to teaching the ''foundations of mathematics" 
course. It bridges the gap between the procedural courses of the first year and the conceptual 
courses of the later years, to be taken immediately following or concurrently with the last semester 
of basic calculus. It covers logic, language and the foundations and history of mathematics; set 
theory; basic topology; set, inverse, and composite functions; equivalence relations; continuity, 
connectedness, and compactness, and infinite and finite counting. 1975 I 396 pages I $14.75 

POLYNOMIAL APPROXIMATION By Robert P. Feinerman and Donald J. Newman 

A text for a graduate or advanced undergraduate course. Covered are aspects of polynomial ap
proximation which have not heretofore been stressed in other texts, such as the "quality of ap
proximation." 1974 I 156 pages I $13.00 

THETA FUNCTIONS WITH APPLICATIONS TO RIEMANN SURFACES By Harry 
E. Rauch and Hershel M. Farkas 

A classical, concrete, and computational treatment of theta functions; for use as a text, research 
monograph, and reference work by graduate students and researchers in pure and applied mathe
matics and the physical and engineering sciences. 1974 I 225 pages I $15.50 

ELLIPTIC FUNCTIONS, THETA FUNCTIONS, AND RIEMANN SURFACES 
By Harry E. Rauch and Aaron Lebowitz 

This graduate-level text covers the elliptic functions and the allied theta functions and their inter
relation with Riemann surfaces. The authors have taken a leisurely, logical and explanatory ap
proach to the subject-calculations have been spelled out in minute detail. This book fills in many 
gaps of exposition in older texts. 1973 I 308 pages I $20.00 

THE WILLIAMS & WILKINS COMPANY 
428 East Preston Street, Baltimore, Maryland 21202 
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If Cavalieri were 
around today, 
his publisher 
might be 
Addison-Wesley 

Whenever Renaissance mathematicians are dis
cussed, the name Bonaventura Cavalieri is often 
heard. So famous was his Geometria indi
visibilibus, which first appeared in 1635, that it is 
maintained by many that the new analysis took 
its rise from its appearance. Cavalieri, a Jesuit 
priest, was inspired to study mathematics after 
reading a copy of Euclid. The author of several 
books and a lifetime pupil and correspondent of 
Galilee, Cavalieri is generally accepted as one of 
the few great mathematicians who directly ex
tended the work of Archimedes. 

We think Cavalieri would have 
liked Addison-Wesley. 

Addison-Wesley has proved through the years its 
competency in publishing mathematics texts at 
all levels. Our authors are teachers who know 
what it takes to catch and hold student interest. 

Calculus (1974) 
by Lynn H. Loomis, Harvard University 

This two or three semester text approaches the 
traditional topics of a standard calculus sequence 
from an intuitive point of view with the emphasis 
on those computational aspects in which the 
theoretical base is implied. An early introduction 
to exponential and logarithmic functions, as well 
as an intuitive approach to limits, is offered, and 
infinite series appears early enough to be covered 
in the second or third semester. Besides the 
complete Solutions Manual that accompanies 
this text, a new Student Supplement will be 
able in April, 1975. 

Introduction to Calculus (1975) 
by Lynn H. Loomis, Harvard University 

This new text includes the first fifteen chapters of 
the author's longer CALCULUS and features the 
same very intuitive and readable presentation. 
One major difference is that the chapter on the 
antiderivative has been moved up to follow 
Chapter 3 on "The Derivative," with a new sec
tion added on the Fundamental Theory of Cal
culus. 

First Year Calculus (1974) by Ethan D. 
Balker, University of Massachusetts, and Joseph 
Kitchen, Duke University 

"A very fresh, original approach!" writes Floyd 
A Hummel, Jr. of Wisconsin State 
University-Stout. This intuitive book for moti
vated students provides a cogent, readab_le dis
cussion of single variable calculus. Differentials 
are used freely throughout this paperbound text 
to motivate arguments and to present applica
tions to physical problems 

Surreal Numbers (1974) 
by Donald E. Knuth, Stanford University 

Can a novel have a substantial mathematical 
content as its story line? Professor Knuth answers 
in the affirmative with this unique work. De
signed as an "anti-text," it emphasizes 
mathematical research methodology. The novel 
format makes this paperback ideal for informal 
seminars, especially on the sophomore or junior 
level. 

Mathematical Analysis
A Modern Approach 
to Advanced Calculus, Second Edition 
(1974) 
by Tom M. Apostol, California 
Institute of Technology 

Intended for advanced calculus courses, this 
comprehensive revision provides an excellent 
transition from elementary calculus to advanced 
courses in real and complex function theory and 
introduces readers to abstract thinking which 
pervades modern analysis. A special feature of 
this edition are the two new chapters on Lebes
que integration. 

To learn more about these and other outstanding 
mathematics books from Addison-Wesley, sim
ply drop us a line. • .... .... 

Science & Mathematics Division 
Addison-Wesley Publishing Company, Inc. 

Reading, Massachusetts 01867 
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new north-holland publications 1975 

Divisor Theory 
in Module Categories 
by W. V. VASCONCELOS 

1975. 130 pages. US$7.75 
The explicit purpose of the divisor theory 
developed here is that of assigning ideals 
packing as much information as possible 
about a given module. Besides a detailed 
account of the classical Fitting divisor of 
algebraic K-Theory, a partial stratification of 
the category of modules provides a variety of 
other cases of assignments. 

Set Theory 
An Introduction to Large Cardinals 

by FRANK R. DRAKE 

STUDIES IN LOGIC AND THE 
FOUNDATIONS OF MATHEMATICS, Vol. 76 

1974. 352 pages. US$24.00 
The book introduces the most important ways 
of defining large cardinals and gives some of 
their basic properties. It collects together the 
most significant results that have been obtained 
over the past ten years and provides a back
ground in set theory to facilitate their study. 
CONTENTS: Introduction: sets and languages. 
The development of ZF. The Levy hierarchy 
and the reflection principle. Inaccessible and 
Mahlo cardinals. The constructible universe. 
Measurable cardinals. Trees and partition 
properties. Partition cardinals and model theo
ry: Silver's results. Indescribable cardinals. 
lnfinitary languages and large cardinals. 

The Theory of Numbers 
Edited by S. IYANAGA 
(Translated by Kenichi lyanaga) 

1975. 555 pages. US$50.00 
This volume gives a complete and self-con
tained exposition of class field theory. It 
adopts Chevalley's formulation of the Main 
Theorems of this theory, for the proof of 
which the cohomology theory of groups is 
used. A historical development and a future 
perspective of the theory is expounded in 
Appendix. 

Localization of Nilpotent 
Groups and Spaces 
by PETER HILTON, GUIDO MIS LIN and 
JOSEPH ROJTBERG 

1975. 166 pages. US$9.50 
The present monograph develops, using basic 
group theory and algebraic topology, the 
theory of localization of nilpotent groups and 
nilpotent spaces. The first two chapters of the 
monograph are devoted to setting up and 
obtaining the basic results on the localization 
functor in the two categories in question. A 
final chapter discusses various applications of 
the theory, particulary to H-spaces and non
cancellation phenomena. 

Discrete-Parameter 
Martingales 
by JACQUES NEVEU 

1975. 250 pages. US$23.95 
Martingale theory is known to be at the base 
of modern probability. The present text is 
believed to cover the subject of discrete-time 
martingales fairly completely including " good 
number of applications. It starts from the 
definition of conditional expectations and 
goes to the most recent developments of the 
subject; at the outset the reader is assumed 
to be familiar with some integration theory 
and basic probability theory. 

Comparison Theorems 
in Riemannian Geometry 
by JEFF CHEEGER and DAVID G. EBIN 

1975. approx. 200 pages. US$18.50 
The central theme of this book is the study 
of the interaction· between the curvature of a 
complete riemannian manifold and its topolo
gy and geometry. The basic tools employed 
are the Rauch comparison Theorems as well 
as the more global Topomogov's Theorem. 
After these have been introduced, applications 
such as the Sphere Theorem and its differen
tiable analogue, Berger's rigidity Theorem, 
complete manifolds on non-negative curvature 
and compact manifolds of non-positive curva
ture are discussed. 

You are invited to visit our stand on the Annual Meeting of the American 
Mathematical Society, 23-27 January 1975, Washington D.C. 

Sole distributors for the U.S.A. and Canada 

American Elsevier Publishing Company, Inc., 52 Vanderbilt Avenue, New York, N.Y. 10017 
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KENNETH S. MILLER 

Complex Stochastic Processes 

An Introduction to 
Theory and Application 

From the Prefuce: "When the student of engineer
ing or applied science i' first exposed to stochastic 
processe~. or noise theory, he is usually content to 
manipulate random varmbles fonnally as if they 
were ordinary functions. Some time later the seriou~ 
student becomes concerned about such problems as 
the validity of differentiating random variables and 
the interpretation of stochastic integrals. to say 
nothing of the usual worries associated with the inter
change of the order of integmtion in multiple inte
grals. It is to this class of readers that this book is 
addressed." 

SERGE LANG 

SL2(R) 
This graduate-level text and reference work pro
vides a good continuation of real analysis in a con· 
text involving specific differential equations, Lie 
groups, but in a case of SL2(R) where few prerequi
sites are necessary for the foundations, Lie theory. 
Here is an easy, good background for the more gen
eral theory on Lie groups and for the deeper analysis 
on SL,(R). 

Addison-Wesley Publishing Co., Inc. 
ADVANCED BOOK PROGRAM 
Reading, Massachusetts 01867 

Spt•cia/feanoes. E.xtens1vc treatment of the prop
erties of complex Gaussian density functions. An 
elementary treatment of linear sttx:hastic differential 
and Jifferenct: equations with ~..·omplex (noncon
stant) coefficienb and complex random forcing func

tions. Estimation of parameters of complex random 
and deterministic signal~ cmhcdded in complex 

Gaussian noio;e. A survey of the: theor~ of the esti. 
mation of !o.pecrraJ moments oi complex processes 

together with the mathematical detaih. of some im
portant cases. Simple hypothesis testing of complex 
covariance matrices. a topic u . ..,eful in the "pulse 

pair" theory ot detection in enrineering. The hasil 
result~ of linear least ~quare~ thciry from the com
plex point of view. 

1974 ,xii, 2JX 1'1'-: hardbd.ISB.V 0-201---04744-6, 
$16.50: paperhd., ISBN 0-20/ -047-+5 --4. $9.50 

Also by same authm: Linear Difference Equations 
(Details available on request) 

Conrems: Notation · General Result . .., · Compact 

Groups · Induced Representations · Sphericall'unc·-
tions · The Spherical Transtl>rm · The Derived 
Representation on the Lie Algebra · Traces · The 
Plancherel Formula · Discrete Series · Partial Dif-
ferential Operators The Weil Representation 
Representation on °L2(f'/G) · The Continuous Pan 
of L 2(1'/G I · Spectral Decomposition of the Laplace 
Operator on r /H · Appendixes · Bibliography. 
Symbols Frequently Used · Index. 

Jan. 1975. xvi, 42X l'f'·, lumlhd., ISBN 
0--20/~)424K-7, approx. $19JXJ 

These and other titles on display at AMS meet
ing, Washington, Booth 27. Jan. 23-26. 

A-287 



WHAT'S 

VISIT 
BOOTH 

I • 
ALLYN 
AND 
lACON, INC. 

INTERDISCIPLINARY MATHEMATICS 
efo R. HermaDD 
18 Gibbs St., Brookline, Massachusetts 02146 

Introduction to Vector Analysis, Third Edition, by Harry 
F. Davis, University of Waterloo, Canada, and Arthur 
David Snider, University of South Florida. 1975, 6-3/8 
x 9114, est. 360 pp. 

Fundamental Mathematics for the Social and Manage
ment Sciences, by Lloyd Emerson and Laurence 
Paquette, both of Western New England College. 1975. 
6-13/16 x 9114, est. 433 pp. 

Introduction to Modern Algebra, Third Edition, by Neal 
McCoy, Professor Emeritus, Smith College. 1975, 6% 
x 9%, est. 296 pp. 

Introduction to Topology, Third Edition, by Bert 
Mendelson, Smith College. 1975, 6 x 9, est. 256 pp. 

Basic Abstract Algebra. by Otto F.G. Schilling and W. 
Stephen Piper, Purdue University and the Center for 
Naval Analyses. 1975, 6% x 9%, est. 384 pp . 

Calculus and Analytic Geometry, Third Edition, by 
John A. Tierney, U.S. Naval Academy. 1975, 1112 x 9%. 
est. 725 pp. 

Computational Linear Algebra with Models, by Gareth 
Williams, Stetson University. 1975, 7-5/16 x 9%, est. 
352 pp. 

For more information write: Allyn and Bacon, Inc./ 
College Division, Dept. 893/470 Atlantic Avenue/ 
Boston, MA 02210. 

SEflRLH SS~E 
Privately published and distributed monographs, experimental text
books, and tranalations of classic papers. Special emphasis on algebra, 
differential geometry, and their role in physics and engineering. 25% cash 
discount for individuals, 40% for students, 15% discount to libraries 
for stmuling orrkrs. 

for information on current research in 
mathematics! 

SSIE, a nonprofit corporation of the 
Smithsonian Institution, maintains a 
data base of information about current 
research in all the life and physical 
sciences. The active file of work initi
ated or initiated and completed since 
July 1973 has data on about 5,500 
mathematics projects in areas such as 
analysis, probability and statistics, 
topology, computer software, informa
tion systems, and many others. Search 
this file to learn who is doing what re
search where, when, and under whose. 
support. 

Just published: 
Vol. VII, Spinors, Clifford and Cayley algebras, $15. 
Vol. VII I, Linear systems theory and iniroductory algebraic 

geDIIUllry. $18. 
Vol. IX, Geo11Ultric structure theory for systems-conirol theory and 

physics, Part A, $24. 
In preBB: 

Vol. X, CarlDn-Ehresmann connections and gauge fields. 
Vol. XI, Ricci and Levi-Civita 's 1900 Tensor Analysis paper, 

translated and ndopted by R. Hermann. 
Vol. XII, &phus Lie's papers on groups and dijferentwl equations, 

part A, Transformation groups. Translated by M. Ackerman, 
comments by R. Hermann. 

Previously published: 
Vol. I, General algebraic ideas, $7.50. 
Vol. II, Linear and tensor algebra, $6.50. 
Vol. III, Algebraic topics in systems theory, $10. 
Vol. IV, Energy momentum tensors, $8. 
Vol. V, Topics in General Relativity, $9. 
Vol. VI, Topics in the mathematics of quantum mechanics, $13. 

In preparation: 
Vol. XIII, A neo-classical geometric theory of non-linear partial 

dilferentUJI equations, and their applications. 
Vol. XIV, Translation (by M. Ackerman) of Hilbert's papers on 

Invarwnt Theory. 
Vol. XV, Optimization and economic theory on manifolds. 
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-Visit Booth 37, or contact 

SMITHSONIAN SCIENCE 
INFORMATION EXCHANGE 

Room 300, 1730 M St., N.W. 
Washington, D.C. 20036 



An Introduction to 
Applied Mathematics 
Second Edition 
J. C. JAEGER and 
A.M. STARFIELD 
1974 516 pp. 110 figs. $27.25 

A First Course in 
Combinatorial Mathematics 
IAN ANDERSON. (Oxford Applied 
Mathematics and Computing 
Science Series) 
19'74 132 pp. 40 figs. $13.50 

Introduction to 
Asymptotic Analysis 
J.D. MURRAY 
197 4 160 pp. 25 figs. $11.25 

Logic and Arithmetic 
Natural Numbers 
DAVID BOSTOCK 
1974 230 pp. $19.25 

Mathematical Analysis 
and Techniques 
Volumes I and II 
A. PAGE 
1974 Vol. 1: 260 pp. 
Vol. II: 308 pp. figs. 

paper, $8.00 each 

Mathematical Theory of Creep 
and Creep Rupture 
F. K. G. ODQVIST. (Oxford 
Mathematical Monographs) 
1974 210 pp. 
105 figs.; 8 plates; fold-out table 

$25.00 
Partially Ordered 
Topological Vector Spaces 
YAU-CHUEN WONG and KUNG
FU NG. (Oxford Mathematical 
Monographs) 
197 4 217 pp. $22.50 

Introduction to Control Theory 
0. L. R. JACOBS 
197 4 378 pp. 210 figs. $21.75 

OXFORD UNIVERSITY PRESS 
200 MADISON AVENUE 
NEW YORK. N.Y.10016 AI/ prices are subject to change. 

DEPARTMENT HEAD, MATHEMATICS 
The Department of Mathematics at the U niver
sity of Illinois, Chicago Circle Campus, invites 
applications for the position of department 
head, effective September 1975. The Depart
ment, staffed by a full-time faculty of 77, 
presently has 440 undergraduate and 131 
graduate students and offers undergraduate, 
master's and doctoral programs in Pure 
Mathematics, Applied Mathematics, Statistics 
and Probability, Computer Science, and 
Mathematics Education. Applicants for this 
senior position must have a distinguished 
record of scholarship and teaching, and, 
preferably, a demonstrated administrative 
capacity. Please send curriculum vitae and 
list of publications by March 31, 1975, to: 

Dr. J. C. Johnson, Associate Dean 
Chairman, Mathematics Search Committee 

College of Liberal Arts and Sciences 
University ofiiHnois Chicago Circle 
Box 4348 - Chicago, Illinois 60680 

An Equal Opportunity/ 
Affirmative Action Employer 
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VICTORIA UNIVERSITY OF WELLINGTON 
NEW ZEALAND 

CHAIR OF PURE MATHEMATICS 

Applications are invited for a Chair in Pure 
Mathematics from persons suitably qualified in 
any branch of the subject. Professor Reuben 
Sandler, who currently holds this Chair, is resigning 
to take up activities of a different nature. 

The salary range for Professors is $NZ 15,111 to 
$NZ19,233 p.a. Fares to New Zealand and a 
grant towards removal expenses will be paid. 

Conditions of appointment may be obtained 
from the 

REGISTRAR 

Victoria University of Wellington 

Private Bag 
Wellington, New Zealand 

with whom applications close on 15 February, 
1975. 

W. E. Dasent, Registrar 



THE AMERICAN UNIVERSITY IN CAIRO 
announces faculty openings beginning September 1975 

* One or more mathematicians with specialties in applied mathe-
matics, statistics and probability theory, and computer science. 

Both positions involve both teaching courses and guiding student research in 
the respective areas of specialization. Candidates must have undergraduate 
and Ph.D. degrees and post-doctoral teaching experience. 

Terms of appointment: teaching load nine hours per semester; two-year ap
pointments with roundtrip family travel; furnished housing. Annual compensation 
ranging from $10,000-$25,000, depending upon qualifications. 

Send resume to: 

Dean of the Faculties 

AMERICAN UNIVERSITY IN CAIRO 
Room 517 

866 United Nations Plaza 
New York, New York 10017 

THE UNIVERSITY 
OF 

NIAMEY 
Niger West Africa 

seeks a french speaking mathematician 
with Ph.D. to teach during the Academic 
Years 1975-1977. Modest salary, but 
housing is provided. Low teaching load. 
Interesting environment. Reply including 
complete curriculum vitae should be sent 
to: 

Professeur R. A. Melter, Directeur 
Departement de Mathematiques 

Universite de Niamey 
BP 237, Niamey, Niger 

(Via Air Mail) 
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UNIVERSITY OF CALIFORNIA AT BERKELEY 
Department of Mathematics 

invites applications for teaching and research positions in 

(1) Finite Mathematics and Combinatorics at Assistant 
Professor Level. For exceptionally well-qualified appli
cants Associate Professor level appointment may be 
possible. 
(2) Probability Theory at Assistant Professor level, 
candidate to hold joint appointment with Deportment 
of Statistics. 
(3) Pure Mathematics at Assistant Professor level. 
(4) Applied Mathematics at Assistant Professor level. 
Candidates for all these positions should have established 
records in their area of specialization. To apply send 
vitae, all reprints and preprints, and names of three 
references. 

The University of California is an equal opportunity 
employer and subscribes to the Affirmative Action 
Program. Minority and women candidates are urged 
to apply. 

Application materials should be mailed to: 

Professor David Gale, Vice Chair- for r.r .... l 
Department of Mathematics 

lnversity of California at Berkeley 
Berkeley, California 94720 



INDIANA UNIVERSITY-PURDUE UNIVERSITY 
AT INDIANAPOLIS 

FACULTY POSITIONS AVAILABLE 
Four positions at the Assistant Professor level; doctorate 

and promise of excellence in teaching and research required; 
teaching or industrial experience desired. Apply by February 
20, 1975. 

1) Applied Mathematics. 
2) Specialty in algebraic topology, functional analysis, applied 

mathematics, computer science, or semigroups preferred; 
ability to teach basic computer courses desired. 

3) Mathematics Education-must interact with Division of 
Education in supervising student teachers ond teaching 
secondary methods and service courses in elementary education. 
Some knowledge of statistics and/or computers desired. 

4) Applied Math-1/2 time with Indianapolis Center for 
Advanced Research to work on problems associated with new 
models and computer simulations of aerodynamic processes. 
Ability with numerical analysis, approximation theory, computer 
usage essential. Summer employment with Center. Starts 
June 1, 197·5. 

/UPUI is a large, state urban university; average teaching 
load 9 hours. Degrees thru M.S. Salaries competitive, fringes 
excellent. An Affirmative Action employer, applications from 
women and minority group members encouraged. Reply to: 

Dr. Michael Gemignani, Chairman 
Department of Mathematical Sciences 

IUPUI, 1201 E. 38th Street 
Indianapolis, Indiana 46205 

UNIVERSITY OF DELAWARE 
DEPARTMENT OF MATHEMATICS 

The Department of Mathematics, University 
of Delaware, an affirmative action employer, 
solicits nominations and applications for the 
position of chairperson of the Department. 

The University, located in a pleasant suburban 
community about midway between New York 
and Washington, enrolls 12,000 undergraduate 
and 3,000 graduate students. 

The Department, with research emphasis 
lying in applicable mathematics and classical 
analysis, has 25 members. 

Prospective candidates must have research 
interests and sound teaching experience and 
demonstrate aptitude for administrative duties; 
the successful candidate would be expected to 
continue the development of the graduate and 
undergraduate programs of the Department 
and to actively support the broadening service 
roles in both the natural and behavioral sciences. 

Interested individuals should contact: 

Search Committee 
Department of Mathematics 

UNIVERSITY OF DELAWARE 
Newark, Delaware 19711 
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THE UNIVERSITY OF SYDNEY 
(AUSTRALIA) 

invites applications for 

One Lectureship I Senior Lectureship 
and two Lectureships 

in the Pure Mathematics Department 

For the Lectureship/Senior Lectureship 
and one Lectureship position some prefer
ence may be given to candidates in the 
fields of 

Analysis and algebraic Topology. 

The third position has no such restriction. 

Enquiries and applications (including vita 
and names of referees) to 

The Registrar 
UNIVERSITY OF SYDNEY 

N. S. w-. 2006, Australia 

THE UNIVERSITY OF HOUSTON 
Victoria Center 
invites applications for the position of 
Manager, Computer Center. This upper level 
institution, in its second year of operation, 
seeks applicants who can assume responsi
bility for the operation of a computer center, 
providing service to instructional, administra
tive, and research interests. Some admini
strative and applied experience is desired. 
Applicants should be qualified to teach in 
an academic setting at undergraduate and 
Master's level. 

Interested applicants should send a resume to: 

Dr. D. Reginald Traylor 
The University of Houston 

Victoria Center 
2708 N. Ben Jordan 

Victoria, Texas 77901 

Equal Opportunity Employer 



THE KENT STATE UNIVERSITY 
DEPARTMENT OF MATHEMATICS 

solicits nominations and applications 
for the position of 

CHAIRMAN 
Applicants should have significant research 

standing in Numerical Analysis or in a related 
area of Approximation Theory, Functional 
Analysis, or Computer Science. Applicants 
should have administrative ability and be 
available by September 15, 1975. 

Resumes and five names of reference must be 
received by March 1, 1975. Address all inquiries 
to: 

Professor Robert H. Lohman 
Secretary, Chairman Search Committee 

Department of Mathematics 
THE KENT STATE UNIVERSITY 

Kent, Ohio 44242 

An Equal Opportunity Employer 

MINOT 
STATE 

COLLEGE 
seeks progressive chairman to lead in 
developing programs that will attract quality 
students. Ph.D. required. Grant experience, 
teaching and administrative experience and 
interdisciplinary background are desirable. 
Salary $16,000-$20,000 commensurate 
with qualifications. 

Send curriculum vitae and three letters of 
recommendation to 

Dr. J. A. Ward 
Science Search Contntittee 

MINOT STATE COLLEGE 
Minot, North Dakota 58701 

An Equal Opportunity I 
I Affirmative Action Employer 

RUTGERS UNIVERSITY 
THE STATE UNIVERSITY OF NEW JERSEY 

NEW BRUNSWICK 
In conjunction with the New Brunswick Department of Mathematics of Rutgers 

University-The State University of New Jersey, University College seeks to fill 
an anticipated vacancy beginning in Fall 1975 for an active research mathematician 
with serious concern for undergraduate instruction, to assume the chairmanship of 
the University College Department of Mathematics. University College is the under
graduate college for part-time adult students. It enrolls 8,000 students at three 
campus centers state-wide, has 10 full-time and 25 part-time faculty members, and 
has an established mathematics major program. The New Brunswick mathematics 
faculty of University College along with those of Cook, Douglass, Livingston and 
Rutgers Colleges comprise the New Brunswick Department of Mathematics. The 
position carries with it tenure in the New Brunswick Department, and a three-year 
appointment as Chairman of the University College Department. Rank and salary 
will be competitive and dependent on qualifications of the candidate. The successful 
candidate is expected to contribute to the on-going graduate and research programs 
in New Brunswick. 

Nominations and applications, including vitae, preprints, reprints and a list of 
references, should be sent to: 

SEARCH CO~TTEE 
Department of Mathematics at New Brunswick 

Rutgers University 
HUICenter 

New Brunswick, New Jersey 08903 
Equal Opportunity I Affirmative Action Employer 
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------------------·----------------------------------------------------------------------

Announcing the 

Author Index of 
Mathematical Reviews 
Volumes 29-44 
1965-1972 

This index has been prepared directly from the working flies of Mathematical Reviews 

and lists all the reviews in Volumes 29 through 44 of Mathematical Reviews, which were 
published from 1965 through 1972. In many respects it is similar to the earlier cumulative 
indexes of Mathematical Reviews, namely the 20 year Author Index of Mathematical Reviews, 

1940-1959, and the Author Index of Mathematical Reviews, 1960-1964 (Volumes 21-28), 
published by the American Mathematical Society, Providence, R. 1., in 1961 and 1966, 
respectively. However, there have been a number of improvements. 

The index is in four volumes (3025 pages) and covers about 127,000 reviews (by way 
of comparison, note that the four volumes in the two earlier cumulative indexes covered 25 
years and listed about 156,000 reviews). The total number of entries is about 200,000, 
including multiple entries and cross-references as indicated below. Although no compilation 
of this kind can be free of error, a specific check has been made to ensure that every review 
in Mathematical Reviews during the period in question has been accounted for. 

The bulk of the index is an alphabetic listing by author. Items having several authors 
are listed in full under each author. All items by a given author are listed under a so-called 
'primary' name and cross-references to the primary form are given from any other forms 
of the author's name that have been used in items reviewed in Volumes 29 through 44 of 
Mathematical Reviews. The entries under a given heading are listed in order of nominal 
publication dates. If a reviewed item is clearly connected with a person who is not its author 
(e.g., an editor) then a cross-reference is given from the name of the person in question to 
the full entry. 

Collections, proceedings and other similar publications that may have editors but do 
not have specific authors are given alphabetically by title in a separate list (corresponding 
to the key-word index in the monthly issues of Mathematical Reviews) following the list of 
authors. Such items are usually listed under several headings, with cross-references, for ease 
of identification. 

List price $200.00 
Institutional Member $ J 50.00 
Individual Member $ J 00.00 
Reviewer's Price $50.00 

American Mathematical Society 
P. 0. Box 1571, Annex Station 
Providence, Rhode Island 02901 
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CODE: 
MREVIN/65/72 

ISBN 0-8218-0027-2 



RESERVATION FORM 
NEW YORK MEETING 

THE BILTMORE HOTEL 
MARCH 23-26, 1975 

The Biltmore Hotel of New York is the official headquarters 
hotel. Your room reservation should be sent directly to 
the Reservations Office, The Biltmore Hotel, Madison 
Avenue at 43rd street, New York, New York 10017. Be 
sure to specify the names of persons for whom reservations 
are being made. BRING THE CONFIRMATION SLIP WITH 
YOU AS PROOF OF YOUR RESERVATION. Unless other
wise requested, the hotel will hold reservations until 
6:00 p.m. on the day of your arrival. Checkout time is 
1:00 p.m. In order to secure the special rates listed, you 
must use the form below. Please copy or tear off the at
tached coupon and use as your room reservation blank. 
THE DEADLINE FOR ALL RESERVATIONS IS MARCH 5, 
1975. 

Singles 
Twins 
Doubles 
Suites 

RATES 

$18 single occupancy 
$24 twin occupancy 
$24 double occupancy 
$75 and up (parlor and one bedroom) 

ST. LOUIS MEETING 
EIGHT DAYS INN 

APRIL 11-12, 1975 

The Eight Days Inn of st. Louis is the official headquarters 
hotel. Your room reservation should be sent directly to 
the Reservations Office, Eight Days Inn, I-70 at Woodson 
Road, st. Louis, Missouri 63131. Be sure to specify the 
names of persons for whom reservations are being made. 
BRING THE CONFIRMATION SLIP WITH YOU AS PROOF 
OF YOUR RESERVATION. Unless otherwise requested, 
the hotel will hold reservations until 6:00 p. m. on the 
day of your arrival. In order to secure the special rates 
listed, you must use the form below. Please copy or tear 
off the attached coupon and use as your room reservation 
blank. THE DEADLINE FOR ALL RESERVATIONS IS 
MARCH 11, 1975. 

RATES 

Singles 
Twins/Doubles 
Extra person 

$ 9. 88 single occupancy 
$12.88 double occupancy 
$ 3.00 

NOTE: All rates subject to New York City sales tax of NOTE: All rates subject to tax of 3 1/2 percent. 
eight percent and applicable New York City occupancy 
tax. 

(Please detach on this line) (Please detach on this line) 

RETURN TO: Room Reservations Office 
The Biltmore Hotel 
Madison Avenue at 43rd Street 
New York, New York 10017 

Please enter my reservation for the meeting of the 
AMERICAN MATHEMATICAL SOCIETY, March 23 
through March 26, 1975. 

Single room $ rate 
Twin room $ rate 
Double room $ rate 
Suite $ rate 

I (we) plan to arrive on----------- at 
_____ .a.m./p.m. and remain until _____ _ 

(Name - please print) 

(Address) 

(City, State and Zip Code) 

Please print below additional names of persons for whom 
~you are making reservations. 

RETURN TO: Room Reservations Office 
Eight Days Inn 
I-70 at Woodson Road 
St. Louis, Missouri 63131 

Please enter my reservation for the meeting of the 
AMERICAN MATHEMATICAL SOCIETY, April11-12, 
1975. 

Single room 

Twin/Double room 

$. _____ rate 

$ rate 

I (we) plan to arrive on------------ at 

-----'a.m./p.m. and remain until ____ _ 

(Name - please print) 

(Address) 

(City, State and Zip Code) 

Please print below additional names of persons for whom 
~you are making reservations. 
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SYMPOSIA MATHEMATICA 
published by 

THE ITALIAN NATIONAL INSTITUTE OF HIGHER MATHEMATICS 

VOLUME 12 

Topics covered include: gravitational waves: recent developments; 
charged null fluid; relativistic variational principles for elastic 
bodies capable of couple stress; global solutions of the equations 
of constraints in general relativity, on closed manifolds; survey of 
investigations on relativistic thermodynamics; relativistic canon
ical dynamics; building space-time from light rays and free par
ticles; on the structure of the Einstein-Cartan equations; and on 
the cosmology and the thermodynamics. 

1974,362 pp., $25.25/£9.00 
VOLUME 11/1974,456 pp., $31.00/£11.15 
VOLUME 10/1973, 482 pp., $23.50/£10.00 

MATHEMATICAL ASPECTS 
OF FINITE ELEMENTS IN 

PARTIAL DIFFERENTIAL EQUATIONS 
edited by CARL DE BOOR 

This book contains the Proceedings of the Symposium on Math
ematical Aspects of Finite Elements in Partial Differential Equa
tions held in Madison, Wisconsin, April 1-3, 1974, under the 
auspices of the Mathematics Research Center, University of 
Wisconsin-Madison. The fourteen speakers had been invited to 
address mathematical questions raised by the use of finite ele
ments in the numerical solution of partial, differential equations. 

Topics covered include: higher order local accuracy by averag
ing in the finite element method; convergence of nonconforming 
methods; C1 continuity via constraints for 4th order problems; 
finite element and finite difference methods for hyperbolic partial 
differential equations; solution of problems with interfaces and 
singularities; the construction and comparison of finite difference 
analogs of some finite element schemes; and L2 error estimates 
for projection methods for parabolic equations in approximating 
domains. 

1974, 430 pp., $17.00/£8.15 

Prices subject to change without notice. 

liiiiiiiiiiiiiiiiACADEMIC PRESS iiiiiiiiiiiiiil 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 

111 Fifth Avenue, New York, N.Y. 10003 
24-28 Oval Road, London MW1 7DX 



1Jceaetne1ries 
Statistical Foundations and Applications 
By 
P. J. Dhrymes 
Columbia University, New York, New York 

Springer Study Edition 
Rev. reprint of the 1st edition 
1974. xvi, 608p. paperj$14.80 
ISBN 0-387-90095-0 

The topic of this book is the application of statistical methods to empirical eco
nomic data. Starting from the elementary level with a review of the multivariate 
normal distribution, the author proceeds to the comparatively sophisticated 
spectral analysis methods necessary to obtain meaningful results. The presenta
tion is rigorous and concrete. This textbook is suitable for the beginning graduate 
student in econometrics and mathematical economics. 

Recent additions to 
Lecture Notes in Economics and 
Mathematical Systems 

Volume91 
General Equilibrium with Price-Making Firms 

By 
T. Marschak 
University of California, Berkeley, California, 
and 
R.Selten 

1974. xi, 246p. paper/$9.40 
ISBN 0-387-06624-1 

Volume92 
Topological Methods in Walrasian Economics 

By 
E. Dierker 

1974. iv, 130p. paperj$6.90 
ISBN 0-387-06622-5 

Volumes 93/94 
4th IFAC/IFIP International Conference on 
Digital Computer Applications to 
Process Control 
Zurich, Switzerland, March 19-22, 1974 
Parts I and II 

Edited by 
M. Mansour and W. Schaufelberger 
Volume 93: 1974. xvii, 546p. paperj$15.30 

ISBN 0-387-06620-9 
Volume 94: 1974. xviii, 546p. paperj$15.30 

ISBN 0-387-06621-7 

Volume95 
Linear Multiobjective Programming 

By 
M. Zeleny 
Columbia University, New York, New York 

1974. x, 220p. 34 illus. paperj$8.50 
ISBN 0-387-06639-X 

Volume 98 
Mathematical Methods in Queueing Theory 
Proceedings of a Conference at Western 
Michigan University, May 10-12, 1973 

Edited by 
A. B. Clark 

1974. vii, 374p. paperj$11.50 
ISBN 0-387-06763-9 

Volume 99 
Production Theory 
An International Seminar Held at Karlsruhe 
University, May-June 1973 

Edited by 
W. Eichhorn, R. Henn, 0. Optiz, and R. W. Shephard 

1974. viii, 386p. paperj$13.20 
ISBN 0-387-06890-2 

To order books or obtain further information write to 

I Springer-Verlag New York Inc. 
175 Fifth Avenue 
New York, NY 10010 
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