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80TH 
SUMMER 

MEETING 

University of Toronto 
Toronto, Canada 
August 24-27, 7976 

The eightieth summer meeting of the Ameri
can Mathematical Society will be held at the Uni
versity of Toronto, Toronto, Ontario, Canada, 
from Tuesday, August 24, through Friday, August 
27, 1976. All sessions of the meeting will take 
place on the campus of the university. 

A set of Colloquium Lectures, consisting of 
four one-hour talks, will be presented by Jt!rgen 
K. Moser of the Courant Institute of Mathematical 
Sciences, New York University, in Convocation 
Hall. The title of the series is "Recent progress 
in dynamical systems." The first lecture in the 
series entitled "A survey," will be given at 9:00 
a.m. on Tuesday, August 24. The second lecture 
entitled "Periodic orbits," will be given at 9:00 
a.m. on Wednesday. The third lecture entitled 
"Integrable Hamiltonian systems," and the fourth 
entitled "Unstable phenomena and then-body 
problem," will be given at 1:30 p.m. on Thursday 
and Friday. In accordance with a recent Council 
decision, no other sessions are planned to con
flict with the Colloquium Lectures. 

On Tuesday, August 24, J. Frank Adams 
of the University of Cambridge will present 
the AMS Bicentennial Lecture at 11:00 a.m. 
in Convocation Hall. The titl-e of his lec
ture is "Maps between classifying spaces." 
(Please refer to news item on page 265 of 
these cNotiaiJ. 

By invitation of the Society's Program Com
mittee, there will be six invited one-hour ad
dresses. All hour talks will be given in Convoca
tion Hall. The names of the speakers, the titles 
of their addresses, and the times of presentation 
are as follows: Eugenio Calabi, University of 
Pennsylvania, "Nearly flat triangulations of 
Riemannian manifolds," 1:30 p.m. Tuesday; 
Per Enflo, University of Stockholm, "On the in
variant subspace problem for Banach spaces, " 
2:45p.m. Tuesday; Lawrence A. Shepp, Bell 
Telephone Laboratories, "Optimal reconstruction 
of a function from its projections," 4:00p.m. 
Tuesday; Michael Aschbacher, California Insti
tute of Technology, "Determining the finite'sim
ple groups," 2:45p.m. Thursday; Edward Nel
son, Princeton University, "Principles and prac
tice of nonstandard analysis," 4:00p.m. Thurs
day; and Marian Boykan Pour-El, University of 
Minnesota, Minneapolis, "Computability re
visited-an approach via the continuum," 5:15p.m. 
Thursday. 

There will be sessions for contributed ten
minute papers on Tuesday afternoon, Wednesday 
morning, early Wednesday afternoon, Thursday 
afternoon, and Friday afternoon. No provision 
will be made for late papers. Overhead projectors 
and screens will be provided, and each room has 
ample chalkboard space. 

The AMS Committee on Employment and 
Educational Policy (CEEP) will sponsor an open 
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meeting on the job market on Tuesday, August 24. 
at 8:30 p.m. in Convocation Hall. The meeting 
will consist of a brief report on the state of the 
job market, followed by an open discussion with 
comments and suggestions welcomed from the 
audience. Speakers will include Charles W. Cur
tis, Wendell H. Fleming (moderator), John W. 
Jewett, and John A. Nohel. Professor Jewett will 
report on the current survey of the mathematical 
profession by the Conference Board of the Mathe
matical Sciences. 

This meeting of the Society will be held in 
conjunction with the annual summer meetings of 
the Mathematical Association of America (August 
26-28), and Pi Mu Epsilon. Participants should 
note that the Society and Association are meeting 
in order opposite from the usual schedule for a 
summer meeting. The twenty-fourth series of 
Earle Raymond Hedrick Lectures, sponsored by 
the Association, will be given by Martin D. Davis 
of the Courant Institute of Mathematical Sciences, 
New York University. The title of his lecture 
series is "Some mathematical applications of 
logic." At the Business Meeting of the Associa
tion at 10:00 a.m. on Friday, August 27, the 
Lester R. Ford Awards will be presented, there 
will be a tribute to a distinguished Association 
member, and a gift to the Association will be 
announced. 

There will be a dinner at 6:30p.m. on Fri
day, August 27, for those who have been members 
of the Association for thirty years or more. The 
dinner will be followed by a short program with 
Carroll V. Newsom as toastmaster, and H. L. 
Alder, Burton W. Jones, Henry 0. Pollak, and 
G. Bailey Price as speakers. The dinner has been 
planned as a pleasant occasion which recalls the 
past services of the Association's senior mem
bers and their spouses, informs them about cur
rent activities and future plans, and will provide 
an opportunity for renewing friendships. Individ
uals who have been MAA members for thirty years 
or more and would like to attend this dinner will 
find tickets on sale at the Joint Meetings registra
tion desk until 5:00p.m. on Thursday. Tickets 
for the dinner are $8. 50 each, and spouses are in
vited. The ticket price includes sales tax and ser
vice charge. 

The J. Sutherland Frame Lecture will be de
livered to Pi Mu Epsilon by H. S.M. Coxeter on 
Wednesday, August 25, at 7:00p.m. Professor 
Coxeter will speak on "The Pappus configuration 
and its groups. " 

The Association for Women in Mathematics 
will hold a panel discussion on the "History of 
women in mathematics'' on Thursday, August 26, 
at noon. Lenore Blum will serve as m.oderator. 
Speakers will include Lida K. Barrett, Mary W. 
Gray, Linda Keen, Emiliana No ether, and Martha 
K. Smith. The panel discussion will be immediate
ly followed by AWM's Business Meeting. There 



Short Course on Mathematical Economics 
August 22-23, 1976 

The American Mathematical Society will 
present a one-and-one-half day short course on 
Mathematical Economics on Sunday and Monday, 
August 22 and 23, in Room 2135 of Sidney Smith 
Hall on the campus of the University of Toronto. 
The course will present an introduction to sev
eral problems (existence and computation of 
equilibria, structure and dependence on param
eters of the set of equilibria, game models and 
the theory of the core, dynamic economics) il
lustrating the application to economics of var
ious fields of mathematics (in particular, alge
braic topology, measure theory, and differential 
topology). It is intended to present both mathe
matically challenging aspects and their applica
tions in current economic theory. 

The program is under the direction of 
Gerard Debreu, Departments of Economics and 
Mathematics, University of California, Berke
ley, in cooperation with Hugo F. Sonnenschein, 
Department of Economics, Princeton University, 
as codirectors. This short course was recom
mended by the Society's Committee on Employ
ment and Educational Policy (CEEP), whose 
members are David Blackwell, Charles W. Cur
tis, Wendell H. Fleming (chairman), Martha K. 
Smith, and Daniel H. Wagner. 

The program will consist of six seventy
five minute lectures, as follows: Hugo F. Son
nenschein wlll speak on "Price formation: The 

will be an open meeting of the AWM Executive 
Committee at 5:30p.m. on Wednesday, August 25. 

The Council of the Conference Board of the 
Mathematical Sciences will meet on Friday, Au
gust 27, at 2:30 p.m. 

The Mathematicians Action Group will hold 
its Business Meeting on Tuesday, August 24, at 
7:00p.m., and a session on "Other mathematical 
models in economics" at 8:00p.m. on Thursday, 
August 26. Speakers will include Francis R. 
Buianouckas and Graciela Chichilnisky. 

Rooms 2050 and 2054 in Sidney Smith Hall 
<@on the map on page 23}1_ have been set aside 
as informal discussion rooms, and will be open 
daily from 8:00 a.m. to 10:00 p.m. for small 
groups desiring a quiet room with blackboard 
space to discuss mathematics. Room 2050 is 
available on a first-come, first-served basis; 
room 2054 is available for one-hour periods only, 
and must be reserved in advance. A reservation 
form will be posted on the door to room 2054 for 
individuals to sign up for use of this room. It is 
requested that discussion groups not be planned 
which conflict with the business meetings or 
major lectures. 

SPECIAL SESSIONS 

HENRY W. GOULD of West Virginia Univer
sity has organized a special session on Combina
torial identities. The speakers will be G. L. 
Alexanderson, Richard Askey, Leon Bernstein, 
L. Carlitz, Michael P. Drazin, J. S. Frame, 
M. L. Glasser, Henry W. Gould, Roger C. Grim
son, Andrew P. Guinand, Fredric T. Howard, 
Mourad Ismail, Ki Hang Kim, Clark Kimberling, 
S. G. Mohanty, Thomas J. Osler, Otto G. Ruehr, 
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theory of general economic equilibrium"; Wer
ner Hildenbrand, Department of Economics, 
University of Bonn, will speak on "Measure 
spaces of economic agents"; David Gale, Depart
ments of Economics and Mathematics, Univer
sity of California, Berkeley, and Center for Ad
vanced Study in the Behavioral Sciences, Stan
ford, California, will speak on "The role of pri
ces and interest rates in dynamic economics"; 
Andreu Mas-Colell, Departments of Mathemat
ics and Economics, University of California, 
Berkeley, will speak on "The theory of econom
ic equilibrium from the differentiable point of 
view"; Robert J. Aumann, Departments of Eco
nomics, Hebrew University and stanford Univer
sity, will speak on "Some game models in eco
nomics"; and Stephen Smale, Department of 
Mathematics, University of California, Berke
ley, will speak on "Computation and existence 
of Walras equilibria. " 

Summaries of these talks and accompanying 
reading lists appeared on pages A-405 through 
A-407 of the April issue of these c/VotiuJJ. 

This short course is open to all who wish 
to participate upon payment of the registration 
fee. This fee has been reduced for students 
and unemployed individuals, with a modest 
increase for other registrants. Please refer 
to the section entitled MEETING REGISTRA
TION for details. 

Stephen M. Tanny, and E. G. Whitehead, Jr. 
JOHN W. GRAY of the University of Ulinois at 
Urbana has organized a special session on 
Category theory. The speakers will be Robert 
Blackwell, John R. Isbell, William F. Keigher, 
J. Lambek, F. William Lawvere, Joan Wick 
Pelletier, Ross Street, J. W. Thatcher, Fried
rich illmer, Harvey Wolff, and Richard J. Wood. 
EDWARD J. MAYLAND, Jr., of York University 
has organized a special session on Knots and 3-
manifolds. The speakers will be Julian R. Eis
ner, Benny Evans, Deborah L. Goldsmith, 
Richard I. Hartley, John Hempel, Edward J. 
Mayland, Jr., Daniel R. McMillan, Jr., Dale 
Rolfsen, P. B. Shalen, Jonathan Simon, James 
M. Van Buskirk, and Wilbur Whitten. ZBIGNIEW 
H. NITECKI of Tufts University has organized a 
special session on Differentiable dynamical sys
tems. The speakers will be Louis Block, Robert 
L. Devaney, John E. Franke, John Mallet-Paret, 
Richard McGehee, James F. Belgrade, Ronald 
Sverdlove, and Yieh-Hei Wan. ANATOL RAPO
PORT of the University of Toronto has organized 
a special session on Mathematical psychology. 
The speakers will be J. Douglas Carroll, Pres
ton Hammer, Manfred Kochen, Joseph B. Krus
kal, Irwin D. Nahinsky, John Ogilvie, Paul H. 
Palmquist, P. V. Rao, and Anatol Rapoport. 
RAY C. SHIFLETT of California State University, 
Fullerton, has organized a special session on 
Doubly stochastic measures and their operators. 
The speakers will be Kenneth R. Berg, Robert M. 
Blumenthal, James R. Brown, Paul N. DeLand, 
Myron Goldstein, J. H. B. Kemperman, W.A.J. 
Luxemburg, M.M. Rao, JohnV.Ryff, T.L.Seethoff, 
and Norton Starr. JOSEPH R. SHOENFIELD of Duke 



University has organized a special session on 
Recursively enumerable sets and degrees. The 
speakers will be Keh-Hsun Chen, Robert A. Di 
Paola, Sy D. Friedman, Manuel Lerman, G. E. 
Sacks, Richard A. Shore, Stephen G. Simpson, 
and Robert Soare. W. T. TUTTE of the Univer
sity of Waterloo has organized a special session 
on Chromatic polynomials and related topics. 
The speakers will be Ruth A. Bari, Gerald Ber
man, H. S. M. Coxeter, A. Czerniakiewicz, 
Stephane Ftlldes, Wolfgang Haken, Dick Wick Hall, 
Paul C. Kainen, Bruce Richmond, and Michael 
R. Rolle. 

COUNCIL AND BUSINESS MEETING 

The Council of the Society will meet at 
2:00p.m. on Monday, August 23, in the Council 
Chamber in the Galbraith Building (@on the 
map on page 231). The Business Meeting of the 
Society will be held in Convocation Hall (@on 
the map) at 4:00p.m. on Wednesday, August 
25. The secretary notes the following resolution 
of the Council: Each person who attends a Busi
ness Meeting of the Society shall be willing and 
able to identify himself as a member of the So
ciety. In further explanation, it is noted that 
"each person who is to vote at a meeting is there
by identifying himself as and claiming to be a 
member of the American :Mathematical Society. " 

The Council recommends to the Business 
Meeting changes in the bylaws establishing a cate
gory of "foreign member." Certain individuals, 
the class to be defined precisely by the Council, 
may elect to be foreign members, with all pri
vileges accorded to ordinary members except 
the right to vote. The dues, as set by the Council 
with the approval of the Trustees, would not ex
ceed two-thirds of the dues of an ordinary member. 

The Council recommends to the Business 
Meeting that Article IV, Section 8, of the bylaws 
be deleted. 

These two paragraphs constitute the "notice 
of proposed action and of its general nature" as 
required by Article XIII of the bylaws. 

MEETING REGISTRATION 

Registration for the short course only will 
begin on Saturday, August 21. Lecture notes and 
other short course material will be distributed 
before the first session at the short course 
registration desk. Those individuals who did not 
preregister for the short course are strongly 
urged to register and pick up their material on 
Saturday evening so as not to miss the start of 
the lecture on Sunday morning. General meeting 
registration will commence on Monday, August 
23, at 2:00p.m. Participants who are not at
tending the short course are advised that no 
general meeting information or registration ma
terial will be available prior to the time listed 
below for the Joint Mathematics Meetings reg
istration. Upon arrival at the University of 
Toronto campus, participants should proceed 
directly to the dormitory to which they have been 
assigned in order to check into their accommo
dations before registering for the meetings. 
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The hours the registration desks will be·opcn are 
as follows: 

Mathematical Economics 
Short Course Registration 

Location Date and Time 
Saturday, August 21 
4:30 p.m.-7:30p.m. 

Hallway outside of room 
2135, Sidney Smith Hall 

(Saturday through Monday) 
Sunday, August 22 
8:00 a.m.-5:00p.m. 

Monday, August 23 
8:00 a.m.-noon 

Joint Mathematics Meetings Registration 

Date and Time Location 
Monday, August 23 Entrance lobby, Sidney 
2:00 p.m. -8:00 p.m. Smith Hall (Monday 

through Saturday) 
Tuesday, August 24 
8:00 a.m.-5:00p.m. 

Wednesday, August 25 to Friday, August 27 
8:30 a.m.-4:30p.m. 

Saturday, August 28 
8:30 a.m.-1:30 p.m. 

Meeting registration and preregistration 
fees partially cover expenses of holding the meet
ings. The preregistration fee does not represent 
an advance deposit for lodgings. 

Please note that separate registration fees 
are required for the short course and for the 
Joint Meetings. These fees are as follows: 

Mathematical Economics Short Course 

Members/Nonmembers 
Student or unemployed 
One day fee for second day 

At Meeting 

$20 
5 

10 

Joint Mathematics Meetings 

Member 
Student or unemployed 
Nonmember 

$15 
2 

24 

There will be no extra charge for members 
of the families of registered participants except 
that all professional mathematicians who wish to 
attend sessions must register independently. 

The unemployed status refers to any parti
cipant currently unemployed and actively seeking 
employment. It is not intended to include partici
pants who have voluntarily resigned or retired 
from their latest position. Students are considered 
to be only those currently working toward a de
gree who do not receive an annual compensation 
totaling more than $7, 000 from employment, fel
lowships, and scholarships. 

A fifty percent refund of preregistration 
fees will be made for all cancellations received 
in Providence prior to August 20. There will be 
no refunds granted for cancellations received af
ter that date or to persons who do not attend the 
meetings. 



MATHEMATICAL SCIENCES 
EMPLOYMENT REGISTER 

At last summer's meeting at Western Michi
gan University, an experimental variant of the 
Employment Register was operated (successfully) 
on a limited basis. No interviews were scheduled 
by the staff. Instead facilities were provided for 
applicants and employers to display resumes and 
job listings. Message boxes were set up for indi
viduals to leave messages for one another re
questing interviews. Tables and chairs were pro
vided in the room for interviews. 

It is planned to repeat this form of the Em
ployment Register at the University of Toronto. 
Employers are encouraged to attend the meetings 
and participate, if possible. Applicants should 
recognize that the MSER cannot guarantee that any 
employers will, in fact, attend the meeting or be 
able to participate in the Employment Register. 
The AMS-MAA-SlAM Committee on Employment 
Opportunities has, however, requested employers 
listing in the July and August 1976 issues of Em
ployment Information for Mathematicians to sig
nify in their listing their intention to participate 
in the Employment Register at the summer meet
ing. 

EXHIBITS 

The book and educational media exhibits will 
be displayed in Room 2096 of Sidney Smith Hall 
at the following times: August 24 (Tuesday), 1:00 
p.m. to 5:00p.m.; August 25 and 26 (Wednesday 
and Thursday), 8:30a.m. to 4:30p.m.; August 27 
(Friday), 8:30 a.m. to noon. All participants are 
encouraged to visit the exhibits sometime during 
the meeting. 

RESIDENCE HALL HOUSING 

Several residence hall facilities have been 
set aside for the use of participants in the Joint 
Mathematics Meetings and the Mathematical Eco
nomics Short Course. According to regulations 
set by the university's housing office, these fa
cilities are divided into sections for male parti
cipants only, female participants only, couples, 
families accompanied by children all of whom are 
ten years of age or oiTer, and families with any 
children under ten years of age. 

The rates quoted below are in Canadian 
funds, and are subject to a seven percent Provin
cial Sales Tax. These are now firm rates. 

Participants accompanied by children, all 
of whom are ten years of age or over will be 
assigned rooms in Wetmore Hall in New College 
and Whitney Hall in University College (@ and(i) 
respectively on the map on page 231. New Col
lege is air-conditioned; University College is not. 
Only one person may occupy a single room, and 
only two people may occupy a double room. Sleep
ing bags, cots, and cribs are not allowed. Fami
lies with more than two members will be assigned 
to adjacent rooms. Children will be charged the 
Student/Unemployed rate. Single rooms for male 
participants are in Wetmore Hall, New College; 
Sir Daniel Wilson Hall, and Whitney Hall, both in 
University College; and in Devonshire House (@ 
on the map). New College is air-conditioned; Uni
versity College and Devonshire House are not. 
Participants requesting air-conditioned rooms in 
this category should be aware of the fact that the 

number of these rooms available is extremely 
limited. Air-conditioned rooms in this category 
will be assigned on a first-come, first-served 
basis, and your confirmation will tell you whether 
you have been successful in obtaining an air-con
ditioned room. Double rooms for male partici
pants are in Wetmore Hall, New College; and 
Devonshire House. New College is air-conditioned; 
Devonshire House is not. Single and double rooms 
for female participants are in Wilson Hall, New 
College, and are air-conditioned. Double rooms 
for couples are in Wetmore Hall, New College; 
and Whitney Hall, University College. New Col
lege is air-conditioned; University College is not. 
Rates for all of the facilities mentioned above 
are: 

Students, Unemployed, and Children Age Ten or 
Over 

Single or Double 
$9/night per person* 
$8/night per person** 

All Other Participants not Accompanied by Any 
Children under Ten Years of Age 

~ 
$11/night* 
$10/night** 

Double 
$9/night per person* 
$8/night per person** 

*with air-conditioning 
**without air-conditioning 

Participants accompanied by any children 
under ten ears of a e will be assigned rooms in 
Victoria College ( K on the map). These rooms 
are not air-conditioned. Each room contains two 
beds. Children ten years of age or over must oc
cupy a bed and will be charged the appropriate 
rate (single or double). For children between the 
infant stage and nine years of age, cots without 
sides are available at $5 per cot per night. Chil
dren in this age bracket may also occupy a bed, 
but will be charged the same rate as an adult. 
For small infants, cribs with sides can be rented 
for a flat charge of $12, regardless of the number 
of nights required. Participants wishing to rent 
cribs with sides should write to Thomas H. Calla
han, Department of Mathematics, University of 
Toronto, Toronto, Ontario, Canada M5S 1A1, 
giving specific details as to the number of cribs 
required, arrival and departure dates. Please 
mark the outside of the envelope "CRIBS." No 
deposit is required. At most, one cot or crib 
will be permitted in a room (maximum room oc
cupancy is three persons). Participants with 
small children will be requested to sign a waiver 
on property damage, and are advised to bring 
plastic sheets. Light kitchen facilities are avail
able in the basement at Victoria College so that 
families accompanied by small children may pre
pare light meals, warm bottles, etc. Participants 
should bring their own cooking utensils. Rates 
at Victoria College are as follows: 

Cot 
$5,Tnight 

Rates at Victoria College 

Crib Single Double 
$12/flat $10/night* $8/night per* 
charge person 

*All participants (regardless of whether student 
or unemployed) including children ten years of 
age or over 
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Please note that payment in full for your 
dormitory accommodations must be made at the 
time of check-in in Canadian funds. Participants 
coming to the meeting from countries other than 
Canada are advised to exchange their currency 
for Canadian money either before they leave 
for the meetingorattheairport immediately upon 
arrival in Toronto, since clerks in the dormi
tories will not be ~J,Uthorized to accept U.S. funds 
in payment, nor to allow occupancy of the room 
for even the first night until a participant can have 
his or her money exchanged. There are several 
banks nearby which will exchange U.S. for Cana
dian funds. The Canadian Imperial Bank of Com
merce on the southwest side of Bloor and St. 
George streets is open from 10:00 a.m. to 4:30 
p.m. Monday through Tlmrsday, and from 10:00 
a.m. to 6:00p.m. on Friday. There is also a 
branch of the Bank of Montreal on the northwest 
corner of Bloor and St. George. No banks are 
open on Saturday or Sunday. 

Clerks will be at the check-in desks in the 
dormitories from 8:00a.m. until midnight~· 
Participants arriving after midnight will not be 
able to occupy their rooms until8:00 a.m. the 
next morning. Residence hall rooms may be oc
cupied from 8:00a.m. on Saturday, August 21, 
until10:00 a.m. on Saturday, August 28. Under no 
circumstances will participants be allowed to oc
cupy rooms past 10:00 a.m. on Saturday, since 
the university staff must begin at that time to 
prepare these rooms for students arriving the 
next week. Facilities for checking baggage will be 
available at the Joint Meetings Registration Desk. 

Pay telephones are located on each floor. 
Each dormitory has a fully equipped laundry room 
with coin-operated washers and dryers. Ironing 
facilities are also available. There are no private 
baths; generally speaking, there are two large 
bathroom facilities on each floor. Toilet paper 
and soap will be provided. Light kitchen facilities 
are available in some dormitories. Beds in all 
dormitories except Victoria College will be made 
daily, Monday through Friday; however, only one 
set of sheets and towels will be furnished for the 
meeting period. Pets are not allowed in the 
residence halls. 

To be assured of a room, participants should 
have registered in advance. 

The deadline for requests for dormitory 
accommodations was August 6. Participants who 
arrive in Toronto without having previously re
served a room in the residence halls are advised 
that porters in the halls cannot make room assign
ments. The university housing office has agreed 
to supply the Joint Mathematics Meetings regis
tration desk with a list of vacant rooms each 
morning; assignments to .these rooms, however, 
can be made only during the hours the registration 
desk is open (see page 228\for hours of operation). 
Participants without previously reserved rooms 
are advised to arrange to arrive in Toronto during 
the period the desk is in operation in order to se
cure a room assignment. 

HOTELS 

Blocks of rooms have been set aside for use 
by participants at the Park Plaza Hotel, the Hotel 
Plaza II, and the Chelsea Inn. Participants should 
make their own reservations with these hotels di
rectly, and should identify themselves as partici-
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pants in either the Mathematical Economies Short 
Course or the Joint Mathematics Meetings. Also 
listed below are several other hotels in the area 
of the campus. All prices are subject to change 
without notice and a seven percent Provincial 
Sales Tax. The extra person charge is for a roll
away cot. The age limit for children under which 
there is no charge, provided an extra cot is not 
required, is shown in parentheses. The following 
codes apply: FP- Free Parking; SP- Swimming 
Pool; AC - Air-Conditioned; TV - Television; 
CL - Cocktail Lounge; RT - Restaurant. The num
bers at the end of the first line correspond to the 
numbers on the maps on pages 231 and 232. 
Hotels numbered 3, 6, 7, 10, and 11 are within 
a ten-fifteen minute walk of the campus. Hotels 
number 4, 5, 8, 9, 12, 13, and 14 are within 
a twenty-thirty minute walk, or a short subway 
ride. 

HOLIDAY INN (Downtown)-@ 
89 Chestnut Street 
Single $33.50 Double $40.00 Twin $43.00 
Extra person (12 years) $6. 00 
Code: RT CL AC TV SP FP 
Telephone: 416-367-0707 

KING EDWARD SHERATON -@) 
37 King Street East 
Single $25.00 Double $28. 00 Twin $30.00 
Extra person (17 years) $6. 00 
Code: RT CL AC TV FP 
Telephone: 416-368-7474 
25% discount on rates for students and faculty of 
any university, upon proof of same. 

ROYAL YORK HOTEL-@ 
Front and York Streets at Union Station 
Single $32.00 Double $41. 00 
Extra person (14 years) $7. 00 
Code: RT CL AC TV; Parking $3.50 (24 hours) 
Telephone: 416-368-2511 

WINDSOR ARMS HOTEL -@ 
22 St. Thomas street at Bay and Bloor 
Single $24. 00 Twin $30. 00 
Extra person (12 years) $6.00 
Code: RT CL AC TV FP 
Telephone: 416-921-5141 

Y. M. C. A. (men only) -® 
40 College Street at Yonge 
Single $10. 00 Double $6. 36 per person per day. 
These prices include 7% sales tax. 

FOUR SEASONS MOTOR HOTEL -® 
415 Jarvis Street at Carlton 
Single $29. 00 Double $37.00 
Extra person (14 years) $6.00 
Code: RT CL AC TV SP FP 
Telephone: 416-924-6631 

LORD SIMCOE HOTEL -@ 
150 King Street West at University 
Single $19.00 Double $25.00 
Extra person (12 years) $6.00 
Code: RT CL AC TV SP FP (overnight) 
Telephone: 416-362-1848 
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Toronto 

Niagara Falls~? p-
82mL ./· r 

Buffalo ~ 
96 mi. 

Erie, PA 
201 mi. 

WESTBURY HOTEL - 6]) 
475 Yonge Street at College 
Single $29. 50 Double $36. 50 
Extra person (14 years) $7. 00 
Code: RT CL AC TV Parking $3. 50 (24 hours) 
Telephone: 416-924-0611 

SUTTON PLACE HOTEL -@ 
Bay at Wellesley Street 
Single $32. 50 Double $40. 50 
Extra per son (12 years) $8. 00 
Code: RT CL AC TV SP Parking $3. 00 (24 hours) 
Telephone: 416-924-9221 

PARK PLAZA HOTEL -@ 
Bloor at Avenue Road 
Single $35.00 Double $43. 00 
Extra person (14 years) $8. 00 
Code: RT CL AC TV Parking $3.00 (24 hours) 
Telephone: 416-924-5471 

HOTEL PLAZA II -@ 
Bloor at Yonge Street 
Single $37. 00 Double $44. 00 
Extra person (10 years) $5.00 
Code: RT CL AC TV Parking $3.75 (24 hours) 
Telephone: 416-961-8000 

CHELSEA INN - Q] 
Gerrard at Bay Street 
Single $22. 00 Double $27. 00 
Extra person (13 years) $5.00 
One Bedroom Suite with Kitchen: 

$47/day based on 2 adults and 2 children 
$54/day based on 4 adults 

Code: RT CL AC TV Parking $1. 75 (24 hours) 
Telephone: 416-595-1975 

~lontr!!al p 
--+ -

350 mi. ,-

®- ® HOTELS (see list) 

The following hotels are in the suburbs , and 
are within an hour's drive of the campus: 

CANADIANA MOTOR HOTEL -@ 
Kennedy Road and Highway 401 
Single $23. 00 Double $31. 00 
Extra person (12 years) $7.00 
Code: RT CL AC TV SP FP 
Telephone: 416-291-1171 

HOLIDAY INN WEST -@ 
Highway 427 at Burnhamthorpe 
Single $27.50 Double $32.50 Twin $37.00 
Extra person (12 years) $4.00 
Code: RT CL AC TV SP FP 
Telephone: 416-621-2121 

HOLIDAY INN EAST -@ 
Highway 401 at Warden Avenue 
Single $28.50 Double $33.50 Twin $38.00 
Extra person (12 years) $4.00 
Code: RT CL AC TV SP FP 
Telephone: 416-293-8170 

SKYLINE HOTEL-@ 
655 Dixon Road (near International Airport) 
Single $28,00 Double $34.00 
Extra person (12 years) $6. 00 
Code: RT CL AC TV SP FP 
Telephone: 416-244-1711 

THE CONSTELLATION HOTEL-@ 
900 Dixon Road (near International Airport) 
Single $32, 00 Double $40. 00 
E:l>.-tra person (16 years) $6.00 
Code: RT CL AC TV SP FP 
Telephone: 416-677-1500 
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INN ON THE PARK-@ 
Leslie and Eglinton East 
Single $32. 00 Double $37. 00 
Extra person (18 years) $6. 00 
Code: RT CL AC TV SP FP 
Telephone: 416-444-2561 

SEAWAY TOWERS MOTOR HOTEL-@ 
2000 Lakeshore Boulevard West 
Single $26. 00 Double $32. 00 
Extra person (12 years) $4. 00 
Code: RT CL AC TV SP FP (overnight) 
Telephone: 416-763-4521 

HOLIDAY INN YORKDALE - @J 
Dufferein Street at Highway 401 
Single $29.00 Double $35.00 Twin $38.00 
Extra person (12 years) $4. 00 
Code: RT CL AC TV SP FP 
Telephone: 416-789-5161 

FOOD SERVICES 

Two cafeterias will be in operation on cam
pus durin~he meetings. Wilson cafeteria in New 
College (@on the map on page 231 will be open 
for breakfast from 7:00a.m. to 8:30a.m., lunch 
from 11:30 a.m. to 1:30 p.m. , and dinner from 
5:30p.m. to 7:30p.m. throughout the meetings, 
beginning on Sunday, August 22, through Friday, 
August 27. New College cafeteria will be open for 
breakfast and lunch only on Saturday, August 28. 
The cafeteria in the Medical Sciences Building 
<@on the map) will be open from 7:30a.m. to4:00 
p.m. for breakfast and lunch, Monday through 
Friday. The average costs of meals in both these 
facilities are $1.70 breakfast; $2.60 lunch; $3.45 
dinner. Individual meal tickets or daily tickets 
($7. 75) will be on sale at the Joint Meetings Regis
tration Desk. Participants may also pay for meals 
on the spot; however, a slight saving may be rea
lized if tickets are purchased in advance. 

A snack bar, selling soup, sandwiches, 
beverages, light desserts, etc. will be operated 
in Room 5025 of Sidney Smith Hall, and will be 
open from 8:30a.m. to 3:30p.m. Monday through 
Friday. In addition, there are a number of catering 
trucks which park outside Sidney Smith Hall; pic
nic tables are provided. 

CAMPING 

There are no suitable camping sites located 
near the University of Toronto. Those persons 
wishing to camp should contact their local KOA 
office for the current issue of "Handbook and Di
rectory for Campers." 

BOOKSTORES 

There are three bookstores located on cam
pus. The University of Toronto Bookroom, located 
on King's College Circle <@on the map) and the 
University of Toronto Textbook Store, located on 
Huron Street (@on the map), are both open from 
8:45 a.m. to 4:30p.m., Monday through Friday. 
The Student Christian Movement Bookstore, lo
cated on the edge of campus at the southwest cor
ner of Bloor and St. George, is open 9:00 a.m. to 
6:00p.m. Monday through Friday, and 10:00 a.m. 
to 6:00p.m. on Saturday. 
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LIBRARIES 

The Mathematics Department Library, lo
cated on the second floor of Sidney Smith Hall, 
will be open from 9:00 a.m. to 9:00p.m. for the 
duration of the meetings. Information concerning 
books located in other libraries is available from 
the Department Library. The main collection of 
books is in the Science and Medicine Library, 
located on King's College Circle<® on the map). 
The Robarts Library <@on the map) houses the 
Humanities Collection. Summer hours for univer
sity libraries are 8:00 a.m. to 11:00 p.m., Mon
day through Friday, and 8:00 a.m. to 6:00p.m. 
on Saturday. The Metro Toronto Central Public 
Library is located at the southwest corner of St. 
George and College Streets, and has summer 
hours of 9:00 a.m. to 8:00 p.m. , Monday through 
Friday, and 9:00a.m. to 5:00p.m. Saturday. 

MEDICAL SERVICES 

The University Health Service <@on the map) 
is open from 9:00 a.m. to 4:30 p.m. daily for 
medical attention. Emergencies occurring during 
the evening or weekends can be handled at the 
Emergency Department of any of the local hospi
tals: Toronto General Hospital, College at Uni
versity; Women's College Hospital, 76 Grenville 
Street (College at Bay); The Hospital for Sick Child
ren, 555 University Avenue. In addition, the Aca
demy of Medicine can advise of local doctors who 
are on emergency call. Their telephone number is 
922-1134. Dental service can be arranged through 
the University Health Centre. 

DAY CARE CENTRES 

The Campus Cooperative will accept up to 
fourteen children. The cost there is $11 per day, 
plus two hours time donated by a parent. Inter
ested parties should write directly to Ms. Marilyn 
Wilcoxen, Campus Cooperative, 12 Sussex Avenue, 
Toronto, Canada, giving the dates they will uti
lize the Centre, and include a deposit equal to 
one day's fee. Margaret Fletcher Daycare Centre 
will accept up to fifteen children. The cost there 
is $11 per day, but no donated time is required 
of parents. Participants should write directly to 
Mrs. N. Lupton, Margaret Fletcher Daycare 
Centre, University of Toronto, to make reserva
tions, again giving dates. An $11 deposit is re
quired. 

N. B.: Day care is not available on weekends. 

ENTERTAINMENT 

The University of Toronto is planning en
tertainment for mathematicians and their families 
during the meetings. At 8:00p.m. on Wednesday, 
August 25, there will be an evening beer party 
in Wetmore Hall Cafeteria, New College. Tickets 
to this event will be sold in advance at the Joint 
Meetings Registration Desk. The price per ticket 
is $5. Light sandwiches and snacks will be served. 
During the week of the meeting, there will be 
many entertainment events in Toronto and vicinity. 
A number of theatres will be giving regular per
formances at this time. At Niagara-on-the-Lake 



there is a Shaw festival, and in Stratford, a 
Shakespeare festival. Both of these places are 
relatively close to Toronto and return transporta
tion for any evening is easy to arrange. In addi
tion to theatrical events, Toronto has a wide 
variety of musical activities in the summer. The 
Canadian National Exhibition will be in progress 
during the week of the meetings, and it is easily 
accessible from the university by public trans
portation. Tours can be arranged during the day
time to local places of interest such as the On
tario Science Centre, the McMichael Collection, 
and the large, new Metropolitan Zoo. Participants 
interested in these events should check with the 
Local Information section of the Joint Meetings 
Registration Desk. 

TRAVEL AND LOCAL INFORMATION 

Toronto is served by Air Canada, Allegheny, 
American, C. P. Air, Eastern, Great Lakes, 
Nordair, North Central, Quebecair, Transair, 
and United airlines to Toronto International Air
port. There are several ways of getting from the 
airport to campus: (1) There is bus service avail
able to the Islington subway station. From there, 
subway and surface transportation is available in
to the campus area. (2) The airport bus goes to 
the Royal York Hotel and the Sutton Place Hotel. 
The cost is about $2. 50. (3) Cab service from the 
airport costs up to $10 per cab. (4) There is also 
a limousine service which costs up to $12 per air
conditioned luxury car. 

Rail service to Toronto is by Canadian Na
tional and Canadian Pacific Railways, with good 
connections from Detroit, Buffalo, and Montreal. 
Limited access highways (#401, #427, and Queen 
Elizabeth Way) connect Toronto with Detroit, Buf
falo, Kingston, or Montreal. 

The Toronto Transit Commission, which 
operates the subway, buses, and streetcars in 
Toronto, requires passengers to pay fares in 
either exact change ($0. 50), or by prepurchased 
token ($0. 40). Tokens can be purchased at any 
subway station. 

Entering Canada is usually no problem for 
American citizens, and involves nothing more thar 
answering questions about where they were born, 
where they are going, and how long they will stay. 
To be assured of entry, however, it is advised 
that participants bring with them some proof of 
citizenship, such as a voter's, baptismal, or birth 
certificate. Permanent U. S. residents who are 
not citizens are required to bring their alien regis
tration receipt card (U.S. form 1-151). Entry re
quirements vary for people coming to Canada from 
countries other than the United States. As a gen
eral rule, the visitor should have a valid national 
passport. Passen ers arriving in Toronto by air 
should be aware that delays of up to one our may 
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be encountered in being processed through cus
toms at the arrport. 

PARKING 

Parking throughout the campus is extremely 
limited as the campus was not designed for motor 
traffic. Parking stickers for pay lots will be on sale 
at the Joint Meetings Registration Desk for $1. 50 
perday. There are also severalareas where on
street parking is free from 9:00 a.m. to 4:00 p.m. 
Maps indicating these parking areas will also be 
available at the Registration Desk. Participants, 
however, are urged to drive as little as possible 
between dormitories and the meeting area. 

WEATHER 

The normal daytime high temperature during 
this period is 79°F. Normal night-time low is 
61oF. Rainfall in August averages 2. 65 inches, 
with a 30 percent probability of precipitation each 
day. Humidity ranges from a daytime high of 67 
percent to a night-time low of 55 percent. The 
record high and low temperatures for August are 
102oF and 39oF, respectively. Light sweaters 
and jackets are advised for evening wear. Tem
peratures in Canada are now given in the Celsius 
scale, so the preceding temperatures would read: 
normal high 26°; normal low 16°; record high 
39°; record low 4°. 

MAIL AND TELEPHONE MESSAGES 

All mail and telegrams for persons attending 
the meetings should be addressed in care of 
Mathematics Meetings, Department of Mathemat
ics, University of Toronto, Toronto, Ontario, 
Canada M5S 1Al. Mail and telegrams so ad
dressed may be picked up at the Joint Meetings 
Registration Desk located in the entrance lobby of 
Sidney Smith Hall. 

A telephone message center will be located 
in the same area to receive incoming calls for 
registrants during the hours the desk is open, 
cf. the section entitled MEETING REGISTRA
TION, on a previous page. Messages will be 
written down, and the name of any participant 
for whom a message has been received will be 
posted until the message is picked up at the 
message center. The telephone number of the 
center is (416) 978-4856. 

LOCAL ARRANGEMENTS COMMITTEE 

David F. Andrews, Edward J. Barbeau, Jr., 
H. Botta, Thomas H. Callahan, Walter H. Gott
schalk (ex officio), Lee Lorch, Stephen J. Pierce, 
Paul G. Rooney (chairman), David P. Roselle 
(ex officio), Roderick A. Ross, James R. Van
stone, and Gordon L. Walker (ex officio). 



SATURDAY, August 21 

4:30 p.m. - 7:30 p.m. 

SUNDAY, August 22 

8:00 a.m. - 5:00p.m. 

9:00a.m. - 10:15 a.m. 

10:45 a.m. - noon 

2:00 p.m. - 3:15p.m. 

3:45p.m. - 5:00p.m. 

MONDAY, August 23 

8:00 a.m. - noon 

9:00a.m. - 10:15 a.m. 

10:45 a.m. - noon 

MONDAY, August 23 

2:00 p.m. - 8:00p.m. 

2:00 p.m. 

TUESDAY, August 24 

8:00 a.m. - 5:00p.m. 

9:00 a.m. - 10:00 a.m. 

11:00 a.m. - noon 

noon - 2:20p.m. 

1:00 p.m. - 3:15p.m. 

1:00 p.m. - 3:00 p.m. 

1:00 p.m. - 3:30p.m. 

1:00 p.m. - 5:00 p.m. 

1:30 p.m. - 2:30 p.m. 

2:45p.m. - 3:45p.m. 

TIMETABLE 

(Eastern Daylight Time) 

AMERICAN MATHEMATICAL SOCIETY 

SHORT COURSE ON MATHEMATICAL ECONOMICS 

2135 SIDNEY SMITH HALL 

REGISTRATION (Short Course Only) 

2135 SIDNEY SMITH HALL 

REGISTRATION (Short Course Only) 

Price formation: The theory of general economic equilibrium 
Hugo F. Sonnenschein 

Measure spaces of economic agents 
Werner Hildenbrand 

The role of prices and interest rates in dynamic economics 
David Gale 

The theory of economic equilibrium from the differentiable 
point of view 

Andreu Mas-Colell 

2135 SIDNEY SMITH HALL 

REGISTRATION (Short Course Only) 

Some game models in economics 
Robert J. Aumann 

Computation and existence of Walras equilibria 
Stephen Smale 

AMS - MAA SUMMER MEETINGS 

American Mathematical Society Other Organizations 

REGISTRATION- Entrance Lobby, Sidney Smith Hall 

COUNCIL MEETING 
Council Chamber, Galbraith Building 

AMS Other Organizations 

REGISTRATION - Entrance Lobby, Sidney Smith Hall 

COLLOQUIUM LECTURES: 
Recent progress in dynamical systems: 
Lecture I, A survey 

Jiirgen K. Moser, Convocation Hall 

BICENTENNIAL LECTURE: 
Maps between classifying spaces 

J. Frank Adams, Convocation Hall 

SPECIAL SESSIONS 

Chromatic polynomials and related topics I 
Room #159 Lash Miller Hall 

SESSIONS FOR CONTRffiUTED PAPERS 

Algebra I 
Room #1069 Sidney Smith Hall 

Applied Mathematics I 
Room #1071 Sidney Smith Hall 

General Topology 
Room #1083 Sidney Smith Hall 

EXHffiiTS - Room #2096 Sidney Smith Hall 

INVITED ADDRESS: ·-ly fi-' "-~ "' .. __ .,! ... j Eugenio Calabi, Convocation Hall 

INVITED ADDRESS: 
On the invariant subspace problem for Banach space 

Per Enflo, Convocation Hall 
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TIMETABLE 

TUESDAY, August 24 American Mathematical Society Other Organizations 

SPECIAL SESSIONS 

3:00 p.m. - 6:00 p.m. Combinatorial identities I 
Room 11159 Lash Miller Hall 

SESSIONS FOR CONTRIBUTED PAPERS 

3:00 p.m. - 5:15 p.m. Applied mathematics II 
Room 111071 Sidney Smith Hall 

3:15 p.m. - 5:45 p.m. Algebra II 
Room 111069 Sidney Smith Hall 

3:15p.m. - 5:00p.m. Manifolds 
Room 111085 Sidney Smith Hall 

4:00 p.m. - 5:00p.m. INVITED ADDRESS: 
Optimal reconstruction of a function from its projections 

Lawrence A. Shepp, Convocation Hall 

I 7:00 p.m. - 8:00 p.m. Mathematicians Action Group 
BUSINESS MEETING 

! 

Room 112135 Sidney Smith Hall 

8:30 p.m. - 10:00 p.m. Committee on Employment 
and Educational Policy 
OPEN MEETING: The state of the job market 

Charles W. Curtis 
Wendell H. Fleming (moderator) 
John W. Jewett 
John A. Nohel 

Convocation Hall 

WEDNESDAY, August 25 AMS Other Organizations 

8:30a.m. - 4:30 p.m. REGISTRATION- Entrance Lobby, Sidney Smith Hall 

8:30 a.m. - 4:30 p.m. EXHIBITS - Room 112096 Sidney Smith Hall 

8:30 a.m. - 4:30 p.m. EMPLOYMENT REGISTER- Room 112042 Sidney Smith Hall 

9:00a.m. - 4:00 p.m. Mathematical Association of America 
BOARD OF GOVERNORS 

Council Chamber, Galbraith Building 

9:00a.m. - 10:00 a.m. COLLOQUIUM LECTURES: 
Recent progress in dynamical systems: 

i Lecture II, Periodic orbits 
Jiirgen K. Moser, Convocation Hall 

SPECIAL SESSIONS 

10:00 a.m. - 1:00 .m. Chromatic ol nomials and related topics p p y tr 

10:15 a.m. -

10:15 a.m. -

10:15 a.m. -

10:15 a.m. -

10:15 a.m. -

10:30 a.m. -

noon -

12:30 p.m. -

1:30 p.m. -

noon 

12:45 p.m. 

11:30 a.m. 

noon 

11:30 a.m. 

12:30 p.m. 

1:00 p.m. 

3:00 p.m. 

4:00 p.m. 

Room 11159 Lash Miller Hall 

SESSIONS FOR CONTRIBUTED PAPERS 

General session 
Room 111072 Sidney Smith Hall 

Analysis I 
Room 111071 Sidney Smith Hall 

Foundations 
Room 111085 Sidney Smith Hall 

Number theory 
Room 111083 Sidney Smith Hall 

Probability 
Room 111069 Sidney Smith Hall 

SPECIAL SESSIONS 

Differentiable dynamical systems I 
Room 112118 Sidney Smith Hall 

SPECIAL SESSIONS 

Category theory I 
Room 11162 Lash Miller 

Differentiable dynamical systems II 
Room 112118 Sidney Smith Hall 

SESSIONS FOR CONTRIBUTED PAPERS 

1:30 p.m. - 2:45 p.m. Geometry 
Room 111085 Sidney Smith Hall 
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Pi :rJ.I:u Epsilon - Council Luncheon 
Wilson Hall Cafeteria, New College 



TlMETABLE 

WEDNESDAY, August 25 American Mathematical Society Other Organizations 

SESSIONS FOR CONTRIBUTED PAPERS 

1:30 p.m. - 3:15p.m. Analysis II 
Room #1071 Sidney Smith Hall 

1:30 p.m. - 3:45p.m. Functional analysis 
Room #1069 Sidney Smith Hall 

SPECIAL SESSIONS 

1:45 p.m. - 3:45p.m. Combinatorial identities II 
Room #159 Lash Miller Hall 

2:00p.m. - 4:00p.m. liME Contributed Paper Sessions 
Room #1072 Sidney Smith Hall 

4:00 p.m. BUSINESS MEETING 
Convocation Hall 

5:30 p.m. - 6:30p.m. Association for Women in Mathematics 
EXECUTIVE COMMITTEE- Open Meeting 

Room #2129 Sidney Smith Hall 

5:30p.m. - 6:30 p.m. liME - Informal Get-Together Dinner 
Wilson Hall Cafeteria, New College 

7:00 p.m. - 8:00p.m. TIME - J. SUTHERLAND FRAME LECTURE 
The Pappus configuration and its groups 

H. S. M. Coxeter, #2135 Sidney Smith Hall 

7:00 p.m. - 8:00 p.m. MAA- Committee on Two-Year Colleges 
INFORMAL MEETING: Mathematical education 
at the two-year college level 

Room #1069 Sidney Smith Hall 

8:00 p.m. BEER PARTY - Wetmore Hall Cafeteria, New College 

THURSDAY, August 26 AMS other Organizations 

8:00 a.m. - 9:00a.m. liME - Dutch Treat Breakfast 
Wilson Hall Cafeteria, New College 

8:30 a.m. - 4:30 p.m. REGISTRATION- Entrance Lobby, Sidney Smith Hall 

8:30 a.m. - 4:30 p.m. EXHIBITS - Room #2096 Sidney Smith Hall 

8:30 a.m. - 4:30 p.m. EMPLOYMENT REGISTER - Room #2042 Sidney Smith Hall 

Convocation Hall 

9:00 a.m. - 9:10 a.m. WELCOME ADDRESS 
G. DeB. Robinson 

9:10 a.m. - 10:00 a.m. MAA- THE EARLE RAYMOND HEDRICK 
LECTURES: Some mathematical applications 
of logic: Lecture I, Unsolvable problems 

Martin D. Davis 

10:10 a.m. - 11:00 a.m. MAA - INVITED ADDRESS: 
Stamp out math boredom 

N. G. Gunderson 

11:.1.0 a.m. - noon MAA - INVITED ADDRESS: 
Geometrical optics and the singing of whales 

Cathleen S. Morawetz 
SESSIONS FOR CONTRIBUTED PAPERS 

noon - l :00 p.m. Combinatorics I 
Room #1069 Sidney Smith Hall 

noon - 1:15 p.m. AWM- PANEL DISCUSSION: History of 
women in mathematics, Lenore Blum (moderat or) 

Room #2135 Sidney Smith Hall 

An overview 
Lida K. Barrett 

Sophie Germain 
Mary w. Gray 

Sonya Kovalevski 
Linda Keen 

Emmy Noether-Twentieth century mathe-
matician and woman 

Emiliana Noether 

Emmy Noether-Her work and influence 
Martha K. Smith 

AWM- BUSINESS MEETING 
Room #2135 Sidney Smith Hall 
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TIMETABLE 

THURSDAY, August 26 American Mathematical Society 

1:30 p.m. - 2:30p.m. COLLOQUIUM LECTURES: 1 
Recent progress in dynamical systems: 
Lecture III, Integrable Hamiltonian systems 

Jtirgen K. Moser, Convocation Hall 

SPECIAL SESSIONS 

2:30 p.m. - 5:30 p.m. Combinatorial identities III 
Room #159 Lash Miller Hall 

Other Organizations 

2:30p.m. - 6:00p.m. Doubly stochastic measures and their operators I 
Room #2118 Sidney Smith Hall 

2:30 p.m. - 6:00 p.m. Knots and 3-manifolds I 
Room #2117 Sidney Smith Hall 

2:30 p.m. - 5:30 p.m. 

2:45 p.m. - 3:45 p.m. INVITED ADDRESS: 
Determining the finite simple groups 

Michael Aschbacher, Convocation Hall 

SESSIONS FOR CONTRIBUTED PAPERS 

2:45 p.m. - 4:30 p.m. Analysis ITI 
Room #1071 Sidney Smith Hall 

2:45 p.m. - 4:30 p.m. Differential equations 
Room #1069 Sidney Smith Hall 

SPECIAL SESSIONS 

3:00 p.m. - 6:00 p.m. Category theory II 
Room #162 Lash Miller Hall 

3:00 p.m. - 5:25 p.m. Mathematical psychology I 
Room #2102 Sidney Smith Hall 

Convocation ·Hall 

4:00 p.m. - 5:00 p.m. INVITED ADDRESS: 

liME Contributed Paper Sessions 
Room #1072 Sidney Smith Hall 

Principles and practice of nonstandard analysis 
Edward Nelson 

5:15p.m. - 6:15p.m. INVITED ADDRESS: 

7:00p.m. - 9:48 p.m. 

7:00 p.m. - 8:01p.m. 

8:05 p.m. - 9:00 p.m. 

9:05 p.m. - 9:48 p.m. 

7:00 p.m. - 10:00 p.m. 

8:00p.m. - 10:00 p.m. 

FRIDAY, August 27 

8:30 a.m. - noon 

8:30 a.m. - 4:30 p.m. 

8:30 a.m. - 4:30 p.m. 

9:00 a.m. - 9:50 a.m. 

Computability revisited-an approach via the continuum 
Marian Boykan Pour-El 

AMS 

MAA - FILM PROGRAM 
Faculty of Education Auditorium 

All films are from the MAA Mathematics Today 
Series; unless noted otherwise, all films are 
in color 

Let us teach guessing 

Challenge in the classroom 

Gottingen and New York 

MAA - SECTION OFFICERS 
Council Chamber, Galbraith Building 

MAG - SESSION: Other mathematical 
models in economics 

Francis R. Buianouckas 
Graciela Chichilnisky 

Room #2135 Sidney Smith Hall 

other Organizations 

EXHIBITS - Room #2096 Sidney Smith Hall 

REGISTRATION- Entrance Lobby, Sidney Smith Hall 

EMPLOYMENT REGISTER - Room #2042 Sidney Smith Hall 
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Convocation Hall 

MAA- THE EARL RAYMOND HEDRICK 
LECTURES: Some mathematical applications 
of logic: Lecture II, Diophantine sets 

Martin D. Davis 



TIMETABLE 

FRIDAY, August 27 American Mathematical Society 

10:00 a.m. - 10:50 a.m. 

11:00 a.m. - 11:50 a.m. 

SESSIONS FOR CONTRIBUTED PAPERS 

noon - 1:00 p.m. Combinatorics II 
Room #1069 Sidney Smith Hall 

SPECIAL SESSIONS 

12:10 p.m. - 1:10 p. m. Recursively enumerable sets and degrees I 
Room #2135 Sidney Smith Hall 

1:30 p.m. - 2:30 p.m. COLLOQUIUM LECTURES: 

2:30 p.m. - 5:20 p.m. 

2:30 p.m. - 6:00 p.m. 

Recent progress in dynamical systems: 
Lecture IV, Unstable phenomena and the 
n-body problem 

Jiirgen K. Moser, Convocation Hall 

SPECIAL SESSIONS 

Combinatorial identities IV 
Room ifl59 Lash Miller Hall 

Knots and 3-manifolds II 
Room #2117 Sidney Smith Hall 

Other Organizations 

Convocation Hall 

MAA - BUSINESS MEETING 
Presentation of Lester R. Ford Awards and 
Tribute to a distinguished Association member 

MAA - RETffiiNG PRESIDENTIAL ADDRESS 
Convergence, divergence, and the computer 

Ralph P. Boas 

2:30 p.m. - 6:20 p.m. Doubly stochastic measures and their operators II 
Room #2118 Sidney Smith Hall 

2:30 p.m. - 6:00 p.m. 

SESSIONS FOR CONTRIBUTED PAPERS 

Conference Board of the Mathematical Sciences 
COUNCIL MEETING 

Council Chamber, Galbraith Building 

2:45 p.m. - -±:30 p.m. Complex Analysis 

3:00 p.m. - 6:00p.m. 

3:00 p.m. - 6:00 p.m. 

3:00 p.m. - 5:30 p.m. 

6:30 p.m. - 9:00p.m. 

7:00 p.m. - 10:03 p.m. 

7:00 p.m. - 7:48 p.m. 

7:55 p.m. - 8:55 p.m. 

9:00 p.m. - 10:03 p.m. 

8:00 p.m. - 10:30 p.m. 

SATURDAY, August 28 

8:30 a.m. - 1:30 p.m. 

9:00 a.m. - 9:50 a.m. 

10:00 a.m. - 10:50 a.m. 

Room ifl069 Sidney Smith Hall 

SPECIAL SESSIONS 

Recursively enumerable sets and degrees I 
Room i/2135 Sidney Smith Hall 

Category theory III 
Room i/162 Lash Miller Hall 

Mathematical psychology II 
Room i/2102 Sidney Smith Hall 

MAA - Banquet for 30 year members 
Wetmore Hall Cafeteria, New College 

MAA - FILM PROGRAM 
Faculty of Education Auditorium 

All films are from the MAA Mathematics Today 
Series; unless noted otherwise, all films are 
in color 

Pits, peaks, and passes 

Fixed points 

John Von Neumann, A documentary (b & w) 

CBMS - COUNCIL MEETING 
Council Chamber, Galbraith Building 

Mathematical Association of America 

REGISTRATION- Entrance Lobby, Sidney Smith Hall 

Convocation Hall 
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THE EARLE RAYMOND HEDRICK LECTURES: 
Some mathematical applications of logic: 
Lecture III, Nonstandard analysis 

Martin D. Davis 

INVITED ADDRESS 
Mathematics of genetics and evolution 

Samuel Karlin 



TIMETABLE 

SATURDAY, August 28 

11:00 a.m. - 11:50 a.m. 

1:30 p.m. - 2:20 p.m. 

2:30 p.m. - 3:20 p.m. 

3:30 p.m. - 4:20 p.m. 
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Mathematical Association of America 

Convocation Hall 

INVITED ADDRESS 
Geometrical models 

H. s. M. Coxeter 

INVITED ADDRESS 
The role of mathematics in the design of an 
x-ray Tomographic Human Body Scanner 

Lawrence A. Shepp 

INVITED ADDRESS 
J. C. Fields, the Fields Medal, and mathe
matical research 

HenryS. Tropp 

INVITED ADDRESS 
Modern algebraic approach to combinatorial 
designs 

N. S. Mendelsohn 



PROGRAM OF THE SESSIONS 

SHORT COURSE ON MATHEMATICAL ECONOMICS 

All Sessions in Room 2135 Sidney Smith Hall, University of Toronto 

SUNDAY, August 22, 9:00 a.m.-5:00p.m. 

9:00a.m. -10:15 a.m. Price formation: The theory of general economic equilibrium. HUGO F. 
SONNENSCHEIN, Princeton University 

10:45 a.m. -noon Measure spaces of economic agents. WERNER HILDENBRAND, University 
of Bonn 

2:00p.m.- 3:15p.m. The role of prices and interest rates in dynamic economics. DAVID GALE, 
University of California, Berkeley, and Center for Advanced Study in the 
Behavioral Sciences, Stanford 

3:45p.m.- 5:00p.m. The theory of economic equilibrium from the differentiable point of view. 
ANDREU MAS-COLELL, University of California, Berkeley 

MONDAY, August 23, 9:00 a.m.-noon 

9:00 a.m.-10:15 a.m. Some game models in economics. ROBERT J. AUMANN, Hebrew University 
and Stanford University 

10:45 a.m. -noon Computation and existence of Walras equilibria. STEPHEN SMALE, Univer
sity of California, Berkeley 

IEIIEIIEIIEI THE EIGHTIETH SUMMER MEETING ssss 

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 ses
sions. To maintain the schedule, the time limits will be strictly enforced. 

TUESDAY, 9:00 A. M. 

Colloquium Lectures: Lecture I, Convocation Hall 
(1) Recent progress in dynamical systems: A survey. Professor JURGEN K. MOSER, 

Courant Institute, New York University 

TUESDAY, 11:00 A. M. 

Bicentennial Lecture, Convocation Hall 
(2) Maps between classifying spaces. Professor J. FRANK ADAMS, University of 

Cambridge, England (737-55-3) 

TUESDAY, 12:00 Noon 

Special Session on Chromatic Polynomials and Related Topics I, 159 Lash Miller Hall 
12:00-12:20 (3) Chromatic equivalence and constrained polynomials. Preliminary report. Profes

sor RUTH A. BARI, George Washington University (737-05-19) 

12:30-12:50 (4) The dichromate and orientations of a graph. Professor GERALD BERMAN, Uni
versity of Waterloo (737-05-12) 

1:00- 1:20 (5) The asymptotic behaviour of certain chromatic sums. Preliminary report. BRUCE 
RICHMOND, University of Waterloo (737-05-7) 

1:30-1:50 (6) Theregularityofthegraphs {6,3}b,c· ProfessorH. S.M. COXETER, University 
of Toronto 

2:00- 2:20 (7) Informal Session 

TUESDAY, 1:00 P. M. 

Session on Algebra I, 1069 Sidney Smith Hall 
1:00- 1:10 (8) Counting permutation polynomials in n indeterminates over GF(q). Preliminary 

report. Dr. R. G. Van Meter, State University of New York, College at Oneonta 
(737-12-2) 

1:15- 1:25 (9) Geometric characterizations of lattice orders on fields. Preliminary report. 
Dr. ROBERT ROSS WILSON, California State University, Long Beach (737-12-3) 

1:30- 1:40 (10) Normed fields and topological fields which are not copies of C. GERHARD F. 
KOHLMAYR, Mathmodel Consulting Bureau, Glastonbury, Connecticut (737-12-4) 

1:45- 1:55 (11) Finitely generated projective ideals in commutative rings. Dr. ADIL G. NAOUM, 
University of Baghdad, Iraq (737-13-1) 

2:00- 2:10 (12) Sweedler•s two-cocycles and a theorem of Rosenberg and Zelinsky. Preliminary 
report. Mr. DAVE RIFFELMACHER, Cornell University (737-16-1) 

*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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2:15- 2:25 (13} Rationally complete ring extensions. Preliminary report. Mr. JOHN LAWRENCE, 
University of Chicago (737-16-2) 

2:30- 2:40 (14} S-ideals of a matrix ring. Preliminary report. Dr. H. ZAND, Free University of 
Iran, Tehran (737-16-3} (Introduced by Mr. M. Razzaghi} 

2:45- 2:55 (15} Certain generalizations of Boolean rings. Professor HAL G. MOORE*, Brigham 
Young University, and Professor ADIL YAQUB, University of California, Santa 
Barbara (737-16-4} 

3:00- 3:10 (16) Stem kernels. Preliminary report. Professor BRUCE CONRAD, Temple Univer
sity (737-18-11) 

TUESDAY, 1:00 P. M. 

Session on Applied Mathematics I, 1071 Sidney Smith Hall 
1:00- 1:10 (17} Periodic solutions of finite difference approximations. Professor MARTIN BRAUN* 

and Professor JOSEPH HERSHENOV, City University of New York, Queens Col
lege (737-65-1} 

1:15- 1:25 (18) 

1:30- 1:40 (19) 

1:45- 1:55 (20} 

2:00- 2:10 (21) 

2:15- 2:25 (22) 

2:30- 2:40 (23} 

2:45- 2:55 (24} 

A new form of trigonometric orthogonality and Gaussian-type quadrature. 
Dr. HERBERT E. SALZER, Brooklyn, New York (737-65-2} 

An o(h4} finite difference analogue for the numerical solution of some differential 
equations occurring in plate deflection theory. Dr. RIAZ A. USMANI, University 
of Manitoba (737-65-3) (Introduced by Professor F. M. Arscott} 

A perturbed eigenanalysis approach to effectiveness indices. Preliminary report. 
Dr. DANIEL A. NUSSBAUM, U. S. Army Concepts Analysis Agency, Bethesda, 
Maryland (737-65-4} 

Analytical vs. implicit numerical solutions of certain time-dependent fluid flow 
problems. Dr. S. K. DEY, Eastern Illinois University (737-76-1} 

A family of free streamline problems with no external forces. VURYL J. KLASSEN, 
California State University, Fullerton (737-76-2} 

A maximum principle for compressible flows on manifolds. Professor ROBERT J. 
SIBNER, City University of New York, Brooklyn College (737-76-3} 

A model of thermal response to radiation. Preliminary report. DAVID K. COHOON, 
School of Aerospace Medicine, San Antonio, Texas (737-80-1) 

TUESDAY, 1:00 P. M. 

Session on General Topology, 1083 Sidney Smith Hall 
1:00- 1:10 (25} Hereditarily indecomposable tree-like continua. Professor W. T. INGRAM, Uni-

1:15- 1:25 (26} 

1:30- 1:40 (27} 

1:45- 1:55 (28) 

2:00- 2:10 (29} 

2:15- 2:25 (30} 

2:30- 2:40 (31) 

2:45- 2:55 (32} 

3:00- 3:10 (33) 

3:15- 3:25 (34} 

versity of Houston (737-54-2} 

On u-connected spaces. Mr. ELSAYED A. ABO-ZEID, University of Saskatchewan 
(737-54-1} 

A note on preparacompactness. Preliminary report. Professor J. C. SMITH, Vir
ginia Polytechnic Institute and State University (737-54-3} 

Some hyperspace uniformities. Preliminary report. Dr. ROBERT A. HOVIS, Ohio 
Northern University (737-54-4} 

Stratifiable kR-space which is not k-space. Professor CARLOS R. BORGES, Uni
versity of California, Davis (737-54-5} 

A nonstandard characterization of perfect·mappings. Dr. ROBERT WARREN BUT
TON, Southern Illinois University (737-54-6) 

Notes on Z-embedding. Preliminary report. C. E. AULL, Virginia Polytechnic 
Institute and State University (737-54-7) 

Compactness in fuzzy topological spaces. T. E. GANTNER, R. C. STEINLAGE, 
University of Dayton, and R. H. WARREN*, Air Force Flight Dynamics Labora
tory, Wright-Patterson AFB, Ohio (737-54-8} 

A mapping theorem basic to open mapping theory. Professor HOWARD H. WICKE, 
Ohio University (737-54-9} 

Weak forms of compactness and B-completeness in topological groups. Dr. D. L. 
GRANT, College of Cape Breton (737-22-1} 

TUESDAY, 1:30 P. M. 

Invited Address, Convocation Hall 
(35) Nearly flat triangulations of Riemannian manifolds. Professor EUGENIO CALABI, 

University of Pennsylvania (737-53-4} 
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TUESDAY, 2:45 P. M. 

Invited Address, Convocation Hall 
(36) On the invariant subspace problem for Banach spaces. PER ENFLO, University of 

Stockholm, Sweden 

TUESDAY, 3:00 P. M. 

Special Session on Combinatorial Identities I, 159 Lash Miller Hall 
3:00- 3:20 (37) An overview of combinatorial identities. Professor H. W. GOULD, West Virginia 

University (737-05-22) 

3:30- 3:50 (38) Some combinatorial formulas extending theorems of Steiner and Roberts on arrange
ments in Ed. Preliminary report. Professors G. L. ALEXANDERSON*, Univer
sity of Santa Clara, and John E. WETZEL, University of lllinois at Urbana-Cham
paign (737-50-3) 

4:00- 4:20 (39) Quadratic transformations of hypergeometric series. Professor RICHARD ASKEY, 
University of Wisconsin, and Professor MOURAD ISMAIL*, McMaster University 
(737-33-3) 

4:30- 4:50 (40) On a unimodal sequence of binomial coefficients. II. Preliminary report. Profes
sor STEPHEN M. TANNY*, University of Toronto, and Dr. MICHAEL ZUKER, 
National Research Council, Ottawa, Canada (737-05-13) 

5:00- 5:20 (41) SUms associated with containment relations among intervals. Professor CLARK 
KIMBERLING, University of Evansville (737-05-16) 

5:30- 5:50 (42) Units in algebraic number fields and combinatorial identities. Professor LEON 
BERNSTEIN, illinois Institute of Technology (737-05-6) 

TUESDAY, 3:00 P. M. 

Session on Applied Mathematics II, 1071 Sidney Smith Hall 
3:00- 3:10 (43) On the approximation of Wiener-Feynman integrals. Preliminary report. 

3:15- 3:25 (44) 

3:30- 3:40 (45) 

3:45- 3:55 (46) 

4:00- 4:10 (47) 

4:15- 4:25 (48) 

4:30- 4:40 (49) 

4:45- 4:55 (50) 

5:00- 5:10 (51) 

Dr. LEONARD J. GRAY*, Union Carbide Corporation, Oak Ridge, Tennessee, and 
Dr. THEODORE KAPLAN, Oak Ridge National Laboratory, Tennessee (737-81-1) 

Convergence of the Feynman path integral. Professor RICHARD H. BURKHART, 
University of North Carolina (737-81-2) 

Higher spin states in the stochastic mechanics of the Bopp-Haag spin model. 
Preliminary report. Professor THAD DANKEL, Jr., University of North Carolina, 
Wilmington (737-81-3) 

Some examples of incomplete space-times. Professor JOHN K. BEEM, University 
of Missouri, Columbia (737-83-1) 

Mean curvature of gravitational fields, Professor KISHORE B. MARA THE, 
Brooklyn College (737-83-2) 

Existence of two Killing vector fields on the space-time of general relativity. 
Preliminary report. Dr. K. L. DUGGAL, University of Windsor (737-83-3) 

The exponential smoothing model, theory and application. Preliminary report. 
Mr. I. STEPHAN SIMS, Memphis State University (737-90-1) (Introduced by Ralph 
J. Faudree) 

Convolution-regular spaces of vector-valued distributions. Preliminary report. 
Dr. V. K. BALAKRISHNAN, University of Maine (737-93-1) 

The existence of odd group codes for the Gaussian channel. Preliminary report. 
Professors J. K. KARLOF* and CHARLES P. DOWNEY, University of Nebraska 
at Omaha (737-94-1) 

TUESDAY, 3:15 P. M. 

Session on Algebra II, 1069 Sidney Smith Hall 
3:15- 3:25 (52) Purity and copurity in systems of linear transformations. Professor FRANK 

ZORZITTO, University of Waterloo (737-15-1) (Introduced by U. Fixman) 

3:30- 3:40 (53) Solutions of the algebraic Ricatti matrix equation. Preliminary report. J. JONES, 
Jr.*, J. LEUTHAUSER, Air Force Institute of Technology, and R. GRESSING, 
Air Force Flight Dynamics Laboratory, WPAFB, Ohio (737-15-2) 

3:45- 3:55 (54) On the class of M'-matrices with a given singular graph. Preliminary report. 
Dr. DANIEL J. RICHMAN, University of Wisconsin (737-15-4) 

4:00- 4:10 (55) Noneigenvalue solution to a set of linear homogeneous equations. Preliminary re
port. Mr. HERBERT N. COHEN, U. S. Army Concepts Analysis Agency, Bethesda, 
Maryland (737-15-5) (Introduced by Dr. Robert M. Thrall) 
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4:15- 4:25 (56) Some couterexamples for infinite dimensional Lie algebras. Professor GARY E. 
STEVENS, Hartwick College (737-17-1) 

4:30- 4:40 (57) Riemann surfaces over regular maps. Preliminary report. Mr. STEPHEN E. 
WILSON, University of Washington (737-20-3) 

4:45- 4:55 (58) The commutator calculus applied to nilpotent products of cyclic groups. Professor 
A. M. GAGLIONE, City University of New York, City College (737-20-2) 

5:00- 5:10 (59) Locally free groups and direct limits of CW-complexes. Preliminary report. 
Professor BENJAMIN FINE* and Professor GEORGE E. LANG, Jr. , Fairfield 
University (737-20-4) 

5:15- 5:25 (60) Some asymptotic formulas in group theory. M. RAM MURTY* and V. h.'1JMAR 
MURTY, Carleton University (737-20-6) 

5:30- 5:40 (61) 1] -simple reflective semigroups. G. THOMAS, University of Western Ontario 
(737-20-5) 

TUESDAY, 3:15 P. M. 

Session on Manifolds, 1085 Sidney Smith Hall 
3:15- 3:25 (62) Lifts and prolongations of connections. Preliminary report. Dr. JURAJ VIRSIK, 

Monash University, Clayton, Australia and University of California, Berkeley 
(737-53-2) 

3:30- 3:40 (63) 

3:45- 3:55 (64) 

4:00- 4:10 (65) 

4:15- 4:25 (66) 

4:30- 4:40 (67) 

On the infinitesimal action of a Lie group on vector bundles. Preliminary report. 
Dr. YVETTE KOSMANN-SCHWARZBACH, Universite de Lille I, France, and 
Brooklyn, New York (737-53-3) 

Relations among characteristic classes. II. Preliminary report. Professor STAV
ROS G. PAPASTAVRIDIS, University of Athens, Greece (737-55-4) 

Relations between the Alexander polynomial and summit power of a closed braid. 
Preliminary report. Dr. MARK E. KIDWELL, Yale University (737-55-9) 

Tn-actions on simply connectied (n + 2)-manifolds. Preliminary report. Professor 
DENNIS McGAVRAN, University of Connecticut, Waterbury (737-57-1) 

On certain problems connected with the homeomorphisms which satisfy the Poin
care recurrence theorem. Professor CHUNG-WU HO, Southern illinois University 
(737-58-1) 

4:45- 4:55 (68) The homology of literary schema. Professor VINCENT 0. McBRIEN, College of 
the Holy Cross (737-55-1) 

TUESDAY, 4:00 P. M. 

Invited Address, Convocation Hall 
(69) Optimal reconstruction of a function from its projections. Dr. L. A. SHEPP, Bell 

Laboratories, Murray Hill, New Jersey (737-26-1) 

TUESDAY, 8:30 P. M. 

Open Meeting: The state of the job market, Convocation Hall 
Professor WENDELL H. FLEMING, Brown University (Moderator) 

WEDNESDAY, 9:00 A. M. 

Colloquium Lectures: Lecture II, Convocation Hall 
(70) Recent progress in dynamical systems: Periodic orbits. Professor JURGEN K. 

MOSER, Courant Institute, New York University 

WEDNESDAY, 10:00 A. M. 

Special Session on Chromatic Polynomials and Related Topics II, 159 Lash Miller Hall 
10~00-10:20 (71) Why is the four-color problem difficult? Preliminary report. Professor WOLF-

10:30-10:50 (72) 

11:00-11:20 (73) 

11:30-11:50 (74) 

12:00-12:20 (75) 

12:30-12:50 (76) 

GANG HAKEN, University of lllinois (737-05-24) 

Constrained chromials. Preliminary report. Professor DICK WICK HALL, State 
University of New York at Binghamton (737-05-8) 

Higher Euler invariants. Preliminary report. Professor PAUL C. KAINEN* and 
Mr. MARK THIEL, Case Western Reserve University (737-05-30) 

On the chromatic polynomial and the rotor effect. Mr. STEPHANE FOLDES, De
partment of Combinatorics and Optimization, University of Waterloo (737-05-32) 
(Introduced by Professor W. T. Tutte) 

Counting monochromatic paths and stars. Professor A. CZERNIAKIEWICZ, City 
University of New York, Queens College (737-05-3) 

General solutions for free chromatic polynomials on the plane. Mr. MICHAEL R. 
ROLLE, Department of Combinatorics and Optimization, University of Waterloo 
(737-05-31) (Introduced by W. T. Tutte) 
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WEDNESDAY, 10:15 A. M. 

General Session, 1072 Sidney Smith Hall 
10:15-10:25 (77) A graph-theoretical generalization of a Cantor theorem. SIEMION FAJTLOWICZ, 

10:30-10:40 (78) 

10:45-10:55 (79) 

11:00-11:10 (80) 

11:15-11:25 (81) 

11:30-11:40 (82) 

University of Houston (737-04-1) 

On a problem of Peter Fenton and the distance set of the Cantor set. Dr. BENJA
MIN LEPSON, U. S. Naval Research Laboratory, Washington, D.C. (737-04-2) 

Planar sublattices of a free lattice. Dr. IVAN RIVAL and Mr. BILL SANDS*, 
University of Calgary (737-06-1) 

Inducive Boolean algebras and special prime ideals. Professor ALEXANDER ABIAN, 
Iowa State University (737-06-2) 

Representation theorems for varieties generated by single precomplete algebras. 
R. ARTHUR KNOEBEL, New Mexico State University (737-08-1) 

Categories for the beginning mathematician. JOSEPH C. BODENRADER and 
WILLIAM E. HARTNETT*, State University of New York, College at Plattsburgh 
(737-98-1) 

11:45-11:55 (83) Women mathematicians: Why so few? Professor EDITH H. LUCHINS, Rensselaer 
Polytechnic Institute (737-99-1) 

WEDNESDAY, 10:15 A. M. 

Session on Analysis I, 1071 Sidney Smith Hall 
10:15-10:25 (84) Uniqueness in the theory of variational inequalities. Professor GILBERT STRANG, 

10:30-10:40 (85) 

10:45-10:55 (86) 

11:00-11:10 (87) 

11:15-11:25 (88) 

11:30-11:40 (89) 

11:45-11:55 (90) 

12:00-12:10 (91) 

12:15-12:25 (92) 

12:30-12:40 (93) 

Massachusetts Institute of Technology (737-47-4) 

Transformation of differentiable functions. Dr. RICHARD FLEISSNER, University 
of Wisconsin, Milwaukee, and Professor JAMES FORAN*, University of Missouri, 
Kansas City (737-26-2) 

Scalar Radon-Nikodym derivative for an H*-algebra valued measure. Professor 
PARFENY P. SAWOROTNOW, Catholic University of America (737-28-1) 

Extension of a continuous strongly additive group-valued set function. GEOFFREY 
FOX and PEDRO MORALES*, Universite de Montreal (737-28-4) 

Existence of solutions with interior zeros of nonlinear Sturm-Liouville problems. 
Professor WILLIAM R. DERRICK, University of Montana (737-39-1) 

On unconditional section boundedness in sequence spaces. JOHN J. SEMBER, 
Simon Fraser University (737-40-1) 

Algorithms for rational approximations for a confluent hypergeometric function. II. 
Professor YUDELL L. LUKE, University of Missouri, Kansas City (737-41-1) 

On the existence of a class of best nonlinear approximations in Hilbert spaces. 
Preliminary report. Dr. NIRA RICHTER-DYN, Tel Aviv University, Israel 
(737-41-3) (Introduced by Ghandour Edmond) 

On a family of approximation operators. Dr. MOURAD E. H. ISMAIL, McMaster 
University, and Dr. C, PING MAY*, University of Toronto (737-41-4) 

On the degree of approximation by monotone polynomials. Professor VASANT A. 
UBHAYA, Case Western Reserve University (737-41-5) 

WEDNESDAY, 10:15 A. M. 

Session on Foundations, 1085 Sidney Smith Hall 
10:15-10:25 (94) Foundations of recursively presented models. Preliminary report. Dr. TERRENCE 

S. MILLAR, Cornell University (737-02-1) (Introduced by Anil Nerode) 

10:30-10:40 (95) Models without indiscernibles. Professor FRED G. ABRAMSON*, University of 
Wisconsin, Milwaukee, and Professor LEO A. HARRINGTON, University of Cali
fornia, Berkeley (737-02-8) 

10:45-10:55 (96) Subspaces of V00 • Preliminary report. Mr. ALLEN T. RETZLAFF, Cornell 
University (737-02-2) (Introduced by Professor Anil Nerode) 

11:00-11:10 (97) Automorphisms of a lattice of recursively enumerable subspaces. Preliminary 
report. Dr. IRAJ KALANTARI, Cornell University (737-02-3) (Introduced by 
Professor Anil Nerode) 

11:15-11:25 (98) The Gl:ldel sentence and the sequential and holistic modes of recognition (denotation). 
Professor MIRIAM LIPSCHUTZ-YEVICK, Rutgers University (737-02-6) 

WEDNESDAY, 10:15 A.M. 

Session on Number Theory, 1083 Sidney Smith Hall 
10:15-10:25 (99) Proof of certain identities conjectured by Ramanujan. Preliminary report. 

Mr. DAVID M. BRESSOUD, Temple University (737-10-1) 
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10:30-10:40 (100) Waring's problem mod n. Professor CHARLES SMALL, Queens University 
(737-10-2) 

10:45-10:55 (101) The asymptotic behaviour of zeta functions associated to positive definite forms 
with integer coefficients. Preliminary report. Professor CHUNGMING AN, Seton 
Hall University, and Professor ALAN H. STEIN*, University of Connecticut, 
Waterbury (737-10-3) 

11:00-11:10 (102) Nonstandard derivations of Hardy-Littlewood like formulas. Preliminary report. 
Professor SHUICHI TAKAHASHI, University of Montreal (737-10-4) 

11:15-11:25 (103) Special pythagorean triples. Preliminary report. Professor GERALD E. BERGUM* 
and Miss MARY ANN DAHLQUIST, South Dakota State University (737-10-5) 

11:30-11:40 (104) New observations on "Fermat's last theorem". Professor JOSEPH ARKIN, Spring 
Valley, New York (737-10-6) 

11:45-11:55 (105) Coefficients of the cyclotomic polynomial F3qr(x). Preliminary report. Professor 
MARION BEITER, Rosary Hill College (737-12-1) 

WEDNESDAY, 10:15 A. M. 

Session on Probability, 1069 Sidney Smith Hall 
10:15-10:25 (106) A discrete queueing problem arising in packet switching. Preliminary report. 

Dr. B. GOPINATH and Dr. JOHN A. MORRISON*, Bell Laboratories, Murray Hill, 
New Jersey (737-60-1) 

10:30-10:40 (107) On a characterization of Gaussian measures in a Hilbert space. Preliminary report. 
PL. KANNAPPAN*, University of Waterloo, and D. KANNAN, University of 
Georgia (737-60-2) 

10:45-10:55 (108) Methods of proof for Bonferroni inequalities. Professor JANOS GALAMBOS, 
Temple University (737-60-3) 

11:00-11:10 (109) Unique ergodicity for random maps. ROBERT SINE, University of Rhode Island 
(737-60-4) 

11:15-11:25 (110) Weak convergence of conditioned random walks. Preliminary report. Mr. ROBERT 
M. ANDERSON, Yale University (737-60-10) 

WEDNESDAY, 10:30 A. M. 

Special Session on Differentiable Dynamical Systems I, 2118 Sidney Smith Hall 
10:30-10:50 (111) Double collisions for non-Newtonian potentials. Preliminary report. Dr. RICHARD 

McGEHEE, University of Minnesota (737-70-1) 

11:00-11:20 (112) Transversal homoclinic orbits in an integrable system. Professor ROBERT L. 
DEVANEY, Northwestern University (737-58-3) 

11:30-11:50 (113) On the structure and stability of local Pareto optima with constraints. Professor 
YIEH-HEI WAN, State University of New York at Buffalo (737-58-6) 

12:00-12:30 (114) Informal Discussion 

WEDNESDAY, 12:30 P. M. 

Special Session on Category Theory I, 162 Lash Miller Hall 
12:30-12:50 (115) Pulling paths, and canonical sheaves of paths. Professor JOHN R. ISBELL, State 

University of New York at Buffalo (737-18-4) 

1:00- 1:20 (116) Closed categories of variable quantities over a base topos. Preliminary report. 
Professor F. WILLIAM LAWVERE, State University of New York at Albany 
(737-18-8) 

1:30- 1:50 (117) Judicial methods for relative categories. Preliminary report. RICHARD J. WOOD, 
Dalhousie University (737-18-1) 

2:00- 3:00 (118) Discussion Period 

WEDNESDAY, 1:30 P. M. 

Special Session on Differentiable Dynamical Systems II, 2118 Sidney Smith Hall 
1:30- 1:50 (119) When are chain recurrent points on cycles? Preliminary report. Professor JOHN 

E. FRANKE* and JAMES F. SELGRADE, North Carolina State University (737-58-5) 

2:00- 2:20 (120) Quasi-hyperbolicity and applications. Preliminary report. Professor R. C. CHURCH
HILL, City University of New York, Hunter College, and Professors J. E. FRANKE 
and J. F. SELGRADE*, North Carolina State University (737-58-4) 

2:30- 2:50 (121) Fuller's index and global Hopf bifurcation. Professor SHUI-NEE CHOW, Michigan 
State University, and Professor JOHN MALLET-PARET*, Brown University 
(737-58-8) 
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3:00- 3:20 (122). Topological entropy at an Q-explosion. Preliminary report. Dr. LOUIS BLOCK, 
University of Florida (737-58-2) 

3:30- 3:50 (123) Constructing flows in n dimensions with prescribed invariant sets. Preliminary 
report. Dr. RONALD SVERDLOVE, Stanford University (737-58-7) 

WEDNESDAY, 1:30 P. M. 

Session on Analysis II, 1071 Sidney Smith Hall 
1:30- 1:40 (124) Multiplier criteria of Marcinkiewicz type for Jacobi expansions. Professor 

GEORGE GASPER*, Northwestern University, and Professor WALTER TREVELS, 
Tecbnishe Hochschule, Darmstadt, West Germany (737-42-1) 

1:45- 1:55 (125) 

2:00- 2:10 (126) 

2:15- 2:25 (127) 

2:30- 2:40 (128) 

2:45- 2:55 (129) 

3:00- 3:10 (130) 

A strengthened form of a theorem of Zygmund on integrability of a function. Pre
liminary report. Dr. RAFAT N. SIDDIQI, Universite de Moncton (737-42-2) 

On the convergence of the Fourier integral of a unimodal distribution. Preliminary 
report. Professor CONSTANTINE GEORGAKIS, DePaul University (737-42-3) 

Dual orthogonal series: An abstract approach II. Professor ROBERT FEINERMAN*, 
City University of New York, Lehman College, and Professor ROBERT KELMAN, 
Colorado State University (737-42-4) 

Invariant functionals. Preliminary report. Dr. WATSON L. CHIN, Southwestern 
Union College (737-43-1) 

Weakly almost periodic measures on locally compact semigroups. Preliminary 
report. Dr. H. KHARAGHANI, Pahlavi University, Shiraz, Iran (737-43-2) 

On topologies of topological groups. Preliminary report. Professor TER-JENQ 
HUANG, State University of New York, College at Cortland (737-43-3) 

WEDNESDAY, 1:30 P.M. 

Session on Functional Analysis, 1069 Sidney Smith Hall 
1:30- 1:40 (131) L<D + (H<D + C) .;. !Blaschke products}. SHELDON AXLER, Massaclnlsetts Insti

tute of Technology (737-46-9) 

1:45- 1:55 (132) Controllability, stabilization, and mean ergodic theorems. Preliminary report. 

2:00- 2:10 (133) 

2:15- 2:25 (134) 

2:30- 2:40 (135) 

2:45- 2:55 (136) 

3:00- 3:10 (137) 

3:15- 3:25 (138) 

3:30- 3:40 (139) 

R. E. O'BRIEN, Goddard Space Flight Center, Greenbelt, Maryland (737-46-1) 

On uniqueness of weak solutions of abstract differential inequality. Dr. M. A. 
MALIK, Concordia University (737-46-2) 

Smoothability Banach spaces. Preliminary report. Dr. R. ANANTHARAMAN 
and Professor J. H. M. WHITFIELD*, Lakehead University (737-46-3) 

Closure of integrals of set-valued functions. Dr. CHARLES BYRNE, Catholic 
University of America (737-46-6) 

Vector measures and scalar operators in locally convex spaces. Professor ALAN 
SHUCHAT, Wellesley College (737-46-7) 

Weak convergence of operators. Preliminary report. Professor J. K. BROOKS*, 
University of Florida, and Professor P. W. LEWIS, North Texas State University 
(737-46-8) 

Duality theory and the Nevanlinna-Pick property in functional Banach spaces. 
Professor A. K. SNYDER, Lehigh University (737-46-10) 

Function space completions. Professor JOHN W. BRACE, University of Maryland, 
and Professor JOEL D. THOMISON*, Ithaca College (737-46-4) 

WEDNESDAY, 1:30 P. M. 

Session on Geometry, 1085 Sidney Smith Hall 
1:30- 1:40 (140) On the space-filling heptahedra. Mr. MICHAEL GOLDBERG, Washington, D. C. 

(737-50-1) 

1:45- 1:55 (141) The ninety-one types of isogonal tilings of the plane. Professor BRANKO GRUN
BAUM*, University of Washington, and Professor G. C. SHEPHARD, University 
of British Columbia (737-50-2) 

2:00- 2:10 (142) Conditions for summability for series of convex sets in the space C(Y) of all closed 
convex and bounded sets of a reflective Banach space. Dr. DAGMAR R. HENNEY, 
George Washington University (737-52-1) 

2:15- 2:25 (143) Radon type theorems without independence conditions. Professor JOHN R. REAY, 
Western Washington State College (737-52-2) 

2:30- 2:40 (144) On totally real flat surfaces. Professor BANG-YEN CHEN, Michigan State Uni
versity, and Professor CHORNG-SHI HOUH*, Wayne State University (737-53-1) 
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WEDNESDAY, 1:45 P. M. 

Special Session on Combinatorial Identities II, 159 Lash Miller Hall 
1:45- 2:05 (145) Combinatorial problems arising in the health sciences. Professor ROGER C. 

GRIMSON, School of Public Health, University of North Carolina, Chapel Hill 
(737-05-26) 

2:15- 2:35 (146) Stirling number identities from chromatic polynomials. Professor E. G. WHITE
HEAD,Jr., University of Pittsburgh (737-05-5) 

2:45- 3:05 (147) Combinatorial identities generalized via the fractional calculus. Professor THOMAS 
J. OSLER, Glassboro State College (737-05-15) 

3:15- 3:35 (148) The multiple umbra! notation as a manipulative aid. ANDREW P. GUINAND, Trent 
University (737-05-9) 

WEDNESDAY, 4:00 P. M. 

Business Meeting, Convocation Hall 

THURSDAY, 12:00 noon 

Session on Combinatorics I, 1069 Sidney Smith Hall 
12:00-12:10 (149) Order 24 Hadamard matrices of characteristic at least 2. Professor JUDITH Q. 

LONGYEAR, Wayne State University (737-05-1) 

12:15-12:25 (150) Partitioning products of trees. Preliminary report. Professor J.D. HALPERN, 
University of Alabama in Birmingham (737-05-29) 

12:30-12:40 (151) A scheduling problem for tournaments with a constraint on locations. PAUL SMITH, 
University of Victoria and University of Montana (737-05-10) (Introduced by Dr. H. 
E. Reinhardt) 

12:45-12:55 (152) A connectedness game and the c-complexity of certain graphs. GOPAL DANARAJ, 
Cleveland State University, and VICTOR KLEE*, University of Washington 
(737-05-18) 

THURSDAY, 1:30 P. M. 

Colloquium Lectures: Lecture III, Convocation Hall 
(153) Recent progress in dynamical systems: Integrable Hamiltonian systems. Professor 

JURGEN K. MOSER, Courant Institute, New York University 

THURSDAY, 2:30 P. M. 

Special Session on Combinatorial Identities III, 159 Lash Miller Hall 
2:30- 2:50 (154) Numbers generated by the reciprocal of a series. Preliminary report. Professor 

3:00- 3:20 (155) 

3:30- 3:50 (156) 

4:00- 4:20 (157) 

4:30- 4:50 (158) 

5:00- 5:20 (159) 

FREDRIC T. HOWARD, Wake Forest University (737-05-4) 

A combinatorial sum. Professor M. L. GLASSER, University of Waterloo 
(737-33-4) (Introduced by M. s. Klamkin) 

Expansions and convolution formulas related to MacMahon's master theorem. 
Professor L. GARLITZ, Duke University (737-41-2) 

A multiple sum identity. Preliminary report. Professor OTTO G. RUEHR, Michi
gan Technological University (737-05-27) 

Power sums of roots of a trinomial equation. Professor J. S. FRAME, Michigan 
State University (737-05-11) 

Informal Problem Session 

THURSDAY, 2:30 P. M. 

Special Session on Doubly Stochastic Measures and Their Operators I, 2118 Sidney Smith Hall 
2:30- 3:15 (160) Developments in the theory of doubly stochastic measures and transformations. 

Professor JOHN V. RYFF, University of Connecticut, Storrs (737-47-3) 

3:30- 3:50 (161) Continuous parameter analogs of Rota's Alternierende Verfahren. Preliminary 
report. NORTON STARR, Amherst College (737-47-7) 

4:00- 4:20 (162) Bistochastic operators. Professor M. M. RAO, University of California, Riverside 
(737-46-5) 

4:30- 5:00 (163) Discussion Period 

5:00- 5:20 (164) A covariant structure for doubly stochastic measures. Preliminary report. 
Dr. PAUL N. DE LAND* and Dr. RAY C. SHIFLETT, California State University, 
Fullerton (737-60-6) 

5:30- 5:50 (165) N-dimensional distributions with given k-dimensional marginals. Preliminary re
port. J. H. B. KEMPERMAN, University of Rochester (737-60-7) 
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THURSDAY, 2:30 P. M. 

Special Session on Knots and 3-Manifolds I, 2117 Sidney Smith Hall 
2:30- 2:50 (166) Inductive arguments on rational (two-bridge) knots. Professor E. J. MAYLAND, 

3:00- 3:20 (167) 

3:30- 3:50 (168) 

4:00- 4:20 (169) 

4:30- 4:50 (170) 

5:00- 5:20 (171) 

Jr., York University (737-57-2) 

Prime factors of knot manifolds. Professor WILBUR WHITTEN, University of 
Southwestern Louisiana (737-55-6) 

Fibered knots in homotopy 3-spheres. JONATHAN SIMON, University of Iowa 
(737-55-5) 

Surgery and the calculus of links. DALE ROLFSEN, University of British Colum
bia (737-57-7) 

A finiteness theorem for incompressible surfaces in 3-manifolds. Preliminary re
port. Professor JULIAN R. EISNER, Columbia University (737-55-8) 

!-equivalent graphs in s3. Professor DANIEL R. McMILLAN, Jr., University of 
Wisconsin (737-57-6) 

5:30- 6:00 (172) Discussion Period 

THURSDAY, 2:45 P. M. 

Invited Address, Convocation Hall 
(173) Determining the finite simple groups. Professor MICHAEL ASCHBACHER, Cali

fornia Institute of Technology (737-20-1) 

THURSDAY, 2:45 P. M. 

Session on Analysis III, 1071 Sidney Smith Hall 
2:45- 2:55 (174) Monotonicity and convexity properties of zeros of Bessel functions. Professor J. T. 

3:00- 3:10 (175) 

3:15- 3:25 (176) 

3:30- 3:40 (177) 

3:45- 3:55 (178) 

4:00- 4:10 (179) 

4:15- 4:25 (180) 

LEWIS, Dublin Institute for Advanced Study, Ireland, and Professor M. E. MUL
DOON*, York University (737-33-5) 

Operational calculus for functions of two variables. Professor HARRISS. SHULTZ, 
California State University, Fullerton (737-44-1) 

The Kantorovich-Lebedev transformation of distributions. Preliminary report. 
Professor R. S. PATHAK* and Professor J. N. PANDEY, Carleton University 
(737-44-2) 

Operators with spectral decomposition properties. Preliminary report. Professor 
I. ERDELYI, Temple University (737-47-8) 

Some fixed point theorems for multivalued mappings. Preliminary report. 
Professor V. M. SEHGAL, University of Wyoming, and ProfessorS. P. SINGH*, 
Memorial University of Newfoundland (737-47-1) 

A remark on inward mappings. Dr. SIMEON REICH, University of Chicago 
(737-47-2) 

The Toeplitz-Hausdorff theorem and ellipticity conditions. ALAN MciNTOSH, 
Macquarie University, Australia (737-47-6) 

THURSDAY, 2:45 P. M. 

Session on Differential Equations, 1069 Sidney Smith Hall 
2:45- 2:55 (181) Conjugate points of vector-matrix differential equations. Professor ROGER T. 

LEWIS, University of Alabama in Birmingham (737-34-1) 

3:00- 3:10 (182) A comparison theorem for second order differential systems in Banach spaces. 
Preliminary report. Professor GARRET J. ETGEN, University of Houston 
(737-34-2) 

3:15- 3:25 (183) Nonlinear reaction-diffusion models for interacting populations. STEPHEN A. 
WILLIAMS* and PAO-LIU CHOW, Wayne State University (737-35-1) 

3:30- 3:40 (184) Partial differential equations, Orlicz spaces, and measure functions. Professor 
VICTOR L. SHAPIRO, University of California, Riverside (737-35-2) 

3:45- 3:55 (185) HP space theory of linear elliptic system in the disc. Professor CHUNG-LING YU, 
Benghazi University, Libya (737-35-3) (Introduced by Chiu Yeung Chan) 

4:00- 4:10 (186) An interior mixed boundary value problem for the two dimensional Helmholtz 
equation. Preliminary report. Dr. DENNIS W. QUINN, Flight Dynamics Labora
tory, Wright-Patterson AFB, Ohio (737-35-4) 

4:15- 4:25 (187) Growth and complete sequences of generalized axisymmetric potentials. Professor 
ALLANJ. FRYANT, U.S. NavalAcademy, Annapolis, Maryland (737-35-5) 
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THURSDAY, 3:00 P. M. 

Special Session on Category Theory II, 162 Lash Miller Hall 
3:00- 3:20 (188) Distributive laws and the lifting of triples. Dr. HARVEY WOLFF, University of 

Toledo (737-18-3) 

3:30- 3:50 (189) Closed categories of coalgebras. Preliminary report. Professor WILLIAM F. 
KEIGHER, University of Tennessee (737-18-2) 

4:00- 4:20 (190) Bialgebras in locally presentable categories. Preliminary report. FRIEDRICH 
ULMER, Bergische Universitat, Federal Republic of Germany (737-18-13) 

4:30- 4:50 (191) Internally complete 2-categories. Preliminary report. Professor ROSS STREET, 
Macquarie University, North Ryde, Australia (737-18-7) 

5:00- 6:00 (192) Discussion Period 

THURSDAY, 3:00 P. M. 

Special Session on Mathematical Psychology I, 2102 Sidney Smith Hall 
3:00- 3:20 (193) A model of cue interaction in retrieval from memory. Preliminary report. 

Dr. JOHN OGILVIE*, Dr. ENDEL TULVING, and Ms. SHARON PASKOWITZ, 
University of Toronto (737-92-2) (Introduced by Professor Anatol Rapoport) 

3:30- 4:10 (194) The INDSCAL model and method for three-way multidimensional scaling. 
Dr. J. DOUGLAS CARROLL* and Dr. MYRON WISH, Bell Laboratories, Murray 
Hill, New Jersey (737-92-3) (Introduced by Professor Anatol Rapoport) 

4:25- 4:45 (195) Going three-dimensional: matrices and three-way arrays. Dr. JOSEPH B. KRUS
KAL, Bell Laboratories, Murray Hill, New Jersey (737-15-3) 

4:55- 5:15 (196) An answer for Socrates. Preliminary report. Professor PRESTON HAMMER, 
Grand Valley State College (737-00-1) 

THURSDAY, 4:00 P. M. 

Invited Address, Convocation Hall 
(197) Principles and practice of nonstandard analysis. EDWARD NELSON, Princeton 

University (737-02-15) 

THURSDAY, 5:15 P. M. 

Invited Address, Convocation Hall 
(198) Computability revisited-an approach via the continuum. Professor MARIAN 

BOYKAN POUR-EL, University of Minnesota (737-02-12) 

FRIDAY, 12:00 noon 

Session on Combinatorics II, 1069 Sidney Smith Hall 
12:00-12:10 (199) An existence theory for group divisible designs. Dr. K. CHANG*, Professors D. K. 

RAY-CHAUDHURI, and R. M. WILSON, Ohio state University (737-05-2) 

12:15-12:25 (200) On the homeomorphic embedding of Kn, and Kn,m in the 1,-cube. JEHUDA HART
MAN, University of California, Los Angeles (737-05-17) 

12:30-12:40 (201) Growth number and colorability of graphs II. Preliminary report. Dr. A. EHREN
FEUCHT, Dr. J. L. HURSCH, Jr.*, and C. MORGENSTErN, University of 
Colorado (737-05-23) 

12:45-12:55 (202) Minimal edge problems for graphs with generalized symmetric automorphism 
group. Preliminary report. Dr. DONALD McCARTHY, St. John's University 
(737-05-25) 

FRIDAY, 12:10 P. M. 

Special Session on Recursively Enumerable Sets and Degrees I, 2135 Sidney Smith Hall 
12:10-12:30 (203) The operator gap theorem in a-recursion theory. Professor ROBERT A. DIPAOLA, 

City University of New York, Queens College (737-02-5) 

12:40- 1:00 (204) tl-recursion. Preliminary report. G. E. SACKS, Harvard University (737-02-10) 

FRIDAY, 1:30 P. M. 

Colloquium Lectures: Lecture IV, Convocation Hall 
(205) Recent progress in dynamical systems: Unstable phenomena and the n-body prob

lem. Professor JURGEN K. MOSER, Courant Institute, New York University 

FRIDAY, 2:30 P. M. 

Special Session on Combinatorial Identities IV, 159 Lash Miller Hall 
2:30- 2:50 (206) Parameter liberation in binomial and factorial identities. Preliminary report. 

Professor MICHAEL P. DRAZIN, Purdue University (737-05-20) 
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3:00- 3:20 (207) Survey of q-orthogonal polynomials. Preliminary report. Professor GEORGE E. 
ANDREWS, Pennsylvania State University, and Professor RICHARD ASKEY*, 
University of Wisconsin (737-33-2) 

3:30- 3:50 (208) Combinatorial identities and applications. Preliminary report. ProfessorS. G. 
MOHANTY, McMaster University (737-05-14) 

4:00- 4:20 (209) An identity involving Stirling's number of the second kind. Preliminary report. 
Professor KI HANG KIM, Alabama State University (737-05-28) 

4:30- 5:20 (210) Informal session and any late papers 

FRIDAY, 2:30 P. M. 

Special Session on Knots and 3-Manifolds II, 2117 Sidney Smith Hall 
2:30- 2:50 (211) The conjugacy problem for 3-manifolds. BENNY EVANS, Oklahoma State Univer

sity (737-57-9) 

3:00- 3:20 (212) HNN groups, residual finiteness, and 3-manifolds. Preliminary report. Professor 
JOHN HEMPEL, Rice University (737-57-5) 

3:30- 3:50 (213) Centralizers, roots and relations in 3-manifold groups. W. JACO and P. B. 
SHALEN*, Rice University (737-57-8) 

4:00- 4:20 (214) Alexander polynomials of amphicheiral knots. Professor JAMES M. VAN BUSKIRK, 
University of Oregon (737-55-7) 

4:30- 4:50 (215) A new invariant of link concordance. Professor DEBORAH L. GOLDSMITH, Uni
versity of Michigan (737-57-4) 

5:00- 5:20 (216) Covering linkage. Mr. RICARD I. HARTLEY* and Professor KUNIO MURASUGI, 
University of Toronto (737-55-2) 

5:30- 6:00 (217) Discussion Period 

FRIDAY, 2:30 P. M. 

Special Session on Doubly Stochastic Measures and Their Operators II, 2118 Sidney Smith Hall 
2:30- 2:50 (218) A brief history of Birkhoff's problem111.JAMES R. BROWN, Oregon State Uni

versity (737-47-5) 

3:00- 3:20 (219) Doubly stochastic measures with prescribed supports. Professor T. L. SEETHOFF*, 
Northern Michigan University, and Professor R. C. SHIFLETT, California State 
University, Fullerton (737-60-5) 

3:30- 3:50 (220) Doubly stochastic operators and probability. Professor R. M. BLUMENTHAL, 
University of Washington (737-60-11) 

4:00- 4:20 (221) Doubly stochastic operators in axiomatic potential theory. Professor MYRON GOLD
STEIN, Arizona State University (737-31~1) 

4:30- 4:50 (222) Discussion Period 

5:00- 5:20 (223) Prime ergodic transformations. Preliminary report. Professor KENNETH R. 
BERG, University of Maryland (737-28-3) 

5:30- 5:50 (224) Some remarks about doubly stochastic operators. Professor W. A. J. LUXEM
BURG, California Institute of Technology (737-28-2) 

6:00- 6:20 Informal Session 

FRIDAY, 2:45 P. M. 

Session on Complex Analysis, 1069 Sidney Smith Hall 
2:45- 2:55 (225) Polynomial approximation in certain weighted Hilbert spaces of entire functions. 

Dr. SIDNEY L. HANTLER, IBM T. J. Watson Research Center, Yorktown Heights, 
New York (737-30-1) 

3:00- 3:10 (226) Classes of monogenic functions and approximation by exponential polynomials on a 
rectifiable arc of C. Preliminary report. Professor P. MALLIAVIN, Universite 
Paris VI, France, and Professor JAMIL A. SIDDIQI*, Universite Laval (737-30-2) 

3:15- 3:25 (227) Extremal problems for generalized equipotential surfaces. Professor DOROTHY B. 
SHAFFER, Fairfield University (737-30-3) 

3:30- 3:40 (228) Linear homeomorphisms of some classical families of univalent functions. 
Dr. FREDERICK W. HARTMANN, Villanova University (733-30-4) 

3:45- 3:55 (229) Hypernormal functions are holomorphic. Professors c. L. BELNA, M. J. EVANS, 
and P. D. HUMKE*, Western Ulinois University (737-30-5) 

4:00- 4:10 (230) Classifying germs of irreducible analytic plane curves. Preliminary report. 
Dr. LEE RUDOLPH, Brown University (737-32-1) 
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4:15- 4:25 (231) New generating functions involving several complex variables. Professor H. M. 
SRIVASTAVA*, University of Glasgow, United Kingdom and University of Victoria, 
and, Dr. REKHA PANDA, University of Victoria and Revenshaw College, India 
(737-33-1) 

FRIDAY, 3:00 P. M. 
Special Session on Recursively Enumerable Sets and Degrees II, 2135 Sidney Smith Hall 

3:00- 3:20 (232) Recursive well-founded orderings. Preliminary report. Mr. KEH-HSUN CHEN, 

3:30- 3:50 (233) 

4:00- 4:20 (234) 

4:30- 4:50 (235) 

5:00- 5:20 (236) 

5:30- 5:50 (237) 

Duke University (737-02-14) 

d-Simple r. e. sets. Professor MANUEL LERMAN, University of Connecticut, 
Storrs, and Professor ROBERT SOARE*, University of Chicago (737-02-11) 
Determining automorphisms ofi:f*. Preliminary report. Professor RICHARD A. 
SHORE, Cornell University (737-02-9) 

Forcing in fl-recursion theory. Preliminary report. Dr. SY D. FRIEDMAN, 
Massachusetts Institute of Technology (737-02-13) 

On the elementary theory of some lattices of a-r.e. sets. Professor MANUEL 
LERMAN, University of Connecticut, Storrs (737-02-7) 

A hierarchy of formulas in degree theory. STEPHEN G. SIMPSON, Pennsylvania 
State University (737-02-4) 

FRIDAY, 3:00 P. M. 

Special Session on Category Theory III, 162 Lash Miller Hall 
3:00- 3:20 (238) Some results on the existence of 2-monads. Preliminary report. Mr. ROBERT 

BLAC.h."WELL, University of New South Wales, Kensington, Australia (737-18-9) 
(Introduced by Professor J. W. Gray) 

3:30- 3:50 (239) Algebraic theories and fixed-point solutions. Drs. E. G. WAGNER, J. B. WRIGHT, 
and J. W. THATCHER*, IBM T. J. Watson Research Center, Yorktown Heights, 
New York, and Professor J. A. GOGUEN, University of California, Los Angeles 
(737-18-10) 

4:00- 4:20 (240) A general Stone-Gelfand duality. Professors J. LAMBEK* and B. A. RATTRAY, 
McGill University (737-18-6) 

4:30- 4:50 (241) Dual functors and the Radon-Nikodym property in the category of Banach spaces. 
Preliminary report. Professor JOAN WICK PELLETIER, York University 
(737-18-5) 

5:00- 6:00 (242) Discussion Period 

FRIDAY, 3:00 P. M. 
Special Session on Mathematical Psyc_hology II, 2102 Sidney Smith Hall 
3:00- 3:20 (243) A model for learning global properties. Preliminary report. Professor MANFRED 

KOCHEN* and Mr. PAUL EITNER, University of Michigan (737-92-4) 
3:30- 3:50 (244) Identifiability of theories with sequences of nonobservable underlying states. 

IRWIN D. NAHINSKY, Department of Psychology, University of Louisville 
(737-60-9) (Introduced by Professor A. Rapoport) 

4:00- 4:20 (245) Applications of categorical algebra to the theory of measurement. Dr. PAUL H. 
PALMQUIST*, Irvine, California, and Dr. JOHN PAUL BOYD, University of 
California, Irvine (737-18-12) 

4:30- 4:50 (246) Asymptotic distribution theory in paired-comparison experiments. Professor 
P. V. RAO, University of Florida (737-60-8) 

5:00- 5:20 (247) A shift of focus from predictive to structural models. Professor ANATOL RAPO
PORT, University of Toronto (737-92-1) 

Middletown, Connecticut 
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Walter H. Gottschalk 
Associate Secretary 



PRESENTORS OF PAPERS 

Following each name is the number corresponding to the speaker• s position on the program 

• Invited one-hour lectures 

Abian, A. #80 
Abo-Zeid, E. A. #26 
Abramson, F. G. #95 

*Alexander son, G. L. #38 
Anderson, R. M. iH10 
Arkin, Joseph #104 

eAschbacher, M. ii17:l 
*Andrews, G. E. #207 
Aull, C. E. #31 
Axler, S. iil31 
Balakrishnan, V. K. #50 

*Bari, R. A. 113 
Beem, J. K. #46 
Beiter, M. #105 

*Berg, K. R. ir223 
Bergum, G. E. !1103 

*Berman, G. 114 
*Bernstein, L. #42 
*Blackwell, R. #238 
*Block, L. #122 
*Blumenthal, R. M. #220 
Borges, C.R. #29 
Braun, M. #17 
Bressoud, D. M. #99 
Brooks, J. K. # 137 

*Brown, J. R. #218 
Burkhart, R. H. #44 
Button, R. W. #30 
Byrne, C. #135 

eCalabi, E. ff35 
*Carlitz, L. #156 
*Carroll, J.D. #194 
Chang, K. #199 

*Chen, K. H. #232 
Chin, W. L. #128 
Cohen, H. N. #55 
Cohoon, D.K. #24 
Conrad, B. #16 

*Coxeter, H. S.M. #6 
*Czerniakiewicz, A. #75 
Dankel, T. #45 

*DeLand, P. N. #164 
Derrick, W. R. #88 

*Devaney, R. L. #112 
Dey, S. K. #21 

*DiPaola, R. A. #203 
*Drazin, M.P. #206 

Duggal, K. L. #48 
*Eisner, J. R. #170 
eEnflo, P. #36 
Erdelyi, I. #177 

*Evans, B. #211 
Etgen, G. J. 11182 
Fajtlowicz, S. #777 
Feinerman, R. #127 
Fine, B. #59 

*Ftlldes, S. #74 
Fleissner, R. #85 

*Frame, J. S. #158 
*Franke, J.E. #119 
*Friedman, S.D. #235 

Fryant, A. J. 11187 
Gaglione, A.M. #58 
Galambos, J. #108 
Gasper, G. #124 
Georgakis, C. #126 

*Glasser, M. L. # 155 
Goldberg, M. 11140 

*Goldsmith, D. L. #215 
*Goldstein, M. #221 
*Gould, H. W. #37 
Grant, D. L. #34 
Gray, L.J. #43 

*Grimson, R. C. #145 
GrUnhaum, B. #141 

*Guinand, A. P. #148 
*Haken, W. #71 
*Hall, D. W. #72 
Halpern, J.D. #150 

*Hammer, P. #196 
Hantler, S. L. #225 

*Hartley, R. I. #216 
Hartman, J. #200 
Hartmann, F. W. #228 
Hartnett, W. E. #82 

*Hempel, J. #212 
Henney, D. R. #142 
Ho, C. -W. #67 
Houh, c. -s. #144 
Hovis, R. A. #28 

*Howard, F. T. #154 
Huang, T. -J. #130 
Humke, P. D. #229 
Hursch, J. L. , Jr. #201 
Ingram, W. T. #25 

*Isbell, J. R. #115 
*Ismail, M. #39 
Jones, J., Jr. #53 

*Kainen, P. C. #73 
Kalantari, I. #97 
Kannappan, Pl. #107 
Karl of, J. K. #51 

*Keigher, W. F. #189 
Kharaghani, H. #129 

*Kemperman, J. H. B. #165 
Kidwell, M. E. #65 

*Kim, K. H. #209 
*Kimberling, C. #41 
Klassen, V. J. #22 
Klee, V. #152 
Knoebel, R. A. #81 

*Kochen, M. #243 
Kohlmayr, G. F. #10 
Kosmann-Schwarzbach, Y. #63 

*Kruskal, J. B. #195 
*Lambek, J. #240 

*Special session speakers 

Lawrence, J. #13 
*Lawvere, F. W. #116 

Lepson, B. #78 
*Lerman, M. #236 

Lewis, R. T. #181 
Lipschutz-Yevick, M. #98 
Longyear, J. Q. #149 
Luchins, E. H. #83 
Luke, Y. L. #90 

*Luxemburg, W. A. J. #224 
McBrien, V. 0. #68 
McCarthy, D. #202 
McGavran, D. #66 

*McGehee, R. #111 
Mcintosh, A. #180 

*McMillan, D. R. , Jr. #171 
Malik, M.A. #133 

*Mallet-Paret, J. #121 
Marathe, K. B. #47 
May, C. P. #92 

*Mayland, E. J., Jr. #166 
Millar, T. S. #94 

*Mohanty, S. G. #208 
Moore, H. G. #15 
Morales, P. #87 
Morrison, J. A. #106 
Muldoon, M.E. #174 
1\IIurty, M. R. #60 
Nahinsky, I. D. #244 
Naoum, A. G. #11 

•Nelson, E. #197 
Nussbaum, D. A. #20 
O•Brien, R.E. #132 

*Ogilvie, J. #193 
*Osler, T.J. #147 
*Palmquist, P.H. #245 
Pathak, R. S. #176 
Papastavridis, S. G. #64 

*Pelletier, J. W. #241 
ePour-El, M. B. #198 

Quinn, D. W. #186 
*Rao, M. M. #162 
*Rao, P. V. #246 
*Rapoport, A. #247 

Reay, J. R. #143 
Reich, S. #179 
Retzlaff, A. T. #96 
Richman, D. J. #54 

*Richmond, B. #5 
Richter-Dyn, N. #91 
Riffelmacher, D. #12 

*Rolfsen, D. #169 
*Rolle, M. R. #76 
Rudolph, L. #230 

*Ruehr, 0. G. #157 
*Ryff, J. V. #160 
*Sacks, G. E. #204 
Salzer, H. E. #18 

Sands, B. #79 
Saworotnow, P. P. #86 

*Seethoff, T. L. #219 
*Selgrade, J. F. #120 
Sember, J. J. #89 
Shaffer, D. B. #227 

*Shalen, P. B. #213 
Shapiro, V. L. #184 

eShepp, L.A. #69 
*Shore, R. A. #234 
Shuchat, A. #136 
Shultz, H. S. #175 
Sibner, R.J. #23 
Siddiqi, J. A. #226 
Siddiqi, R.N. #125 

*Simon, J. #168 
*Simpson, S. G. #237 
Sims, I. S. #49 
Sine, R. #109 
Singh, S. P. #178 
Small, C. #100 
Smith, J. C. #27 
Smith, P. #151 
Snyder, A. K. #138 

*Soare, Robert #233 
Srivastava, H. M. #231 

*Starr, N. #161 
Stein, A. H. #101 
Stevens, G. E. #56 
Strang, G. #84 

*Street, R. #191 
*Sverdlove, R. #123 
Takahashi, S. #102 

*Tanny, S.M. #40 
*Thatcher, J. W. #239 
Thomas, G. #61 
Thomison, J.D. #139 
Ubhaya, V. A. #93 

*Ulmer, F. #190 
Usmani, R. A. #19 

*Van Buskirk, J. M. #214 
Van Meter, R. G. #8 
Virsik, J. #62 . 

*Wan, Y. -H. #113 
Warren, R. H. #32 

*Whitehead, E.G., Jr. #146 
Whitfield, J. H. M. #134 

*Whitten, W. #167 
Wicke, H. H. #33 
Williams, S. A. #183 
Wilson, R. R. #9 
Wilson, S. E. #57 

*Wolff, H. #188 
*Wood, R.J. #117 
Yu, C. -L. #185 
Zand, H. #14 
Zorzitto, F. #52 
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PRELIMINARY ANNOUNCEMENTS OF MEETINGS 

738TH University of Connecticut 

MEETING 
Storrs, Connecticut 
October 30, 7976 

The seven hundred thirty-eighth meeting of 
the American Mathematical Society will be held 
at the University of Connecticut, Storrs, Connecti
cut, on Saturday, October 30, 1976. 

By invitation of the Committee to Select Hour 
Speakers for Eastern Sectional Meetings, there 
will be two invited addresses which will be given 
in the Physics Lecture Hall (PB36), located on 
the ground floor of the building connected to the 
Mathematical Sciences Building. Full details will 
be included in the October issue of these cAfotictiJ. 
Two special sessions are being organized. 
JEROME H. NEUWffiTH of the University of Con
necticut is organizing a special session on Ergodic 
theory, and EUGENE SPIEGEL of the University 
of Connecticut is organizing a special session on 
Group rings. 

The Mathematical Sciences Building is to the 
right in a large science complex of three buildings 
located on Hillside Drive. It faces Jorgenson 
Auditorium and may be entered through several 
locations. The ground floor houses the Computer 
Center, and the next floor (first) contains the 
Mathematics Department offices, the lobby where 
the registration desk will be located, and a lounge. 
The registration desk will be open from 8:30 a.m. 
to noon, and from 1:30 p.m. to 3:30p.m. 

There will be sessions for the presentation of 
contributed ten-minute papers, both morning and 
afternoon. These sessions will be held on· the sec
ond floor of the Mathematical Sciences Building. 
Overhead projectors and screens will be provided 
and each room has ample chalkboard space. Ab
stracts should be submitted to the American 
Mathematical Society, P.O. Box 6248, Providence, 
Rhode Island 02940, in order to arrive prior to 
the deadline of September 7, 1976. 

ACCOMMODATIONS 

A limited number of dormitory-type single 
rooms may be available on the campus at a cost of 
$6 per night. Inquiries regarding these accommo
dations, as well as all other matters, should be 
sent to: John V. Ryff, Head, Department of Mathe
matics U-9, University of Connecticut, Storrs, 
Connecticut 06268. 

The University of Connecticut is located in 
the northeastern sector of Connecticut, about 25 
miles east of Hartford. Public transportation to 
the university is severely limited. Those using 
public transportation are advised to stay over in 
Hartford Friday night, or arrive there before 
8:00 a.m. on Saturday in order to take a univer
sity bus which will leave the main entrance of the 
Hotel Sonesta (5 Constitution Plaza) at 8:00a.m. 
on Saturday to transport people to the campus. 
The bus will leave the Mathematical Sciences 
Building at 5:00p.m. for the return trip to the 
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Hotel Sonesta. There will be no charge for the 
bus transportation. 

Reservations should be made directly at the 
following motels and hotels: 

ASHFORD MOTEL (203) 684-2221 
Route I-86, Exit 104, Ashford, Connecticut 
(10 miles from campus) 
Single $14. 50 
Double 17. 50 
Twin 19.00 

Triple 
Quadruple 

$20.50 
22.50 

CONNECTICUT MOTOR LODGE (203) 643-1555 
Route I-86, Exit 94, Manchester, Connecticut 
(15 miles from campus) 
Single $13. 00 Twin $19. 00 
Double 16. 00 

ESSEX MOTOR INN (203) 646-2300 
100 East Center Street, Manchester, Connecticut 
(15 miles from campus) 
Single $15-$20 
Double 23.00 

Triple 
Quadruple 

HARTFORD HILTON (203) 278-1880 

$25.00 
27.00 

Ford and Pearl Streets, Hartford, Connecticut 
(25 miles from campus-5 blocks from Sonesta) 
(Has faculty rate; request when making reserva
tion. Some faculty identification is expected. ) 
Single $16.00 Twin $25.00 
Double 25. 00 

HOWARD JOHNSON'S (203) 875-0781 
Route I-86, Exit 96, Vernon, Connecticut 
(15 miles from campus) 
Single $16-$18 Double $21-$24 

RAMADA INN (203) 528-9703 
East River Drive, Route I-84, Exit 3, East Hart-

ford, Connecticut 
(20 miles from campus) 
Single $21. 00 Double $27. 00 

SHERATON NORWICH MOTOR INN (203) 889-5201 
Connecticut Turnpike, Exit 80, Norwich, Con
necticut 
(25 miles from campus) 
Single $21.00 Double $32.00 
(Mention AMS meeting when making reservations. ) 

WILLIMANTIC MOTOR INN (203) 423-8451 
Route 195, Mansfield, Connecticut 
(7 miles from campus) 
Single $15. 00 Twin $18. 00 

HOTEL SONESTA (203) 278-2000 
5 Constitution Plaza, Hartford, Connecticut 
(25 miles from campus) 
(Has faculty rate; request when making reserva
tion. Some faculty identification is expected. ) 
Single $21. 75 Double $29.50 



FOOD SERVICE 

Refreshments will be available in the lounge 
during the meeting. ln addition, a lunch will be 
served in the Faculty-Alumni Center at a cost of 
$1. 50 per person, payable at the registration desk. 
An additional $1. 50 will be contributed by the 
University of Connecticut Research Foundation 
toward the cost of each meal. The University 
Commons, located in the Student Union, will 
serve cafeteria-style meals. This facility will be 
open from 7:30a.m. to 6:30p.m. 

TRAVEL AND LOCAL INFORMATION 

The university is reached from Hartford by 
taking Exit 99 off Interstate 86 and following Route 
195 south to the campus. From Boston, take Exit 
101 off I-86 and follow Route 32 south, turning 
left at the intersection with Route 195. Those tra
veling along the Connecticut Turnpike to Norwich 
should take Route 32 north to Willimantic at Exit 
81, and then follow Route 195 to the campus. 

Hartford may be reached by Greyhound or 
Trail ways bus, and by the Penn Central Railroad 
from New Haven on the south, or from Springfield 
on the north. Most major airlines serve Bradley 
International Airport, which is midway between 

Hartford and Springfield, Massachusetts. Limou
sine service is available to downtwon Hartford at 
a cost of $2. 35. There is no limousine service to 
the University of Connecticut. 

The University Cooperative Bookstore is 
located below the University Commons. The Mathe
matics Department office will be open during the 
meeting to receive messages; the telephone num
ber is (203) 486-3923. 

Weather during this time of the year can 
range from a pleasantly warm Indian Summer to 
cool mid-fall, and from very dry to exceedingly 
wet. 

PARKING 

The intersection of Route 195 and North 
Eagleville Road is easily identified by the Congre
gational Church with the large white steeple. Per
sons driving to the meeting should park in Lot #9 
located on the campus at the southwest corner of 
North Eagleville Road and Hillside Drive. There 
is no parking fee. 

Middletown, Connecticut 

Walter H. Gottschalk 
Associate Secretary 

739TH 
MEETING 

University of Michigan 
Ann Arbor, Michigan 
November 6, 7976 

The seven hundred thirty-ninth meeting of 
the American Mathematical Society will be held at 
the University of Michigan, Ann Arbor, Michigan, 
on Saturday, November 6, 1976. All sessions of 
the meeting will be held in the Auditorium Unit of 
Angell Hall. Angell Hall is a large building on the 
east side of State Street in the Central Campus 
area; the Auditorium Unit is on the ground floor 
on the far side from State Street. 

By invitation of the Committee to Select 
Hour Speakers for Western Sectional Meetings, 
there will be two one~hour addresses. Philippe M. 
Tondeur of the University of Ulinois at Urbana
Champaign will address the Society at 11:00 a.m.; 
his subject is "G-foliations and their characteris
tic classes." M. Pavaman Murthy of the Uni
versity of Chicago will speak at 1:45 p.m. on the 
topic, "Serre's problem and complete intersec
tions." 

By invitation of the same committee there 
will be three special sessions of selected twenty
minute papers. HERBERT J. ALEXANDER of 
the University of Illinois at Chicago Circle is 
organizing a special session on Several complex 
variables; the tentative list of participants in
cludes Eric D. Bedford, Frank Forelli, John 
Erik Fornaess, Walter Rudin, and B. A. Taylor. 
NOEL J. HICKS of the University of Michigan 
is organizing a special session on Differential 
geometry and global analysis; the tentative list of 
participants includes Harold G. Donnelly, Arthur 
J. Ledger, and Anthony J. Tromba. JOSEPH 
LIPMAN of Purdue University is organizing a 
special session on Stratification of algebraic and 
analytic varieties; the tentative list of partici
pants includes James N. Damon, Robert M. Hardt, 
Heisuke Hironaka, Kenneth R. Mount, Augusto 
Nobile, and Joel Roberts. Most of the papers to 
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be presented at these sessions will be by invita
tion; however, anyone contributing an abstract 
for the meeting who feels that his or her paper 
would be particularly appropriate for one of these 
special sessions should indicate this clearly on 
the abstract and submit it by August 24, two 
weeks before the normal deadline for contributed 
papers. 

There will be sessions for contributed ten
minute papers both morning and afternoon. Ab
stracts should be submitted to the American 
Mathematical Society, P. 0. Box 6248, Provi
dence, Rhode Island 02940, so as to arrive prior 
to the abstract deadline of September 7, 1976. 

REGISTRATION 

The registration desk will be located in the 
lobby connecting Mason Hall, Haven Hall, and 
the Auditorium Unit of Angell Hall. This lobby 
faces the main University library and is known 
locally as "The Fishbowl". Th.e desk will be open 
from 8:00a.m. to 3:00p.m. 

ACCOMMODATIONS 

The following two hotels are within walking 
distance of Angell Hall. Each one has about 200 
guest rooms and has set aside 50 of these for 
persons attending the meeting. It is important to 
mention the AMS meeting when making reserva
tions. 

CAMPUS INN (313) 769-2200 
615 E. Huron Street (at State Street), Ann Arbor, 
Michigan 48108 
Four blocks north of Angell Hall 
Single rooms $20 Double rooms $26 



MICHIGAN UNION (313) 662-4431 
530 South State Street (at South University Avenue), 
Ann Arbor, Michigan 48104 
One block south of Angell Hall 
Single rooms $15 Double rooms $22 

In addition there are 20 guest rooms in the 
following establishment: 

MICHIGAN LEAGUE (313) 764-0446 
227 South Ingalls Street (at North University Ave
nue), Ann Arbor, Michigan 48104 
One block north and one block east of Angell Hall 
Single rooms $18 Double rooms $24 

All of the above room rates are as of June 
1, 1976 and are not guaranteed to hold in Novem
ber. 

TRAVEL AND LOCAL INFORMATION 

Those coming by air should use Detroit 
Metropolitan Airport, which also serves Ann 
Arbor; bus and limousine connections are avail-

able to both the Campus Inn and the Michigan 
Union. Ann Arbor can be reached from Chicago 
or Detroit by Amtrak and is also served by Grey
hound and Shortway Bus Lines. 

Automobile drivers coming from the west 
on I-94 should use Exit 172 and go east on Jack
son Avenue and Huron Street until they reach 
State Street. Those coming from the east on I-94 
should use Exit 177 and go north on State Road 
and State Street until they reach the Central 
Campus area. 

Those attending the meeting may park their 
cars in the Thompson Street Multistory Parking 
Structure one block west of the Michigan Union 
for a modest fee. Registered guests of the 
Michigan Union or the Michigan League are en
titled to free parking. 

Ann Arbor will be on Eastern Standard 
Time during the meeting. 

Urbana, lllinois 
Paul T. Bateman 
Associate Secretary 

740TH 
MEETING 

University of South Carolina 
Columbia, South Carolina 
November 79-20, 7976 

The seven-hundred fortieth meeting of the 
American Mathematical Society will be held at the 
University of South Carolina in Columbia, South 
Carolina, from noon Friday, November 19, until 
noon Saturday, November 20, 1976. 

By invitation of the Committee to Select Hour 
Speakers for the Southeastern Sectional Meetings, 
there will be three one-hour addresses. The 
speakers will be Frank T. Birtel of Tulane Univer
sity, Thomas A. Chapman of the University of 
Kentucky, and Thomas G. Hallam of Florida State 
University. All of the invited addresses will be 
presented in the Physical Sciences Building. 

There will be five special sessions at this 
meeting. DOUGLAS N. CLARK of the University 
of Georgia is organizing a special session on 
Complex variables and operator theory; speakers 
will include Arthur Lubin, Thomas L. Kriete, 
Patrick R. Ahern, Joseph A. Ball, and Donald 
Sarason. LOUIS F. McAULEY of the State Uni
versity of New York at Binghampton is organizing 
a special session on Monotone mappings and open 
mappings; speakers will include David C. Wilson, 
John J. Walsh, William E. Haver, Ronald Fin
tushel, Thomas Chapman, and Steven C. Ferry. 
CARL D. MEYER, Jr., of North Carolina State 
University is organizing a special session on 
Generalized inverses and operator theory; the 
speakers will include William N. Anderson, Jr., 
Richard H. Bouldin, Michael P. Drazin, Richard 
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J. Duffin, I. N. Erdelyi, Charles W. Groetsch, 
Emilie V. Haynsworth, David C. Lay, Thomas L. 
Markham, and Carl D. Meyer, Jr. WILLIAM T. 
TROTTER, Jr. , of the University of South Caro
lina is organizing a special session on Graph 
theory and combinatorics; the speakers will include 
Richard A. Duke, Marianne L. Gardner, Donald 
L. Greenwell, Ralph Faudree, Linda Lesniak, 
Brooks Reid, David P. Roselle, Richard Schelp, 
Paul Stockmeyer, and Neil White. EUTIQUIO C. 
YOUNG of Florida State University is organizing 
a special session on Modeling in biological sys
tems; the speakers will include Steven F. Blum
sack, John W. Heidel, and ChrisP. Tsokos. Any 
member of the American Mathematical Society 
who would like to have his or her paper considered 
for inclusion in one of these special sessions 
should have the abstract so marked and in Provi
dence at least three weeks before the regular 
closing date for contributed papers, that is by 
September 7, 1976. 

There will also be sessions for contributed 
ten-minute papers both Friday and Saturday. Ab
stracts should be sent to the American Mathemati
cal Society, P. 0. Box 6248, Providence, Rhode 
Island 02940, so as to arrive prior to the deadline 
for contributed papers of September 28, 1976. 

Tallahassee, Florida 
0. G. Harrold, Jr. 
Associate Secretary 



741sT 
MEETING 

University of New Mexico 
Albuquerque, New Mexico 
November 79-20, 1976 

The seven hundred and forty-first meeting of 
the American Mathematical Society will be held at 
the University of New Mexico, Albuquerque, New 
Mexico, on Friday and Saturday, November 19 
and 20, 1976. 

By invitation of the Committee to Select Hour 
Speakers for Far Western Sectional Meetings, 
there will be two invited hour addresses. Gary M. 
Seitz of the University of Oregon will be one of the 
invited speakers. The name of the other invited 
speaker and the titles of the hour addresses will 
be listed in the. October issue of these cNoticeiJ. 

There will be three special sessions of 
selected twenty-minute papers. DAVID FOX of the 
Applied Physics Laboratory at Johns Hopkins Uni
versity is organizing a special session on The 
estimation of eigenvalues. PRAMAD PATHAK of 
the University of New Mexico is organizing a spe
cial session on Probability and statistics. A spe
cial session on Partial differential equations is 
being organized by STANLY LEE STEINBERG of 

the University of New Mexico. The deadline for 
abstracts of papers to be considered for inclusion 
in one of these special sessions is September 7, 
1976. 

Sessions for contributed ten-minute papers 
will be scheduled on Saturday unless there are 
specific requests to the contrary. Abstracts for 
contributed papers should be sent to the American 
Mathematical Society, P. 0. Box 6248, Provi
dence, Rhode Island 02940, so as to arrive prior 
to the deadline of September 28, 1976. Late pa
pers will be accepted for presentation at the meet
ing, but will not be listed in the printed program 
of the meeting. 

Information about travel and accommodations 
will appear in the October issue of these cNoticeiJ 
and the final program of the meeting will appear in 
the November cf.foticeiJ . 

Eugene, Oregon 
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Kenneth A. Ross 
Associate Secretary 



INVITED SPEAKERS AT AMS MEETINGS 
This section of these c}/otictJ.J 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. 

Ann Arbor, Michigan, November 1976 

M. Pavaman Murthy Philippe M. Tondeur 

Columbia, South Carolina, November 1976 

Frank T. Birtel Thomas G. Hallan 
Thomas A. Chapman 

Albuquerque, New Mexico, November 1976 

Gary M. Seitz 

ORGANIZERS AND TOPICS OF SPECIAL SESSIONS 

Abstracts of contributed papers to be considered for possible inclusion in special sessions should 
be submitted to the Providence office by the deadlines given below. The latest abstract form has a 
section for indicating special sessions. Lacking this, be sure your abstract form is clearly marked 
"For consideration for special session (title of special session)." Those papers not selected for 
special sessions will automatically be considered for regular sessions unless the author gives specific 
instructions to the contrary. 

Storrs, Connecticut, October 1976 

Jerome :a. Neuwirth, Ergodic theory 
Eugene Spiegel, Group rings 

Ann Arbor, Michigan, November 1976 

Herbert J. Alexander, Several complex variables 
Noel J. Hicks, Differential geometry and global analysis 
Joseph Lipman, Stratification of algebraic and analytic varieties 

Columbia, South Carolina, November 1976 

Douglas N. Clark, Complex variables and operator theory 
Louis F. McAuley, Monotone mappings and open mappings 
Carl D. Meyer, Jr., Generalized inverses and operator theory 
William T. Trotter, Jr. , Graph theory and combinatorics 
Eutiquio C. Young, Modeling in biological systems 

Albuquerque, New Mexico, November 1976 

David Fox, The estimation of eigenvalues 
Pramad Pathak, Probability and statistics 
Stanly Lee Steinberg, Partial differential equations 

St. Louis, Missouri, January 1977 

Kenneth P. Bogart, Coding theory 

Deadline 

August 17, 1976 

August 24, 1976 

September 7, 1976 

September 7, 1976 

October 20, 1976 

William C. Connett and Alan L. Schwartz, Multipliers for series and transforms and their applications 
Charles R. Deeter, Discrete analytic function theory 
Aviezri S. Fraenkel, Theory of combinatorial games 
Michael J. Kallaher, Finite geometries 
M. Zuhair Nashed, Functional analysis methods in numerical analysis 
Billy E. Rhoades, Summability and related topics 
Robert C. Sine, L1 contraction and Doeblin theory of Markov operators 
Karen K. Uhlenbeck, Global analysis 
John L. Van Iwaarden, Using the computer in teaching undergraduate mathematics courses 

N. B. Because of a projected shortage of meeting room space at the St. Louis meeting, it may not be 
possible to schedule any further special sessions beyond those listed above. For the same reason, 
those contributing abstracts for the meeting who feel that their papers are particularly appropriate 
for one of these sessions should submit their abstract as soon as possible. 
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AMS TO SERVE AS INSTITUTIONAL AFFILIATE 
FOR RESEARCH GRANTS 

On Aprilll, 1976, the Council of the 
American Mathematical Society, upon a recom
mendation of the Committee on Graduate Educa
tion, approved a resolution calling for the So
ciety to serve as institutional affiliate for those 
members of the Society in need of such affilia
tion who want to apply for research grants. Per
tinent excerpts from the minutes of this meeting 
appear below. 

Members wishing to apply for grants under 
the Society's auspices should first obtain a copy 
of the funding agency's brochure of instructions 
on preparation of the necessary proposal. The 
originator of the proposal is responsible for 
preparing the main text of the proposal in a form 
ready for reproduction and to provide a draft of 
the budget and cover. This material should be 
submitted to the Secretary of the Society, Everett 
Pitcher, Lehigh University, Christmas-Saucon 
Hall #14, Bethlehem, Pennsylvania 18015, for 
review and transmittal to the Providence Head
quarters for completion of the cover, budget, 
and signature pages. 

A sheet of instructions on the preparation 
of copy for proposals in a form suitable for re
production may be obtained from the Providence 
office, P. 0. Box 6248, Providence, Rhode 
Island 02940. Instructions on the preparation of 
the contents may be obtained from the following 
sources: 

National Science Foundation 
Washington, D.C. 20550 
(Grants for Scientific Research, NSF 73-12) 

Air Force Office of Scientific Research 
Building 410, Bolling AFB 
Washington, D. C. 20330 
(U.S. Air Force Grants for Basic Research) 

National Institutes of Health 
Office of Grants Inquiries 
Division of Research Grants 
Westwood Building, Room 448 
Bethesda, Maryland 20014 
(Information and Instructions for Application 
for Research Grant, Form NIH 398) and 

(Application for Public Health Service Grant 
or Award) 

Army Research Office 
P. 0. Box 12211 
Research Triangle Park, North Carolina 27709 
(Basic Research Grants and Contracts) 

Office of Naval Rese:r~C"ch 
800 North Quincy Street 
Arlington, Virginia 22217 
(Contract Research and Technology 
Program, ONR-1) 

Energy Research and Development 
Administration 

Division of Physical Research 
Washington, D. C. 20545 
(Guide for the Submission of Research 

Proposals from Educational Institutions 

EXCERPTS FROM THE MINUTES OF THE COUNCIL 
April 7 7, 7976 

The Committee on Graduate Education pre
sented a report, concerned with a resolution of 
the Council of April 11, 19'75, that the Society 
"serve as the institutional affiliate for mathe
maticians in need of such affiliation who want to 
apply for research grants. " The Committee 
made a recommendation in two parts, consisting 
of the last two paragraphs of the report, as 
follows: 

The Committee recommends that the AMS 
headquarters prepare a detailed brochure 
which describes the steps an individual 
should take so that his proposal will be pro
cessed by the Society. This service should 
be open to all AMS members. In addition, 
there should be a detailed announcement, 
perhaps in the cNoticeiJ, which describes the 
limitations the Society will impose on its 
own activity. For example, the Society will 
not referee proposals for their scientific 
merit (this, of course, is done by the NSF), 
the Society will disburse funds only at the 
request of the Principal Investigator, the 
Society will not supply technical typing or 
other such services under any circum
stances, etc. 
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The Committee further proposes that this 
initial action be limited to a three-year 
period at the end of which time a review 
committee appointed by the President of the 
AMS will recommend to the Council whether 
or not the sponsorship of grants by the So
ciety should be continued. 

The President noted that the Society planned 
to charge overhead, although more modest than 
that charged by universities, so that the pro
posal should not cost the Society money. More
over, it was intended that the Society would pro
vide less service than is frequently provided by 
a University, limiting itself to disbursing funds 
on the order of the chief investigator, including 
possibly payment for supporting services. It 
was understood that the Secretary would screen 
proposals and sign those offered as an indication 
that the proposer is a professional mathemati
cian, but not as a judgment of the scientific 
merit of the proposal. 

The Council approved the recommenda
tions of the Committee with the understanding 
that the issue be brought back to the Council 
.for review in three years, possibly sooner. 



1976 ELECTION INFORMATION 
The ballots for election of the Council and Board of Trustees of the Society for 1977 will be mailed 

on or before October 10, 1976. To save on the ever-increasing outflow of money for the ballot, 
especially in postage, some of the information traditionally included in the mailing is presented below. 
Please refer to this information when you cast your ballot. 

July 6, 1976 

Dear Colleague: 

The American Mathematical Society has more than 16, 000 mem
bers; fewer than 4, 400 ballots were cast during the last election. Only about 
3, 800 members voted in 1975. If our Society were only a learned society, 
this would hardly matter. But circumstances force us to act also as a pro
fessional society, and the problems with which the Council and the officers 
of the AMS must deal are occasionally controversial. There are now more 
contested elections than there used to be. Your vote counts. Please use it. 

Sincerely yours, 

Cf.Ftu- o~ 
Lipman Bers 

EXTRACTS FROM THE BYLAWS OF THE SOCIETY 
ARTICLE I 

Officers 
SECTION 1. There shall be a president, a president

elect (during the even-numbered years only), an ex-presi
dent (during the odd-numbered years only), three vice
presidents, a secretary, four associate secretaries, a 
treasurer, and an associate treasurer. 

ARTICLE II 
Board of Trustees 

SECTION 1. There shall be a Board of Trustees con
sisting of eight trustees, five trustees elected by the So
ciety in accordance with Article VII, together with the presi
dent, the treasurer, and the associate treasurer of the So
ciety ex officio. The Board of Trustees shall designate its 
own presiding officer and secretary. 

SECTION 2. The function of the Board of Trustees 
shall be to receive and administer the funds of the Society, 
to have full legal control of its investments and properties, 
to make contracts, and, in general, to conduct all business 
affairs of the Society. 

ARTICLE Ill 
Publications and Communications Committees 

SECTION 1. There shall be eight publications com
mittees, which shall be the eight editorial committees spe
cified in Section 2 of this Article. 

SECTION 2. There shall be eight editorial committees 
as follows: committees for the Bulletin, for the Proceedings, 
for the Colloquium Publications, for Mathematical Surveys, 
for Mathematical Reviews; a joint committee for the Tran
sactions and the Memoirs; a committee consisting of the 
representatives of the Society on the Board of Editors of the 
American Journal of Mathematics; and a committee for 
Mathematics of Computation. 

SECTION 3. There shall be a communications commit
tee called the Committee to Monitor Problems in Communi
cation. 

SECTION 4. The size of each publications committee 
and communications committee shall be determined by the 
Council. 

ARTICLE IV 
Council 

SECTION 1. The Council shall consist of fifteen mem
bers-at-large and the following ex officio members: the of
ficers of the Society specified in Article I, the members of 
the publications committees and the Chairman of the Com
munications Committee specified in Article III, any former 
secretary for a period of two years following his terms of 
office, and members of the Executive Committee (Article 
V*) who remain on the Council by the operation of Article 
VII, Section 4. 

SECTION 2. The Council shall formulate and adminis
ter the scientific policies of the Society and shall act in an 
advisory capacity to the Board of Trustees. 

SECTION 4. All members of the Council shall be vot
ing members. The method for settling matters before the 
Council at any meeting shall be by majority vote of the mem
bers present. If the result of a vote is challenged, it shall 
be the duty of the presiding officer to determine the true 
vote by a roll call. In a roll call vote, each Council member 
shall vote only once (although he may be a member of the 
Council in several capacities), and he shall state before the 
vote in which capacity he votes. The group consisting of the 
four associate secretaries shall have one vote, and it shall 
be divided equally among those who vote as associate secre
taries. Each of the eight publications committees shall have 
one vote, and it shall be divided equally among those who 
vote as members of the respective publications committees. 
All other members of the Council shall have one vote each. 
Fractional votes shall be counted. 

ARTICLE VII 
Election of Officers and Terms of Office 
SECTION 1. The term of office shall be one year in 

the case of the president-elect and the ex-president; five 
years in the case of the trustees; two years in the case 
of the president, the vice-presidents, the secretary, the 
associate secretaries, the treasurer, and the associate 
treasurer. The term of office in the case of members of 
the publications committees and elected members of the 
communications committees shall be four years for the 
Proceedings and the Transactions and Memoirs commit-

*Article V deals with the Executive Committee and is irrelevant to the election. For complete text of bylaws see the 
B.llletin, Vol. 81, No. 6, November 1975, pp. 1137-1143. 
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tees and three years for the remaining committees, ex
cept that when the size of a publications or communica
tions committee is changed, the Council may authorize 
the election of a member for a shorter term. The term of 
office for members-at-large of the Council shall be three 
years, five of the members-at-large retiring annually. 
The term of office for elected members of the Executive 
Committee shall be two years, two of the elected mem
bers retiring annually. All terms of office shall begin on 
January 1 and terminate on December 31 with the excep
tion that the officials specified in Articles I, II, m, IV, 
and V (excepting the president-elect and ex-president) 
shall continue to serve until their successors have been 
duly elected and qualified. The members of a communica
tions committee with terms ending on December 31 are 
designated as past members through February 10 of the 
following year. 

SECTION 2. The president-elect, the vice-presi
dents, the secretary, the associate secretaries, the 

treasurer, the associate treasurer, the trustees, the 
members of the publications and communications com
mittees, and the members-at-large of the Council shall 
be elected by written ballot. An official ballot shall be 
sent to each member of the Society by the secretary on or 
before October 10, and such ballots, if returned to the 
secretary in envelopes bearing the name of the voter and 
received within thirty days, shall be counted. Each bal
lot shall contain one or more names proposed by the 
Council for each office to be filled, with blank spaces in 
which the voter may substitute other names. A plurality 
of all votes cast shall be necessary for election. In case 
of failure to secure a plurality for any office, the Council 
shall choose by written ballot among the members having 
the highest number of votes. Each communications com
mittee elects one of its members as chairman in a man
ner and for a term designated by the Council. Past mem
bers, as designated in Section 1, may be authorized to 
vote in this election. 

COUNCIL 
OFFICERS (Members of the Council, ex officio) 

President LipmanBers 1976 Associate Secretaries Paul T. Bateman 1977 
President-elect R. H. Bing 1976 Walter H. Gottschalk 1976 

Vice-presidents Mary W. Gray 
Orville G. Harrold, Jr. 1976 

1977 Kenneth A. Ross 1977 
John W. Milnor 1976 

Treasurer Louis Nirenberg 1977 Franklin P. Peterson 1976 

Secretary Everett Pitcher 1976 Associate Treasurer Murray H. Protter 1976 

MEMBERS-AT-LARGE 

Charles W, Curtis 
David Gale 

1976 
1977 
1977 
1977 

Herbert B. Keller 
Robion C. Kirby 
Lee Lorch 

1976 
1976 
1976 
1977 

Hugo Rossi 
Lee A. Rubel 

1978 Daniel Waterman 1978 

Judy Green 
Phillip A. Griffiths Karl K. Norton 

Jane Cronin Scanlon 
Barry Simon 

1978 Guido L. Weiss 1978 
1976 J. Ernest Wilkins, Jr. 1977 
1978 

PUBLICATION AND COMMUNICATIONS COMMITTEES 
AMERICAN JOURNAL OF MATHEMATICS, Re11resenta- MATHEMATICS OF COMPUTATION Editorial Committee 
tives of the Socie!,y: on the Board of Editors 

James H. Bramble, Alston S. Householder 
Hyman Bass 1976 I. M. Singer 1977 chairman 1977 John W. Wrench, Jr. 

Walter Gautschi 1977 
BULLETIN Editorial Committee PROCEEDINGS Editorial Committee 

Paul R. Halmos, Hans F. Weinberger 1977 
Thomas A. Chap- Richard K. Miller chairman 1976 

Olga Taussky 1978 man 1979 Barbara L. Osofsky, 
Chandler Davis 1976 chairman 

COLLOQUIUM Editorial Committee Robert M. Fossum 1977 Joseph A. Wolf 

Alberto P. Calderon 1976 Samuel Ellenberg, 
RichardR. Goldberg 1979 

s. s. Chern 1977 chairman 1978 TRANSACTIONS and MEMOIRS Editorial Committee 

Alexandra Bellow 1977 Robert T. Seeley 
MATHEMATICAL REVIEWS Editorial Committee Philip T. Church 1977 Stephen S. Shatz, 

D. J. Lewis, Jacob T. Schwartz 1978 
Solomon Feferman 1979 chairman 

chairman 1977 
Daniel W. Stroock 

Committee to Monitor Problems in Communication* 

MATHEMATICAL SURVEYS Editorial Committee Robert M. Baer 1977 George B. Seligman 

Robert G. Bartle 1977 Maxwell A. Rosenlicht 1978 Duane W. Bailey 1978 Hale F. Trotter 

Edgar H. Brown, Jr., Leonard Gillman, Gordon L. Walker 

chairman 1976 chairman 1977 (ex officio) 
Carl M. "Pearcy 1978 

BOARD OF TRUSTEES 
Lipman Bers (ex of-

ficio) 
Calvin C, Moore 
Cathleen S. Morawetz 
Richard S. Palais 

1976 
1979 
1980 
1976 

Franklin P. Peterson 
(ex officio) 

Murray H. Protter 
(ex officio) 

Alex Rosenberg 
Abraham H. Taub, 

chairman 

NOTE: All terms expire on December 31 of the year listed. 

*Only the chairman of this committee is a member of the Council. 
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1976 
1978 

1977 

1976 
1978 

1978 

1977 
1979 

1979 

1978 
1978 

1976 
1976 



RESEARCH PROPOSALS SUBMITTED 
TO THE MATHEMATICAL SCIENCES SECTION, 

NATIONAL SCIENCE FOUNDATION 
by William H. Pel/ 

The Mathematical Sciences Section of the 
National Science Foundation again announces that 
in order to insure full consideration, proposals 
requesting support beginning prior to September 1, 
1977, should be in the hands of the cognizant pro
gram director at least six months prior to the de
sired starting date of such support, but not later 
than November 1, 1976, and earlier if possible. 

The Section also wishes to encourage greater 
attention to the NSF brochure "Grants for Scien
tific Research" (NSF 73-12) in the writing of pro
posals. Recent proposals have frequently been 
deficient in one or more of the following items 
necessary in the properly written proposal: 

(1) A full description of all other current 
research support or pending applications for such 
for all proposed investigators; in case there is no 
other support and no other application is pending 
or contemplated, the proposal must contain such 
a statement explicitly (for example: None of the 
listed investigators has any other research sup
port and no other application is pending or con
templated); 

(2) In requests for renewed support, esti-

mates both of total expenditures and commitments 
under the existing award to the date at which new 
funding is desired and of the projected residual 
balance, if any (see NSF 73-12, pp. 16-17); 

(3) An abstract of the proposed research 
(in the entire proposal), about one-half page in 
length, written in the third person, with a mini
mal number of symbols not on standard typewri
ters, and suitable for inclusion in the Science In
formation Exchange and for transmittal to several 
Foundation offices for information; 

(4) Justification for any but the most usual 
items of support; in particular, this should be 
done in requests for partial support of sabbatical 
leaves; 

(5) Curricula vitae of the proposed investi
gators, including for each a list of publications 
relevant to the proposed research; 

(6) A bibliography of other pertinent publica
tions (one's results are rarely based entirely on 
one's own work); and 

(7) It would be helpful if each proposal listed 
the telephone numbers of the mathematics depart
ment and the principal investigator(s). 

NEWS ITEMS AND ANNOUNCEMENTS 

NEW AMS COMMITTEE 
A joint Committee on Arrangements for the 

Eighty-third Annual Meeting of the Society has 
been appointed by President Lipman Bers. The 
members are Paul T. Bateman (ex officio), Carl 
M. Bruns, William C. Connett, Ronald C. Frei
wald, James B. Riles, David P. Roselle (ex 
officio), Jerrold N. Siegel (chairman), Nadine L. 
Verderber, and Gordon L. Walker (ex officio). 
The meeting will be held at St. Louis on January 
27-31, 1977. 

NSF PROJECT GRANTS ENCOURAGE 
PARTICIPATION OF WOMEN IN SCIENCE 

In an attempt to tap the underutilized scienti
fic resource which women represent, the Nation
al Science Foundation (NSF) has made grants 
totalling $946,171 to support two types of projects, 
twenty-two Science Career Workshops and eleven 
Science Career Facilitation Projects. The grants 
were made under the NSF's Women in Science 
Program whose objective is to develop and test 
methods to attract and retain women in scientific 
careers. 

In the Science Career Workshop projects, 
two will be in the field of mathematics. Each 
grantee institution for mathematics will select 
participants in the one- or two-day workshop ses
sions from undergraduate women from its own stu-
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dent body as well as from those at institutions 
within a 100-mile radius. The grantee institution, 
project director, and academic level for the 
mathematics workshops are as follows: Lenore 
Blum (AMS member), Department of Mathematics 
and Computer Science, Mills College, Oakland, 
California 94613, freshman-sophomore; Etta 
Falconer (AMS member), Department of Mathe
matics, Spelman College, Atlanta, Georgia 30314, 
junior-senior. 

Two of the Science Career Facilitation 
Project (SCFP) awards will be in the field of 
mathematics and computer science. The SCFP 
grants are aimed at women who received bache
lor's or master's degrees in science between two 
and fifteen years ago and who are not presently 
employed in the fields for which they were trained 
and would like to up-date their education for gradu
ate training or employment. Project directors 
and grantee institutions for the SCFP awards in 
mathematics are: N. B. Dale, Department of Com
puter Sciences, University of Texas-Austin, Aus
tin, Texas 78712 and Calvin T. Long (AMS mem
ber), Department of Pure and Applied Mathematics, 
Washington State University, Pullman, Washing
ton 99163. 

Information about individual projects should 
be requested from the grantee institutions and 
not from the National Science Foundation. 



E. D. BERGMANN 
MEMORIAL RESEARCH GRANTS 

The United States-Israel Binational Science 
Foundation has established two special grants in 
honor of the memory of the late E. D. Bergmann. 
The grants will be awarded annually to one Ameri
can and one Israeli scientist, for research to be 
conducted in Israel. SUpport will be for a two
year period, and for 1977 will be about 120,000 
Israeli pounds (about $15, 350). 

Applicants for the grants must have com
pleted their doctoral degrees within the past five 
years. Their research project may be in any of 
the following areas:Agriculture, Natural Sciences, 
Health Sciences, Science Services, or such tech
nologies as Energy, Arid Zone, or Environmen
tal Research. Application forms and guidelines to 
applicants are available from the National Science 
Foundation, Division of International Programs 
(United States-Israel Binational Science Founda
tion), Washington, D.C. 20550, or from the 
United States-Israel Binational Science Foundation, 
P. 0. Box 7677, Jerusalem. Applications should 
be submitted by November 1 each year; awards 
will be made April 1 of the following year. 

IEEE-USSR COOPERATION AGREEMENT 

An agreement of cooperation in the field of 
information theory has been signed by the Working 
Group on Information Theory of the USSR Acad
emy of Science and the Information Theory Group 
of the Institute of Electrical and Electronics En
gineers (IEEE). The agreement aims at develop
ing these cooperative activities: scientist ex
change for joint work; meetings of working groups 
of scientists from both groups to conduct joint re
search and for scientific interchange; joint pub
lications; and facilitation of exchange of literature 
and research results. 

The first joint activity was a scientific work
shop help in Moscow in December 1975, in which 
fifteen scientists from the IEEE and over thirty 
from the USSR participated. A joint Proceedings 
of the papers presented will be published. 

The next cooperative ventures will be a 
scientist exchange program of twelve man-months 
during the academic year 1976-1977, followed by 
a workshop to take place in the United States in 
1977. 

Anyone interested in obtaining more infor
mation about the IEEE-USSR cooperative program 
on information theory should contact J. K. Wolf, 
Department of Electrical and Computer Engineer
ing, University of Massachusetts, Amherst, 
Massachusetts 01002. 

CHARLES L. FEFFERMAN RECENES 
WATERMAN AWARD 

The National Science Foundation (NSF) has 
selected Charles L. Fefferman, 27, of Princeton 
University as the first recipient of the Alan T. 
Waterman Award. The award, named in honor of 
the first Director of the NSF, carries with it a 
medal and a grant of $50,000 a year for three 
years for research or advanced study at an insti
tution of the recipient's choice. Dr. Fefferman 
was selected from among 232 nominees on the 
basis of his research in Fourier analysis, partial 

differential equations and several complex vari
ables which has brought fresh insight and renewed 
vigor' to the classical areas of mathematics and 
contributed significantly to the advancement of 
modern mathematical analysis. 

FNE HONORED BY ACADEMY 

Five members of the American Mathematical 
Society are among the 122 newly elected fellows of 
the American Academy of Arts and Sciences. They 
are: Herbert B. Keller, Professor of Applied 
Mathematics California Institute of Technology; 
Ellis R. Kol~hin, Professor of Mathematics, 
Columbia University; Lucien M. Le Cam, Profes
sor of Statistics, University of California at 
Berkeley; Jerzy Neyman, Professor of Statistics, 
University of California at Berkeley; and Gabor 
Szegl:J, Professor of Mathematics, Stanford Uni
versity. 

NSF GRANTS AWARDS FOR 
SCIENCE TEACHING PROJECTS 

Among the sixty-six innovative undergradu
ate science teaching projects for which the Nation
al Science Foundation has granted awards are 
twelve directed by mathematicians, the first seven 
of whom are members of the Society, as follows: 
David L. Outcalt (University of California at San
ta Barbara), Robert U. Szczarba (Yale University, 
Connecticut), Leland D. Graber (Central Univer
sity, Iowa), Ralph N. Johanson (Bentley College, 
Massachusetts), Robert A. Melter (Long Island 
University-Southampton College, New York), 
James A. Murtha (Marietta College, Ohio), 
Jeanne L. Agnew (Oklahoma State University), 
W. Wesley Peterson (University of Hawaii), Ron
ald James Bieniek (University of illinois), Law
rence Verbit (SUNY at Binghamton, New York), 
William L. Fellinger (University of Vermont), 
and G. Lansing Blackshaw (West Virginia Uni
versity). 

These faculty-oriented projects are sup
ported under the NSF's Restructuring the Under
graduate Learning Environment (RULE) ?rogram 
with two principal objectives: (1) enhancmg !he 
teaching vitality of science faculty, and (2) ~s~r:
ing the rapid dispersal of important new sctentiftc 
and educational concepts throughout the nation's col
leges. These awards, while totaling approximately 
$900,000, are relatively modest in size, ranging 
between $2,800 and $25,000, and genera~ly sup
port an individual or a small group of sctence . 
faculty members, sometimes with student assis
tance, for intensive work during a specific time 
period, such as a summer term. 

COUNCIL ELECTS REPRESENTATNE 

Louis N. Howard of the Massachusetts Insti
tute of Technology has been elected by the Council 
to be the representative of the Society on the U.S. 
National Committee for Theoretical and Applied 
Mechanics. He begins his four-year term on No
vember 1, 1976, succeeding Joseph B. Keller. 

SALEM PRIZE 

The Salem Prize for 1976 was awarded to 
Dr. Michael Robert Herman of the Centre de 
Mathematiques de 1' Ecole Polytechnique for his 
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work on the rotation numbers of transformations 
of a circle (Arnold's conjecture). The prize, es
tablished in 1968, is given every year to a young 
mathematician who is judged to have done an out
standing work in the field of interest of Salem, 
primarily on Fourier series and related topics. 

The recipient was Dr. Nicholas Varopoulos 
in 1968, Dr. Richard Hunt in 1969, Dr. Yves 
Meyer in 1970, Dr. Charles Fefferman in 1971, 
Dr. Thoma.,s Ktlrner in 1972, Dr. E. M. Nikisin 
in 1973, Dr. Hugh Montgomery in 1974, and Dr. 
William Beckner in 1975. 

The jury consisted of Professor A. Zygmund, 
Professor L. Carle son, Professor J.-P. Kahane, 
and Professor Ch. Pisot. 

SCIENCE FACULTY FELLOWSHIPS 
AWARDED BY NSF 

Nine mathematicians are among the seventy
nine persons who have been awarded Faculty Fel
lowships in Science from the National Science 
Foundation. The mathematicians, the first six of 
whom are members of the Society, are: J. Myron 
Hood (Occidental College, California), Stanley 
R. Deans (University of South Florida, St. Peters
burg), Malcolm D. Tobey (Southwest Minnesota 
State College), Barry N. Stein (Bronx Community 
College, CUNY), Edward J. Wegman (University 
of North Carolina, Chapel Hill), Venice A. Scheu
rich (Del Mar College, Texas), Jerry M. Payne 
(Brunswick Junior College, Georgia), Claire T. 
Machlin (American University, Washington, D.C.), 
and Ruth A. Loyd (Central Oklahoma State Uni
versity). 

The awards total almost $1. 25 million and 
are made to faculty members to help them improve 
their competence in relating the applications of 
science to problems in society. 

NSF received 538 applications which were 
reviewed and evaluated on a merit basis by panel
ists appointed by the American Council on Edu
cation, with final selection being made by the NSF. 
Applicants were divided into three categories: 
faculty at four-year colleges and universities who 
hold bachelor's and master's degrees, holders 
of doctoral degrees, and faculty at two-year or 
community colleges. Each eligible faculty mem
ber had five years or more full-time, college
level teaching eA1Jcrience in science, mathematics, 
or engineering. 

Each applicant presented a plan of study or 
research related to a societal need. Selections 
were made in the following fields: 30 in the physi
cal sciences, mathematics, and engineering; 25 
in the life sciences; and 24 in interdisciplinary 
fields, including the social sciences. 

Fellowship stipends cover a period of from 
three to nine months and are based on salaries 
paid during the preceding year. 

UNITED STATES-INDIA 
EXCHANGE OF SCIENTISTS 

Senior mathematicians of the United States 
wishing to make short visits to India to work with 
Indian colleagues on projects of mutual interest 
may receive travel support under the United 
States-India Exchange of Scientists Program. 

American participants in the exchange pro
gram are selected by the National Science Founda
tion with the concurrence of the Council of Scien
tific and Industrial Research in New Delhi. 
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The program is based on, but not limited 
to, visits for periods from two weeks to a few 
months. NSF pays for the travel of American 
participants between the United States and India. 
Travel and subsistence e)I.1Jenses within India are 
borne by CSIR and the and the Indian host insti
tutions. 

For further information and application 
forms write to: U. S. -India Exchange of Scien
tists, Division of International Programs, Na
tional Science Foundation, Washington, D. C. 
20550. 

AMS RESEARCH FELLOWSHIP FUND 
Request for Contributions 

The AMS Research Fellowship Fund was 
established three years ago because of the scar
city of funds for postdoctoral fellowships. From 
this Fund AMS Research Fellowships are awarded 
annually to individuals who have received the 
Ph. D. degree, who show unusual promise in 
mathematical research, and who are citizens or 
permanent residents of a country in North Ameri
ca. Each fellowship for 1977-1978 will carry a 
partially tax-exempt stipend of approximately 
$10,500. 

For 1976-1977 two Research Fellowships 
were awarded with nine people receiving Honor
able Mention. (See the announcement in the June 
1976 cJioticeiJ ) The Society hopes that the num
ber of fellowships to be awarded for 1977-1978 
can be increased. This number, of course, de
pends on the contributions the Society receives. 
The Society itself contributes a minimum of 
$9, 000 to the Fund each year, matching one-half 
the funds in excess of $18, 000 raised from other 
sources, up to a total contribution by the Society 
of $20,000. It is hoped that every member of the 
Society will contribute to the Fund. 

Contributions to the AMS Research Fellow
ship Fund are tax deductible. Checks should be 
made payable to the American Mathematical So
ciety, clearly marked "AMS Research Fellow
ship Fund", and sent to the American Mathe
matical Society, P. 0. Box 1571, Annex Station, 
Providence, Rhode Island 02901. 

MATHEMATICIANS RECEIVE NATIONAL 
MEDAL OF SCIENCE 

Two mathematicians, Shing Shen Chern of 
the University of California at Berkeley and 
George B. Dantzig of Stanford University, both 
members of the American Mathematical Society, 
are among the fifteen recipients of the National 
Medal of Science for 1975. The medal is the 
nation's highest award for outstanding achieve
ment in science and engineering. Announcement 
of the awards was made by President Gerald 
Ford. 

SEED PROPOSALS DUE BY DECEMBER 15 

Proposals for the Scientists and Engineers 
in Economic Development (SEED) program for 
1977 may be submitted until December 15, 1976. 
Under the SEED program, scientists and engi
neers from U.S. colleges and universities teach 
and conduct research in developing countries in 
Africa, Asia, and Latin America. 

The program, funded by the Agency for 
International Development and administered by 
the National Science Foundation, provides two 



types of awards: Research/Teaching Grants that 
enable recipients to spend five months to a year 
at an academic institution in a developing country 
and International Travel Grants for short-term 
visits. 

For additional information contact: Division 
of International Programs, National Science 
Foundation, Washington, D.C. 20550. 

INDIAN INSTITUTE INVITES VISITORS 

The Indian Institute of Operations Manage
ment, a non-profit academic organization founded 
in 1973, invites mathematicians who will be visit
ing India to spend some time at the Institute for 
lectures and seminars. 

Established with both American and Indian 
professors as patrons, the Institute concentrates 
its activities on study and research in different 
areas of management sciences. It has started 
conducting membership examinations (of M.B.A. 
standard) and admits qualified people as members. 

For further information write: Dr. Sudhan
shu K. Ghoshal, Director, c/o Udyog Kendra, 
Indian Chamber of Commerce Building, 4, India 
Exchange Place, Calcutta-1, or 11/24, Jheel Road, 
P. 0. Jadavpur University, Calcutta-32. 

BICENTENNIAL EXCHANGE OF 
OF LMS-AMS SPEAKERS 

J. Frank Adams of the University of Cam
bridge, England, has been invited to present the 
Bicentennial Lecture at the eightieth summer 
meeting of the American Mathematical Society at 
11:00 a.m. on Tuesday, August 24, at Convoca
tion Hall at the University of Toronto, Toronto, 
Canada. The title of his talk is "Maps between 
classifying spaces. " 

The London Mathematical Society and the 
American Mathematical Society agreed to exchange 
lecturers in recognition of the bicentennial of the 
United States. 

S. S. Chern of the University of California 
at Berkeley has been invited to be the speaker 
from the AMS and will visit England in October. 
His lecture to the London Mathematical Society 
is scheduled for Friday, October 15. 

SIXTEEN MATHEMATICIANS RECEIVE 
SLOAN FELLOWSHIPS 

Sloan Fellowships for Basic Research total
ing $1, 559, 000 have been awarded for 1976-1977 
to ninety-one scientists including sixteen mathe
maticians. They are: Leo A. Harrington and Ar
thur E. Ogus (both University of California, 
Berkeley), Richard Elman (University of Califor
nia, Los Angeles), James P. Lin (University of 
California, San Diegq), Martin E. Walter (Uni
versity of Colorado), Linda P. Rothschild (Colum
bia University), Daniel Kubert (Cornell Univer
sity), Henry B. Laufer (State University of New 
York, Stony Brook), Jean E. Taylor (Rutgers 
University), James Lepowsky (Yale University), 
John D. Fay (Bowdoin College), Mark L, Green 
(University of California, Los Angeles), Micheal 
E. Taylor (University of Michigan), Jurg M. 
Frohlich and Allen E. Hatcher (both Princeton 
University), and Thomas C. Spencer (Rockefeller 
University). The first ten are members of the 
American Mathematical Society. 
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The scientists, whose average age is 30, 
were selected from among hundreds of nominees 
on the basis of their potential to make creative 
contributions to scientific knowledge in the early 
stages of their careers. 

Established in 1955 by the Alfred P. Sloan 
Foundation, the fellowships run for two years in 
varying amounts averaging about $8,500 a year. 
Candidates for fellowships are nominated by 
senior scientists familiar with their capacities 
and the nominations are reviewed by a committee 
of distinguished senior scientists. No formal re
search proposal is required and the Fellow is 
free to shift the direction of his research at any 
time. 

SUMMER INSTITUTE OF 1978 

Suggestions of topics for a Summer Insti
tute for 1978 are being received by the Commit
tee on Summer Institutes until December 1, 1976. 
A Summer Institute is intended to be devoted to 
the state of the art in an active field of research. 
The topics tend to be in pure mathematics, since 
there is other provision for applied mathematics. 

Recent topics are: 
Algebraic Geometry, 1974 
Several Complex Variables, 1975 
Algebraic and Geometric Topology, 1976 
Automorphic Forms, Representations, 

and L-functions, 1977 

Suggestions may be sent to any member of 
the Committee which includes: Daniel Goren
stein, Richard K. Lashof (chairman), Mary E. 
Rudin, Harold M, Stark, and Elias M. Stein. 

RECENT AMS APPOINTMENTS 

Richard C. DiPrima has been appointed 
by President Lipman Bers to the Committee to 
Select Hour Speakers for Eastern Sectional Meet
ings. Continuing members are Joan S. Birman, 
Walter H. Gottschalk (chairman), and George B. 
Seligman. 

The Council has recently elected Robion C. 
Kirby, Arthur P. Mattuck, and George Piranian 
to the Editorial Board of the cJ{otiai). Their 
terms will be for two years, beginning January 1, 
1977. Continuing members of the Committee are 
Ed Dubinsk-y, Barbara L. Osofsky, Everett 
Pitcher (chairman), Gordon L. Walker (ex offi
cio), and Scott Warner Williams. 

President Lipman Bers has appointed 
Stuart Kauffman to the Joint Committee on Mathe
matics in the Life Sciences. Continuing members 
of the Committee are Hans J. Bremerman, Jack 
D. Cowan, Murray Gerstenhaber, Simon A. 
Levin (chairman), Robert M. May, George F. 
Oster, and Sol I. Rubinow. 

Two new members of the Committee on 
Postdoctoral Fellowships have been appointed 
by President Lipman Bers. They are Myles 
Tierney and Karen Uhlenbeck, whose three-year 
terms will begin January 1, 1977. Continuing 
members of the committee are Leonard Gillman, 
Daniel Gorenstein (chairman), Mark Kac, and 
William Thurston. 



NSF UNDERGRADUATE RESEARCH PROPOSALS 
DUE SEPTEMBER 10 

The deadline for 1977 proposals under the 
Undergraduate Research Participation (URP) pro
gram sponsored by the National Science Founda
tion is September 10, 1976. These programs, held 
for many years, attempt to involve undergraduates 
showing unusual promise, usually following their 
junior year, in a research project. 

Competition for awards is between all science 
and engineering departments, and requests for 
funding far exceed resources allocated to URP. 
For 1976 the NSF funded eight proposals for un
dergraduate research programs in mathematics. 

Several years ago NSF required that propos
als be related to the energy crisis, a move that 
sharply curtailed applications in all fields and 
which particularly limited the number of applica
tions coming from departments of mathematics. 

Recent trends have been to interpret these 
guidelines more broadly, and representatives of 
the eight mathematics departments receiving 
grants in 1976 agreed at the national meeting of 
directors that a letter should be sent to appropri
ate journals encouraging colleagues to consider 
applying for URP funds. 

The Project Directors agreed to provide 
descriptions of their programs to interested col
leagues. The directors are: Russell Merris, Cali
fornia State University, Hayward, California; 
Richard Elderkin, Pomona College, Claremont, 
California; Edwin Stueben, illinois Institute of 
Technology, Chicago, illinois; Carl E. Langenhop, 
Southern Olinois University, Carbondale, Olinois; 
George Springer, Indiana University, Blooming
ton, Indiana; Melvin Maron, University of Louis
ville, Louisville, Kentucky; Wayne Roberts, Mac
alester College, Saint Paul, Minnesota; and Robert 
Norman, Dartmouth College, Hanover, New Hamp
shire. 

REGIONAL RESEARCH CONFERENCE 
PROPOSALS SOUGHT BY NSF 

The National Science Foundation (NSF) is 
seeking proposals from prospective host institu
tions in the U. S. for five-day regional conferences, 
each to feature ten lectures by a distinguished 
guest lecturer on a subject of current research in
terest in the mathematical sciences. An applying 
institution should have at least a minimal research 
competence in the area of its proposal. The con
ferences are to be held during the summer of 1977 
or during the succeeding fall or winter. The lec
tures normally appear in one of two monograph 
series, one of them published by the American 
Mathematical Society and the other by the Society 
for Industrial and Applied Mathematics. 

Proposals by prospective host institutions 
should be sent directly to the Mathematical Sci
ences Section (Attention Dr. William H. Pell), 
National Science Foundation, 1800 G Street, 
N. W., Washington, D. C. 20550 by November 
15, 1976. Inquiries on details of proposals for 
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the regional conferences should be addressed to 
the Conference Board of the Mathematical Sci
ences, 832 Joseph Henry Building, 2100 Pennsyl
vania Avenue, N. W., Washington, D. C. 20037. 

The objective of the project is to stimulate 
and broaden mathematical research activity, 
particularly in regions of the country where such 
activity needs further development. The organi
zation of the conferences, evaluation of propo
sals, and arrangements for publication of exposi
tory papers based on the guest speakers' lectures 
are to be carried out by the Conference Board of 
the Mathematical Sciences under contract with 
the Foundation. 

TWO MATHEMATICIANS AWARDED NATO 
POSTDOCTORAL FELLOWSHIPS 

Among the recipients of the fourty-seven 
North Atlantic Treaty Organization (NATO) Post
doctoral Fellowships in Science are two mathe
maticians, both members of the American Mathe
matical Society. They are Steven R. Alpern who 
will attend the London School of Economics, 
England, and Donald E. Marshall who will attend 
the Swedish Academy of Science, Djursholm, 
Sweden. Both were affiliated with UCLA. 

This fellowship program was initiated by 
NATO in 1959 to advance science and te9hnology 
and promote closer collaboration among NATO 
nations or countries that cooperate with NATO. 
Each country administers the program for its 
own nationals. At the request of the Department 
of State NSF administers this NATO-funded pro
gram for U.S. citizens. 

NATO Fellows will receive a stipend of 
$10,800 for twelve months or $8,100 for nine 
months. In addition, dependency allowances for 
round-trip travel will be provided. 

SIX MATHEMATICIANS 
HONORED BY ACADEMY 

Six persons from various fields of mathe
matics are among the 122 newly elected members 
of the American Academy of Arts and Sciences. 
They include five members of the American 
Mathematical Society: Herbert B. Keller, pro
fessor of applied mathematics at the California 
Institute of Technology; Ellis R. Kolchin, pro
fessor of mathematics at Columbia University; 
Lucien M. Le Cam and Jerzy Neyman, profes
sors of statistics at the University of California 
at Berkeley; and Gabor Szegl:l, professor of 
mathematics at Stanford University. Also elected 
to the Academy was Frederick P. Brooks, pro
fessor of computer science at the University 
of North Carolina. 

EXECUTIVE EDITOR OF MATH REVIEWS 

The Editorial Committee of the Mathematical 
Reviews announces that Robert G. Bartle has ac
cepted an appointment as Executive Editor of 
Mathematical Reviews, effective July 1. He re
places Jacob Burlak who is assuming the position 
of Senior Editor. 



NEW AMS PUBLICATIONS 
MEMOIRS OF THE AMERICAN 
MATHEMATICAL SOCIETY 
CHARTING THE OPERATOR TERRAIN by John 
Ernest 

Number 171 
210 pages; list price $8. 80; member price $6. 60 
ISBN 0-8218-1871-6; LC 76-3583 
Publication date: August 31, 1976 
To order, please specify MEM0/171 

This Memoir reformulates and adapts much 
of the algebraic theory of von Neumann algebras 
and C *-algebras to the spatial context -0f single 
operators. For example, the single operator ver
sion of von Neumann's classification and reduc
tion theory takes a classical form (involving a 
spectral multiplicity function defined for arbi
trary operators) which exhibits it as a natural 
generalization of the spectral theorem and the 
spectral multiplicity theory for normal operators. 
The Memoir describes how this theoretical frame
work can bring some organizational sense to the 
prodigious task of exploring and charting the vast 
and varied terrain of bounded operators on a 
separable Hilbert space. 

NON-COMMUTATIVE SPECTRAL THEORY FOR 
AFFINE FUNCTION SPACES ON CONVEX SETS 
by Erik M. Alfsen and Frederic W. Shultz 

Number 172 
120 pages; list price $7. 60; member price $5. 70 
ISBN 0-8218-1872-4; LC 76-18309 
Publication date: August 31, 1976 
To order, please specify MEM0/172 

Geometric notions related to self-adjoint 
projections and one-sided ideals in operator al
gebras are developed in the context of affine 
function spaces on convex sets. In terms of these 
concepts a "spectral axiom" is stated. From this 
axiom one can prove the spectral theorem: that 
elements of the affine function space admit a 
unique spectral decomposition. This in turn yields 
a satisfactory functional calculus, which is unique 
under a natural minimality requirement (that it be 
"extreme point preserving"). Via this functional 
calculus one can define a product 

ao b = 1/2((a + b)2- a 2 - b2), 

and it is shown that if this product is bilinear then 
the affine function space becomes a normed Jor
dan algebra of the type called a JB-algebra by 
Alfsen, Shultz and SWrmer. 

Examples to which this spectral theory ap
plies include the spaces of bounded affine functions 
on Choquet simplexes, and on "rotund" compact 
convex sets, such as the unit ball of LP(1< p < m). 
Another example is the space of self-adjoint ele
ments of a von Neumann algebra, considered as 
the space of all bounded affine functions on its 
normal state space. Using the enveloping von Neu
mann algebra one can pass to the case of a C*-al
gebra considered as the space of all continuous 
affine functions on its state space. In this context 
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the new concepts reduce to the usual ones, and the 
general spectral theory is used to obtain generali
zations and new (more "geometric") proofs of 
various results in operator theory (e. g. that the 
normalized traces on a C*-algebra with identity 
form a w*-compact simplex). As a final applica
tion it is shown that the spectral theory of JB
algebras can also be subsumed under the general 
theory of the present paper. 

INDECOMPOSABLE REPRESENTATIONS OF 
GRAPHS AND ALGEBRAS by Vlastimil Dlab and 
Claus Michael Ringel 

Number 173 
57 pages; list price $6. 40; member price $4.80 
ISBN 0-8218-1873-2; LC 76-18784 
Publication date: August 31, 1976 
To order, please specify MEM0/173 

I. N. Bernstein, I, M. Gelfand, and V. A. 
Ponomarev have recently shown that the bijection, 
first observed by P. Gabriel, between the inde
composable representations of graphs ("quivers") 
with a positive definite quadratic form and the 
positive roots of this form can be proved directly. 
Appropriate functors produce all indecomposable 
representations from the simple ones in the same 
way as the canonical generators of the Weyl 
group produce all positive roots from the simple 
ones. 

In this Memoir the method is extended in 
two directions. In order to deal with all Dynkin 
diagrams rather than with those having single 
edges only, the authors consider valued graphs 
("species"). In addition, they consider valued 
graphs with positive semi-definite quadratic 
form, i.e. extended Dynkin diagrams. 

The main result of this Memoir describes 
all indecomposable representations up to the 
homogeneous ones, of a valued graph with posi
tive semi-definite quadratic form. These inde
composable representations are of two types: 
those of discrete dimension type, and those of 
continuous dimension type. The indecomposable 
representations of discrete dimension type are 
determined by their dimension vectors: these are 
precisely the positive roots of the corresponding 
quadratic form. The continuous dimension vectors 
are the positive integral vectors in the radical 
space of the quadratic form and are thus the posi
tive multiples of a fixed dimension vector. The 
full subcategory of all images of maps between 
direct sums of indecomposable representations of 
continuous dimension type is an abelian exact 
subcategory, which is called the category of all 
regular representations. It is the product of two 
categories U and H , where H is the largest di
rect factor containing only representations of 
continuous dimension type. The representations 
in H are called homogeneous and their behaviour 
depends very strongly on the particular modula
tion of the valued graph. The study of the cate
gory H can be reduced to the study of the homo
geneous representations of a simpler valued 



graph, namely of a bimodule. On the other hand, 
the structure of the category U can be determined 
completely: it is the direct product of at most 
three indecomposable categories, each of which 
has only a finite number of simple objects, is ser
ial, and has global dimension 1. 

The indecomposable representations which 
are non-regular can be described in the following 
way: there are two endofunctors c+ and c- on 
the category of all representations, called the 
Coxeter functors, such that the list of all repre
sentations of the form c-rp and C t-rQ, where P 
is an indecomposable projective representation 
and Q is an indecomposable injective representa
tion, is a complete list of all non-regular inde
composable representations. Also there is a nu
merical invariant, called the defect, which mea
sures the behaviour of the indecomposable repre
sentations, and depends only on the dimension 
type. The defect of a representation is negative, 
zero, or positive, if and only if it is of the form 
c-rp, regular, or of the form c+rQ, respectively. 

The paper concludes with tables of all valued 
graphs with p'lsitive semi-definite quadratic form. 
The tables provide, in condensed form, most of 
the information which is available about the repre
sentation theory of these valued graphs. 

PROCEEDINGS OF THE 
STEKLOV INSTITUTE 
PROBLEMS IN THE CONSTRUCTIVE TREND IN 
MATHEMATICS. VI edited by V. P. Orevkov and 
N. A. Sanin 

Number 129 (1973) 
272 pages;listprice $55. 60; member price $41.70 
ISBN 0-8218-3029-5; LC 75-11951 
Publication date: July 31, 1976 
To order, please specify STEKL0/129 

This volume is the sixth collection of papers 
on constructive mathematics. The collection con
sists of papers on the theory of complexity of al
gorithms, constructive mathematical analysis and 
constructive mathematical logic. The papers were 
presented at a seminar on constructive mathemat
ics at the Leningrad Branch of the Steklov Mathe
matical Institute of the Academy of Sciences of the 
USSR and at a scientific seminar of the Mathemat
ics-Mechanics Faculty of Leningrad University. 

The titles of the papers follow: "Constructive 
versions of the laws of large numbers" by N. K. 
Kosovskii, "On the complexity of expansion of al
gebraic irrationalities in continued fractions" by 
V. P. Orevkov, "Recognizing a symmetry predi
cate by multihead Turing machines with input" by 
A. 0. Slisenko, and "On a hierarchy of methods 
of interpreting propositions in constructive mathe
matics" by N. A. 5anin. 

Part V was published as Number 113 of the 
Steklov book series and Part IV as Number 93 
(MR 49 #4761 and MR 41 #1539). 

TRANSLATIONS OF 
MATHEMATICAL MONOGRAPHS 
PROJECTIVE-ITERATIVE METHODS FQR SOLU
TION OF OPERATOR EQUATIONS by N. S. Kurpel' 

Volume 46 
·196 pages; list price $24. 80; member price $18. 60 
ISBN: 0-8218-1596-2; LC 76-17114 

268 

Publication date: July 31, 1976 
To order, please specify MMON0/46 

This book contains a collection of the au
thor's results on projective-iterative methods for 
solving operator equations, the name given by the 
author to a generalization of Sokolov's method of 
averaging functional corrections. 

The monograph comprises an introduction 
and three chapters. The introduction is a brief 
survey of the most familiar iterative and projec
tion methods for solution of operator equations. 
It presents the gist of the method of averaged 
functional corrections and a brief survey of papers 
investigating these methods. In Chapter I the au
thor sets up a general scheme of iterative projec
tion methods for operator equations in generalized 
metric and lattice-normed spaces, in which the 
distances and norms are elements of certain 
semiordered spaces. He studies convergence 
criteria and establishes error estimates for se
quences of approximations defined by iterative 
projection methods, both for the general algorithm 
and for some of its specializations. In Chaper II 
he investigates various specialized iterative pro
jection methods in special metric and normed 
spaces, sufficient conditions for convergence and 
error estimates which do not follow directly from 
the general theory of Chapter I. In Chapter III he 
applies the results of the previous chapters to 
various special types of operator equation-sys
tems of algebraic and transcendental equations, 
integral and differential equations, and systems of 
such equations. Simple examples are presented 
in an illustrative capacity. 

For an understanding of the main text, the 
reader should be familiar with the basics of func
tional analysis in normed and semiordered spaces. 
However, some of this information may be drawn 
from special introductory sections devoted to 
auxiliary material. 

The bibliography provided at the end of the 
book is fairly complete with regard to literature 
on the method of averaged functional corrections, 
its modifications, generalizations and applica
tions, as well as directly related material. 

The book was translated from the Russian 
by the Israel Program for Scientific Translations; 
the translation was edited by R. G. Douglas. 

PROCEEDINGS OF SYMPOSIA 
IN PURE MATHEMATICS 
MATHEMATICAL DEVELOPMENTS ARISING 
FROM HILBERT PROBLEMS edited by Felix E. 
Browder 

Volume 28 
628 pages; list price $37. 60; member price $28.20 
ISBN: 0-8218-1428-1; LC 76-20437 
Publication date: August 31, 1976 
To order, please specify PSPUM/28 

In May 1974, the American Mathematical 
Society sponsored a special symposium on the 
mathematical consequences of the Hilbert problems, 
held at Northern nlinois University, DeKalb, Il
linois. The central concern of the symposium was 
to focus upon those areas of importance in con
temporary mathematical research which can be 
seen as descended in some way from the ideas and 
tendencies put forward by Hilbert in his speech 



at the International Congress of Mathematicians 
in Paris in 1900. The Organizing Committee's 
basic objective was to obtain as broad a repre
sentation of significant mathematical research as 
possible within the general constraint of relevance 
to the Hilbert problems. The Committee consisted 
of P. R. Bateman (secretary), F. E. Browder 
(chairman), R. C. Buck, D. Lewis, and D. Zelin
sky. 

The volume contains the proceedings of that 
symposium and includes papers corresponding to 
all the invited addresses with one exception. It 
contains as well the address of Professor G. Stam
pacchia that could not be delivered at the sympo
sium because of health problems. The volume in
cludes photographs of the speakers (by the cour
tesy of Paul Halmos), and a translation of the text 
of the Hilbert Problems as published in the Bulle
tin of the American Mathematical Society of 1903. 
The papers are published in the order of the prob
lems to which they are filiated, and not in the al
phabetical order of their authors. 

An additional unusual feature of the volume 
is the article entitled "Problems of present day 
mathematics" which appears immediately after the 
text of Hilbert's article. The development of this 
material was initiated by Jean Dieudonne through 
correspondence with a number of mathematicians 
throughout the world. The resulting problems, as 
well as others obtained by the editor, appear in 
the form in which they were suggested. 

The addresses were on twenty-one of Hil
bert's problems. The authors of the addresses 
were Lipman Bers, Enrico Bombieri, Herbert 
Busemann, Martin Davis with Yuri Matijasevic 
and Julia Robinson, Nicholas M. Katz, Steven L. 
Kleiman, G. Kreisel, R. P. Langlands, G. G. 
Lorentz, Donald A. Martin, J. Milnor, Hugh L. 
Montgomery, David Mumford, 0. T. O'Meara, 
Albrecht Pfister, James Serrin, Guido Stampac
chia, J. Tate, R. Tijdeman, A. S. Wightman, 
and C. T. Yang. 

For the complete table of contents see 
pages 272 and 273. 

AMS TRANSLATIONS-SERIES 2 

SOME PROBLEMS OF MATHEMATICS AND 
MECHANICS (On the Occasion of the Seventieth 
Birthday of Academician M. A. Lavrent•ev) 

Series 2, Volume 104 
265 pages; list price $30. 00; member price $22. 50 
ISBN: 0-8218-3054-6; LC 76-4884 
Publication date: May 31, 1976 
To order, please specify TRANS2/104 

This book is a translation from the Russian 
of a book dedicated toM. A. Lavrent'ev on the 
occasion of his seventieth birthday. The book con
tains a biography of Lavrent•ev, and a synopsis of 
his mathematical works and his work in the fields 
of mechanics and applied physics: this was written 
by G. S. Migirenko. The book also contains a list 
of Lavrent•ev•s published works from 1924 through 
1970. 

The names of the authors who contributed 
papers and the titles of their papers follow: Lars 
V. Ahlfors, "An equality between the coefficients 
a3 and a4 of a univalent function"; S. N. Anton
cev and V. N. Monahov, "On some nonstationary 
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problems with unknown boundaries"; P. P. Be
linskif, "Stability in the Liouville theorem on 
spatial quasiconformal mappings"; Stefan Berg
man, "A representation of solutions of a class of 
equations of mixed type"; A. V. Bicadze, "On the 
theory of a certain class of equations of mixed 
type"; I. N. Vekua, "On one method of solving the 
first biharmonic boundary value problem and the 
Dirichlet problem"; L. I. Volkovyskii, "Some 
questions in the theory of quasiconformal map
pings"; R. M. Garipov, "Asymptotics of Cauchy
Poisson waves"; F. W. Gehring, "Extremal map
pings between tori"; S. K. Godunov and A. A. 
Deribas, "On the process of wave formation in 
the explosive welding of metals"; N. H. Ibragi
mov, "Huyghens' principle"; V. M. Kuznecov, 
"Hydrodynamic models of explosion in the 
ground"; B. A. Lugovcov, "Motion of a turbulent 
vortex ring that carries a passive admixture"; 
G. I. Marcuk, "On the formation of a theormo
cline in the ocean"; D. E. Men'sov, "The limits 
of indeterminacy in measure of the T-means of 
subseries of a trigonometric series"; R. Nevan
linna, "Metrization of affine manifolds"; L. V. 
Ovsjannikov, "On the rising of a bubble"; P. Ja. 
Polubarinova-Kocina, "Nonlinear problems in 
nonstationary percolation theory"; Albert Pfluger, 
"On the convexity of some sections of the nth 
coefficient body for schlicht functions"; James 
Serrin and Hans F. Weinberger, "Curvature in
equalities for surfaces over a disk"; B. V. Sabat, 
"On hyperbolic quasiconformal mappings"; E. N. 
Ser, "On the mechanism of motion of snakes and 
fish"; and N. N. Janenko and Ju. I. Sokin, "Group 
classification of difference schemes for a system 
of one-dimensional equations of gas dynamics". 

PARTIAL DIFFERENTIAL EQUATIONS (Pro
ceedings of a Symposium Dedicated to Academi
cian S. L. Sobolev) 

Series 2, Volume 105 
346 pages; list price $34. 40; member price $25. 80 
ISBN: 0-8218-3055-4; LC 76-8428 
Publication date: May 31, 1976 
To order, please specify TRANS2/105 

This volume contains the papers from a 
symposium dedicated to Academician S. L. Sobo
lev on the occasion of his sixtieth birthday. It 
was translated from the Russian by S. Smith, 

The names of the authors and titles of their 
papers follow: R. A. Aleksandrjan, Ju. M. Bere
zanskii, V. A. li'in and A. G. Kostjucenko, 
"Some question in spectral theory for partial dif
ferential equations"; V. M. Babic, "Application 
of the methods of the mathematical theory of dif
fraction to the problem of the asymptotic beha
vior of the eigenvalues and eigenfunctions of the 
Laplace operator"; 0. V. Besov, V. P. ll'in, 
L. D. Kudrjavcev, P. I. Lizorkin, and S. M. 
Nikol's!d1, "Imbedding theory for classes of dif
ferentiable functions of several variables"; A. V. 
Bicadze, "The theory of non-Fredholm elliptic 
boundary value problems"; M. I. Visik, "Sobo
lev-Slobodeckit spaces of variable. order with 
weighted norms and their applications to mixed 
elliptic boundary problems"; S. K. Godunov, 
V. V. Ogneva, and G. P. Prokopov, "On the con
vergence of the modified method of steepest 
descent in the calculation of eigenvalues"; 



A. A. Dezin and V. N. Maslennikova, "Nonclas
sical boundary value problems"; T. I. Zelenjak 
and V. P. Mihailov, "Asymptotic behavior of the 
solutions of certain boundary value problems of 
mathematical physics for t~oo"; I. A. Kiprija
nov and M. I. Kljucancev, "On Poisson kernels 
for boundary value problems with the Bessel dif
ferential operator"; V. I. Kondrasov, "Boundary 
value problems for differential and integro-dif
ferential equations in domains with a degenerate 
contour"; M. A. Krasnosel'skii, "A mathemati
cal description of the oscillations of a material 
point on an elasto-plastic element"; B. M. Levi-

tan "Lie theorems for generalized translation 
ope'rators"; S. G. Mihlin, " Inequalities of Mar
kov type and Ritz polynomial approximations"; 
A. D. MySkis, "Some problems in the theory of 
differential equations with deviating argument"; 
0. A. Oleinik, "Weak solutions in the Sobolev 
sense for a system of boundary layer equations"; 
A. A. Samarskii, "Some questions from the 
general theory of difference schemes"; A. N. 
Tihonov, V. K. Ivanov, and M. M. Lavrent•ev, 
"Improperly posed problems"; and N. N. Janen
ko "The method of fractional steps for the solu
tio~ of problems in continuum mechanics". 

LETTERS TO THE EDITOR 

LETTERS INVITED ON BLIND REFEREEING 

In January, 1975, the Council of the Ameri
can Mathematical Society selected the Proceedings 
for a two-year experiment with blind refereeing 
and since then all articles sent to referees by the 
editors of the Proceedings have excluded the au
thor's name and institution. This policy will be 
reviewed by the Council in January, 1977. 

Readers of the cJ{oticei) are invited to submit 
letters to the editor expressing their thoughts on 
the subject of blind refereeing. All letters re
ceived in Providence before September 16, 1976, 
will be considered by the Editorial Board of the 
cJ{oticei) for publication in the November, 1976, 
issue prior to the review by the Council. 

Previous letters to the editor from AMS 
members concerning blind refereeing have ap
peared in issues of the c/Voticei) as follows: Octo
ber, 1975, p. 292, from Victor L. Klee, Jr., 
with editorial comment, p. 293; January, 1976, 
p. 77, from Ed Dubinsk-y and Chandler Davis; 
and April, 1976, p. 173, from R. P. Boas. 

Editor, the c#oticei) 
So much has already been written about the 

Employment and Applied Mathematics situation 
that I must apologize for trying once more to focus 
attention on the main issue-the need for a funda
mental psychological reorientation of a substantial 
part of the mathematical community away from its 
preoccupation with the internal structure of mathe
matics and towards mathematical problems that 
arise in science and technology. I now believe that 
this cannot be carried out within the present struc
tUre of Academia. If it does not occur, all the 
ghastly predictions that are now being made for un
employment and miserable career prospects in 
the 1980's will come to pass. 

As I understand the situation, the only con
ceivable way that this can change, given the demo
graphic data which affect college enrollment, is 
that substantial numbers of mathematicians will 
be employed in industry and government. A visitor 
from outer space would wonder why this does not 
happen, given the overwhelming importance of 
mathematical thoughtintoday's world, but the facts 
seem to be that there are about as many profes
sionally trained mathematicians being hired for 
work outside academia as there are philosophers 
working in police departments. Why this is so is 
not completely clear to me (IBM doesn't hire 
people trained in business administration to de-

270 

sign their computers), but obviously, the disdain 
with which the mandarins of the pure mathematics 
world have treated Applications plays a major role. 

After much thought about these matters 
(which goes back to my employment in industry 
fifteen years ago-a very interesting and stimulating 
experience, in fact), I believe that the only way 
things might change is that small groups break 
off from our Titanic in order to work on the 
mathematical problems of the outside world on 
a part-time and consulting basis. One feature 
of the American economy is its decentralized 
and spasmodic nature. This is often harmful 
to theoretical science, which needs steady and 
long-term support, but the Universities and 
the tenure system are available as a counter
weight. Tlms, I could envisage a group of 
mathematicians with common interests banding 
together, developing expertise in some applied 
areas, and finding groups within industry or 
government which need specific work done. 

For example, I have been involved for al
most twenty years in trying to adapt the con
cepts of geometry to various areas of science 
and technology. People trained in these areas 
could be extremely useful in many applied 
problems, but this need has had absolutely no 
effect on the research or teaching interests of 
the rest of today1s geometers who are within 
the mainstream of academia. I now see such a 
group as the only conceivable way that the 
progress that has been made in geometry (alge
braic, differential, topological, ... )might be 
made available in a significant way to the ap
plied world. 

The AMS and SIAM could obviously play a 
key role in leading such a development. I sug
gest that they move forward from the surveys, 
symposia, etc., of the last years and consider 
some such activities. 

Editor, the cJVoticei) 
Robert Hermann 

Prospective authors of Research Announce
ments in the Bulletin, and members of the so
ciety in general, may be interested in the follow
ing letter. We are sending it to all those mem
bers of the Council who are empowered to com
municate Research Announcements. 

"As you are undoubtedly aware, there has 
been a great deal of criticism of both the quality 
and the quantity of Research Announcements. 
This letter is an appeal to all communicators to 
help meet the criticisms, in the hope that it will 



not be necessary to abolish Research Announce
ments altogether. 

"The editors of the Bulletin ask that from 
now on you communicate a Research Announce
ment only if you are sure that the result is not 
just new, correct, and interesting, but that it is 
a result of importance that mathematicians have 
been seeking for some time, and whose com
munication to the mathematical community is so 
urgent that it cannot await the normal time of 
publication. 

"Only rarely can you expect to receive a 
manuscript that meets these standards. It is 
more likely that you may hear of a result of this 

kind in your field, in which case you are en
couraged to solicit it as a Research Announce
ment. 

"We are not decreasing the quotas of com
municators, but we do hope that the above cri
terion will be so faithfully applied that most 
quotas will be far from being filled. In order to 
make it easier for you to enforce the new stan
dard, we are publishing it in the cNotiuiJ." 

Bulletin Editorial Committee 
P. R. Halmos (Chairman) 
Olga Taussky Todd 
Hans Weinberger 

PERSONAL ITEMS 

STEWART S. CAffiNS of the University of 
illinois has been granted a Senior U.S. Scientist 
Award by the Alexander von Humboldt Foundation 
of West Germany. The award will support six 
months of research at the University of Ulm, be
ginning October 1, 1976. 

JOSEPH M. GANI of CSffiO, Canberra, Aus
tralia, was elected to a fellowship in the Austra
lian Academy of Science on May 6, 1976. 

RICHARD R. GOLDBERG of the University 
of Iowa has been appointed to the chairmanship of 
the Department of Mathematics and to a profes
sorship at Vanderbilt University. 

LEO A. GOODMAN of the University of Chi
cago has been elected a member of the American 
Philosophical Society. 

WILLIAM J. GORDON of the General Motors 
Research Laboratories has been appointed Liaison 
Mathematician in the London branch of the Office 
of Naval Research. 

JERRY P. KING of Lehigh University has 
been awarded the Donald B. and Dorothy L. Stab
ler Foundation Award. 

ROBERT L. KRUSE of Emory University has 
been appointed chairman of the Department of 
Mathematics at Saint Mary's University, Halifax, 
Nova Scotia, Canada. 

0. TIMOTHY O'MEARA of the University of 
Notre Dame has been appointed to the Howard J. 
Kenna Chair in Mathematics at that university. 

HARI M. SRIVASTAVA of the Universities of 
Glasgow and Victoria has been elected a fellow of 
the Institute of Mathematics and its Applications, 
United Kingdom. 

DAY A-NAND VERMA of the Tata Institute of 
Fundamental Research, Bombay, was appointed 
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to head of the mathematics department and to a 
professorship at the North-Eastern Hill Univer
sity, Shillong, India in September 1975. He"was 
granted leave to take up the appointment. 

PROMOTIONS 

To Professor. Carnegie-Mellon University: 
ROBERT G. JEROSLOW; Colorado State Univer
sity: H. HOWARD FRISINGER, RICHARD P. OS
BORNE, and JAMES W. THOMAS; University of 
Calgary: BADRI N. SAHNEY. 

To Associate Professor. Colorado State Uni
versity: NICHOLAS K. KRIER and ROBERT A. 
LIEBLER; Hardin-Simmons University: EDWIN J. 
HEWETT; Texas Christian University: DAVID F. 
ADDIS. 

DEATHS 

Professor JOHN Q. ADAMS ill of Oregon 
State University died on May 6, 1976, at the age of 
26. He was a member of the Society for 6 years. 

Professor JOHN P. MURRAY of Fairfield 
University died on January 7, 1976, at the age of 
64. He was a member of the Society for 28 years. 

Professor IVAN S. SOKOLNIKOFF of UCLA 
died on April16, 1976, at the age of 75. He was 
a member of the Society for 48 years. 

Professor MINORU URABE of Kyushu Uni
versity died on September 4, 1975, at the age of 
63. He was a member of the Society for 15 years. 

Professor JAN G. VANDER CORPUT of 
the Netherlands, died on September 13, 1975, at 
the age of 85. He was a member of the Society 
for 28 years. 
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SPECIAL MEETINGS INFORMATION CENTER 
THIS CENTER maintains a file on prospective symposia, colloquia, institutes, seminars, special years, and meetings of 
other associations, helping the organizers become aware of possible conflicts in subject matter, dates, or geographical area. 

AN ANNOUNCEMENT will be published in these c){otiai) if it contains a call for papers, place, date, subject (when ap
plicable), and speakers; a second full announcement will be published only if there are changes or necessary additional 
information. Once an announcement has appeared, the event will be briefly noted in each issue until it has been held and 
a reference will be given in parentheses to the volume and page of the issue in which the complete information appeared. 

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 for 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 are the same as the deadlines for abstracts. They appear on the inside 'trent cover of each issue. 

Januacy !-December 16, 1976. Mathematisches For
schungs Institut Oberwolfach, Federal Republic of Ger
many (Weekly Conferences) (22, p. 295) 

1976-1977. Arne Beurling Year, Institut Mittag-Leffler, 
Sweden (23, p. 82) 

Euromech Kolloquia 1976. Fifteen colloquia in Europe on 
Applied Mathematics and Mechanics (23, p. 119) 

Fall-Spring, 1976-1977. NSF CHAUTAUQUA-TYPE SHORT 
COURSES FOR COLLEGE TEACHERS, Field Centers in 
Eastern, Central, and Western Circuits. 
Program: Each class meets twice in two-day sessions, 
once in the late fall and again in the early spring for the 
courses which are conducted by the American Association 
for the Advancement of Science. 
Teachers: Eastern circuit, Modeling and simulation, Wil
liam I. Davisson and John Uhran, Notre Dame University; 
Mathematical modeling and voting, William Lucas, Cornell 
University; Modeling, mathematics, and computers in bi
ology, Benjamin Jayne and R. Rajagopal, Duke University; 
Central circuit, Mathematical modeling in the biological 
sciences, H. T, Banks, Brown University; Microcompu
ters applied to science education, Robert Tinker, Spring
field Technical Community College, Springfield, Massa
chusetts. 
SupPort: National Science Foundation. 
Information: American Association for the Advancement 
of Science, Chautauqua-Type Short Courses, Box J, 1776 
Massachusetts Avenue, N. W., Washington, D. C. 20036. 

AUGUST 

16-20. CONFERENCE ON NUMERICAL ANALYSIS, Trinity 
College, Dublin, Ireland (23, p. 85) 
Sponsor: The National Committee for Mathematics of the 
Royal Irish Academy. 
Speakers: P, Arminjon (Montreal), G. Capriz (Pisa), P. G. 
Ciarlet (Paris), G. Dahlquist (Stockholm), I. Descloux 
(Lausanne), J. Douglas (Chicago), H. Fujita (Tokyo), 
J. W. J. Hosken (Sunbucy-on-Thames), H. B. Keller (Pasa
dena), N.N. Kuznetsov (Moscow), J.L. Lions (Paris), 
D. Loewenthal (Tel-Aviv), G. I. Marchuk (Novosibirsk), 
W. L. Miranker (Yorktown Heights), N. Nassif (Beirut), 
N. A. Nitsche (Freiburg), R. E. O'Malley, Jr. (Tucson), 
E. L. Ortiz (London), M. R. Osborne (Canberra), V. Pe
reyra (Caracas), P. Rabinowitz (Rehovot), P. Rozsa (Buda
pest), M.N. Spijker (Leiden), J. Steer (Wurzburg), F. G. 
Tcheremissine (Moscow), R. Temam (Orsay), S. Treitel 
(Tulsa), A. Wakulicz (Warsaw), and M. Yamaguti (Kyoto). 
Information: J. Miller, Conference Director, School of 
Mathematics, Trinity College, Dublin 2, Ireland. 

26-September 1. Second Los Alamos Workshop on Mathe
matics in the Natural Sciences, New Mexico (23, p. 180) 

27-September 4. Centro Internazionale Matematico Estivo 
1976. Third Session: Differential Topology, Italy (23,p.180) 

30-September 4. Fourteenth International Congress of 
Theoretical and Applied Mechanics, The Netherlands 
(21, p. 279; 23, p. 123) 

SEPTEMBER 

1-10. Advanced Study Institute on Combinatorics, Ger
many (23, p. 181) 

5-10. Conference on.Finite Groups and Geometries, Bel
gium (23, p. 123) 

6-9. I. M.A. -L. M.S. SYMPOSIUM ON NON-LINEAR 
WAVES AND SOLITONS, University of Newcastle upon 
Tyne, England. 
Program: Major review lectures on the bcnavior of soli
tons. 
Speakers: M. F. Atiyah, Oxford University; R. K. Bul
lough, University of Manchester Institute of Science and 
Technology, Manchester, England; P. D. Lax, Courant 
Institute, New York; and A. C. Newell, Clarkson College, 
New York. 
Information: Miss C. Richards, The Institute for Mathe
matics and its Applications, Maitland House, Warrior 
Square, Southend on Sea, Essex, SS1 2JY, England. 

6-11. European Meeting of Statisticians, France (23,p. 85) 

6-11. Eighth International Congress on Cybernetics, 
Belgium (22, p. 298; 23, p. 124) 

6-17. NATO Advanced Study Institute on Boundacy Value 
Problems for Evolution Partial Differential Equations, 
Belgium (22, p. 369) 

7-9. SEVENTH ANNUAL SERIES OF ARTHUR B. COBLE 
MEMORIAL LECTURES, Department of Mathematics, 
University of illinois at Urbana-Champaign, Ulinois. 
Program: One talk each day by Andrew M. Gleason of 
Harvard University on the general topic "Coding Theocy 
and Combinatorial Accidents". 
SupPort: University of Illinois Foundation through a fund 
established by the late Professor Coble's family. 
Information: Department of Mathematics, University of 
Ulinois at Urbana-Champaign, illinois. 

14-16. CONFERENCE ON RECENT THEORETICAL DE
VELOPMENTS IN CONTROL, University of Leicester, 
Leicester, England. 
Sponsor: Institute of Mathematics and its Applications. 
Program: H. H. Rosenbrock (University of Manchester In
stitute of Science and Technology) will lecture on "Alge
braic Theocy of Linear Systems". Contributed papers will 
also be presented on such topics as algebraic systems, 
optimal control, identification, stochastic control, filter
ing theocy, stability of nonlinear systems, and control of 
systems governed by partial differential equations. 
Information: The Secretacy and Registrar, Institute of 
Mathematics and its Applications, Maitland House, Warrior 
Square, Southend on Sea, Essex, SSl 2JY, England. 

20-24. The Second COMPSTAT Symposium on Computational 
Statistics, Germany (22, p. 298) 

22-December 10. APPLICATIONS OF ANALYSIS TO 
MECHANICS, International Center for Theoretical Physics, 
Trieste, Italy. 
Sponsor: United Nations Development Program. 
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Program: The course for mathematicians, physicists 
and engineers will include lectures by an international 
faculty. It is open to research workers from all countries 
that are members of the United Nations, IAEA or UNESCO. 
Information: The Deputy Director, International Center 
for Theoretical Physics, P. 0. Box 586, I-34100 Trieste, 
Italy. 

24-25. Fourth Annual Mathematics and Statistics Con
ference, Ohio (23, p. 181) 

25. Pi Mu Epsilon Student Conference, Ohio (23, p. 181) 

26-0ctober 1. Conference on Finite Geometries and Groups 
Belgium (23, p. 221) 

28-29. COURSE ON MATHEMATICS AT THE EDUCATION/ 
EMPLOYMENT INTERFACE: THE WAY FORWARD, 
Brunei University, Uxbridge, Middlesex, England. 
Sponsors: Institute of Mathematics and its Applications 
and the Brunei University Education Liaison Center. 
Program: The purpose of the course is to show that the 
lack of basic mathematical concepts and skills is a gen
eral one and to focus attention on short and long term at
tempts being made to come to grips with some of the con
sequent problems. Speakers will include J, Crank, W. D. 
Furneaux, and Mrs. Ruth Rees (all of Brunei University) 
and Sir Hermann Bondi (Ministry of Defence) as well as 
some employers at craft and technician levels. There will 
also be a workshop on how students solve mathematical 
problems and the learning and teaching of mathematics, 
Information: The Secretary and Registrar, Institute of 
Mathematics and its Applications, Maitland House, War
rior Square, Southend on Sea, Essex, SSl 2JY, England, 

OCTOBER 

4-6. Second International Workshop on Modelling and 
Performance Evaluation of Computer Systems, Italy 
(23, p. 221) 

8-9. MIDWEST CONFERENCE ON DIFFERENTIAL AND 
INTEGRAL EQUATIONS, Southern illinois University, 
Carbondale, Ulinois. 
Program: Approximately fifteen invited papers will be 
given. In addition, a limited number of contributed papers 
will be accepted, 
Contributed Papers: Abstracts should be received by 
September 1, 1976. 
Information: T. Burton or R. Grimmer, Department of 
Mathematics, Southern Ulinois University, Carbondale, 
illinois 62901. 

16. ILLINOIS NUMBER THEORY CONFERENCE, illinois 
State University, Normal, illinois. 
Contributed papers: Fifteen to twenty-minute papers are 
desired. Send a one- or two-sentence abstract to the ad
dress below by October 4, 1976. 
Information: Charles Vanden Eynden, Department of 
Mathematics, Ulinois State University, Normal, illinois 
61761. 

18-20. SIAM 1976 FALL MEETING, Georgia Institute of 
Technology, Atlanta, Georgia (23, p. 222) 

Sponsor: Symposia partially sponsored by the Office of 
Naval Research. 
Information: H. B. Hair, SIAM Headquarters, 33 South 
17th Street, Philadelphia, Pennsylvania 19103. 

20-22. ACM 1976 Annual Conference, Texas (23, p, 85) 

25-27. Seventeenth Annual IEEE Symposium on Foundations 
of Computer Science, Texas (23, p. 181) 

25-27. Second ERDA Statistical Symposium, Tennessee 
(23, p. 222) 

27-29. ADVANCED SEMINAR ON APPLICATIONS OF BI
FURCATION THEORY, Mathematics Research Center, 
University of Wisconsin-Madison, Madison, Wisconsin. 
Program: Twelve invited addresses dealing with the ap
plications of bifurcation theory to a diverse range of 
fields. 
Information: P. H. Rabinowitz, Mathematics Research 
Center, University of Wisconsin-Madison, 610 Walnut 
Street, Madison, Wisconsin 53706, 

DECEMBER 

15-17. CONFERENCE ON RATIONAL APPROXIMATION 
WITH EMPHASIS ON APPLICATIONS OF PAD~ AP
PROXIMANTS, University of Scuth Florida, Tampa, 
Florida. 
Program: The conference will include approximately 
twenty American and Canadian invited participants as well 
as J.S.R. Chisholm (England), G. Freud (Hungary and 
USA), P. Henrici (Switzerland), G. Meinardus (Germany), 
H. VanRossum (Netherlands), and Hans Wallin (Sweden). 
Sessions for contributed papers will be included. Pro
ceedings of the conference will be published. 
Support: U. S. Air Force Office of Scientific Research 
and Army Research Office. 
Information: E. B. Saff, Department of Mathematics, 
University of South Florida, Tampa, Florida 33620 or 
R. s. Varga, Department of Mathematics, Kent State Uni
versity, Kent, Ohio 44242. 

27-January 1, 1977. International Dedication Seminar on 
Recent Advances in Mathematics and its Applications, 
India (23, p. 222) 

27-January 1, 1977. Advanced Mathematical Techniques 
in Physical Sciences, India (23, p. 222) 

* * * 1977 * * * 
January 2-December 17, 1977. MATHEMATISCHES FOR
SCHUNGS INSTITUT OBERWOLFACH (Mathematics Re
search Institute of Oberwolfach) 
Information: Attendance at the sessions is by invitation 
only. Those wishing to attend should write directly to the 
chairmen of individual sessions requesting an invitation. 

January 
2-8. Arbeitsgemeinschaft 

Chairman: H. Salzmann, TUbingen 
9-15. Modelltheorie (Anwendungen in der algebraischen 

Zahlentheorie) 
Chairman: K. Potthoff, Kiel; A. Prestel, Konstanz 

16-22. Kontinuumsmechanik 
Chairmen: W. GUnther, Karlsruhe; H. Lippmann, MUnchen 

23-29. Problemgeschichte der Mathematik 
Chairmen: I. Schneider, MUnchen; C. J. Scriba, Hamburg 

30-February 5. Mathematische Wirtschaftstheorie 
Chairmen: H. Ftlllmer, Bonn; W. Hildenbrand, Bonn; 
D. Sondermann, Hamburg 

Program: Four symposia will have invited speakers as 
follows: special symposium honoring the 30th anniversary 
of the founding of the Office of Naval Research: J, Keller, 
New York University-Courant Institute; B. Parlett, Uni
versity of California, Berkeley, and R. Tarjan, Stanford 
University; symposium on numerical solution of initial 
value problems for partial differential equations: E. Adams 
Technische Hochschule, Karlsruhe, Germany; H. Kreiss, 
University of Uppsala, Sweden; J. Oden, University of 
Texas, Austin, and M. Ciment, Naval Ordnance Labora
tory, ·washington; operator equations, focusing on sto
chastic equations and two-sided bounded for deterministic 
problems: W. Boyce, Rensselaer Polytechnic Institute; February 

6-12. Nichtkommutative Zahlentheorie und ganzzahlige T. Soong, State University of New York, Buffalo; R. Moore, D t 11 dl' h G 
University of Wisconsin, Madison; H. Weinberger, Uni- ar~ e ungen en 10 er ruppen 
versity of Minnesota, and a special lecture by N. Ibragimov, Chairman: K. W. _Roggenka:J?P• Stuttgart 
un· 'ty f N 'b' k s · t u · th t' d 13-19. Funkhonentheorie i~ersi 0 ovosi irs • OVle mon; ~a e:r:'a tcs an Chairmen: D. Gaier, Giessen; K. Strebel, ZUrich; H. Wit-
environmental health: H. W. Hethcote, Umversity of Iowa, t' h Ka 1 h 
and H. A. Guess, Jr., National Institute of Environmen- iC '20 ;6s~ ~h t' h M th d · d M d' · 
tal Health Sc'e1 A spec'al featu e 'll b 1 d' - . a ema iSC e e o en m er e iZm . i 1 ce~. .i . . r Wi e a P~~e iS- Chairman: H. Inlmich, Heidelberg; S, Schach, Dortmund 
cuss ion on computmg practwes m mdustry. Parttcipants 27 Ma h 5 p rt' 11 Diff t' 1 1 · h 
will be computer management oriented scientists from in- Cha' - ~ H .. a ~t~ er~n ~ f1 e~c ~ge~ dustry and government. irmen: . e1nz, gen; . e wig, ac en 
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March 
--s=12. Diophantische Approximationen 
Chairman: Th. Schneider, Freiburg 

13-19. Kommutative Algebra und Algebraische Ge
ometrie 
Chairmen: E. Kunz, Regensburg; H. -J. Nastold, MUnster; 
L. Szpiro, Paris 

20-26. Mathematische Stochastik 
Chairman: D. Bierlein, Regensburg 

27-AprU 2. Gewl:lhnliche Differentialgleichungen 
Chairmen: H. W. Knobloch, WUrzburg; R. Reissig, Bochum 

April 
--3-9. Arbeitsgemeinschaft Geyer-Harder 
Chairman: (Not named) 

12-16. Distributionen 
Chairmen: J. Wloka, Kiel; Z. Zielezny, New York 

17-23. Definierbarkeit in der Mengenlehre 
Chairmen: G. H. MUller, Heidelberg; D. S. Scott, Oxford 

24-30. Mathematische Logik 
Chairmen: W. Fekscher, TUbingen; E. Specker, ZUrich 

May 
1-7. Numerische Behandlung von Differentialgleichun

gen unter besonderer BerUcksichtigung freier Rand
wertaufgaben 
Chairmen: J. Albrecht, Clausthal-Zellerfeld; L. Collatz, 
Hamburg; G. H!tmmerlin, MUnchen 

8-14. Kombinatorik 
Chairmen: D. Foata, Strassburg; K. Jacobs, Erlangen 

15-21. Ringe, Moduln und homologische Methoden 
Chairmen: F. Kasch, MUnchen; A. Rosenberg, Ithaca 

22-28. Funktionalgleichungen 
Chairmen: J. Aczel, Waterloo; W. Benz, Hamburg; A. Os
trowski, Basel 

29-June 4. Gruppen und Geometrien 
Chairmen: B. Fischer, Bielefeld; D. C. Higman, Ann Ar
bor; H. Salzmann, TUbingen 

June 
--5-11. Allgemeine Gruppentheorie 
Chairmen: W. GaschUtz, Kiel; K. W. Gruenberg, London; 
B. Huppert, Mainz 

12-18. Darstellungstheorie endlich dimensionaler 
Algebren 
Chairmen: P. Gabriel, ZUrich; G. Michler, Giessen 

19-25. Riesz Spaces and Order Bounded Operators 
Chairmen: W.A.J. Luxemburg, Pasadena; H. H. Schaefer, 
Ttl bingen 

26-July 2. Representations of semi-simple Lie groups 
Chairmen: W. Casselman, Vancouver; W. Schmid, New 
York 

~ 
3-9. Masstheorie 

Chairmen: G. Kallianpur, Minneapolis; D. Kl:llzow, Erlan
gen 

10-16. Diskrete Geometrie 
Chairmen: H. S.M. Coxeter, Toronto; L. Fejes Toth, Buda
pest; H. Zassenhaus, Columbus 

17-23. Formale Sprachen 
Chairmen: G. Hotz, SaarbrUcken; H. Walter, Darmstadt 

24-30. Harmonische Analyse und Darstellungstheorie 
topologischer Gruppen 
Chairmen: H. Leptin, Bielefeld; E. Thoma, MUnchen 

31-August 6. Kategorien 
Chairmen: J, W. Gray, Urbana; H. Schubert, DUsseldorf 

August 
7-13. Graphentheorie 

Chairman: G. Ringel, Santa Cruz 
14-20. Algebraische Zahlentheorie 

Chairmen: H. Hasse, Hamburg; P. Raquette, Heidelberg 
21-27. Linear Spaces and Approximation 

Chairmen: P. L. Butzer, Aachen; B. Sz.-Nagy, Szeged 
28-September 3. Mathematische Aspekte der Methode 

der Finiten Elemente 
Chairman: J. Nitsche, Freiburg 

September 
4-10. Topologie 

Chairmen: T. tom Dieck, Gl:lttingen; K. Lamotke, Kl:lln; 
C. B. Thomas, London 

11-17. Fixpunkttheorie 
Chairman: A. Dold, Heidelberg 

18-24. Geometrie 
Chairmen: P. Dombrowski, Ktlln, K. Leichtweiss, Stutt
gart 

October 
-z:B. Funktionanalysis 
Chairmen: H. Ktlnig, Saarbrucken; G. Ktlthe, Frankfurt, 
H. H. Schaefer, TUbingen; H. G. Tillmann, Mainz 

9-15. Arbeitsgemeinschaft Geyer-Harder 
Chairman: (Not named) 

16-22. Algorithmen und Komplexit!ttstheorie 
Chairmen: C. P. Schnorr, Frankfurt; A. ScMnhage, Ttl
bingen; V. Straussen, ZUrich 

23-29. Fortbildung ftlr Studienrttte 
Chairmen: (Not named) 

30-November 5. Fragen zur Didaktik der Mathematik 
Chairman: (Not named) 

November 
6-12. Zahlentheorie (insbesondere elementare und analy

tische Zahlentheorie) 
Chairmen: H. E. Richert, Ulm; W. Schwarz, Frankfurt; 
E. Wirsing, Ulm 

13-19. Numerische Methoden der Approximations
theorie 
Chairmen: L. Collatz, Hamburg; G. Meinardus, Siegen; 
H. Werner, MUnster 

20-26. Asymptotische Methoden der Statistik 
Chairmen: J. Pfanzagl, Ktlln; H. Witting, Freiburg 

27-December 3. Didaktik der Stochastik 
Chairmen: D. Morgenstern, Hannover; E. Walter, Freiburg 

December 
4-10. Methoden und Verfahren der mathematischen 

Physik 
Chairmen: B. Brosowski, Frankfurt; E. Martensen, 
Karlsruhe 

11-17. Praktische Behandlung von Differentialgleichun
gen in Anwendungen 
Chairmen: R. Ansorge, Hamburg; W. Ttlrnig, Darmstadt 

JANUARY 

4-7. SECOND CARIBBEAN CONFERENCE ON COMBINA
TORICS AND COMPUTING, University of the West Indies, 
Cave Hill, Barbados, West Indies (23, p. 222) 
Sponsor: Department of Mathematics of the University. 
Program: Invited lectures and a series of twenty-minute 
contributed papers each day. 
Lecturers: R. C. Read, University of Waterloo, Canada; 
R. Guy, University of Calgary, Canada; R. F. Church
house, University of Cardiff, United Kingdom; F. Harary, 
University of Michigan. 
Abstracts: Title and abstract due before August 31, 1976, 
at the address below. 
Information: Charles C. Cadogan, Department of Mathe
matics, University of the West Indies, P. 0. Box 64, 
Bridgetown, Barbados, West Indies. 

10-14. SYMPOSIUM ON ALGEBRAIC GEOMETRY, Kyoto 
University, Kyoto, Japan. 

17-19. FOURTH ACM SIGACT-SIGPLAN SYMPOSIUM ON 
PRINCIPLES OF PROGRAMMING LANGUAGES, Los 
Angeles, California 
Call for Papers: Papers on significant developments in the 
principles of programming languages and theoretical studies 
with application to programming languages are solicited. 
Summaries must be submitted by August 16, 1976, to: 
Dr. Ravi Sethi, Bell Laboratories, Murray Hill, New Jer
sey 07974. 
Information: Gerald J. Popek, Department of Computer 
Science, University of California, Los Angeles, California 
90024. 

27-28. THE 1976-1977 ANNUAL MEETING OF THE 
ASSOCIATION FOR SYMBOLIC WGIC, Chase-Park Plaza 
Hotel, St. Louis, Missouri (in conjunction with the annual 
meeting of the American Mathematical Society). 
Information: Kenneth Kunen, University of Wisconsin, 
Madison, Wisconsin 53706, 
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FEBRUARY 

6-9. 1977 AUSTRALIAN APPLIED MATHEMATICS CON
FERENCE, Terrigal, New South Wales, Australia. 
Sponsor: Division of Applied Mathematics, Australian 
Mathematical Society. 
Program: Papers to be presented will be on research work 
on applied or applicable mathematics and on the teaching 
of applied mathematics. Overseas visitors will be welcomed 
although financial support will not be available. 
Information: N. G. Barton, School of Mathematics, Uni
versity of New South Wales, P. 0. Box 1, Kensington, 
New South Wales 2033, Australia. 

APRIL 

18-23. Uppsala 1977 International Conference on Differen
tial Equations, Sweden (23, p. 181) 

JUNE 

3-4. Gauss Bicentennial Symposium, Canada (23, p. 222) 

JULY 

FIRST WORLD CONFERENCE ON MATHEMATICS AT THE 
SERVICE OF MAN, Barcelona, Spain. 
Program: General sessions on the application of mathe-

matical methods to the acquisition of new knowledge in 
many fields and short informal presentations of ongoing 
work. 
Information: Dr. David Cardus, Baylor College of Medi
cine, P. 0. Box 20095, Texas Medical Center, Houston, 
Texas 77025 or Dr. Nadal Batlle, Secretario General de 
la Conferencia MASH, Universidad Politecnlca de Barce
lona, Rectorado, Barcelona, Spain. 

AUGUST 

1-6. INTERNATIONAL SYMPOSIUM ON APPROXIMATION 
THEORY, Campinas, State of sao Paulo, Brasil. 
Information: J. B. Prolla, Instituto de Matematica, Unl
versidade Estadual de Campinas, Caixa Postal 1170, 
Campinas, sao Paulo, Brazil. 

7-13. Eighth International Conference on General Rela
tivity and Gravitation, Canada (23, p. 85) 

16-27. International Conference on Combinatorial Theory, 
Australia (23, p. 85) 
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QUERIES 
Edited by Hans Samelson 

QUESTIONS WELCOMED 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. 

REPLIES from readers will be edited, when appropriate, into a composite answer and published in a subsequent col
umn. All answers received will ultimately be forwarded to the questioner. 

QUERIES AND RESPONSES should be typewritten if at all possible and sent to Professor Hans Samelson, Amer
ican Mathematical Society, P. 0. Box 624B, Providence, Rhode Island 02940. 

@ QUERIES 

101. Guy Chitillon (Departement de mathematiques, Univer
site du Quebec, Trois-Rivieres G9A 5H7, Canada). Has anyone 
done any work on the multi-( or at least bi-) variate probability 
gamma function with dependence? For example, 

g1(x1;a1)=xf1/a!eX. x1 >o, a1 >-1; i=1, ... ,n, 
= 0 elsewhere. 

A bivariate gamma function would then be 

j(x, Y; a, il) = (x"y ~I a! /l! ex+>') · f(x, y), 

x, y > 0, a, !l >- 1, 
where 

g(x; a)= (x"/a! ~) • fo~ y~f(x, y)e ·Y dy = x"/a! ~ 

is the marginal density function of x, and similarly 

h(y; !l) = (y~/!l! ei') · J0~ x''-f(x, y)e -x dx = y~/!l! e~· 

is the marginal density function of y. Also 

(y~f!l! eY)f(x, y) and (x"/a! ex)f(x, y) 

can be considered as the conditional densities of y given x and 
of x given y, respectively. This has arisen in my research on 
sample theory-if you want to know how I encountered such a 
peculiar problem, please write to me. 

102. Warren Shepherd (Department of Mathematics, Oklahoma 
Baptist University, Shawnee, Oklahoma 74801 ). I am looking 
for English translations of Kurt Godel's famous theorems, and 
the theorem of Poincare referred to on page 173, column 3 of 
Mathematics in the Modern World (Freeman, San Francisco 
and London, 1968; MR 38 #1969), the collection of readings 
from Scientific American. I do not want articles on the theo
rems; I want the theorems themselves. 

103. A. G. Ramm (prosp. Engelsa 63, korp. 2, kv. 178, 
194017 Leningrad K-17, USSR). 1. Let A =A* be a linear 
compact operator in the Hilbert space, P be an orthoproector, 
F{X) be a continuous function - oo < X < 00• Is it true that 

Xn{PF(A)P} 
-::-=-:--:- ~ 1 as n ~ =. 
Xn{F(PAP)} 

Here \,(B) is the nth eigenvalue of a selfadjoint operator B. 
2. Is it possible to approximate with prescribed accuracy 

in an appropriate metric an arbitrary positive (nonnegative) 
definite kernel A (x, y) (i.e. (Af, f);;. 0, \If E H) by a kernel 
R(x, y) E R, where the class R is defined in the paper (A. G. 
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Ramm, Differencial'nye Uravnenija 9 (1973), 931-941, 978 
(MR 49 #5749); these cJVoticei) 22 (1975), p. A-708; Ab
stract #75T-B239). 

104. Robin Harte (Department of Mathematics, University Col
lege, Cork, Ireland). 1. Docs there exist a bounded linear operator 
between Banach spaces T: E ~ F which is "almost open" 
(closure {Tx: llx II .;;;; 1} ;? {Y E F: IIYII .;;;; k} for some k > 0) 
but not onto? 

2. Does there exist a bounded linear operator T: E ~ E 
on a Banach space for which II T2 11 = II Tll 2 but, for some n, 
IITnll i= IITIIn? 

@ RESPONSES 

The replies below have been received to queries published in re
cent issues of these cJVoti.ai). The editor would like to thank 
all who have replied. 

94. (vol. 23, p. 223, june 1976, Miller). References on ele
mentary antidifferentiation appear in the following: 

1. Robert H. Risch, Trans. Amer. Math. Soc. 139 (1969), 
167-189. MR 38#5759. 

2. --,Bull. Amer. Math. Soc. 76 (1970), 605-608. 
MR 42 #4530. 

3. joel Mo>cs, SIGSAM Bull. no. 13 (1969), 14-27; 
SIGSAM Bull. no. 14 (1970), 13--16. (SIGSAM =Special In
terest Group of Symbolic and Algebraic Manipulation of the 
Association for Computing Machinery.) 

4. Edward W. Ng, SIGSAM Bull. 8 (no. 3) (1974), 99-
102. 

5. Maxwell Rosenlicht, Amer. Math. Monthly 79 (1972), 
963-972. MR 48 #279. 

6. Daniel Richardson, j. Symbolic Logic 33 (1968), 514-
520. MR 39 #1330. (From the point of view of logic.} 
(Contributed by Leroy F. Meyers, Edward M. Reingold, and 
Lawrence Washington) 

100. (vol. 23, p. 223, june 1976, Leonard). Discussions of the 
Banach-Tarski paradox appear in the following: 

1. L. M. Blumenthal, Amer. Math. Monthly 47 (1940), 
346-353. MR 1, 322. 

2. W. Sierpiriski, On the congruence of sets and their 
equivalence by finite decomposition, (Lucknow Univ., 1954; 
MR 15, 691}, reprinted in Congruence of sets and other mono
graphs, Chelsea, New York, 1967 (MR 36 #23). 

3. Raphael M. Robinson, Fund. Math. 34 (1947), 246-
260. MR 10, 106. 
(Contributed by C. F. Blakemore, Thomas P. Dence, Leroy F. 
Meyers, Norton Starr, and Stanley Wagon) 
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employment 
INFORMF\TION ror mathematicians 

The American Mathematical Society and the Mathematical Association of America publish ElM six times 
each academic year: November, January, March, May, July and August. Each issue contains listings of 
departments in the mathematical sciences in the United States and Canada grouped under one of three headings: 
Those with positions to be filled, those with no open positions, and those not responding to requests for infor
mation. A fourth section includes information on governmental, industrial, and foreign positions. 

Department heads provide information (by a specified deadline) on available openings, or state that no 
openings are available on preprinted forms that are mailed to them every other month. A statement that no 
positions are available may relieve the department of the obligation to answer letters from applicants, thus 
decreasing the burden of correspondence. 

"The Council of the AMS adopts the principles that all positions in the mathematical sciences shall inso
far as practicable be advertised, and that the standard place for the advertisements to appear is the publica
tion EMPLOYMENT INFORMATION FOR MATHEMATICIANS." 

This resolution was passed at the October 25, 1974 meeting of the Council of the American Mathematical 
Society. 

Six issues are published during the academic year, beginning with the November issue, for a 
subscription price for individuals of $25 (ElM is available for half price [$12. 50] to unemployed 
individuals who are not graduate students). Subscription rates are prorated for late orders. 
Single copies are not available except for the final issue. The chart below gives complete in
formation on individual subscription rates. (The subscription rate for institutions is based on 
Ph. D. production and may be obtained by writing to ElM, P. 0. Box 6248, Providence, Rhode 
Island 02940. ) 

INDIVIDUAL ORDER FORM 

Book rate 
Beginning with Ind. Unem.* 

Deadline for receipt 
of orders 

NOVEMBER $25. $12.50 10/15/76 
JANUARY 21. 10.50 12/15/76 

MARCH 17 • 8• 50 2115/ 7'1 (Back issues of ElM 
MAY 13. 6, 50 4/15/77 t ail bl ) 
JULY 9. 4. 50 6/15/77 are no av a e 
b~QY§~--------------2~-------------~~~Q ________________________ !L!~L!! _______________________ _ 

Check one 
[ l Individual rate 

Begin with issue. ______ _ $ _____ _ 

[ l Unemployed rate* 
Begin with issue ______ _ 

Check one (None of the service charges may be prorated) 

I I 
I I 
I I 
[ l 
I I 

Ship book rate (no service charge) 
First Class 
Air Mail (Canada) 
Air Mail (Central, South America, Europe) 
Air Mail (Asia, Africa, Australia) 

Payment enclosed 

($ 4. 20) 
($ 6.10) 
($10. 50) 
($13.10) 

TOTAL 

$ _____ _ 

$ _____ _ 

*To qualify for this rate please complete the following form: 

I am currently unemployed and actively seeking employment. My unemployed status is not the 
result of voluntary resignation or a retirement from my last position. I am not enrolled in a 
graduate study program, Name, please print 

PLEASE 
PRINT 

Name ______________________ _ 

Address _______________________ _ 

City ________ __,State ________ Zip __ _ 

Check must accompany order: make payable to American Mathematical Society 

Post Office Box 1571, Annex Station Providence. Rhode Island 02Q'01 
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BACKLOG OF MATHEMATICS RESEARCH JOURNALS 
Information on the backlog of papers for research unusual circumstances arising in part from the refereeing 

journals is published in the February and August issues system, 
of these cJ{oti£ei) with the cooperation of the respective edi- The observations are made from the latest issue of 
to rial boards, Since all columns in the table are not self- each journal received at the Headquarters Offices before 
explanatory, we include further details on their meaning. the deadline for the appropriate issue of these cJ{oti£eiJ. 

Column 3. This is an estimate of the number of Waiting times are measured in months from receipt of 
printed pages which have been accepted but are not neces- manuscript in final form to receipt of final publication 
sary to maintain copy editing and printing schedules, at the Headquarters Offices. When a paper is revised, 

Column 5, The first (Q1) and third (Q~) quartiles the waiting time between an editor• s receipt of the final 
are presented to give a measure of normal ispersion. revision and its publication may be much shorter than is 
They do not include misleading extremes, the result of the case otherwise, so these figures are low to that extent. 

1 2 3 4 5 

Estimated Observed Waiting 
Approximate Time for Paper Time in Latest 

Number Number BACKLOG Submitted Currently Published Issue 
Issues Pages to be Published (In Months) 

JOURNAL per Year per Year 5/31/76 12/15/75 (In Months) Q1 Q2 Q3 

Acta Informatica 5 480 0 0 8 15 17 27 
Aequationes Math. 3-6 400-600 NR* 450 24 24 25 27 
American J. of Math. 4 1100 1700 2000 24 25 37 37 
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ors are treated as a separate category. Thus, in addition to abstracts from two individual authors, one joint ab
stract by them may also be accepted for the same issue. 

Algebra and Theory of Numbers (05, 06, 08, 10, 12-18, 20) 

*76T-A159 J. M. Gandhi, Department of Mathematics, Western Illinois University, Macomb, IL 
!LT VII. Genocchi numbers and the first case of Fermat's Last Theorem. 

61455 

The Genocchi numbers Gn are defined by 

symbolic formula: 

an odd integer. 

(G+l)r + G = 1, with 
r 

Also G2n = -2(22n-l)B 2n' 

and can be calculated by the 

G1 = +1. It is known that GZn+l = 0 and that is 

B2n being Bernoulli numbers. We prove Theorem 7. If 

Fermat's equation has an integral solution for the first case, then (1) Gp-l = 0 (mod p). In fact we 

prove that the condition Gp-l = 0 (mod p) is equivalent to the condition 2p-l = 1 (mod p2). Thus 

there are only two primes 1093, 3511 below 3xl09 which satisfy the congruence (1). A proof of the 

above theorem, independent of Wieferich's condition, will be interesting. From Krasner's Theorem 

[Comptes Rendus, 199(1934), 296] we prove Corollary 1. If Fermat's equation has an integral solution 

for the first case, then all consecutive Genocchi numbers of even index Gp-3'Gp-5''''' 

Gp-Zi-l (1 ~ i ~ [ 3/log p]) must be divisible by p. The work is supported by the James Vaughn Jr. 

Foundation. (Received February 26, 1976.) 

*76T-Al60 Dr. Brian J. Day, Department of Pure Mathematics, University of Sydney, Sydney, N.S.W. 
2006 Australia. Density presentations of categories. 

The concept of a presentation of a dense (= adequate) functor is formulated (similarly to that 

described in the author's article "On closed categories of functors II", Springer Lecture Notes, 

Vol. 420). A list of examples is given and the relationship between the concept of a density 

presentation and that of a monad with rank is discussed. All categorical algebra employed is 

relative to a fixed small-complete and small-cocomplete symmetric monoidal closed "ground" category y_. 

(Received April 5, 1976.) 

76T-A161 M.E. ADAMS and J. SICHLER, University of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2. 
Endomorphism monoids of bounded lattices. 

Every monoid is isomorphic to the [0,1}-endomorphism monoid of some bounded lattice L 

(G. Gratzer and J. Sichler, Pac. J. Math »,(1970)' 639-647). In that construction L always 

cou.tains an infinite 

bounded lattice L ' 

than n}. Theorem: 

an in~i~ite chain. 

chain. Let Endt O' l}(L) denote the [0,1}-endomorphism monoid of the 

and let E = tM I M"" EndtO,l} (L) for some L of finite height less 

""" There exists a monoid M 

Theorem: 1 !n+l 

such that if M"" N ~ End[O,l}(L) 

and there exists a finite monoid M 

then L 

such that 

has 

ME!n+f!n Theorem: If M is a finite monoid, then there exists a finite lattice L such 

that M"" EndtO,l}(L). (Received April 5; 1976.) 
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76T-Al62 HOWARD1CLEIMA.N, Qneensborough Community College, Bayside, N.Y. 11364. 
~ .!m ~ diophantine equation f(x,y)=O. 

CORRECTION: 76T-A7B. In this abstract, we extend A. Baker's theorems on llplioit bounds for 
the solutions of the diophantine equation f(x,y)=O to those oases where if o<: is an 
arbitrary root of f(x,y) , K = Q(;,.)(o{) contains a subfield genereated by an elliptic 
or hyperelliptio equation. THEORKM. Let n j 

f(x,y) .. xn + E ajxn
j-1 

0 (1) 

where aj E Z[y] f(x,y) is irreducible <Ner Q(y) and K is defined as ab<Ne. 

(j=1,2, ••• ,n) 
Then the following statements hold: 

(a) Let p(y) q(y) belong to Z (yJ where both polynomials are of at least 
degree 3 PtYJ is separable, and q(y) has no irreducible factor of multiplicity 
greater than 2 • Then there are at most finite number of equations of form 

w?. = p(y) (2) • wlfl = q(y) (m ? 3) 
8Uoh .that a solution of (2) or (3) generates a subfield of K • 

(b) We can obtain all eq_uations of form (2) or (3) defined as in (a) 
finite number of steps. 

(c) If K contains even one subfield generated by an equation of form 
(3) (defined as in (a)) , then we can obtain all solutions in integere 
(1) in a finite number of steps. (Received April6, 1976.) 

(2) 
<xo,Yo) 

76T-A163 G. J. Rieger , Techn.Univ.,D-3 Hannover. A Gauss-Kuzmin-Leyy 

theorem for continued fractions by nearest integers. 

(3) ' 

in a 

or 
of 

For BElR' (Q , denote by ] B [ the nearest integer of B and let S(B) : 
-f -1 

I~~ -] IBI [. Denote by m the Lebesgue measure on m . For 0 ~ ne Z. , «ElR let 

Hn (o<) : = m { B ElR '-<tl : \B I.( 1/2 A 0 < Sn(B)~ocJ in case 0 f.o<£ 1/2 and let 

~(o<): = m{Be.lR"-ctl: \Bj<1/2 A (O.(Sn(B)~1/2 v -1/2<Sn(B)f.C(.-1} in case 

1/2 <G(~ 1 . It is easy to verify that for 0 ~01.~ 1 , n ::=:. 0 we have ~+1 («.) = 

l::"k> 1 (~(1/k)- ~(1/(k+O:.)) + ~(1-1/(k+oC)) ;_ ~(1-1/k)). Let G : 

(1 +i5)/2 and let Rn(OI.): = Hn(o<.) - (log G)-10J (G + t)-1 d t (0 ~o<.~ 1 , 

n~O). Theorem. There exist real numbers C> 0 , D.:> 1 such that for 0~!01'.~1, 

n?O we have /~(«>()/-< C D-n . This is a continuation of earlier work (see 

Abstract 76T-A53, these Notices 23(1976),A-270). Sis the shift operator for 

conti'll.ued fractions by nearest integers. (Received April 19, 1976.) 

*76T-Al64 Raymond Balbes, University of Missouri, St. Louis, Missouri, 63121. On representable 
partially ordered sets. Preliminary report. 

A poset is called representable provided that it is isomorphic with the poset of prime ideals (to

gether with ~ and L) of some distributive lattice L. Theorem. The representable posets are those 

and only those of the form nk ~ 

p = 21 ~ ( u ( n Fk i) n ( u rk j)]) 
kEK i=l ' j=l ' 

where Ik,j is a principal prime ideal in 21 and F k,i is a principal prime filter in 21 for each k.EK, 

1 =: i =: ~· and 1 =: j ~ '"k' (Received April 22, 1976.) 

*76T-Al65 KI HANG KIM, Box 69, Alabama State University, M:mtgomery, Alabama 36101 
Primitive NOnnegative Matrices 

We give a criterion for nonnegative matrix to be primitive. 

A normegative matrix A will be called an RC-matz.i:t: if every row and every coll.lllll of A 

contains at least one nonzero entry. An n-square RC-matrix will be called an K·matz.i:t: if 

(i) there exists a permtation matrix P of order n such that PAPT is equal to a 

partitioned matrix (Aij), i, j = 1, ••• , k; (ii) there exists a pernutation matrix Q .. (qij) 

of order m (~ 2) which is not equal to an identity matrix such that 

is an RC-matrix 

is a zero matrix 
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'llffiOREM. An n-sqtltll'e RC-matzoi:c is pl'imitive if and onZy if A is neithezo deeomposabZe 

7101' K-matzoi:t:. (Received April 23, 1976.) 

Maureen T. Bleazby, La Trobe University, Bundoora, Victoria, Australia, 3083. 
Automorphisms of skew polynomial rings. Preliminary report. 

Let R be any ring with identity and a any automorphism of R. 

induces an 'automorphism of the skew polynomial ring R[x,a] which fixes each element of R if and only 

if i a a (i) r r. = r.r ft>r all rERand all 0 , i ,;; n 
]. ]. 

(ii) rl is a unit in R ; and 

(iii) ri is nilpotent for all l < i S n. 

Also these three conditions hold precisely when the above map induces a surjective homomorphism of 

R[x,a] which fixes each element of R. (Received April 27, 1976.) (Author introduced by Dr. K. R. 

Pearson.) 

*76T- AJ.67 BONNIE PAGE DANNER, Virginia Commonwealth University, Richmond, 
Virginia, 23284. Maximal separable subfields. Preliminary report. 

Let L/K be a finitely generated separable fiel~ extension of charac

teristic p 1 0 . Let M be an intermediate field such that L/M is insepa-

rable. We characterize maximal subfields S of M/K with respect to the 

property that L/S is separable as follows: 

Theorem l. Let L/S be separable. S is a maximal subfield for L/M if and 

only if S(LP) ~ M and S is algebraically closed in M . 

Theorem 2. If L/S is separable, S is a maximal subfield for L/M if and 

only if the inseparability of L/~f is equal to the transcendence degree of 

~I/S . 

Theorem 3. There is a unique maximal S for L/M if and only if S/K is 

algebraic for some S . (Received April 27, 1976.) 

76T-Al68 RONSON J, WARNE, University of Alabama, Birmingham, Alabama 35294. The congruence "t". 

Preliminary report. 

Let S be a regular semigroup in which the union T of the maximal subgroups is a subsemigroup. Hence, 

T is a semilattice Y of completely simple semigroups (T : y E Y). Let t = ((a, b) E S X S: aa•, bb• E T and 
y y 

a•a, b• bE T z for some y, z r:: Y and some inverses a•, b' of a and b respectively}, We show t is a congruence 

relation on S, S/t is an inverse semigroup with semilattice Y, each subgroup of S/t is a single element, and 

ker t = T, Hence (R.J. Warne, "Normal regular semigroups". I, Notices Amer, Math. Soc, 23(1976), A-351, 

76T-A84) will be valid even if we omit the condition "If, furthermore, for each y r:: Y, there exists ey r:: Ty such 

that eyez = eyz for all y, z r:: Y". We have previously shown t is a congruence in special cases - see, for 

example, R. J, Warne, "Generalized w- .l-unipotent bisimple semigroups," Pacific J. Math, 51(1974), 631-648. 

(Received April 30, 1976,) 

*76T-Al69 B. N. DATTA, IMECC-UNICAMP, Cf.l!PINAS-BRASIL 
APPLICATION OF HANKEL MATRIX TO THE ROOT-LOCATION PROBLEM 

n n-1 · Let f (x) = x - anx ... - a 2x - a1 be a polynomial of degree n w1th 

real coeficients. Then it is well-known ~ F.R. Gant~~cher, The Theory of Matrices, Vol. 2 

(1959), pp. 202] that the rank and signature of the associated Ranked matrix of Newton sums 

specify respectively the number of distinct zeros and the number of distinct real zeros of 

f (x). In this paper, it is shown how this Hankel matrix H can also be employed to obtain in-

formation on the location of zeros of f(x) in a given half plane. As a particular case of 

A-47ii 



this result, it is shown how H provides a criterion for testing aperiodicity of f(x) (a polx_ 

nomial f(x) is called aperiodic if all its zeros are distinct and negative real), 

(Received May 3, 1976.) 

*76T-Al70 CARL H. FITZGERALD, University of California at San Diego, La Jolla, California 92093 

and ROGER A. HORN, The Johns Hopkins University, Baltimore, Maryland 21218. Q!!_ 
fractional Hadamard powers of positive definite matrices. 

Let A= (aij) be a real symmetric nxn positive definite matrix with nonegative entries. We show 

that A(a) = (a~j) is positive definite for all real a~ n- 2. Moreover, the lower bound is 

sharp. We give related results for pairs of quadratic forms and discuss partial generalizations 

to the case in which A is a complex Hermitian matrix. (Received May 7, 1976.) 

*7bT-A171 Her.tor A. Merklen, Institute de Matematica, Universidade de Sao Paulo, Sao 
Paulo, Brasil. Automorfisms of nilpotent groups of class two, 

Let G be a finitely qenerated, nilpotent group of class 2 with commutator group 
G'. A subgroup aAut(G/G') of Aut(G/G') is defined and Hom(G/G' ,G') is made in
to a group by point-wise addition of functions. Theorem 1. There is an exact sequen
ce: 

0 ~ Hom(G/G' ,G') ~ Aut(G) -=- aAut(G/G') _. O, 

where denotes passage from G to G/G' and for each t in Hom(G/G'.G'), 
it ( x) =x + t (xl . 

Let F be the fixed subgroup of G under Aut(G) 1 A, the set of those 
Aut(G) 'IT!hch re<'luce to the identity on G/F0 1 F1 , the fixed subgroup of G 
A, Theorem 2. If Aut(G) is commutative, G'C F0 cF1 CZ(G), and for each f 
Aut(G) _:!:here is a t in Hom(G/F0 ,F1) such that ffx)=x + t(ii) • for all x 
(where x is the class of x modulo F 0 ). 

f in 
under 

in 
in G 

An example is given of a non-commutat1ve G of order 1024 such that Aut(G) 
commutative. (Received May 10, 1976.) 

is 

*76T-Al72 RICHARD E. PHILLIPS, Michigan State University, E. Lansing, Michigan 48824 
and JOHN s. WILSON, Christ's College, Cambridge, England. The minimal con
dition for non-serial non-locally nilpotent subgroups. 

The groups 'IThich are locally finite or locally .solvable and satisfy the condition of 

the title are completely classified: those which are not Cernikov groups are just the 

groups G for which (a) the set R of right Engel elements is a locally nilpotent 

normal subgroup and (b) the factor group G/R is finite and has all non-cyclic sub

groups subnormal. Such groups G are in fact locally nilpotent by finite cyclic and 

have no non-serial subgroups which are not locally nilpotent. Strengthening the chain 

condition in various ways, one obtains a number of known results, for instance (a) the 

Sunkov-Kegel-l'lehrfritz theorem that all locally finite groups satisfying the minimal 

condition are Cernikov groups, and (b) a structure theorem of Cernikov for certain 

groups satisfying the minimal condition on non-Abelian subgroups (in Dokl. Akad. Nauk 

154(6), 759-760 (1964)). (ReceivedMayl0,1976.) 

*76T-Al73 James A. Carlson, University of Utah, Salt Lake City, Utah 84112. A result on mixed 
Hodge Structures, Preliminary report. 

To a mixed Hodge structure are associated the Hodge structures on the graded pieces of the weight fil

tration. To reconstruct the former from the latter, Qne needs the extenaLon datu., The extension 

datum is defined, and the group of such is shown to be a real torus. Applications to degenerations of 

varieties and their periods are given: Let N = log (monodromy matrix), When N2 = o, the group of 

extensions is shown to be a complex torus. A boundary component, different from Cattani's, is define~ 

It is a holomorphic fiber space over a product of period domains with fiber a complex torus. For curve 

degenerations the fiber is a product of Jacobians; for quartic surfaces, it is the seventeen-fold pro

duct of the double curve. In general, when N2 = 0, rank N is minimal, this boundary component is 

maximal. In particular, its dimension in the quartic surface case is eighteen. (Received May 10,1976) 

*76T-Al74 Gunter Bruns, McMaster University, Hamilton, Ontario LBS 4Kl. Finitely generated 

orthomodular lattices with at most three blocks. 

Theorem l. Every orthomodular lattice with at mosi two blocks (maximal Boolean subalgebras) which is 
2n 2n-

generated by an n-element set has at most 2 (2 + 2) elements and this bound is best possible. 
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Theorem 2. Every finitely generated orthomodular lattice with at most three blocks is finite. 

(Received May 12, 1976.) (Author introduced by B. Banaschewski.) 

76T-Al.'75 Dr J .L • HUIIBOH, .nt., 2995 Glenwood Drive, Boulder, Colorado 80302, Growth 
~ ~ aooorabi'l:ity ~graphs, Preliminary report. 

Gonliider any eonnected three valent graph G which can be constructed ("grown") as 

follows: Start with 2 distinct vertices a , b , and one edge ab Then at each step 

either (1) identify two vertices of degree one to get a vertex x of degree two and then 

add a vertex y and an lldge l<y ; <>r (2), given some vertex x of degree one, add two 

distinct vertices y and z and edges xy and xz • Finally, given edges tu and vw 

such that u and w are the only vertices of degree one in the whole graph, we can remove 

u , w , tu and vw and add tv • Let the "growth number of G " be the minimum over all 

possible ways of growing G of the maximum over all steps of the number of vertices of 

degree one. If G is planar define the planar growth number (pl(G)) of G similarly by 

allowing only those constr.u~ti~n$ whe~e ail vertices of degree one are in the same component 

of the plane at each step. Theorem: (Proof by computer) If G is planar bridgeless and 

pl(G) ,s:; 7 then G is edge 3- colorable. Example: Tutte's graph (T) is such that 

pl (T) ,s:; 7 Remark: there exist arbitrarily large graphs G, such that pl(G) ,s:; 7 • 

(Author presented by Jan Mycielski.) (Received May 14, 1976.) 

~.!iJ\.!1.'1'6 V.R. Chandran and Harry Lakser, both of The University of Manitoba, Winnipeg, Manitoba, 
Canada, R3T 2N2. Distributive Lattices Whose Prime Ideals Are Principal. 

A well known theorem of l.S. Cohen states that if R is a commutative ring with 1, 

and every prime ideal in R is principal, then every ideal in R is principal. In this note, 

the analogue of this theorem is proved for distributive lattices with 1. (Received May 17, 1976.) 
(Authors introduced by R. Padmanabhan.) 

76T-Al.77 ROGER MADDUX and ALFRED TARSKI, Univ. Calif., Berkeley, Ca. 94720! sufficient 

condition £2!: ~ representability ..2! relation algebras. Preliminary report. 

For notations see (i) J6nss~arski, Amer. J. Math., vol. 73(1951), pp. 891-939, 
vol. 74(1952), pp. 127-162 and (2) Monk, Math. Naohr., vol. 46(1970), pp. 47-55· For any 

RA (i.e. relation algebra} or let FnOI be the set of elements X of 01 that are functional 

(i.e. ~;x' 1'). ~Zorn's lemma we obtain~~ If a complete RA ~ satisfies condition 

(C): for ever,y x ~ 0 in ~ there is a y 6 Fn~ with 0 ~ y ~ x, then it also satisfies 

(c•): for ever,y x in h there is aye Fn:6 withy"' x and y;l = x;l. Theorem,!: Ever,y RA 

Cft satisfying (C) is representable (i.e. isomorphic to a proper relation algebra}. 1:!:2.2!: 
Lett; be the completion of 07 (see (2)), and 2: be the perfect extension of t7 (see (1)). 

Clearly i!J satisfies (C) and hence also ( C 1 ). Let U be the set of all atoms u of :t; such 

that u"' v for some v e Fn,g., and let Fx • {<u,v> : u,v e U and v t: u;xl for ever,y x in (r. 
Using (c•) it is shown that F maps J5. onto, and hence ()1 into, a proper RA. An easy con

sequence of theorem 1 is ~ £: 01 is a representable RA iff 01 is a subalgebra of an 

RA satisfying (C). Theorems 4.29 and 4.32 of (1) are special cases of theorem 1. Related 

results also hold for cylindric algebras. (Received May 20, 1976.) 

*76T-A178 ROGER MADDUX, University of California, Berkeley, California 94720 
Another sufficient condition £2!~ representability of relation algebras 

For references and notation see preceding abstract. Theorem,!: If 01 is a relation 

algebra in which L_{p;q 1 p,q e Fn01} = 1, then 01 is representable. Aside from some 

elementary results in the calculus of relation algebras, the proof of theorem 1 onlY 

requires the fact that the class of representable relation algebras is a variety. 

Corollar,y 1: (Maddux-Tarski) If 01 is a relation algebra in which 2:Fn01 = 1, then Of is 

representable. Corollary 1 was first proved by methods completely different from those 

of theorem 1 (see ~receding abstract). Corollaxy~l (Tarski, J, Symb. Logic, v. 18 (1953), 
pp. 188-189) If ~ is a relation algebra with two elements p,q e Fn~ such that p;q = 1, 
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then 01 is representable, The ori~nal proof made essential use of some metamathematical 

results, and can be found in Tarski, A formalization of set theor,y without variables (to 

appear). Theorem 1 can also be used to prove the following analogous result for cylindric 

algebras (for notations see Henkin-Monk-Tarski, Cylindric Algebras), Theorem 2: Suppose 
1 l -

n lt 3, 01 & CAn' and 1 " ~{o0 (x•s2c2y) r x1y E A and c2x•s2c2x + o2y·s~o~ .: d12}. 

Then 01 is representable if n is infinite, and ~ 201is representable if n is finite. 
n-

(Received May 20, 1976.) 

*76T-A179 Christiane Rousseau, Universite de Montreal, C.P. 6128, Montreal 101, Canada. 
Continuity, holomorphy and logic of topoi. 

There exists non boolean topoi without axiom of choice, namely the topoi Sh(X) where X is a 

locally compact space where the following theorem is true. 

Theorem: f: U + [, where U is an open set in C, is continuous iff uniformly continuous on 

every closed sphere in U, f is differentiable iff uniformly differentiable on every closed sphere 

in U. 

Also the existence of the integral interprets as follows: 

"> .. eorem: Let U be an open set in [n and f: U + [ holomorphic. Let y be a piecewise 

differentiable path in IT (U) depending holomorphically upon the parameters (tl, ... ,tn-1) E rr_n(U). 

Then J fCz 1,t1, ... ,tn_ 1)dz depends holomorphically upon t 1, ..• ,tn-l" 
ZEy(t1, ... ,tn-l) 

(Received May 21, 1976.) 

*76T-A180 SAAD MOHAMED, Kuwait University, Kuwait and THANAA BOUHY, Women's University 
College, Ain Shams University, Cairo, Egypt. Continuous modules. 

Following Utumi, we call a module M continuous if it satisfies the following: 

(i) every submodule of ~~ is essential in some direct summand of M, and (ii) if a 

submodule A of •'i is isomorphic to some direct summand of M, then A is a direct 

summand of i'l. The following results are proved: (1) Every quasi-injective module is 

continuous. (2) A module M is quasi-injective if and only if M x M is continuous. 
(3) A ring R is semisimple artinian if and only if every finitely generated R-module 

is continuous. (4) Let M be a continuous module, H its ring of endomorphismsand J 

the Jacobson radical of the ring H, then H/J is a continuous regular ring. 
(Received May 24, 1976.) (Authors introduced by Professor S. K. Jain.) 

76T-A181 Ralph Freese, University of Hawaii, Honolulu, HI 96822. The class of Arguesian lattices 
is not a congruence variety. Preliminary report. 

Let L be the Hall-Dilworth lattice obtained by gluing together projective planes of 

different characteristics, and let V be a variety of algebras all of whose congruence lattices are 

modular. Then L is not in the variety of lattices generated by the congruence lattices of V. 

By a result of B. Jonsson, L is Arguesian. (Received May 26, 1976.) 

76T-Al82 Ralph Freese, University of Hawaii, Honolulu, HI 96822, and J. B. Nation, Vanderbilt 
University, Nashville, 1N 37235. Projective lattices. Preliminary report. 

If a is an element and U is a finite subset of a lattice L, then U is called a 

cover of a if V U :': a. U is a non-trivial cover if there is no u E U with u :': a. V < < U 

holds if for all v E V there is a u E U with v s u. D0 (L) is the set of joi.1 - pri.11e elements of 

L, 1\:+l (L) is the set of those elements a E L such that if U is a non-trivial cover of a then 

there exists a cover V .::_ 1\:(L) of a with V < < U. (W) is the Whitman condition free of the 

generators. Onto maps are used in the definition of projective lattjces. 

TIIEOREM. A lattice L is projective if and orily if each of the following and their duals holds 

a, 

1. Ukl\(L) = L 
2. (\'1) 

3. for each a E L, 

then there is a V E S(a) 

Siu.l 
there is a finite setAof covers of a such that if U is a cover of 

with V < < U 
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4. there is a homonnrphism f: FL(X) onto L and an order-preserving map g: L->- FL(X) 

such that f(g(a)) = a for all a E L. 

COROLLARY. CO\mtable projective lattices are characterized by 1, 2, 3, above, and their duals. 

(Received May 26, 1976.) 

76T-Al83 WITHDRAWN 

*78'F'.rm8'4 John M. Vasak, University of Illinois, Urbana, Illinois 61801. 
The thickness of the complete graph. 

The thickness of a graph G is defined as the minimum number of planar graphs 

whose union is G. The main theorem of this paper states that the thickness of 

the complete graph Kp is equal to the greatest integer less than or equal to 

(p+7)/6 for all positive integer values of p except when p is equal to nine or 

ten. In these two cases, the thickness of the complete graph is three. Con~tructions 

are given for a decomposition of any complete graph into a minimum number of planar 

subgraphs. This paper extends the work of L. w. Beineke and F. Harary to cover the 

case when p is of the form 6n + 4. (Received June 1, 1976.) 

76T-Al85 M. BHASKARAN, 9-18 Butterick Place, Girrawheen, W. Australia 6064. 
On a norm theorem, Preliminary report. 

Some t'ilrlf! ago, Garbanati (Bull. Amer. Math. Soc., Nb.y 1975)announced that for an abelian number 
field k, Hasse norm theorem holds if and only if the narrow genus number and narrow central class 
number of k are the same. Here this is improved as: 
For any normal number field k, norm theorem holds if and only if the genus number and central class 
number otJ<""9re the same. ( * ) 
lJellniiig cenfral class field of an arbitrary number field in an appropriate manner, it is worth 
investigating whether the restriction of normality an kin ( *) could be deleted. In this connection, 
Furuta's isomorphism theorem for the relative Galois group of the genus field of k over k could be 
extended to the case when k is non-normal by using Ex. 8, CaliSe Is and Frohlich, Alg. 
Number Theory, p. 364. Possibly Masuda's isomorphism theorem for the relative Galois group of 
central class field of k over k also could be extended to the case when k is non-normal. 
At present this is a conjecture supported to some extent by an earlier result of the author 
(Abstract 76T-A58, these Notices, Feb. 1976). If this. conjecture is proved, then the normality 
condition on k could be deleted from ( *). From ( *), it follows that a normal number field with 
a finite class field tower ~r central class field tower) has an unramified normal extension for which 
the norm theorem holds. (An earlier announcement of the author, Abstract 75T -A246, these Notices, 
Oct. 1975, should be corrected in this manner). Now one may ask the following question: Let k 
be a number field for which norm theorem does not hold (with some additional restrictions if necessary). 
Is it true that k has no unramified normal extension for which norm theorem holds ? 
(Received May 28, 1976.) 

*76T-Al86 M.S. KLAMKIN, University of Waterloo, Waterloo, Ontario N2L 3Gl and 
DAVID ZEITLIN, Minneapolis, Minnesota. On Some m-Fold Summations. 

A number of results on functionals of max(i1 ,i2 , ... ,im), min(i1 ,i2 , ... ,im), etc., are 
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generalized and lead to previously known results as special cases in a simpler fashion. Some 

of these results are as follows: If I denotes the set of values (i1,i2, .•• ,im)' then 

L F{maxi} = L~ {(r+l)m- rm}F(r), L F(mini) = L~ {(r+l)m- rm}F(n-r), J(m,k) = L {mini}k 

J(k,m) (in all the undesignated sums, the m summation indices ik run from 0 to n). 

In the next uodesignated sum, the indices ik run from 0 to nk, k = 1,2, ••• ,m. 

L F{mini} = L~ F(r) {II~(ni+l-r) - IJ~(ni-r)} where n = min(n1,n2, .• , ,nm). The analogous 

result for L F{maxi} is more complicated. (Received June 1, ~976.) 

*76T-Al87 Yehiel Lehrer-Ilamed,Soreq Nuclear Research Centre, Yavne,Israel. On exceptioii&l. identities 
for skew symmetric matrices • 

- + Let Mn be the algebra of nl(n IIUltrices over a field of characteristic zero. Let Mn and ~ be 

the subspaces of Mn of skew symmetric matrices and sym~~etric matrices,respectiveJ.y. let sk(x1, .. .,~) be 

the standard polynomial of degree k ; s2(x1,x2) = [x1,x2] = x1x2-x2x1 • If n is even s2D-2(x1, ••• ,x2n-2) 

is an identity for !II~ ; this theorem of Kostant was shown to be valid also for odd n by J. Hutchinson, 

F. Owens and L. Rowen ( see Jacobson's lecture in the Proceedinge of the Oklahoma Ring Theory Conference , 
1973 ) o We have obtained the following result : 

Theorem. (1) [ s3(x1,x2,x3),x4 J is an identity for ~ 

(2) s3(x1,x2,x3) is a central polynomial for ~ • 

Remarks : a) The identity (1) is an exceptional identity for x; i.e., it is not the special case, n=3 , 

of the above mentioned identity for !II~. b) For k>l s2k+l(x1, ... ,x2k+l) is a central polynomial only 

for a subspace of M;.,+l • c) The polynomial (1) vanishes for all specializations of x1 ,x2,~ in M3 
and x4 in ~ o d) s3([x1,x21, f,•x4J •[x5,x6j) is a central polynomial for M; • (Received June 2,1976) 

*76T-Al88 Charles M. Grinstead, University of California, Los Angeles, California, 90024. 
On Coverings and Packings of the Complete Graph with Cycles. Preliminary report. 

The maximum number of pairwise edge-disjoint simple 6-cycles in the complete graph Kn and the 

minimum number of simple 6-cycles whose union is Kn are determined. The analogous numbers when 

6-cycles are replaced by 8-cycles are also determined. For example, the maximum number of pairwise 

edge-disjoint 6-cycles in Kn is [ ~ [ n; 1 J J if n '/ 5 (mod 6), and [ ~ [ n; 1 J] -1, 

if n = 5 (mod 6). 

(Received June 4, 1976.) (Author introduced by B. Rothchild). 

*76T-Al89 Edgar G. Goodaire, Forschungsinstitut fur Mathematik, ETH, CH-8006 Zurich, 
8witzerland (on leave from Memorial University of Newfoundland, St. John's, 
Canada until July 15, 1976). A Classification of Jprdan Bimodules by 
Weights. 

The presence of a Cartan subalgebra in a Jordan algebra allows the classical defini

tion of weighted Lie module to be made also for Jordan bimodules. In this paper the 

set of weights on the irreducible bimodules of a finite dimensional simple reduced 

Jordan algebra over a field of characteristic different from 2 are determined. In 

general (and in total contrast to the situation with Lie algebras) two non-isomorphic 

irreducible Jordan bimodules can h~ve precisely the same set of weights; however, 

for those algebras for which this phenomenon does not occur, irreducible modules 

can be distinguished up to isomorphism by the maximum weight relative to a certain 

ordering of weights. (Received June 4, 1976.) 

76T-Al90 Alan MacDermot, Cornell University, Ithaca, New York 14-8<;3. A Correlation 
inequality. Preliminary renort. 

Let K0 be the onerator on t 2((5Z) 2x{I,2}) defined by 

K = R,( a)( b)¢8 (n)g(nol, where g(x) =XA, AC1R2 is comoact and where 
0(m,a)(n,b) Jum, n, ik.(m-n)o . .1';7 . -1 2 

R'1(m,aHn,b) = lkJ< (TI/2o) e ( M + htB sln(k"'o))ab d k, Then det(I+K0 ) is a 
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multinomial in the ~ 5 (n) all of whose coefficients are nositive. 
Consequently if ¢6(n) is the lattice boson field of Guerra,Rosen and 

Simon, if ( ~ is the free e~ectation and if 2 
det (I+K ) = rlet(I+K )ef-tr Kl) + -k_<tr K~>, -:C5~A g(nli)~l\(n):} ren 6 15 , with c 5> o , tren 
<~/j ( n 1 l. .... ~6 ( n r) detl"en( I +K5 )'1;' L o. (Received June 3, 1976.) 

76'r-Al91 DAVID ZEITLIN, 1650 Vincent ATe. North1Minneapolis1MN.,55411. Pgaaetric solu1;iqp1 lSI£ Ef2 
.t<IY!l1!1!!! 9t. 14 .P!qua.dratea. I. 

Let 1\..2 • p2wk+1 + B4.,k 1 .k :o:0,1, ••• ,where P,B,W0 , and w1 are integer•• Then, fork= 0,1, ••• , we 

haYe (*) (7PWk+!l +(7~3)4 +(3P~3)4 +(,plfwk+3)4 +(8Plfwk+3)4 +(7P2BSWk+2)4 +(r:s'twk+2)4 + 

((~+ 7B7)W )4 +(7PB8'vl.. )4 +(.3p2B7'vl. _ )4 +(~B7W. )4 +(7P2B7W. _ )4 +(SP2B7W. )4 +(?iJB6,_, )4 k+2 -Jc+1 -Jc+1 ""11:+1 ""Jc+1 k+1 "k+1 . 
2 4 _ _2 4 2 4 _2 4 2 4 _.L 4 _2-.'t.. 4 = (7PirWk+4) +(:31' ~+4) +(SP BWk+4) +(7Y BWk+4 ) +(SP BWk+4 ) +(7FWk+4 ) +(7J:'£1""Wk+.3) + 

(?P'~3)4 +((7P4a + 7BS)Wk+3)4 +(7B7Wk+2)4 +(3PB~2)4 +(5PB6Wk+2)4 +(8PB6Wk+2)4 +(7PB10Wk)4 • 

!ll!!rk•It wk+2 = P'-wk+1 - lfwk , then Wk ~atbties two equal swu ot 14 biquadrates(to be announced). 

(*) is a generalization and redlle'llioa or tw pr8't1ous:q- IIJUIOUilced reaul\s; see these NOTICES 23(1976), 
A-353, IIDd A-419+++. (Received June 4, 1976.) 

*76T~A192 JOHN CHUCHEL, Montana State University, Bozeman, Montana 59715 and 
NORMAN EGGERT, Montana State University, Bozeman, Montana 59715. 
The Complete Quotient Ring of Images of Semi1ocal Prufer Domains. Preliminary report. 

It is well known that the complete quotient ring of a Noetherian ring coincides with 

its classical quotient ring. But in general, the structure of the complete quotient 

ring of a given ring is largely unknown. The authors investigate the structure of 

the complete quotient ring of certain Prufer rings. The complete quotient ring of 

a semilocal Prufer domain is characterized in terms of complete quotient rings of 

local rings and a completion of a topological ring. If the kernel of tlle l:omomor-

phism has an irredundant primary decomposition, the elements of the complete quotient 

ring are characterized. (Received June 7, 1976.) 

*76T-Al93 JOE W. FISHER and JAMES OSTERBURG, University of Cincinnati, Cincinnati, Ohio, 45221, Semiprime Ideals in Rings with Finite Group Actions. 

Let R be a ring, G a finite group of automorphisms acting on R and RG = {r £ R: 
rg = r for each g in G}. If R is semiprime with no additive IGI-torsion, then R is left 
Goldie if and only if RG is left Goldie. By coupling this with an examination of the 
prime ideal structures of RG and R, we prove that if IGI is invertible in Rand if RG is 
left Noetherian, then R satisfies the ascending chain condition on semiprime ideals, every 
semiprime factor ring of R is left Goldie, nil subrings of R are nilpotent, there are only 
finitely many prillles min-imal over any ideal of R, and every ideal of R contain!:i a product 
of prime ideals. In examining the prime ideal structures of RG and R, we also study lying 
over, going up, going down, and incomparability. We show that if each prime ideal of R 
is maximal, then each prime ideal of RG is maximal. We prove that if R is semiprime and 
RG is a finite direct sum of simple rings, then R is a finite direct sum of simple rings. 
As an application of this we obtain that if each prime ideal of RG is maximal and if each 
semiprime ideal of RG is a finite intersection of prime ideals, then each prime ideal of 
R is maximal. (Received June 7, 1976.) 
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'(6T-A19'-i Thomas J. Sharp, West Georgia College, Carroll ton, Georgia 30117. ~ 
subgroups of primary abelian groups. Preliminary report. 

Suppose G is an abelian p-group and B is a basic subgroup (s.g.) of G. A s.g. 

K of G will be called B-big if K is projection-invariant (P.I.) in G and K + B 

G. If K is B-big for every basic s.g. B of G, then K will be called big in 

G. Clearly every large s.g. is big. THM. (1) If B is a basic s.g. of G, 

then the following are equivalent (T.A.E.): (a) G1 is B-big; (b) G = BE!) G\ 

(c) B is a direct summand of G. COR. (1) If D is the maximal divisible s .g. 

of G, then T.A.E.: (a) Gl is big in G; (b) G = B E)D for every basic s .g. 

B of G· , (c) G H (±) D, where H is bounded; (d) G has finite length. 

THM. ( 2) : If G B (f) D where B is bounded and D is divisible, then T.A.E.: 

(a) K is big in G; (b) K is P.I. in G and K 2. D; (c) K = P {!) D, where P 

is P. I. in B. (Received June 7, 1976.) 

76T-A195 ULF WOSTNER, University of California, Berkeley, California 94720. Finite relation algebras. 

For notations see two works of R. McKenzie: (I) Thesis, Univ. of Colorado, Boulder, 1966; (II) Michigan 

Math. J. 17(1970). By _!!,.Q,_E,!,~ we respectively denote the classes of representable, group-representable, , 

permutational, integral, and simple relation algebras (RA•s); let _Q be the class of RA•s representable only on 

infinite domains. For any class K of RA•s containing a finite algebra, let 1-!K be the smallest number of atoms 

in any finite algebra in K. We consider here all classes K of RA•s that are unions of intersections of classes 

among _!!,Q,_E,!,~,_Q and their complements. Given any such class we may attempt to decide whether K contains 

afinitealgebraandifso, todetermine IJ,K. E.g., if K is ~n-.!! or ln-.!!, then tiK=4;see(I)or(Il). If 

K is Q n _Q, then IJ.K = 3. If K is R n-Q n- .£, then 4 ~ JJK ;,;; 7' but 1-!K is not yet known; of. (II). Finally' 

for K =ln.!! n- g it is not even known whether K t ~. It turns out that the value of IJ.K completely determines 

the set of cardinalities of finite algebras in K. In fact, we have Theorem. Let K be any class of RA•s that can 

be formed as a Boolean combination of the classes _!!,.Q,_E,!,~,_Q. If JJK = m, then K contains algebras of 

cardinality 2n for any n with m ~ n < w (and clearly no other finite algebras). For the case K = ~ n- .!! the 

theorem solves a problem of McKenzie in (I), p. 124; we do in fact give integral nonrepresentable one-generated 

RA•s with n atoms, any 4 ~ n < w, and an equation in one variable which fails in all these algebras but holds in 

_!!. Independent of the theorem, another problem suggested by (I), p.39, is solved: all finite RA•s with 4 atoms 

are determined. (Received June 8, 1976.) (Author introduced by Alfred Tarski.) 

*76T-A196 JOEL BERMAN and BARRY WOLK, Department of Mathematics, University of Manitoba, Winnipeg, 
Manitoba, R3T 2N2. Weak independence for varieties of lattices. 

Two varieties !l and ! 2 are said to be n-weakly independent if whenever p and q are n-ary 

polynomials with p = q in !l A ! 2 , then there exists a polynomial r such that p = r in !l 

and q = r in ! 2 If ! 1 and ! 2 are n-weakly independent for all n, then they are called weakly 

independent (see A. L. Foster and A. F. Pixley, Math. Z. 125 (1972), p. 272). Theorem: Let !l 

and ! 2 be varieties of lattices having only a finite number of subdirect1y irreducible members, each 

having at most n - l nonzero join-irreducible elements. If !l and ! 2 are n-weakly independent, then 

they are weakly independent. Theorem: If K is any variety of lattices, then the varieties ! 5 
and 1S are weakly independent. Corollary: Let Y, = ! 5 V !:!5 Then I F Y, (3) I= 379 and 

IF~ (4) I= 824 _,356, 943,788. There are varieties of lattices which are not weakly independent, such 

as ~5 and £,2 (where Q 2 is defined in R. N. McKenzie, Trans. Amer. Math. Soc. 174 (1972), 1 -. 43). 

(Received June 8, 1976.) 
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CORRECTED ABSTRACTS 

*76T-B92 N,K, GOVIL and V.K. JAIN, Indian Institute of Technology, Hauz Khas, New Delhi-110029, On 

Enestrtlm-Kakeya theorem II. 

Govil and Rahman [Tohoku Math. J. 20(1968), 126-136] have obtained a generalisation of the Enestrtlm

Kakeya Theorem for polynomials with complex coefficients. As an improvement of this result we prove: Let p(z) 

= L:~0 akzk (:/' 0) be a polynomial of degree n with complex coefficients such that (i) larg ~ - PI ~a ~'IT /2, k = 

0,1, •.. ,n for some real numbers a and tl, and (ii) lanl~ lan_11 ~ .•• ~ la0 J; then p(z) has all its zeros in R3 ~ lzl ~ 

R2, where R3 = (2~)-1 [-R~Ibi(M2 - la0b + {4la0IR~~ +R:Ib\2(~ -\a0 \)2J112J,R2 = (c/2)(1/\an\-1/M1) + 

{(c2/4)(1/lan1- 1/M/ + M/laJl/2, ~ = laniR~[R + R2 - da0 l/laJ)(cosa + sina)], M1 = laniR,R =cosO!+ sinO!+ 

((2sina)/lanhL::~ 1~1. c =ian- an_11 and b = a1 - a0 • (Received March 9, 1976.) (Authors introduced by Dr. 

S, K. Bajpai.) 

*76T-B108 R. VENKATARAMAN, Madura College, Madurai62501landA.M.S. RAMASWAMY, A.V.C, 

College, Mayuram 609305, India. Fuzzy measure, Preliminary report. 

Let F be the class of all fuzzy sets on a given set X over the set J of all rational numbers in I, the unit 

interval, We first define the fuzzy x-outer measure on a set A in F with respect to a fixed point x in X. 

Then by introducing a partial order relation in 2J we define the fuzzy set outer measure on A with respect to 

all the points in A. Here we remark that (1) the fuzzy set outer measure is a set of rational numbers whereas the 

outer measure in the usual sense is a real valued function, and (2) every fuzzy set outer measure is a fuzzy x

outer measure, (Received April 5, 1976.) (Author introduced by Dr. T. V, ~akshminarasimhan.) 

Analysis {26, 28, 30-35, 39-47, 49) 

*%!t-'Bl20 Albert A. Mullin, 6840 'rodd Street, Patton Park, Ft. Hood, TX 76544 
Apolications of functional analysis to number theory. 

This note is a synthesis of several results by Minkowski and Blichfeldt on the 

existence of lattice points in convex bodies and by A. A. Markov, s. Kakutani, and 

F. E. Browder on the existence of common fixed-points for com~uting families of 

continuous mapPings, Lemma l• Let S be a comPact convex subset of an n-dimensional 

linear topological space with origin e. Let C be a non-empty commuting family of 

affine continuous mappings of S into s. If the convex body F of all common fixed

points over C is disjoint withe and contains a ball B with Lebesgue measure 
_}A( B) 2 2n/2 (n/2 + 1) then F contains a common fixed lattice point p t- 0. ~~ If 

eEF, then F contains a lattice point q :f: e provided f~(F)~2n and F is centrally 

symmetric about e. Lem~a 2, Let S be a bounded closed~~nJ~~et of Euclidean space 

En, Let C be a non-empty commuting family of non-expansive mappings of S into s. 
If the convex body F of all common fixed-points over C is disjoint with 0 and 

contains a ball B with f!(B)~ 2n/2 (n/2 + 1) then F contair.s a common fixed lattice 

point t =#< 8, (Received May ll, 1976.) 

*%'r-'S)2.l }; .K.GOVIL and V .K. JAm, Indian Institute of Technolc_::, Hauz Knas, ;.Je~l 
Delhi-11 0029. Indian Institute of Technology, Kharagpur, India. On entire functions 
of exponential type. 

The following problem was proposed by Prof. R.,.-. Boas, ,Jr.: If f(z) is an entire 
function of exponential type T such that 1 f (x) 1 ::;; ·1 for real x, hr ('JV1i) = 0 and 

f(x+iy) t 0 for y > k, what are the bounds for li' 1 (;:)1 and lf(x+iy)j. The case k <::; 0 
was cons dered J:;y Govil and Rar,mai1 [Trans. Amer. ;.;;;.~;~.Soc. 1:5'-'(q,-j) 501-5·1,·]. :.!ere 
we consider tt.e case when k ;;;;, 0 and prove: If f (;,;) is ar; e:--. tire function of exponen
tial type T suet. that hr (~) = 0, 1 f (x) j ,; 1 for ::.}.1 real x and f (x .. ·iJ:) t= 0 f_or y > i<., 

I • ( ) I T Tk · ( . · I ( r k-v h J{T) ~ k;;;;, 0, then we have, f x ,;;; 2 e , -<» < x < ""s.~·,cJ. jf X·H:.·J ,;;; 2+ e' .. -e /<!, 

-<» < x < oo; y < 0. (Autbors introduced [;:: D'" .. c;.:. 'a,jpai;. (Received March 10, 1976.) 
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76T-Bl22 ALEXA1'DER G. RAJiiM. Institute of Pine Mechanics & Optics, Lenin
srad 197101. Uniqueness of the Dirich1e problem solution. 

S.Zaidman (these Notices 22, (1975), p.71);,ut forward the question: consider 
the problem{1)L.\..U+C@:)U::-O in2Jcc2 IA.(?t.)GV/~1(~}; is it true that U:O provided 
that /11/ S/l.'/ 2ef:x.~ f, f:Js J l!bi;:~:Jj ,'21 being a bounded domain with the suffici
ently smooth bou.ndary2? Theorem. If /~/ J/c/2dx.<2tr212, ~ct; then a:o. Proof: we 
have ( f!w'~rk);Lf J/Vtl/t.d:C}' S}/ct1il.x. Consider the problem(.Z)J:Jrw}'el.t=eilf. 'li€W..rtJJ JM).r:(. 
Denote.{)..::. il<lt1. It is clear that U ::0 provided that(3 )J/r!VX<.fl~2Jct."2 ,~2 u~cEz · 
it is possible to show that /l?:-:Jr.~1/'f !~(r2. Hence we obtain the -lilsser'tion o:f 
thev theorem. Te estimate il when !Jc l!z. orie starts from the Euler eq. -~u.. =AU~ 
Jlu.t~:r=1, U/.=0, then obtains U=AJG-b<'J)U:I,iu t:; b~ing the Green :functiolJ.. Pur
ther 1= ftur~~A" l!/f.l"4t:W.. Hence AJ (JJtc.i~&tvt But Oit:<£(2.7rf1t,/th;;~ et::di,am:J. 
Using this estimatei t~ing into account tHe Polya and szego well known sym
metrization princip e which allows to consider 1. circle with the area /~/ ~ 
stead of:I:J, one can :find the i.I).equ~ity/J/G/~t?h':1f_.Ugf2(J'!r+F:t. From the qu.ali
tive point of view ou.r result ~s the foll'owing: problem (1) has no nontrivial. 
solutions provided that ( (x} is small enough "in mean", i.e. in /z. (~). 

(Received April 12, 1976.) 

*76T-B123 A.T. Dash, University of Guelph, Guelph, Ontario, Canada, NlG 2Wl. The 
products of Fredholm operators of indices zero. 

It is well known that if A1 , ••• ,An are commuting operators on a Banach space such 

The that their product A=A1A2 ••• An is Fredholm, then each Aj (l~j~n) is Fredholm. 

analogous question for Fredholm operators of indices zero is discussed. More 

precisely, it is shown that if A1 , ••• ,An are commuting operators on a Banach space 

and if their product A=A1A2 ••• An=l-K, where K is compact, then each Aj(l~j~n) is 

Fredholm of index zero. (Received April 22, 1976.) 

*76T-B124 OTOMAR HAJEK, Case Western Reserve University, Cleveland, Ohio 44106. Zeros of 
Exp-Trig Polynomials, Preliminary report. 

We estimate the number N of zeros, in an interval of length T, of functions 

$(t) = c'eAtb, where A is n-square and b,c are.n-vectors (i.e., of linear combinations, 

with polynomial coeffieients, of ext sin w(t-t0) ) • The estimate is N ~r + (2k-1) [Tw/1r]* ; 

here r is the number of real, and 2k of the complex, eigenvalues A of A; w = max Im A 

(with w > 0 arbitrary if all A are real); and [x]* denotes the smallest integer k ~ x. 

(Received April 21, 1976.) 

*76T-B125 ~·.H.!lrownell, Univ. of Washington, Seattle, Wash. 98195. Spherical Harmonic Integrals 

We generalize Stein & Weise (·"Introduction to Fourier Analysis on Euclidean Space",l97l,pol58, ~.10) 

invarianca of spherical harmonica under Fourier transformation to show that, subject to f.IF(lyli!'t·Y#JrlP.lf> 
<·~""with n dimensional Lebesgue measure):!; for any spherical harmonic Y, of degree q R,. .. 

• ) ( F(l·y•l (x·y))Y,(Irr'y)d.!A./f)= ;'{J.~J)'(.(Ixr'xt) over nonnull lt~R,, 
Jp. J ~ i +I \'11-3U,. ) 

where ov:r a E-(0,+"") case n~; has w( s) = fr"..(;+"r•-• {/, F('t')l'S~(l-t";) ,_~1(t}cltp:Lr and ... ~p)k, = 
·-=(n-2 dimensional "area" of' the unit spherical ourf'ace in R,_), n=~ has +"" 1r 1 
w(S)= ;t.11 J.+;'~{J."F(T1 'fst) Pq_(t)dt}d:'l' J and n =2 has W(5) = :t.J;; r {),; F(r, n cose.>cos('J9)&9s.L-r. 
For integer q ~ 0 polynomials Legen~re ._Q~(t)= ~(t)= ['!! :;tqf'(t.J{Ct"-l)q} and (integer m ;,2) Gegenbauer 

..._Q (t)= ,fq(l-t';)-t"'-:tY.t(~r{(t-t';)~ut .. -»} over t f-( .. 1#) with t .... C~=(-1)9 r(:~:)[:t'lf('\t'!f)f'('l+'l""-=9 
end'!. generating relation (1- 2:ty +· y"Ttm-•>1.1. = ... ~JtJ + ~~ y'~...,Q'i(t) over lyl<8-1 and lthsl. 

Using*) f'or n=~ our earlier result ( 6.m)p.69, J.d 1Analyse ~:ath., 16.(1966),p.l-422) ext_!nds to a 
complete reduction to radial intsgral operators of' ths second quantized Dirac Hamiltonian H., there 0 

in which G(r,y) of 6.19)po70 is replaced for general q by respeotively 

+G.'I(-r,y}= [<t-t.,+i,.«~W)(f'.-1-1/f'.""+yo..)l'\'l(<r:,y)+ry K (r,y)] · with q±J~O and q~o. •here 
- ~il 

1(~(-r,y)= f(.t: 2 +y·'-- 'J..yt:t.J'f,<t)d.t =(yrY' { ~(2.-'f:y·t- -i-V l-n (~~~1)- ~(y, -7)} 
-I 'H ( ) _, r""+' -•('t' + ~) 

with tha nsw polynomials •' '£ -~ = ::l. ) ~F' (P(w)- P(w-s)] <is with w = ::l. r . 1' • 
(Received May 3, 1976.) 'l YJ w-1 1 '1 
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76T-Bl26 WITHDRAWN 

*7&r~BI27 H.M. SRIVASTAVA, University of Glasgow, Glasgow Gl2 BQW, U.K. and University of Victoria, 
Victoria, British Columbia, Canada VBW 2Y2. A note on a generating function for the 
generalized Hermite polynomials. Preliminary report. 

It is fairly easy to observe that one of the Gould-Hopper generalizations [H.W. Gould and A.T. Hopper, 

Duke Math. J. 29 (1962), 51-63, especially p.58, Equation (6.2)] of the classical Hermite polynomials 

Hn(x), viz. (1) ~(x,:l.) = l[~~~]{nl/kl(n -pk)l}:\.kxn-pk, is contained in the more general Brafman 

polynomials defined earlier [F. Brafman, Canad. J. Math. 9 (1957), 180-187, especially see p.l86]. At 

least two further special cases of the Gould-Hopper polynomials (1) have since appeared in the liter

ature. One of these special cases happens to have formed the subject-matters of a series of papers by 

M. Lahiri [cf., e.g., Proc. Amer. Math. Soc. 27 (1971), 117-121, especially p.ll8, Equation (3.2)], 

who considered the polynomials (2) H (x) = vngm(x,-1) = gm(vx,-1). The other special case of 
n,m,v n n 

(1) was considered by L.R. Bragg [Boll. Un. Mat. Ital. (~) 1 (1968), 3~7-355], who indeed discussed 

an initial-value problem leading to the polynomials (3) ~(x) = g~(px,-1), n = 0,1,2, •••• In the 

present paper several generating-function relations involving the polynomials gP(x), and their 
n 

natural generalization yP(x), are discussed. A hitherto seemingly unnoticed fact on the equivalence 
n 

of certain known generating functions is also pointed out. (Received May 4, 1976.) 

*7~•Bl28 Myron Golds~ein, Arizona State University, Tempe, AZ 85281 and Wellington H. Ow, 
Michigan State University, E. Lansing, MI 48824. Uniform Approximation of Harmonic 
Functions on elosed Sets by Global Harmonic Functions. 

Let C be the complex plane and E the closure (relative to C) of an arbitrary open subset of C. 

Denote by H(E) the set of all harmonic functions on E and by HC(E) the subset of H(E) con

sisting of those functions which can be uniformly approximated on E by harmonic functions on C , 

i.e., if u € HC(E) then for each € > 0 there exists a harmonic function v on C such that 

lu(p)- v(p)l < € for all p € E. 

Denote by s2 the Riemann sphere with chordal metric p(p,q) and {Fi}~=l the set of unbounded 

components of G - E. 
Theorem. H(E) = HC(E) if and only if i) C - E has no relatively compact components; ii) for 

every € > 0 there is a o > 0 such that if p € Fi and 

y c: F i joiuing p to 00 (with limit point 00) such that 

p(p,oo) < o then there is an open path 

y " a c where a c = {p € s2 1 
€ € 

p(p,"") < €}. (Received April 26, 1976.) 

76T-B129 Vidhu S. Prasad, Bryn Mawr College, Bryn Mawr, Pa. 19010. Approxi
mation of 1-1 measurable transformations of I~ by homeomorphisms. 
Preliminary report. 

Let m denote product Lebesgue measure on I"" = 1f [0, 1]., 
11":.1 

Theorem• If f•I .. --I"" is 1-1, onto and both f~ 1 (E) and f(E) are Lebesgue 

measurable whenever E is, then for any positive nu~ber ~ , there is a 

homeomorphism g of I"" onto itself such that m( { x• f(x)jg(x) or f- 1 (x)fg- 1 (x:) 

is less than f. 

Goffman proved the analogous result for Ih. The proof is an 

adaptation,to the Hilbert cube, of Goffman's ar~ment ( see Acta Math 89 

for the n-dimensional cube. We use Z-sets instead of the sectionally 
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zero dimensional closed sets employed by Goffman, and then apply R. D. 

Anderson's extension theorem that homeomorphisms between Z-sets can be 

extended to homeomorphisms of I"" • (Received May 7, 1976.) 

*76T-B130 Mark A. Smith, Lake Forest College, Lake Forest, Illinois 60045. Rotundity 
and Smoothness in Conjugate Spaces. 

The existence of a non-reflexive Banach space with rotund third conjugate space is 

established. Stronger notions of rotundity and smoothness in conjugate spaces are 

investigated. In particular, it is shown that a Banach space is reflexive whenever 

its conjugate space is weakly uniformly rotund. (Received May 10, 1976.) 

*76T-Bl31 ATHANASSIOS G. KARTSATOS, University of South Florida, Tampa, Fla. 33620. 

Perturbations of m-accretive operators and quasi-linear evolution equation·~ 

Let X be a complex Banach space with uniformly convex dual. Let D be a closed subset 
of X, T a positive number, and consider the Cauchy problem: (I) x' + A(t,x)x - 0, 
x(O) = x0 • Theorem 1. Let (I) satisfy the following: i) A (t,u,v) -+ A(t,u)v maps 
[O,T)>eDXD into X and x 0 E D; ii) for every (t,u) E [O,T)I<D, A is m-accretive in v; iii) 
IIA(t,u1 )v- A(s,u2 )vll~ r(llu11f, llu 2 11, llvll Hit- sf (1 + IIA(s,u 2 )vl() +llu1 - u2 11] 
for every t, s E [O,T), ul'u2 ,ve D. Here r: R!-R+ = [0, +oo) is increasing in all 
three variables. Then there exists T1< T such that (I) has a unique strong solution 
x(t), tE [O,T1 ]. Theorem 2. Let A with A(t,u)vs A(u)v satisfy the assumptions of 
Theorem 1. Let B : u-+ A(u)u be demiclosed and accretive. Then B is m-accretive. A 
theorem is also given extending a well known admissibility result of Massera and 

Schaffer to unbounded operators • (Received May 12, 1976.) (Author introduced by Professor M. N. 
Manougian. ) 

*76T-B132 H.M. SRIVASTAVA, University of Glasgow, Glasgow Gl2 8QW, U.K. and University of Victoria, 
Victoria, British Columbia, Canada V8W 2Y2, and REKHA PANDA, University of Victoria, 
Victoria, British Columbia, Canada V8W 2Y2 and Ravenshaw College, Cuttack-3, India. 

Some expansion theorems and generating relations for the H function of several complex variables. II. 
Preliminary report. 

In the present sequel to a recent paper [H.M. Srivastava and R. Panda, Comment. Math. Univ. St. Paul. 
24 (1975), fasc.2, 119-137] the authors continue their study of expansion theory and generating
function relations associated with a multivariable extension of the familiar H-function. {The 
multiple H-function was defined in an earlier paper by these authors [J. Reine Angew. Math. 283/284 
(1976), 265-274; see also Abstract 74T-Bl3, these NOTICES 21 (1974), p.A-9] as a natural further 
generalization of the generalized Lauricella hypergeometric function of several complex variables; 
a study of its expansion theory was indeed initiated in another paper by the present authors, which 
is scheduled to appear in the Journal fur die reine und angewandte Mathematik.} It may be remarked, 
among other things, that the main results in two recent papers by B.L. Sharma and R.F.A. Abiodun 
[Proc. Amer. Math. Soc. 46 (1974), 69-72; ibid. 53 (1975), 379-384], involving the G-function of two 
variables, are contained in a very special case of one of the generating relations given already in 
Part I. {In fact, the aforementioned Sharma-Abiodun results are essentially equivalent.} 
(Received Mey 14~ 1976.) 

*76T-B133 Je~ome A. Goldstein, Tulane Unive~sity, New O~leans, Louisiana 70118. 
Imp~ovements in the Ha~dy-Landau-Littlewood Inequality. P~elimina~y ~epc~t. 

Let J denote ~+ = [O,oo) o~ ~=(-oo,oo), Let C (J) denote the smallest constant fo~ 
which the classical Ha~dy-Landau-Littlewood ineq~ality lif' 112 ,;; C (J) !If" II llfll 
holds fo~ all f E Lp(J) with second de~ivative f" E Lp(J). PWe h~ve obtai~ed .fhe 
following uppe~ bounds on Cp(J) which a~e imp~ovements of the p~evious best ~esults 
known to the autho~. 
<r> c m+> , 2<sttt> 21P -

p 

(II) C OR) ,;; 22/p - 1 fo~ 
p 

1 fo~ 1 < p < 2; 

1 < p < 2; 
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(III) C OR) ~ 21 - 21 P for 2 < p < oo, The proofs are based on a modification of the 
p 

author's previous results (these Notices, #731-47-1, Jan. 1976, p. A-162 and 

T.A.M.S., to appear) and a result of V.I. Berdyshev (Matern. Zametki 9(1971), 

477-481). (Received May 14, 1976.) 

76T-Bl34 SHAIR AHMAD, Oklahoma State University, Stillwater, OK 74074 
On Nonselfadjoint Linear Homogeneous Systems 

Consider the system of differential equation (1) x" + A(t)x = 0, where A(t) is an 

n-by-n continuous matrix. The author, jointly with A. C. Lazer, announced four theorems in 

the Bulletin of the AMS (vol. 82, No. 2 (1976)). Proofs of these theorems will appear in the 

SIAM J. of Math. Analysis. In these theorems, which are in the general area of Stu:rnt:ian Theory 

of (1), we required A(t) to be symnetric. In a subsequent paper (to appear by the author 

and A. C. Lazer) it was shown, as a consequence of some other results, that Theorem 1 of our 

Bulletin announcement is true without the requirement that A(t) be symnetric. The author 

has now shown that all four theorems hold without the assumption that A{t) be symnetric. 

(Received May 17, 1976.) 

76T-B135 H. E. WHITE, JR. , 671 South Eureka Avenue, Columbus, Ohio 4 3204 
An application of' a theorem of' R. E. Zink. 

Theorem 1. Suppose Martin's axiom holds, For every separable, non-atomic, totally finite 

measure space (X, ..& , u), there is a real valued function f' defined on X such that if' 

D is a subset of' X for which riD is measurable ( .8 n D), then u*(D) = 0, 

Corollary, If' Martin's axiom holds, then Blumberg's theorem does not hold for the 

Stone-Cech compactification of (R, ~ ) , where J3 denotes the density topology on the 

real line R. 

Theorem 2. (A topological analogue of' the Saks-Sierpinski theorem). A topological space 

(X, 4 ) is a Baire space if' and only if for every real valued function f defined on X, 

there is a real valued, Borel measurable function g defined on X such that, for every 

positive number t., there is a dense subset D(r) of X such that g D(~) is continuous 

and lr(x) - g(x)l ~ t. f'or every x in D(t.), (Received May 17, 1976.) 

*76T-B136 Hal L. Smith, University of Iowa, Iowa City, Iowa 52240. Periodic solutions of delay
integral eguations governing an·epidemic. Preliminary report. 

Consider the delay integral equations 

!t-Tl 
x2(t) = t-T -T a(s)x2(s)(l-x1(s))ds 

l 2 

t 
x1(t) = ft-T -T -T a(s)x2(s)(l-x1(s))ds, 

1 2 3 
which can be regarded as the equations governing the S+E+I+ 

R + S epidemic model proposed by Hoppensteadt and l{altman (!o!a.th. Biosciences 12(1971), 133-145) where 

p = l constant, p2 = 0 (T(t) =t-T1), so = 1, the initial data IO,Il,I2 are suppressed, and the 
populations have been scaled so S+E+I+R=l. The 'l'T2,T3 represent respectively the fixed time 
spent in the classes E,I,R and it is assumed a(t) is w-periodic. It can then be shown that non-

zero (positive) w-periodic solutions bifurcate from the trivial solution (~=D,x2=D) at a critical 

value of the parameter T2, T;(a(·),T1 ). If 

periodic solutions appearing only if -r 2 > T;. 
(Received May 19, 1976.) 

T2 < T; then solutions decay exponentially (S+l), the 

The analysis can be extended to any number of classes. 

*76T-B137 Z,U. AHMAD and P.M. ABDUL RAHIMAN. Aliga.rh ~!uslim University, 

Alig,arh-202001, Tauberian theorems far ]J,pnl- summarility. 

Let Pn > 0 (n=1,2, ... ), Pn= p0+ p1+ ... + Pn _.., (n -oo), and for the series 
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n n 
t~, with sn= a 0 + a 1+ ••• +an write : o;;: = v~o pvsv/Pn; tn= v~1 Pv_1av/Pn 

p(x) = n~o PnXn, p8 (x) = n!o pnsnxn ( 0! x < 1) and 

( ) w pn w -v/w Y ) J[ oo -v/w v ( ) 
'M w = n~1 -P-- v~ e u~ ( 2u-v Pu Pv-uf lv~o e u~o v-u+1 pupv-~ 

n-1 
K is a strictly positive constant. !an is_summable IJ,pnl' if ps(x)/p(x) 

e BV(c,1 ), 0! c < 1, and it is summable \N,pnl if{<f"'n} e BV. The foUowing 
Tauberian Theorems. have been proved: Theorem 1. If {tn} e BV and Pn is such 
t~t (i) npn/Pn_1 < K (n=1,2, ••• ), (ii) M(w) > K, for w ~ 1, then jJ,Pn\C 
IN ,pn j. Theorem 2. If tn and Pn are the same as in Theorem 1 ,then I J ,pn IS 
jc,o l. Theorem '3. If {an Pn_11Pn} e BV and Pn is the same as in Theorem 1, 

then IJ ,pn I SIC, 0!. Thil" theorem (Theorem '3) contains, when Pn= 1 , for all 
n ~ O, a result of J.M. HYSLOP (J.London Math. Soc. 12(19'37), 176-180 
Theorem '3. ) , (Received May 26, 1976.) (Authors introduced by Professor Surjeet Singh.) 

76T-B138 DAVID F. DAWSON, North Texas State University, Denton, Texas 76201. 
Mapping properties of matrix transformations. 

Let DV k i x t: m : L lt. kxp I ( oO j , BV k = tx ~ m : L ( p~~J:2) lt. kxp I ( oO ] , 

D = { DV n : n 0, 1 , 2, - • • } , and B = f BV n : n = 1 , 2 , 3 , • "' u J . In this 

paper necessary and/or sufficient conditions are given for a complex matrix 

A to map u into v, where u € DUB and v ~ DVBV{c}, extending earlier 

results of the author in which necessary and sufficient conditions were 

given for A to map u into v, where u E: B and v e BlJ{c}. (Received May 27, 1976.) 

76T-B139 !'. :.:','.T.F!i\JA.I, The 'l.amanujan Institute, University of :1adras, .Madras-600 005(India), 
The StPir>haus ·r;,corem for Toeplitz :natrices in non-archimedian fielBs • 

.. : -.icn0tcR n r.o,pl<'te, non-trivially valued non-archimedian field. The '1lain object of this paper 

is tn clc~r:tcterize Schur matrices (viz. matrices l·'hich sum bounded sequences) with entries from 

;(. .2-:'~ __ cln_,;_~~ Ste_~nh~~ the_c:_~e:" tl>"t a matrix cannot be bnth regular (viz. a limit preserving 

:_:E_!_ri;-:) an-i .'1 ~:c:.:~ur natrix is then deduced in this case too. This deduction corrects a wrong 

stnter·ent of ·>.~o"a.,undaram (Publ.!'ath.Debrecen 21 (1974), 171-177) that the Steinhaus theorem is 

not :enerally true in the non-archimedian case. The treatment in the non-archimedian cas~ is 

neither a~ Rd~ptati:>n of that of the classical case nor can be adapted to the classical case, 

(Received May 28, 1976.) (Author introduced by Dr. T.V.La.ksbmina.rasimha.n). 

*76T-B140 ROBERT C. JAMES, Claremont Graduate School, Claremont, California 91711. 

Banach Spaces Quasi-Reflexive of Order One. 

It is known that the z2-product of J and J* is quasi-reflexive of order two and isometric 

to its first dual, if J is isometric to J**· It is shown that there is a Banach space 

which is quasi-reflexive of order one and isomorphic to its first dual. It has a basis with 

several properties similar to properties of the bases for J and J*. (Received June 1, 1976.) 

76T-B141 HANS W, MELZER, University of Cologne, 5000 Cologne 41, Western Germany. 
Monotone operators with strongly continuous inverse, Preliminary report. 

Let F be a maximal monotone potential operator with linear and 
dense domain in a real separable Hilbert space H , 

Theorem: If F = B + T, where B is a positive self-adjoint operator with compact 
inverse and T monotone, then F-l is an everywhere defined strongly continuous and 
strictly positive potential operator in H. If T is furthermore odd, then 
Ljusternik-Schnirelmann theory can be applied to F-1, leading directly to the 
existence of eigenfunctions of F. (Received June 1, 1976.) (Author introduced by 
Professor N. W.Baz1ey). 
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*76T-Bl42 Gerasimos Ladas, New York University and University of Rhode Island, Kingston, Rhode 
Island 02881. Sharp conditions for oscillations caused by delays. Preliminary report. 

Consider the DDE (l) y'(t)+p(t)y(t-T)=O where Tis a positive constant and the function p(t) is >0 

and continuous for t>t • We proved that (2) lim ft p(s)ds >! is a sufficient condition for all 
-o t~~ e 

solutions of Eq. (1) to oscillate. In the special case where p(t) is a constant p the condition (2) 

becomes (3) pTe>l and is a necessary and sufficient condition for all solutions of the DDE 

y'(t)+py(t-T)=O to oscillate. The condition (2) is sharp and cannot be improved. Extensions of the 

above result to more general DDE's have been obtained. (Received June 3, 1976). 

*1o:I'-:Sl43 Vincent c. Williams, Portland State University, Portland, Oregon 97207. A Riemann-Darboux 
definite integral equivalent to the Lebesgue integral. Preliminary report. -

Let f be a real valued function defined on [0,1], with If I:!!:: M. Except in Theorem 3, all functions 

below are bounded in absolute value by :u:. A positive parameter}[ is used in the definition. 

Definition. The lower integral ~ fdx = li.m.Jl•O+{sup { fo1 sdx I all step functions s ~ f except perhaps 

on a set of outer measure ~l'!j]. The upper integral is defined analogousl,y. It is shown that ~ fdx 

~ J;; fdx. Then f is defined as R-integrable if the upper and lower integrals coincide. Their common 

value is denoted by .fo1 f'dx. ~ 1. f is R-integrable if and olllY if for each £>0, and each 

71 "> 0 there are step functions s .o= S such that s ~ f4<> S except perhaps on a set of outer measure ..:..72 
and fo1 (S - s)dx .:.e.. ~ 2. (Bounded co!l'Tergence) Let fn be a sequence of R-integrable 

functions. If for each 77 >0, there is a set T of outer measure < 71, and fn converges uniformly to f 

on [O,l] - T, then f is R-integrable, and f~ fndx .- J;.' fdx. Theorem 3· (Dominated convergence) The 

atatemsnt is classical, but modified as in Theorem 2. The proof is immediate from Theorem 2. 

'rheorem 4. f is R-integrable if and onl,y if f is Lebesgue integrable; and the integrals are equal. 
(ReceivaLJ.une ~ ~~ 

_,.76'£--&44 Gregory F. Bachelis, Wayne State University, Detroit, MI 48202 and Bruce A. Barnes, Univer

sity of Oregon, Eugene, OR 97403. Closed subalgebras of group algebras of ~ compact group. 
Let G be a compact group and let B be one of the Banach algebras Lp (G), 1:!1: p..:; "'• or C(G), where 

convolution is multiplication. Let A be a closed (Jacobson) semi-simple subalgebra of B. An equi

valence relation is defined on the minimal idempotents in the commutant of A in B. Two such idempo

tent& are equivalent if, roughly speaking, they induce equivalent representations of A. A Rudin 

class is an equivalence class with respect to this equivalence relation. It is proved that, if R is 

a Rudin class for which A~ is not nilpotent for some (and hence all) qER, then there is a minimal 

central idempotent of A which is the sum of any (necessarily finite) maximal orthogonal subset of R. 

This generalizes a theorem of Walter Rudin for compact abelian groups [~ Analysis ~ Groups, 

Interscience, New York, 1962, page 232). It is shown which sums of minimal idempotents in B give 

minimal idempotent& of A. Conditions on A are considered which imply (1) A is the closed span of 

its idempotents (the span of the idempotents of A_ is the s~e as the trigonometric polynomials in A) 

or (2) A has no Rudin class R such that A*q is nilpotent, but >F (0), for q E R. Condition (1) im

plies condition (2). If the degrees of the irreducible representations of G are unbounded, an exam

ple is given of a closed commutative semi-simple subalgebra of L2(G) which fails (1) and (2). 
(Received June 7, 1976.) 

*76T-B145 L. A. KARLOVITZ, University of Maryland, College Park, MD 20742. Existence of 
fixed points of nonexpansive mappings in a space without normal structure, 

~et C be a. weakly compact convex subset of a ~anach space X, Let T:C ~ C be non

expansive, i.e., IITx-Tyll S llx-yll for all x,y E C • An important open question is whether 

I has a fixed point in C • If X is reflexive and uniformly convex or, more generally, if 

X is reflexive and has normal structure then the answer is affirmative. (Browder, Gobde, 

Kirk.) In spite of vigorous efforts, the analysis has been confined to this class of spaces. 

We show that the answer is affirmative for a classical reflexive space, due to R. C. James, 

which does not have normal structure. This space is defined by renorrning e2 according to: 

llxll =max {llxll~, llx11 2/V2} where II·L denotes the t norm and 11·11 2 the t 2 norm. The 

methods employed may also be of more general interest, (Received June 7, 1976.) 
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*76T-Bl46 Vasant A. Ubhaya, Case Western Reserve University, Cleveland, Ohio 44106. Nonlinear 
Programming, Approximation, and Optimization on Infinitely Differentiable Functions. 

A nonnegative, infinitely differentiable function $ ~efined on the real line is called a Friedrichs 

mollifier function if it has support in [0,1] and I 0 ~(t)dt = 1. Let ~denote the class of all the 

mollifier functions. We consider the following problem: Dete~e ~ = inf~E~ J~~~(k)(t)!dt, 
k=l,2, ••• , where ~(k) denotes the kth derivative of~. This problem has applications to monotone 

polynomial approximation problem as shown by this author in "Moduli of Monotonicity with Applica

tions to Monotone Polynomial Approximation," SIAM J. Math. Anal. 7 (1976), 117-130. The problem 

is reducible to three equivalent optimization problems--a nonlinear programming problem, a problem 

on the functions of bounded variation and an approximation problem. The principal result of this 
2k-l article shows that 6k = k!2 , for all k=l,2, •••• The numerical values of the optimal solutions 

of the three problems are obtained as a function of k. (Received June 7, 1976.) 

*76T-Bl47 H. Soul and D. Trutt, Lehigh University, Bethlehem, Pennsylvania 18015. 
Qperators and Carleson Measures. Preliminary report. 

Subnormal 

Theorem Let )J be a probability measure on the closed unit disk D = { z : I z I .::_ 1} with the 

property that / 0 znd)J(z) = 0, for all positive integers n. Then the restriction of )J to the 

boundary of D is absolutely continuous and the restriction of )J to the interior of D is a 

Carleson measure. 

In view of Bram's Theorem, we get the following result. 

Corollary If T is subnormal, I IT! I = 1, and T has a cyclic vector e such that T*e = 0, then 

there is a probability measure )J on D which satisfies the conclusion of the theorem such that T 

is unitarily equivalent to the operator F(z) + zF(z) acting on H2 ()J), the closure of the 

polynomials in L2 ()J). 

An analogous result holds if any nonzero vector, not necessarily e, is in the kernel of T*. 
The proof of the Theorem uses the method of "sweeping out a measure" to the boundary. 
(Received June 8, 1976.) 

Applied Mathematics 
{65, 68, 70, 73, 76, 78, 80-83, 85, 86, 90, 92-94) 

*76T-C42 Verma,H,K.P.A.U.Ludhiana(Pb) 
Nitrogen Transformat~ons in Soil During 

Leaching - A Theoretical solution. 
Three transport simultaneous & coupled partial Differential 

equations describing the movement and simultaneous oxidation involving 

sequentj.al reaction by microbial and/or chemical means: 

Urea (c1)~ lti: (c2) ~ 003- (c3 ) -+ N2 
(or even m:--+ oo; ~ 00j4N2 , if desired) under practical 

boundary and initial conditions have been solved using Laplace TransfoDB 
Theory. The transport of Nitrogenous materials in soils containing living 

micro-organisms responsible for the transformation of these materials plays 

an important role in both crop production and the quality of surface and 

ground-water supplies. The work is based on C.Misra,D.R.Nielson,and J.W.Biggar'• 
paper Soil Sci.Soc.Amer.Proc;Vol.38 0 l9741 pp.289-293. (Received March z.. J.976. l 

76T-C43 P.C.Jain and D.R.Holla, Indian Institute or Technology,Powai,Bombq 400076, 
~her Qrder Finite Difference Schemes for two Dimensional Heat Equation. 

By ta:king the heat equation in two space variables and using a cubi.c spline technique, 
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general implicit finite difference sche1119s of LOD, .ADI and SOD types have been 

derived and examined for their stabiliey". For particular values of the parameter, 

these schemes turn out to be of higher order and are found to be unconditionally 

stable. The forDillae due to Fairweather and Mitchell, Paceman and Rachford ,Hubbard 

and a general explicit scheme are obtained as special casas of the general implicit 

sche118s, Relative merits of these formulae are discussed and illustrated by using 

numerical test examples. (Received May 3, 1976.) 

R.A. Mellin & J. McKay, Concordia University, Computer Science Dept., 1455 de Maisonneuve 
West, Montreal, P.Q., canada. Exact Computation of the Rational Canonical Form. 

Remarks on the use of a computer for exact methods in linear algebra are followed by a mathematical 

description of the rational canonical form of a matrix. A worked example and a complete APL 

program (written in easy to follow APL) are presented. 

We give an algorithm for computing the Frobenius-Perron normal form of a matrix (also known as 

the rational canonical form). In particular we answer the question: Given x1 , x2 square matrices 

over the integers, does there exist a matrix A such that A-lx1A=X2? We ask the question for the 

cases (i) in which A, A-l are matrices over the rationals and (ii) over the integers. The answer 

is found by (as usual in this type of problem) converting both x1 and x2 to the aforementioned 

canonical form. The given algorithm also converts a general square polynomial matrix to Smith 

normal form. (to appear: SIGSAM Bulletin) (Received May 6, 1976.) 

161-c~ E.A. Galperin, NP Research, P.O.Box 24, Station 1 CDN 1 , Montreal, Quebec, 
Canada. Innovations approach to nonlinear asymptotical observation • 
Preliminary report • 

Given a system dx/dt=f(x, u(x,t),t), t~O, x.e:~, x(O) unknown, with the output 
y(t):h(x,u(x,t),t), y€ rfA, m<n, measured on its trajectories, assume that by means of 
a non-asymptotic technique (see Engineering Cybernetics, No.1, 1972, pp.l65-172) there 
is found an estimate z(O) or the unknown x(O), such that Uz(O)-x(O)!I< e0 • 

Theorem. If such a function v(s,t) can be chosen that the unperturbed motion w=O 

of the system dw/dt=A(t)w + p(w, t) - v[H(t)w + q(w, t), t], t;;, 0 (1) 

is asymptotically stable, then the model 

dz/dt=f(z, u(z,t),t) +v[Y(t) -h(z,u(z,t),t), t], t;;.o, z(O) found (2) 
delivers a nonlinear asymptotic observer with the property: Jlz(t)-x(t)ll< a, z(t)--x(t) 
as t--. Corollary. The model (2) with v: 0 (a duplicate model) can serve as an obse
rver if and only if the unperturbed motion of the original system is uniformly asymp
totically stable, Here 8,e0 represent the accuracy or observation, w(t)= x- z, and 
.terms. .iD U..) are f.erturhat1 ons of .f..( •) an.d h.(_._) al!OUJUi the unperturbed motion w: 0 • 
(Received May 6, 197~) (Author introduced by Professor L. Cesari.) 

*76T-C46 

The Euler 

Peter Goorjian, Computational Fluid Dynamics Branch, NASA-Ames, 
Moffett Field, 9alif. 94035. The Euler Poisson Darboux Equation in 
General Relat~v~ty. k 

Poisson Darboux equation is vtt + vxx + f vt O, where k is a real 

parameter. Of particular interest in relativity are the Kasner spacetimes 

2 2 2Pl 2 2P2 2 2P 3 2 2 2 2 
ds = - dt + t dx + t dy + t dz , where pi•p2+p 3 = p 1 +p 2+p 3 l. 

They are prototypes for the mixmaster, i.e. Khalatnikov-Lifshitz generic space-

times, which have a time singularity, i.e. a big bang. Maxwell's equations with 

no sources in a curved spacetime are F~v; ~ = 0, where the Faraday tensor F~v 

is given in terms of the vector potential A~ by F 
~v 

A -A 
v;~ ~;v 

Theorem: For electromagnetic plane wave perturbations in a Kasner cosmology, 

A-491 



Maxwell's equations reduce to the Euler Poisson Darboux equation for the one 

component of the vector potential 

(Received May 12, 1976.) 

A 
Jl 

which is not identically zero. 

*76T-C47 John Ha;rs, National Wildlife Federation, Vienna, Va. 22180, and Richard Taylor rintrod .• by 
J. Hays), National Institute for Community Development, Washington, D.C. Cyberility 
measures over automata. Preliminary report. 

Def. 1. Logine Lis automaton, each of whose lorgans (logical organs), at time t-1, formulates~

ponse R from matrix M over lattice logic ~("Matrices for free lattice logics", NOTICES, 22(1975), 

A647). A typological- or t-logine has usual lorgans (disj., etc.); ordinal- or o-logine also has 
saturable ad,juncti)n lorgan (analogue: powers of factors), for degrees of R intensity, alllorgans 
over a-matrices. Forb atomic response basons, C(R) = n/2b (= ~n1/2b,n2/2b, .•• ;>) is cyberility mea

sure of R (scalar or vector, according to matrix) iff n (n.) measures ones in M(R) (in ith column of 

M(R)). Th. 1. (Gen. Boolean Alg.) .Each ee:t. can be writte~ as disjunction of conjuncted polynomials 
of adjuncted powers of atomic terms. Cor. Each o-logine can be constructed from associated lorgan 

generators. Th. 2. If~'~'~ denote, resp., universal,~' transitorx re~onses, C(U) = l. r.(BJ = 
0, 0 ( C(T) < 1. Def. 2. W(i,j) is .(c"alar) wiener function iff W(i,j) ~ (( . =t.)lt(.llPj):::ll fi.(G. ), . ('·) ..._= .. 11 ((J )):T_ 11 for_goal-ht¥otheses Gi' goal-pred1ctors Pj' Lemma. W 1,J =~Y. •G-. Th. 3. C 1,j = l-
112J +l/21 J, i,j ~1. Th. 4. c(W(i+l,jJ)<c(w(i,j)), i,j~f; cNfi+k,j+l))>c(w(i,j)), i,j,k~l. 
Def. 3. For C(W(i,j)), measure of some goal-hyPothesis-prediction program (GHP) of logine L0 , let 

C(W(i,j+l)) be resultin measure if one more rediction were derived and confirmed. Let d be numera

tor of C(W(i,j+l)) - C(W(i,j)). Then (L0 ;GHP;W) is prediction potential iff (L0 :GHP:W)-~ d + ~· and 

I(L0 ;GHP:W) is predictive information iff I(L0 ;GHP;W) ~ log2 (L0 ;GHP;W). Th. 5 •• (L ;GHP;W) = 21 ; 

I(L0 ;GHP;W) = i. (Received May 13, 1976.) O 

76T-C48 G. T. DIDERRICH, University of Waterloo, Waterloo, Ontario, Canada N2L 301, Continued fractions 

and the fundamental equation of information, Preliminary report. 

It was proved (Abstract 726-39-6, these cNotiuJJ 22 (1975), A-561) (to appear in Information and Control) that 

an information function f bounded on a subinterval of the unit interval must coincide with Shannon's measure of 

entropy on a two event space. This answered some questions in Aczel and Dariiczy, "On Measures of Information 

and Their Characterizations", Academic Press, New York, 1975, The argument provided there was by reduction 

to Z, Dariiczy•s "small for small probabilities" theorem and it involved number theoretic results of either P. Erdus 

or I. Katai or N.I. Feldman (A, Baker). Here we give another proof along the lines indicated in Remark 3 of 

Information and Control29(1975), 149-161. It turns out than an nth rank interval /:,.a from the metrical 
1' ·.an 

theory of continued fractions allows one to track the flight of the sequences xk,yk for a1 + , .. +an- 1 time 

units. Thus, by the author•s iteration argument, f becomes approximately locally Lipschitz a. e., whence f must 

be measurable, thereby reducing the problem to Lee•s (or Tverberg•s) theorem, (Received May 26, 1976.) 

76T-C49 

*76T-C50 

WITHDRAWN 

L, Debnath, Math Dept., East Carolina Univ,, Greenville, NC 27834; A. K, Chatterjee, Hydrau
lic Study Dept., Calcutta Port Trust, Calcutta, India; s. C, Ray, River ResearCh Inst., 
Govt, W. Bengal, India, Unsteady Hydromagnetic Convective Flows in a Rotating Fluid System. 

An unsteady analysis is made of the hydromagnetic convective flows in an electrically conducting rota-

ting viscous fluid bounded by an infinite vertical non-porous or porous plate due to the transient 
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heating and motion of the plate in the presence of a uniform magnetic field normal to the plate. 

Initially, the fluid and the plate are in a state of rigid body rotation with uniform angular velocity 

n about the z-axis normal to the plate; and are at the same temperature. A uniform magnetic field 

!!0 normal to the plate is applied everywhere in the fluid system. From some instant of time, the 

plate and its temperature start to oscillate with constant frequency. The temperature and the hydro-

magnetic convective flow field are determined for both non-porous and porous plate configurations. 

It is shown that the ultimate flow field and the associate boundary layers are significantly modif:fed 

by the thermal effects, magnetic field, rotation and suction or blowing. (Received June 7, 1976.) 

Geometry (50, 52, 53) 

HEIKO HARBORTH, Technische Universitat Braunschweig, D 3300 Braunschweig, 
West Germany. Nonperiodic Tesselations of the Plane. 

Consider polygons which tile the plane strict (any common point of the boundaries of 

two tiles is either a vertex of both or of neither), but not periodically.R.M.Robin

son (Inventiones Math. _1l (1971), 177- 209) found six tiles with this property. 

R. Penrose (Talk of R. K. Guy, Oberwolfach, 16.7.1975) found two tiles yielding only 

nonperiodic tesselations. However, not all sides of equal length are allowed to be 

juxtaposed. - We describe infinitely many pairs of equilateral polygons which tesse

late only monperiodicallv without any further restrictions. (Received April 20, 1976.) 

*76T-Dl6 Daniel Asimov, Institute for Advanced Study, Princeton, N.J. 08540. Average Gaussian 
curvature of leaves of foliations. Preliminary report. 

Let Mn+l be a smooth compact Riemannian manifold of constant sectional curvature c, canonical 

volume form vol and total volume JMvol = v. Suppose M has a c2 codimension-one foliation 

'J. Then each leaf has an induced Riemannian metric and a scalar Gaussian curvature function K. 

(In the case n odd, K is well defined only up to a global choice of sign. See M. Spivak, :!::_ Compre

hensive Introduction to Differential Geometry, volume IV, p. 104.) 

Theorem. Define K = ;JMKvol. Then K is independent of 'J. in the cases 

a) n is even, or 

b) n is odd and c = 0 (in this case K = 0). Hence in these cases K is purely a function of n and 

c, (Received April 23, 1976.) (Author introduced by w. G. Dwyer.) 

*76T-Dl7 Larry Graves, Brc>\m University, Providjnce, Rhode Island 02912. Null 
Curves and Flat Lorentz Surfaces in TJ:, • Preliminary report. 

A null curve :n} is a curve x(s) ,.,hose tangent vector!'! are non-zero and have zero 
/. 2 2 2 3 length with respect to the metric ,x,x> = -x0 + x1 + x2 on rr. Jl (null) f'rame 

for x(s) is an ordered triple (A(s) ,B('l) ,C(s)) such that Clx/ns is a nos]ti.vl'! 

scalar multiple of A(s) and (A,A) = (:n,n) = (A,c) =<),c)= o <]\ ,rj> =-1 ' ann 

(c,c) = 1 A null curve together with a frame is a frame<'! ~ curve. FramP.d null 

curves and transformations of frames are studied, and canonical frameq are Clerived. 

If x(s) is a null-curve t-rith such (A(s) ,R(s) ,C(s)) , thPn f(u,v) = x(v) + uFI(v) 

parametrizes a Lorentz surface in lL 3 , called the n-,.croll. mhe class of canoni

cally framed null curves for which the assoc]ated B-scrolls are f'lat (i.e., olob<tllv 

isometric to :u} ) is characterized. '!'hE'!!;<e 1'1-scroll iml"ersions rr2 + 1!.3 are iso

metric immersions '"hose relative nullitv spaces arP Hcrht lines, ant" ,.,~·lich ar"' not 

cylinders over a plane curve in the sense analogous to the Fartman-1Jirenherg thP.orem 
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on isometric immersions 

JL2 +lL3 '\'Those relative 
(Received May 6, 1976.) 

Indeed, I can show that all isometric immersions 

nullitv spaces are light lines are B-scroll immersions. 

*76T-D18 Walter J. Whiteley, Champlain Regional College, St. Lambert, Quebec, Canada. Rigid 
Polyhedra with plane-rigid faces, 

With the terminology of Gluck, (Springer Lecture Notes #438, Geometric Topology, pp. 225-39) and Laman 

(J. Engineering Math 4 (1970), 331-340) the classical result of Cauchy states: "a strictly convex 

polyhedron with rigid faces is rigid." A~ polyhedron is one in which all edges and faces lie in 

the boundary of the convex hull, and a planar vertex is one for which all the edges at that vertex are 

coplanar. By an extension of Alexandrov's proof, and other work on plane rigidity we have: Theorem 1: 

A convex polyhedron with infinitesimally rigid faces and no planar vertices is infinitesimally rigid. 

Theorem 2: If in any convex polyhedron we replace each face by a frame work which is infinitesimally 

rigid within its plane, and the new structure has no planar vertices, then it is infinitesimally rigid, 

These results have applications in architecture for shell constructions in which the skeleton of a 

strictly convex polyhedron is erected with faces rigidified by tense cables or other plane frame works 

as well as prefab constructions with hinged panels, (Received June 7, 1976.) (Author introduced by 

Professor Henry Crapo.) 

Logic and Foundations (02, 04) 
76T-E43 SAIIARON SHELAH, Hebrew University of Jerusalem, Jerusalem, Israel. Ultraproducts 

of finite cardinalities and Keisler order. 

We solve here problems of Keisler; e.g. problem 17 in Chang and Keisler book, 

Th. 1: For cardinals >., 1.1 > M , for some ni < Ill 1.1 ~ 'II" n/D iff 1.1 a 1.1110~ 2'-, 
- 0 i<>. 

Th.2: Over each >. > M there is a regular non-good ultrafilter D over such that No < 

1.1 ~ 'II" ni/D 
i<>. 

>. 0 
1.1 ~ 2 • Th.3: There are non-minimal nor-maximal countable theories in 

Keisler order. Th. 4: If 

over A, { 'II" 

i<A 

cardinality of a subset of 

1.1 < K < 2'- are regular 
R. !. -

f(l.l!.' D) = K!.. Th.6: 

over ~ which is not ~ 

NO A * 
l.IR. ~ 1.1!. ~ 2 (!. < n) then for some regular ultrafilter D 

Ill} s "'- V {1J!. : !. < n} Let A = ':f(K, D) be the minimal 

* a < K}. Th.5: If 

(!. < n) then for .some regular ultrafilter D over >., 

For regular 1.1 ~ A, there is a 1.1-good, regular ultrafilter 

good. We combine 4, 5, 6 and generalize to infinitely many 1.1!. 

** unbounded from below. (Received April 16, 1976.) 

*76T-E44 PAUL BANKSTON, McMaster University, Math. Dept., Hamilton, Ontario 
Canada. On the Number of Boolean Algebras 

For any pair K,A~w of cardinals let B(K,A) be the number 

of isomorphically distinct atomless Boolean algebras of cardinality K and 

stability number A (=number of ultrafilters). We prove the Theorem (GCH): 

B(K A) = tK+.if K>w, AE{K,K+} 
' 1 ~f K=w, A = w1 

0 otherwise 

The method of proof is entirely topological and answers dually the 

question of how many homeomorphism types of discontinua (= perfect Boolean 

spaces) there are of a given cardinality and weight. (Received Apri119, 1976.) 

76T-E45 

::Jenote 

HUR~:\Y A. JOJ.G"lmEN, Biometrics Section, !Hnistry of Agriculture and Fisheries, Wellington 
~:e;: Zealand, Relativized :O:xcluded l~iddle· and a two-sorted guasi-intuitionistic set theor:r: 
Prelfu:i.nary ~eport. 

by :::~:(x) tl:e i'rinci;ole of excluded middle for formulas 1dth quantifiers rel ativized to x, For 
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finite x EM(x) is uncontroversial. As "admissible" is cotr.inC' "to be reco~'Tiised !:iS n.n intera8ting 

generalization of 11 fini te" the follot·:ing set t!leory suggects i ts:JJ:: !lS n:n .·1-:.t;-.:J.c .. _,ive C"!....r.t'lid~1t~ for .:::. 

foundation for mathematics. The i:n._;redients are: 
( i) ZF formulated in intui tionistic :'rerlicate logic 
(ii) A unary predicate symbol, A, and axioms ~9.ki.n.t..; A an interrreb.:tion for U1e I:ri··ke-:·~'1!;ek !l.xi~r:!s 

for admissible sets 

(iii) Axioms A(cu) an/(x) (A(x)-+ EM(x))': (Received April 23, 1976.) 

76T-E46 

Theorem: 

AMI LITMAN and SAHARON SHELAH, Th~ Hebrew University, Jerusalem, Israel. 
Independenc~ of th~ Gap One Conj~cture From G.C.H. Preliminary report: 

Z F C + G.C.H. + ( N1 , N0 ) ..;.. (NUl'l-l'Nw) is consistent if z F C + there is a 

supercompact cardinal is consistent. (Remark: Jensen proved from z F C + V = L that 

*76T-E47 MIRIAM LIPSCHUTZ-YEVICK, Rutgers University, New Brunswick, New Jersey 08903. Holographic 

recognition that ** results from * by substitution of iii for the free variable x1• 

Refering to Mendelsohn, "Introduction to Mathematical Logic", Van Nostrand, p, 143 and Lipschutz-Yevick, 

"Holographic logic", Pattern Recognition 7(1975), p, 211: consider the Gtldel patterns of the formal expressions 

!!!1 (xl'~) and !!!1 (m,":a)· Let J. be the length of the first pattern and let 1.1 be its length up to the occurrence 

of x1 (n in the notation of the above), Filtering the G pattern of !!!1 (m,":a) in the hologram of !!!1 (xl'~) will 

produce a correlation spot of intensity 1.1 at (0, J.1) and a correlation spot of intensity J.- 1.1 - 1 at (0, 1.1 + m 

+ 1), This indicates that 011111 (m primes) has been substituted for x1 (since the only permissible substitution 

for variables is of numerals). (R(lceived May 19, 1976,) 

Chantal Berline,Universits de Paris 7,2 place Jussieu,75005 Paris.France. 
Etude du groupe linaaire d'ordre 2 d'un anneau de Boola. 

There is a uniform and explicit definition of any Boolean ring Bin its linear group GL~(B). 

Hence,if B and B' are two Boolean rinqs their linear groups GL (B) and GL (B') are elementary . .t. ~ 

equivalent (resp.isomorphic) only if B and B' are.We give some other model-theoretic conse-
quences. 
With a new definition of GL~(B) we show that the class ~ GLt(B) / B is a Boolean ring~ is 

an elementary class and that the automorphisms of a GLt(B) are "almost" induced by autok 
morphisms of B. (Received May 17, 1976.) (Author introduced by Professor G. Sabbagh.) 

76T-E49 Jeffrey B. Remmel, University of California, San Diego, Department of Mathematics, C-012 
La Jolla, California 92093. Degrees of R.E. Subspaces with Nonextendible Bases. 

Let U be a recursively presented vector space over a recursive field with a dependence algorithm. 

(See these Notices, April 1975, Abstract 723-E6.) A. r.e. independent set B is nonextendible if 

there is no r.e. independent set I 2 B such that I - B is infinite. G. Metakides and A. Nerode 

produced via a priority argument in R.E. Vector Spaces (to appear) a r.e. vector space V ~ U such 

that u mod V is infinite dimensional and every r.e. basis of V is nonextendible. We modify their 

construction with a permitting argument to prove the following. Theorem: Let B be any non-zero 

r.e. degree. There is a r.e. subspace V ~ U of degree B such that U mod V is infinite 

dimensional and every r.e. basis of V is nonextendible. Since every r.e. subspace V ~ U has a r.e. 

basis B such that B =r V, and Metakides and Nerode have produced recursive r.e. independent sets 

which are nonextendible it follows that Corollary: For every r.e. degree B, there is a r.e. 

indePendent set B of degree a which is nonextendible. (Received May 27, 1976.) 

76T-E50 NICHOLAS J. DeLILLO, MANHATTAN COLLEGE, RIVERDALE, N.Y. 10471 
MODELS OF AN EXTENSION OF THE THEORY ORD, Preliminary Report. 

In this paper, we present a set of axioms for an extension ORD* of the 
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Theory ORD (See Abstract 72T-El5, these Notices 19(1972), A-331). The follow
ing results are proven about ORD*: 

Theorem 1. Every standard model of ORD* is of the form A =~A, EA;> , 

where A = On' or A E On, and where On is the class of all ordina1s. 

Theorem 2. Let a.= <A, R> be any well-founded extensional model of 
ORD*. If A is a set or if Se~(a) ={bEA:.C::,b,a> E R is a set for every 

a EA, then there exists a standard model GL* =~A*, eA*;> of ORD* 
isomorphic to a_ . 

Corollary: Any two extensional well-founded models of ORD* of the same 
cardinality are isomorphic. 

Theorem 3. ORD* is a conservative extension of ORD. (Received June 1, 1976.) 

*76T-E51 James H. Schmerl, University o:f Connecticut, Storrs, Connecticut 06268. $'{0-categoricity 
o:f partially ordered sets o:f width 2. 

Theorem: I:f <11. = (A,<) is an f)0-categorical partially ordered set o:f width 2, then Th(6t) is 

finitely axiomatizable. (Received June 3, 1976.) 

76T-E52 Friedrich Hebeisen, Mathematisches Institut, Hebelstr. 40, D78 Freiburg, 
West Germany. Decidability of the "almost all" theory of WT-degrees. 
Preliminary report. 

'.'i':.'-degrees v1ere introduced as a generalization of degrees of unsolvabili ty to 
Dartial functions by L.P. Sasso (Journ. of Symb. Logic, 40, pp 130-140). Stillwell 

shov1ed the Clecidabili ty of the "almost all" theory of degrees of unsolvabili ty 

with ' (jump), u (join), and. n (meet) (Journ. of Symbolic Logic, 37, pp501-506). 
'.Je moil.ified Stilh~ell 's proof and showed that the "almost all" theory of WT
negrees with u andn (but· without jump) is also decidable. Our proof does not work, 
if i~he theory is e'rtended by the jump for WT-degrees or if the theory is the ana
lor.;ous theory for '!.'-degrees or e.-degrees (also considered by Sasso). 
(Received May 21, 1976.) (Author introduced by walter Fe1scher.) 

*76T-E53 BERJ\THARD FALKENBERG , Universitiit Freiburg , HebelstraBe 29 , 
D-78oo Freiburg , Rep.All.Fed. Representation of many-one degrees 
by tag systems with fixed deletion number. Preliminary report. 

Simulating 2-register machines by tag systems we can answer a question left 
open by Aanderaa and Belsnes ( JSL 1971 , pp 229-239 ) • Theorem. To every 
r.e. set G , atJlf a* IN , there exists a tag system T with deletion number 4 
such that the word problem and the halting problem of T are many-one 

equivalent to a • By slight modifications of the proof this result may be 

extendeC', to each given cl.eletion number which is eve.n and greater than 2 • 

(Received June 3, 1976.) (Author introduced by Dr. Egan BBger.) 

*76T-E54 Rainer DeiBler, University of Freiburg, Math.Inst., 78 Freiburg 1 Hebel
str. 40,l!'ed .Rep.Germany. Complete Theories of Torsion Free Abell.an 
Groups. 

!, model ~ is minimal (strictly minimal) if ~ < !I implies lll ~ U (!8 = U) .Let G de

note a countable torsion free abelian group.For each prime number p,let Tf(p,G) 
be the dimension of G/pG as a vector space over FP.Theorem 1 : The theory Th(G) 
has an elementary prime mod.el iff for almost all primes,Tf(p,G) = 0 and all non
zero 1'f(p,G) are egual.Theorem 2 : Th(G) has a strictly minimal model iff the 
Tf(n,G)'s are bounded by some natural number.Theorem 3 :There is a torsion free 
nbe:ian groun } such that Th(G) has exactly one non-prime minimal model.Theorem 4 
G: 7 :i.s minimal iff G is strictly minimal.Theorem 4 answers a problem posed by 

Baldvlin,BJ.ass,Glass and Kueker. (Received June 7, 1976.) (Author introduced by Professor 
0. H. Kegel.) 
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*76T-E55 ROBERT E.WOODROW. Simon Fraser University, Burnaby 2, B.C., Canada VSA 1S6 

Theories with a finite number of countable models. Preliminary report. 

We ~ive two examples. T0 has nine models and a nonprincipal 1-type which contains infinitely 

many two types. T1 has four models and an inessential extension T2 having infinitely many 

models. (Received June 8, 1976.) (Author introduced by A. H. Lachlan.) 

Robert P. Daley, University of Pittsburgh, Dept. of Computer Science, Pittsburgh, PA 15260. 
On the Simplicity of Busy Beaver Sets. Preliminary Report. 

Let ~={~i} be any computational complexity measure and let A~={nJ3m.n=max{~j(l) J JjJ2m and ~(1)+}} 

where JjJ denotes the length of j. Any infinite subset of A~ will be called a busy beaver set. The 

following are very easy to verify. A~ is strongly dense simple, effectively speedable, autoreducible. 

A~ is not finitely strongly hypersimple. A~ is uniformly introreducible. Every r.e. superset of 

A~ is autoreducible and is not finitely strongly hypersimple. Every co-r.e. subset of A~ is 

uniformly introreducible. There exists a busy beaver (which can be simply described) set B~ such 

that B~ is retraceable and Bw is strongly uniformly hypersimple. From these properties result many 

other interesting properties of the sets Aw and BW all of which are easy to verify directly. 

(Received June 7, 1976.) 

Statistics and Probability (60, 62) 

James vr. Carter; 853 Carillo, San 
Information/bntropy. 

Gabriel, California, 91776. An Axiom of 

If H is a continuous function on(R+)N into Rtawhich satisfies the follovling tv!O con-

ditions: 1) H(pl'p2 , ••• ,pU) = 2:;H(l,l, ••• ,pi' ••• ,l) ii(l, ••• ,pr, ••. ,l)=H(l, ... ,;J 3 , ... ,l) 

2) H( PQ) = (l;qi) H(l,P) +(!:pi) H(l, .. Q), where PQ=(plql'plq2 , ••• ,p1qm' 

p2q1 , ••• ,pnqm) and nm=N, then His an informa~on function. Atom: Informatiarrfunction 

-sexist. Theorem: H(pl'···•Pu) =;tL:pilogbpi , \!here b =-i, if H(a) = 1. 

(Received May 24, 1976.) 

B. J. Trawinski, University of Alabama in Birmingham, Birmingham, Alabama 35294. A dis
tribution-free distance and its applications to data analysis. Preliminary report-.----

Let ~be the class of one dimensional distribution functions corresponding to the absolutely con

tinuous probability laws. Let xl, •.• , xn' y be IlTl stochastically independent random variables 

each having the same distribution function F inT, and let E(y) =U~=l[Xr.Sy] -(\~=l[Xr~y]. The 

probability of the symmetric difference E(y) defines a distance D (y) given by 1 - (1 - F(y))n 
n 

- (F(y))n, Let P[Dn(Y) ~ 6] = Hn(6). It is shown that (i) Hn(6), which is distribution-free with 

respect to~ can be constructed for each n (n~2), and (ii) D (Y) - (1- 21-n) converges to zero 
n 

in probability. Result (i) is part of statistical decision structures relating the sample space of 

X to that of Y, and (ii) implies the existence of the smallest sample size n needed to ensure with 

a fixed probability y0 that the chance of the event E(Y) occurring is at least 60 • (Received June 7, 
1976.) 

Topology (22, 54, 55, 57, 58) 

*76T-G76 CHANDAN S. VORA., 35 Kucheh Farshi<i, II)tersection of Kakh Shomali and Elizabeth 
BouJ.~v.ard, rehra)1. l4. Simplici~) Approximation Theo'rem in the Category of 
Weighted Maps and Tril!.!!&illable,)?.P-aces.. l':reliminary Report. 

Professor G. Darbo introduced the concept of weighted maps and defined a 

singular homology theory on the category of Hausdorff spaces and weighted maps. The 

A-497 



author defined simplicial homology theory on. the catego~y of simplicial complexes and 

weighted maps and proved its uniqueness on it in two recent papers. 

In this paper, the author prove.s a simplicial approximation theorem in the category 

of triangulable spaces and weighted maps. (Received March 15, 1976.) 

*76T-G77 Joseph H. Martin and Ira Rosenholtz, Univ. of Wyoming, Laramie 82071. A Note£!!_ the 

Supercompactness of Compact Metric Spaces. Preliminary report. 

A topological space X is supercompact provided there is a subbasis S for the open subsets of 

X so that any cover of X by elements of S has a two element subcover. This notion was originally 

due to de Groot, who conjectured that all compact metric spaces are supercompact. O'Connor 

claimed to have proven this conjecture, but his proof was only valid in the case when the space 

was perfect (every point is a limit point). This was an important and difficult special case. 

However, his work was apparently abandoned, and a new proof of the conjecture was supplied by 

Strok and Szymanski in a paper that is difficult reading. The purpose of our paper is to fill in 

the gap in O'Connor's work. We prove that if perfect compact metric spaces are supercompact, 

then so are all compact metric spaces. (Received April 26, 1976.) 

*76T-G78 J. L. Bryant and R. C. Lacher, Florida State University, Tallahassee, Florida 32306. 
Blowing up homology manifolds. Preliminary report. 

By a "generalized n-manifold" we mean a compact euclidean neighborhood retract X that satisfies 

the "homology n-manifold" condition, i.e., Hi(X,X- x; Z) ~ Hi(Rn,Rn- 0; Z) for all i E Z and 

x E X. The term "approximate fibration" was introduced recently by Coram and Duvall and is being 

studied by several authors. (See Notices AMS 23(Feb.1976),Abs.732-G5,p.A-308) R. Goad is studying 

a similar concept(ibid.,Abs.732-D2,p.A-307). There is an exact sequence of homotopy groups 

associated with an approximate fibration like the one for a fibration (except that shape groups 

of the fiber are used in place of ordinary homotopy groups). Theorem. If X is a generalized 

n-manifold then, for sufficiently large k, there exist a closed orientable copological manifold 
Mn+k and an approximate fibration of -Mn+k onto X with fiber having the shape of Sk . 

(Conversely, the condition that X be a homology manifold is necessary for the existence of the 

blow up.) The proof uses recent results of Miller, West, Edwards and Siebenmann together with a 
homotopy-theoretic analysis of the retraction of a mapping cylinder neighborhood onto a 

generalized manifold core. (Received April 27, 1976.) 

*76T-G79 Mark A. Mostow, University of Illinois, Urbana, Illinois 61801. The 
obstruction to mapping smooth to continuous cohomology of spaces witn two 
topologies. 

In a recent paper, the author gave an example of a singular foliation on E 2 for 

which it is impossible to map the deRham cohomology TDR to the continuous singular 

cohomology Tc (in the sense of Batt and Haefliger's continuous cohomology of spaces 

with two topologies) compatibly with evaluation of cohomology classes on homology 

classes. In this paper the obstruction to mapping TDR to Tc is pinpointed by 

defining the whole family of cohomology theories Tkmn which mediate between the 

two. It is shown that the obstruction vanishes on non-singularly foliated manifolds. 

ThesP cohomology theories are extended to Haefliger's classifying space 

(Brq --> BJq), with its germ and jet topologies, by using the machinery of dif
ferentiable spaces, as developed by J. w. Smith and K. T. Chen. The author proposes 

that certain of the Tkmn be used instead of Tc to study Bott and Haefliger's 

conjecture that the continuous cohomology of (Brq --> BJq) equals the relative 

Gel'fand-Fuks cohomology H*(G\.q,Oq). (Received May 6, 1976.) 

*76T-G80 Mark D. Meyerson, University of Illinois at Urbana-Champaign, Urbana, 
Illinois 61801. M-Homotopy Theory in a Homology Theory. 

M-functions were introduced independently by G. Darbo and R. Jerrard as a generaliza-
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tion of continuous functions between topological spaces. They are weighted, finitely

valued functions with a property corresponding to that of usual continuity. 

M-functions have many of the important properties of continuous functions; in earlier 

papers an m-homotopy theory and an m-homology theory have been defined. M-homology 

theory is isomorphic to simplicial homology (on compact polyhedra). However 

m-functions induce more homomorphisms between homology groups than do continuous 

f-unctions. The major ~esult of this paper is that m-homotopy theory is the usual 

homology theory for polyhedra. Hence each element of a homology group can be 

represented by an m-function. (Received May 7, 1976.) 

76T-G81 Judy Reitman, Wellesley College, Wellesley, Mass. 02181. Box products and Cohen reals. 
Preliminary report. 

The box topology on a Cartesian product of topological spaces is the one whose open sets are exactly 
the sets open in each co-ordinate. For M a model of set theory, let m be the algebra adding K>W 

many Cohen reals. Then in r/', o<ITw<ai+l)) is paracompact if each ".:i. is countable, hence by a theorem 
of KuneniJW(w1+1) is paracompact in"!#>. Since if K~w2 in~ there are no ;\.-scales, the conjecture of 

Williams that Ow(w+l) paracompact ~ 3 a ;\.-scale is shown to be false. (Received May 11, 1976.) 

76T-G82 DALLAS E. WEBSTER, State University of New york at Buffalo, Amherst, New 
York 14226. l1ore complexes K for which K xI collapses. Preliminary report. 

Let K be the 2-complex formed by sewing two 2-cells to the wedge of two circles a and 
2 5 3 7 . b by the words a b and a b respectlvely. Then K xI collapses. The techniques 

appear to extend to the more general a 2bq, arbs. In fact, there is some feeling that 

they may handle the arbitrary case apbq, arbs. (Received May 10, 1976.) 

*76T-G83 Marshall M.Cohen, Cornell University, Ithaca, N.Y. 14853. Whitehead 
torsion, group extensions, and Zeeman's conjecture in high dlmenslons. 

Suppose Lis a finite CW complex, G = n-1L, and O;l'T" 0 eWh(G). Let A('T" 0,G) be the 

assertion: "If H=[G*F(x1, ..• ,~)]/(r1=l, ••• ,r =1) where 
n n 

1) ri = llkgikxifckgi~ (gik E G,nik e.z;,xik e (xl' .•. ,xn}) and 2) the matrix A= (pij) with 
pij = !:(nikgikl xik = xj} is an invertible matrix with Whitehead torsion 'T" (A) = 'T" 0 then 
His a proper split extension of G." THEOREM 1: A('T" 0,G) is true<-> 2 no homo

topically trivial pair (K,L) such that dim(K-L) =2 and 'T"(K,L) ='1" 0 . Motivated by 

Theorem 1, O.S.Rothaus has shown (Bull.A.M.S.82 (1976),281-283) that A('T" 0,G) is 
sometimes true. These results imply: THEOREM 2: ~ group G and an element 

'T" 0 e Wh(G) 3 ~ h-cobordism (W,M,M') with 'T" (W,M) = r 0 can be presented without 
handles of index ) 3. THEOREM 3: For every n ) 3 ~ compact contractible poly-

hedron xn 3 r X I is not PL colla;;ib~Recei~ed Ma~ 17' 1976.) --

Teodor C. Przymusinski, Institute of Mathematics of the Polish Acaderoy of Sciences, 
Warsaw. Products of paracompact spaces. 

The following genuine examples are constructed. 
Example 1. A (separable and first countable) paracompact space X such that x2 is (collectionwise) 

normal but not paracompact. 
Example 2. A (separable and first countable) paracompact space X and a separable metric space M 

such that X x M is not subparacompact. (Received May 21, 1976.) (Author introduced by Professor 

David Lutzer.) 

Rastislav Telgarsky, Institute of Mathematics, Wroc~aw Technical University, Wroclaw, 
Poland. Scattered spaces which do not admit scattered compactifications. 

We say that X is extremally disconnected at a point x if, given disjoint open sets U and v, 

We have X ~ U n V. 
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Theorem. Assume that there exists a dense in itself subset E of $X such that E is extremally 

disconnected at a point of E n x. Then X has no scattered compactification. 

Corollary. If E is a dense in itself, extremally disconnected subset of ~N-N and p E E, then 

N U (p} has no scattered compactification. (Received May 24, 1976.) (Author introduced by Andrew 

Lelek.) 

*76T-G86 D.L. EVERETT, Utah State University, Logan, Utah, 84322 
Embedding Theorems for Decomposition Spaces 

Suppose that G is a cell-like upper semicontinuous decomposition of En. For n_::3 many examples 

are known for which En/G is non-Euclidean; however, it is conjectured that for each such G, 

En/G x El = En+l. 

A necessary condition for En/G x E1 to be Euclidean is that En/G embed in EnTl with 1-LC com-

plement. Armentrout (Fund. Math. 61 (1967), pp. 1-21) obtains this condition if G is 

a-dimensional and elements of G are cellular. We strengthen his result by showing that En/G 

embeds in En+l with 1-LC complement if G is either a-dimensional or closed !-dimensional 

(the closure of the nondegenerate elements of G· in En /G i's 1-dimensionlll) ; we do not require 

that elements of G be cellular. 

Also we show that if ~ is a finite-dimensional closed cell-like upper semicontinuous decom

position of En, the question of whether En x E1 is homeomorphic with En+l is equivalent 

in high dimensions (n+l~S) to a finite sequence of taming problems. (Received May 24, 1976.) 

(Author introduced by J. 1i/. Cannon.) 

76T-G87 Joachim Grispolakis, Wayne State University, Detroit, Michigan 482a2. Two theorems on 
open mappings. Preliminary report. 

We say that a topological space Y is hereditarily locally connected (h.L.c.) provided every con-

nected subspace of Y is locally connected. Theorem 1: If f is an open, perfect and 0-dimensional 

mapping of a regular space onto an h.L.c. space Y, Kc Y is a connected set, and Q • Q~[f-1 (K)] is 

a quasi-component of order a of f-l(K) (where a is any ordinal number), then f(Q) = K and the 

mapping £1Q is open. Theorem 2: If f is an open mapping of a continuum onto an h.L.c. continuum 

Y, Kc Y is a connected set, and C is a component of f-1 (K), then f(C) • K. This theorem 

generalizes an earlier result (see B.B. Epps, Jr., these Notices 19 (1972), A-807; see also A. Lelek 

and E.D. Tymchatyn, Canad. J. Math. 27 (1975), p.l344). (Received June l, 1976.) 

*76T-G88 Robert E. Atalla, Ohio University, Athens, Ohio 45701. Qg the measure
theoretic behavior of closed sets. Preliminary report. 

Let x be compact T2 If m ( M+ = M(X)+, S = S(m) is the support of m. A closed set F 

is called a ~1-set if it satisfies the following equivalent conditions. Theorem. 

IfF is closed, the following are equivalent: (1) Vm EM+, S n F =¢implies m{F) 

> 0, ( 2) \f m E M+, s n F is clopen in s, { 3) V m E M+, support {mF) support {m) 

{4) V m E M+, "/open v, v n F n s -1 ¢ implies m{V ('\ F) > o, { 5) if s u s n' where 

n 

the s are support sets, then {clxS) () F = clF{S (\ F)' {6) V m E M+ 1 s n F is either n 

empty or a P' '-set, i.e., S n F c Z {zero set) implies int8 (z () S) i ¢. 

Theorem. Suppose the closure of a cozero set in X is always a P1-set. Then every 

support set in X is extremally disconnected. Hence {as in Seever's paper) C{X) is 

a Grothendieck space. Problem: find P1-sets which are not P-sets- e.g., in PN"N. 
(Received May 27, 1976.) 

*76T-G89 

In this 

Richard Jerrard and Mark Meyerson, University of Illinois at Urbana
Champaign, Urbana, Illinois 61801. Homotopy with M-Functions. 

paper we investigate some of the homotopy properties of certain multiple-
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valued functions called m-functions. Previous papers by G. Darbo and the first 

~uthor (independently) have shown that ordinary singular homology groups for compact 

polyhedra are m-homotopy type invariants, and that this is a stronger invariance than 

homotopy type. In this paper we define m-homotopy groups (actually R-modules) and 

prove those essential properties one would expect for a homotopy theory. A subsequent 

paper by the second author uses this groundwork to show that m-homotopy theory is a 

homology theory. (Received May 7, 1976.) 

*76T-G90 MICHAEL J. CELLINI, Ladycliff College, Highland Falls, New York 10928. Unifying ad hoc 

equivariant cohomology theories. Preliminary report. 

This paper is an announcement of a few of the results discussed by the author in the area of equivariant 

cohomology theories (Ph.D. Thesis, Fordham University, 1976). An equivariant stack cohomology theory on the 

category of G-pairs (simplicial) over a fixed simplicial G-set x with coefficients in a stack A of abelian groups 

over x. The construction is made via derived functors of the global section functor r G(-, A)"' Lim( A). Soren 

lllman•s equivariant singular cohomology theory is a special example of this theory. This theory satisfies the 

Eilenberg-Steenrod-Milnor axioms (it is unique in this sense) and is representable by a generalized Eilenberg

Mac Lane complex (equivariant version). The author's construction of the geometrical realization of a G-set 

yields Walker's equivariant cellular cohomology theory. (Received May 13, 1976.) 

*76T-G91 HAROLD BELL, Department of Mathematics, Univeristy of Cincinnati, Cincinnati, OH 
Two fixed point theorems for non-separating plane continua. 45221 

Let f be a map from a non-separating plane continuum N into itself. Let g be an extension 

of f to a continuous function defined on a neighborhood U of N such that g(N - U) c R2 - U. 

Theorem 1: Iff is 1-1 then f has a fixed point. 

Theorem 2: There isa.o x inN such that f(f(x)) = x. (Received May 26, 1976.) 

*76T-92 HEIKKI J. K: JUNNILA, L11sankatu 12C22, Helsinki 17, Finland. 
Every M3 space is an N2 space. 

Lemma. Let X be an orthocompact semi-stratifiable space and let U ue a reflexive relation 

on X such that for each x E X, U(x) E flx· Ti:ten there is an interior-?reservinr, open cover C of 

X such that to each x ( X ti1ere correspond points y and z of X such that (I Cx C C(y) and 

[x,y} c U(z) (1 U-l(z). Tne following theorems are immediate consequences of tile lemma. 

Theorem 1. If X is an orthocompact semi-stratifiable space, tt1en ti1e fine quasi-uniformity of 

X has a transitive base. Theorem 2. Every :13 space is an :-12 space. (Received June 7, 1976.) 

(Author introduced by W. F. Lindgren.) 

Ulrich Koschorke and Brian Sanderson, Universities of Bonn, Germany, 
and of Warwick, Coventry, England. 
Selfintersections and higher Hopf invariants. 

I.James, P.May and others have constructed combinatorial models for iterated 

loop spaces !lmSmX , O~m~w . If X is the Thom complex of a bundle ~ , we 

can interprete these models in a natural way as "Thom spaces for immersions." 

Hence bordism of smooth embeddings into M x Rm (M a manifold), equipped 

with a description of the normal bundle as a pullback of ~$ffim, turns out 

to be isomorphic to the corresponding bordism of embeddings which project 

to immersions into M . An analysis of transverse k-tuple points of the 

resulting immersions leads to bordism invariants which translate into homotopy 

operations gk, k=1,2, ..•• As special cases we deduce the generalized 

and higher Hopf invariants of James, the Hopf ladder of Boardman-Steer as 

well as the (un)stable cohomotopy operations of G.Segal. (Received June 8, 1976.) 
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736TH 
MEETING 

Portland State University 
Portland, Oregon 
june 78, 7976 

736-B8 CRAIG COMSTOCK, Naval Postgraduate School, Monterey, California 93940. 
Finite elements in non-linear wave propagation problems, Preliminary report. 

Several important fluid dynamic problems require the solution of non-linear wave 

equations. The finite element method (F.E.M.) has been very satisfactory for linear elliptic 

problems. In trying to use the F.E.~. on non-linear hyperbolic problems there are a variety 

of ways to handle the non-linear terms. l.fe present here an analysis of the pros and cons of 

the different possibilities. (Received May 24, 1976.) 

*'736-B9 DUANE W. DETEMPLE, Washington State University, Pullman, Washington 99163. A 
Loewner approach to an inequality of Jenkins 1 type for bounded univalent functions. 

If f(z) = b (z + a2z2 + a3z3 + • · ·) , 0 < b s 1 , is any analytic and univalent mapping of 

the unit disc into itself, then by the methods of the calculus of variations the author has 

shown [Arch. Rational Mech. Anal. 44 (1971), 93-120)] 

r - b2 - 4c/ log b 0 sa s b , 
(*) Re{a3 - 2 

+ 4aa2} a2 s 
? 

4o2 log 
7 

ll + b a + oo - llob b ::: u <_ l 

In the limiting case b ~ 0 , the inequality reduces to one of Jenkins for the class of (non-

bounded) univalent functions z + a z2 + a a3 + · • • 2 3 
on the unit disc. G. B. Leeman, Jr. 

[Proc. Amer; Math. Soc. 54 (1976), 114-116] recently gave a quite direct new proof of the 

Jenkins 1 inequality employing the Loewner theorf. We extend his method to give a new proof of 

( *) . (Received May 27, 1976.) 

80TH 
SUMMER 
MEETING 

00 ~General 

University of Toronto 
Toronto, Canada 
August 24-28, 7976 

*737-00-1 PRESTON HAMMER, Grand Valley State Colleges, Allendale, Michigan 
49401. An Answer for Socrates. Preliminary report. 

Socrates is said to have rejected mathematics as a means to the truth 

because he could not justify the statement "1 + 1 = 2," interpreting the 

process of addition as occurring during a time interval. The same paradox 
persists today in misinterpretations of equivalence, equality, and identity 

not only in mathematics but in all forms of communication. The foundations of 

mathematics and logic are psycho-linguistic and when the psychological nature 

of mathematical activity is considered, this paradox is partially resolved. 
The duality principle, observed in other contexts, I state here as follows: 

A claim that two or more objects are equal is significant only if there 
is an interpretation in which the objects are not treated as equal. 
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A claim that two or more objects are not related can be significant only 

if there is a context in which the objects are related. 

This principle I apply to mathematics education and language and I show 

that it is psychology which provides insights rather than logic. 

(Received April 30, 1976.) 

02 .,. Logic and Foundations 

737-02-1 TERRENCE S. MILLAR, Cornell University, Ithaca, New York 14850. Foundations of recursively 

presented models. Preliminary report. 

A countable model ~ of a theory T is recursively presentable (rp) !g C s;; w if its satisfaction predicate 

is Turing computable from c. Theorem. There is a complete decidable theory (CDT) such that all types are 

recursive (rec.), the prime model is rp and the saturated model is not. Theorem. If a CDT has a prime 

model (only rec. types), then the prime (resp. saturated) model is rp in 0 1 • Theorem. If a CDT has a count

able saturated model ~.~ is rp in a hyp set. Definition, Let B be a set of indices (of rec. types\ of a CDT. 

B has the effective amalgamation property (eap) if there is a rec. f: w X w .... w with (i) f: B X B .... B, (ii) 

rr(x)Urs(Y)~:;rf(r.s\(x,y) for r,sEB, (iii) if Sn(T1) isthespaceof n-typesover T•, then 

{rf( )(c,x1 , ... ,x .>I i ~ w}ns (T U r (c)) is dense ins (T U r (c)) for all r E B, nEw, where c ~ (c1, ... , em) r, s pl n r n r 
are constants not in T. Theorem. Let ~ be a homogeneous model of a CDT realizing only rec. types of T. 

Then (i) ~ is rp iff ~ has a I;~ set of types with eap. (ii) If { r rec.l ~ realizes r} and {r rec.l~ omits r} 

are !;~, then ~ is rp. Theorem. There is a CDT with exactly two rp models. (Received November 12, 1.975.) 

(Author introduced by Anil Nerode,) 

737-02-2 Allen T. Retzlaff, Cornell University, Ithaca, New York lh853· SuLspaces 
of V . Preliminary report. 

co 

We follow Metakides-Nerode (R. e. vector spaces, Ann. Math. Logic. (to appear)) 

and let ¥ = '?/! (V ) be the lattice of all r. e. (recursively enumerable) subspaces 
co 

of an infinite dimensional, fully effective vector space Vco over a recursive 

field F . A E ;;;( is called a recursive subspace (or decidable subspace) ii' A 

is complemented in ;if . 
.._/ 

Theorem. The recursive subspaces of Vco do not form a sublattice of ,~ , in 

fact, recursive subspaces A, B exist with A$ B a creative subspace of Vco 
Theorem. Any infinite dimensional re. non-recursive subspace of Vco is a direct 

sum of two infinite dimensional re. non-recursive subspaces of v 
co 

Theorem. There exists an re. subspace of Vco with two re. bases of incomparable 

Turing degree. 

The proof of the second theorem requires an analogue of Friedberg's splitting 

argument for sets, but does not reduce to the latter. (Received March 1, 1976.) (Author 
introduced by Ani1 Nerode,) 

Iraj Kalantari, Cornell University, Ithaca, New York 14853. Automorphisms 
of! lattice of recursively enumerable subspaces. Preliminary report. 

We begin investigation of automorphisms of ~(V00 ) the lattice of r.e. subspaces 

of an infinite dimensional fully effective vector space over a recursive field. (See 

Metakides-Nerode, R.E.Vector spaces, Ann. Math. Logic, to appear.) 

Theorem. EVery automorphism of ~(V00 ) is induced by a semi-linear transformation of 

v. co 
Let :i,*(vco) be the quotient of l..(v,J 
Theorem. Every automorphism of ;t * (V.,) 

of vco. 

mod finite dimensional spaces. 

is induced by a semi-linear transformation 

;)0 
Theorem. There are 2 automorphisms of :t.(v,.,). 

These theorems are analogues for r.e.vector spaces of theorems for r.e. sets due 

to Kent and Scare. For the last theorem a Martin-Scare type priority argument is 

adapted to ;L (V.,), using a new notion of "e-state" different from that in Metakides

Nerode. (Received March 9, 1976.) (Author introduced by Anil Nerode.) 
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*737-02-4 Stephen G. Simpson, The Pennsylvania State University, University Park, Pennsylvania 
16802. A hierarchy of formulas in degree theory. 

we shall discuss some topics related to our recently circulated paper, "First-order theory of the 

degrees of recursive unsolvability." In that paper it is proved that the first-order theory 

of the semilattice of degrees is recursively isomorphic to second-order arithmetic. Copies of 

the paper are available. (Received March 26, 1976.) 

*737-02-5 ROBERT A. Dl PAOLA, Queens College, CUNY, Flushing, New York 11367. The 
Qperator Gap Theorem in a-recursion theory. 

Let a be any admissible ordinal and ~a an a-computational complexity measure. Define the 
a-computational complexity class C~ = {~~~~a is a-recursive and ~a(a) ~ f(a) for all but an 
a-finite set of a}. In his recent doctoral e: dissertation ("a-Comp~tational Complexity," New 
York University, v + 157 pp., 1975), B. Jacobs has asked whether for admissible a, 
a-computational complexity classes can always be extended by total a-effective operators F; 
that is do we have caC: ca for all a-recursive f, or is there an a-operator gap? 

' f F(f) a 
Theorem (a-Operator Gap Theorem): for all~ and all total a-effective operators F there are 
arbitrarily large increasing a-recursive functions b such that for all e: if 
b(a) ~ ~~(a) ~ F(b;a) for a without bound, then F(b;y) < ~~(y) for y without bound. Thus, 
there is no a-recursive ~~ in ca - Cb. For a = w, the operator gap theorem was first given 
by R. L. Constable (J. Associatl&g>of Computing Machinery, vol. 19, no. 1 (1972), pp. 175-183). 
However, Constable's construction is deficient in several respects, and his subsequent 
argument is to that extent vitiated. Our proof is a lift, with some of the usual complica
tions one encounters for admissible a > w, of a suitably rectified version of Constable's 
proof, and of course gives a valid proof for a= was well. (Received May 3, 1976.) 

*737-02-6 MIRIAM LIPSCHUTZ-YEVICK, Rutgers University, New Brunswick, New Jersey 08903. The GMel 
sentence and the sequential and holistic modes of recognition (denotation). 

Recent advances in optical recognition methods allow some previously inaccessible logical distinctions to be 

made. We claim that the "human computer" is both a serial computer (Turing machine) and an instantaneous 
holistic pattern recognizer. Beth of these capabilities (modes) are necessary for the construction and interpretation 
of a formal language or abstract system of representation. These insights applied to the Tarski sentence suggested 
that empirical considerations indicate that "c" denotes the sentence "c is not a true sentence" as an ·optical 
pattern, whereas the expression in quotes represents that which is asserted. Similarly for the Gtldel sentence. 
Following the argument (p. 143) in Mendelsohn: Let ** be provable. We then recognize (observe) that the 
pattern iii has been substituted for x1 in * (this recognition can be achieved holographically). Hence W 1 (m, Xzl 
as defined in the first two lines of 17(a), p. 141, holds for some x2 and for the ostensive numeral iii (numeral 
as a pattern, holistic expression). On the other hand in the formula !l.\ (iii, k) which numeral wise expresses w1 (m, k), 
iii is the numeral with g number Num(m). Num(m) is defined recursively from Num(O) = 215, the g number 
of 0 as an expression. Thus iii is here a "sequential numeral" or the expression resulting from the concatena
tion of individual symbols as expressions. (Received May 19, 1976.) 

*737_02-7 Manuel Lerman, University of Conn~cticut, Storrs, Ct. 06268. On the 
elementary theory of some lattices of a-r.e. sets. 

),et a be an admissible ordinal, let e(a) denote the lattice of: a-r.e. sets, and 
let e*(a) denote the lattice of a-r.e. sets modulo a* finite sets. A.H. Lachlan. 
[Duke Math. J. 35(1968), 123-146] showed for a relatively strong language £ suit
able for lattice theory, that the V~ theory of e*(a) is decidable. These results 
are extended: Theorem 1: If a*= a and ta2p(a) = w, then the V~ theory of e*(a) 
is the same as that of e*(w). Theorem 2: If a is a successor cordinal of L, then 
the V~ theory of e*(a) is decidable. Theorem 2 is proved for a wider class of 
admissible ordinals, roughly those for which r-maximal and hJperhypersimple sets are 
known not to exist. Recent progress has been made with R.I. Soare which we hope will 
lead to extending Lachlan's result by adjoining to the language ~ a predicate which 
picks out maximal sets, and showing that the v~ theory of e*(w) in this language 
is decidable. (Received May 21, 1976.) 

*737-02-8 Fred G. Abramson, University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 
53201 and Leo A. Harrington, University of California-Berkeley, Berkeley, 
California 94720. Models without Indiscernibles. 

For T any completion of Peano Arithmetic and for n any positive integer, there is a 
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model of T of size ]. n with no n + 1-size set of indiscernibles. Hence the Hanf 

number for omitting types overT, H(T), is at least :lw. (Now, using an upper bound 

previously obtained by Julia Knight, H(true arithmetic) is exactly :lw.) If T I true 

arithmetic, then H(T) = :J. • If 5 ~ (w)<w, then any completion of Peano Arith-
wl 

metic has a model of size 5 with no infinite set of indiscernibles. There are 

similar results for theories strongly resembling Peano Arithmetic, e.g., ZF + V L. 

(Received May 28, 1976.) 

*737-02-9 Richard A. Shore, Cornell University, Ithaca., New York 14853. Determining 
Automorphisms of $*. Preliminary report. 

We show that every automorphism of z;* (the lattice of r.e. sets modulo finite 

sets) is uniquely determined by its action on any non-trivial class of r.e. sets. 

To be precise if cp 1 and cp2 are automorphisms of €; * agreeing on even one 

recursive equivalence class (other than that of f/J or 1'1) then co1 = cp2 . We 

also consider the related question of the extenda.bility of automorphisms of sub

lattices to ones of e*. For example there is an automorphism of the lattice 

generated by the maximal sets which does not extend to one of 1£ *. We also give 

an elementary proof of the same result for the recursive sets. (A result 

originally gotten joi.ntly with R. Soare by applying his "extension lemma". See 

these Notices 21 (1974) A524-525.) (Received June 3, 1976.) 

*737-02-10 G.E. SACKS, 1 Oxford St., Cambridge, Mass. 02138. S- Recursion, 
Preliminary Report 

Recent work by S. Friedman suggests that combinatoric principles weaker than admissibility 
suffice to solve Post's problem. (Received June 3, 1976.) 

737-02-ll MANUEL LERMAN, University of Connecticut, Storrs, Connecticut and 
ROBERT SOARE, Universi. ty of Chicago, Chicago, Illinois. d-Simple r. e. Sets. 

Post's program which has predominated for 30 years has been to classify the isomorphism 

type of an r. e. set A by its lattice of r. e. supersets ;((A), and by r. e. arrays of r. e. sets. 

More recent results on automorphisms of the lattice e; have shown that this is inadequate for a 

complete classification of the isomorphism type of A. For example, if A and B are low and 

coinfinite then .:t'(A) ~ .{(B) ~ & even though A may be simple and B nonsimple. This suggests 

classifying r. e. sets which are simple with respect to r. e. arrays of differences of r. e. sets 

(d.r.e. sets). A coinfinite r.e. set A is d-simple if ("ifY)( 3u)[Y-A = U-A & (Vw)[IW-Uj = oo 

~ (W-Y)n A = 1JJ, i.e., A intersects each infinite member of the r. e. array of d. r. e. sets 

{W-U:W e ¢:}. Everyhh-simple set is d-simple and every d-simple set is simple. There are 

* * low sets A and B such that A is d-simple, B is simple but not d-simple, and ;;e (A) ~ ,X: (B) by 

lowness. We have explored the degrees and structure of d-simple sets and have used d-sim

plicity as a new invariant for classifying isomorphism types of r.e. sets. For example, we 

conjecture that if A, B are d-simple and ,'((A) ~ ..:((B) then <e, A> ~ < t, B >. We have ob

tained this result for V3 equivalence in place of ~. (Received June 7, 1976.) 

737-02-12 MARIAN BOYKAN POUR-EL, University of Minnesota, Minneapolis, Minnesota 55455, Computability 

revisited- an approach via the continuum. 

• We compare computability as defined traditionally using discrete atomic steps (via Turing machines, 

Herbrand-Gt!del equations, etc.) with an approach via the continuum motivated by analog computers. More 

precisely, we trace the development of the concept, "recursive function of a real variable", obtained from traditional 

formulations by recursive analysis. We then consider a mathematical definition of "analog generable function" 

which covers functions generated by existing analog computers - including the original analog computers invented 

by Lord Kelvin and Vannevar Bush. These are the two concepts which are compared and contrasted. The emphasis 
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is on open problems concerned with (1) computability theory itself, (2) the possible impact of t:1is approach in 

formulating a foundation for mathematics in which the continuum is not a derived concept, (Received June 7, 1976,) 

737-02-13 Sy D. Friedman, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139. 
Forcing in a-Recursion Theory. Preliminary report. 

Let a be a limit ordinal, a = w.y. Then a-r.e. = E1 over Jy' a-rec. = 81 over 

Jy' a-finite = member of Jy. ~a· a* and a-cardinals are defined just as ~· ~· and 

~-cardinals for ~ admissible, except replace L~ by Jy. In an earlier abstract we 

announced: 

Thm. a* a successor a-cardinal --> a a-r.e. AJB' A fa B, B fa A. 

We develop a notion of (iterated) forcing over Jy to show: ~: a* a successor 

a-card., a*= greatest a-cardinal--> a a-r.e. AJB ~a* A f 81<Jy[B],E>, 

B f 81<JY[A],e>. (Received June 9, 1976,) 

737-02-14 Keh-Hsun Chen, Duke University, Durham, North Carolina 27706. Recursive Well-Founded 

Orderings. Preliminary Report. 
0 0 

Let~ be a recursive ordinal, k a positive integer. Define E~,k Vk(E~); ~~,k = Vk(~~). (Def. 

X E Vk(R} iff aR1 ,.o.,~ E R(~+l=$} s.t. X=U{RZi-l- R2ili=l,2, ••• ,[(k+l)/2]}. Let e~, a~, e~,k' 
0 0 

a~,k denote respectively the many-one degree of complete E~ , ~~ , E~,k , ~~,k sets. Let W(~) be 

the set of Godel numbers of recursive well-orderings of natural numbers of ordinal < ~; let WF(~) be 

the set of Godel numbers of recursive well-founded orderings of natural numbers of rank<~. Define 

r(W·fl + n) w.fl + 2n (nEW, 13e:w1). Then we have the following results: 

~ de~WF(~) a 

k (O<k<w) a2 w13 (l<S<w1) 

w a2, 2 wfl<a<wB.z (12_B<~) 
w· 13 (l<i3<w1) er(fl) wfl• (p+l) (12_fl<w1 , l~<w) 
w•fl + k (12_fl<w1, O<k<w) ar(fl)+ 1 w 13•(p+l}<a<wfl•(p+2)(l~<w1 , 

If we define h~ to be the degree 2 e~ U a~ , then deg [W(~)] = hr(fl)+l for wfl< 

(Received June 10, 1976.) 

ar(fl)+l 

2_ ar(fl)+l, 2p 

l~<w) 2. ar(fl)+l, 2p+l 

a < wfl+1 • 

737-02-15 EDWARD NELSON, Princeton University, Princeton, New Jersey 08540. Principles and practice of 

nonstandard analysis. 

• We present a new approach to Abraham Robinson's nonstandard analysis which makes the subject easily 

accessible to the working mathematician, This approach is based on a theory which we call Internal Set Theory 

(IST). IST incorporates all of conventional set theory without any change of terminology. In addition to the usual 

elementhood relation E there is a new undefined predicate standard, and there are three new axiom schemes: the 

principle of idealization (I), the principle of standardization (F), and the transfer principle (T). This paper is 

devoted to showing what these principles are and how they may be used in mathematical reasoning. (Received 

June 21, 1976.) 

04 ..., Set Theory 

737-04-1 Siemion Fajtlowicz, University of Houston, Houston, Texas 77004. A graph
theoretical generalization of a Cantor theorem. 

By a graph we shall mean here a pair (X,R) where X is a set and R a binary relation on 

X. If P and Q are graphs then H(P,Q) denotes the graph of all homomorphisms from P 

into Q considered as a subgraph of QP, i.e. with the relation defined coordinate-wise. 

Theorem. If Q is a reflexive graph with at least two elements, P an arbitrary graph and 

P0 a subgraph of P then no antihomomorphism from P0 into H(P,Q) is onto. In the case 

when P is a partially ordered set and Q = ({O,l}, $ ) the theorem was obtained earlier by 

Dilworth and Gleason. Both theorems clearly generalize the Cantor cardinality Theorem. 

(Received June 11, 1976,\ 
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*737-04-2 BENJAMIN LEPSON, U, S, Naval Re search Laboratory, Washington, D, C, 20375. 

On a problem of Peter Fenton and the distance set of the Cantor set. 

Thefollowing problem of potential theory was proposed by Peter Fenton: Does there exist a set of cir
cles, each contained in the unit disk, of Lebesgue area measure zero whose centers cover the unit disk? 
The author observes that the one-dimensional analog of this problem, the existence of a set of inter
vals each contained in the unit interval whose endpoints form a set of Lebesgue linear measure zero 
and whose midpoints cover the unit interval, follows easily from the known result that the distance 
set of the Cantor middle third set is the unit interval. This latter result was first proved in 1917 
by H. Steinhaus by a simple geometric method. A somewhat complicated algebraic proof, in terms of · 
the ternary expansions of the points of the Cantor set, was given in 194o by J. F. Randolph. This 
made possible the consideration of the powers of the sets of representations of the points of the 
unit interval as sums or differences of points of the Cantor set, which was partially solved by 
N. C. Bose Majumder in 1959· (See Boas, Math. Rev. 24, rev. no. A 2538, for a summary of these and 
related results.) The author has found a very simple algebraic proof of the above result of Steinhaus, 
which makes possible a complete and explicit solution of the problem of the powers of the above sets 
of representations. These results can be extended to certain other Cantor-like sets which will be 
considered in detail in a forthcoming paper by Charles F. Osgood and the author. 

(Received June 15, 1976.) 

05 ..,. Combinatorics 

737-05-1 JUDITH Q, LONGYEAR, Wayne State University, Detroit, Michigan 48202. Order 24 
Hadamard matrices of characteristic at least 2. 

A Hadamard matrix H of order 4t has associated with it a (4t-l, 2t-l, t-1)-design D in 

which every pair of blocks intersects in t-1 treatments. It may happen that a triple of 

blocks intersects in t-1 treatments. The characteristic of D is the number of (t-1)-tuples 

of treatments which occur as the intersection of three blocks. The characteristic of II is 

derived from that of D. 

All of the non-isomorphic Hadamard matrices of order 24 and characteristic at least 2 

are determined by considering both the associated (23, 11, 5)-designs and several 

(24, 9, 8, 3, 2)-designs which arise from such H. (Received March 22, 1976.) 

*737-05-2 K. CHANG, D.K. RAY-CHAUDHURI and R.M. WILSON, The Ohio State University, Columbus, 

Ohio 43210, An existence theory for group divisible designs. 

Let n , m and A be given positive integers and K a given set of positive integers. 

An (n,m,K,A)-group divisible design is a triple (X,Jt,a) where (1) X is a set of nm 

elements, called points, (2) .& is a class of m-subsets of X which partition X , called 

groups, (3) ~ is a family of subsets of X whose cardinalities are in K , called blocks, 

(4) no block meets a group in more than one point, (5) each pair (x,y} of elements of 

X , not contained in a group, is contained in exactly A blocks. For any subset K of 

positive integers, define o:(K) ; gcd (k-llk FK} and f'-(K) ; gcd (k(k-1) !k EK} The 

necessary conditions for the existence of an (n,m,K,"A)-group divisible design are (a) Am (n-1) 

= 0 (mod a(K)) and (b) t..m2n(n-l) = 0 (mod p(K)) It is shown here that if A , m and K 

are given, then there is a constant C; C(m,K,A) such that an (n,m,K,A)-group divisible 

design exists for any positive integer n > C , satisfying the necessary conditions (a) and 

(b) above. 

The proof of this theorem requires the construction of a class of group divisible designs 

using finite fields and pairwise balanced designs. (Received March 31, 1976.) 

*737-05-3 A,CZERNIAKIEWICZ, Queens College of CUNY, Flushing, N.Y. 11367. 
Counting monochromatic paths and stars. 

Given a 2-coloration (of the edges) of the complete graph Kn, we say that 
the coloration satisfies Property A if the number of lines in each color is as 
close to equality as possible. The 2-coloration satisfies Property B if the 
degrees of the points in each of the 2 colors is as close to equality as 

possible. Theorem 1: The minimum number of monochromatic stars Kl,m in a 
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2-coloration of K (n ~ Ramsey number of K1 ) occurs in just those 2-coloration a n ,m 
of Kn satisfying property B. Theorem 2: The minimum number of monochromatic 
paths of lenght J in a 2-coloration of Kn (n ~ 5) occurs in just those 
2-colorations of Kn satisfying property A when n = 5 and both A and B when n~ 6. 
(Received May 20, 1976.) 

737-05-4 Fredric T. Howard, Wake Forest University, Winston-Salem, N. C. 27109. Numbers generated 
by the reciprocal of a seri~s. Preliminary r~port. 

For t~xed m, suppose Ioo a xn 
m n has a positive radius of convergence, am# 0. Define c 0 , c 1 , c 2 , ... 

by means of a xm (L00 a xn)-l 
m m n 

The purpose of this paper is to prove theorems for the 

numbers ck and to examine particular cases involving Bernoulli and Stirling numbers. Some of our 

results can be derived by using generalized chain rule differentiation formulas; instead we have 

tried to generalize methods of Jordan [Calculus of Finite Differences, Chelsea, New York, 1950] and 

Riordan [An Introduction to Combinatorial Analysis, Wiley, New York, 1958]. For example, it can be 
- ~n - -j shown that c - £1 (a) ak ... ak , where for each j between land n the sum is over all 

n m 1~ j~ 

compositions k + ··· + k - n each k > 1 If we define G(t,· n,J·) by means of (~00 a _xr)j l j - ' i - · Lt+l r 

j! I~ G(t; n,j)xn/n! then G(t; n,j) has a simple combinatori~l interpretation in terms of set parti-

tions, and C = In1 j!(-a )-jG(m;n+mj,j)/(n+mj)!= In1 j! (-a )-j(~+11)G(m-l;n+mj,j)/(n~j)! . Particular 
n m m ]+ 

m ~oo n -1 ~oo k 
cases discussed are the rational numbers Aro,k defined by means of (x /m!) (Lm x /n!) = Lo Am,k x /k! 
(Received May 20, 1976.) 

737-05-5 E. G. Whitehead, Jr., University of Pittsburgh, Pittsburgh, Pennsylvania 15260. Stirling number 

identities from chromatic polynomials. 

Let s(j, k) and S(j,k) denote the Stirling numbers of the first and second kind respectively. Let (A)k 

denote the falling factorial, A(A- 1).,, (A - k + 1). Using the theory of chromatic polynomials it is shown that 

n k . 
(1) Lj Lj S(n- i,j- i)s(j,k)A = (A).(A- i)n-1 

~Oj~O 1 

n . 
(2) Lj Lj s(n- i,j- i)S(j,k){A)k = A1(A)n-i 

k=O j~O 

for any nonnegative integer i. For a fixed i, equations (1) and (2) are the chromatic polynomials of a pair of 

complementing graphs, For j:,; 0 and/or k:,; 0, let s(j,k) = S(j,k) = lljk' (Received May 24, 1976,) 

737-05-6 LEON BERNSTEIN, Illinois Institute of Technology, Chicago, Illinois 60616. Units in algebraic 

number fields and combinatorial identities. 

The author has invented a new technique to establish infinitely many new combinatorial identities of a 

highly complicated structure. He has used his method in previous papers and will illustrate it by a new example 

in this paper. The technique proceeds as follows: Let w be a real root of an irreducible polynomial over Q: P(x) 
n n·-1 . n-1 . . 

=x +k1x + ... +kn_1x+kn (kiE:I!:,1=l, ... ,n). Let e=f1 +~w+ ... +fnw ~eaumtm Q(w),fi= 

fi(k1 , ... ,kn). e must, of course, be explicitly stated. Let em= g1 + g2w + ..• + gnwn- , m a natural number, 
-m ~1 . 

gi = gi(k1, ..• ,kn); e = h1 + bzw + ••• + hnw , hi= hi(k1 , ••• ,kn). Both gi and hi (1 = 1, ... ,n) are found 

by Euler's generating functions; they are polynomials in k1 , ..• , kn with combinatorial coefficients. From 1 = 

em • e-m the combinatorial identities are established by comparison of coefficients and involve determinants of 

order n with entries of powers of ki with combinatorial coefficients. The ~oefficients of these powers can also 

be sums of combinatorial structures. In his example the author starts with the polynomial P(x) = xn- dnx- dn, 

d a natural number. (Received May 19, 1976,) 

737-05-7 Bruce Richmond, University of Waterloo, Waterloo, Ontario N2L 3Gl. The Asymptotic 
Behaviour of Certain Chromatic Sums. Preliminary report. 

The asymptotic behaviour for large n of the sum of the chromatic polynomials 

rooted triangulations T with 2n faces is calculated for the cases A = T 2 

P(T,A) over all 

and T-z where 

T is the golden ratio. Some conjectures concerning the maximum and minimum values of P(T,A) 

when A is a Beraha number will be stated. (Received June 1, 1976.) 
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737-05-8 D:i ek ~·iick ;la:l, ;?tate 1Jni..v-.~r-si t:· r-f i"~ew Yt'rk H.l ~jinehal':!ton,.bJ.neharr.:ton, 
he-r,.; York l?(~()l. ~onBt!·ained L;hrcr::ials • .P,...e~i.I:..il~ar:: rPport. 

for the h,?,:tr..d H cirT'lit. (Received June 4, 1976.) 

737-05-9 Andrew P.Guinand,Trent University,Peterborou~h,Ontario,Canada. 

The multiple umbral notation as a manipulative aid. 

The umbral (or Blissard) calculus, in which powers of certain symbols 

Cor umbrae) are interpreted as terms of sequences, can be regarded as a 

notation subject to rules of interpretation and of manipulation. With 

these rules it can be used to simplify proofs of various identities 

involving Bernoulli and Euler numbers, and other related sequences. 

(Received June 7, 1976.) 

*737-05-10 Paul Smith, University of Victoria, Victoria, B. C., University of Montana, Missoula, MT 
59801. A scheduling problem for tournaments with a constraint on locations. 

Let v = kn where k ~ 2 and n is a positive integer. Let n ~ r ~ (v - 1)/(k - 1). Given v players 

and r locations it is required to construct a schedule subject to the followin~ constraints: 

(1) On each round a block of k olayers is sent to each of n locations. (~) No two ol.qyers ever 

appear tog·ether in more than one block. (3) Each player appears exactly once at each of the r loc-

ations •. For k = '> and r = '>n - 1 thi.s is the Room squ'lre problem. For n = r it is the problem of 

constructing a comolete set of mutually orthogonal .Latin squares. \ve oresent two special solutions 

for n < r = [(v- 1)/(k- 1)] and k > ?. (Received June 7, 1976.) (Author introduced by Dr. H. E. 

Reinhardt.) 

737-05-11 J. s. Frame, Michigan State University, East Lansing, Michigan 48824. Power 
sums of roots of a trinomial equation. 

For integral n ~ o, the power sum Sn = Lk~l z~ of the u zeros of the real trinomial 

azu - bzv - c, with abc ~ 0 and relatively prime integral exponents u > v > o, is ex

pressible by the finite sum r .. [u(~) - v(~-i) ]a-~jci-j, summed for integers i,j 
~.J J J- n 

such that ui - vj =nand j L o. Choosing a = ±b = ±c, the products qu,v(n) = Tik(l-zk) 

are integer valued polynomials in the Smn form= ±1, ±2,··· which yield for various 

u, v a rational integral factorization of the determinant Dn of the n x n binomial 

circulant matrix ~with (i,j) -entry ( li~j \'. (Received June 7, 1976.) 

*737-05-12 Gerald Berman, University of Waterloo, Waterloo, Ontario. The dichromate and 
orientations of a graph. 

Internal and external activities are defined for any orientation of a graph G relative to a 

fixed labeling of its edges. It is shown that the number of such orientations of G having internal 

and external activities r, s is is the coefficient of r s 
X y in the 

dichromate of G. It follows that the number of orientations of G in which the resulting digraph 

D is acyclic is given by P(G, -1), where P(G, x) is the chromatic polynomial associated with G. 

In case G is planar the number of orientations of G in which D is strongly connected is equal 

to P(G', -1), where G' is the planar dual of G. (Received June 8, 1976.) 

*737-05-13 STEPHEN"'. TANtlY, University of Toronto, Toronto, Canada, t15S lAl and MICHAEL ZUKER, 
National Research Council, Ottawa, Canada: O_n_p_~_~moda0 __ S~q_~~~-~--Binomial 
~oeffici_en~..Jl. Preliminary report. 

A variety of properties are proved for the binomial coefficients (n~kr) where k is an 
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arbitrary fixed positive integer. In particular it is shown that for fixed k , these coefficients 

are strongly logarithmically concave, with at most a double maximum. Let be the least value 

at which this maximum occurs, and set rn,k = "n,k" We show that "n,k converges as n + ~ 

(for fixed k to the smallest positive root ok of the polynomial Pk(>..) = [1 - (k+l)>..]k+l 

- All - k>..]k of degree k + 1 • Further results, including an asymptotic fonnula for ok and 

inequalities satisfied by the sequence {rn k} , are also developed. {Received June 9, 1976.) 
' n,k 

*737-05-14 S. G. Mohanty, McMaster University, Hamil ton, Ontario, Canada. 2_n_S_o_Ih_e_ 
Combinatorial identities and applications. Preliminary report. 

Some combinatorial identities arising from counting lattice paths are generalized. 

Their applications through path consideration are varied and wellknown. Another 

set of identities are generated from the enumeration of certain sets of trees. 

Though the paper basically contains a survey of earlier identities, it also includes 

some new results. {Received June 11, 1976.) (Author introduced by Professor H. w. Gould.) 

737-05-15 Thomas J. Osler, Glassboro State College, Glassboro, New Jersey 08028. 
Combinatorial identities generalized via the fractional calculus. 
Prelim~nary report. 

In the familiar elementary calculus we encounter "derivatives of order n", Dnf(x) 
dnf(x)/dxn , where n is a. whole number. In the so called fractional calculus, 
:::>c< f( x) is defined in such a way that o< can be any ( rational, irrational or 
complex ) number. In the fractional calculus [ SIAM Review, le(l976), pp. 240-268], 
f•lmiliar formulas such as the Taylor's series, the chain rule and the Leibniz 
rule are generalized to include derivatives of arbitrary order. Using these 
seneralized formulas, we can obtain extensions of known combinatorial identities. 
;ihen these methods are applicable, a known identity of the form L =L~=O F(n) 

C'C' 
will reneralize to L =Ln=-QCF(an+y) a, where 0 < a.::_ 1 and y is arbitrary. 

(Received June 11, 1976.) 

*737-05-16 CLARK KIMBERLING, University of Evansville, Evansville, Indiana 47702. Sums associated with 
containment relations among intervals. 

Let C(m, a, n) be the number of half-open intervals (p/q, (p + 1)/q] containing the closed interval 
[m/n, (m + a)/n], where n,m, and a are positive integers. Then C(m,a,n) = I:~0{[(p + 1)n/(m +a)]- [pn/m]}, 
where K ~ [m/a], For fixed prime n and a= 1, C(m,a,n) is invariant for m = 1,2, •.. ,n- a, but con
siderably more complicated for a> 1. Maximal containment chains of intervals (p/q, (p + 1)/q] are identified, 
and these provide further expressions for C(m, a, n). The intervals (p/q, (p + 1)/q] are assigned various weights 
which, through the lattice point method of Voronoi, provide identities for the total weight of intervals (p/q, (p+ 1)/q] 
containing a prescribed set of intervals [m/n, (m + a)/n]. (Received June 11, 1976.) 

737-05-17 JEHUDA HARTMAN, University of California, Los Angeles, California 90024. On the homeomorphic 
embedding of Kn, and Kn, m in the .I.-cube. 

A graph G• is said to be homeomorphically embeddable in G if there exists a homeomorph of G• which is 
isomorphic to a subgraph of G. In this paper we obtain homeomorphic embeddings of K and K in QL, n n,m 
having minimal number of edges, and prove their uniqueness up to isomorphism. These results are applied to 
achieve bounds on the coarseness of the n-cube. (Received June 10, 1976.) 

*737-05-18 GOPAL DANARAJ, Cleveland State University, Cleveland, Ohio 44115 and VICTOR KLEE, University 
of Washington, Seattle, Washington 98195. A connectedness game and the a-complexity of certain 
graphs. 

When Z is a finite family of finite sets such that Uz E Z, there is an associated game D(Z) that a certain 
player can always win by making enough tests, where a test is a special sort of move in the game. The complexity 
of Z is defined as the minimum number of tests that suffices to win the game. As a specialization of this notion, 
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there is associated with each connected graph G = (V, E) a game C(G) that involves detecting, in a dynamic 

setting, the connectedness of a subgraph of G. The number of tests required to win C(G) is called the c

complexity of G. Both the c-complexity and a closely related computational notion are shown to be odvl) when 

G belongs to a class of graphs that includes all paths and circuits, and this is used in the design of a linear-time 

shelling algorithm, The paper will appear in SIAM J. Appl. Math. (Received June 11, 1976,) 

737-05-19 RUTH A. BARI, George Washington University, Washington, DC 20052. 
Chromatic equivalence and constrained polynomials. Preliminary report 

Let G be a planar graph that contains ann-cycle Cn. Then G is the union of two sub-

graphs, the interior Gin of Gn• and the exterior Gex of Cn, whose intersection is Cn. G. D. 

Birkhoff and D. C. Lewis showed that the chromatic polynomal P(G,A) could be expressed in 

terms of certain constrained polynomials, that give the number of ways in which Gin and Gex 

can be colored in A colors when en is assigned a specific color pattern. This suggests that 

one can construct a graph chromatically equivalent to G by replacing, say, Gin by a graph Hin 

that is chromatically equivalent to Gin. We examine conditions under which this method yields 

chromatically equivalent graphs, and give examples of such constructions. (Received June 14,1976.) 

737-05-20 Michael P. Drazin, Purdue University, West Lafayette, Indiana 47907. 
Parameter liberation in binomial and factorial identities. Preliminary 
report. 

Given a pair of sums of (say) products of binomial coefficients, if it is desired to 

determine whether these are "essentially equivalent" or whether one is a special case 

of the other, in view of the peculiarities of binomial notation, such questions can 

usually be decided only after first translating the binomial coeffients into 

factorial (or r-function) form. In particular, the most general binomial sum of a 

given type cannot be recognized as such (and indeed a viable concept of "type" cannot 

even be defined) without departing from binomial notation. These familiar ideas are 

illustrated anew by considering the sum 

k!a (-l)k (: )(k:B) ( a:::l) 

which is evaluated for arbitrary complex 

c ~ a (apparently only the cases where 
previously). (Received June 14, 1976.) 

737-05-21 WITHDRAWN 

B and arbitrary integers a, b, c 

B = 0 or a = 0 having been known 

*737-05-22 H. W. Gould, West Virginia University, 11orqantown, \·1. Va. 26506. 
An overview of combinator_i_a_L_i~_n_1:_i_t_i_~. 

with 

The term "combinatorial identity" may be applied in oeneral to any math<>l'latical identity thnt involves 

enumerative functions. This includes the usual (finite or infinite) series of factorials or binomial 

coefficients. But it also includes such thinns as Euler's formula v + F = E + ?. oower serie~ and 

Dirichlet series of certain kinds, number-theoretic relations. sums and nroducts of natural numbers 

of all kinds, etc. Here we discuss the followina taoics: Canonical forf'lS (binomial versus 
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factorial notation); metatheory; current approaches usinq computers; the role of special functions 

(hypergeometric, etc.); applications; unsolved problems; directions of current research; methods of 

proof (combinatorial, algebraic, function-theoretic, computer). (Received June ~4, ~976.) 

737-05-23 A. Ehrenfeucht, J. L. Hursch Jr., c. Morgenstern, University of Colorado, Boulder 
Colorado 80302. Growth~~ Colorability of Graphs II. Preliminary report. 

~ (Proof by computer). If G is planar, bridgeless, and pL(G) ,;; 8 then G is edge 

3- colorable. Reference: Growth Number and Colorability of Graphs, preliminary report 

by J.L. Hursch Jr. to appear these Notices, August 1976. (Received June ~4, ~976.) 

*737-05-24 ·.:olf::;n.ng iiaken, University of Illinois, Urbana, Illinois 61801. Why is the Four
Color Problem difficult? Preliminary r.eport. 

Probabilistic considerations show that every planar map can be expected to contain a reducible 

configuration of ring size not exceeding 14, but that some maps can be expected to exist which 

do not contain any reducible configuration of ring size smaller than 13. This means that a 

proof of the Four-Color-Conjecture with the ~eduction method (i.e,, a repair of Kempe's 1879 

argument) can be expected to be possible, but that there is a (considerably high) lower bound 

for the combinatorial complexity of such a proof, and also an upper bound for the complexity 

of a "reasonu.illy short" proof. If one assumes that there is no other way of proving the Four

color-Conjecture than the reduction method then this explains the difficulty of the Four

Color Pro'blen. I~1 this context it is remarkablG that E.F.Moore in 1963 constructed maps which 

apparently t'.o not contain any reducible confir;uration. of ring size sma~ler than 12 (private 

communication). (Received June ~4, ~976.) 

737-05-25 Donald McCarthy, St. John's University, Jamaica, N.Y. 11439. Minimal edge problems for 
graphs with generalized symmetric automorphism group. Preliminary report. 

A graph on n vertices with automorphism group isomorphic to the abstract group G is termed a 

(G,n)-graph. Consider the following problems: given a finite group G, for each positive integer n 

determine e(G,n) and ec(G,n); these denote the minimum number of edges among all (resp. all 

connected) (G,n)-graphs. Solutions exist when G is symmetric, dihedral or hyperoctahedral (for 

references, see Discrete Math 14(1976)139-156). Extensive partial results have also been obtained 

for certain generalized symmetric groups. These are the complete monomial groups SJc(<:p1. i.e. 

the (permutational) wreath products of the cyclic group Cp by the symmetric group Sk, where p is an 

odd prime and k ~ 1. In particular, when G = Sk [cp1we have e(G,n) = e(S1 ,n-6kp) for n ~ 6kp + 6. 

Also, ec(G,n) ~ n+kp-1 whenever n > 4kp, with equality holding in many cases; when k=l, for example, 

equality holds except when n=mp ~ 6p, and in these latter cases ec(G,n) = n. (Received June ~4, ~976,) 

*737-05-26 ROGER C. GRIMSON, School of Public Health, University of North Carolina, Chapel Hill, North 

Carolina 27514. Combinatorial problems arising in the health sciences. 

Many problems that arise in health studies may be naturally expressed in terms of counting and discrete 

probability problems; this is illustrated in the presentation. The search for solutions and simplifications gives 

rise to combinatorial identities. Some unsolved problems are introduced. (Received June 15, 1976.) 

737-05-27 OTTO G. RUEHR, Michigan Technological University, Houghton, Michigan 49931. A multiple sum 

identity. Preliminary report. 

Let f denote the asymptotic series L:::0(-l)nn!xn. Different ways of computing power series coefficients 

of fp, p integral, give rise to a multiple sum generalization of a well-known series identity (H. W. Gould, "Com

binatorial Identities", p. 21, line 2,25) which corresponds to p = 2. The case p = 3 was discovered by means of 

recurrence relations obtained from a linear differential eqnation for ~. Generalization to arbitrary integral p 

is facilitated by the following Lemma. Define inductively the function sequences F (y) and G (y). F 1 = G1 = 
(1 + y)-1 .For p ;;o 2, F (y) = J'Y0p 1 (z)(l + y- zr1 dz and G (y) = p(p + yr1 f'Y0Gp 1(z) dz. ±hen F (y)"' G (y). 

p p- p Jn p- p p 

Theorem. Let f =L::00 0(-l)n(n+p-l)!q xn, q1 el. Thenfor p;;o2,q =L::~ 0 pi-nq 1 .(j+p-1)-1, 
---- p n= p,n ,n p,n J= p- ,J 

d 1 . _ . -1 "n n+p-2._1 
an a ternatlvely, qp,n- (n + p- 1) ui = 0qp-l,j(j+p-2) • (Received June 15, 1976.) 
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737-05-28 KI HANG KIM, Box 69, Alabama State tTn.iversi ty, !!ontgol'lerv, Alabama 36101 
1m Identity Involving Stirling's NIJ!Ilber of the Second Kind. Preliminarv report. 

In this paper we shall discuss various applications of the following 
n 

identity: r! l: (-1)8 -r(:)an-sS'(s, r). (Received June 15, 1976). 
s=r 

737-05-29 J.D. HALPERN, University of Alabama, Birmingham, Alabama 35294, Partitioning products of 

trees, Preliminary report, 

For any tree T, let T(n) be the nth level of T. Call a set of nodes S c T (h, k)-dense if there is a node 

x of level h such that every node of level h + k which succeeds x in turn precedes some node in S. Consider 

asequenceoftrees Ti,l;:;;i;:;;k, Forany n, aset Mcni;:;;kTi(n) iscalledan (h,k)-matrixifthereare (h,k)

dense Mi c Ti(n) such that M = ni~kMi. We prove the following theorem as a consequence of the partition 

theorem of Halpern and Lauchli (Trans. Amer. Math. Soc. 124 (1966), 360-367). Theorem. Let Ti' 1 ~ i ~ k, be 

perfect trees. If U E n. "'kT. (n) = U. < P., then there exists j and h such that for all k, P. includes an 
n w l- 1 J p J J 

(h, k)-matrix, Results previously obtained by Laver, Pincus, and Milliken using a method of word transformations 

are obtainable from the theorem of Halpern and Lauchli via our theorem without the use of such a method, 

(Received June 15, 1976,) 

737-05-30 Paul C. Kainen and Mark Thiel, Case Western Reserve University, Cleveland, Ohio 44106. 
Higher Euler Invariants. Preliminary report. 

Let x(n)(K) denote the n-th higher Euler invariant of the cell complex K (see W.-T. Wu,! theory 

of imbedding immersion and isotopy of polytopes in _'! Euclidean space, Science Press, Peking, 1965). 

P. Wadler (On pairs of nonintersecting faces of cell complexes, Proc. Amer. math. Socl, val. 51 no. 2 

(1975), 438-440) has shown that if the underlying space IKI of K is a manifold then 

x(2)(K) = x2{K) - x(K). We generalize his result to arbitrary n when IKI is a 2-manifold- that 

is X(n)(K) = Xn(K)- X(K). Applications to graph-embedding problems are given. (Received June 15, 

1976.) 

*737-05-31 Michael R. Rol!e, Department of Combinatorics and Optimization, University ot Waterloo, 
Waterloo, Ontario, Canada. General solutions for free chromatic polynomials on the plane. 

This paper ties in with recent work of D.W. Hall (Trans. AMS 1948 and a paper presented in Kalamazoo, 
1975), ideas conceived in the Birkhoff-Lewis paper on chromatic polynomials, and further mentioned in a 
paper of F. Bernhart at Kalamazoo 1975. There are some interesting applications, according to Biggs and 
Kasteleyn, of these results to theoretical physics, relating to energy levels in plane crystals. 
The present paper is concerned with planar partitions, which can be associated with rooted planar trees. 
Each rooted planar tree of n edges is a partition of the first 2n integers, as seen by placing numbers 
consecutively on the vertices of the tree in a clockwise fashion. For n=3, we obtain the 5 planar 
partitions: (135,2,4,6), (1,26,35,4), (15,24,3,6), (13,2,46,5), and (1,246,3,5). 
The matrix A, for a particular n, is constructed as follows: For any two partitions P and Q, the 
element a is defined as the monomial xk where k is the number of parts of the join of the partitions. 
The seco~Qand third partitions above, give the join (135,246), the first and third give (135,26,4),etc 
We are p~imarily interested in computation and properties of the inverse matrix B = A-1 • For n=3 we have 

{x4x3x3x3x2~ ~x2 -x -x -x 2 \ It is found that the denominators of the B 
x3x'+x2x2x.3 1 -x x2-l 1 1 -x I matrix have as their only zeroes the numbers 

A x3x2x4x2x 3 B = -x 1 x2-l 1 -x · 2 2 .1. 
x3x2x2x'+x3 x 2 (x2 -l)(x2 -2) -x 1 1 xLl -x l x =4cos (m ) for O<j<m;m5n+l. This explains 

x2x3x3x3x4 / 2 -x -x -x x2,-' the presence of the Beraha numbers involved 
with free chromatic polynomials. 
Another interesting result is that no element of B has value 0 for any real x, x2 ~ 4. 
We also will find some very simple ways of calculating B, probably of the complexity of computing A2. 
(Received June 15, 1976.) (Author introduced by w. T. Tutte.) 

*737-05-32 Stephane Foldes, Department of Combinatorics and Optimization, University of Waterloo, 
Waterloo, Ontario, Canada. On the chromatic polynomial and the rotor effect. 

The rotor effect is a transformation of a graph G in which a certain subgraph H having a 

rotational symmetry is replaced by its mirror image. Generaly the new graph is not isomorphic with 

G. Unlike the tree number, the chromatic polynomial is generally not invariant in the rotor effect. 

The problem of the invariance of the highest coefficients is examined in detail. (Received June 15, 

1976.) (Author introduced by W. T. Tutte.) 
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06 .,.. Order, Lattices, Ordered Algebraic Structures 

*737-06-1 Ivan Rival and Bill Sands, University of Calgary, Calgary, Canada. Planar sublattices 
of a free lattice. 

A lattice L is semidistrib utive if, for every a,b,a E L, avb = ava implies avb = avfb M) and a/lb 

= aAa implies aAb = aA(bva). Furthermore, L satisfies Whitman's condition (W) if, for every 

a,b,a,d E L, u>\b :i avd implies either a :i avd orb :i avd or a!lb :i a or aAb :5 d. ~· A finite 

planar lattice is embeddable in a free lattice if and only if it is semidistributive and satisfies 

<m. In addition, we construct a list :( of finite lattices subject to the following condition. 

~- A finite lattice is a planar sublattice of a free lattice if and only if it contains no 

sublattice isomorphic to a lattice in{. Moreover, ~is the minimum such list. (Received June 7, 

1976.) 

*737-06-2 Alexander ABIAN, Iowa State University, Ames, Towa SOOLL 
Inducive Boolean Algebras and Special Prime Ideals. 

Let (A,+,.,~) be a Boolean Algebra with unit 1 and zero 0. Let k be a cardinal 

number. Definition. A is called k-inducive if and only if every well ordered 

(w.r. t.s;_) subset W of nonunit elements of A with W< k has a nonunit upper 

bound. Theorem. Let p and q be elements of a k-inducive Boolean algebra A 

such that (l+p)q;i 0, and let (Si) iEk and (Hi) iEk be families of subsets Si 

and H. of A such that s. = lub s. and hi= glb Hi for every i E k. 
]. ]. ]. 

Then A has a prime ideal p such that PEP and if s. c p then S. E P for 
].- ]. 

every i E k; moreover, q E (A- P) and if HiS (A- P) then h.E (A- P) for 
]. 

every i E k. 
(The term k-inducive is used in contradistinction to k-inductive since the latter 
usually refers to a partially ordered set in which every well ordered subset of 
cardinality less then k has a least upper bound). This paper extends the results 
of Abstract *76T-El9, these Notices, 23(1976) ,A-289. (Received June 10, 1976.) 

08 .,.. General Mathematical Systems 

*737-08-1 R. ARTHUR KNOEBEL, New Mexico State University, Las Cruces, New Mexico 88003. 
Representation theorems for varieties generated by single precomplete algebras. 

Ivo Rosenberg (MR 45, #1732) determined all precomplete (finitary) algebras with finite 

carrier, and these algebras split up naturally into six classes. Any algebra A generates a 

variety V(A), the smallest equational class containing A. By a theorem of G. Birkhoff, each 

algebra of any variety V is a subdirect product of the set Sl(V) of subdirectly irreducible 

algebras of V. For all algebras A in five of Rosenberg's classes we find Si(V(A)); each 

such set has at most three elements. The one class of precomplete algebras A for which we 

could not find all the S.i(V (A)) is made up of algebras all of whose operations are preserved 

by a partial order with largest and smallest elements. (Received June 14, 1976.) 

10 .,.. Number Theory 

737-10-1 David M. Bressoud, Temple University, Philadelphia, Pa. 19122. Proof of 
certain identities conjectured by Ramanujan. Preliminary report. 

B.J. Birch (Math. Proc. Cambridge Philos. Soc,, 1§ (1975), 73-79) published 40 

identities conjectured by Ramanujan involving the functions G(x) = 
~ ;,.,, fft~.,.£1 ... t ~ tn.,~ d'n.,J ... 1 
Jl((l-x )(1-x )) and H(x) = 11 ((1-x )(1-x )) • L.J. Rogers (Proc. 
0 D 

London Math. Soc., !2 (1021), 387-397) and G.N. Watson (J. Indian Math. Soc,,~ 
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(1933), 57-69) had proven 16 of these identities. By combining and extending the 

methods of Rogers and Watson, we additionally prove the identities which Birch has 

numbered: 12, 13, 14, 17, 19, 20, 21, 22, 25, 26, 27, 28, 32, 38, and a corrected 

version of 39. We also formalize Rogers' approach and demonstrate how it can be 

used to generate and prove similar identities. (Received May 24, 1976.) 

*737-10-2 CHARLES SMALL, Queens University, Kingston, Ontario, Canada. Waring's problem mod n. 

This paper has been presented by title in these c}/oticei) 22(1975), A-615, Abstract 75T-A214; the present 

version includes some new results. The goal is to compute g(k, n), the smallest r such that everything is a sum 

of r kth powers mod n; we get complete results for k = 2 and 3, and partial results for larger k. The heart 

of the problem is the computation of g(k, p) where p is prime, kip- 1, 3k + 1 ~ p ~ (k- 1)\ here we can prove 

only 2 ~ g(k, p) ~ [k/2] + 1. (Received June 7, 1976.) 

*737-10-3 CHUNGMING AN, Seton Hall Cniversity, s·o. Orange, N.J. 07079 and 
ALAN H. S'l'EIN, University of Connecticut, Waterbury, Ct. 06710. 
The asymptotic behaviour of zeta functions associated to positive 
definite forms with integ-er coefficients. Preliminary report. 

Let F(x) be a positive definite form with integer coefficients of degree d in 

n variables x=(xl, ••• ,xn) and let ak be the number of integral solutions to 

F(x)=k. The analytical property of the zeta function -s'CF,s):[F(t')-s, with 

sum over all non-zero integral vectors, has been established by c. An(Mich. 

Math. J., vol. 21(1974), PT'· 45-48). In this paper we shall consider the 

following two results. l) 'I'he crude estimate ~(F,d+it)=OCitln-lfd), for 

(n-1)/d<o-<n/d. 2) The asymptotic formula ~ ~ = (Jl.d/n)yn/d+O(y(n-t)/d~t:), 
k.Sy 

where )l: Res S (F ,s). (Received June 9, 1976.) 
s=n/d 

737-10-4 t:ihuichi Takahashi, University oi Hor,treal, hur,treal, .t'.<.,.. h)C ;;J'i. 
Non-standard derivations of Hardy-~lttlewuou lj.§e furr:'u~ao. l:'r10l.1:c.iLar;y 
report. 

Instead Of the integral, l 1e(2;r.int)dt = [' } il: n ~ iJ , OLe car. Uo'e Lr.t; I:uu-
j-1 ,;. , . . •. 1. u 11 n f () 

standard sum, j_ 2:" :l<e(2~i!!.!...) ~ 1 1 1 ~. li = U , wM;re }A G ''\, ........._ (, ;,u out,ajL 
J-< i=- o )" o r~ ,_;' 1 u 

the following formula: A(ra,k,H) = lim ·All. (r;;,K,il) wr,e;re A(m,"'-•" i ~ tuc t.J.wuc:r 
11•-100 

of positiv~integral solutions of x~ +xf + ... +··.!, ~· ;, ar.ci. A 11 (r:.,;.,,\) 

f !::. ( ~ 1e( x.~~) t' e(-JY!-). .uet us remark tllat Art(ll:,,.~,~,) 
1:-l J(-1 

solutions modulo n of x~ +X~ + ••• +x! = ~~ (tmd r:) is giver. r.;y 

_L .;_ ( .:, e("U ) )Pie·(- NC). ~ ~ (Received June 10, 1976.) 
11 ~,.. x.- 1 11. n 

tiH-.! LLLW LJe !' U { 

*737-10-5 GERALD E. BERGUM and MARY ANN DAHLQUIST, South Dakota State University, Brookings, South 

Dakota 57006. Special pythagorean triples. Preliminary report. 

Theorem 1. If n = 2t(2t2 + 1), then there exist positive integers A and B relatively prime, A even, and 

such that A2 + B2 and A2 + (B- nA)2 are both perfect squares. Theorem 2. If n = ±2,±3,±4, there do not 

exist positive integers A and B, relatively prime, A even, and such that A2 + B2 and A2 + (B- nA)2 are both 

perfect squares. For n = 8 it is shown that the A and B of Theorem 1 do exist and that the least value of A 

is 2, 996,760. (Received June 14, 1976.) 

*737~10-6 Joseph Arkin, 197 Old Nyack Turnpike, Spring Valley, New York 10977, New observations 
on "Fermat's Last Theorem". 

In about 1637 Jle=e de Fermat wrote what has become known as "Fermat's last Theorem", namely that 

there do not exist integers x,y and z, none of which are zero, which satisfy xn + yn = zn (!) 
n being a given integer> 2, It is not difficult to see, that to prove the impossibility of (1), we 
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need only consider when n > 2 is an odd prime, Now, if' in (1) , x, y and z a.rs prime to each other 

and to n (where n:::. .3 is an odd prime), this condition is referred to as case I; if' x,y and z 

are prime to each other and one of' them is divisible by n, the condition is referred to as case II, 

In case II very little has been discovered concerning (1); however, in case I everything indicates 

that (1) is impossible, 

In this paper I have made some new observations concerning the difficult case II. With a new simple 

approach this author has found several n (where n :::. .3 is an odd prime) that can only belong to 

case II. 

The author wishes to thank Professors R, Pollack (NYU) and D.J. Newman (Yeshiva Univ.) for 

their generous information over the telephone on some of' what has and has not been found on 

"Fermat's I.a.st Theorem", (Received June 15, 1976). 

12 ~ Algebraic Number Theory, Field Theory and Polynomials 

*737-12-1 MARION BEITER, Rosary Hill College, Buffalo, New York 14226. Coefficients of the cyclotomic 

polynomial F 3qr (x). Preliminary report. 

Let r and q be odd primes such that 3 < q < r. Let r = (kq 2: 1)/h, 0 < h ~ (q - 1)/2. In this paper we 

prove that no coefficient in the cyclotomic polynomial of index 3qr is greater than one in absolute value when one 

of the following hold: (a) h = 1,k = 0 (mod 3), (b) h> 1, k = 0 and h +q = 0 (mod 3), (c) h> 1, h = 0 and k + 

r = 0 (mod 3). (Received June 9, 1976,) 

737-12-2 1:. (;, Van i.fctcr, State University College, Oneonta, New York 13820, Counting pennuta
tiou po1ynor·lials in n indctcrr.1inatcs over GF(q). Preliminary report. 

A ;>o1ynoniu1 f in 11 in<!ctcminates over GF(q) is called a (q,n)-perr.mtation polynomial if the number 

of solutions In l;F(<(l 11 of the "'!U<Ltion f(x1, ... , xn) = a is independent of a, which requires that 

it be <; 11 - 1 for all a c loF(.-!). This definition yield.~ the faflliliar notion of a permutation polynomial 

ovc•r t;FltiJ if n = 1. In tllis paper, the number of (q,n)-pcmutation polynomials is detennined. 

(Received June 14, 1976.) 

737-12-3 ROBERT ROSS WILSON, California State University, Long Beach, California 90840. Geometric 
Characterizations of Lattice Orders on Fields. Preliminary Report. 

Suppose that K is any propers subfield of the real field jj,a real algebric over K with minimal 

polynomial f and that f factors over B into r linear factors and s quadradic factors. By viewing the 

real algebra A=BrffiQS in terms of idempotents so that s~ is written S=alel+ ..• + arer+blfl+clgl+ ... 

+bsfs+csgs and K(a) as a subfield of A, we may characterize the positive cone P of any lattice order 

on K(a) by: Theorem. The crosssection of P by the a 1 = l hyperplane must be a simplex inside 

[-l,l]r-lxDs, where Dis the unit disc. Furthermore, the product of aQy two simplex corners must lie 

in the simplex. This readily generalizes to any formally real field different ~rom B· 
(Received June 14, 1976.) 

737-12-4 GERHARD F, KOHLMAYR, Mathmodel Consulting Bureau, Glastonbury, Connecticut 06033, Normed 

fields and topological fields which are not copies of c. 
Let C be the complex number field, By a copy of C is meant any field which is ring-isomorphic and 

homeomorphic to C. Theorem I. Let n and m be positive integers. For every n there is a normed complex 

field Xn which is not a copy of C. Further, when n -1m, Xn is not a copy of Xm. Theorem I provides a 

countable number of counterexamples to Theoreme I by S, Mazur (C.R. Acad, Sci, Paris 207(1938), 1027). A 

quasi-normed topological field is a quasi-normed linear space which is also a Hausdorff topological field whose 

topology is metric and determined by a quasi-norm. Theorem II. For every n there is a quasi-normed complex 

topological field Xn which is not a copy of C and such that n -1m implies Xn -1 Xm. A Frechet topological field 

is a complete quasi-normed topological field. Theorem III. For every n there is a separable complex Frechet 
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topological field Xn which is not a copy of C and such that n f. m implies Xn f. Xm. Theorem III provides a 

countable number of counterexamples to Theorem 3 by R. Arens (Bull. Amer, Math. Soc. 52(1947), 627). 

(Received June 14, 1976,) 

13 ..,. Commutative Rings and Algebras 

*737-13-1 Dr. A.G. NAOUM, Math. Dept., College of Science, Vnivers!ty of Bagh4ad, 
Baghdad, Iraq. Finitely generated projective ~deals ~n commutat~ve 
rings. 

Let·R be a commutative ring with 1. Ann-tuple 
x • (x1, x2, ••• , xn) of elements of R will be called semi-regular iff 3 and n x n 

matrix A= (aij) with elements in R such that x A= x 

and {Y = (yl' y2, ... ,yn) jyt x = o}~{Yj Ayt =at, o = (o, o, ... , o)J 

where multiplication is the usual multiplication of matrices. 

Theorem. An ideal generated by x1, x2, ••• , ~n in R is projectiye iff the 

n-tuple x = (x1 , x2, ••• , xn) is semi-regular. (Received February 24, 1976.) 

15 ..,. Linear and Multilinear Algebra; 
Matrix Theory (finite and infinite) 

*737-15-1 Frank Zorzitto, University of Waterloo, Waterloo, Ontario N2L 3Gl. Purity 
and copurity in systems of linear transformations. 

Consider a system of N linear transformations A1, ... ,AN: V ~ W, where V and W are 
complex vector spaces. Denote it for short by (V,W). A pair of subspaces X c V, Y c W 

N 
such that I AJ.X c Y determines a subsystem (X,Y) and a quotient system (V/X,W/Y) 

j=l 
(with the induced transformations). The system (X,Y) is of finite codimension in (V,W) 
iff V/X and W/Y are finite-dimensional. It .is a direct summand of (V,W) in case there 
exist supplementary subspaces P of X in V and Q of Y in W such that (P,Q) is a 
subsystem. Theorem. If {X,Y) is of finite codimension in {V,W) and for every subsystem 
(U,z) of finite codimension in (X,Y), (X/U,Y/Z) is a direct summand of (V/U,W/Z), then 
(X,Y) is a direct summand of {V,W). Consequently a subsystem is pure iff it is copure. 

The proof uses a dual theorem (Aronszajn and Fixman, Algebraic spectral problems, Studia 
Math. 30 (1968), 273-338, Theorem 5.5, in case N = 2) and systems of N continuous linear 
transformations between topological vector spaces. (Received February 4, 1976.) (Author 

introduced by u. Fixman.) 

*737-15-2 J. Jones, Jr., and J. Leuthauser, Air Force Institute of Technology, and R. Gressang, Air 

Force Flight Dynamics Laboratory, WPAFB, Ohio 45433. Solutions of the Algebraic Riccati 

Matrix Equation. Preliminary Report. 

Capital letters denote n by n matrices with elements belonging to the field ~of complex numbers. 

Let fa(A) denote a polynomial of degree ~ n with coefficients belonging to ~-·and defined on the 

''"'~of' •h:·-rr: ~·:r ::,,, (: ; n. '. «m''"'· o'. 0 
and U or M and 0 are nonsingular. Theorem If X is a solution of (X,O,I)fa(R) = (0,0,0) then X is 

also a solution of the Riccati Matrix equation (*) ATX + XA + C- XDX = 0 and (**) A-OX= -I. If 

X= XT then such a solution is unique. (Received June 8, 1976.) 

*737-15-3 Joseph B. Kruskal, Bell Laboratories, Murray Hill, New Jersey 07974. 
Going three-dimensional: matrices and three-way arrays. 

The long development of matrix theory, which deals primarily with linear mappings 
and bilinear functions, has never been matched in depth by a similar development 
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for three-way arrays. Today that is beginning to change. One source of new problems 
are the INDSCAL and CANDECOMP models, which pose questions about trilinear functions. 
Another source is arithmetic complexity theory, which asks questions like "what is 
the minimum number of multiplications needed to multiply two nxn matrices?" Both of 
these applications involve the representation of a· three-way array as a sum of triads. 
The minimum number required is the rank of the array, a concept which significantly 
generalizes the rank of a matrix. Finding the rank of a given array is a challenging 
task. Two 4x4x4 arrays of particular significance are known to have rank 7 and 8. 

Several interesting theorems have already been proved. The prettiest one 
generalizes a classical lower bound on matrix rank due to Frobenius (1911). Another 
gives sufficient conditions for a representation (of an array by triads) to be 
essentially unique. While several results will be precisely stated, no proofs will 
be presented, to avoid undue complex detail. An effort will also be made to 
identify some interesting questions, both pure and applied, which are unsolved but 
probably within reach. (Received June 14, 1976.) 

737-15-4 Daniel J. Richman, University of Wisconsin, Madison, Wisconsin 53706. On the class 
of M-matrices with a given singular graph. Preliminary report. 

The association of a finite partially ordered set S (singular graph) with a singular M-matrix A is 

discussed in Abstract 726-15-10, Notices, August, 1975. Also defined there are w(A), the Weyr 

characteristic of A (for 0}, and AP, the p-th level of S (read "maximal" in place of "minimal"). 
A. , the cardinality of A , is called the p-th level number of S. 

p p 
For a e .!1 , p 2! 2, let A(a) = {f$ e 8: fS >a} nil. 1• S is said to have SDR if for all p 2! 2, 

p ~ 

and for all subsets .!1 SAP, the sets A( a), a e A, have a system of distinct representatives. 

Denote by ~(S) the class of all M-matrices with singular graph S. 

Theorem: For non- empty S with level numbers <\• ... , ~), the following are equivalent: 
a) there exists A e ~(S) such that (l)(A) = (A.1,A.2, ... ,A.h); 
b) S has SDR; 

c) A.1 ""'A.2 ""' ... ""'A.h and there exists a chain decomposition c1, c2, ... , Ck of S such that 
(c1, ... ,ck) and (A.1, ... ,~)are conjugate partitions, where ci is the cardinality of Ci. 

(Received June 14, 1976.) 

*737-15-5 Herbert N. Cohen, US Army Concepts Analysis Agency, 8120 Woodmont Ave., Bethesda, MD 20014. 
Non Eigenvalue Solution to a Set of Linear Homogeneous Equations. Preliminary Report. 

Previous investigative work by the author resulted in the application of the Eigenvalue concept to a 
physical problem involving a set of linear homogeneous equations. A resulting paper was titled "Study 
of Weapon Worth Concepts for Determining the Value of Diverse Weapon Systems in Combined Arms Battles," 
(preliminary report). It was found that the solution obtained by the use of the Eigenvalue concept 
gave unexpected results which ran contrary to intuitive requirements of the particular physical problem 
under investigation. 

The paper cited above has been offered for presentation to the forthcoming meeting of American Mathe
matical Society in Toronto, Aug 76. As a result of the unsatisfactory results obtained from the appli
cation of the Eigenvalue concept to the specific problem, the author looked for and found a model that 
did not depend on Eigenvalues. The model is new insofar as the author could determine. It is based 
upon the concept of adding a constant biA to each linear homogeneous equation, where bi is the number 
of weapons of type i and A is the value per ith weapon if the weapon did not kill or was not killed. 
It is shown that the solution for the ratio of the value per weapon for one weapon to another weapon 
is independent of the value of A. As a result of this concept, it has also become possible to avoid 
dependence on the Eigenvalue method of solution that has been so prominent and subject to criticism 
in the past. The new model of the weapon value problem leads to much broader questions of the 
relationship between the singular solution of a nonhomogeneous linear system and the Eigenvalue solu
tion of a corresponding homogeneous linear system of equations. (Received June 14, 1976.) 
(Author introduced by Dr. Robert M. Thrall.) 

16 ~ Associative Rings and Algebras 

737-16-1 Dave Riffe1macher, Cornell University, Ithaca, New York 14853, Sweedler's two
cocvcles and a theorem of Rosenbarg and Zelinsky, Preliminary report. 

Let k be a commutative ring end C be a k-elgebra with nilpotant ideal I, 'H 2(C) 

denotes the set of equivalence classes of Sweedler 1 s c-two-cocycles, Equivalence means 

cohomologous vie a vertible element (see Sweedler, Ill, J, of ~eth., ~(1971), 302-323 for 

defir:~itions). Theorem 1. If C/I is e projectiwe k-modula, the map '}{ 2 (c)~}/ 2(C/I) 

induced by the natural projection C~C/I is bijective, Corollary, (cf Prop, 3,3, 
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Rosenberg and Zelinsky, Osaka Math. J., 1!(1962), 219-240) If C is commutative and C/1 

is k-projactiva, the natural map H2 (c)~H2(C/I) on Amitaur cohomology is an isomorphism, 

Thaor.am 2. Let k ba a perfect field and dimk ( C/ J ( C )J<oo with J( C) the Jacobson radical 

of C. Suppose J(C) is nilpotent, Then C~~ C for all C-two-cocycles tr iff C/J(C) 

is commutative and [x in C I L aixbi = o} is an ideal of square zero for soma 

separability idempotent ~ a1®bi of C/J(C), (Received April 22, 1976.) 

*737-16-2 JOHN LAWRENCE, University of Chicago, Chicago, illinois 60637. Rationally complete ring 

extensions. Preliminary report. 

Let T be a ring extension of R, where T is generated over R by normalizing elements and T is a free 

R-module. We investigate conditions under which T may be rationally complete. Particular attention is paid to 

twisted Laurent polynomial rings and group rings as well as tensor products of algebras. Theorem 1. A countable 

semiprime right rationally complete ring is left nonsingular. As a consequence we have Theorem 2. If G is a 

countable group and the group algebra FG is semiprime and rationally complete, then G is finite. Some partial 

reductions to the semiprime case are given. Theorem 3. A twisted Laurent polynomial ring over the rational 

closure of a countable commutative ring with dense singular ideal is not rationally complete. There exists a 

rationally complete twisted Laurent polynomial ring over a commutative ring with dense singular ideal. (Received 

May 18, 1976.) 

*737-16-3 H.ZAND, F.U.I., P.O.Box 11-1962, Tehran Iran, S-ideals of a 
matrix ring, P~liminary report. 

Let R be a ring and S a radical property in the sense 

of Amitsure. The relation S(Rn)=S(R)n , where Rn is the ring of n by n 

matrices, is known to be true for many radical properties, e.g. Jacobson, 

Brown-McCoy, etc. The purpose of this talk is prove some results about the 

S-radical ideals of Rn and the computation of S(~) using the techniques 

developed by Amitsure and Sands. (Received June 1, 1976.) (Author introduced by 

Mr. M Razzaghi. ) 

*737-16-4 Hal G. Moore, Brigham Young University, Provo, UT 84602 and Adil Yaqub, University o~ 
Cali~ornia, Santa Barbara, CA 93106. Certain generalizations o~ Boolean rings. 

Let R be a ring o~ prime characteristic p and with Jacobson radical J f R. Suppose ~ther that 

~or every x in R, x is nil~otent or xPn = x ~or same positive integer n = n(x). Then R/J is 

a subdirect sumo~ ~elds, R/J is commutative, and the commutator ideal o~ R is nil. I~, in 

addition, the ground ring R has a unity - but not in general otherwise - then R itsel~ is 

necessarily commutative. Similar results are obtained when R contains a nonzero central idempotent 

or when R contains a nonzero idempotent and the idempotent elements o~ R commute with each other. 

The proo~s use the structure theory. (Received June 7, 1976.) 

17 ll> Nonassociative Rings and Algebras 

737-17-1 GARY E. STEVENS, Hartwick College, Oneonta, New York 13820. Some counterexamples for 

infinite dimensional Lie algebras. 

Two theorems of J. S. Wilson (Math. Z. 114(1970), 19-21), useful in the study of chain conditions on normal 

subgroups of infinite groups, state that the maximal and minimal conditions on normal subgroups are inherited by 

subgroups of finite index. The analogous statements for Lie algebras are not valid, and in this paper we construct 

counterexamples to illustrate this. (Received June 14, 1976.) 

18 ll> Category Theory, Homological Algebra 

737-18-l RICHARD J. WOOD, Dalhousie University, Halifax, Nova Scotia. Indicial methods for relative 

categories. Preliminary report. 
vop 

For ~ a monoidal category, SET- -categories are discussed from the point of view of categories 

A-519 



equipped with ~-indexed families of morphisms using techniques similar to those of Pare and Schumacher. 

(See these NOTICES, Nov. 197S6PAbstract 728-A43.) Various simplifications to the usual theory of 

V-categories are given. SE~ -categories are identified as category objects of "type: 
- <---1L- .,.___ 
lN + lN ~E -- 0 in a suitable category with finite limits. v-indexed categories are 
~ ?---

defined as category objects of arbitrary "type", M , where M is a co-category object in the category 

of finitely presented monoids. Comma objects of ~-indexed functors are strong enough to discuss 

~-discrete y-(co)fibrations. V-limits in the sense of Kelly and Borceux can then be studied in the 

same way as ordinary limits. Further generalizations and applications are discussed. 

(Received May 21, 1976.) 

737-18-2 William F. Keigher, University of Tennessee, Knoxville, Tennessee 37916. Closed 
categories of coalgebras. Preliminary report. 

Let V be a closed category with equalizers and let G be a closed comonad on V satisfYing 

a number of additional conditions. Then the category VG of G-coalgebras in V is closed, 

the adjoint functors u0:v0 --+ V and H0 :V--+ VG are closed and the adjunction transformations 

<0 :UGHG--+ V and n0 :V0 --+ HGUG are closed. Similarly, if V is symmetric monoidal closed with 

equalizers and G is symmetric monoidal closed with additional conditions, then VG is symmetric 

monoidal closed, u0 and HG are symmetric closed and e:G and nG are closed. For example, if 

one takes V = Ab = [abelian groups] with a suitable G , one obtains that V0 = [abelian groups 

with an endomorphism] is symmetric monoidal closed. Similarly, if one takes V = R-Mod for R the 

underlying ring of a differential ring with a suitable G , one obtains VG = [differential 

R-modules] is symmetric monoidal closed. (Received May 24, 1976.) 

*737-18-3 Harvey Wolff, University of Toledo, Toledo, Ohio 43606. 
and the Lifting of Triples. 

Distributive laws 

In Beck's paper on distributive laws (Lect. Notes. in Math. 80, 119-140) he raises 
the question of the "possible extension of the distributive law formalism to 
non-tripleable situations." We answer this question by giving a condition, which 
is automatic in the tripleable case, for lifting a triple I on A to a triple h on B 
where there is an adjoint pair F--IU:A+B and a distributive law A:UFT->-TUF. While 
A does not determine a unique lifting in general, the lifting h of I does satisfy 
the property that if~ is any lifting of I which determines the given distributive 
law A then there is a unique triple map 0: h +~such that U(0) is an equivalence. 
Furthermore, we show that the algebras for hare in fact a pullback of the algebras 
for the lifted monad T on AUF (the algebras of the triple generated by F~U) over 
the canonical comparison functor K: B +AUF. (Received May 24, 1976.) 

737-18-4 John R. Isbell, SUNY at Buffalo, Amherst, New York 14226, Pulling paths, and canonical 
sheaves of paths. 

The sheaves for the canonical topology on the monoid M of continuous selfmaps of a 1-cell are 

described. Such a sheaf X is an M-set with two more types of partial operations. An element ~ 

of X is a sort of "path"; by applying suitable maps in M one can obtain the first half of ~ , 

the points of 'TT , etc. Two paths ~1 ,~2 in X can be amalgamated if a non-degenerate end segment 

of ~l coincides with a beginning segment of ~2 , but not if only endpoints agree, In the latter 

case, however, one has splices ~1·~0·~2 where ~O is a constant path, giving a definite well

behaved· operation on homotopy classes. Finally for certain or. EM , the covering maps, any ~ 

* * satisfying all equations ~/3 = '11')1 satisfied by or. can be lifted to ~ , . where ~ or. = ~ They 

are generated by amalgamation from those or. 0 such that the pullback of or. 0 along any 'Y E M 

contains a path projecting onto the domain of y , which are those maps mapping some subinterval J 

of the cell I lightly onto I so that each interior point p of J has a neighborhood composed 

of two intervals on each of which or. 0 (x)- or. 0 (p) does not change sign. (Received May 24, 1976.) 

737-18-5 Joan Wick Pelletier, York University, Toronto, Ontario, Canada. Dual Functors and the 
Radon-Nikodym Property in the category of Banach Spaces. Preliminary report. 

we pursue the study of the duality of functors (in the sense of Fuks, Mityagin, and Svarc) in the 
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category of Banach spaces as developed in the recent joint paper of the author with C. Herz (see 

Abstract if 716-Bl, Notices, October 1974). Following the discussion in the abov~ mentioned work of 

the functor INT(A,-)(integral operators) as the dual functor of A·-, where A·X is the closure in 

HOM(A' ,X) of A0X, we examine further properties of INT(A,-), including its relation to A'~. The 

latter question is related to the Radon-Nikodym property, equivalent formulations of which are given 

in the context of dual functors. Weakly compact and compact operators are also discussed in this 

setting. 

*737-18-6 

(Received May 25, 1976.) 

J. Lambek and B.A. Rattray, McGill University, Montreal. A general Stene-Gelfand du

ality. 

Let A be a reflective subcategory of a varietal category, B the category of (a) 

uniform spaces, (b) topological spaces. 

pair of adjoint functors U : A0 p + B 
An object I "sitting in both categories 11 establishes a 

F B + A0 p , and therefore a duality between the full 

subcategories Fix UF and Fix FU Of interest is the situation when Fix FU is the limit 

closure of I in A and Fix UF is the limit closure of I in B . In the uniform case this 

certainly happens when I (as a uniform space) is compact, separated, injective in its limit 

closure and every uniformly continuous mapping In + I , for finite n , can be uniformly apf~ox

imated arbitrarily closely by operations. When I is discrete, this theorem reduces to a result 

by Hu In the topological case a somewhat more complicated set of sufficient conditions has 

been obtained. The Gelfand and Stone dualities are special cases of both situations~ 

(Received May 27, 1976.) 

737-18-7 Ross Street, Macquarie University, North Ryde, Australia 2113. Internally Compiete 
2-categories. Preliminary report. 

It is reasonable to call a category E internally complete when it is finitely complete and, 

for each object X of E, the category Ex of objects over X is cartesian closed. For example, 

if E is a topes it is well-known that this is the case. Alas, however, the category Cat(E) of 

category objects in E neeO not be internally complete_ i~ E is. But Cat(E) is more than a 

category, it is a 2-category. This suggests that an appropriate notion of internal completeness js 

required for a 2-category K. We define a 2-category K to be internally complete when it is 

finitely complete and possesses certain internal versions of the indexed limits of Street [Limits 

indexed by category-valued 2-functors, J. Pure and Applied Algebra 10 (1976)]. One property 

of such a K is that the 2-category of split 0-fibrations over any object is cartesian closed. 

(Received May 28, 1976.) 

737-18-8 F. William Lawvere, SUNYAB, 4246 Ridge Lea Rd., Amherst, N. Y. 14226. Closed Categories 
of Variable Quantities over a Base Topos. Preliminary report. 

After reviewing the bivariate description from the author's Perugia Notes (December 1972) 

of those fibrations X over a base topos g which are g-valued and g-bicomplete, the further 

structure making such a fibration u into an g-bicomplete closed ~ategory is explored and compared 

with the expectation that such pairs (g, lr) constitute a useful generalization of "ringed spaces". 

(Received June 1, 1976.) 

'737-18-9 Robert 0. Blackwell, University of New South Hales, Kensington, N.S.W. Australia. Some 
results on the existence of 2-monads. Preliminary report. 

A poly ad X on a 2-category A is a triple X = (X,X1 ,X2 ) where X: M ---+ [ A,A) is a strict mon-

oidal 2-functor and where X1 and X2 are subcategories of the small monoidal 2-category M 

For any polyad X on A we define the 2-category X-Alg* of algebras for X together with a forget

ful 2-functor V: X-Ae.g* ---+ A • 

Theorem If A is a complete and cocornplete 2-category then X-Af.g* is the 2-category of algebras 

for a ranked 2-monad on A whenever the 2-functor X factors through [A ,A)* the monoidal 2-category 

of ranked endo-2-functors A • 
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As an application of this theorem we can deduce that the category of algebras for a ranked endofunct9r 

of A is the category of algebras for a ranked monad (that is, the free monad exists and has rank); 

that the lax-algebras for a ranked 2-monad are the algebras for a ranked 2-monad; and that the cat

egory of monoids in the monoidal category A is monadic provided ® : A >< A ---+ A has a rank in each 

variable. (Received June 1, 1976.) (Introduced by Professor J. W. Gray.) 

*737-18-10 
E. G. WAGNER, J. B. WRIGHT, J, W. THATCHER, Mathematical Sciences 
IBM Thomas J. Watson Research Center, Yorktown Heights, New York 
J. A. GOGUEN, Department of Computer Science, UCLA, Los Angeles, 
Algebraic Theories and Fixed-Point Solutions. 

Department, 
10598. 

California 90024 

Algebraic theories (Lawvere) are equationally described: categories T with objects {0,1, ••• } 

equipped with tupling operations and injections satisfying certain identities. An ordered theory is an 

algebraic theory in which each homset is a strict poset and composition and tupling are monotonic. An 

ordered theory is w-continuous if each homset is w-complete and composition is continuous. A rational 

theory is an ordered theory with less than w-completeness, but with enough to solve fixed-point equa

tions. Free rational and w-continuous theories are described using partial trees and illustrated with 

computer science applications. (Received June 7, 1976.) 

737-18-11 BRUCE CONRAD, Temple University, Philadelphia, Pennsylvania 19122. Stem kernels. 
Preliminary report. 

7r 
Let G be a group and R ·> F ->- G be a free presentation, with R not cyclic. An exact sequence (*) 

H: K ~ F! G in which l 0 1(H) =center (K) and 2° Facts as a group of automorphisms on K, with 

~(k)·k' = kk'k-1 , gives K the structure of an abstract kernel over G. We shall also assume 3° the 

action of F on H given by restriction is trivial. Definitions. (a) Let r 2Kc K be the subgroup 
-1 

generated by elements of the form (f•k)k , f E F, k E K. (b) (*) is a stem kernel if H C: r 2K. 

Theorem 1. Let£ E H3 (G;H) be the MacLane obstruction class for the kernel(*). Then if 

~· E Hom (H3 (G),H) is the corresponding element (by universal coefficients), (*) is a stem kernel 

iff~· is epi. Theorem 2. Suppose Hi(G) = 0, i = 1,2. Then there exists a unique maximal stem 

kernel H3(G) ->- K0 ->- F ~ G: this kernel maps uniquely up to homotopy into any other kernel of the 

form (*). (Received June 7, 1976.) 

*737-18-12 PAUL H. PALMQUIST, 454~ Sandburg, Irvine, California 92717 and JOHN PAUL BOYD, University 
gi i:~~~~~~t.Irvine, California 92717. Applications of categorical algebra to the theory 

¥~ny of the construcf1ons, representations and uniqueness theorems in measurement theory are universal 

in the sense of categorical algebra. This approach unifies and simplifies previous results as well as 

suggesting some interesting generalizations. Specific examples discussed will include regular scales, 

scale types, ordinal utility functions, extensive measurement, and conjoint measurement. 

(Received June 15, 1976.) 

20 ..,. Group Theory and Generalizations 
737-20-1 MICHAEL ASCHBACHER, California Institute of Technology, Pasadena, California 91125, Deter-

mining the finite simple groups. 

• It appears possible that the ongoing program to determine the finite simple groups may be completed during 

the next five or ten years. This talk will supply an outline of that program, and is intended for the nonspecialist. 

(Received March 8, 1976,) 

*737-20-2 Anthony M. Gaglione, The City College of New York, New York, N.Y. 10031. The Commutator 
Calculus Applied to Nilpotent Products of Cyclic Groups. 

Let Gn = G/Gn+l where G is a free product of a finite number of cyclic groups, and Gn+l is the 

fn+l) subgroup of the lower central series of G. Recently the author established an algorithm for 

completely determining every Gn ("On Nilpotent Products of Cyclic Groups" - Reexamined by the 
Commutator Calculus, with H.V. Waldinger, Canadian Journal of Mathematics Vol. 27 (1975) p.ll$5-1210) 
This algorithm is called the "Representation Algorithm," and it is based on known methods of the 

commutator calculus. The "Representation Algorithm" represents elements of Gn by unique words in 
the basic commutators. This investigation deals with many consequences of the application of the 

''Representation Jl~gorithm" to the groups Gn. (Received May 10, 1976.) 
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737-20-3 Stephen E. Wilson, University of Washington, Seattle, Washington 
98105. Riemann Surfaces over regular maps. Preliminary report. 

Coxeter and Moser gave an example of a regular map which could be considered as a 

two-sheeted Riemann surface over the octahedron with branch points at the vertices, 

Both Sherk and Garbe constructed families of regular maps by covering in a simi

lar way maps on the sphere and on the torus. We provide an algorithm for deter-

mining all regular coverings of any regular map with any number of sheets, provid-

ed only that the projection is one-to-one on the vertices. Further, given defin-

ing relations fo~ the base map, the algorithm provides a set of defining relations 

for the symmetry group of the covering map. (Received May 24, 1976.) 

*737-20-4 BENJAMIN FINE and GEORGE E. LANG, Jr., Fairfield University, Fairfield, Connecticut 06430. 

Locally free groups and direct limits of CW-complexes. Preliminary report, 

The problem of when locally free and almost free groups are actually free was studied by Takahasi and by 

Higman. Here a related topological question was examined; when does O(l~;:n Wa) = l~miT(Wa) with Wa, fa{J a 

directed system of wedges of circles. First Theorem 1. Let (Xa,fa{J} be a "cellularly directed system" of CW

complexes (similar to a cellular equivalence relation). If l~mXa is Hausdorff, then l!_mXa is a CW-complex 

and TI*(limX) = limTI*(X ). These are related to results of Lundell and Weingram. Let (W ,f {J} be a directed 
.. a ... a _1 a a 

system of wedges of circles based at x . Then Theorem 2. Let V = U~ f3f ,.,(x ); then V n S (S is a circle 
o \...ot.' a,ry o aa aa 

in wedge Wa) is finite for each pair (a, a) and fa{J lsaa- V is locally one-to-one, then l_!.m Wa is a wedge of 

circles and TI*(l,T' Wa) = l!_mll*(Wa). From this we get Theorem 3. Let (Gn,fnm be a countable directed system 

of free groups. If fnm: Gn ... Gm is an embedding onto a free factor for each pair (n, m), then l!_m Gn is free. 

Corollary, Let G be a group. If G is the union of countably many free subgroups with each inclusion an em

bedding onto a free factor, then G is free. The theorem and the corollary recover results of Takahasi and 

Higman and also lead to further topological conditions. (Received June 8, 1976.) 

73 7-20-5 G. THOMAS, University of Western Ontario, London, Canada. 17-Simple reflective semigroups. 

In this paper we give a characterization of 17-simple reflective semigroups. First, we describe some 

properties of an arbitrary 17-simple reflective semigroup. We then use these properties to obtain the characteri

zation. (Received June 15, 1976.) 

737-20-6 M. RAM MURTY and V. KUMAR MURTY, Carleton University, Ottawa, Canada. Some asymptotic 

formulas in group theory. 

Let G(n) be the number of nonisomorphic groups of order n. For each k, let Fk(x) be the number of 

n :§ x such that G(n) = k. Erdtls has shown that F 1 (x) = (1 + o(1))xe-y /logloglogx, where y is Euler's constant. 

We show F 2(x) = (1 + o(1))xe -Y /loglogloglogx, and we obtain some results for Fk in general. (Received June 

15, 1976.) 

22 ..,.. Topological Groups, Lie Groups 

737-22-1 DOUGLASS L. GRANT, College of Cape Breton, Box 760, Sydney, Nova Scotia, Canada. Weak forms 

of compactness and B-completeness in topological groups. 

For definitions, see T. Husain, Introduction to Topological Groups (Saunders, 1966). Let .Q1 and HPK 

be the categories of first countable and hereditarily paracompact groups, respectively. Theorem. Every locally 

pseudocompact group is a B(HPK) and hence a B(.g_1) group. Examples are produced to show that (1) local 

pseudocompactness does not imply either pseudocompactness or local countable compactness, and (2) that a 

countably compact B0) group need not be compact. The first example consists of the product of a pseudocompact, 

non-countably compact group with a locally compact, non-compact one. The second consists of the set of elements 

of an uncountable product of finite, simple, non-Abelian, discrete groups which differ from the identity at at most 

countably many entries. (Received June 15, 1976.) 
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26 .,. Real Functions 

*737-26-1 L. A. SHEPP, Bell Laboratories, Murray Hill, New Jersey 07974. Optimal reconstruction of a 

function from its projections. 

• I will discuss the work of B. F. Logan and myself on a partially discretized, rigorous formulation of the 

Radon transform which admits an explicit inversion formula (Duke Math J. 42(1975)). The partially discretized 

Radon transform of a function f in L 2 and supported on the unit circle C is the set of projections or line 

integrals of f along any of n prescribed directions. These do not determine f for any n but there is a unique 

function with the given projections and smallest L2 norm which is given explicitly. A theorem of Logan gives a 

bound on the fraction of the energy at low spatial frequencies of an invisible function, one that projects to zero in 

each of the n directions. A function with most of its energy at spatial frequencies less than n requires n 

"views" or projections to essentially determine it. I will also discuss various related problems in this pure 

mathematical field which was recently strongly reactivated by the emergence of computerized tomography, an 

engineering realization due to Godfrey Hounsfield of the inverse Radon transform. The technique is now routinely 

used to obtain cross-sectional images of the body using x-ray pencil beams to measure the projections. The 

engineering or applied mathematical aspects will be discussed in our MAA talk at the same meeting. We will 

also discuss the nonrigorous but very useful convolution algorithms due to V. Lakshminarayanan and others which 

are in wide current use in inversions of the Radon transofrm based on the Fourier inversion formula in the so

called fan-beam geometry. (Received April 16, 1976.) 

737-26-2 Richard Fleissner, University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 
53201 and James Foran, University of Missouri-Kansas City, Kansas City, 
Missouri 64110. Transformation of Differentiable Functions. 

Let T be the class of all real-valued functions of the form h o g where h is a 

homeomorphism and g is a differentiable function. Then T t c , where c is the 

class of all continuous real-valued functions. Conditions are given for a function 

to belong to T. (Received June 9, 1976.) 

28 .,. Measure and Integration 

737-28-1 PARFENY P. SAWOROTNOW, The Catholic University of America, Washing
ton, D.C.20064. Scalar Radon-Nikodym derivative for an H*-algeb~ 
valued measure. 

Let A be a proper H*-algebra, let 'TA = {xyf x, yEA} be its 

trace-class [Froc. AMS 26 (1970) 95-100) and let u be a 'TA-valued measure 

defined on some 15-algebra I: of subsets of a set S. Theorem. A TA-valued 

absolutely continuous measure v defined on Lis of the form VE = JEfdU for 

some real ~-measurable function f if and only if for each ~ E L the (variable) 

measure vtE ~ vE + ru(En~) has a Hahn decomposition for each real number r. 

The Hahn decomposition of the space S is defined as a pair P,N of disjoint 

measurable sets such that S = PUN and vr is positive (negative) for each 

measurable subset of P(N). (Received June 7, 1976.) 

737-28-2 W. A. J. LUXEMBURG, California. Institute of Technology, Pa.sa.d.ena., Calif. 91125 
Some remarks about doubly stochastic operators. 

Let (X,~.,u) and (x',A.',~. 1 ) be two probability spaces. Following J. Ryff we shall call a. 

linear transformation from L 1 ( u) into L 1 ( u 1 ) doubly stochastic_ whenever Tf < f for a.ll f' E L 1 ( ~o~). 
Some characterizations of doubly stochastic operators will be presented. In particular, the 

class of T satisfying Tf is equ.imea.sura.ble with f for a.ll f E L 1 will be examined. Also 

generalizations to normed spaces of measurable functions will be discussed. (Received June 10, 

1976.) 
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*7:37-28-3 Kenneth R. Berg, University of Maryland, College Park, Maryland 20742. Prime Ergodic 
Transformations. Preliminary Report. 

Let T be an invertible measure preserving transformation on the probability space (X,F,m). Let P 

be a doubly stochastic operator on L1 , i.e. Pl = 1, J Pf dm = J f dm. Suppose also P(foT) 

(Pf)oT. We study the implications of approximability assumptions on T with regard to the set P 

of all such P. In particular, a certain type of cyclic approximability implies that the invariant 

subspace of such a P consists only of the constants, unless P is the identity. This is closely 

related to some work of Ornstein, and also of Chacon. (Received June 15, 1976.) 

737-28-4 GEOFFREY FOX and PEDRO MORALES, Universite de Montreal, Montreal, Canada. Extension 

of a continuous strongly additive group-valued set function. 

Let :l be a lattice of subsets of a set T with cp E :l and G a sequentially complete Hausdorff commutative 

topological group. A set function A ::l .. G is (i) strongly additive if A(cp) = 0 and A(E n F)= A(E) + A(F)- (E U F) 

V E, F r: :l; (ii) monotonely convergent if, for every monotone sequence (En) in :l, ~(En)) converges; (iii) 

continuous if, whenever (En), (F n) are, respectively, decreasing, increasing sequences in ..e s. t. limnEn c 

limnF n' we have A(En) - A(En nF n) ... 0. Let 'II denote the hereditary ring consisting of all E E' exp(T) s. t. E 

is contained in at least one set of :l. If A is strongly additive and monotonely convergent, the extensions of 

A :A*: exp(T) ... G, .>-* :'11 .. G are well defined by the formulas ~(E)= limE=>FE:lA(F), A*(E) = limE=FEi·<F), 

respectively. If, further, A is continuous, the restrictions \,.=>-*l..ecr and \s=>-*1£6 havethesamepro

perties. Theorem. A strongly additive continuous set function A ::l ... G extends to a strongly additive continuous 

set function "X on the (cr, /i)-lattice Z generated by :l iff A is monotonely convergent. In this case, if-c)*' 
~6) * coincide on J. and "X = ~1i)* 11 =<\)*I£ is the unique strongly additive continuous set function on 1 
extending A, This generalizes the extension theorem of Sion (Proc. London Math. Soc. 19(1969). 89-106) as 

improved by Drewnowski (Bull. Acad. Pol. Sci. 20(1972), 439-445). (Received June 14, 1976.) 

30 ~ Functions of a Complex Variable 

*737-30-1 Sidney 1. Hantler, IBH T. J. \-Iatson Research Center, Yorktown Heights, NY 10598. 
Polynomial approximation in certain weighted Hilbert spaces of entire functions. 

Estimates for reproducing kernels are used to prove polynomial approximation results in weighted 

Hilbert spaces of entire functions. The idea is to show that the polynomials are dense in those 

spaces whose weight functions are nearly a function of I z I alone. A consequence of Theorem 4 

is that if ~ is plurisubharmonic and 

~~- lzl21 s c(l+lzl2)1/2, 

where c is a constant, then the polynomials are dense in the Hilbert space of entire functions 

f with /1 fl 2exp(-~)dA < oo (dA is the Lebesgue measure on Cn). Applications to a problem of 

D. J. Newman and H. S. Shapiro and extensions of our results are also discussed. (Received 

April 1, 1976.) 

Let 

P. Malliavin, Universite Paris VI, Paris, France and Jamil A. Siddiqi, Universite Laval, 
Quebec, Canada. Classes of monogenic functions and approximation by exponential polyno-
mials on a rectifiable are of 0:. Preliminary report. 

y be a rectifiable are in a:. A function is called monogenic, in symbols f c I:' (y), 

-1 df p 00 ( if there exists a g • ~(y) such that lim , , (z'-z) {f(z')-f{z)} g(z) = -d~ {z).w. y) 
Z+Z,ZE"y '+' 

is then defined recursively. The class ~{Mn,y} = {f E ~oo{y): II dnfll s Akn~1n , k = k(f)}, where 

{Mn;.:Q} is such that lim Mn(n! r 1 = oo , is called a monogenic clag~~ ~{y) 
n-+= 

It is shown that if {eAZ: A E A CJII} is complete in ~{y) then a certain monogenic class associated 

with A andy is trivial. Conversely, if y is Lipschitzian and satisfies certain geometric condi-
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tion then the triviality of a similar monogenic class implies that {eAZ} is complete in ~(y) . 

These results generalize the r1untz theorem for analytic arcs. (Received May 3, 1976.) 

*737-30-3 Dorothy B. Jha.f'f,n·, l•'airfield University, Fairfield, Ct. 06430. 
'""xtrr::~·.J problems for G·eneralized Equipotential Surfaces. 

:::r" y·~~~=ul t;:; j_n t;h:i.s p:=-:tpe-r· derive from fjeneralizations to surfaces in Rn of properties 

o:" ; '"r!Cl:scates rmd level curvro.s of rational f1mctions in the plane. The generalized 

"''''·'ipot:cmti0.l su,·fr;Ges are defined as follows: Let x1 ... Xp be points in Rn, p ):. 2, 

r -, 0, C, (r) < 
d p 

( r.) rmd U(x) = ?:: 
0 j·l 

0 for j=l ••• p. The functions considered are 
q 

fj (rj) - Z fj (rj), rj the Euclidean distance 
j=p+l 

•m:' ':'H'i" lcvsi. snrfaces Vr. anci U?'l. The follovring theorem will be established; 

i ,,+- ;•: dc:not<· the norma1. to UA, H is the convex hull of x1 ••• Xp and K the convex hull 

or Y , ••• Y, :L2t b end B denote the shortest distances along N from a point X to 

r •• •'<coGJHne 0.::;: f~ (r) < (a.+J)-f'. (r) r-1 , all j"'l ••• q, a.:;::. 0. 
;I J 

.,+ •· ,.,-. r:ny c•JI·vr: on U...._, N principal normal then R1 the radius of curvative of C 

··1- rrc !l'Jmcri.Gccllly [~rc:ater than .: .. !l min (b, B). (Received May 28, 1976.) 

*737-30-4 f'rede!'ick H. Ha!'tmann, Villanova University, Villanova, PA 19085. Linear homeomorphisms 
of_ some classical families of univalent functions. 

n~- ir:~ kmdn ~ et al [ 1'Conve:-: hulls of some classical families of univalent functions", Trans. Amer. Math. 

-.Y., 15li 1.)_971) p.91-l07] _:ha!'acte!'ized the extreme points of the closed convex hull of some classical 

;:a!n.i.l ies of univalent functions analytic on the unit disk, e.g. the convex, K, and starlike, St. 

~'he.sP- r:ha.rac terizat ions are used to determine an explicit representation for the class of linear 

h·:-·:;~omornhisms of the extreme points of the closed convex hulls of K and St and thus of the convex 

hu.ll s ·hemselves, i·!ith the aid of this representation it is shown that the only linear homeomorphisms 

nf e: ard •;t ~re rotatior.s,i.e. convolution with {exp (in e): n = 0,1, ... }. In the way of a positive 

r·:'"" 1 t: if ? is the convex set of analytic functions with positive real part and f(O) = 1 and L is 

d lin<eal' homeomorphism of P, then L(St) c St, but L(K) ¢ K. (Received June 1, 1976.) 

*737-30-5 C. L. Belna, M. J. Evans, and P. D. Humke, Western Illinois University, 
Macomb, Illinois 61455. Hypernormal functions are holomorphic. 
Preliminary report. 

The notion of a hypernormal meromorphic function defined on the unit disc was 
introduced by J. M. Anderson and L.A. Rubel [Notices 23, no.2 (1976), 733-Bl7]. 
The present aethors observe that such a function must be holomorphic. 
(Received June 15, c.976.) 

3 7 ..,. Potential Theory 
*731-31-1 Myron Goldstein, Ar~zona State University, Tempe, Arizona 85281. Doubly Stochastic 

Operators in Axiomatic Potential Theory. 

Let X be a harmonic space satisfying axioms I, II, IV in the Springer lecture notes of Bauer, 

Brelot's convergence axiom, and the axiom that 1 be harmonic. Let A denote the closure of the 

complement of an outer regular compact set in X and D a regular region containing X-A . Let o 
denote the boundary of D and a the boundary of 

tinuous on A and harmonic in the interior of A • 

A Let H (A) denote the set of functions con-
e 

A normal operator is a mapping L from the con-

tinuous functions on a into Hc(A) which is linear and satisfies 1) L(f)!a = f, 2) L(l) = 1, 

3) L(f) > 0 if f > 0, and 4) jL(f)dvT is independent of o where VT is the measure intro-
o L L 

duced by Rodin and Sario on page 303 of their book on principal functions. 

Let f denote the Wiener harmonic boundary of X . We can then regard a normal operator as a 

linear operator L from C(a) into C(f) 

f > 0 and (c) jL(f)dv = jfdv where v 
r a 

satisfying the conditions (a) L(l) 1, (b) L(f) 2:_ 0 if 

is a measure induced by VT in a natural way. Thus we see 
L 

that normal operators are doubly stochastic operators. We then proceed to study the extreme points 

of the set of normal operators. (Received June 10, 1976.) 
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32 .,.. Several Complex Variables and Analytic Spaces 

737-32-1 Lee Rudolph, Department of Mathematics, Box 1917, Brown University, Providence, 
Rhode Island. Classifying germs of irreducible analytic plane curves. Preliminary report. 

The local ring at (0,0) of the germ of an irreducible analytic plane curve is isomorphic to a closed 

subalgebra R of 1~ with two generators. The set of germs of irreducible analytic plane curves is 

therefore in 1:1 correspondence with the orbits of the group of automorphisms of 1~ acting on the 

set of all such subalgebras R. Let MR be the set of all integers that are orders of series in R; 

MR is a sub-semigroup-with-0 of N , briefly, a monoid, and clearly is invariant under Aut 1C. 

Wolfhardt (Am.~- Math., 68) showed that to any monoid M there is a (perhaps empty) smooth, finite

dimensional complex space X(M) whose points are all the local rings R of plane curves with MR = M; 

the action of Aut 1Eron X(M) factors through an algebraic group action by a solvable Lie group G. 

Wolfhardt found all monoids for which G is transitive on X(M): one infinite family, two sporadic 

monoids. I have completely classified "stable" cases, those in which there is an open G-orbit in 

X(M): two more infinite classes, two more sporadic examples. In fact, in each stable case there turn 

out to be only finitely many orbits. Also, no irreducible plane curve-germ with 3 or more Puiseux 

pairs is stable. (Received June 10, 1976.) 

33 .,.. Special Functions 
H.M. SRIVASTAVA, University of Glasgow, Glasgow Gl2 BQW, U.K. and University of Victcri~, 
Victoria, British Columbia, Canada V8W 2Y2, and REKHA PANDA, University of Victoria, 
Victoria, British Columbia, Canada VBW 2Y2 and Revenshaw College, Cuttack- 3, India. 
New generating functions involving several complex variables. 

In the present paper, which essentially contains two preliminary reports 74T- B237 and 7 5T - Bll2 

l}:hese NOTICES 21 (1974), p.A- 593; ibid. 22 (1975), pp.A- 458 to A- 459], a number of new classEs 

of generating functions are given for certain sequences of functions of several complex variables. 

These generating relations involve either Taylor or Laurent series and provide extensions of severa" 

known results given recently by H.M. Srivastava and R.G. Buschman [rrans. Amer. !'-~ath. Soc. 205 (l'i'IS), 

360-370], and D. Zeitlin [scripta Math, 29 (1973 ), 43-48]. It is also shown how one of th<' main 

results can be suitably applied to yield the corresponding generating functions for the gener:'<liz,.c: 

Lauricella functions. (Received April 19, 1976.) 

737-33-2 GEORGE E. ANDREWS, Pennsylvania State University, University Park, Pa. 16801 and 
RICHARD ASKEY, University of Wisconsin, Madison, Wis. 53706. 
Survey of q-orthogonal polynomials. Preliminary report. 

In 1846, E. Heine introduced basic hypergeometric functions (also known as q-series or 

Eulerian series). In 1948 W. Hahn showed that within this class of functions there are ortho-

gonal polynomials which are extensions of the classical polynomials. We use the q-Jacobi 

polynomials to give a derivation and slight extension of Watson's transformation between a 

balanced 4 cp 3 and a very well poised 8 rp 7 , the formula which lies behind most of the proofs 

of the Rogers-Ramanujan identities. Another class of these polynomials has a generating 

function which gives Schur's mod 6 partition identity. We have a few more results, just 

enough to make it certain that a very rich theory exists. Some of these will be mentioned. 

(Received May 24, 1976.) 

*737-33-3 RICHARD ASKEY, University of Wisconsin, Madison, Wisconsin 53706 and MOURAD 
ISMAIL, McMaster University, Hamilton, Ootario, Canada. 
Quadratic transformations of hypergeometric series 

Many combinatorial sums are best considered as special cases of hypergeometric series. 

See Andrews, SIAM ReviB·..,, 16, 1974, 441-484. Important special cases of the classical hyper

geometric function are those functions which have quadratic transformations. These transfor

mations were discovered by Gauss and Kummer. Goursat gave a list which is supposed to be com

plete. Actually his list is not quite complete and it is not very well ordered. An ordering 
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will be given and some of the extensions found in the last one hundred years will be mentioned. 

A result of J. Brenner, k~O (;~)(2~~k) e+l)\xy)Zn-Zk = :~O (~f(x2t(lrn-k is easily 

seen to fit into this class of transformations, and it was given by Kummer. Brenner's sum can 

be generalized to k~o (;~)e:.=-~k)t~~kf1 (x2+lr (xy)zn-zk 

=:~a (z:) (zn:)(k:rl (/r (iyn-k which is also a result from the last century. 

(Received May 24, 1976,) 

*737-33-4 M. L. GLASSER, University of Waterloo, Waterloo, Ontario N2L 3Gl 

~ Combinatorial Sum. 

n 
The summation L L 

n=O k=O 

Which has been evaluated recently by Novoseller and the author in terms of elliptic integrals 

will be discussed. Some related material having to do with elliptic functions and Watson 

sums will also be dealt with. (Received June 1, 1976.) (Author introduced by M. S. Klamkin). 

*737-33-5 J.T. Lewis, Dublin Institute for Advanced Studies,Dublin 4, Ireland and M.E. Muldoon, 
York University, Downsview, Ontario M3J lP3, Canada. Monotonicity ~convexity 
properties of ~ of Bessel functions. 

2 2 
It is shown 

increase with ~ 

that jvk/v decreases as \J increases, 0 <: \J < oo and that jvk/v and dj\Jk/dv 

for sufficiently large v, where j k or j k is the kth positive zero of the Bessel 

function J\J (x). In 

prove that j!+Z,l 

grounds, and which 

particular, 
2.2 
Jn+l,l + 

arose from a 

2 2 \) \)' 
j 1 /v and dj\! 1 /dv increase for 3 ::§ v < "'· This can be used to 

j~ > 0, n = 0,1,2, ••• a result which was conjectured on physical n,l 
study of a rotating ideal Boson gas. Some related results are 

proved for zeros of J~(x), of cross-product Bessel functions and of modified Bessel functions of 

purely imaginary order. (Received June 3, 1976.) 

34 ..,. Ordinary Differential Equations 

*737-34-1 Roger T. Lewis, University of Alabama in Birmingham, Birmingham, Alabama 35294. 
Conjugate Points of Vector-Matrix Differential Equations. 

The system of equations 

(O~X<oo) 

is considered where the coefficients are real, continuous, symmetric matrices, y is a vector, and 

PJx) is positive definite. It is shown that the well-known quadratic functional criterion for 

existence of conjugate points for this system can be further utilized to extend results of the 

associated scalar equation to the vector-matrix case, and in some cases the scalar results are 

also improved. The existence and nonexistence criteria for conjugate points of this system are 

stated in terms of integral conditions on the eigenvalues or norms of the coefficient matrices. 

(Received June 14, 1976.) 

*737-34-2 GARRET J, ETGEN, University of Houston, Houston, Texas 77004, A comparison theorem 
for second order differential systems in Banach spaces, Preliminary report, 

Let X be a real Hilbert space, let a = a(X,K) be the Banach algebra of bounded linear 

operators from K to K with the standard operator norm, and let S be the set of self

adjoint elements of a, We consider second order differential systems of the form 

A-528 



(1) [P(x)Y']' + Q(x)Y = 0 on R+ = [o,~), where P,Q: R+ ~ S are continuous and P(x) is 

positive definite for all x E R+, A solution Y = Y(x) of (1) is nonsingular at x =a if 

Y(a) has a bounded inverse and the range of Y(a) is K; otherwise Y is singular at 

x =a. A solution Y is conjoined if Y>~(PY') - (PY')*Y (*denotes adjoint) on R+. Let 

~ be the set of positive linear functionals on a, i.e., ~ = [g: a~ R I g(A*A) ~ 0 for 

all A E a}. Let (2) [F(x)Y']' + G(x)Y = 0 be a system of the same type as (1), ~: 

Suppose g E ~ and V is a non-identically zero solution of (2) satisfying (i) g[V*(Q-G)V] ~ 

0 on [a,b]; (ii) g[V*' (F-P)V'] ~ 0 on [a,b]; (iii) g[V*(a)V(a)] = g[V*(b)V(b)] = 0; 

(iv) for any point c E [a,b], if g[V*(c)V(c)] = 0, then g[V*' (c)P(c)V1(c)] > 0, If Y 

is a conjoined solution of (1), then Y(x) is singular at some point x E [a,b], 

This theorem extends a result of K. Kreith [Proc. Amer, Math. Soc., 26 (1970), 270-272], and 

it can be used to develop criteria for the oscillation of (1) which include a number of well
known oscillation criteria as special cases. (Received June 15, 1976.) 

35 ..,. Partial Differential Equations 

*737-35-1 STEPHEN A. WILLIAMS and PAO-LIU CHOW, Wayne State University, Detroit, 
Michigan 48202. Nonlinear reaction-diffusion models for interacting 
populations. 

This paper proves that several initial-boundary value problems for a wide class of 

nonlinear reaction-diffusion equations have solutions ci(x,t), 1 ~ i ~ N (with 

ci(x,t) representing the concentration of the i-th species at position x in a setii 

at time t ::_ 0), which exist for all t ::_ 0 and are unique, smooth, non-negatj_ve, and 

strictly positive for t > o. The Volterra-Lotka predator-prey model with diffusion 

(to which the results above are proved to apply) is then studied in more detail. It 

is proved that any bounded solution of this model loses its spatial dependence and 

behaves like a periodic function of time alone as t-oo. It is proved that if the 

spatial dimension is one or if the diffusion coefficients of the two species ars 

equal, then all solutions are bounded. (Received April 23, 1976.) 

737-35-2 Victor L. Shapiro, University of California, Riverside, California 92502. 
Partial differential equations, Orlicz spaces, and measure functions. 

h is called a measure function if h is a continuous nondecreasing function on 

[O,~) with h(O) = 0 and h(t)>O for t>O The following result is established 

in Euclidean n-space, n~2 : Let A and A- be complementary N-functions and set 

h(t) = tnA-(t-m) where l~m~n-1 Suppose that (i) h is a measure function; (ii) 

Z is a relatively closed subset of the bounded open set 0 

for each i , Zi is closed set with Ah(Zi)<~ ; (iv) P(x,D) 

(iii) Z = U Z. where 
i=l ~ 

= L:;l I c (x)Dfl is a 13 ~m S 

linear partial differential equation of order m Then Z is a removable set for 

P(x,D) with respect to EA(O) . In particular, this gives a new result for the 

class of functions ; 0 1uln/(n-m)log(l+lul)dx<"' . Also, A(t) = tp gives the pre

vious well-known results established in this area. Ah is the Hausdorff measure gen-

erated by h , and c 13 is assumed to be in Cm(\l) (Received June 4, 1976.) 

*737-35-3 CHUNG-LING YU, Engineering Faculty, Benghazi University, Benghazi, Libya. Hp space theory of 

linear elliptic system in the disc. 

Let A(z), B(z) be two n X n bounded measurable matrix functions. A solution W(z) = (W 1, ... , W n) of 

the elliptic system (E) W- = A(z) W + B(z) W in a unit disc lzl < 1 is said to be of class Hp (0 < p '§ oo) if 
z f "t \IW\1 < oo, where IIW\1 = Sup0< 1 2:::~ 1 ~IW.(re1 )\Pdt for o <p< oo, and liWII =Sup\ I 1 6~ 1 \W.(z)\. The 

p p =r< J= -, J oo z < J= J 
following areas have been investigated: (a) HP as a Banach space for 1 '§ p '§ oo. (b) Boundary behaviour of the 

Hp solutions of (E). The generalizations of Fatou•s lemma have been established. (c) The unique continuation 

and analytic continuation theorems of Hp solutions of (E). (Received May 27, 1976.) (Author introduced by 

Chiu Yeung Chan.) 
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737-35-4 DENNIS W. QUINN, Applied Mathematics Group, Flight Dynamics Laboratory, Wright
Patterson AFB, Ohio 45433. An Interior Mixed Bmmdary Value Problem for the Two 
Dimensional Helmholtz Equation, Prel1m1nary report. 

An interior boundary value problem for the Helmholtz equation Uxx + Uyy + k2 U = 0 with 

mixed boundary ·conditions containing complex-valued coefficients depending on k is considered. 

A potential theoretic approach is adopted, resulting in a Fredholm integral equation of the 

first kind on part of the boundary and of the second kind elsewhere. Existence and uniqueness 

theorems for the integral equation and hence existence for the original boundary value problem 

are shown to depend on the uniqueness of solutions of that boundary value problem. The problem 

arises in the investigation of sound propagation in ducts. (Received June 14, 1976.) 

*737-35-5 Allan J. Fryant, U. S. Naval Academy, Annapolis, Maryland 21402.- Growth and complete 
sequences of gene::ralized axisynunetric potentials. 

Gilbert's A~ integral operator is used to study the growth of entire generalized axisymmetric 
potentials i.e. solutions of the equation a2u/ax2 + a2u/ay2 + (2~/y) au/ay = 0 , ~ > 0 , which 
have no finite singularities. Solutions of regular and perfectly regular growth are characterized in 

tenns of their coefficients in an ultraspherical hannonic expansion. The concept of proximate order 

is introduced as in function theory, and it is shown that an entire GASP and its A~ associate have the 
same type with respect to a proximate order. A method for generating sequences of GASP's complete in 
a disk of given radius from single entire GASP's is obtained. The following result is typical. 

Theorem: Let u(x,y) be an entire GASP where the coefficients of u(x,O) = E;=O ~~ are all non-zero. 
If u(x,y) has type at most T with respect to the proximate order p(r) + p , and {An} , n = 1,2, ••• is 
any sequence of distinct reals, then the sequence of entire GASP's unCx,y) = U(A X,A y) is complete in 
the space of GASP's on the disk centered at (0,0) of radius R, where RP = (epT)_1nlimnn/1An1P(1An1). 

(Received June 15, 1976. ) n~ 

39 ~ Finite Differences and Functional Equations 
*737-39-1 William R. Derrick, University of Montana, Missoula, Montana 59801. 

Existence of solutions with interior zeros of nonlinear Sturm-Liouville 
problems. · 

Let L be the Sturm-Liouville operator with homogeneous boundary conditions, and 
consider the equation(*) Lu = f(x, u), where f is a nonlinear continuous function 

satisfying (i) tf(x, t) ~ 0, and (ii) lf(x, u(x))l ~ h(lu(x)l) whenever 
0 < lu(x)l SA. Suppose the function h(t) is nonnegative and continuous fort~ O, 
t/h(t) is strictly increasing and t/h(t) tends to a(< m) as t approaches zero. 
Then (*) has two solutions having exactly n interior zeros for every integer 
n = 0, 1, 2, The proof is by induction: first a positive solution of (*) is 
foun.d. From (i) it follows that we also have a negative solution. A solution with 
n interior zeros is obtained by splicing a positive solution of Lu = f(x, u) on 

[0, T] (with the right boundary condition being u(T) = 0) to a solution of 
Lu = f(x, u) on [T, 1] having n - 1 internal zeros. The splicing is accomplished by 

making use of l"liranda' s fixed point theorem. (Received May 21, 1976.) 

40 ~ Sequences, Series, Summability 

*737-40-1 J.J. SEMBER, Simon Fraser University, Burnaby, B.C., Canada 
On unconditional section boundedness in sequence spaces. 

Let E be a locally convex topological sequence space for which the coordinate linear 

functionals are continuous (a K-space}, and suppose that E contains all finite sequences. 
We say that a sequence x (not necessarily in E) has unconditionally bounded sections (UAB} in 
E in case H(x} ~ { E ~ok:F finite} is a bounded set in E, and has unconditional FAK (UFAK}in 

case H(x} is a Cau~~ net in E relative to the weak topology cr(E,E'}. 
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THEOREM 1. Let E be a K-space, x any sequence. The following are equivalent: 

(i) x has UAB in E 

(ii) X has UFAK in E 

(iiil El~l lf<ok> I < ~ VfEE' 

THEOREM 2. Let E be an FK-space. Every sequence in E has UAB if and only if E ~ cE. 

THEOREM 3. Let E be an FK-space with (ordinary) section boundedness. Every sequence in 

E has UAB if and only if Ea ~ Ea ~ EY . (Received April 27, 1976.) 

41 .,.. Approximations and Expansions 

*737-41-l YUDELL L. LUKE, University of Missouri, Kansas City, Mo., 64110. 
ALGORITHMS FOR RATIONAL APPROXIMATIONS FOR A CONFLUENT 
HYPERGEOMETRIC FUNCTION II --- -

Th~s is a sequel to a previous paper-where rational approximations for the con
fluent hypergeometric function zaU(a;c;z) were treated. Here we take up ratio
nal approximations for 1F1 (a;c;-z). The confluent functions are very important 
in the applications since they include as special cases the incomplete gamma 
function (special cases of which are exponential, sine and cosine integrals, 
Fresnal integrals and the error function), Bessel functions, parabolic cylinder 
functions and Coulomb wave functions. The subject of rational approximations 
for a wide class of functions including those named above were examined in some 
detail in my volumes on the special functions. In the special case where a is 
unity, the confluent function becomes an incomplete gamma functio~. In this 
event, complete a priori error analyses for the main diagonal Pade approxima
tions and much more were presented. For general parameters, the rational ap
proximations treated were not of the Pad6 class. It was shown that the rational 
approximations converge, but a complete a priori analysis was not available. 
One of the purposes of this report is to correct this deficiency. Further, 
FORTRAN programs are provided to evaluate the Pad~ and non-Pad~ rational ap
proximations by using the appropriate recursion formulas to generate the numer
ator and denominator polynomials as a number, and to also evaluate the coeffi
cients which define these polynomials. The programming of the routines was done 
for use by the IBM 370/168 operating under OS/VS Release 1.7 on the FORTRAN IV 
H-Extended Compiler, Release 2.1. All computer programs are written for quad
ruple precision and real arithmetic. By making a few simple changes, one can 
have double or single prec~s~on. Further, it is easy to get complex arithmetic 
along with any of the precisions noted above. (Received May 20, 1976.) 

*737-41-2 L. Carlitz, Duke University, Durham, North Carolina 27706. Expansions and 

convolution formulas related to MacMahon's Master Theorem. 

The writer (SIAM Journal on Applied Mathematics 26(1974), 431-436) has applied Mac-

Mahon's Master Theorem to prove certain multiple expansions. In the present paper a 

number of related results are obtained. In particular explicit formulas are obtained 

for the inverse of 

n and also of u. = 
~ 

the system of equations ui = 
n -aij 

xi rrj=l(l+xj) , i = 1, 2, 

n 
x~ exp <-I a~J· x~), i = 1, 2, ... , 

• j=l • • 
... , n. The convolution formulas ob-

tained in the paper are multi-dimensional generalizations of well-known one-dimension-

al convolution formulas. (Received May 21, 1976.) 

*737-41-3 Nira Richter-Dyn, Tel-Aviv University, Tel-Aviv, Israel. On the existence 
of a class of best nonlinear approximations in Hilbert Spaces. Prel~m~nary 

rep or 

A proof is given of the existence of best nonlinear approximations l:aiK(x,xi) 

to functions of the form f(x) = JS K(x,n)dcr(n) , in a Hilbert space with a repro
a 

ducing kernel K(x,y) which is extended totally positive on a real interval 

I => [a, SJ • 

The proof relates the best approximations 

best one-sided approximations in the L1 norm 

is significantly simpler than the proofs given 
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in the norm of the Hilbert space with 

UfU = JSif<nlldcr(n) . The proof 
1 a 

by S. Karlin ("Studies in Spline 



functions and approximation theory" Academic Press (1976), p. 19-66) and by 

R.B. Barrar & el. (Numer. Math. 23 (1974), 105-117), and is not limited to 

specific families of Hilbert spaces. (Received June 7, 1976.) (Introduced by Ghandour Edmond.) 

*737-41-4 M:>urad E.H. Ismail, M::Master University, Hamilton, Ontario, and c. Ping May, University of 
Toronto, 'lb:ronto, Ontario. On a family of approximation operators. 

We show that an exponential operator S~f,t) = [ W(A.,t,u) f(u) du , A.> 0 , is uniquely determined by 

the differential equation ~: = A.~(~f) W, and the no:rmalization [ W(A.,t,u) du = 1 • 'lhe kernel 

W(A.,t,u) may be a generalized function. The domain of t is any ronponent of {t:p(t) > 0} and, 

p(t) is assl.llllad to be an entire function and is real for t :real. 'lhese exponential operators are 

approximation operators, A. +"' , and include, for instance the Bernstein polyncmi.als, p(t) = t(l-t) 

and the Szasz operators, p(t) = t • We characterize the operators corresponding to quadratic poly

nomials p ( t) , which turn out to be all known except when p ( t) = 1 + e , where 

W(2A.,t,u) = 2>-.-l A.(l+t2) -A/2 {lfr (A.) }-1 1 r (A.+ i A.u) 12 exp(2A.u arctan t) • 

As further exanples we construct two new operators with cubic p(t) • Finally direct and inverse 

theorems for exponential operators, with a:rbitrary p(t), are proved. (Received June 7, 1976.) 

*737-41-5 Vas ant A. Ubhaya, Case Western Reserve University, Cleveland, Ohio 44106. On the Degree 
of Approximation by Monotone Polynomials. 

Let I=[a,b] be a real interval of length t=b-a. Let C be the space of continuous functions on I and Pn' 

the set of nondecreasing (on I) polynomials of degree at most n. Let En(f)=min{l if-pi I: pePn},where 

I 1·1 I is the uniform norm and f is in C. Let w(f,•) be the modulus of continuity off inC, and 

~(f,•) and ~(f,') be the moduli of monotonicity, decreasing and increasing respectively, off in C. 

(For definitions of these moduli, see the author's article '~duli of Monotonicity with Applications 

to Monotone Polynomial Approximation", SIAM,J. Math. Anal. 7 (1976), 117-130.) Some Main Results: 
* -In the following, assume f is inC but is not nondecreasing. Let En(f)-(l/2)~(f,t),a=nt/A, where 

A=sup{odO,t]: w(f,o)=~(f,t)}>O, Theorem 1: If llii2a, then O<E:(f)~(Ba2 h)(iifli+(l/2));"(f,t))n-1 • 

If n>2a, then O<E:(f)~(4/n)(i ifl i+(l/2)~(f,t))ak(n)+l(n+l)(k(!~+l)-l• where k(n) is the unique integer 

in [(n-2a)/(a+l), (n-a+l)/(a+l)), Theorem 2: For every positive integer k and all ~k, O<E:(f)~ 
( I k (n+l)-1 -1 3/2 n 1+4 n)a (n+l) k ~(f,t(n+l-k) ). Theorem 3: Let A(f,t,n)=n (a/(a+l)) ~(f,((a+l)t)/~n-a+l)), 

Then 0~~~ sup (E~(f)/A(f,t,n))~(l+4/n)a(a+l)-2~ (Received June 10, 1976.) 

42 ~ Fourier Analysis 

*737-42-1 George Gasper, Northwestern Univ., Evanston, Ill. 60201 and Walter 
Trebels, T.H. Darmstadt, D-6100 Darmstadt, West Germany. Multiplier 
criteria of Marcinkiewicz type for Jacobi expansions. 

Abstract. It is shown how an integral representation tor the product of 

Jacobi polynomials can be used to derive a certain integral Lipschitz type con

dition for the Cesaro kernel for Jacobi expansions. This result is then used 

to give criteria of Marcinkiewicz type for a sequence to be a multiplier of 

type (p,p), 1 < p < "'• for Jacobi expansions. (ReceivedMay17, 1976.) 

*737-42-2 Rafat N. Siddiqi, Department of Physics-Mathematics, Universite de Moncton, 
Moncton, N.-B., Canada, ElA 3E9. A strengthened form of a theorem of 
Zygmund on integrability of a funct~on. Prel~m1nary report. 

If a function g is not necessarily integrable 

lized sine coefficients of g by b = 2TI-l~TI 
n 0 

but xg is, we define the genera

g(x) sin nx dx. There is the follo-

wing known theorem due to Zygmund. 

·(O,o) and bounded on (o,TI), xg 

THEOREM A. If g is monotonic decreasing in 

is Lebesgue integrable, then g is Lebesgue 
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integrable if and only if E jb I / n < oo Boas asked whether the hypothesis of 

monotonic decreasing functig~1innTheorem A may be replaced by the hypothesis of posi

tive function in the direction ~~ E . We have the following function 

g*(t) = E lo~ n (sin nt + sin(2n+l)t) + M where M is an absolute constant. This 

function g* is positive and for this function, Theorem A fails in the direction 

J(~ E Hence, this answers the question of Boas in negative. Now question 
arises whether the hypothesis of decreasing function may be replaced by a weaker 
hypothesis other than a positive function. The main aim of this paper is to give the 
answer of second question in affirmative by showing that the hypothesis of monotonic 
~ecreasing may be replaced by a weaker hypothesis other than a positive function. 
(Received May 10, 1976.) 

*737-42-3 CONSTANTINE GEORGAKIS, DePaul University, Chicago, Illinois 60614. On the 
Convergence of the Fourier Integral of a Unimodal Distribution, Prelinimary 
report. 

A univariate probability distribution is unimodal with vertex at the point a if its 

cumulative distribution function is convex on the interval (-oo,a) and concave on the 

interval (a,+oo). (E. Lukacs, Characteristic Functions, Hafner, 1970, pp 91-98.) The 

following result is proved by making use of the mixture nature of a unimodal distribution 

and Khintchine's representation theorem of its characteristic function. Theorem. The 

ruuricr inter.r~J of an absolutely continuous unimodal distribution converges except for 

a countable set of points. Conversely, if the Fourier integral of a unimodal distribution 

converges almost everywhere then it is absolutely continuous. (Received June 14, 1976.) 

*737-42-4 ROBERT FEINERMAN, Lehman College, CUNY, Bronx, New York 10468 and ROBERT KELMAN, 
Department of Computer Science, Colorado State University, Fort Collins, Colorado 80521. Dual 
orthogonal series: An abstract approach. II. Preliminary report. --

In a previous note, we announced the development of an abstract approach to dual orthogonal series. One of 

the main theorems proven was Theorem 1. Let P and Q be real Hilbert spaces whose orthogonal sum is H 

with p and q being the projection operators onto P and Q from H. Let [cpn} be a complete orthonormal 

sequence in H and let (an} be a positive sequence (of constants) converging to a positive limit. Then [pcpn + 

a qcp } is an i 2 basis in H; i, e. given f E H, there is a unique sequence [j } E t 2 such that f = 
n n n 

I:jn(pcpn + anqcpn), This theorem was extended and strengthened as follows: Theorem 2, With the same 

hypotheses as in Theorem 1, except that now [an} is merely assumed to be bounded and bounded away from zero 

(i.e. 0 < m;;; a ;;; M), [pep +a qcp} is still an i 2 basis in H, Theorem 3. With the same hypotheses as in 
n n n n 2 

Theorem 1, except that now [an} converges to zero, [pcpn + anqcpn} is not an i basis in H. (Received June 14, 

1976,) 

43 .,.. Abstract Harmonic Analysis 

*737-43-1 Watson L. Chin, Southwestern Union College, Keene, Texas 76059. Invariant 
Functionals. Preliminary report. 

The problem considered by this paper arises from the existence of the Haar Integral 
on a locally compact group. This paper considered the more general problem of the 
existence of a nonzero, additive, and homogeneous real valued transformation on an 
abstract cone and invariant under a group of operators defined on the cone. 

The approach taken to this problem is to first embed a homorphic image of the cone 
into a real linear space an~ then consider the problem of the existence of nonzero 
additive, and homogeneous real valued transformations on the linear space such that 
the embedded homomorphic image of the cone is mapped into the nonnegative real 
numbers. 
Two conditions are derived for the existence of nonzero invariant, nonzero, 
additive, and homogeneous real valued transformations. Also, a necessary and 
sufficient condition is derived for the uniqueness of a nonzero invariant, additive, 
and homogeneous real valued transformations on an abstract cone. (Received April 29, 1976.) 

*737-43-2 H. Kharaghani, Pahlavi University, Shiraz, IRAN. Weakly Almost Periodic 
Measures on Locally Compact Semigroups. Preliminary report. 

Let S be a locally compact semigroup, ~ in M(S) is called right weakly almost periodic 
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* if{~* Es :sinS} is relatively a04(S), M(S)) compact. Such semigroups are 

characterized. Among the other results we have the followings. 

Theorem 1: Let G be a locally compact group. Then there is a right weakly almost 

periodic measure on G iff G is compact. 

Theorem 2: Let S be a locally compact semigroup with .Jointly continuow; mul ti.pl kation. 

If there exists a right almost periodic measure on S, then W(S) has a right invariant mean 

iff WLUC(S) has one. (Received June 1, 1976.) 

*737-43-3 TER-JENQ HUANG, State University of New York, College at Cortland, New York 13045 
On topologies of topological groups. Preliminary report 

Let G be a topological group. The weak topology w of G is defined to be the smallest 
topology of G such that every complex-valued continuous almost periodic function on G 
is continuous. G is said to be maximally almost periodic (MAP) provided that the set 
of complex-valued continuous almost periodic functions on G separates the elements of 
G. Theorem. Let (G, t) be a separable Hausdorff group with the group topology t. Then 
the following statements are pairwise equivalent: 1) G is MAP; 2) G admits a 
continuous monomorphism into a compact Hausdorff group; 3) t = w. A number of corollaries 
are given. (Received June 14, 1976.) 

44 .,.. Integral Transforms, Operational Calculus 

*737-44-1 Harris S. Shultz, California State University, Fullerton, ca. 92634. 
Operational Calculus for Functions of Two variables. 

Let L be the space of locally integrable complex-valued functions of two variables defined on 
the first quadrant. We can inject L into a commutative algebra of operators on a space of 
testing functions. Since this injection maps convolutio~ into multiplication it serves as a 
generalization (there are no growth restrictions) of the two-dimensional Laplace transform. 
Some useful operational formulas are developed. (Received May 5, 1976.) 

*737-44-2 R.S. Pathak and J.N. Pandey, Dept. of' Mathematics, Carleton University .• Ottawa, Ont., 
Canada. The Kontorovich-Lebedev transf'ormation of' distributions. Preliminary report. 

Prof'essor Zemanian has extended Kontorovich-Lebedev transf'ormation to distributions of' compact 

supports. The aim of' the present paper is to extend this trans :formation to a larger space of' 

generalized :functions and to apply the theory thus developed to a Dirichlet's problem :for a wedge. 
(Received May 17, 1976.) 

46 .,.. Functional Analysis 

*737-46-1 

Let tT( t)} be 

R. E. O'Brien, Delta Project, Goddard Space Flight Center, Greenbelt, Maryland 
20771. Controllability, Stabilization, and Mean Ergodic Theorems. Preliminary 
report. 
a C0 -contraction semigroup on the Hilbert space X, with generator A. Let Y be 

another Hilbert space, B<=L(X,Y) and \S(t)} the C0 -contraction semigroup generated by A-BB* 

on X, and take C. to be the class of strongly measurable, Y··valued functions on X. Using 

results of S. Foguel concerning the unitary decomposition of X corresponding to {s(tl}, 

and the Uniform Ergodic Theorem, the following are established: 

Proposition I: If the system (E)x=Ax+Bu with M.f (:is controllable, then for all x in X 

w-lim S(t)x=O. 
t ... ·.fl 

Corollary: If (E) is controllable, {T(tl} quasi-compact, and B compact, then ;] .. )1.', M ::-1 

such that l\S(t)ll i Me·..;~ 

These results, and a geometric condition equivalent to controllability, are used to give a 

proof of a theorem of W. Hahn. (Received March 17, 1976.) 

*737-46-2 M. A. Malik, Concordia University, Montreal. On Uniqueness of week 

solutions of abstract differential inequality. 

In a Hilbert space H, let A be a closed linear operator with domain D(A) dense in 

A-534 



H. Consider abstract differential operators L = - id/dt A, L* = - id/dt -A*. 

u E L2 (H) is said be a weak solution of L u = f E L2 (H) if fR < u (t) , 
loc loc 

L* ~ (t) > dt = l R < f (t), ~ (t) > dt, for all ~ E KA * - space of test functions. 

Suppose for some pair f and u there holds II f ( t) II~ '4'( t) II u ( t) II and also supp u c:: 

(- oo, T) forT< oo then u = 0 under the hypothesis: the resolvent R(~,A) is bounded 

by a constant M on sequence of lines Im z:; = an ; n=l, 2,.. . with an + oo and "'(t) .$ c 

where cM<l (Received April 12, 1976.) 

737-46-3 R. ANANTHARAMAN and J.H.M. WHITFIELD, Lakehead University, Thunder Bay, 
Ontario, Canada. Smoothability Banach Spaces. Preliminary Report. 

* X is a real Banach space with dual X B(z,r) = {x£X: I lx-zl I $ r} and BX = B(O,l} 

K ~X , K f ' is smoothable, if for each £ > 0 there is an f £ x* , I If I I = 1 , and 

B(z,r) such that sup f[B(z,r)) < sup f[K) = s and {x£K: f (x) $ s - £} ~ B(z,r) 

D. Kemp [Math. Am. 218 (1975), 211-217) shows that Bx den table implies B * X is smoothable. 

We show by examples that, in general, Bx<Bx*> smoothable does not imply Bx*<Bx) is 

den table. Also, if X is WCG , Bx* den table implies that Bx is smoothable. 

Smoothability is not, in general, isomorphically invariant. X is strongly smoothable 

(SS) , if every bounded subset of X is smoothable with respect to each equivalent renorming 

of X . It is shown that if x* is separable, X reflexive, or more generally x* WCG , 

then X is ss . (Received June 8, 1976.) 

737-46-4 JOHN W. BRACE, University of Maryland, College Park, Maryland 20742 and 
JOEL D. THOMISON, Ithaca College, Ithaca, New York 14850. Function space completions. 

We observe that properties usually restricted to Lp are exhibited ~n other function spaces. Recall 

that every convergent sequence in Lp has a subsequence converging almost everywhere. This can also 

be achieved by having a filter in the domain and requiring a convergent sequence to have a subsequence 

converging pointwise on some member of the filter. The Lp spaces are a specific case. The filter 

from the domain can sometimes be chosen to determine the linear topological structure of the function 

space. Further variations are found by replacing pointwise convergence by uniform convergence and 

referring either to a subsequence or to the original sequence. The space L00[0,1] is the case where 

a sequence converges if and only if it converges uniformly on a member of the filter. The filter is 

all subsets of measure one. The four classes of spaces defined in this manner have natural func-

tional comple~ions. (Received June 10, 1976.) 

737-46-5 M. M. Rao, University of California, Riverside, California 92502. 
Bistochastic operators. 

If (n,Z,i-1) is a measure space, T:LP(r..;)-Lp(~) a linear operator which is contract

ive for p = 1 and p = "' , then it is called a Dunford-Schwartz (o-r D-S) operator. 

If f,g"L1 (1.1), ~ (n)<oo , then an ordering f < g is defined through the decreasing 

rearrangements a la Hardy-Littlewood-P6lya. A linear operator T:L1 (~)-L1 (1.1) is 

called bistochastic if for each f<:L1 (i-!) , Tf < f . Thm. Let (rl,I:,i-1) be a measure 

space, ;.1(\1)<"' Then T:L1 (~)-L1 (~) is bistochastic iff it is a positive D-S oper-

ator with Tl 1 . Such an operator can also be given an integral representation. 

[If (o,L:,~) is the Lebesgue unit interval, this was shown by J. V. Ryff (Pac. J. 

Math. 13(1963), 1379-1386), but the extension to the abstract case is nontrivial.] 

If Vn = T~nTln:LP(i-l)-LP(i-'), p<=l, Tln = TnTn-l···T1 where each Ti is aD-Sop

erator, then conditions for the a.e. convergence of Vnf' fEL1 (~) , generalizing a 

result of N. Starr, TAMS, 121(1966), 90-115, are obtained. (Received June 10, 1976.) 

737-46-6 CHARLES BYRNE, The Catholic University of America, Washington, D.C., 
20064. Closure of integrals of set-valu~~ function~. 

Let (T, Z, m) be a finite measure space, with m a positive, 

non-atomic measure on~. Let X be a separable Banach space. If P is a set-
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valued function from T to the collection of compact subsets of X, is measurable 

({tiP(t)n A I oj is in Z for every closed A in X/ and integrably bounded, and 

P* is the function with values P*(t) = closed convex hull P(t), then 

I I 
cl P = j P* .• wl"!ere the integral lH the Aum"-11!1 i11Leg:nll. lf the values of P 

are only weakly compact, the same result holds, provided a range of P is 

"nearly'' weakly compact. The first result extends the theorem of Debreu, 
e r 

given for the case of finite dimensional X, to the effect that !P = .JP*. 

The second ~esult generalizes to non-reflexive spaces a result of Datko. 

(Received June 11, 1976.) 

*737-46-7 Alan Shuchat, Wellesley College, Wellesley, Massachusetts 02181. Vector measures and 
scalar operators in locally convex spaces. 

The adjoint of an operator u on a Banach space E with an operational calculus from C[o(u)] to L(E) is 

~scalar operator whose spectral measure v takes values in L(E*). P.G. Spain (Proc. Camb. Phil. Soc. 

69 (1971), 409-410) has shown that u is a scalar operator if and only if the. value>s of v are> we>ak* 

continuous. In this paper, we point out some connections with the theory of vector me:asurt:"s in local

ly convex spaces and generalize Spain's result to such spaces, including barrele.d spaces that are dis

tinguished (i.e., whose strong duals are barreled). (Received June 14, 1976.) 

737-46-8 J.K. BROOKS, University of Florida, Gainesville, Florida 32601 
and P.lq. LEWIS, North Texas State University, Denton, Texas 76203. 
Weak Covergence of Ooerators Preliminary report. 

Let B = B(C(S,E),F) denote the Banach space of bounded 
operators from the continuous E-valued functions defined on the compact 
space S to the space F, where E and F are Banach spaces. Sufficient 
conditions are given in order that certain subsets of B are compact in the 
~eak topology of B • The technique involves embedding the operators 
1sometrically in a Lebesgue space of bilinear integrals, where weak 
compactness is established. (Received June 14, 1.976.) 

*737-46-9 Sheldon Axler, M.I.T., Cambridge, Mass. 02139. 

L00 = (H00 + C) + {Blaschke products}. 

Let L00 (resectively C) denote the set of bounded complex valued measurable 

(respectively continuous) functions on the unit circle. Let H00 denote the usual 

subalgebra of L00 consisting of boundary values o£ bounded analytic functions in 

the unit disk. 

THEOREM : Let f E L00 Then there exists a Blaschke produce b and a function 

h E H00 + C such that f = bh. 
COROLLARY : Let E be a measurable subset of the unit circle an such that 

0 is the only function in H00 + C which vanishes almost everywhere on E. Then 

an - E has measure zero. 
The above corollary answers the question of determining the sets of 

uniqueness for Hoo + C; i.e., the only sets of uniqueness for H00 +Care the sets 

of full measure. (Received June 14, 1976.) 

*737-46-10 A. K. Snyder, Lehigh University, Bethlehem, Pennsylvania 18015. Duality theory and the 
Nevanlinna-Pick property in functional Banach spaces. 

Let E be a Banach space of functions on a set S, W C S, and let M(E) be the multiplier algebra of 
E. Consider the restriction space EIW as a quotient of E. The space E has the Nevanlinna-Pick 
property if M(EIW) = M(E)IW isometrically; E has the factorization property if there exists 
u E M(E) such that u is an isometry of EIW onto (S'-W)~ in E. We consider the problem of 
characterizing those spaces with the Nevanlinna-Pick property. Theorem 1: Let E be a Banach 
sequence space such that the standard biorthogonal sequence is isometrically series summable. Then 
E has the Nevanlinna-Pick property if and only if the series space ,I (E) of E satisfies 
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llxll = inf {EnllsniiEIItniiEf: x = l:nsntn, sn e: ~. tn e:(S,W).J. in Ef} for all x e: (S,W).l. in 

,I(E). Theorem 2: Let E be as in Theorem 1 and assume the functional dual Ef has the factoriza

tion property. Then E has the Nevanlinna-Pick property if and only if ,3 (E) has the factorization 

property. The classical Nevanlinna-Pick theorem and its failure for the Bergman spaces follow easily 

from these ideas. Applications are given to problems involving zero-sets and universal interpolating 

sequences. (Received June 14, 1976.) 

4 7 • Operator Theory 
*737-47-1 V. M. Sehgal; University of wyoming, Laramie, wyoming and S. P. Singh, Memorial 

University, St. John's, Newfoundland. Some Fixed Point Theorems for Multivalued 
Mappings. Preliminary report. 

Theorem 1. Let C be a closed and starshaped subset of a Banach space X and let F: C -7 R(X) 

(family of non empty compact subsets of X) be a non expansive function such that F (ac) ~C. 

If either {1) C is compact, or 

(2) F(C) is bounded and (1 - F)C is closed, then F has a fixed point. 

Theorem 2: Let C be a star shaped subset of a Hilbert space X and let F:C~ R(X) be 

non expansive mapping such that F( ac) ~ C and either 

{1) C is weakly compact, or 

{2) Cis weakly closed and for some weakly compact K ~X, F(C) ~K 

Then F has a fixed point. (Received May 24, 1976.) 

*737-47-2 SIMEON REICH, University of Chicago, Chicago, 111 inois ,:,u<<~7. " 
remark on inward mappings. 

In [Math z. 125 (1972), 17-31, Theorem 1.7]we presented a set-vAlued v•:rs.:<>n 

of Ky Fan Is fixed point theorem for inward single-vAlued mappings c~~ath 1:. ] i -~ 

(1969), 234-240, Theorem 3]. We assumed there that the set-valued marTinf 

in question was continuous. Using a different approach we are now ab 1 e t•) 

show that the same result is true for upper semi-continuous marpings. 

(Received June 1, 1976.) 

737-47-3 JOHN V. RYFF, University of Connecticut, Storrs, Connecticut 06268, Developments in the theory 

of doubly stochastic measures and transformations. 

Arising from rather unpretentious origins, this theory has become a focal point from several mathematical 

perspectives, The relationship of these perspectives and their generalizations will be described. A report on 

some current interests and some open questions in the theory will also be given. (Received June 10, 1976.) 

*737-47-4 Professor Gilbert Strang, Department of Mathematics, Massachusetts 
Institute of Technology, Cambridge, Massachusetts 02139. Uniqueness 
in the theory of variational inequalities. 

For a given convex set K in Rn, we ask for the conditions on the matrix A 

which ensure uniqueness of the solution x in K to the standard variational 

inequality: (Ax-b, y-x) ~ 0 for all y in K. If K is the unit ball, or 

any compact strictly convex set, then x is unique for every b if and only 

if A is both invertible and semidefinite: xTAx ~ 0 for all real x. On the 

unit cube, the condition on A is the same as the one discovered by Samelson, 

Thrall, and Wesler for K = R~ : all principal minors must have positive 

determinants. We discuss the generalizations to infinite dimensions. 

(Received June 11, 1976.) 

737-47-5 James R. Brown, Oregon State University, Corvallis, Oregon 97331. A brief 
history of Birkhoff's Problem 111. 

In his AMS Colloquium Publication Lattice Theory (Revised Edition), published in 

1948, Garrett Birkhoff presented 111 unsolved problems. Problem 111 (p. 266)asks for 

an extension, under suitable hypotheses, to the infinite-dimensional case of a 1946 
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result of Birkhoff's - that any doubly stochastic (row and column sums equal to one) 

nxn-matrix is a convex combination of permutation matrices. Here we recount the va

rious solutions to this problem that have been offered for infinite matrices, for 

stochastic matrices with a given invariant probability measure, and for doubly sto

chastic measures or operators. We also discuss the relationship between these vari

ous solutions and with other classical problems in analysis. (Received June 14, 1976.) 

*737-47-6 ALAN MciNTOSH, Macquarie University, North Ryde, N.S.W., 
Australia, 2113. The Toeplitz-Hausdorff theorem and 
ellipticity conditions. 

A differential 

A 
n az L a .. -.-., 

i,j=1 1J ax1axJ 

operator with constant complex coefficients, 

is elliptic if 0 ~ V ={J ai}i~j J ~ E Rn, 
1 ,J=1 ~ 

In relating condtions of ellipticity and strong ellipticity (ReV> 0), it is 

interesting to know that V is a convex subset of ¢ for n ~ 3. (If n = 2 then 

V is an ellipse.) This can be proved by a simple geometric argument. As a 

consequence we find that if n ~ 2, then the numerical range of (a .. ), namely 1,1 

{ r a. -~-~-1~ E ¢n,l~l = 1} is convex. Corresponding results about 
).j=1 1J 1 J ~ ~. 

linear operators in Hilbert spaces follow. The Toeplitz-Hausdorff theorem on 

the convexity of the numerical range is thus proved in a more transparent way 

than usual. (Received June 14, 1976.) 

737-47-7 Norton Starr, Amherst College, Amherst, Massachusetts 01002. Continuous parameter analogs 
of Rota's Alternierende Verfahren. Preliminary report. 

Let f £ L (X,P) for some p £ [l,ro ), P a probability measure. If J!f!log+!f! dP <CD and each 
p 

operator Sk is doubly stochastic, Rota proved that 

boundedly in L (X,P) 
p 

(Bull. A.M.S. 68, 95-102). Let 

* * * {s1s 2 ... snsn"""s2s1f} converges a.e. and 

(X,]..l) be a totally sigma-t'inite positive 

measure space. Given t?,_r?_s?_O, let T(t ,s) be an operator on each L (X,]..l), 1 .::J:><ro, having norm 
p 

at most one and mapping non-negative functions into functions non-negative a.e. Also assume 

T(s,s) = identity operator and T(t,s)=T(t,r)T(r,s). We discuss some ideas of the proofs of limit 

and maximal behavior theorems for T*(t,O)T(t,O). These results were announced without proof in 

Trans. A.M.S. 121, 90-115. (Received June 14, 1976.) 

*737-47-8 I.Erdelyi, Temple University, Philadelphia, Pennsylvania 19122, Operators with spectral 

decomposition properties. Preliminary Report. 

A spectral decomposition for continuous operators on Banach spaces is defined in general terms. It is 

then strenthened by requesting that such spectral decomposition be transferable to the restriction 

of the given operator to any invariant subspace. The operators endowed by this spectral decomposi-

tion property are shown to possess the spectral inclusion property, the single-valued extension 

property, and the decomposable spectrum property. Furthermore, if 0 is not a limit point of the 

spectrum, the given operator is the sum of an invertible and a quasinilpotent operator. 
(Received June 14, 1976.) 

50 ~ Geometry 

737-50-1 MICHAEL GOLDBERG, 5~21 Potomac Ave,, N. W,, Washington, D, C,, 20016 
On the space-filling ~eptahedra, 

ft space-fillinp poly~edron is one whose replications can be packed to fill three-space 

com;>lete.J•·, ThP SPI'.ce-ft llinll tetr.othedra, pentahedra and hexahedra have been previously 
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investi~ated, (J. Combinatorial Theory, Sect. A, 13(1972)437-443; 16(1Q74)348-354; 

l7(1974)375-37R; Geometrlae Dedlcata (to appear~. The search is here extended to the 

convex space-fillln~ heptahedra, These are obtalnert by the division of known space-fillers 

into congruent p~rts, and by the combination of two or more space-fillers, (Received May 17, 1976.) 

*737-50-2 Branko Grunbaum, University of Washington, Seattle, Washington 98195, and 
G. C. Shephard, University of British Columbia, Vancouver, B.C., Canada 
V6T 1W5. The ninety-one types of isogonal tilings of the plane. 

A tiling of the plane by c1 cw"rl topological discs is called isogonal if the symmetries 

of the tiling act transitively on the vertices of the tiling, that is, points that 

belong to at least throe tiles. Only tilings in which each tile has at least three 

neighbors are considered. Two isogonal tilings are of the same ~provided every 

vertex in each bears a similar relation to its set of neighbors by symmetries of the 

tilinf'. Isogonal tilin,o.:s were considered in 1916 by A. V. Subnikov and by others 

since then, but a complete classification has not been worked out. The isogonal 

tilings are in a vaguely dual relationship to the tile-transitive tilings considered 

earlier [Abstract 736-DJ, these Notices 23(1976), A-462], but the duality is not 

strict. In contrast to the existence of 81 tile-transitive types of planar tilings 

we have the followinp: result. Theorem. There exist 91 types of isogonal tilings of 

the Dlane. (Received June 11, 1976.) 

737-50-3 G. L. ALEXANDERSON, University of Santa Clara, Santa Clara, CA 95053 
and JOHN E. WETZEL, University of illinois at Urbana-Champaign, 
Urbana, IL 61801. Some combinatorial formulas extending theorems of 

Steiner and Roberts on arrangements in Ed. Preliminary report. 

J. Steiner proved in 1826 that n planes in general position partition E3 

into C = L i: = 0 (~) cells. This formula was generalized to Ed by Schls.fl.i 

(1852) and to r-faces in Ed by Buck (1943). Steiner also showed that if the 

n planes of a simple arrangement in E3 fall into s parallel families with 

ni ;;,: 1 planes in the i ~ family, then C = L i: = 0 O'k' where ck is the k~ 
elementary symmetric function on the ni. We use the sweep-hyperplane method 

of Alfred Brousseau to count the r-faces formed by ~ simple arrangement in 

Ed, generalizing Steiner's formula. Brousseau's method also yields additive 

formulas when degeneracies beyond parallels occur; subtractive formulas were 

given in 1889 by s. Roberts (in E3). We discuss some of the combinatorial 

identities that interrelate these various formulas and some additional identi

ties that arise through a geometric process we call "lamination." Finally, we 

find the maximum number of cells formed in E3 by the n = (~) planes deter

mined by m points, a problem recently posed by Alfred Brousseau. 
(Received June 15, 1976.) 

52 "' Convex Sets and Geometric Inequalities 

*737-52-1 DAGMAR R. HENNEY, George Washington University, Washingtqn~ DC, 20052. Conditions 
for summability Ior series of convex sets in tne space C~YJ of all closed convex 
and bounded sets of a reflexive Banach space. 

One considers the collection C(Y) of all nonempty, closed, bounded and 

convex sets of a reflexive Banach spaceY. Using operations of algebraic addition of sets 

and algebraic multiplication of a set by a scalar the collection forms a semilinear space. 

Given any neighborhood of zero in a locally convex topology of the spaceY, then the family 

N = [B:~B+V and BeA+V} 

constitutes a base of neighborhoods for the set A of C(Y). This topology is the strong (weak) 

topology of C(Y) if it is generated by the strong (weak) topology of the Banach spaceY, 
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Conditions for a series of convex sets presented are essential to determine the structure 

of additive set valued functions defined on base cones in Banach spaces. (Received May 20, 

1976.) 

*737-52-2 JOHN R. REAY, Western Washington State College, Bellingham, Washington 98225. Radon type 

theorems without independence conditions. 

An m-set X in Rd is (r, k)-divisible if it can be partitioned into r pairwise disjoint subsets whose 

convex hulls intersect in a set of dimension at least k. Thus Radon's theorem says each (d + 2)-set in Rd is 

(2, 0)-divisible. JurgeneckJloff recently showed that each (2d + 2)-set in Rd is (2,1)-divisible and asked what 

analogous results hold for (r, I)-divisible sets. (1) Examples of f2d(r- 1) + 1]-sets not (r,l)-divisible exist in 

Rd. (2) Upper bounds on m are given for each m-set in Rd to be (r, !)-divisible. (3) Each [2d(r- 1) + 2]

set in Rd admits two r-partltions for which z. F n~ 1 convX .. for distinct points z1 and z2. Further, some 
1 F ~ 2 

subset of at most (d + 1)(r- 1) + 2 points has this property. (4) Specifically, each [4(r- 1) + 2]-set in R is 

(r,l)-divisible. (Received June 14, 1976.) 

53 ..,. Differential Geometry 

*737-53-l Bang-yen Chen, Michigan State University, East Lansing, Mich. 48823 and Chorng-shi l!ouh, 
Wayne State University, Detroit, Mich. 48202. On totally real flat surfaces. 

Let M be a surface isometrically immersed in the complex plane c2• If the complex structure of c2 

maps the tangent planes of M into the normal planes of M in c2, then M is called s totally 

real surfaces in c2 • Theorem. Up to rigid motions in c2, locally, totally real isometric analytic 

immersions of a flat surface in c2 are one-to-one correspondent to triples (~(t) , 0 (t) , y(t)) of 

analytic functions of one variable t around t•O. (Received June 10, 1976.) 

737-53-2 JURAJ VffiSIK, Monash University, Clayton, Australia 3168 and University of California, Berkeley. 

California 94720. Lifts and prolongations of connections. Preliminary report. 

A connection on M can be lifted (in the sense of Kobayashi and Yano) to a connection in the bundle TTM ~ 

TM; on the other hand, it can be prolonged (in the sense of Ehresmann) to a connection in TTM ~ M, i. c. in the 

Lie groupoid n2 (M) of invertible nonholonomic 2-jets on M. This picture can be applied to "higher order 

situations" by replacing IJ2(M) with ~r- the rth order (nonholonomic) prolongation of a Lie groupoid <P acting 

on a fibred manifold E-M- and the functor T with Jr(V, •)c. Some results of J. Vilms (J. Differential 

Geometry 1(1967), 235-243) on lifts are generalised to this case. On the other hand, some known results on 

higher order connections can be applied to the geometry of the iterated tangent bundle Tr (M) ~ M. (Received 

June 14, 1976.) 

*737-53-3 Yvette Kosmann-Schwarzbach, Universite de Li1le I, B.P. 36, 59650 - Villeneuve d'Ascq, 
France and 1324 Brooklyn Avenue, Brooklyn, N.Y. 11203. On the infinitesimal action of 
a Lie group on vector bundles. Preliminary report. 

Let F and F' be two vector bundles over the same manifold M. A Lie group G acting by vector 

bundle automorphisms on F and F' also acts on the vector bundle morphisms from F to F'. We 

characterize the associated infinitesimal action. In particular we find the analogue of the Lie al

gebra for the group of all automorphisms (not necessarily base-preserving) of a vector bundle. 

We can deal in the same way with the non-linear case and with the case of a pseudo-group IT (we 

consider fiber bundles of "IT-geometric objects"). The motivation for these remarks comes from the 

study of the covariance of differential operators. (Received J~e 14, 1976.) 

*737-53-4 EUGENIO CALABI, University of Pennsylvania, Philadelphia, Pennsylvania 19174. Nearly flat 

triangulations of Riemannian manifolds. 

• Let M be a complete, n-dimensional Riemannian manifold; given any point p E M, let r 0 be any positive 

real number such that the geodesic ball U0 with center p and radius r 0 satisfies the following two conditions: 

(1) for each q E U0 , r 0 is less than the convexity radius of q; (2) the supremum of the absolute value of all 

sectional curvatures at any q E U , supU IKI, satisfies supU IKI ~ ~11'2 r-2 • Applying a technique developed in-
o 0 0 0 

dependently by J. Cheeger and K. Grove, for any given k + 1 points p0, pl' ... , pk E U 0 , one defines the singular 
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geodesic k-simplex O'(p0 , ••• , ~) as a differentiable map of the standard euclidean k-simplex into U 0 , with the 

given points as vertices, geodesic segments as its L-edges, etc. If k;;; n and under suitable, but reasonable, 

additional conditions, the resulting k-simplex is smoothly imbedded, and its closure is a compact subdomain of 

a complete, k-dimensional submanifold P(p0 , ••• , pk) c U0 • In terms of r 0 and the piecewise geodesic distances 

between p0 , ••• , pk' one can estimate: (a) a uniform upper bound for the second fundamental form of P(p0 , ••• , p~; 

(b) an upper and a lower bound for the k-dimensional volume of O'(p0 , ••• , pk). Under the same conditions, if r 0 

is chosen successively smaller, the bound (a) approaches zero, and both bounds (b) are asymptotic to the volume of 

the linear k-simplex whose L-edges have the same length as the corresponding ones of 0' (p0 , ••• , pk). This local 

construction of "nearly flat" simplexes in M is applied, in a global construction, to obtain a nearly flat triangu

lation of M, together with a positive, diagonal (i.e. support preserving) duality operator on its real cochain complex, 

that approximates the Hodge duality operator for exterior forms in M. The resulting combinatorial Laplace 

operator on the triangulation complex approximates the Hodge-de Rham differential operator in M, as in J. 

Dodziuk•s earlier construction, but furnishes also an approximation to the Green and the heat diffnsion operators 

for k-forms. (Received June 14, 1976.) 

54 llll- General Topology 

*737-54-1 Elsayed A. Abo-Zeid, University of Saskatchew'ln, Saskatoon, Saskatchewan, Canada. On 
~-connected spaces. 

A topological space X is said to be ~-connected, provided, it is conne~ted 'lnd cannot be decomposed 

into countably many mutually separated non-empty subsets. It is known that if X is " eonned.ed opa,,e 

and A is a con11ected subset of X such that X '-. A ~ U U V where U is separatr:d from V, then A U TT '"nd 

AU V are connected. Wo provo this and some related theoremo for a -oonnee>ted spaces. In pad.i·.,ular 

we answer in the affirmative the following two questions. Question l. (.T. Grispolakis, A. I.elek and 

E. D. 'Iymchatyn) 8uppose X is a continuum such that each a -connected subset of X is a sem'.-ec.nLim;.un. 

Is every connected subset of X arcwise connected'!. Question 2. (J. Mycielski) ,:oes every inl'.ini.e 

cr -connected set contain an infinite proper cr -connected subset:· (Received June 3, 1976.) 

*737-54-2 W. T. INGRAM, University of Houston, Houston, Texas, 77004 
Hereditarily indecomposable tree-like continua. 

There exists in the plane an uncountable collection H of mutually exclusive hereditarily 

indecomposable tree-like continua such that if M is a compact metric continuum then some mem-

ber of H is not a continuous image of M. (Received May 17, 1976.) 

*737-54-3 J. c. Smith, Virginia Polytechnic Institute and State University, Blacksburg, Va. 24061. 
A Note on Preparacompactness. Preliminary report. 

In a paper entitled, "Preparacompactness and ~-preparacompactness in q-spaces" (Colloq. Math. 1973, 

Vol. 27, 227-235) R. c. Briggs introduced two generatizations of paracompactness and obtained a number 

of results relating paracompact and preparacompact spaces. 

Definition: A T2 space X is called preparacompact (ppc) (resp. ~-preparacompact) if each open cover of 

X has an open refinement Sl ~ ( Her:er e A} such that, if B is any infinite (resp. uncountable) subset of A 

and if p~ and q~ e H~ for each~ e B with perF p~ and qerF% for err 13, then the set Q ~ [q~:~ e B} has a 

limit point whenever P ~ (p~:~ e B} has a limit point. Definition: A space X is called a q-space if 

each point x e X has a sequence of neighborhoods [ N. }~ 1 such that if y. e N. for each i and yi f y. for 
1. 1.~ 1. 1. J 

iF j, then the set (yi}~~l has a limit point. 

In this paper we generalize Brigg's results using the notion of irreducible spaces. An example of the 

results obtained is the following theorem. 

Theorem: Let X be a regular q-space. Then X is paracompact iff X is ~-ppc and irreducible. 

Corollary: Let X be a regular q-space. Then the following are equivalent: (1) X is paracompact. 

(2) X is N-ppc and 9-refinable. (3) X is ~-ppc and weak 9-refinable. (Received June 10, 1976.) 
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737-54-4 Robert A, Hovis, Ohio Northern University, Ada, Ohio 45810, 

~ Hyperspace Uniformities. Preliminary Report 

Let (X, "'A ) be a uniform space and let P(X) = {A: AS x3 . In this paper we consider three 

different uniformities on P(X). Let U£1.t and define H(U) = f<A,B): At::U[BJ and BSU[AJ}, 

S(U) = ( (A,B): A= B or ~f. A'ICB~u}, and G(U) ={(A,B): A= B or AXAVBXB~U}, Then 

{H(U): U6'\t3 , [s(u): UE1.A.3 , and fo(U): ue11) are respectively bases for uniformities 

"!A (the usual Hausdorff uniformity), 'lA 11, and '\A. on P(X). It is proved that sup { 11 , iA J = 'Lt ~ 
The inclusion 111ap from X into P(X) is a uniform iso1110rphism with respect to both 11 and '\.t * 
(what E. Michael calls admissible uniformities), but not with respect to "\i , An atte111pt 

is !Dade to determine when there is a uniform isomorphism from (X,\.(.) into (P(X),'\A ). 

~: A uniformity 'U is generated by a filter ~ iff 'U. has a base of the form.O U F X F where 

F e.;$ • Theorem: If '\A has a SJDallest element, then there exists a uniform isomorphism from 

(X, 'U) into (P(X),'iA, ) iff 'I.Hs generated by a principal filter.~: If the topology 

generated by '\A. is not discrete, then there exists a uniform iso1110rphism from (X, "\L) into 

(P(X), '\A ) iff '\A. is generated by a filter, (Received June 14, 1976.) 

*737-54-5 Carlos R. Borges, University of California, Davis, California 95616. Stratifiable 
~R-space which is not k-space. 

By modifying an example of E.A. Michael, we get a stratifiable ~-space X which is a kR-space 

(i.e. X is Tychonoff and f: X~ Reals continuous on compact subsets implies f continuous on X) 

but not a k-space (i.e. X has weak topology over compact subsets). (Received June 14, 1976.) 

*737-54-6 Robert W. Button, Southern Illinois University, Carbondale, IL 62901 
A Non-Standard Characterization of Perfect Mappings. 

A function f: ~ + Y is said to be perfect if it is a continuous closed surjec-

tion such that for eacy y < Y, f-l (y) is compact in X. 

l. Juhasz has proposed that a closed surjection f: X+ Y is perfect iff: 

(i) For each x <X, f(u(x)) c;: u(f(x)). 

(ii) For each remote z < *X, f(z) is remote in *Y. 

We h3ve proven this with the additional condition that X is regular. Also, if 

X andY are any topological spaces and f: X+ Y is perfect, then for each x < *X, x 

is near-standard iff f(x) is near-standard. These two results are used to prove 

classical results elegantly. (Received June 14, 1976.) 

737-54-7 C. E. AULL, Va. Poly. Inst . .r State Univ., Blacksburg, Va. Notes on ----
Z-Embedding. Preliminary report. 

The symbol P = Z[Q, R] will mean that a space having property Q is Z -embedded in 

every space containing it having property R iff the space satisfies property P. If Q = R 

we will say P = Z[Q]. For instance, Blair and Hager have shown that P = Z[Q] where Q 

is Tychonoff and P is Lindelof or almost compact. We prove that P = Z[Q] where Q is 

functionally Hausdorff and P the property that the weak topology is Lindelof. We also 

simplify and extend proofs on C-embedding of various types oi pseudocompact subsets using 

Z-embedding. See Blair and Hager, Extensions of zero-sets and of real valued functions, 

Math.~-, 131 (1974), 41-52, for a background on Z-embedding. (Received June 14, 1976.) 

*737-54-8 T. E. Gantner, R. C. Steinlage, University of Dayton, Dayton, Ohio 45469 and. 
R. H. Warren, Air Force Flight Dynamics Laboratory, Wright-Patterson AFB, Oh1o 
45433. Compactness in fuzzy topological spaces. 

Continuing Abstract 731-54-24. B. Hutton [J. ~1ath. Anal. Appl., 50 (1975), 74-79] 
defined the fuzzy unit interval and established some of its properties. He prove that the 
fuzzy unit interval is a-compact for certain a and, under more general conditions than Hutton'~ 
show that it is compact. Vie define the fuzzy real line and show that it is not compact and 
for some a that it is not a-compact. (Received June 14, 1976.) 
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*737-54-9 Howard H. Wicke, Ohio University, Athens, Ohio 45701. ~mapping theorem basic to open 
mapping theory. 

A theorem basic to the treatment of open mappings in base of countable order theory (equivalently, in 

monotone space theory) and in primitive space theory is proved. The proof is direct and involves 

:1either the axiom of choice nor transfinite recursion. \'lith its use, unified and simple proofs can be 

~ven for a number of propositions such as preservation of base of countable order by open continuous 

uniformly complete mappings with (para)regular domain. Theorem. Suppose X is a space and f:X~Y is an 

open mapping. Suppose(Un:n(:N)is an open primitive sequence of Min X. Then there exists an open 

primitive sequence('JI :n EN) of f(M) in Y such that for all i eN: (1) There is a subcollection Qi 
n * ~ 'il of ut" such that the mapping f. induced by f on G(. is one-to-one. (2) The well ordering on ../'f'. is 

l * l l l 
that induced by fi" (3) For all y E f(!~), if H is the first element of :tti containing y, then 

f-1 (y)f\f~-1 (H) 1\l~ = f-1(y)1{x EO M: /-1(H) is the first element of 1Af: that contains xJ. Moreover, 

if <Hn:n~ N) is a primitive represent!tive of(:/ln:nE:N), then(f~-l(H):n E N)is a primitive repre~ 
sentative of (~:n <:; N>. For terminology see the paper by Wicke and Worrell, ~characterization of 

primitive bases,Proc. A~r. Math. Soc. 50(1975) 443-450. (Received June 15, 1976.\ 

55 ..,. Algebraic Topology 

*737-55-1 VINCENT 0. MCBRIEN, Colleg<, of the Holy Cross, worcester, Ml\ 01610 
The Homology of Li terar.y Schema. 

The recent developments by Thorn and popularized by Zeeman, relating singu-

larities to manifolds have been accompanied by the literary efforts of Barth 

and others for a deeper understanding of metre. These efforts have chiefly 

been engaged in replacing the complex algebra of the iambic metre (.v, -), 

developed since the time of Chaucer, by simple algebraic schema representing 

the rise and fall of dramatic actions. Actually these schema are more topo-

logical in nature and can be extended from simple graph theory to higher 

dimensional cases when the Euler characteristic is more meaningful. For 

example_, in the case of iambic pentameter P with a closed subset drama, 

"j- ({-) = 1. In general the homology of the poem would seem to be a far simpler 

approach than the list of complex rules permitted for the various substitutions 

tolerated in any algebraic approach now used in the analysis of metre. 
(Received March 9, 1976.) 

*737-55-2 Richard I. Hartley and Kunio Murasugi, University of Toronto, Toronto, 
Ontario, Canada, .MSS lAl. Coyerihg linka.ge. 

The concept of a linking function is introduced in this paper. This function is of 

importance in the study of linking numbers between branch curves in branched cover

ing spaces of a knot in s 3 , here called covering linKage invariants. With this 

function, one can compute covering linkage invariants from a set of linear equations. 

Apart from this computational application, linking functions allow us many results 

about covering linkage, including the demonstration of a close connection between 

the covering linkage invariants and an invariant of Burde, the proof of conjectures 

of Riley about PSL(2,p)-covering, a connection with an invariant considered by 

Reyner and a proof of his conjecture. A certain class of 2-bridged knot is also 

shown to have property P (Received May 24, 1976.) 

737-55-3 J. FRANK ADAMS, University of Cambridge, Cambridge CB2 lSB, England. Maps between classifying 

spaces. 

• I will begin by considering the problem of group actions on spheres, as an appealing geometrical problem 

and a source of topological problems. I will show that it leads to problems of the following form: given compact 
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Lie groups G and G•, with classifying spaces BG and BG•, what can we say about the homotopy classification 

of maps f: BG- BG•? I will start with the case in which G and G• are connected, and here the results are not 

so recent, though not yet published (to appear September 1976). I will continue with more recent results for the 

case in which G is finite. I hope to conclude by commenting on work in progress for the general case, 

(Received June 1, 1976,) 

737-55-4 Stavros G. Papastavridis, University of Athens, Athens, GREECE. Relations among 

characteristic classes II. Preliminary report. 

Lel.. B=-BO u1· nu or BSO and M be r=~n n-dimsional compact Cearnanifold and let us assume that there is 

a map w:M~B classifying the stable normal bundle of M. Let p be a prime number so that the uni-

versa! bundle over B is Zp orientable. All cohomology groups will have Zp Coefficients. Let q, k be 

natural numbers so thai: q+k$lt, q,k and n are fixed throughout. Let A be the mod-p Steenrod algebra. 

Let zt(HtB)ClD A)q we define a map fz: Hk (M)-+Hk+q (M) as follows: if z=E x.ia. , x.£H(B), a1.E A 
l 1 l. 

then fz(xl=Iw{x.).(a.x) for xE.Hk (M). Let Iq (B, P, K)=( z~(H (B)® A)q: f = 0 for all n-di-
1 1 n L z 

mensional, compact, f!>O maniforlds and all maps w:M-+B 1· In this paper we compute I~ (B, p, k).

(Received May 17, 1976.) 

*737-55-5 Jonathan Simon, University of Iowa, Iowa City, Iowa 52242, Fibered knots in homotopy 
3-spheres. 

Using the result, recently obtained by F. Gonzalez-Acuna (1974) and by R. Myers (these Notices, 

75T-G94, Oct. 1975, p. A-651), that each closed, orientable 3-manifold contains a fibered knot, 

and Theorem 9.2.3 of Neuwirth's Knot Groups, we show that the 3-dimensional Poincare conjecture is 

equivalent to the following, Con,jecture: If G is a group with the properties listed below then 

there exists a knot in s3 whose group is isomorphic to G; (l) G/G' is infinite cyclic, (2) G 

has an element t whose normal closure is all of G, and (3) G' is free of rank 2n with a free 

basis a1 , ••• ,an,b1 , ••• ,bn such that t commutes with TI~=1 [ai,bi]. (The result announced here 

will appear in Proc. A.M.S. under the above title.) (Received June 7, 1976.) 

*737-55-6 WILBUR WHITTEN, University of Southwestern Louisiana, Lafayette, La. 
70504. Prime factors of ~ manifolds 

Because of the torus-theorem's proof [c. D. Feustel, "The torus theorem and 

its applications," ~· Amer. Math. Soc., in press], the "complements conjec

ture" (that two tame, prime knots (in s3 ) with isomorphic groups have homeomor-

phic complements) holds except perhaps when the knots are cables. Assuming 

that such exceptions never occur and given an arbitrary knot complement, J. 

Simon [•on the problems of determining knots by their complements and knot 

complements by their groups," Proc. ~· Math. Soc. ,in pres~ recently showed 

that there are at most three knot types whose knots' complements are all homeo-

morphic to the given one. In this paper, we apply this result to obtain a 

bound for the number of knot types with the same group. We also prove, modulo 

the complements conjecture, that a knot's group determines the knot's genus. 

(Received June 10, 1976.) 

737-55-7 James M. Van Buskirk, University of Oregon, Eugene, Oregon 97403. 
Alexander polynomials of amphicheiral knots. 

Beginning with a knot K and its mirror image K', constructions generalizing 

the formation of the product of K and K' are used to produce amphicheiral 

knots. One such construction yields an amphicheiral knot having Alexander 
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polynomial 

2 2 
t.K (x) - xt.L (x ,x) 

where t.L(x,x) is the Alexander polynomial of a 2-component link L determined 

from K. The infinite class of amphicheiral knots constructed in this manner 

includes a prime amphicheiral knot with trivial Alexander polynomial. 

(Received June 14, 1976.) 

737- 55-8 Julian R. Eisner, Columbia University, New York, New York 10027. 
A Finiteness Theorem for Incompressible Surfaces in 3-Manifolds. 
Preliminary report. 

If M is a compact, orientable, irreducible 3-manifold in which every torus is 

either compressible or boundary parallel, and c is a finite collection of curves on 

the boundary of M, then there is a finite collection of surfaces S. in M such that 
l. 

if T is any properly embedded incompressible surface in M with the boundary of T in 

C, then there is an orientation preserving autohomeomorphism h of M, which is the 

identity map on the boundary of M, such that h(T) = Si for some i. 

As a consequence of this result we show that given a knot kin s 3 , there is a 

finite collection of minimal spanning surfaces Si for k such that if T is any 

minimal spanning surface of k, then there is an orientation preserving autohomeo

morphism h of s3 such that h(T) = Si for some i. (Received June 14, 1976.) 

*737-55-9 MARK E. KIDWELL, Yale University, New Haven, Connecticut 06511. Relations between 
the Alexander polynomial and summit power of a closed braid. Preliminary report. 

Let e be a closed n-braid inside a standardly-embedded solid toru~ V in s3 , and 

let M be a meridian of av. Consider the (~+1)-string link e lJ M with Alexander poly

nomial a(t1 , ... ,t~,w), and reduce this polynomial to a(t,w) = ·a(t, ..• ;t,w). 

Theorem 1: Suppose has p positive crossings and q negative crossings, p+q = m. 
q n-2 p n-1 

Then a(t,w) = t + f 1 (t)w +•••+fn_2 (t)w + t w • 
2 

Corollary 1: If n = 3, then f 1 (t) = (1 + t + t )ae(t) 

Alexander polynomial (suitably reduced and normalized) of a 

Theorem 2: If a is a positive 3-braid prime to a = o1o2o1 , 
m-1 m 2n l+b1t+ .. •+b1t +t,b1 i'O. If y= a a,n~O, then 

1 + b1t 3n+l+- .. + b1t 3n+m-l+ t 6n+m. (Received June 14, 1976.) 

57 ~ Manifolds and Cell Complexes 

where is the 

then (1 + t + t 2)aa(t) 

< 1 + t + t 2)a (t) 
y 

737-57-1 DENNIS McGAVRAN, University of Connecticut, Waterbury, Connecticut 06710. Tn-actions on 

simply connected (n + 2)-manifolds. Preliminary report. 

In this paper we show that, for each n;;; 2, there is a unique, closed, compact, connected, simply connected 

(n + 2)-manifold M admitting an action of Tn satisfying the following condition: there are exactly n T1-
' n+2' 

stability groups T1, •.• ,Tn with each F(Ti,Mn+2) connected. Inthiscasewehave Tn,.T1 X ••. X Tn. Any 

other action (Tn, Mn+2), Mn+2 simply connected, can be obtained from an action (Tn, Mn+2) by equivariantly 
4 n-2 · · ~"~ 2 n-3 A 1" t" 1 "f all t" f Tn replacing copies of D x T w1th cop1es of s- X D X T . s an app wa wn, we c ass1 y ac wns o 

on simply connected (n + 2)-manifolds for n = 3,4. (Received May 11, 1976,) 

*737-'37-2 E, J, Mayland, Jr., YORK University, Downsview, Ontario M3J 1P3. Inductive arguments 2£ 
rational (two-bridge) knots. 

This paper studies the class of two-bridge knots in terms of their alternating normal forms as 

Viergeflechte, as described by Bankwitz and Schumann Q!amburg Abh., 10, 1934). Using Conway's nota

tions for these normal forms as rational knots (in Computational problems ~ abstract algebra, Perga-
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mon, 1970), the knot types are enumerated and then constructed inductively by iterating a geometrical 

"twisting" operation, desribed, e.g., by Fox (Osaka Math._:!., 10, 1958). The inductive modification 

produces minimal spanning surfaces of a particularly simple type, for which result we give the follow

ing two alternative formulations: 

Theorem. A rational knot of genus g> 0 may be algorithmically constructed from a chain of 2g 

factors 1i' each of torus link type (2ni,2), for some ni f 0, and with each factor non-fibred 

when \ni\ > 1. 

Corollary. A rational knot of genus g> 0 may be algorithmically constructed from a chain of g 

factors, each a two-bridge knot of genus one. (Received June 3, 1976.) 

737-57-3 

*737-57-4 

WITHDRAWN 

Deborah L. Goldsmith, University of Michigan, Ann Arbor, Michigan, 48109. 
A new invariant of link concordance. 

Let L = K!JK1 ... UKno::.s 3 be an oriented link. 

covering of s 3 branched along K and let 

Let p:M (K)+S3 be the a-fold cyclic branched 
a 

rr~2a be the group of covering translations of 

Choose oriented components Let ~(x,y) ~ Q denote the linking number 

of 1-cycles x,y c Ma (K) if it is defined, and let ~(x,x) = 0 Define matrices A>./\ with 

entires in !Q(IT) to be equivalent if J\. = AA/\1 for some diagonal matrix A with entries 

in IT Theorem. Suppose a = pr for some prime p Then the class [Aa(K)] of the 

nxn matrix .!ta (K) with entires 

~c.. = .z:~cK:., a-cK.)) c-
1) 1 J 

en: IT 

is an invariant of concordance and isotopy of L (Received June 8, 1976.) 

*737-57-5 
John Hempel, Rice University, Houston, Texas 77001. HNN groups, residual finitness, and 
3-manifolds. Preliminary report. 

Corresponding to a heierarchy for a sufficiently large 3-manifold, M, there is a sequence of HNN groups 
terminating with rr (M). As an approach to the question whether rr1 (M) need be residually finite we 
establish some theo~ems giving positional properties of the bonding subgroups C ,c1 of G=HNN(B;C0~C1) 
which will insure that G be residually finite. Emphasis is given to the case0 in which the 
base group, B, is free and applications are given to the groups of certain classes of knots which 
span unknotted, incompressible surfaces. (Received June 11, 1976.) 

*737-57-6 Daniel R, McMillan, Jr,, Univers~ty of Wisconsin, Madison, Wisconsin 
5J706, I-eguivalent graphs in S , 

Compact sets X,Y in the n-sphere Snare I-eguivalent if for some Z c Snx[O,l], 

znsnxo = x~o and znsnxl = Yxl, and some homeomorphism of Z with Xx[O,l] carries x~o 

to xxo and Yxl to Xxl, J, Stallings (J, Algebra 2(1965), 170-181) has shown that if 

X andY are I-equivalent and A= n1 (sn-X), B = n1 (sn-Y), then for each k the lower 

central quotient groups A/Ak, B/Bk are isomorphic, This is used to show that none of 

a certain infinite sequence of graphs Gic SJ is I-equivalent to the standard embed

ding of G. in s 3 (G. is the disjoint union of two "figure 8's"), This result is used 
l l 

to construct 2-dimensional cell-like continua c1 , c2 in a PL 4-manifold ~ such that 

c1 nc2 is a point, each Ci has a neighborhood in M4 embeddable in s 4 , yet the cell

like continuum C1uc2 has no such neighborhood in M4, (R.J. Daverman has conjectured 

that there is such an example with each Ci an EJ.rc,) (Received June 11, 1976.) 
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737-57-7 DALE ROLFSEN, University of British Columbia, Vancouver, Canada V6T 1W5. Surgery and the 

calculus of links. 

Draw a picture of disjoint curves in 3-space and assign to each a rational number, or oo. Then you have 

described a 3-manifold, according to the surgery technique of Max Dehn and the notation introduced in this 

expository talk. The notation facilitates proving some interesting things about 3-manifolds with only the ability to 

draw pictures and to add fractions. (Received June H, 1976.) 

*'737-57-8 W. JACO and P. B. SHALEN, Rice University. Centralizers, Roots 
and Relations in 3-manifold groups. 

A complete description is given for the centralizer, and the set of roots, 
of an element of the fundamental group G of a sufficiently large, compact, 
irreducible, orientable 3-manifold. For the case of a knot group this 
answers a question of L. P. Neuwirth's. The results are stated in a 
forthcoming BAMS article, "Seifert fibered spaces in irreducible, suffi
ciently-large 3-manifolds. 11 As an application we show that a relation 

abPa-l = bq cannot hold in G unless p = ±q or b = 1. (Received June 15, 

1976.) 

58 ..,. Global Analysis, Analysis on Manifolds 
*'737-58-1 Chung-wu Ho, Southern Illinois University, Edwardsville, IL 62026. On certain problems 

connected with the homeomorphisms which satisfy the Poincare recurrence theorem. 

Let X be a closed manifold with a nonzero Euler characteristic, and H{X) be the space of all the homeo
morphisms of X onto X under the compact open topology. Suppose a Borel measure ~ is given on X which 

assigns a positive value to each nonempty open subset of X. Then an element f E H(X) is said to be 

recurrent if the set of all the points of X which are nonrecurrent under f is of measure zero with 

respect to ~· The author has established the following Theorem: The set of all the recurrent homeo

morphisms of X is nowhere dense in H(X). Some possible extension of this theorem will also be dis

"usged. (Received May 10, 1976.) 

737-58-2 LOUIS BLOCK, University of Florida, Gainesville, Florida 32611. Topological entropy at 
an Q-explosion. Preliminary report. 

An example ls given of a function f e c2(s 1,s1) at which an Q-explosion occurs. It is shown that 

topological entropy (considered as a map from c2(s 1,s1) to the non-negative real numbers) is con

tinuous at f. (Received June 1, 1976.) 

*737_58_3 Robert L. Devaney, Northwestern University, Evanston, Illinois 60201. Transversal 
homoclinic orbits in an integrable system. 

We construct a mechanical system X on RPn satisfying each of the following: 
(1) X admits a unique hyperbolic equilibrium point p. 
(2) There are 2n transversal homoclinic orbits to p within the energy surface. 
(3) All other orbits in w5(p} and wu(p} are eventually homoclinic 
(4) There are no invariant sets on which X is conjugate to the suspension of a Bernoulli shift. 

Thus, transversal intersection of the stable and unstable manifolds together with minimality of the 
flow on an invariant set do not imply the existence of Smale "horseshoes" nearby. (Received June 1, 
1976.) 

737-58-4 R. C. Churchill, Hunter College, New York, New York 10021. 
J. E. Franke and J. F. Belgrade, North Carolina State University, Raleigh, North Carolina 
27607. Quasi-hyPerbolicity and applications. Preliminary report. 

Let f be a c1 flow on a compact manifold M. 

Definition; A closed invariant set A CM is guasi-hyperbolic if 

(a) the span E of the vector field of riA is a subbundle of TAM; and 

(b) the flow on TAM/E induced by the tangent flow has no nontrivial bounded orbits. 

This is a weaker and more geometric condition than hyperbolicity. However, coupled with chain 

recurrence we obtain 

Theorem A. If A is chain recurrent, then A is hyperbolic if and only if A is quasi-hyperbolic. 

Using this result, the hyperbolicity hypothesis can be weakened in several theorems. For 

example, if R denotes the maximal chain recurrent set in M then 
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Corollary B. If R is quasi-hyperbolic then f satisfies Axiom A and the no cycle property. 

Theorem A leads to an easy proof that the geodesic flow on a compact Riemannian manifold of 

negative curvature is Anosov. Also, it can be used with a computer to verifY that certain periodic 

orbits are hyperbolic. (Received June 11, 1976.) 

737-58-5 John E. Franke and James F. Selgrade, North Carolina State University, Raleigh, 
North Carolina 27607. When are chain recurrent points on cycles? Preliminary report. 

The usual definition of a cycle for a dynamical system f on a compact manifold M requires that it 

satisfies Axiom A. The following definition eliminates the Axiom A assumption. 

Definition: A fi~ite sequence of points x1 , x2 , ... ,xn with x1 = xn is a cycle if the oo-limit set of 

xi intersects the 0!-limi t set of xi+ 1 • A set A C M is said to have the !!£ cycle property if every 

cycle in M is actually in A. If f satisfies Axiom A then the nonwandering set Q satisfYing this no 

cycle property is equivalent to the standard no cycle property. C. Conley et al. have studied a set 

which exhibits some recurrence properties and contains n. This is called the chain recurrent set R. 
Let L = cl( UM O!(x) U oo(x)). xe: 
Theorem A. If L is hyperbolic then every chain recurrent point is on a cycle. 

Theorem B. If n is hyperbolic and has the no cycle property then 

(1) n = R, (2) n satisfies Axiom A, and (3) f is n-stable. 

A theorem of S. Newhouse follows from these results. 

Theorem C. If L is hyperbolic and has the no cycle property then f satisfies Axiom A. 
(Received June 11, 1976.) 

737-58-6 Yieh-Hei Wan, State University of New York at Buffalo, Amherst, New York 14226. On the 
structure and stability of local Pareto optima with constraints. 

(g1, •.• ,gc) from a given manifold Mn into Rc. We assume that g satisfies 

the generic condition, for any 1:: i 1 < ••• <is:: c, gi (x) = ••• = gi (x) = 0 implies the differentials 
1 s 

Fix a smooth mapping g 

dg. (x), ••• ,dg. (x) are linearly independent. For simplicity, we also assume the 
11 1s 

• • • , g (x) > O} is compact. Now, let f = (£1, ••• ,f ) be any smooth mapping from !f'-
c - p 

set W 
g 

into RP • 

{g1 (x) :::_ 0, 

A point x 

in Wg is said to be a local Pareto optimum of f with constraints g :::_ 0 iff there exists a neighbor-

hood N of x such that for any ye:Nn Wg' f 1 (y) :::_ f 1 (x), ••• ,fp (y) :::_ fp (x) implies that f 1 (y) = £1 (x), 

•.• , fp(y) = fp(x). Under the above assumptions on the constraints g, we have the following result: 

Theorem. There exists an open dense set of smooth mappings f = (f1 ••• ,fp): ~+RP such that: a) the 

set e of local Pareto optima of f admits a Whitney (pre)stratification $ of dimension ::min (n,p-1); 

b) the set eN of all nondegenerate local Pareto optima of f is a finite union of strata in ~ , and 

eN is dense in e; c) the set eN and e are stable under small perturbation. The proof requires the 

characterization theorem for local Pareto optima with constraints and the use of stratification and 

transversality theory. (Received June 11, 1976.) 

737-58-7 Ronald Sverdlove, Stanford University, Stanford, California 94305. Constructing flows in 
n dimensions with prescribed invariant sets. Preliminary report. 

Theorem: Let M., i = 1, ••• , k be pairwise disjoint, closed (n-1)-ma~folds without boundary embedded in Rn. 
---- I 

Then one can construct a vector field on Rn for which each M. is an attractor of the corresponding flow, and there 
I 

are no other {n-1 )-dimensional invariant sets. 

A similar result holds for codimension 1 submanifolds of compact manifolds. (Received June 14, 1976.) 

737-58-8 
SHUI-NEE CHOW,Michigan State University, East Lansing,Michigan 48823, 
and JOHN MALLET-PARET, Brown University, Providence, R.I. 02912. 
Fuller's Index and Global Hopf Bifurcation. 

Consider a parameterized differential equation x = f(x,a), a e: R where 

f(O,a) = 0, and such that the associated flow possesses a generic Hopf bifurca

tion (i.e., a pair of non-zero eigenvalues of the linearized equation transver

sally crossing the imaginary axis) from the origin x = 0 for a sequence {an}. 

A global bifurcation theorem of Alexander and Yorke describes what happens if 

one follows the bifurcating periodic solution from some x = 0, a = an. Specifi-
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cally, either the amplituded of the solution tends to infinity, the parameter a 

tends to plus or minus infinity, the period of the solution tends to infinity or 

the periodic solution connects to some other Hopf bifurcation (i.e. at some 

am f- an). 

We describe how this theorem can be proved using transversality techniques, and 

an index for periodic orbits defined by F. B. Fuller. We also show how the 

theorem applies to specific equations. (Received June 15, 1976.) 

60 "" Probability Theory and Stochastic Processes 

737-60-l B. Gopinath and John A. Morrison, Bell Laboratories, Murray Hill, New Jersey 07974. ~ 

discrete queueing problem arising in packet swi t·ching. Preliminary report. 

Let bn denote the ~ueue size at discrete times n. The process considered satisfies 

b ~ (b -l)+ + \ a.x ., where the non-negative integer valued random variables x. are i.i.d., and 
n+l n L l n-l J 

i~O 

the constant coefficients ai are non-negative integers. Such a process has been investigated by 

H. G. Herbert [J. Appl. Frob. 9 (1972), 404-413) under the additional assumption ai oj o, i = 0, •.• ,k. 

Under the stability condition c~ a.~(x.) < l, an expression is derived for the steady state gener-L l; J 
l~O 

ating function of a joint process involving (bn+l'xn' ... ,xn-k+l), which is a Markov process. This 

expression involves the conditional generating function corresponding to zero queue size, and. it is 

shown how an equation for this function, which is a multi-nomial, may be obtained.. An alternate 

procedure for calculating the coefficients in this multi-nomial, which involves a finite number of 

equations for the steady state probabilities derived from the Markov chain corresponding to the 

joint process, is also discussed. The case a0 = 1 = ~' ai = 0 otherwise, is of particular interest, 

and. explicit expressions for the multi-nomial have been derived in this case for k = 2, 3 and. 4. 

(Received May 10, 1976.) 

*737-60-2 D. KANNAN, Dept. of Math., University of Georgia, Athens, Georgia 30602 and 
Pl. KANNAPPAN, Fac. of Math., University of Waterloo, Waterloo, Ontario, Canada. 
On a characterization of Gaussian measures in a Hilbert space. Preliminary Report. 

A necessary and sufficient condition in order that a measure ~ on a Hilbert space 

be Gaussian is provided. In this connection is derived a functional equation satisfied 

by the densities (Radon-Nikodym derivatives), and this equation is similar to the 

functional equations satisfied by the characteristic functionals. (Received May 21, 1976.) 

*737-60-3 Janos Galambos, Temple University, Philadelphia, Pa. 19122. Methode of 
l'_r_()of _fc:>I_.A_onfeyzQ.J1.i inerm~J:_i ties. 

Let A1 , A2 , ••• , An be a seouence of events on a probability space. Let Sk be the 

k-th binomial moment of the number tn of those A's which occur. Let Er be the 

event that exactly r, and Er that at least r, of the A's occur. An estimate on 

P(Br) or P(Er) by a linear combination of s1 , s2 •••• is called a Bonferroni in

eouality. In the -paner, two methods are presented for proving Eonferroni inequa

lities. One method extends those obtained by the author (J. London Math. Soc. (2) 

9 (1975), 561-64) to cases when the coefficients in the linear bounds can vary 

with n. Another method exploits the fact that the sequence P(Er) = Yr is decreas

ing and that Sk is a linear combination of the Yr• This method will show that 

Bonferroni inequalities are special cases of non-probabilistic inequalities. The 

methods will be an-plied to inequalities, reproducing the sharpest known ones by 

a unified and sim-ple proof. (Received. June 8, 1976.) 

*737_6o-4 Robert Sine, University of Rhode Island., Kingston, Rhode Island 02881. Unique ergodicity 

for random maps. 

Unique ergodicity (at most one invariant probability) is established for a class of Markov operators 

on the line. The transitions take the form f + Lpi(x)f(x+ai) where each pi is strictly positive and 

continuous, the step sizes {ai} generate a dense subgroup of the line, and the hitting probability for 
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half spaces is monotone. This result is an extension of a theorem of Frank No~ and J. W. Pickands 

III (Markov Processes and Learning Models, Academic Press 1972). A previous extension (Notices 22 

(1975), 6 727-C2) obtained by the author and Benton Jamison was much more general as to conditions im

posed on the coefficient functions but was limited to two translations. (Received June 9, 1976.) 

*737-60-5 T, L. Seethoff*, Northern Michigan University, Marquette, Michigan 49855 and 

R. C. Shiflett, California State University Fullerton, Fullerton, California 92634. 

Doubly stochastic measures with prescribed supports. 

Let L and H be measurable maps of the unit interval X into itself such that L ,;; H. We inves.., 

tigate the collection '77( (L, H) of all doubly stochastic measures that have their support con

tained in the union of the graphs of L and H, that is, the doubly stochastic measures that 

arise from MTF1 s of the form P(x, B) = A(x) IB (L x) + (1 - A(x) ) IB(H x), where A: X-+X 

is measurable. We show: (i) '?l((L, H) is an extremal subset of the set of all doubly 

stochastic measures; (ii) '7l({L, H) contains at most one element under appropriate con-

ditions on L and H, and so if 7/1(L, H) f. l1l under these conditions, then the corresponding 

measure is extreme; (iii) '?l((L, H) f. l1l under conditions on L and H compatible with those in 
2 -1 

(ii); and (iv) there are measurable L and H (namely L(x) = x = H (x) ) such that 

71l(L, H)= l1l (Received June 10, 1976.) 

*737-60-6 PAUL N. DE LAND and RAY C. SHIFLETT, California State University, 

Fullerton, Fullerton, California 92634. A Covariant Structure For Doubly 
Stochastic Measures. Preliminary report. 

A doubly stochastic measure ~ can be viewed as the joint distribution of two ran

dom variables each of which is uniform on [0, 1 ]. Covariance of these random variables 

is defined with respect to ~. Bounds for the covariance are obtained, particular exam

ples are considered, and a decomposition result for the set of doubly stochastic measures 

is found. Also the covariance matrix of a process associated with ~ is studied. 

(Received June 11, 1976.) 

737-60-7 J. H. B. Kemperma.n 1 University of Rochester, Rochester, New York JJI.627. N-dilllensicmal 
distributions with given k-dimensiona.l margina.ls. Prelim1nary report. 

Let 1.::; k < N be integers. Consider real random variables x1 , ••• 1 ~ such that each k-tuple 

is unifo:r:mly distributed in ( 0 1 l)k • We will discuss optimal boiUill.s on P • Pr(~ ~ c11 •• 1 lral.::: ~) 1 

where 0 .::;, cj .::;, 1 are given numbers. For instance, if k • l then P _:: (c1 + •• + ~ - N + 1)+. 

(Received June 14, 1976.) 

737-60-8 P.V. Rao, University of Florida, Gainesville, Florida 32611. Asymptotic Distribution 
Theory in Paird-Comparison Experiments. 

The role of asymptotic distribution theory in the derivation and interpretation of statistical models 

for paired comparison experiments involving two stimuli is considered. A brief survey of the liter

ature in the general area, along with a description of some unsolved problems is presented. Finally, 

a method for extending the ideas to the case of experiments involving comparison of three stimuli is 

described. (Received June 14, 1976.) 

737-60-9 IRWIN D. NAHINSKY, Department of Psychology, University of Louisville, Louisville, Kentucky 

40208. Identifiability of theories with sequences of nonobservable underlying states. 

The problem of identifying probabilities for sequences involving k underlying states is investigated for 

experiments in which there are k observed states with the conditional distribution for these states specified for 

each underlying state. No restrictions upon the nature of underlying transitions are assumed for a large number 

of trials. Applications to some known experimental situations are suggested. The relationships to finite state 

automata are considered. (Received June 14, 1976.) (Author introduced by Professor A. Rapoport.) 

737-60-10 Robert M. Anderson, Yale University, New Haven, Connecticut 06520. 
Weak convergence of conditioned random walks. Preliminary report. 

Let x1 , x2 , ••• be a sequence of independent identically distributed random variables 
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in the domain of attraction of a stable law. Define a sequence Yn(t) of random walks 

from the partial sums of the Xi's, with appropriate normalization. Using a charac

terization of weak convergence from Non-standard Analysis, we derive new sufficient 

conditions for the weak convergence of the conditioned random walks (Yn(t) JYn(l)£En), 

where the En's are subsets of R such that the conditional probabilities 

P (Yn (1) £A I Yn (1) £En) converge weakly. (Received June 15, 1976.) 

65 ~ Numerical Analysis 

*737-65-1 Hartin Braun and Joseph Hcrshenov, Queens College, Flushing, N.Y. 11367. Periodic solu
_c_ i_o_n_s_ o_f_ _ f _i._ni_!:e __ d_i_f_f~ _r_E,'!!_ c_e __ app .r._o:><_i_!ll_a_ti£_rt_s_. 

Let x = ~(t) be a periodic solution of the system of equations 

(1) x = f (x) 

with characteristic r.mltipliers ~l, ... , ~n-l ,IJn 1, and let 

(2) xk+l = F(xk, h) 

be a finite difference approximation of (1) which is at least as accurate as Euler's method. Assume 

that lujl < l, j = l, ... ,n-1, or JJJjJ > 1, j = l, ... ,n-1. Then, the difference equation (2) has a 

closed invariant curve near the periodic solution x = <j>(t) of (1), for h sufficiently small. As a 

corollary to this result, we show that any finite difference approximation of the Van der Pol equation 

.. 2 
X+ E(X - 1) X+ X = 0 

which is at least as accurate as Euler's method has a closed invariant curve near the circle of 

radius 2, for £ > 0 and h sufficiently small. (Received March 8, 1976.) 

737-65-2 HERBERT E. SALZER, 941 Washington Avenue, Brooklyn, NY 11225. 
A New Form of Trigonometric Orthogonality and Gaussian~Type Quadrature 

An "orthogonal" trigonornetdc SUIII S2r+l (X) = a 0 + L;-l (ajcosjx + bjsinjx) is 

one that satisfies Jb s2r+l(x)s2r'+l (x)dx = 0, r' < r~ and two other arbi-
a 

trarily imposable conditions needed to make s2r+l(x) unique. Two proofs are 

given of a fundamental factor theorem for any s 2n+l(x) from which we derive 

2r-point Gaussian-type quadrature formulas, ~ = [n/2] + 1, which are exact for 

Jb 'C"'2r 
any s 4r_1 (x). We have s4 1 (x)dx = ~- 1 A.s 4 1 cx.), where the nodes x., 

a r- J= J r- J J 

j = 1(1)2r, are the zeros of the orthogonal s2r+l(x). It is proven that 2r-l 

of the nodes must lie within the interval [a,b], and the remaining node (which 
may or may not be in [a,b]) must be real. Gaussian-type quadrature formulas 
a~·e applicable to the nUIIIerical integration of the Gauss (2n+l) -point interpo
lation formulas, with extra efficiency when the latter are expressed in bary
centric form. s2r+l(x), xj and Aj, j = 1(1)2r, were calculated for 

[a,b] = [0,'11/4], 2r = 2 and 4, to single-precision accuracy. (Received May 7,1976) 

*737-65-3 Riaz A. Usmani, The University of Manitoba, Winnipeg, Canada R3T 2N2. An O(h4) Finite 
difference analogue for the numerical solution of some differential equat1ons occurr1ng 
in plate deflection theory. 

The bending of a uniformly loaded rectangular plate supported over the entire surface by an elastic 

foundation satisfies a differential system of the form / 4)+ fy = g, y(a), y(b), y"(b) being pr-esCI··ibed, 

a < b. An approximate solution of the preceding differential system is obtained by finite difference 

method. The convergence of the proposed finite difference scheme is established by deriving priori 

bound on the discretization error. It turns out that our numerical procedure is a fourth order 

convergent process. The matrix associated with the system of linear equations in the unknowns 

y1 , y2, .... , yn is not even assumed to be monotone, as is often the case with two-point boundary value 

A-551 



problems. The only requirement is that the function f(x) be nonnegative on [a,b] and the exact 

solution y(x) £ c 8 . The validity of our error analysis is demonstrated in two typical numerical 

illustrations. (Received May 17, 1976.) (Author introduced by F. M. Arscott.) 

737-65-4 D.A. Nussbaum, US Army Concepts Analysis Agency, 8120 Woodmont Ave., Bethesda, MD 20014. 
A Perturbed Eigenana lysis Approach to Effectiveness Indices. Preliminary Report. 

Howes & Thrall (1973, Nav. Res. Log. Q.) propose a method for generating the relative values of 
weapons which are part of a heterogeneous combat force. The method involves solving for eigen
values and eigenvectors of non-negative matrices, and uses the Perron-Frobenius theory which 
guarantees the existence of an eigenvalue of maximum norm and an associated positive eigenvector. 

Similar approaches have been used by Dare and Spudich (1971, Memo 7120, Def. Oper. Analy. Establish
ment, Un. King.), W. H. Holter (1973, USA Op. Res. Symp.}, and L. B. Anderson (1973, WP-4, Inst. 
for Def. Analy.). Criticism of the method has come from R. Farrel (Vector Res., Inc.), H. Cohen 
(Concepts Analysis Agency) and L. B. Anderson. This paper presents some results of an approach 
to the problem suggested by H. Cohen. 

Consider the perturbed eigenanalysis problem, (A-ki)X = E, E t 0 and the least squares solution, 
X*(k,E) = (A-ki)#E, where (A-ki)# is the generalized inverse of (A-ki). We consider the behavior 
of X*(k,E) in neighborhoods of E = 0 and k = k0E !eigenvalues of A}. Of particular interest is 
the problem of (continuously) extending X* to the points k = k0 , E = 0. The main result asserts 
the ability to make this continuation. Moreover, examples are presented showing improved results 
over previous work.(Received June 11, 1976.) (Author introduced by Dr. Robert M. Thrall.) 

70 ..,. Mechanics of Particles and Systems 

737·-70-1 Richard McGehee, University of Minnesota, Minneapolis, Minnesota 55455· Double colli
sions for non-Newtonian potentials. Preliminary report. 

Consider the following central force problem: x = - grad V(x) Here x ER2 is the position 

of a particle moving in the potential field V(x) = llxll-a , a > 0 We show that the singularity at 
x = 0 can be regularized in the sense of' Easton if' and only if- a = 2(1- n-1) , where 

n = 1,2,'3, .... (Received June 15, 1976.) 

76 ..,. Fluid Mechanics 

737-76-l Dr. Suhrit K. Dey, Eastern Illinois University, Charleston, Illinois 61920. Analytical 
vs. Implicit Numerical Solutions of certain time-dependent Fluid Flow Problems. 

Several numerical techniques are currently used to study the characteristics of fluid motion by 
computer experimentations. The one used most often is an explicit numerical scheme where the time 
derivative is approximated by a forward difference formula. Although many researchers claimed 
computational stability of their solutions for large time steps, mathematically it can be proved that 
the stability of numerical solutions require time step ~t to be of the order of square of the mesh 
size ~x. In this work implicit numerical techniques obtained by approximating the time derivative by 
a backward difference formula were used to solve (i) Three dimensional heat conduction equation, 
(ii) Motion of a suddenly accelerated flat plate in a viscous fluid which is otherwise at rest, 
(iii) One dimensional gas dynamics equation and (iv) Burger's equation on turbulence model. For 
all these cases analytical solutions exist. Both numerical and computational analysis show that for 
all time steps, independent of mesh size, implicit numerical solutions were in excellent agreement 
with those obtained analytically. (Received May 10, 1976.) 

*737-76-2 Vuryl J Klassen, California State University, Fullerton, Fullerton, CA 92634 
A Fa:mily of Free Streamline Problems with no External Forces 

A family of steady, two-dimensional irrotational flows of an inviscid and incompressible 

fluid are considered. The flow in each case involves an unknown free streamline on which 

the pressure is assumed constant. Using the usual conformal mapping techniques the 

unknown flows are mapped onto a flow which is determined by Milne- Thomson's Circle 

Theorem. Utilizing the hodograph plane it is shown that the unknown flow can be found by 

solving an ordinary differential equation. For particular problems, solutions are obtained. 

(Received June 11, 1976.) 
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737-76-3 ROBERT J. SIBNER, Brooklyn College, CUNY, Brooklyn, New York 11210. A maximum principle 

for compressible flows on manifolds. 

An incompressible fluid flow on a Riemannian manifold is described by a harmonic one-form, and it can be 

shown (Bochner) that there is a relationship between points where local ma:"Cimum speeds occur and the curvature 

of the manifold. The author shows that similar results hold for compressible flows which are described by one

forms satisfying a nonlinear elliptic system. More precisely, it is shown that in a neighborhood of a point where 

the Ricci curvature is positive, the speed is a subelliptic scalar function and, hence, cannot attain a local maximum. 

(Received June 15, 1976,) 

80 ..,. Classical Thermodynamics, Heat Transfer 

'(37-SU-1 

Let p,c, 

by planes 

DAVID K. COHOON, USAF School of Aerospace Medicine, San Antonio, l'exas 78235. 
A Hodel of Thermal Response to Radiation. Preliminary Report. 

and K be the density, specific heat, and c:onductivity of an infinite medium subdivided 

z = zj.' where ie:{O,l, ..• ,n} and z0 < z1 < ••• < zn. Suppose that collimated beam 

of radiation travelling in a line perpendicular to the planes z = zi is subject to reflections by 

the planes and exponential absorptions in the regions between the planes. If the rate of energy 

deposition per unit volume is S, which is the product of a function of time, a polynomial in x 

and y multiplied by exp(-Ai - Bi), and a function. Z(z) of z expressed by 

z < z0 or z > zn' then the four dimensional convolution integral u = !'*S represents the increase 

in temparature in the medium, wh~re r is the fundamental solution oj the he."lt operator 

H = pc(a/at) - div(K(grad)). W" show that in fact u(x,y,x,t) may be expressed explicitly ·as a 

one dimensional integral J: G(x,y,z,t,T)dT. Moreover, we determine the values of T for which 

G(x,y,z,t,T) is significant and, thus, optimize the quadrature scheme for evaluating u on a computer. 

(Received ,,une 14, 1976.) 

81 ..,. Quantum Mechanics 

*737-81-1 Leonard J. Gray, Computer Sciences Division; Oak Ridge, Tennessee 37830 and 
Theodore Kaplan, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830. 
On the Approximation of Wiener-Feynman Integrals. Preliminary Report. 

We discuss a general procedure for approximating Wiener-Feynman integrals which is based 
upon the Kac-Siegert representation of Brownian notion. This representation allows us 
to express the integral as an expectation of a self-adjoint operator. Suitable approximation 

procedures can then be used. (Received June 9, 1976 .) 

*737-81-2 Richard H. Burkhart, University of North Carolina, Wilmington, N.C. 28401. 
Convergence of the Feynman Path Integral. 

Solving an old problem, we use asymptotic expansions to calculate a perturbation ex
pansion,which yields a convergence proof,for the path integral representation of the 
Green's function for the Schroedinger equation, where the path integral is defined 
as the limit of the sequence of iterated improper integrals given by Feynman[Rev.Mod. 
Phys.20(1948)367-387]. For a single, 1-dimensional particle, the potential is assumed 
to be a polynomial of degree < 2 with time continuous coefficients plus a perturba
tion term which has 6 time co~tinuous L2 ,Loo· space derivatives with L2 ,L00 norms uni
formly bounded on a finite time interval. This generalizes directly for a system of 

n particles in 3n-dimensional space. Similar results hold when the iterated integrals 
include an initial w function, verifying previous research, e,g,,Nelson[J,Math.Phys, 
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~(1964)332-343]. The limit of these iterated integrals satisfies the Schroedinger 

equation but the Green's function itself does not in general, having a factor which 
satisfies a different but related partial differential equation. For either kind of 

iterated integral, the integrations may be performed in any order. (Received June 1.0,1.976.) 

737-81-3 THAD DANKEL, Jr., University of North Carol!na, Wilmington, North Carolina 28401. Higher spin 

states in the stochastic mechanics of the Bopp=Haag spin model. Preliminary report. 

The author has previously shown (Arch. Rational Mech. Anal., 37(1970), 192-221) that the dynamically 

natural random variable representing angular momentum in the stochastic mechanics of the Bopp-Haag spin model 

has the expectation values predicted by quantum mechanics for spin i. This result is generalized to all higher 

values of the spin. (Received June 14, 1976.) 

83 ""' Relativity 

*737-83-1. John K. Beem, University of Missouri, Columbia, Missouri 65201. Some examples of 
incomplete space-times. 

An example is given of a space-time which is timelike and spacelike complete but null 

incomplete. An example is also given of a space-time which is geodesically complete but contains 

an inextendible timelike curve of bounded acceleration and finite length. These two examples may 

be modified so that in each case they become globally hyperbolic and retain the stated properties. 

All of the examples are conformally equivalent to open subsets of the two dimensional Minkowski 

space. (Received May 21, 1.976.) 

737-83-2 KISHORE B. MARATHE, Brooklyn College, CUNY, Brooklyn, New York 11210. Mean curvature of 

gravitational fields. 

The mean curvature of a gravitional field is defined as a generalization of the average curvature in a given 

direction which was used by Ricci to give a geometrical interpretation of the Ricci tensor. We find that the mean 

curvature of gravitational field is independent of the direction as determined by a unit vector. The converse of 

this result is also true and provides a new characterization of spaces admitting gravitational fields. (Received 

June 1, 1976.) 

*737-83-3 K. L. DUGGAL, University of Windsor, Windsor, Ontario, Canada. 
Existence of two Killing vector fields on the space-time of general relativity. 
Preliminary report. 

It is well-known that several authors, including recently M. Michalski and 

J. Wainwright [GRG Vol. 6, No. 3 (1975), 289-318], have assumed one or more Killing vector 

fields when studying the Einstein-Maxwell equations in general relativity. In particular, 

the existence of a Killing vector field is interpreted as describing some sort of symmetry 

property of the space-time. In this paper, the technique of differential geometry is used 

to prove the existence of two Killing vector fields on space-time. Furthermore, we find 

their explicit relation (locally) with two of the eigenvectors of non-null electromagnetic 

field tensor. (Received June 15, 1.976.) 

90 ""' Economics, Operations Research, Programming, Games 
*737-90-1. I. STEPHAN SIMS, Memphis State University, Memphis, Tenn. 38152 

The Exponential Smoothing Model, Theory and Applic11tion, Prel;i.m;ina.cy .z:epcu:.t... 

The exponentially weighted moving average model, since being intro-

duced 20 years ago, has been found to be an effective predictor. 
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The exponential smoothing model will be evaluated, setting forth the 

conditions under which it is an effective predictor, The problem of a 

simultaneous solution will be explored and a solution will be offered to the 

problem of deciding between the multiplicative or additive consideration 

of trend and seasonalness. (Received LTune 14, 1976.) (Author introduced by Ralph J. 

Faudree.) 

92 .,. Biology and Behavioral Sciences 

737-92-1 Anatol Rapoport, University of Toronto, Toronto, Ontario MSS lAl. A shift of focus 
from predictive to structural models. 

Extensions of mathematical methods to psychology were initially motivated, at least in part, by a 

hope that these methods would confer on psychology predictive power comparable to that conferred by 

mathematics on the physical sciences. Although occasionally mathematical models of psychological 

phenomena are corroborated by experiment, these successes have been, for the most part, sporadic 

and have contributed little to the sort of integration of psychology that could be seriously com

pared with the integration achieved in the physical sciences. In investigations now subsumed under 

mathematical psychology, there has been a shift of focus from predictive to structural models. The 

role of the latter is not so much that of building blocks in the construction of a science with pre

dictive power as that of developing a repertoire of concepts that can be manipulated witn logical 

rigor and at the same time be appropriate for phenomena investigated. (Received May 17, 1976.) 

737-92-2 John Ogilvie, Endel Tulving and Sharon Paskowitz, University of Toronto, Toronto, Canada. 

A model of cue interaction in retrieval from rnemorya Preliminary report. 

Retrieval of information stored in memory requires the presence of appropriate retrieval cues. The 

interaction of cues can be studied and measured when an item is tested for recall with different 

cues used in succession. In this way it is possible to obtain information, not only of each cue 

separately, but also of their interaction. In the present investigation, three different cues were 

used in the six possible orders under immediate and delayed conditions of recall. The model 

proposed is six independent multinomials having parameters in common for each word. The maximum 

likelihood estimates of cue effectiveness and cue interactions are presented and the usefulness of 

model is discussed. (Received May 28, 1976.)(Authors introduced by A. Rapoport.) 

*737-92-3 J. Douglas Carroll and Myron Wish, Bell Laboratories, Murray Hill, N. J. 07974. The 
INDSCAL Model and Method for Three-Way Multidimensional Scaling. 

(i)'V r 2 
The INDSCAI, (for INdividual Differences SCALing) model assumes that djk = t~lwit(xjt-'l.:t) where 

d~~) is the (subjective) distance between stimuli (or other objects) j and k for subject (or other 

"data source") i. Thus it assumes a direct weighted generalization of the Euclidean metric for the 

three-way array of subjective distances. Conversion to a scalar products form yields the symmetric 

(i) 'V r (i) 
trilinear model bjk = I w.tx.txkt' where b.k is the scalar product between vectors representing 

t=l l J J 

objects j and k for data source i. This scalar product form of the model is a special case of the 
'V 

more general CANDECOMP (for CANonical DECOMPosition of N-way tables) model of the form zijk = 
r 
t~laitbjtckt" Fitting the CANDECOMP model to the derived scalar products data via an alternating 

least squares (ALB) iterative numerical procedure (followed by application of some normalizing steps) 

yields estimates of parameters (the x's and w's) for INDSCAL. Details of the model and algorithm 

will be discussed, and applications given. (Received June 10, 1976.) (Authors introduced by 

Professor ftnato1 Rapoport.) 

*737-92-4 Manfred Kochen and Paul Eitner, University of Michigan, Ann Arbor, Mich 48109. 
A model for learning global properties. Preliminary report. 

This paper reports new results on the continuing long-term development of a mathematical theory of 

A-555 



learning. It is based on the idea that, as a result of feedback from a changing environment, weights 
assigned to a set of stored hypotheses, the set-of stored ~voothese~ and the logical system of 
variables, predicates, etc., with which hypotheses are formed, all change with time so as to enable 
the learner to recognize and seize (avoid) an increasing variety of opportunities (traps). We study 
methods for forming and confirming or refuting hypotheses involvtng such predicates as the convexity, 
openness, mono tonicity of curves. We postulate the existence of a "beetle", capab 1 e of moving along 
plane curves (x(t),y(t)). It is provided with information about the presence of absence, and far-to
near or near-to-far discontinuities of projections of the curve along rays to the location of the 
"beetle". We report an algorithm and its properties, that enables the "beetle" to use 'fts input in 
recognizing certain topological properties of a discrete representation of a continuous curve. We 
show that certain global predicates become irrefutably confirmable by local information, that non
fuzzy topological information can be derived, and that fuzzy inputs can lead to the "beetle" being 
able to locate its position on a map up to "fuzzy isor.10rph.ism". (Received June J.4, 1976.) 

93 ..,. Systems, Control 
737-93-1 V. K. Balakrishnan, University of Maine, Orono, Maine 04473. Convolution-regular spaces of 

vector-valued distributions. Preliminary report. 

If E is a Frechet space and F a locally convex complete Hausdorff space, a dense subspace U of 

V = L(V; L(E; F)) is called a convolution-regular space if (i) U is locally convex Hausdorff and the 

injGction of U into V is continuous and (ii) S E V, $ E V, S * ~ E U imply S E U. The bijection be-

tween V and W = L(V(E); F) is used to define convolution-regularity for dense subspaces of W. 

Theorem: If V is a convolution-regular subspace of W and if L: V(E) + V is a continuous linear time-

invariant mapping, then there exists aT E V such that L~ T * ~for all~ E V(E). The domain of L 

can be extended by means of this convolution representation if additional restrictions are imposed on 

V. Some examples ar•e given. (Received June 14, 1976.) 

94 ..,.Information and Communication, Circuits, Automata 

737-94-1 J. K. KARLOF and CHARLES P. DOWNEY, University of Nebraska at Omaha, Omaha, 
Nebraska 68101. The Existence of odd Group Codes for the Gaussian Channel. 
Pre:!..iminary Report 

An (M,n) group code for the Gaussian channel is said to be odd if M and n are both odd. 

THEOREM: There exist odd (M,n) group codes if and only if n does not equal 3. 

(Received June 3, 1976.) 

98 ..,. Mathematical.£ducation, Collegiate 

*737-98-1 JOSEPH c. BODENRADER and WILLIAM E. HARTNETT, State University College, Plattsburgh, 
New York 12901. Categories for the Beginning Mathematician. 

It is possible for and desirable that first-year college students learn something about the language 

of mathematics (=sets, relations, and functions), something about the principles of modern mathe-

matics, and something about categories. The principles approach has already been sketched out by 

Hartnett (The CF/PMM Approach to Learning Mathematics, Educ. Studies in Math. ~ (1973), 1-22) and the 

injection of categories in undergraduate mathematics has been raised by Long, Meltzer, and Hilton 

(Research in Mathematics Education, Educ. Studies in Math. ~ (1970) 446-468). In this paper we 

report on a current project. Its aim is to have our serious beginning learners acquire a working 
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competency in the language of mathematics using a pre-categorical approach. The project has a 

number of somewhat unusual features. (Received June 7, 1976.) 

99 ~ Miscellaneous 
Edith H. Luchins, Rensselaer Polytechnic Institute, Troy, New York 12181. 
Women Mathematicians: Why So Few? 

A study done under a National Science Foundation grant offers some clues as to why 

there are relatively few women mathematicians. With the cooperation of the Associ

ation for Women in Mathematics (AWM), a detailed questionnaire was sent to its one 

thousand members in Spring 1975. Responses were received in time for qualitative and 

quantitative analysis from 40% 350 women, 52 men. Women reported more discourage-

ment by teachers and advisors. That they were treated differently as mathematics 

students or professionals, because of being females or males, was reported by 80% 

of the women and 9% of the men, with the differences increasing as their training 

progressed. There were no significant differences in career advancement between 

single and married women. Based on the questionnaires and interviews, recommendations 

are offered for attracting more women to the mathematical sciences. (Received June 15, 

1976.) 

737-18-13 FRIEDRICH ULMER, Bergische Universitnt. 56 Wuptortal 1, Federal Republic of Germany, Bi-

algebras in locally presentable categories. Preliminary report. 

Roughly speaking a bialgebra (A, M, R) in a category .f2 consists of an object A E .f2 together with a set M 

of operations which satisfy certain relations R; e. g. universal algebras ala Birkhoff, algebras over a triple, 

coalgebras over a cotriple, descent data, bialgebras with respect to some tensor product and an arbitrary prop 

(like coalgebras, Hopf algebras, bialgebras in the usual sense), etc. GiYen a bialgebra (A,M,R) and a subobject 

U FA we construct subbialgebras (l" ,1\l', R) of (A,l\1, R) sur.h that U r= c• and U' is not much bigger than U, 

For instance, if A is a commutati\·e noetherian ring, then any count ably generated submodule of a Hopf algebra 

(resp, coalgebra, bialgebra, comodule over a fixed A-coalgebra) is contained in a countably generated sub-Hopf 

algebra (resp, subcoalgebra,. , . ) regardless of the size of A. We give conditions under which the category 

Bialg~) of bialgebras in a locally y-presentable category .f2 is locally }''-presentable and Y' is not much 

bigger than y, For instance the category of Hopf algebras over any commutative ring A (reap, coalgebras, 

bialgebras, comodules over a fixed A-coalgebra\ is locally lot-presentable. Also G is a cotriple with rank a in 

a locally y-presentable category .f2, then the category of G-coalgebras in A is locally y• -presentable, where 

Y' =sup( lot, Y,CX). (Received .June 29, 1976,) 

737-57-9 BENNY EVANS, Oklahoma State L'niversity, Stillwater, Oklahoma 74074. The conjugacy problem 

for 3-manifolds. 

Algorithms for solving the conjugacy problem for the groups of 3-manifolds excepting certain bundles. 

(Received June 29, 1976,) 

*737-60-11 R. M. Blumenthal, University of Washington, Seattle, Washington, 98195. Doubly 

Stochastic Operators and Probability 

An attempt will be made to consider the approximation theory of these operators from the viewpoint 

of probability theory. (Received .June 16, 1976.) 

ERRATUM 
Volume 23 

ROGER MADDUX, Some nonrepresentable relation algebras. Abstract 76T-Al58, Page A-431. 

The algebras in this abstract are clearly simple and hence they provide a solution to a problem of 

R. McKenzie, Dissertation, Univ. of Colo., Boulder, 1966: determine the numbers n;;; 4 for which 

there exists a finite simple nonrepresentable relation algebra with n atoms. However, this problem 

was first solved by Ulf Wostner (see Abstract 76T-Al95, Page A-482). 
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CLASSIFIED ADVERTISEMENTS 
SUGGESTED USES for classified advertising are books or lecture notes for sale, books being sought, positions available, summer or semester exchange or rental 
of houses, mathematical typing services and special announcements of meetings. The rate is $2.50 per line, or $20 per column inch. Ads must be prepaid. 

TO CALCULATE the length of an ad assume that one line will accommodate 52 characters and spaces and that nine lines measures an inch. Give your own name 
and address for replies, since the cJ{oticti) will not handle any anonymous ads except for those in "Situations Wanted", 

DEADLINES for the next few issues are: for August, july 2; for October, September 8; for November, October 7; for January, December 7. 

SEND AD AND CHECK TO: Advertising Department, AMS, P. 0. Box 6248, Providence, Rhode Island 02940. 

POSITIONS AVAILABLE 

ASSISTANT PROFESSOR, with Ph. D. in mathematics, 
and teaching experience at elementary or secondary level. 
Teaching load 12 hr. /wk. Tenure track position starting 
Feb. or Sept. 1977. Apply to Dr. J. T. Smith, Chair
man, Mathematics Dept., SAN FRANCISCO STATE UNI
VERSITY, 1600 Holloway, San Francisco, CA 94132. 
SFSU is an Equal Opportunity/ Affirmative Action Em
ployer. 

ASSISTANT PROFESSOR, one year full time appointment 
with possibility of reappointment. Send resumes to Dr. 
Charles W. Seekins, Chairman, Dept. of Mathematics, 
Occidental College, Lcs Angeles, CA 90041. Ph. D. re
quired, broad background in mathematics and applica
tions desired, interest and experience teaching both ele
mentary and advanced courses essential. Occidental 
College is an Equal Opportunity I Affirmative Action 
Employer. 

The Department of Mathematical Studies at Southern 
nlinois University-Edwardsville, solicits applications for 
TEACHING ASSISTANTSHIPS. The stipend for beginning 
teaching assistants is $340 per mcnth for nine months. 
Applicants must undertake graduate work in the depart
ment and are expected to devote up to 20 hcurs per week 
to their assistantship duties, which normally include 
direct classroom instruction. The deadline for applica
tions is August 15, 1976. Apply to: Chairman, Depart
ment of Mathematical Studies, Southern nlinois Univer
sity, Edwardsville, IL 62026. SID-E is an Equal Oppor
tunity I Affirmative Action Employer. 

DEAN, ARTS & SCIENCES, Boise State University. Effec
tive date: Jan. 1, 1977. $28,500-$30,500. For job des
cription write: Dr. Robert Sims, Chairman, Search Com
mittee, Boise state University, Boise, Idaho 83725. An 
Equal Opportunity/Affirmative Action Employer. Closing 
date: Sept. 15, 1976 .. 

NEW MINIJOURNAL 

With funds provided by Western ntinois University, the 
mathematics department has undertaken the publication 
of a new minijournal, REAL ANALYSIS EXCHANGE, 
whose prime purpose is providing rapid communication 
of research in real analysis. The EXCHANGE features 3 
sections: 1) Topical Surveys: expository articles con
cerning one area of current research, differing from 
surveys in major journals both in their more limited 
scope and greater depth; 2) Inroads: annotated abstracts 
of recent work coupled with bibliographic information; 
3) Queries: a forum for the presentation of unsolved 
problems with accompanying bibliographic and historical 
information. The cost of a subscription to the 2 issues 
to be printed in the 1976-77 academic year is $~. Mail 
to: REAL ANALYSIS EXCHANGE, Math. Dept., Western 
ntinois University, Macomb, IL 61455. Also, see display 
at the Toronto meeting. 

FOR SALE 

A lit;nited number of copies of the Proceedings of the 
Special Session on Convergence Spaces held at the Uni
versity of Nevada, Reno, April 1976 are for sale at $3 
per copy. Order by sending check or money order, pay
able to the Board of Regents, University of Nevada, to 
Edwin F. Wagner, Department of Mathematics, Univer
sity of Nevada-Reno, Reno, Nevada 89557. 

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 posi~ 
tions; however, veterans recently released from service will qu~lify. 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 addi~ 
tional 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, $0.50 per word (minimum charge $15). 

DEADLINE for receipt of advertisements is the same as that for abstracts; date appears inside froQt cover of each issue of the c}/oticei) . 

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. 

ANONYMOUS 

MATHEMATICIAN. Ph.D., 1967. Age 33. Eight years 
undergraduate and graduate teaching. Many computer and 
applied mathematics courses. Publications in differential 
topology. SW 48 
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New Solutions 
from Princeton 
A Mathematical Theory 
of Evidence 
Glenn Shafer 
Both in science and in practical affairs we 
reason by combining facts only inconclu
sively supported by evidence. Building on an 
abstract understanding of this process of 
combination, and drawing on (but diverging 
from) the work of A.P. Dempster, this book 
constructs a new theory of epistemic proba
bility. Cloth, $17.50 • Limited Paperback 
Edition, $8.95 

Problem Book in 
Relativity and Gravitation 
Saul A. Teukolsky 
"This work is full of interesting problems, ar
ranged by subject and graded by difficulty. It 
is full of intellectual content, and ~ is much 
more than modern pedagogy. It is modern 
physics, much of it at the frontiers, done in 
modern ways."- John A. Wheeler, Prince
ton University Cloth, $20.00 • Paper, $7.50 

Fourier Analysis 
on Local Fields 
M.H. Taibleson 
This book presents a development of the 
basic facts about harmonic analysis on local 
fields and then-dimensional vector spaces 
over these fields. A comprehensive treatment 
ofthis material has not previously been avail
able. Mathematical Notes, 15 • $7.00 

Entire Holomorphic 
Mappings in One and 
Several Complex 
Variables 
Phillip A. Griffiths 
The present monograph grew out of the fifth 
set of Hermann Weyl Lectur13s, given by Pro
fessor Griffiths at the Institute for Advanced 
Study, Princeton, in fall 1974. Annals of 
Mathematics Studies, 85 • Cloth, $11.50 
Paper, $4.50 

Write for our new Math and Physics 
Catalogue. 

Princeton University Press 
Princeton, New Jersey 08540 

New ... From 
Wiley -lnterscience 
AN INTRODUCTION TO THE 
MATHEMATICAL THEORY OF FINITE 
ELEMENTS 
J.T. Oden & J. N. Reddy 
Systematically presents the mathematical prop
erties of the finite element method to students 
of engineering and applied mathematics. 
approx. 432 pp. (0 471 65261-X) 1976 $24.95 

ORDINARY DIFFERENTIAL EQUATIONS 
IN THE COMPLEX DOMAIN 
Einar Hille 
The first book in the English language to deal 
exclusively with the behavior of solutions in the 
complex domain. 
484 pp. (0 471 39964-7) 1976 $27.95 

APPLICATIONS OF STATISTICS TO 
INDUSTRIAL EXPERIMENTATION 
Cuthbert Daniel 
Discusses statistical aids in the planning of 
industrial experiments and the analysis and 
interpretation of the data from such experiments. 
288pp. (047119469-7) 1976 $17.50 

AN INTRODUCTION TO PROBABILITY 
THEORY AND MATHEMATICAL 
STATISTICS 
V.K. Rohatgi 
A solid, balanced introduction to probability 
theory and mathematical statistics. Examines 
minimal sufficient statistics, general linear 
hypothesis, characterizations of distributions, 
nonparametric methods, and sequential 
inference. 
684 pp. (0 471 73135-8) 1976 $22.95 

INTRODUCTION TO STATISTICAL 
TIME SERIES 
Wayne A. Fuller 
Utilizing a theorem-proof format, this intro
duction to statistical time series includes 
material on elementary results in Fourier 
analysis, difference equations, statistics, 
spectral matters, and invariate time series. 
approx. 496 pp. (0 471 73135-8) Aug. 1976 

$24.95 

Available at your bookstore or write to Nat Bod ian, 
Dept. A5689-51 . 

A-559 

WILEY-INTERSCIENCE 
a division of John Wiley & Sons, Inc. 
605 Third Avenue, New York, N.Y 10016 
In Canada: 
22 Worcester Road, Rexdale, Ontario 

Prices subject to change without notice. 

092 A 5689-51 



Check your program for screening time and place for these 16mm films: 

./POSSIBLY SO, PYTHAGORAS! 

./ NEWTON'S EQUAL AREAS 

Mathematicians: 
Bruce and Katharine Cornwell 

./ EOUIDECOMPOSABLE POLYGONS 

./CURVES OF CONSTANT WIDTH 

Mathematician: 
J.D.E. Konhauser 

./ ISOMETRIES 

Mathematicians: 
Seymour Schuster and 
W.O.J. Moser 

Teaching guides are available for these films. 

./CAROMS 

Mathematician: 
Chandler Davis 

./SYMMETRIES OF THE CUBE 

Mathematicians: 
H.M.S. Coxeter and 
W.O.J. Moser 

./SPACE FILLING CURVES 

./REGULAR HOMOTOPIES IN THE PLANE: 
Parts I and II 

./TURNING A SPHERE INSIDE OUT 

Mathematician: Nelson Max 

To obtain samples of the teaching guides, and for information on film purchase and rental, 
contact-

In the United States: 

INTERNATIONAL FILM BUREAU INC. 
Mathematics Films 
332 South Michigan Avenue 
Chicago, Illinois 60604 

JERROLD MARSDEN 

In Canada: 

EDUCATIONAL FILM DISTRIBUTORS LTD. 
Mathematics Films 
285 Lesmill Road 
Don Mills, Ontario M3B 2V1 

THOMAS HUGHES 

A Short Course in Fluid Mechanics 
From the authors' preface-

These notes, from a one-quarter course given at 
Berkeley in 1974, provide a rapid introduction to the 
basic theorems of fluid mechanics. The presentation 
is rigorous, although we state but do not include 
proofs of any of the difficult theorems (such as exist
ence theorems). On the other hand we do not hesitate 
to discuss interesting physical situations, or engage in 
speculations concerning interesting and little under
stood flows. 

The presentation is not exhaustive. We present a 
number of results which we feel are fundamental, so 
the beginner can get into the subject quickly. Further
more, we hope the notes may also be useful to engi
neers who feel a little uneasy about the foundations 
of their subject, or who wish to see some real difficul
ties which they may have overlooked. A few of the 
topics are presented in a new way, not generally 
available in textbooks. 

The only background needed is a good course in 
vector calculus, and, for Sect ion 11, complex variables. 

Contents include- Examples of fluid motions. Bal
ance of momentum; Cauchy's stress principle. Perfect 
fluids and Euler's equations. Potential flow. The Kutta
Joukowski theorem and the paradox of lift. Momen
tum transfer equation and d'Aiembert's paradox. The 
Helmholtz theorems. Stability, bifurcation and large 
Reynolds numbers. Brief survey of thermodynamics. 
Shock waves. Boundary layers. Remarks on turbu
lence theory. 

Mathematics Lecture Series, Number 6 
Paperback; 162 pages. $6.00 in U.S A., Canada, 
Mexico, $6.40 foreign, for orders direct from the 
publisher. Individual orders must be prepaid; 
libraries will be billed. 

Publish or Perish, Inc. 
P.O. Box 7108, Berkeley, Calif. 94707 U.S.A. 
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Conference Board 

of the Mathematical Sciences 

REGIONAL CONFERENCE SERIES 

IN MATHEMATICS 

Number 26 

CLASS GROUPS AND PICARD GROUPS 

OF GROUP RINGS AND ORDERS 

by IRVING REINER 

The aim of these lectures is to provide 
an introduction to recent developments in 
the theory of class groups and Picard 
groups. This theory is first of all a branch 
of number theory, since the author gener
alizes, to the noncommutative case, the 
concept of the ideal class group of an alge
braic field. The techniques employed come 
from three main areas: algebraic number 
theory, representation theory of algebras 
and orders, and algebraic K-theory. 

1. Introduction 

2. Explicit formulas 

3. Change of orders 

4. Class groups of p-groups 

5. Mayer-Vietoris sequences 

6. Calculations 

7. Survey of specific results 

8. Induction techniques 

9. Picard groups 

46 References and an index 

48 pages, 1976; List price $6.80, Individual $5.10 
To order, specify CBMS/26 
Orders must be prepaid 

AMERICAN MATHEMATICAL SOCIETY 

P.O. BOX 1571, ANNEX STATION 

PROVIDENCE, RHODE ISLAND 02901 
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PROOFS AND 
REFUTATIONS 
IMRE LAKATOS 
An original and novel introduction to the 
philosophy of mathematics which shows 
that mathematics grows through a rich, 
dramatic and informal process rather than 
through the steady accumulation of estab
lished truths. Cloth $19.50 Paper $4.95 

AN INTRODUCTION 
TO THE USES 
OF COMPUTERS 
MURRAY LAVER 
Provides a basic understanding of the char
acter, capabilities and limitations of com
puters. $6.95 

Cambridge Tracts in Mathematics 
APPLICATIONS OF SIEVE 
METHODS TO THE 
THEORY OF NUMBERS 
C. HOOLEY 

FINITE FREE 
RESOLUTIONS 
D. G. NORTHCOTT 

#70 $18.95 

#71 $29.50 

London Mathematical Societ_v 
Lecture Notes 
TOPICS IN 
FINITE GROUPS 
T.M.GAGEN #16 $6.95 

A GEOMETRIC APPROACH 
TO HOMOLOGY THEORY 
BUONCRISTIANO, ROURKE & 
SANDERSON #18 $10.95 

AUTOMATIC CONTINUITY 
OF LINEAR OPERATORS 
A. M. SINCLAIR #21 $6.95 

PRESENTATION OF GROUPS 
D. JOHNSON 

PARALLELISMS OF 
COMPLETE DESIGNS 
P. J. CAMERON 

#22 $11.95 

#23 $9.95 

- On display at the AMS Joint Exhibit 

Cambridge University Press 
•• 32 East 57th Street 

New York, N.Y. 10022 



DALE ROLFSEN 
• Mathematics Lecture 

Series No.7 
Some highlights: A completely geometric definition of Alexander's 
polynomial, including 3 different ways of computing the Alexander 
invariants, and the torsion coefficients, without free calculus. Dozens 
of examples of fibred knots, links, higher-dimensional curios, open 
books and foliations, Heegaard diagrams, etc. 
Surgery, including a big section on 3-manifolds. 
Characterizations of Alexander polynomials. A 
simplified treatment of Kervaire's characterization 
of knot groups; cobordism of 
knots. A proof of Dehn's lemma. 
The author's own work on local-
ized Alexander invariants. Open 
questions. 

AVAILABLE SEPTEMBER- PAPERBACK 
ABOUT 350 PAGES· ABOUT $12.00 
RESERVE AN EXAMINATION COPY NOW. 

---- ... 

PUBLISH OR PERISH INC. P.O. BOX 7108 BERKELEY, CA 94707 

UNIVERSITY OF NEW SOUTH WALES 
SYDNEY- AUSTRALIA 

Professor of Pure Mathematics 

Applications are invited for appointment to the 
above chair which will become vacant on the re
tirement of Professor G. Szekeres. The chair is 
one of two in the School of Mathematics in the 
field of pure mathematics. The professor appointed 
will supervise and participate in teaching and exam
ining undergraduate and postgraduate students and 
engage in and promote research and advanced 
study. Applicants should have substantial research 
interests in a branch of pure mathematics. 
Further information may be obtained from Profes
sor A.M. Hasofer, the present Head of School or 
from Professor V. T. Buchwald, Acting Dean of 
the Faculty of Science. 
Salary: $ Aust 25,955 per annum. Subject to the 
consent of the University Council, professors may 
undertake a limited amount of higher consultative 
work. The University reserves the right to fill any 
chair by invitation. 
For details of appointment write to 

Appointments Office 
P.O. Box 1, Kensington, N.S.W. 

Australia 2033 
Applications close on 17th September, 1976. 
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HEAD, DEPARTMENT OF 
MATHEMATICS 

NORTH CAROLINA STATE UNIVERSITY 

Applications are invited for the position of 
Head of the Mathematics Department in the 
School of Physical and Mathematical Sci
ences. The position will be available in July, 
1977. The appointment wi II be at the aca
demic rank of Professor. Decisive factors in 
the selection will include teaching experience 
at all levels, scholarship, and administrative 
experience. Salary and conditions are negoti
able. 

Applications (with resume of vita educa
tion, professional experience, publications 
list, and names of references) should be sent 
to: 

Selection Committee 
c/o Department of Mathematics 
North Carolina State University 
Box 5548 
Raleigh, North Carolina 27607 

North Carolina State University is an 
Equal Opportunity/Affirmative Action Em
ployer. 



Available now for first-semester adoption ... 

REAL ANALYSIS 
BY 

Nicolas K. Artemiadis 

Designed for the course in real analysis or real variables following advanced calculus, this new 
text shows the continuity in the evolution of mathematics and thoroughly grounds the student 
for further work in the field. Problem sections complete each chapter, and a bibliography is 
provided. 

600 pages, hardbound, $12.50 ISBN 0-8093-0727-8 

Real Analysis can be seen at the 
Joint Book Exhibit at the 1976 
Summer Meeting of the Mathematical 
Societies in Toronto. 

Examination copies on 60-day approval from: 

• Southern Illinois University Press 

~ P. 0. Box 3697 

• Carbondale, I L 62901 
In Canada: Burns and MacEachern, Ltd. 

NEW 

Real Variable 
and Integration 
With Historical Notes 

By John J. Benedetto 
Professor at the University of Maryland, USA 

1976. 278 pages with 10 figures, 170 problems and 81 examples. 16,2 x 22,9 em (Mathema
tische Leitfaden) Paper DM 48,-

Contents: 
Classical real variable I Lebesgue measure and general measure theory I The Le
besgue integral I The relation between differentiation and integration on R f 
Spaces of measures and the Radon-Nikodym theorem I Weak convergence of 
measures I Metric and Banach spaces I The Riesz representation theorem 

Verlag 
B. G. TEUBNER STUTTGART 
Federal Republic of Germany 

This book is obtainable from 
Adler's Foreign Books Inc. 
162 Fifth Ave., New York, N.Y. 10010 
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PROCEEDINGS OF SYMPOSIA IN PURE MATHEMATICS 

Volume 18, Part 1, NONLINEAR FUNCTIONAL ANALYSIS 

Part 2, NONLINEAR OPERATORS AND NONLINEAR EQUATIONS OF EVOLUTION IN 

BANACH SPACES 

A symposium on Nonlinear Functional Analysis held in Chicago in April 1968 has 

resulted in the publication of these two volumes edited by Felix E. Browder. The 

first part, published in 1970, contains papers contributed by the following speakers: 

Edgar Asplund 

Melvyn S. Berger 

Haim Brezio 

Lamberto Cesari 

Jane Cronin 

James Eels, Jr. 

K. D. Elworthy and A. J. Tromba 

D. E. De Figueiredo and L. A. Karlovitz 

Hiroshi Fujita 

Benjamin R. Halpern 

G. Stephen Jones 

Tosio Kato 

William A. Kirk 

J. L. Lions 

Umberto Mosco 

Richard S. Palais 

W. V. Petryshyn 

P. H. Rabinowitz 

R. T. Rockafellar 

Erich H. Rothe 

Guido Stampacchia 

Walter A. Strauss 

The second part, just published in 1976, contains the book-length text of a paper 

by Felix E. Browder composed in its entirety during 1968. It is a detailed treat

ment of most of the major branches of nonlinear functional analysis as they had 

developed up to that time. The manuscript of this work has had wide circulation 

in mimeographed form and has been referred to in a considerable number of re

search papers. It is now at last available. 

PSPUM/18.1, 296 pages, LIST PRICE $19.60; MEMBER PRICE $14.70. 

PSPUM/18.2, 308 pages, LIST PRICE $30.00; MEMBER PRICE $22.50 

ORDERS MUST BE PREPAID 

AMERiCAN MATHEMATiCAL SOCIETY 

P. 0. BOX 1571 

PROVIDENCE, RHODE ISLAND, 02901 
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trom ACADEMIC PRESS 
at BOOTH #3 

Automata, Languages, and Machines 
Volumes A and 8 
by SAMUEL ElLENBERG 

Volumes in the PURE AND APPLIED MATHEMATICS Series 

Volume A/1973, 472 pp., $26.50/£14.60 ISBN: 0-12-234001-9 
Volume B/1976, 408 pp., $22.50/£12.45 ISBN: 0-12-234002-7 

Character Theory of Finite Groups 
by I. MARTIN ISAACS 
A Volume in the PURE AND APPLIED MATHEMATICS Series 

1976, 318 pp., $29.50/£16.25 ISBN: 0-12-374550-0 

Ergodic Theory and Topological 
Dynamics 
by JAMES R. BROWN 
A Volume in the PURE AND APPLIED MATHEMATICS Series 

1976, 206 pp., $19.50/£11.90 ISBN: 0-12-137150-6 

Algebra, T apology, and Category 
Theory 
A Collection of Papers in Honor of Samuel Eilenberg 

edited by ALEX HELLER and MYLES TIERNEY 
1976, 240 pp., $26.50/£16.15 ISBN: 0-12-339050-8 

On Numbers and Games 
by J. H. CONWAY 
London Mathematical Society Monographs No. 6 
series editors: P. M. Cohn and G. E. H. Reuter 

1976, 246 pp., $15.75/£8.65 ISBN: 0-12-186350-6 

N.B.: Postage plus 50¢ handling charge on all orders not accompanied by 
payment. 

Prices are subject to change without notice 

ACADEMIC PRESS 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 



!I Springer-Verlag NewYork Heidelberg Berlin 

By Constance Reid 

There was a golden time 
when the small German 
town of Gottingen was for 
mathematicians what Pad~ 
was for artists, and nine
teen-year-old Richard 
Courant fell immediate(\' 
under its spell. He became 
a well-known mathemati
cian, teacher. writer and 
editor. organizer and 
administrator: but el'en·
thing he did profession~l(l' 
was ab~·ai'S influenced br 
his yout~lul experience in 
Gbttingen. He also put 
his own highly indi1•idual 
stamp on the scienttfic 
tradition which it repre-

sen ted for him. When, in 
1933. he was dismissed by 
the Na=is from his position 
as director of the interna
tionallr famous Mathema
tics ln~t;·tute of Gbttingen, 
he emigrated to the United 
States and de1·oted himse~l 
to creating in that country 
a stimulating scient~lic 
center such as the one he 
had known in his youth in 
Gottingen. Toda,1: the 
Courant Institute of 
Mathematical Sciences in 
New York City is a 1•isible 
symbol of the success of 
his efforts. 
Constance Reid, the author 
of a well receil•ed biography 
of Hilbert, had a number 
of conl'ersations with 

Richard Courant, then 
Professor Emeritus at the 
Mathematics Department 
of New York University, 
prior to his death in /972. 
These com•ersations, his 
letters, diaries, and testi
monies from many of 
Courant:~ friends and col
leagues form the basis for 
Courant In G<.>ttingen and 
New York. 

Also of Interest: 

Hilbert by Constance Reid, 
with an appreciation of 
Hilbert:~ mathematical 
work by H. Weyl 1970. xi, 
290p. 28 illus. 1 portrait. 
cloth S7.14 (Special Dis
count Price J 
ISBN 0-387-fJ41JIJ9-l 

/976 approx. 350p. appro.\·. 35 illus. cloth $/2.80 
Prepublication price $9.80(AI•ailable until Decem her 31. 11J7{JJ ISBN 0-387-IJ0/94-9 

VISIT US AT BOOTHS ONE AND TWO AT THE SUMMER MEETING 

Springer-Verlag New York Inc., 175 Fifth Avenue, New York, N.Y. 10010 
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