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Biltmore Hotel 744TH 
MEETING 

New York, New York 
April 7 4-7 7, 7 977 

The seven hundred forty-fourth meeting of 
the American Mathematical Society will be held 
at the Biltmore Hotel, Madison Avenue at 43rd 
Street, New York City, on Thursday and Friday, 
Aprtl 14 and 15, 

By invitation of the Committee to Select 
Hour Sp.eakcrs for Eastern Sectional Meetings, 
there wtll be two one-hour addresses on Thurs
day, April 14, D. KAZHDAN of Harvard Univer
sity will speak at 11:00 a.m. on "Representations 
of semi simple groups over finite fields". At 2:00 
p.m. LARRY PAYNE of Cornell University will 
present a lecture entitled "On improperly posed 
Cauchy problems for partial differential equa
tions". 

There will be two special sessions of se
lected twenty-minute papers. The titles of these 
special sessions and the names of the mathemati
cians arranging them will be found in the section 
which follows titled SPECIAL SESSIONS 

A special symposium has been ar;anged to 
commemorate the 200th anniversary of the birth 
of C. F. Gauss, who was born April 30, 1777. 
By invitation of the above committee, there will 
be three addresses on Friday. April 15. JUN
ICHI IGUSA of Johns Hopkins University will 
speak on "Gauss' contributions to algebra and 
number theory" at 10:00 a.m.; D. J. STRUIK of 
Massachusetts Institute of Technology will speak 
at 11:00 a.m. on "Gauss' contributions to geome
try"; and at 1:30 p.m. MARC KAC of Rockefeller 
University will lecture on ''Gauss' contribution to 
analysis". Harold M. Edwards, ,Jr., of the 
Courant Institute of Mathematical Sciences. New 
York University, is chairman of this symp~sium. 

Sessions for contributed ten-minute papers 
are scheduled on both days. No provision has been 
made for la tc papers. 

The Council of the Society will meet at 2:00 
p.m. on Saturday, April 16, in the French Suite 
(L&M) at the Biltmore Hotel. 

SPECIAL SESSIONS 

The subjects of the special sessions and the 
names of the mathematicians participating are as 
follows: DONALD C. RUNG of Pennsylvania State 
University has organized a special session on 
Boundary b~havior of meromorphic functions; the 
speakers wtll be Karl F. Barth, Boris Korenblum, 
and George Piranian. MARSHALL SLEMROD of 
Rensselaer Polytechnic Institute has organized a 
s~ecial session on Control theory; the speakers 
Will be H. Thomas Banks, David L. Elliott, 
V. Jurdjevic, Andrzej Z. Manitius, and Hector J. 
Sussmann. 
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SYMPOSIUM ON COMPUTATIONAL 
FLUID DYNAMICS 

With the support of the Energy Research 
an? Developmen~ Administration and the National 
s.cience F?undatwn~ a symposium on Computa
tiOnal Fluid Dynamics will be held on Saturday 
and Sunday, April 16 and 17. This topic was se
lected by the AMS-SlAM Committee on Applied 
Mathematics, whose members were Donalds 
Cohen (chairman), Richard C. DiPrima, Ed.,;.rd 
L. Reiss, David Siegmund, and W. Gilbert 
Strang. 

The symposium will attempt to cover a 
b.road spectrum of the areas in which computa
tiOnal fluid dynamics is important, and will seek 
to uncover the current "best'' methods used, Jn 
addition, a variety of new types of problems will 
be presented, as well as numerical methods used 
to solve them. The role of current advances in 
n~merical analysis (i.e. , fast algorithms, adap
t! ve methods and extrapolation techniques) will 
be explored either directly or in a special dis
cussion session. The Organizing Committee in
cludes Alexandre Chorin, University of Califor
nia, Berkeley; Herbert B. Keller, Firestone 
Laboratory, California Institute of Technology 
(chairman); Peter D. Lax, Courant Institute of 
Mathematical Sciences, New York University; 
and R. W. MacCormack, NASA-Ames Research 
Center. 

The list of speakers includes: ALEXANDRE 
CHORIN; S. C. R. DENNIS (The University of 
Western Ontario, Canada); BENGT FORNBERG 
(California Institute of Technology); A. JAMESON 
(Courant Institute of Mathematical Sciences, New 
York University); CARL W. KREITZBERG (Drexel 
University); R. W. MacCORMACK (NASA-ADles 
Research Center); JAMES J. O'BRIEN (Florida 
State University); HAROLD D. ORVILLE (SoUth 
Dakota School of Mines and Technology); and 
ROBERT F. WARMING (NASA-Ames Research 
Center). 

MATHEMATICIANS ACTION GROUP 

There will be a panel discussion on "Bldget 
crisis at CUNY; its effect on standards, curriell• 
lum, faculty-student morale, and work loa!:_~~ 
3:00p.m. on Thursday in the Key Room • .r-ra
R. &!ianouckas will serve as moderator. Pallel
ists include Erwin Just, Bronx Community Cold
lege; Edwin Moise, Queens College; and Harol 
Shane, Baruch College. 



REGISTRATION 

The registration desk will be located in the 
Vanderbilt Suite (N,O, P) on the first floor of the 
BUtxnore Hotel. Tbe desk will be open from 8:00 
a.m. to 4:30p.m. on Thursday and Friday, 
Apri114-15; from 8:30 a. m, to 4:30p.m. on 
Saturday, April 16; and from 8:30 a.m. to noon 
on sunday, April 17. 

The registration fees for the meeting are 

as follows: 

Nonmember $5 
Member 3 
Student or unemployed 1 

ACCOMMODATIONS 

Persons planning to stay at the Biltmore 
Hotel ~hould make their own reservations directly 
with the hotel. A reservation form listing the 
room rates will be found on page A-285 in the 
February issue of these c/lfulicei), However. since 
the deadline for receipt of reservations is March 
25, those persons who have not already obtained 
room reservations should telephone the Biltmore 
reservation ol"fice (212-!i87-7000) and be sure to 
mention that they are attending the AMS meeting, 
in order to obtain these special rates. 

THAVEL 

Thl' 1\illmon• llotd is loeatPd on \ladison 

Avenue at 43rd Street on the east side of New 
York City, Walkways from Grand Central station 
are located under the hotel, and signs are posted 
directing persons to the hotel lobby. 

Those arriving by bus may take the Inde
pendent Subway System from the Port Authority 
Bus Terminal, There is shuttle bus service 
from LaGuardia and Kennedy Airports directly 
to Grand Central Station, Starters can direct 
passengers to the correct bus. Travelers arriv
ing at Newark Airport can take a shuttle bus to 
the Port Authority Bus Terminal and take the 
subway, taxi, or bus to the hotel. 

Persons arriving by car will find several 
parking garages in the area, in addition to the 
garage at the hotel. Parking service can be 
arranged through the hotel doorman; the present 
rate is $9. 50 for each 24-hour period; however, 
the rate may increase by the time the meeting 
takes place, There will be an additional charge 
for extra pickup and delivery service if it is 
required, Tbe parking fee is subject to New 
York City taxes. 

MAIL ADDRESS 

Registrants at the meeting may receive 
mail addressed to them in care of the American 
Mathematical Society, Biltmore Hotel, Madison 
Avenue at 43rd Street, New York, New York 
10017, 

PHO(;H,\l\1 OF SESSIONS 

Tht' tim<' I imlt for ea('h ('Ontributcd paper in the genceal sessions is ten 

minutes and in the spt>cial sessions is twenty minutes. To maintain this 
s('hcduh·. thP time limits will be strictly enforced, 

TI!l'HSDAY. H:30 A. I\1. 

Session on Analysis an~-~£!ied !\lathematics, Park Lounge. Eighteenth Floor 
M:30- H:40 (1) St:abil ity and growth estimates for electric fields in non-conducting matt> rial di

dedrics. Profl•ssor FREDERICK BLOOM, University of South Carolina !7-!4- B2l 

8:45- ~'~:G:i (2) :-,uh- and supL·e-solutions of quasilinear elliptic boundary value problems Dr. HICH

.·\HD .J. h:HAl\IEH. Pennsylvania State University (744-B13) 

9:00- !J: 10 (:l) Thl' \'(•etor· of maximum harmonic content with elliptical locus in Chcbychev approxi

mations, CHARLES H. GIARDINA, Fairleigh Dickinson University and Singer Aero

space and Marine Systems, Wayne, New .Jersey and FRANK P. KUHL*. Singer Aero

space and !\Iarine Systems, Wayne, New Jersey (744-C1) 

9:15- fl:~G (-II Wdl posed problems concerning nonlinear integro-differential systems with hyper-

9:30- 9:40 (5) 

9:45- 9:55 (G) 

10:00-10:10 (7) 

10:15-10:25 (8\ 

10:30-10:40 (9) 

bolic operators and self-controlled limits of integration. Professors L. K. KRI

VOSIIEIN, Kirgizian State University, USSR, K, V, LEUNG, Concordia University, 

D •• J. 1\IANGERON*, Polytechnic Institute of Jassy, Romania, and University of Al-

berta. and 1\1, N. OGUZTORE LI, University of Alberta (744-C2) 

An application of functional integration to the Coulomb gas. Debye screening, Pre
liminary report. Dr, DAVID BRYDGES. Rockefeller University (744-C3) 

On infinite dimensional cores, Preliminary report. Dr. RONALD J. STERN, Con

cordia University (744-C4) (Introduced by Professor Marshall Slemrod) 

Convergence of states on quantum logics. Preliminary report. Mr. THURLOW A, 

COOK, University of Massachusetts (744-C5) 

Why are computerised simulations not mathematical models? Preliminary report. 

Dr. G. ARTHUR MIHRAM, Haverford, Pennsylvania (744-C8) 

The higher regularity of liquid edges in aggregates of minimal surfaces. Professor 

JOHANNES C. C. NITSCHE, University of Minnesota (744-B27) 

~ 
or Papers with more than one author, an asterisk follows the name of the author who plans to 

Present the paper at the meeting, 
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THURSDAY, 9:00 A. M. 

Session on Algebra, Rooms L & M, First Floor 
9:00- 9:10 (10) Ext in L. Preliminary report. Mr. HOWARD L. HILLER •, Massachusetts lllstltute 

of Technology and Professor SAHAHON SHE LAH, Hebrew University of Jerusalem 
(744-E2) 

9:15- 9:25 (11) Inverse eigenvalue problem for random matrices. Professor F. ALBERTO GRtJN. 
BAUM, University of California, Berkeley (744-A6) (Introduced by Professor Jacob 
Feldman) 

9:30- 9:40 (12) Complemented congruences on complemented lattices. Mr. M. F. JANOWITZ, thd
versity of Massachusetts, Amherst (744-A1) 

9:45- 9:55 (13) On faithful irreducible projective representations, Preliminary report. Professor 
K. BOLLING FARMER, University of Florida (744-A2) 

10:00-10:10 (14) A note on graphical reconstruction. Professor HERBERT S, \VILF, University of 
Pennsylvania (744-A3) 

10:15-10:25 (15) Pointwise products of incidence matrices of subgraphs. Preliminary report. 
Dr. CARL BUMILLEH, St.John's University (744-A4) 

10:30-10:40 (16) Crossed extensions. Mr, ,JOHN G. RATCLIFFE, Uni\·ersity of Michigan (744-A5) 

THURSDAY, 9:30 A. M. 

Special Session on Boundary Behavior of Meromorphic Functions, Windsor Hoom, Eighteenth Floor 
9:30- 9:50 (17) Nonrectifiable level sets. Preliminary report. Professor GEORGE PIRANIAN*, 

University of Michigan and Professor ALLEN WEITSMAN, Mittag-Leffler Institute, 
Djursholm, Sweden (744- B4) 

9:55-10:1;; (H!) Generalizations of Ivet·sen's Theorem. Professor KAHL I·', BAHTH, Syracuse Uni
versity (744-B5) 

10:20-10:-!0 (19) A Bcurling-type theorem. Dr. BORIS KOHENBLUM, Tel-Aviv University, Israel 
and the Institute for Ad\·anced Study (744-136) 

THURSDAY. 11:00 A. M. 

Invited Add1·ess. Bowman Room, Lobby Level 
-----(20} Heprcscntations of semisimplc groups over finite fields, P1·ofessor DAVID KAZH

DAN, llan·ard University (744-A7) 

THUHSDAY, 2:00 P. l\1. 

lmitcd Addeess. Bowman Hoom. Lobby Level 
(21} On improperly posed Cauchy problems for partial diffl•J·entialcquations. Professor 

L, E. PAYNE, Cornell University (74-!-B21) 

THURSDAY, 3:15 P. 1\1, 

Special Sc:;sion on Control Theory, Windsor Room. Eighteenth Floor 
:1:1;)- :l::l;) (22) Controllability of bilinear systems. VELIMIH -Jl'HD.JEVIC. l'niven;ity of Toronto 

(744-C9) (Introduced by Profcssm· Marshall Slemrod) 

:l:lO- 4:00 t2:l) Controllability and observability of retarded funetional differential equations-a 
Co-semigroup approach. Dr. A, MANITIUS, t:nive1·sity of Montrl:,al (744-826) 
(Introduced by Professor Marshall Slemrod) 

4:05- 4:2;) (24} Approximation methods for control of hl•J·editarv systems. I'J'Okssot· II. T. BANKS. 
Brown University (744-Bll) 

4:30- 4:50 (25) Stability theory of nonlinear eontrol systl•ms, Dr·.:-.;, K.-\LOl'I'TIDISand Professor 
D. L. ELLIOTT'. \\'ashington Univen;ity (744-Cii) 

4:55- 5:15 (26) Subanalytic sets and feedback control. Preliminary r·epor·t. PI'Ofessor HECTOR J. 
SUSSMAN. Hutgcrs University (H4-C7) 

THURSDAY, 3:15P, !\'!, 

Session on Analysis I, Rooms L & M. First Flour 
3:15- 3:25 (27) Interpolating sequences with applications to a-porous exeeptional sets. PrclirniJI8.11 

report. Professor D. C. HUNG' and Mr. S, ,\, OB,\JI), Pennsylvania State Univer
sity (744- B14) 

3:30- 3:40 (21::!) The eurvatures of the analytic eapaeity, Dr· .. JACOB BUHBL\, University of Pitts• 
burgh (744-89) 

3:45- 3:55 (29) On vanishing Eichler periods and Carleson sets. Preliminary report. THOMAS A. 
METZGER, University of Pittsburgh (744-Bl2) 

4:00- 4:10 (30) Interpolation and approximation of generalized axisymmetric potentials. ALLAN J, 
FRYANT, U. S. Naval Academy (744-Bl7) 
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4:15- 4:25 (31) Generalizations of the Robertson functions. Preliminary report. Professor EDWARD 
J. MOULIS, Jr., United States Naval Academy (744-B25) 

4:30- 4:40 (32) Identities involving Fourier coefficients of non-analytic automorphic forms. Profes
sor V. V. RAO, University of Regina (744-B15) 

4:45- 4:55 (33) Abstract Wiener spaces for non-Gaussian measures. 
Touro College (744-B23) 

THURSDAY, 3:15 P. M. 

Dr. STANLEY L. BOYLAN, 

session on Topology, Geometry and Foundations, Park Lounge, Eighteenth Floor 
3:15- 3:25 (34) Bounds on simplicial volumes. Preliminary report. Professor FRANCINE F. 

ABELES, Kean College of New Jersey and Courant Institute of Mathematical Sci
ences, New York University (744-Dl) 

3:30- 3:40 (35) Some ultrafilter constructions using Martin's axiom. Preliminary report. 
Dr. STEVEN GLAZER, Floral Park, New York (744-El) 

3:45- 3:55 (36) A note on the Frechet topology. Dr. DAVID A. SCHEDLER, Virginia Commonwealth 
University (744-Gl) 

4:00- 4:10 (37) Decomposed partial peeling. Dr. OKAN GUREL, IBM Corporation, White Plains, 
New York (744-G2) 

4:15- 4:25 (38) Self equivalence of rational homotopy types. Preliminary report. Dr. JOSEPH 
NEISENDORFER, Syracuse University (744-G4) 

4:30- 4:40 (39) Statically tame periodic homeomorphisms of 3-manifolds. Professor EDWIN E. 
MOISE, Queens College, CUNY (744-G5) 

FRIDAY, 8:00A.M. 

Session on Analysis II, Rooms L & M, First Floor 
8:00- 8:10 (40) On local normal forms for diffeomorphisms and flows. Preliminary report. Profes

sor DENIS BLACKMORE, New Jersey Institute of Technology (744-B29) 

8:15- 8:25 (41) The classification of C*-algebra bundles. Professor MAURICE J. DUPRE, Tulane 
University (744-B24) 

8:30- 8:40 (42) Solvable extensions of operators of monotone type. Preliminary report. 
Dr. EDWARD J. CONJURA, Trenton State College (744-B8) 

8:45- 8:55 (43) On the sampling rate for cardinal series representations. CHARLES R. GIARDINA, 
Fairleigh Dickinson University and Singer Company-Kearfott Division, Wayne, New 
Jersey (744-B20) 

9:00- 9:10 (44) A complete normed space C~a,b]" Preliminary report. Dr. YEN TZU FU, Indiana 

State University, Evansville (744-Bl8) 

9:15- 9:25 (45) Approximation by discrete Jackson-type operators. Preliminary report. Professor 
S. EISENBERG, University of Hartford (744-B3) 

FRIDAY I 8:00 A. M. 

~sion on Differential Equations, Room H, First Floor 
8:00- 8:10 (46) Asymptotic solutions of a certain differential equation. Professor T. K. 

PUTTASWAMY, Ball State University (744-Bl9) 

8:15- 8:25 (47) Design of Bi-focal lenses. Preliminary report. Dr. WILLIAM R. MELVIN, Univer
sity of Rhode Island (744-B22) 

8:30- 8:40 (48) On the Whittaker differential equation and Laplace transforms. Dr. JAMES 
D'ARCHANGELO, U. S. Naval Academy (744-BlO) 

8:45- 8:55 (49) A generalized Laplacian operator. Dr. JOHN F. SCHMEELK, Virginia Common
wealth University (744-Bl) 

9:00- 9:10 (50) On the instability of nonlinear vibrations of beams with various boundary conditions. 
Professor R. B. RAM*, State University of New York at Oneonta and Professor 
G. R. VERMA, University of Rhode Island (744-B28) 

9:15- 9:25 (51) Saddle points and instability of solutions of nonlinear partial differential equations: 
Some examples. Professor HOWARD A. LEVINE, University of Rhode Island 
(744-B7) 
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FRIDAY, 8:30A.M. 

General Session, Room T, First Floor 
8:30- 8:40 (52) Infinite variate wide-sense stationary Markov processes. Dr. MILTON ROSENBEllQ 

Rockaway Beach, New York (744-F1) • 

8:45- 8:55 (53) Multiple scales analysis of a randomly-perturbed one-dimensional wave equation 
Preliminary report. WERNER KOHLER, Virginia Polytechnic Institute and State" 
University (744-F2) 

9:00- 9:10 (54) Entropy of a random field. Professor MILLU ROSENBLATT-ROTH, State 
University of New York at Buffalo (744-F3) 

9:15- 9:25 (55) Metric topological division algebras. Dr. GERHARD F. KOHLMAYR, Mathmodel 
Consulting Bureau, Glastonbury, Connecticut (744-B16) 

FRIDAY 9:45 A. M. 

Gauss Symposium, Bowman Room, Lobby Level 

9:45-10:00 

10:00-10:50 

11:00-11:50 

1:30- 2:20 

2:20- 2:40 

Chairman: Robert M. Edwards, Courant Institute of Mathematical Sciences, New 
York University 

Introduction 

Gauss' contributions to algebra and number theory. JUN-ICHI IGUSA, Johns 
Hopkins University 

Gauss' contributions to geometry. D. J. STRUIK, Massachusetts Institute of 
Technology 

Gauss' contribution to analysis. MARC KAC, Rockefeller University 

Discussion 

PHOGHAJ\l FOH TilE SYl\IPOSnJl\1 ON COMPUTATIONAL FLUID DYNAMICS 

All sessions will be held in the Bowman Room, Lobby Level 

SATURDAY. APIUL 16 

First Sess io!.!_ - Chairman: Herbert B. Keller, California Institute of Technology 

9:00 a. m. 

10:15 a. m. 

11:30 a. m. 

Transonic !low calculations for airplane wings. A. JAMESON, Courant Institute of 
Mathematical Sciences, New York University 

Pscudospcctral calculations on two-dimensional turbulence and nonlinear waves. 
BE NGT FOHN BERG, California Institute of Technology 

On the construction and application of implicit factored schemes for conservation 
laws. ROBERT F. WARMING, NASA-Ames Research Center 

Second Session- Chairman: Eu~ene Isaacson, Courant Institute of Mathematical Sciences, New York 
University 

2:00p.m. !low numerical analysts can aid oceanographers. JAMES .J. O'BRIEN, Florida State 
University 

3:15 p. m. The numerical simulation of convective clouds. HAROLD D. ORVILLE, South 
Dakota School of Mines and Technology 

4:30 p. m. Pmgress and problems in small scale (regional) numerical weather prediction. 
CARL \V, KREITZBEHG, Drexel University 

SUNDAY, APRIL 17 

Third Session - Chairman: Heinz-Otto Kreiss, Uppsala University, Sweden, and Courant Institute 
of Mathematical Sciences, New York University 

9:30 a. m. 

10:45 a. m. 

noon 

The computation of two-dimensional asymmetrical flows past bodies. S. C. R. 
DENNIS, The University of Western Ontario, Canada 

Approximation of boundary layers by random vortex sheets. ALEXANDRE J. 
CHORIN, University of California, Berkeley 

An efficient explicit-implicit scheme for solving the compressible Navier-Stokes 
equations. R. W. MacCORMACK, NASA-Ames Research Center 

University Park, Pennsylvania 
Raymond J. Ayoub 
Associate SecretarY 
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PRESENTORS OF PAPERS 

Following each name is the number corresponding to the speaker's position on the program 
• Invited one-hour lecturers 

Abeles, F. F. #34 
*Banks, H. T. #24 
*Barth, K. F. #18 
Blackmore, D. #40 
Bloom, F · #1 
Boylan, S. L. #33 
Brydges, D. #5 
Bumiller, C. #15 
Burbea, J. #28 
conjura, E.J. #42 
Cook, T.A. #7 
D'Archangelo, J. #48 
Dupre, M. J. #41 
Eisenberg, S. #45 

*Elliott, D. L. #25 
Farmer, K. B. #13 
Fryant, A. J. #30 
Fu, Y. T. #44 
Giardina, C. R. #43 

*Special session speakers 

Glazer, S. #35 
Grunbaum, F.A. #11 
Gurel, 0. #37 
Hiller, H. L. #10 
Janowitz, M. F. #12 

*Jurdjevic, V. #22 
eKazhdan, D. #20 

Kohler, W. #53 
Kohlmayr, G. F. #55 

*Korenblum, B. #19 
Kramer, R.J. #2 
Kuhl, F. P. #3 
Levine, H. A. #51 
Mangeron, D.J. #4 

*Manitius, A. #23 
Melvin, W. R. #47 
Metzger, T.A. #29 
Mirham, G.A. #8 
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Moise, E. E. #39 
Moulis, Jr., E.J. #31 
Neisendorfer, J. #38 
Nitsche, J. C. C. #9 

ePayne, L. E. #21 
*Piranian, G. #17 
Puttaswamy, T. K. #46 
Ram, R. B. #50 
Rao, V. V. #32 
Ratcliffe, J. G. #16 
Rosenberg, M. #52 
Rosenblatt-Roth, M. #54 
Rung, D. C. #27 
Schedler, D. A. #36 
Schmeelk, J. F. #49 
Stern, R. J. #6 

*Sussmann, H.J. #26 
Wilf, H. S. #14 



745TH 
MEETING 

Northwestern University 
Evanston, Illinois 
April 15-16, 1977 

The seven hundred forty-fifth meeting of the 
American Mathematical Society will be held at 
Northwestern University, Evanston, illinois, on 
April 15 and 16, 1977. Northwestern University is 
located ncar Lake Michigan, about twelve miles 
north of downtown Chicago, All sessions will be 
held in Norris Center, the campus center of 
Northwestern University. 

By invitation of the Committee to Select 
Hour Speakers for Western Sectional Meetings, 
there will be four invited one-hour addresses: 
MICHAEL R. STEIN of Northwestern University 
will speak on Friday, April 15, at 11:00 a.m.; 
his topic is "Whitehead groups of finite groups". 
CARL-WILHELM R. DE BOOR of the University 
of Wisconsin will address the Society on Friday, 
April 15, at 1:45 p.m.; his subject is "Splines 
as linear combinations of B-splines". RICHARD 
A. HUNT of Purdue University will speak on 
Saturday, April Hi, at 11:00 a.m.; the title of 
his talk is "Harmonic measure and estimates of 
Green's function." AHUNAS L. LIULEVICIUS of 
the University of Chicago will address the Society 
on &'lturday, April Ui. at 1:45 p. m,; his topic is 
"Characters tell all." ,\ll four addresses will be 
given in tht• auditorium of tht• Norris University 
Center. 

By invitation of tht• same eommittee there 
will be seven special sessions of selected twenty
minute papers. RICHAHD A. ASKEY of the Uni
versity of Wisconsin has arranged a special ses
sion on Inequalities, to be held Saturday; the 
speakers w Ul be William Bcckncr, Ralph P. Boas. 
Burgess J. Davis, George F. D. Duff, I. I. 
Hirschman, Jr., B. F. Logan, Hugh L. Mont
gomery, Bcnjamin Muckenhoupt, Harry Pollard. 
Isaac J. Schoenberg, and Peter A. Tomas. 
GEOHGE K. FHANCIS of the University of illinois 
at Urbana-Champaign has arranged a special ses
sion on Graphic techniques in geometry and to
~ to be held Friday afternoon and Saturday 
morning and afternoon; the speakers will be Ralph 
H. Abraham, Thomas F. Banchoff, James J. 
Callahan, George K. Francis, Nelson Lee Max, 
Anthony V. Phillips, Tim Poston, Raymond M. 
Redhcffer, Alyn P. Rockwood and Marvin D. 
Tretkoff. DANIEL H. GOTTLIEB of Purdue Uni
versity has arranged a special session on 
Homotopy theory, to be held Saturday; the speak
ers will be Mark F. Feshbach, Jay E. Goldfeather, 
Christopher H, Hanks, Mark Mahowald, Howard 
A. Osborn, Jerrold N. Siegel, Victor P. Snaith, 
and Lawrence R. Taylor. SIMON HELLERSTEIN 
of the University of Wisconsin has arranged a spe
cial session on Entire functions and related parts 
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of analysis, to be held Friday; the speakers wOI 
be James D. Buckholtz, Albert Edrei, Wolf&IUII 
H. J. Fuchs, Joseph B. Miles, N. V, Rao, Lee 
A. Rubel, Swarupchang M. Shah, Daniel F. Shea 
Linda R. Sons, and Jack Williamson. MICHAEL ' 
B. MARCUS of Northwestern University has ar
ranged a special session on Random variables 
with values in a normed linear space, to be held 
Friday afternoon and Saturday morning; the 
speakers will be Anatole Beck, Gerald A. Edpr, 
Heinz W. Engl, D. J. H. Garling, Victor Good
man, Marjorie G. Hahn, James D. Kuelbs, 
Wojbor A. Woyczynski, and Joel Zinn, PETER 
P. ORLIK of the University of Wisconsin and 
PHILIP D. WAGREICH of the University of 011-
nois at Chicago Circle, have arranged a special 
session on Transformation groups and singu
larities, to be held Friday and Saturday, with 
sessions in the morning and afternoon; the 
speakers will be Richard J. Allen, Robert M. 
Ephraim, Ulrich Karras, Louis H. Kauffman, 
Henry B. Laufer, Walter D. Neumann, Ted E. 
Petrie, Richard C. Randell, Louis Solomon, aDd 
Stephen Shing-Toung Yau. JUDITH D. SALLY of 
Northwestern University has arranged a special 
session on Commutative algebra, to be held 
Saturday morning and afternoon; the speakers 
will be Edward D. Davis, E. Graham Evans, Jr., 
Eloise Ann Hamann, William J. Heinzer, Melvin 
Hochster, Eben Matlis, David L. Shannon, Wol
mer V. Vasconcelos, and David Wright. 

There will be three sessions for contrii:Alted 
ten-minute papers on Friday. On Friday eveniDI 
at 8:00p.m. in the auditorium of the Norris Cen
ter there will be a public showing of films pre
sented at the special session on Graphic tech
niques in geometry and topology. 

Those attending the meeting are invited to 
attend a dinner in honor of Professor Ralph P. 
Boas at 7:00 p. m, on Saturday, April 16, in lbe 
Orrington Hotel. This dinner has been arranged 
by the Department of Mathematics of N.orth- tlOI 
western University. To obtain further mforJDll 
and to purchase tickets for the dinner, please 
write by April 1 to Department Secretary • De
partment of Mathematics, Northweste~ Unl~,!" 
sity, Evanston, illinois 60201, The prlCe of..,.... 
tickets is $10. 50 per person. 

REG ISTRA TIO N 

The registration desk will be located at r 
the entrance to the Auditorium on the first OOO 
of the Norris Center. The desk will be opend 
from 8:30 a.m. to 4:00p.m. on FridaY, an 
from 8:00a.m. to 3:00p.m. on SaturdaY· 



ACCOMMODATIONS 

The following two hotels are holding blocks 

of rooms until April 1, 

HOLIDAY ll-l"N EVANSTON (312) 491-6400 
1501 Sherman Avenue, Evanston 60201 
(Six blocks from the Norris Center) 
single $27 
Double or Twin 32 
Extra person in double room 3 

ORRINGTON HOTEL (312) 864-8700 
1710 Orrington Avenue, Evanston 60201 
(Four blocks from the Norris Center) 
single $15-$30 
Double 18- 33 

In order to obtain the rates listed, participants 
should mention the American Mathematical So
ciety meeting when sending in their reservations. 

FOOD SERVICE 

The Norris Center has a large cafeteria on 
the ground floor. The cafeteria serves at all 
times between 7:30a.m. and 9:00p.m. Friday, 
and between 9:00 a.m. and 9:00p.m, Saturday. 

TRAVEL AND LOCAL INFORMATION 

The Continental Air Transport Company pro
vides bus service to Evanston, leaving Chicago's 
O'Hare Airport at thirty minutes after the hour, 
from 7:30a.m, until 8:30p.m, weekdays, The 
trip to Evanston's Orrington Hotel and Holiday Inn 
takes approximately one hour and ten minutes; 
one way fare is $3. 50, Since schedules are sub
ject to change, it would be best to check with 
your local travel agent, the hostesses at the 
Ground Transportation Centers in O'Hare Air
port, or call (312) 454-7800 to be sure this 
schedule is still in effect. Return bus service 

from Evanston to O'Hare is also available; how
ever, participants are advised to obtain a sched
ule for the trip back to the airport, since there 
is limited service on Saturday and Sunday. 

Amtrak offers direct service from many 
points to Union Station in Chicago. Two blocks 
north of Union Station is the Chicago and North
western Station, from which there is direct com
muter train service to Davis Street Station in 
Evanston. The Davis Street Station is two long 
blocks from each of the above hotels and is about 
six blocks from the Norris Center. 

For those coming by car the following three 
options afford easy access to the campus. (1) Fol
low illinois Route 42 (Sheridan Road), a gen
erally north-south route within a few blocks of 
Lake Michigan, which skirts the Northwestern 
campus on the west, The parking entrance to 
Northwestern at the south end of the campus (the 
point at which northbound traffic on Sheridan 
Road makes a sharp left turn) leads directly to 
the parking lot adjacent to the Norris Center. 
(2) Follow the Edens Expressway (Interstate 94) 
and leave it at the eastbound Skokie-Evanston 
exit, which leads into Dempster Street. Conti
nue east on Dempster Street (illinois Route 58) 
until it intersects Sheridan Road, Turn left on 
Sheridan Road and proceed as in (1). (3) Follow 
the Tri-State Tollway (Interstate 294) and leave 
it at the eastbound Dempster Street exit. Conti
nue east on Dempster Street, turn left on Sheri
dan Road, and proceed as in (1). 

PARKING 

The University Bureau of Parking has 
agreed not to ticket cars without parking stickers 
on Friday and Saturday. Those attending the 
meeting may, therefore, park in any of the uni
versity parking lots. The most convenient one 
is the large lot adjacent to the Norris Center. 

PROGRAM OF THE SESSIONS 

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. 

FRIDAY, 8:15 A, M, 

Session on Analysis, Room 2A, Norris Center 
8:15- 8:25 (1) Area theorems for nonanalytic univalent functions. Professor MAHIO 0. (;QNZA

8:30- 8:40 (2) 

8:45- 8:55 (3) 

9:00- 9:10 (4) 

9:15- 9:25 (5) 

9:30- 9:40 (6) 

LEZ, University of Alabama (745-B30) 

Zeros of polynomials, Professor EVELYN FRANK, University of illinois at Chi
cato Circle (745-C1) 

A generalization or(~ a. 2 /' "' ~ I a.l. H. VENCIL SKARDA' Brigham Young Uni-
versity (745-B6) 1 1 

Stability conditions for Banach-space-valued random variables. Profcssot· ARUNOD 
KUMAR, Northeastern Illinois University and Professor BERTRAM M. SCI!HEI
BER*, Wayne State University (745-F2) 

Operators with the Banach-Saks property. J, DIESTEL* and C. SEIFERT, Kent 
State University (745-B1) 

A new set of basic hypergeometric orthogonal polynomials. Preliminary report. 
Professor RICHARD ASKEY* and Mr. JAMES A. WILSON, University of Wiscon-
sin (745-B12) 

9:45- 9:55 (7) Some new orthogonal polynomials. Preliminary report. Mr. JAMES A. WILSON, 
University of Wisconsin (745-B13) 

-------
'For papers with more than one author an asterisk follows the name of the author who plans to 
Pr ' esent the paper at the meeting. 
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10:00-10:10 

10:15-10:25 

(8) Convolution structures for polynomials orthogonal with respect to the weight functton 
(1-x2)alx j2{j ~ 1, Prelim ina cy report. Mr. THOMAS P. LAINE, Northwestern Univer
sity (745-Bl7) 

(9) WITHDRAWN. 

FRIDAY, 8:30 A. M, 

Special Session on Entire Functions and Related Parts of Analysis I, Room 2G, Norris Center 
8:30- 8:50 (10) Another growth indicator for the study of value distribution, Preliminary report. 

Professor L. R. SONS, Northern niinois University (745-B25) 

9:00- 9:20 (11) A theorem on entire functions of infinite order. Professor JOSEPH MILES, Univer
sity of niinois (745-B18) 

9:30- 9:50 (12) An inequality involving the absolute value of an entire function and the counting func
tion of its zeros. Professor WOLFGANG H. J. FUCHS, Cornell University (745-B7) 

10:00-10:20 (13) Growth and Riesz mass of subharmonic functions of finite order. Preliminary report, 
Professor N, V. RAO, University of Toledo and Professor DANIEL F. SHEA*, Uni
versity of Wisconsin (745-B19) 

10:30-10:50 (14) Distribution of the zeros of Pade polynomials of an entire function, Professor 
ALBERT EDREI, Syracuse University (745-B23) 

FRIDAY, 8:45 A. M. 

Session on Algebra, Room 2!3, Norris Center 
8:45- 8:55 (15) Obstructions in associative algebra. Professor Y. C. WU, Oakland University 

9:00- 9:10 

9:15- 9:25 

9::!0- 9:40 

9:45- 9:55 

10:00-10:10 

(Hi) 

(17) 

(1H) 

(19) 

(20) 

(745-A19) (Introduced by Professor C, Cheng) 

On groups with specified lower central series quotients, Professor JERROLD W, 
GROSSMAN, Oakland University (745-A 12) 

13ounds for perturbations of eigenvalues of relative hermitian matrix problems, 
Dr, DAVID W. FOX, The Johns Hopkins University (745-A18) 

A class of surfaces introduced by 0, Zariski, Preliminary report. Mr, PIOTR 
BLASS, University of Michigan (745-A17) 

Generators for the group of rational solutions of y2 -' x(x- 1)(x- t2 - c), Prelimi
nary report, Mr. CHARLES F, SCHWARTZ, Rutgers University (745-A15) 

Commutati\·c rings all of whose finitely generated modules are direct sums of 
cyclics. Professor ROGER WIEGAND* and Professor SYLVIA WIEGAND, Univer-
sity of Nebraska (745-A4) 

10:15-10:25 (21) Modules injective with respect to primes, Preliminary report, Professor JON L, 
JOHNSON. The Citadel (745-A3) 

10:30-10:40 (22) A mathematical system with applications, Preliminary report, Mr. MICHAEL D. 
KONRAD. Ohio Cnivcrsity (745-A16) 

FRIDAY, 9:00 A, M, 

!?Qccial Sl'ssion on Tt·ansformation Groups and Singularities I, Room 2C, Norris Center 
9:00- 9:20 (23) Equivariant embeddings of finite abelian group actions. Preliminary report. 

Professor RICHARD ,J, ALLEN, St. Olaf College (745-G4) 

9:40-10:00 (24) !so-singular loci and the Cartesian product structure of complex analytic singulari
ties. Professor ROBERT EPHRAIM, Herbert H. Lehman College (745-B16) 

10:20-10:40 (25) On pencils of curves and surface singularities. Preliminary report, Dr. ULRICH 
KARRAS, Purdue University (745-829) (Introduced by Professor Henry B. Laufer) 

FRIDAY, 11:00 A. M, 

Invited Address, Auditorium, Norris Center 
(26) Whitehead groups of finite groups. Professor MICHAEL R. STEIN, Northwestern 

University (745-A8) 

FRIDAY, 1:45 P. M, 

Invited Address, Auditorium, Norris Center 
(27) Splines as linear combinations of B-splines. Professor CARL-WILHELM R. de 

BOOR, University of Wisconsin, Madison (745-B31) 

FRIDAY, 3:00P.M. 

Special Session on Entire Functions and Related Parts of Analysis II, Room 2G, Norris Center 
3:00- 3:20 (28) Derivatives of entire functions and a conjecture of Polya and Wiman, Profess'!_~""N•• 

SIMON HELLERSTEIN, University of Wisconsin and Professor JACK WILLJAlV""' 
University of Hawaii (745-B21) 
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3:30_ 3:50 (29) Approximation to meromorphic functions on the positive real axis. II. Professor 
s. M. SHAH, University of Kentucky (745-B24) 

4:00- 4:20 (30) Irreducibility of certain entire functions. Preliminary report. Dr. J. M. ANDER
SON, University College, London, England; Professor L.A. RUBEL*, University 
of illinois; Mr. W. A. SQUIRES and Professor B. A. TAYLOR, University of 
Michigan (745-B2) 

4:30- 4:50 (31) Carlson's theorem for harmonic functions in IRn. Professor N. V. RAO, University 
of Toledo (745-B22) (Introduced by Professor Simon Hellerstein) 

5:00- 5:20 (32) Uniqueness theorems for entire functions. Professor J. D. BUCKHOLTZ, Univer
sity of Kentucky (745-B20) 

FRIDAY, 3:00 P. M. 

§Eecial Session on Transformation Groups and Singularities II, Room 2C, Norris Center 
3:00- 3:20 (33) The behavior of the exceptional set under ambient deformations. Preliminary report. 

Professor HENRY B. LAUFER, Purdue University (745-B5) 

3:40- 4:00 (34) Complete intersections with T *-action. Dr. RICHARD RANDELL, Institute for 
Advanced Study (745-83) 

4:20- 4:30 (35) On strongly elliptic singularities. Professor STEPHEN S.-T. YAU, Institute for 
Advanced Study (745-B32) 

FRIDAY, 3:00 P. M. 

Special Session on Graphic Techniques in Geometry and Topology l, Auditorium, Norris Center 
3:00- 3:20 (36) An illustration for Robert Wells' cobordism of immersions: 8 times Boy's surface 

(JP2a: JR3) is null-cobordant. Professor A V. PHILLIPS, State University of New 
York at Stony Brook (745-D7) 

3:30- 3:50 (37) Visualizing relativistic gravitation. Preliminary report. Dr. TIM POSTON, 
Battelle Advanced Studies Center, Geneva, Switzerland (745-D8) (Introduced by 
Professor George K. Francis) 

4:00- 4:20 (38) Road maps for Riemann surfaces and the Jacobian variety of the Klein-Hurwitz 
surface. Preliminary report. Professor MARVIN TRETKOFF, Stevens Institute of 
Technology (745-A14) 

4:30- 4:50 (39) From Riemann surfaces to catastrophe machines. Preliminary report. Professor 
GEORGE K. FRANCIS, University of illinois (745-D6) 

5:00- 5:20 (40) Informal session chaired by Louis H. Kauffman 

FRIDAY, 3:00 P. M. 

Special Session on Random Variables with Values in a Normed Linear Space I. Hoom 2A, Norris 
"C'enfer 

3:00- 3:20 (41) A characterization of the Kolmogorov difference property and its relationship to 

3:30- 3:50 (42) 

4:00- 4:20 (43) 

4:30- 4:50 (44) 

5:00- 5:20 (45) 

fhc central limiting behavior of square-integrable stochastic processes. Dr. MAR
JORIE G. HAHN, University of California, Berkeley (745-F8) 

Conditional independence. ANATOLE BECK, University of Wisconsin (745-F5) 

Domains of attraction of stable measures on Banach spaces. Preliminary report. 
Professor WOJBOR A. WOYCZYNSKI, Northwestern University and Wroclaw Uni
versity, Poland (745-F7) 

Convexity, smoothness and martingale inequalities. Dr. D.J.H. GARLING, Ohio 
State University (745-B9) (Introduced by Dr. M. B. Marcus) 

A random fixed point theorem for nonexpansivc mappings with stochastic domain. 
HEINZ W. ENGL, Kepler-Universitaet, Linz, Austria and Georgia Institute of 
Technology (745-F1) 

FRIDAY, 3:00 P. M. 
Sessi ""3:0 on on Geometry and Topology, Room 2B, Norris Center 

• 0- 3:10 (46) A characterization of inversive groups of spheres. JOEL C. GIBBONS*, illinois 
Institute of Technology and CARY WEBB, Chicago State University (745-D1) 

3=15- 3:25 (47) The inversive group of Sn. Professor CARY WEBB*, Chicago State University and 
Professor JOEL GIBBONS, illinois Institute of Technology (745-D10) 

3:30- 3:40 (48) An alternate method of finding certain link groups. Mr. STEVE DIBNER, Washing
ton University (745-G1) 

3=45- 3:55 (49) Restricting Lie group actions to lattice subgroups. Professor ROBERT J. ZIMMER, 
U. S. Naval Academy (745-G6) 
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FRIDAY, 8:00 P. M. 

Friday Night at the Movies, Auditorium, Norris Center 
Public showing of films presented at the Special Session on Graphic Techniques bl 
Geometry and Topology 

SATURDAY, 8:30 A. M. 

Special Session on Inequalities I, Room 2G, Norris Center 
8:30- 8:50 (50) Enflo's theorem on norms of products of polynomials in many variables. Prelimi

nary report. Professor HUGH L. MONTGOMERY, University of Michigan (745-B2S) 

9:00- 9:20 (51) The Jensen-Steffensen inequality. Professor R. P. BOAS, Northwestern University 
(745-B8) 

9:30- 9:50 (52) A new class of variational problems. Professor HARRY POLLARD, Purdue Univer
sity (745-B26) 

10:00-10:20 (53) Variation of a maximal function. Professor G. F. D. DUFF, University of Toronto 
(745-D2) 

10:30-10:50 (54) On Landau's problem on bounds for derivatives. Professor I. J. SCHOENBERG, 
University of Wisconsin (745-B33) 

SATURDAY, 8:30 A. M. 

Special Session on Random Variables with Values in a Normed Linear Space II, Room 2B, Norris 
Center 

8:30- 8:50 (55) Vector-valued amarts. Professor G. A. EDGAR, Ohio State University (745-B4) 

9:00- 9:20 (56) The central limit theorem in .£Y(p > 2) and the log log law in Hilbert space. Pro
fessor G. PISIER, Ecole Polytechnique, France and University of Massachusetts, 
and Professor J. ZINN*, University of Massachusetts (745-F9) (Introduced by 
Professor Richard Ellis) 

9:30- 9:50 (57) Some exponential moments with applications to density estimation and the empirical 
distribution function. Professor J. D. KUELBS, University of Wisconsin (745-F6) 

10:00-10:20 (58) Asymptotic behavior of certain exit probabilities for vector-valued symmetric ran
dom walk and Brownian motion. VICTOR GOODMAN, Indiana University (745-F4) 

10:30-10:50 (59) Problem session 

SATURDAY, 9:00 A. M. 

Special Session on Commutative Algebra I, Room 2A, Norris Center 
9:00- 9:20 (60) The Syzygy problem. Professor E. GRAHAM EVANS, Jr.* and Professor PHILIP 

A. GRIFFITH, University of Illinois, Urbana (745-AlO) 

9:30- 9:50 (61) Invariants of inertial K-automorphisms of K(X, Y] and K[(X, Yl]. Preliminary report. 
Professor DAVID L. SHANNON, University of Kentucky (745-A5) 

10:00-10:20 (G2) Ideal transforms of Noetherian integral domains. Preliminary report. PAUL EAKIN, 
DAVID SHANNON, University of Kentucky and WILLIAM HEINZER*, Purdue Uni
versity (745-All) 

10:30-10:50 (63) Higher properties of R-sequences. Professor EBEN MA TLIS, Northwestern Univer
sity (745-A13) (Introduced by Professor Judith D. Sally) 

SATURDAY, 9:00 A. M. 

Special Session on Transformation Groups and Singularities III, Room 2C, Norris Center 
9:00- 9:20 (64) Signature of branched fibrations. Preliminary report, Professor LOUIS H. KAUFF

MAN, University of Michigan (745-G14) 

9:40-10:00 (65) Proper equivariant maps between representations of Lie groups. Preliminary re
port. Professor TED PETRIE, Rutgers University (745-G9) (Introduced by Profes
sor Peter Orlik) 

10:20-10:40 (66) Weighted homogeneous surfaces. Preliminary report. Professor WALTER D. 
NEUMANN, University of Maryland (745-B15) 

SATURDAY, 9:00 A. M. 

Special Session on Graphic Techniques in Geometry and Topology II, Auditorium, Norris Center 
9:00- 9:20 (67) Sketching umbilics. Preliminary report. JAMES CALLAHAN, Smith College 

(745-D3) 

9:30- 9:50 (68) Turning a sphere inside out with computer graphics. Dr. NELSON L. MAX, Case 
Western Reserve University (745-D5) 

10:00-10:20 (69) A reinvestigation of the centro-surface of the ellipsoid. Professor THOMAS F. 
BANCHOFF* and Dr. CHARLES M. STRAUSS, Brown University (745-09) 

158 



10:30_10:50 (70) Electro-optical exploration of forced Na vier-Stol~es bifurcations. RALPH H. 
ABRAHAM, University of California, santa Cruz (745-C2){lntroduced by Professor 
G. K. Francis) 

SATURDAY, 9:00 A. M . 

. 1 Session on Homotopy Theory I, Room 2E, Norris Center 
~:- 9:20 (71) On the structure of Thorn spaces. Preliminary report, Professor MICHAEL BAR-
9· RATT, Northwestern University and Professor CHRISTOPHER HANKS*, Millikin 

University (745-G7) 

9:30_ 9:50 (72) New infinite families in the stable 2-stem of the homotopy of spheres. Professor 
MARK MAHOWALD, Northwestern University (745-Gll) 

10:00-10:20 (73) Incompressible maps. Dr. JAY E. GOLDFEATIIER, University of Wisconsin
Milwaukee (745-G8) 

l0:30-10:50 (74) The transfer and characteristic classes. Preliminary report. Professor MARK 
FESHBACH, Northwestern University (745-G5) 

SATURDAY, 11:00 A. M. 

Invited Address, Auditorium, Norris Center 
(75) Harmonic measure and estimates of Green's function. Professor RICHARD A. 

HUNT, Purdue University (745-B36) 

SATURDAY, 1:45 P. M. 

Invited Address, Auditorium, Norris Center 
(76) Characters tell all. Professor ARUNAS LIULE\'ICIUS, University of Chtcago 

(745-G13) 

SATURDAY, 3:00 P. M. 

Special Session on Commutative Algebra II, Room 2A, Norris Center 
3:00- 3:20 (77) Canonical elements in local cohomology modules. Preliminary report. Professor 

MELVIN HOCHSTER, University of Michigan (745-AG) 

3:30- 3:50 (78) Prime divisors and saturated chains. Professor E. D. DAVIS*, State University 
of New York at Albany and ProfessorS. McADAM, University of Texas (745-A2) 

4:00- 4:20 (79) On cancellation. Preliminary report. Dr. ELOISE A. HAMANN, North Central 
College (745-A9) 

4:30- 4:50 (80) Cancellation of certain variables, Preliminary report. DAVID WRIGHT, Washing
ton University (745-A 7) 

5:00- 5:20 (81) Generating modules extravagantly, Preliminary report. Professor W. V. VAS
CONCELOS, Rutgers University (745-A1) 

SATURDAY, 3:00 P. M. 

~cia! Session on Inequalities II, Room 2G, Norris Center 
3:00- 3:20 (82) Weighted norm inequalities relating the Hilbert transform to the Hardy- Littlewood 

3:30- 3:50 (83) 

4:00- 4:20 (84) 

4:30- 4:50 (85) 

5:00- 5:20 (86) 

maximal function, Professor BENJAMIN MUCKENHOUPT, Rutgers University 
(745-B10) 

Szegi:J's theorem on SU(3). Preliminary report. Professor I. I. HIRSCHMAN, Jr.*, 
Washington University and Dr. DAVIDS, LIANG, Chicago, Illinois (745-B27) 

On stopping times for n dimensional Brownian motion, Dr. BURGESS DAVIS, 
Purdue University (745-F3) 

Bandlimited functions bounded below over an interval. Dr. B. F. LOGAN, Jr., 
Bell Laboratories, Murray Hill, New Jersey (745-B35)(lntroduced by Professor 
Richard A. Askey) 

A restriction theorem for the Fourier transform. PETER A. TOMAS, University 
of Chicago (745-B14) (Introduced by Professor Richard A. Askey) 

5=30- 5:50 (87) Convolution inequalities and Fourier analysis. Professor WILLIAM BECKNER, 
University of Chicago (745-B34) 

SATURDAY, 3:00 P. M, 

3~~~al Session on Transformation Grou s and Sin larities IV, Room 2C, Norris Center 
· - 3:20 (88) Automorphism groups of forms, Professor LOUIS SOLOMON*, and Professor 

PETER ORLIK, University of Wisconsin (745-G15) 
3

=
40- 5:00 (89) Informal problem session 
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SATURDAY 3:00 P. M. 

Special Session on Graphic Techniques in Geometry and Topology III, Auditorium, Norris Cente 
3:00- 3:20 (90) An inexpensive technique for displaying algebraically defined surfaces. Profe: 

ALYN P. ROCKWOOD* and Professor ROBERT P. BURTON, Brigham Young lOr 
versity (745-D4) (Introduced by Professor George K. Francis) Unl.-

3:30- 3:50 (91) Informal session 

4:00- 4:20 (92) Mathematics with and without words. Professor RAY REDHEFFER, University of 
California, Los Angeles (745-H1) 

4:30- 4:50 (93) Informal session chaired by Tim Poston 

5:00- 5:20 (94) Informal session chaired by Nelson Lee Max 

SATURDAY, 3:00 P. M. 

Special Session on HomotopY Theory II, Room 2E, Norris Center 
3:00- 3:20 (95) Some new elements in the stable homotopy of BO. Professor VICTOR P. SNAI'l'll 

Univcrs ity of Western Ontario (745-G2) 

3:30- 3:50 (9fi) {j-represcntablc homotopy functors. Professor JERROLD SIEGEL, University of 
Missouri-St. Louis (745-G10) 

4:00- 4:20 (97) The Hopf ring. Professor HOWARD OSBORN, University of lllinois (745-G3) 

4:30- 4:50 (98) A bordism spectral sequence. Preliminary report. Professor LAURENCE R. 
TAYLOR, University of Notre Dame (745-G12) 

Urbana, illinois 

I'RESENTORS OF PAPEHS 

Paul T. Bateman 
Associate Secrelary 

Following each name is the numbet· corresponding to the speaker's position on the program 

• Im·itcd one-hour lecturet·s 

'Abraham, H. II. "70 
• Allen, H. ,J. "2:l 
Askey, H. •fi 

'Banchoff, T. F. "fi!J 
*Beck, A. lt42 
*Becknet·, \\'. "K7 
Blass, 1'. •1lK 

*Boas, H. 1'. "51 
*Buckholtz, .J.D. ":l:.! 
'Callahan, .J. "fi7 
*Davis, B. uH.t 
*Davis, E. D. ti7H 
ede Boo1·, C.\\'. B. '1 :!.7 

Dibnet·, S. ••.tH 
Diestl'l, .J. 115 

*Duff, G. F. D. ";;:! 
*Edgar, G. A. u;,;, 
*Edrl'i, A. #H 
* Engl, H.\\'. "~;; 
*Ephraim, H. ":.! l 
*Evans,.Jr., E.G. "fill 
• Feshbach, M. "71 

Fox, D.\\'. 1117 
*Francis, G.K. ":m 

Frank, E. ~2 

*Fuchs, \\'. H .• J. •1:.! 
*Garling, D.J. H. "l.t 

Gibbons, .J. C. •IG 
*Goldfeather, ,J. E. "7:l 
Gonzalez, M. 0. "1 

*Goodman, V. 1158 

Grossman, J. W. ~16 

·Hahn, M.G. •H 
'Hamann, E. A. "7!l 
'Hanks, C. "71 
'Heinzer, \\'. >r62 
·Jiirsehman,Jr., !.I. •s:l 
'llochster, M. rr77 
ellunt, R. A. ~t7G 

.Johnson, J.L. >r2l 
'Karras, U. •25 
·Kauffman, L. H. "'64 
Konrad, M.D. #22 

'Kuclbs, J.D. •;;7 
Laine, T. P. 11 H 

*Laufer, H.B. ":l:l 
eLiule\·icius, A. "76 
*Logan, Jr., B. F. •HG 
*Mahowald, M. "72 
* Matlis, E. lf6:l 
*Max, N. L. F68 
'Miles, J. 1!11 
'Montgomery, H. L. H50 
'Muckenhoupt, B. "H2 
*Neumann, W. D. •6G 
·osborn, H. #97 
*Petrie, T. #65 
*Phillips, A. V. 11:!6 
*Pollard, H. #52 
*Poston, T. "37 
*Randell, R. ":l.t 
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' Special session speakers 

*Rao, N. V. #31 
*Redheffer, R. #92 
*Rockwood, A. P. #90 
'Rubel, L.A. #30 
'Schoenberg, I.J. #54 
Schreiber, B. M. #4 
Schwartz, C. F. #19 

*b'hah, S.M. #29 
*Shannon, D. L. i=61 
*Shea, D. F. #13 
*Siegel, J. #96 
Skarda, R. V. #3 

*Snaith, V. P. #95 
*Solomon, L. #88 
*Sons, L. R. #10 
eStein, M. R. #26 
*Taylor, L. R. #98 
*Tomas, P. A. #86 
*Tretkoff, M. #38 
*Vasconcelos, W. V. #81 

Webb,· C. #47 
Wiegand, R. #20 

*Williamson, J. #28 
Wilson, J. A. #7 

*Woyczynski, w. A. #43 
*Wright, D. #80 
Wu, Y. C. #15 

•Yau, S.S.-T. #35 
Zimmer, R.J. #49 

• Zinn, ,J. #56 



746TH 
MEETING 

California State University 
Hayward, California 
April 22-23, 7 977 

The seven hundred forty-sixth meeting of 
the American Mathematical Society will be held 
at California State University, Hayward, on 
Saturday, April 23, 1977. A spectal sesswn on 
Algebraic and geometric topology will also be 
scheduled on Friday afternoon, April 22. This 
meeting will be held in conjunction with a meet
ing of the Northern California Section of the So
ciety for Industrial and Applied Mathematics. 

By invitation of the Committee to Select 
Hour Speakers for Far Western Sectional Meet
ings, there will be two invited hour addresses. 
PAUL c. FIFE of the University of Arizona will 
lecture on Saturday at 9:45a.m. The title of his 
talk is "The equations of reaction and diffusion." 
MICHAEL J. SHARPE of the University of Cali
fornia at San Diego will lecture on "Some appli
cations of Markov additive functionals" at 8:30 
a.m. Both lectures will be given in Room 2032 
of Meiklejohn Hall. 

There will be sessions for contributed ten
minute papers on Saturday. Late papers will be 
accepted for presentation at the meeting, but will 
not be listed in the printed program of the meet
ing. 

SPECIAL SESSIONS 

There will be six special sessions, the last 
four of which arc jointly sponsored by the AMS 
and SIAM. RUSSELL L. MERRIS of California 
State University, Hayward, has organized a spe
cial session on Combinatorial matrix theory. 
The speakers include Allan B Cruse John de 
Pillis, Moshe Goldberg, Rob~rt Gron~, Derrick 
H. Lehmer, Marvin Marcus, Russell L. Merris, 
Morris Newman, Herbert ,J. Ryser, Olg1l Taus sky 
Todd, Robert C. Thompson and Eric P Ver
heiden. LOUISE E. MOSER,and RICHARD GOOD
RICK of California State University, Hayward, 
have organized a special session on Algebraic 
~d geometric topology which will take place on F 'da - -' rt Y afternoon. The speakers include 
~ic~el H. Freedman, Davids. Gillman, Robion 
1• trby, Joseph M. Martin, Edward J. May
~:~·.Jr., Paul M. Melvin, Kenneth C. Millet, 
J tm C. Scharlemann, John R. Stallings, and 
~mes M. Van Buskirk. GORDON BRADLEY of 

e Naval Postgraduate School Monterey has orga · ' ' ntzed a special session on Large scale 
~thematical programming; the speakers will be coC: W. Graves and Janusz S. Kowalik. CRAIG 
.MontSTOCK of the Naval Postgraduate School, 
Nu er.ey, has organized a special session on 
ur!{f~rtcal methods in meteorology. The sched
" peakers are Frank D Faulkner Robert W "•acco • ' · Rosm r:ack, Joseph E. Oliger, Thomas E. 
RUss~n • and R. Terry Williams. rnA BERT 
terey ~of the N~val Postgraduate School, Mon-

' s orgamzed a special session on 
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Optimization. This session will include a forty
minute lecture by Magnus R. Hestenes and 
twenty-minute talks by Hubert Balkin, G. Leit
mann, R. Tyrrell Rockafellar, Junior Stein, 
Ian G. Walton, and Salah M. Yousif. SUSANN J. 
N. SHAW of San Francisco State University has 
organized a special session on Mathematical 
methods in biology. This session will include 
two one-hour talks; these will be given by Hans 
J. Bremermann and Joseph B. Keller. There 
will also be three twenty-minute talks by Her
bert D. Landahl, Richard E. Plant, and David 
A. sanchez. 

REGISTRATION 

The registration area will be in the main 
entrance to Meiklejohn Hall (north side of build
ing), and will be open on Saturday from 8:00 
a.m. to noon and from 1:00 p.m. to 3:00p.m. 

ACCOMMODATIONS 

The following arc among the many hotels 
and motels in Hayward and Oakland. Reserva
tions should be made directly with the hotel or 
motel. 

PLAZA INTERNATIONAL INN OF HAYWARD 
(415) 785-0260 
410 West A Street, 
Single 
Double or Twin 

Hayward 94541 
$16.90 up 

19.90 up 

TRAVEL LODGE (415) 538-4380 
21598 Foothill Boulevard, Hayward 94541 
Single $14 up 
Double It, up 
Twin 18 up 

VAGABOND MOTOR HOTEL (415) 785-5480 
20455 Hespcrian Boulevard, Hayward 94541 
Single $19 up 
Double 21 up 
Twin 23 up 

HOLIDAY INN OF OAKLAND (415) 562-5311 
500 Hegcnbcrger Road, Oakland 94621 
Single $23 up 
Double 27 up 

OAKLAND HYATT HOUSE HOTEL 
(415) 562-6100 
455 Hegenberger Road, 
Single 
Double 

Oakland 94621 
$21 up 

27 up 

FOOD SERVICE 

Noon meals are a va ila ble in Carlos Bee 
Residence Hall, which is within walking distance 
just off campus. On Friday lunch is served from 
11:15 a.m. to 1:00 p.m. and costs $2.10. On 
Saturday brunch is served from 11:00 a.m. to 



noon and costs $1. 70. A selected list of restau
rants in the Hayward area will be available at 
the registration desk, 

TRAVEL 

Persons driving to the meeting should use 
the Nimitz Freeway (Route 17) and take the 
Jackson Street exit east (in Hayward, not Oak
land!), At the first traffic light turn right onto 
Santa Clara Street. Santa Clara bends to the 
left, becoming Harder Road. Harder Road goes 
up the hill to the university. Near the top it 
curves to the left. Take the first left turn after 
the curve. You will see the road go under a 
multistory building, but you should park in the 
first parking lot to the left before you go under 
the building. This is Parking Lot B; special 
arrangements have been made so that you may 
park there without a permit on Friday from 
11:00 a.m. One can park anywhere on Saturday 
(except for blue, yellow and red zones), As you 
come out of Parking Lot B, Meiklejohn Hall is 
the red brick building across the street and to 
the right. 

Hayward is served by tll'o commerical air
ports; San Francisco Airport and Oakland Air
port. The best way to get to Hayward from thest' 
airports is by car. Moreover, once in Hayward, 

it is very difficult to travel between motels 
restaurants, and the university without a~ 

San Francisco Airport is sruth of San r, 
Francisco and on the opposite side of San Fran 
cisco Bay from Hayward, This airport is se~ 
by all major airlines, To drive from the airport 
to Hayward, drive south on the Bayshore Fre 
way (Route 101) to the exit for Route 92 (Hay-e
ward-San Mateo Bridge). Take Route 92 east 
across the bridge into Hayward, The freeway 
ends and becomes Jackson Street. Then follow 
the directions above for those driving to Hayward 
on the Nimitz Freeway (Route 17). 

The Oakland Airport is served by Air Cali
fornia, Airwest, American, Delta, Eureka 
Aero, PSA, TWA, United and Western Airlines 
To drive to Hayward from Oakland Airport, go ' 
east on Hegenberger Road from the airport, 
Take the Nimitz Freeway (Route 17) south to the 
Jackson Street exit east and follow the directi0118 
above for those driving to Hayward on the Nimitz 
Freeway. 

Public bus lines and BART can be used to 
reach Hayward from these airports, though 
BART does not yet run on Saturday, Greyhound 
Bus Lines serves Hayward; the station is in 
downtown Hayward across from the BART sta
tion. 

PROGHAM OF THE SESSIONS 

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. 

FHIDAY, 1:30 P. M. 

Special Session on Algebraic and Geometric Topology I, Room 2032, Meiklejohn Hall 
1:30- 1:50 (1) Fibred Links. Professor JOHN R. STALLINGS, University of California, Berkeley 

(74(i-1Jl) 

2:00- 2:20 (2) Examples of non-fibred knots with Tic knot group. Preliminary report. Professor 
E. J. MAYLAND, Jr., Hice University (746-G4) 

2:30- 2:50 (3) Surgery on solid tori. Preliminary report. Professor JOSEPH MARTIN, University 
of Wyoming (74(;-G10) 

3:00- 3:20 (4) Approximating CAT CE maps. Preliminary report. MARTIN SCHARLEMANN, 
University of California, Santa Barbara (746-GS) 

3:30- 3:50 (5) Embcddings of Dn in Dm XSn. KENNETH C. MILLET, University of California, 
Santa Barbara (741i-GG) 

SATUHDAY. 8:30 A. M. 

Invited Address, Hoom 2032, Meiklejohn Hall 
(H) Some applications of l\larkov additive functionals. Professor MICHAEL J. SHARPE, 

University of California, San Diego (746-F1) 

SATUHDAY, 9:45 A. M. 

Invited Address, Room 20:32, Meiklejohn Hall 
(7) The equations of reaction and diffusion. Professor PAUL C. FIFE, University of 

Arizona (746-BlO) 

SATUHDAY, 10:55A. M. 

Special Session on Combinatorial Matrix Theory I, Room 3111, Meiklejohn Hall 
10:55-11:15 (8) Some analogues of the assignment polytope, Preliminary report. Dr. ALLAN B. 

CRUSE, University of San Francisco (746-A17) 

11:20-11:40 (9) Permanent problems concerning combinatorial matrices, Professor D. H. LEHI'tfEll. 
University of California, Berkeley (746-A16) 

11:45-12:05 (10) Integral group matrices, Professor OLGA TAUSSKY TODD, California Institute of 
Technology (746-A15) 

*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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!2:10-12:30 (11) Completions of integral matrices. Preliminary report. Mr. ERIC VERHEIDEN, 
California Institute of Technology (746-A2) 

SATURDAY, 11:00 A. M • 

. 1 Session on Optimization I, Room 2032, Meiklejohn Hall 
~:-11:40 (12) A role for augmentability in optimization theory. Preliminary report. Professor 
11. MAGNUS HESTENES, University of California, Los Angeles (746-B8) 

SATURDAY, 11:00 A. M. 

ecial session on Mathematical Methods in Biology I, Room 2078, Meiklejohn Hall 
~0-12:00 (13) Algorithms and optimization in biology. Survey. Professor HANS J. BREMER-

• MANN, University of California, Berkeley (746-C9) 

SATURDAY, 11:15 A. M. 

Joint Session with SIAM on Analysis, Room 2038, Meiklejohn Hall 
Tf:i5-11:25 (14) A unified treatment of some means of classical analysis. Preliminary report. J. L. 

BRENNER, Palo Alto, California (746-Bl) 

11:30-11:40 (15) An analogue of the Hausdorff-Young theorem for integral operators. Professor 
JAMES A. COCHRAN*, Washington State University and Professor CHARLES 
OEHRING, Virginia Polytechnic Institute and State University (746- B7) 

11:45-11:55 (16) Global optimization using interval analysis. Preliminary report. Dr. ELDON HAN
SEN, Lockheed Palo Alto Research Laboratory, Palo Alto, California (746-B5) 
(Introduced by Peter A. Szego) 

12:00-12:10 (17) Campylotropic coordinates, Dr, C. M. ABLOW* and Dr. S. SCHECHTER, Stanford 
Research Institute, Menlo Park, California (746-C3) 

SATURDAY, 1:45 P. M. 

Session on Algebra and Topology, Room 2008, Meiklejohn Hall 
1:45- 1:55 (18) A codimension-two version of Novikov's theorem on foliations without limit cycles. 

2:00- 2:10 (19) 

2:15- 2:25 (20) 

2:30- 2:40 (21) 

2:45- 2:55 (22) 

3:00- 3:10 (23) 

3:15- 3:25 (24) 

3:30- 3:40 (25) 

KENNETH M, deCESARE, DeAnza College (746-G3) 

A property related to ordered group algebras. Preliminary report. Professor 
RALPH DEMARR, University of New Mexico (746-B6) 

Linear operators preserving the decomposable numerical range. Professor MARVIN 
MARCUS and Mr. IVAN FILIPPENKO*, University of California, Santa Barbara 
(746-A8) 

Bounds on the number of Hamiltonian circuits in then-cube. Professor HOBEHT J, 
DOUGLAS, San Francisco State University (746-A18) 

Pure diagrams of Abelian groups. Preliminary report. Professor JAMES A. ANDEH
SON, Northern Arizona University and Professor TOM HEAD*, University of Alaska 
(746-A14) 

Linear relations with small support for group representations. Professor 
CHRISTOPHER L, MORGAN, California State University, Hayward (746-A12) 

On a rotation of Pascal's triangle giving the number of terms in a multinomial 
expansion. Preliminary report. Professor S. VERMA, University of Nevada 
(746-A13) (Introduced by Professor L. J. Simonoff) 

The probability that k polynomials are relatively r-primc. Preliminary report, 
Dr. STANLEY J. BENKOSKI, Tetra Tech Inc., ARPA Research Center, Moffett 
Field, California (746-A4) 

SATURDAY, 2:00 P. M. 

2~~0ial Session on Lar e Scale Mathematical Pro rammin , Room 3075, Meiklejohn Hall 
· - 2:30 (26) Use of simple algebraic structures for implementing algorithms in large seale 

mathematical programming. Preliminary report. Professor GERALD G. BHOWN, 
Naval Postgraduate School and Professor GLENN W. GRAVES*, University of 
California, Los Angeles (746-C12) (Introduced by Ira 13crt Russak) 

2:40- 3:10 (27) Hydroelectric power system optimization is a large scale mathematical programming 
problem, JANUSZ S. KOWALIK, Washington State University (746-C8) (Introduced 
by Ira Bert Russak) 

SATURDAY, 2:00 P. M. 
S e . 1 
2:~~~ Session on Numerical Methods in Meteorolo , Room 3079, Meiklejohn Hall 

2:20 (28) Statistical corrections to improve weather prediction. Professor FHA NK D. 
FAULKNER* and Professor CRAIG COMSTOCK, Naval Postgraduate School, 
Monterey, California (7 46-ClO) 
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2:30- 2:50 (29) Variable scale finite element models. Preliminary report. Professor R. T. wn... 
LIAMS* and Lieutenant R. G. KELLEY, Jr., Naval Postgraduate School, Monterey 
California· (746-Cll) (Introduced by Professor Craig Comstock) • 

3:00- 3:20 (30) Global atmospheric modeling with spherical harmonics. THOMAS E. ROSMOND 
Naval Environmental Prediction Research Facility, Monterey, California (746-Cl3) 
(Introduced by Professor Craig Comstock) 

3:30- 3:50 (31) An efficient numerical method for solving the Navier-Stokes equation. Dr. ROBERT 
MacCORMACK, Ames Research Center, Moffett Field, California 

SATURDAY, 2:00 P. M. 

Special Session on Algebraic and Geometric Topology II, Room 2038, Meiklejohn Hall 
2:00- 2:20 (32) An exotic involution on s4. Professor SELMAN AKBULUT, University of WiscODstn 

and Professor ROBION KIRBY*, University of California, Berkeley (746-G5) 

2:30- 2:50 (33) On localizing Dehn•s lemma. Preliminary report. Professor DAVID GILLMAN, Uni
versity of California, Los Angeles (746-Gl) 

3:00- 3:20 (34) Kawauchi'sconjectureforstrongly amphicheiral knots. Professor JAMES M. VAN 
BUSKIRK, University of Oregon (746-G9) 

3:30- 3:50 (35) Slice knots and property R. ROBION KIRBY and PAUL MELVIN*, University of 
California, Berkeley (746-G2) 

4:00- 4:20 (36) Multiple points of an immersion. Preliminary report. Professor MICHAEL H. 
FREEDMAN, University of California, San Diego (746-G7) 

SATURDAY, 2:00 P. M. 

Special Session on Combinatorial Matrix Theory II, Room 3111, Meiklejohn Hall 
2:00- 2:20 (37) Positive definite matrices and Catalan numbers. Dr. MORRIS NEWMAN, University 

2:25- 2:45 (38) 

2:50- 3:10 (39) 

3:15- 3:35 (40) 

3:50- 4:10 (41) 

4:15- 4:35 (42) 

4:40- 5:00 (43) 

of California, Santa Barbara (746-A10) 

Indeterminates and incidence matrices. Preliminary report. Dr. H. J. RYSER, 
California Institute of Technology (746-A9) 

Similarity invariants for principal submatrices. Professor R. C. THOMPSON, 
University of California, Santa Barbara (74G-A7) 

An inequality on ranks in sums of decomposable tensors. Professor JOHN de PILLI!, 
University of California, Santa Cruz (746-All) 

Decomposable tensors as a quadratic variety. Dr. ROBERT GRONE, Institute for 
Algebra and Combinatorics, University of California, Santa Barbara (746-A5) 
(Introduced by Dr. M. Marcus) 

Some inclusion relations for c-numerical ranges. Professor MOSHE GOLDBERG, 
University of California, Los Angeles (746-A6) 

Some convexity properties of the higher numerical range. Professor MARVIN . 
MARCUS*, University of California, Santa Barbara, Professor B. N. MOYLS, UDI-
versity of British Columbia, and Mr. I. FILIPPENKO, University of California, 
Santa Barbara (746-A3) 

5:05- 5:25 (44) Generalized matrix functions. Dr. RUSSELL MERRIS, California State llnivcrsity, 
Hayward (746-A1) 

SATURDAY, 2:00 P. M. 

Special Session on Optimization II, Room 2090, Meiklejohn Hall 
2:00- 2:20 (45) Set-valued differentials and optimization theory. Professor HUBERT HALKIN, 

University of California, San Diego (746-B3) 

2:30- 2:50 (46) Avoidance control. Professor GEORGE LEITMANN, University of California, 
Berkeley (746-Cl) (Introduced by Ira Bert Russak) 

3:00- 3:20 (47) 

3:30- 3:50 (48) 

4:00- 4:20 (49) 

A generic characterization of optimality in nonconvex programming. Preliminsl"Y 
report. Professor R. TYRRELL ROCKAFELLAR, University of Washington 
(746-C4) (Introduced by Ira Bert Russak) 

A generalized saddle point characterization for solutions of singular problems inN 
differential equations. Preliminary report. Dr. E. M. LANDESMAN and Mr. lA 
WALTON*, University of California, Santa Cruz (746-B4) 

Optimal control in Hilbert space. Preliminary report. Dr. SALAH M. YOUSIF, 
California State University, Sacramento (746-B9) (Introduced by Ira Bert Russak) 

4:30- 4:50 (50) Conjugate gradient algorithms in non-Hilbertizable Banach spaces. Professor 
JUNION STEIN, University of Toledo (746-B2) 
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SATURDAY, 2:00 P. M • 

. 1 Session on Mathematical Methods in Biolo II Room 2078, Meiklejohn Hall 
~~~~ 3:00 (51) Population genetics and diffusion equations. Professor JOSEPH B. KELLER, Stan-

2. ford University (746-C5) 

3:10_ 3:30 (52) Simulation of transient and steady state transport in the kidney. Professor HER
BERT D. LANDAHL, University of California, San Francisco (746-C6) (Introduced 
by Professor Susann Shaw) 

3:40_ 4:00 (53) Latka's demographic equation-some asymptotic results and a new numerical ap
proach. Professor WALTER T. KYNER, University of New Mexico and Professor 
DAVID A. SANCHEZ*, University of California, Los Angeles (746-C2) 

4:10- 4:30 (54) Constrained differential equations for the crustacean cardiac pacemaker. Profes
sor RICHARD E. PLANT, University of California, Davis (746-C7) (Introduced by 
Professor Susann Shaw) 

Eugene, Oregon 

PRESENTORS OF PAPERS 

Kenneth A. Ross 
Associate Secretary 

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

• Invited one-hour lecturers 

Ablow, C. M. #17 
'Benkoski, S. J. 1125 
•Bremermann, H. J. #13 
Brenner, J. L. "14 
Cochran, J. A. #15 

•cruse, A. B. ~~ 
'deCesare, K. i\1. ~18 
'DeMarr, Ralph ~19 
'de Pill is, J. "40 
'Douglas, R. J. ":!1 
• Faulkner, F. D. ;;28 
eFife, P .. C. #7 
'Filippenko, I. "20 
'Freedman, l\1. H. ~36 
'Gillman, D. "33 
"Goldberg, M. •42 
'Graves, G. W. "2G 
'Grone, R. r-41 

*Halkin, H. 11'45 
Hansen, E. #16 

*Head, T. #22 
*Hestenes, M. #U 
*Keller, J. B. #51 
*Kirby, R. !f32 
*Kowalik, J. S. ;r27 
*Landahl, H. D. "52 
*Lehmer, D. H. 1'9 
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PRELIMINARY ANNOUNCEMENTS OF MEETINGS 

81sr 
SUMMER 
MEETING 

University of Washington 
Seattle, Washington 
August 74-18, 7977 

The eighty-first summer meeting of the 
American Mathematical Society will be held at the 
University of Washington, Seattle, Washington, 
from Sunday, August 14, through Thursday, Au
gust 18. 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 HER
BERT FEDERER of Brown University in Meany 
Hall. The title of the series is "Geometric mea
sure theory". The first lecture will be given at 
1:00 p.m. on Monday; the second lecture will be 
given at 11:00 a.m. on Tuesday; the third and 
fourth lectures will be given at 1:00 p.m. on 
Wednesday and Thursday, 

By invitation of the Society's Program Com
mittee, there will be five or six invited one-hour ad
dresses, including JAMES W. CANNON of the Univer
sity of Wisconsin; JAMES M. GREENBERG of the 
State University of New York at Buffalo; WILLIAM B. 
JOHNSON of Hebrew University ,Jerusalem and Ohio 
State University at Columbus;and KENNETH A. 
RIBET of Princeton University, The names of the 
speakers and the titles of the addresses will appear in 
the June issue of these cA~tictJJ 

There will be sessions for contributed ten
minute papers on Monday afternoon, Wednesday 
afternoon, and Thursday afternoon. If necessary, 
sessions will also be scheduled Tuesday morning, 
Wednesday morning, and Thursday morning, If 
there is a demand, a late-paper session will be 
scheduled on Thursday afternoon. Overhead pro
jectors and screens will be provided; each room 
will also contain a blackboard. Abstracts should 
be prepared on the standard AMS form available 
in most departments of mathematics and lrom the 
AMS office in Providence, and should be sent to 
the American Mathematical Society, P. 0. Box 
624il, Providence, Hhode Island 02940, so as to 
arrive prior to the deadline of June 7. (Hecall 
that a typing charge of $7 is imposed on abstracts 
that are not in camera-ready form.) 

This meeting of the Society will be held in 
conjunction with the annual summer meetings of 
the Mathematical Association of America (Au
gust 14-16), the Institute of Mathematical Statis
tics (August 15-18), and Pi Mu Epsilon. 

The twenty-fifth series of Earle Raymond 
Hedrick Lectures, sponsored by the Association, 
will be given by JOSEPH B. KELLER. The title 
of his lecture series will be announced in a future 
issue of these cA~tictJJ. The Carl B. Allendorfer, 
Lester R. Ford, and George Polya Awards will 
be presented at the Business Meeting of the Asso
ciation at 10:00 a.m. on Monday, and the receipt 
of a bequest to the Association will be announced, 
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Program information on the Institute of 
Mathematical S~tistics will appear in the June Is
sue of these clvutictJJ. 

The J. Sutherland Frame Lecture will be 
delivered to Pi Mu Epsilon on Monday at 7:30p.m. 
The name of the speaker and title of the address 
will be announced in a later issue of these 
cA~tictJJ. 

The Association for Women in Mathematics 
will hold a panel discussion on "Alternatives to 
academic employment for mathematicians" at 
7:30 p, m. on Monday. Lenore Blum will serve as 
moderator. There will be an open meeting of the 
AWM Executin: Committee at 4:00p.m. the 
same day, 

The Council of the Conference Board of the 
:'llathematical Sciences will meet on Wednesday 
at 3:15p.m. 

The Mathematician's Action Group will hold 
an open meeting <>f its Steering Committee at 
7::30 p.m. on Sunday. its Business Meeting at 
:l: 1:J p.m. on :\Iunday. and a panel discussion at 
!J::lO a.m. on Tuesday. 

Thet·e 11 ill be a conference on Discrete 
Optimization just pt'ior to the mathematics meet· 
ings. from August .~-12, at the University of Bri
tish Columbia in v~mCOU\'Cl', Canada (145 miles 
north of Seattle), The program will consist of 
survey lectures on the state of the art of integer 
programming. Information about the program 
is available from the directors: P. L. Hammer 
(University of Waterloo), E. L, Johnson (IBM
Yorktown Heights, NJ), and B. Korte (Univer
sity of Bonn). 

A preliminary list of speakers includes 
E. R!las, E. M, L. Beale, C. Berge, R. Burk· 
ard, J. Edmonds, H.. Graham, P. L. Ham
mer, A, Hoffman, R. Jeroslow, E. Johnson. w· 
V. Klcc, B. Korte, .J. Krarup, A. Land, G. 111 
lcr .. J. K. Lcnstra and A. Rinnooy Kan, L. 10-
\·asz. l\1, Padbcrg, .J. Shapiro, K. Spielberg •. 
and .J. Tind. Participation in this conference 18 

open to mathematicians and practiti~ners of U 
operations research interested in thts area. F11 
texts of surveys will be distributed to all parti· 
cipants in advance of the meeting, The final fol"lll 
of these texts, including discussions and com-rur· 
mcnts bv participants, will be published. For c· 
ther information, including information about a 
commodations and registration fees, contact ttcs. 
Brian Alspach, 0077, Department of Mathema 
Simon Fraser University, Burnaby, B.C. • 
Canada (VGA lSG). 

SPECIAL SESSIONS 

l\IIHOSLAV BENDA and ANNE C. MOREL 



American Mathematical Society Short Course Series 
FUNDAMENTALS OF APPLIED COMBINATORICS 

August 12 and 13, 1977 

The American Mathematical Society will 
present a one and one-half day course on Funda
mentals of Applied Combinatorics on Friday and 
Saturday, August 12 and 13, in Room 120 in Kane 
Hall on the campus of the University of Wash
ington, Seattle. 

The course is designed to provide substan
tial introductions to three important areas of 
application of combinatorial mathematics for 
mathematicians whose specializations are in 
other areas. It is intended to illustrate both the 
variety of mathematically challenging questions 
which can arise in connection with problems en
countered in modern applications as well as 
some of the new approaches now being taken for 
treating those problems which are inherently 
too difficult to solve, Although some mathemati
cal maturity will be assumed on the part of the 
participant, no prior specialized knowledge of 
combinatorics, graph theory or coding theory 
will be required, 

The program is under the direction of 
Ronald L. Graham of Bell Laboratories, Murray 
Hill, New Jersey. The course was recommended 

of the University of Washington are organizing 
a special session on Boolean algebras. AFTON 
H, CAYFORD of the University of British Colum
bia is organizing a special session on Banach 
~aces of analytic functions, COLIN W. CLARK of 
the University of British Columbia will organize a 
special session on Mathematical models in natural 
resource management. MICHEA L N. DYER and 
ALLAN ,J. SIERADSKI of the Uni1·ersity of Oregon 
are organizing a special session on Algebraic to
~; the list of speakers includes M. Bendersky 
Roy R. Douglas, Ross Geoghegan, Alex Heller, 
Peter ,J. Hilton Cheonrr Seng Hoo G Kozlowski 
George E. Lan~, Jr.' Douglas c.' Ra.venal, Jack' 
Segal, Denis Sjen·e, and Kalathoor Vat·adarajan. 
~RANKO GRVNBA UM of the University of Wash
lllgton is organizing a special session on Tilings, 
~ter~s and symmetries. DOUGLAS A. LIND of 
t~e Umversity of Washington is organizing a spe
C~'ll session on Ergodic theory and dynamical sys
~· HENRY L, LOEB of the University of Ore
~.on IS organizing a special session on Approximan theor.u the tentative list of participants in-
~ u es Ricik'lrd 13, Barrar. David L, Barrow, 

1· Cre1ghton Buck, Hermann G. Burchard, Bruce 
le' Chalmers, Joel Davis, Gary A. Gislason. Al
H~t· Goldstein, Seymour Haber, Karl Heinz 
E mann~ John M. Karon, John W. Lee, Lois 
W• Mansfield, Larry Lee Schumaker Ambikesh-
ar Sh ' Je arma, David A. Sprecher, Frank Stenger, 
L;~y Wolfe, and Daniel Wulbert. CALVIN T. 
a Gof Washington State University will organize 
E~~eclal session on Combinatorial number theory. 
ton AR. LEE STOUT of the University of Washing-
le 18 organizing a special session on Several com
~ a tentative list of speakers includes 

ert ,J. Alexander, James R. King, James A. 
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by the Society's Committee on Employment and 
Educational Policy (CEEP), whose members are 
Lida K. Barrett, David Blackwell, Wendell H. 
Fleming (chairman), Hugo Rossi, Martha K. 
Smith, and Robert J. Thompson. 

There will be three lecturers, each of whom 
will give two seventy-five minute lectures. 
RONALD L, GRAHAM will speak on combinator
ial scheduling theory; DANIEL J. KLEITJ',IAN of 
Massachusetts Institute of Technology will speak 
on graphs and algorithms; and ROBERT J. 
Me ELIECE of California Institute of Technology, 
,Jet Propulsion Laboratory will speak on coding 
theory, 

Summaries of these talks and accompany
ing lists appear on pages A-355 and A-356 of 
these c}/otiai). 

This course is open to all who wish to 
participate upon payment of the registration fee, 
This fee is reduced for students and unemployed 
indi victuals. Please refer to the section entitled 
MEETING PREREGISTRATION AND REGIS
TRATION for details. 

Morrow. Alexander J. Nagel. Hugo Rossi. and 
Wilhelm F. Stoll. 

Most of the papers to be presented at these 
special sessions will be by invitation, However 
anyone contributing an abstract for the meeting 
who feels the paper is particularly appropriate 
for one of these special sessions should indicate 
this clearly on the abstract and submit it by !\lay 
24 (two weeks prior to the normal deadline for 
contributed papers). in order· that it may be con
sidered for inclusion. 

COUI\'C!L AND BUSl;o.;ESS 1\IEETI:\l; 

The Council of the Socil'ty 11·il! meet at 5:00 
p.m. on Monday, August 15. in the Condon Room 
of the Unil·ersity Tower Hotel. The Business Meet
ing of the Society will be held in Meany Hall at 
11:00 a.m. on Wednesday, August 17. The secre
tary notes the following resolution of the Council: 
"Each person who attends a Business Meeting of 
the Society shall be willing and able to identify 
himself as a member of the Society." In further 
explanation, it is nokd that "each per·son who is 
to vote at a meeting is thereby identifying himself 
as and claiming to be a member uf the American 
Ma thematieal Society." 

MEETING PREREGISTRATlO!\: 
Al\'D HEGISTHATION 

Participants who wish to preregister for the 
meetings should complete the 1\leeting Preregistra
tion Form on the last page of these c,\~!Ja..J. 
Please note that one may preregister for the 
meetings until July 27, although the deadline for 
confirmed residence ik'lll reservations through the 
Housing Bureau is July 10, Those who preregis
ter will pay lower registr·ation fees than those 



who register at the meeting, as indicated in the 
schedule below, Preregistrants will be able to 
pick up their badges and programs when they ar
rive at the meeting after 2:00 p. m, on Saturday, 
August 13, at the Joint Mathematics Meetings 
registration desk. Complete instructions on pro
cedures for making hotel or residence hall re
servations are given in the sections entitled 
RESIDENCE HALL HOUSING and HOTELS. 

Meeting preregistration and registration 
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 the Joint 
Meetings. These fees are as follows: 

Fundamentals of Applied Combinatorics 
Short Course 

Preregis- At 
tration Meeting 

Student or unemployed 
All other participants 
One day fee for second day 

$ 3 
18 

Joint Mathematics Meetings 

$ 5 
20 
10 

Preregis
tration 

At 
Meeting 

Members of AMS, MAA, or 
BME, who arc not mem-
bers of IMS SLi 

Members of IMS Hl 
Nonmember 25 
Student or unemployed 2 

820 
23 
30 

3 

An extra $3 is being charged IMS members, 
to be assigned to IMS. to cover some of that or
ganization's expenses beyond those required for 
the Joint Mathematics Meetings. 

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
cipants 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 degree 
who do not receive an annual compensation totaling 
more than $7, 000 from employment, fellowships, 
and scholarships. 

Checks for the preregistration fee(s) should be 
mailed to arrive in Providence not later than 
July 27. Participants should make their own 
reservations directly with hotels in the area 
(cf. section titled HOTELS). It is essential, 
however, to submit the Meeting Prere~istra
tion Form on the last page of these cNolict.0 !?I. 
July 10 to obtain confirmed residence hall 
accommodations. 

A fifty percent refund of preregistration fees 
will be made for all cancellations received in 
Providence prior to August 10, There will be no 
refunds granted for cancellations received after 
that date, or to persons who do not attend the 
meetings. 
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Registration for the short course onl 
begin on Thursday, August 11, in the fi~:,IU 
foyer of Kane Hall. Lecture notes and other sh r 
course material will be distributed before the Ort 
first session at the short course registration de k. 
Those individuals who do not preregister for thea 
short course are strongly urged to register and 
pick up their material on Thursday evening 80 
not to_ miss the start of the lecture on Friday as 
morn mg. 

Joint Meeting registration will commence 
on Saturday, August 13, at 2:00p.m. in the base
ment_ o_f the Odegaard Undergraduate Library. 
Participants who are not attending the short eour 
are advised that no general meeting information se 
material will be available prior to the opening of 
Joint Meeting registration on Saturday, Upon ar
rival at the University of Washington campus 
participants should proceed directly to the c~ck
in desk in Haggett Hall in order to check into 
their accommocations before registering for the 
meetings. The hours the registration desks will 
be open are as follows: 

Fundamentals of Applied Combinatorics 
Short Course Registration 

Location: First Floor Foyer, Kane Hall 

Date and Time 

Thursday. August 11 
Friday, August 12 
Saturday. August 13 

4:30 p, m. - 7:30 p. m, 
H:OO a. m. - 5:00p.m, 

noon - 2:00 p, m, 

Joint Mathematics Meetings Registration 
Location: Basement Registration Area 

Odegaard Undergraduate Library 

Date and Time 

Saturday. August 13 
:,O,'unday. August H 
Monday, August 1:; 

through 

2:00 p. m, - 8:00 p. m. 
ll:OO a. m. - 5:00p.m. 

\V l'dncsday. August 17 H :30 a. m, - 4:30 p, m. 
Thursday, August lH H:30 a. m, - 1:30 p. m. 

MATHEMATICAL SCIENCES 
EMPLOYMENT REGISTER 

It is planned to operate an informal Employ
ment Register at Seattle. No interviews will be 
scheduled by the staff. Instead, facilities will be 
provided for applicants and employers to display 
rpsumes and job listings. Message boxes will be 
set up for individuals to leave messages for one 
another requesting interviews. Tables and chairS 
,,.ill be provided in the room for interviews. 

Employers are encouraged to attend the 
meetings and participate, if possible. Applicants 
should recognize that the Mathematical Sciences 
Employment Register (MSER) cannot guarantee t· 
that any employers will, in fact, attend the mee 
ing or participate in the Employment Register. t 
The AMS-MAA-SIAM Committee on Employmen 
Opportunities will, however, request employers 
listing in the July and August 1977 issu.e~ of to 
Employment Information for Mathemattcm!!! .• 
signify in their listing their intention to partlcir 
pate in the Employment Register at the summe 
meeting, d to 

Employers and applicants are referre 
the news item on page 184 of this issue of these 



c)lofiui) which announces the new list of applicants 

to be published by the MSER in August of this year. 

EXHIBITS 

The book and educational media exhibits 
ill be displayed in the Basement Registration 

~rea of the Odegaard Undergraduate Library at 
the following times: Sunday, August 14, 1:00 p.m. 
to 5:00p.m.; Monday and Tuesday, August 15-16, 
8:30a.m. to 4:30p.m,; and Wednesday, August 
17 8:30a.m. to noon. All participants are en
c~raged to visit the exhibits some time during 

the meeting. 

RESIDENCE HALL HOUSING 

Participants desiring to obtain confirmed 
reservations for residence hall accommodations 
must preregister prior to the deadline of July 10. 
Residence hall reservations will not require a 
deposit in :1dvance. Full payment for rooms at the 
residence halls must be made at check-in time. 
Requests for residence hall housing will be ac
knowledged. Participants who fail to preregister 
before July 10 may still be able to obtain resi-
dence hall accommodations by writing or calling 
the University of Washington Housing and Food 
Services Conference Office, Lander Hall, 1201 
N. E. Campus Parkway, University of Washing-
ton, Seattle, Washington 98195 (telephone 206-
543-7634) in order to determine whether residence 
hall space is still available; however, the Mathe
matics Meetings Housing Bureau cannot guarantee 
that space will be available or that it will be pos
sible to obtain confirmed reservations. No requests 
for rooms will be honored after July 29. Please 
use the preregistration and housing request form 
provided on the last page of these c}/oticei) and re
turn it to the Housing Bureau, being as explicit 
as possible in order that your residence hall as
signment can be made correctly. 

Three residence halls have been reserved 
for the use of participants in the Joint Mathe
matics Meetings and the Fundamentals of Applied 
Combinatorics Short Course: Haggett Hall, Han
see Hall, and :\IcCarty Hall (see map on page 
171). The residence halls are not air conditioned, 
~tit is seldom uncomfortably warm in Seattle 
~n August. All of these residence halls are with
IDa five minute walk of the HUB (Student Union 
&ti!ding), and the central square on campus 
where Meany and Kane Halls are located, as well 
a~ the Odegaard Undergraduate Library. Parti
~tpan.ts must go to the check-in desk at Haggett 
a!~ tn order to determine their residence hall 

ass.tgnment, and to obtain keys to the room and 

::~l~essa~e box. Payment in full for lodgings 
g tt req~tred at that time. The desk in Hag-
e Hall Wtll be open during the following hours: 

~hursday, August 11 and 
rtday, August 12 7:30a.m. to 10:00 p.m. 

~turday • August 13 and 
nday, August 14 7:30a.m. to midnight 

Monday A 
Th ' ugust 15 through 

Ursday, August 18 7:30a.m. to 10:00 p.m. 

in d ~hose participants arriving after the check
by 1~8 m Haggett Hall is closed will be assisted 

e ntght watch personnel. Signs will be posted 
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near the telephones in Haggett Hall lobby giving 
instructions on how to locate the watchman by 
telephone. It will not be possible for participants 
to occupy residence hall rooms before Thursday, 
August 11, or after the night of Thursday, Au
gust 18. All participants must be checked out of 
their rooms no later than 10:00 a.m. on Friday, 
August 19. U housing requests are received for 
dates before August 11 or after August 18, they 
will be honored for the period August 11-18 only. 

The rates quoted below include the maxi
mum per night cost of the room, plus breakfast 
which will be served at Haggett Hall August 14 
through August 18. Those short course partici
pants staying in a residence hall room on campus 
the nights of Thursday, August 11, and Friday, 
August 12 should refer to the chart of available 
meal facilities included in the section titled FOOD 
SERVICES. 

Single Room 
Double Room 

$10/night 
$ 8/night per person 

Rooms occupied nights prior to August 13 
will be charged at a slightly lower rate. 

There will be no room charge for children 
under nine years of age occupying a sleeping bag, 
air mattress, or crib provided by the parents, 
but breakfast will be charged, except for infants. 
Children nine years of age or over arc required to 
occupy a bed, and will be charged the same rate 
as an adult. Any child under nine years of age 
occupying a bed will, of course, be charged the 
same rate as an adult. Information on crib rental 
will appear in the June issue of these c}/oticei). 
Participants accompanied by small children should 
be aware that some hazards to them exist in the 
residence halls which are highrise structures de
signed for adult use. There are automatic eleva
tors and open railings in the stairwells and on 
balconies, and in some lounge areas there are 
portions of the windows at floor level which may 
be open and without screens. 

Most rooms contain two s inglc beds (double 
beds are not available), and there are community 
bathroom facilities on each floor. Because each 
bathroom will be used by only one sex, in a few 
instances a participant may ha vc to usc a bath
room on another floor or on the same floor but in 
the opposite wing from where he or she is housed. 
There arc several large and comfortable public 
lounges in each residence hall. Coin-metered 
automatic washers arc available (20~); usc of 
automatic dryers is free. Participants arc re
quired to supply their own detergent and laundry 
materials. There are several ironing boards in 
each hall, and irons may be checked out at the 
desk on the main floor. 

Beds will be made up with linen and blankets 
when participants arrive. Two bath towels will be 
provided each guest and replaced every third day. 
Wastebaskets will be emptied every third day; 
otherwise, no further daily maid service will be 
provided. Soap and plastic cups will be in each 
room; toilet paper will be supplied in the bath
rooms. 

Light kitchen facilities are available on 
some floors; participants are advised to bring 
their own cooking utensils. Vending machines 
dispensing soft drinks and snacks arc also located 
in convenient areas in each building. Comsump-



tion of alcoholic beverages in one'~ room is per
mitted, but is not allowed in publicareas such as 
hallways or lounges. No pets are alowed in the 
residence halls. 

There is a telephone in each ·oom which is 
restricted to local use; however, tlere are pay 
phones located on some floors. 

HOTELS 

Blocks of rooms have been Sit aside for use 
by participants at the University T1wer Hotel 
(F on the map on page 171), and th- Sherwood Inn 
(G on the map on page 171). Particpants should 
make their own reservations early !irectly with 
these hotels, and should identify th-mselves as 
participants in either the Fundamertals of Ap
plied Combinatorics Short Course <r the Joint 
Mathematics Meetings. 

The following codes apply: FI- Free Park
ing; SP-Swimming Pool; AC-Air Catditioned; 
TV-Television; CL-Cocktail Loungt RT-Restau
rant. 1n all cases "single" refers tl one person 
in one bed; "double" refers to two p·rsons in one 
bed; and "twin" refers to two perso:s in two beds. 
A rolla way cot for an extra person •:m be added to 
double or twin rooms only. Participnts will bt• ad
vised of deposit r·cquin•mcnts at tine of confirma
tion by hotels. 

UNI\'EI~SITY TOWEH IIOTE L 
4G07 Brooklyn Avt•nut· N. E. 
Sing-le S24; Double S21i; T in S:ltJ 
Extra person in room S4 
Code: FP, T\', C L, HT 
Tclephorw: HOO-G4 7 --!21i2 or 201i-{i:lc-2000 

(Within On•gon, call collect 50:l-:~1-1H11) 
(Tiu.• tenth 11oot· is n•sen·cd for non.mokcrs. 
Thet'l' is direct t·ourtt•sy car scrvie• for rq.(is
tet·cd gut•sts to and from the down to-n a iqJOrt 
tt,t•minal dailv hdwccn li:OO a.m. :ul 10:00 p.m.) 

SIIEHWOOD INN 
,100 N. E. -lGth Street 
Single $20; Double S2G; T•in S2ii 
Extr·a pt•t·son in room S-1. 
Codp: FP, SP. AC. "1'\". CL, HT 
Tl'lephone: 201i-li:l-l-01 00 

lnfot·mation on other hotels wihin walking 
distanee of the eampus will he :l\·ail::>le in the 
Junt• issue of t!wsc cA~tu.w. 

FOOD SEHVICES 

The following food st•t·\-il'l' fac:itic::; \\"ill he 
:l\·ailablL• on campu::; to participants .1 the .-\pplied 
Combinatories Short Cout·sc and 'ot· oint l\lathe
ma tit's 1\leclings: 

Evergreen in IIUB 

Saturday, August 13 

Husky Den in HUB 

Thursday and Friday 

10:30 a.m. l· 2:30p.m. 

(Augustll-12) 7:00a.m. l•4:00p.m. 

Monday through Friday 
(August 15-19) 7:00a.m. t• 4:00p.m. 

Haggett Hall Cafeteria 

Sunday through Thursday (13reakfa t only) 
(August 14-18) 7:00a.m. tc 9:00a.m. 
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Odegaard Undergraduate Library Cafetet!!_ 

Thursday and Friday 
(August 11-12) Lunch only 

Monday through Friday 
(August 15-19) Lunch only 

There are many good restaurants in the 
"University District" bordering the campus Which 
are within walking distance. A list of these wUl 
be supplied to participants in their registration 
packets at the meeting. 

MEDICAL SERVICES 

Around the clock emergency service is 
available at the University Hospital and many 
other area hospitals. The King County Medical 
Society can make referrals Monday through Fri
day, from 9:00a.m. to 5:00p.m. (telephone 
285-0221). Referrals to dentists can be obtained 
by calling 624-4912 at any time, For temporary 
emergency service (to take care of pain, etc,) 
call for an appointment at 543-5850. 

The Hall Health Center on campus provides 
one-time emergency service only. 

ENTERTAINMENT 

At G:OO p. m, on Tuesday, August 16, an 
Indian-style salmon barbecue will be served on 
the campus. Fresh Pacific Ocean King salmon 
will be prepared in the ancient Makah manner 
on cedar stakes over an open alderwood fire 
and, in addition to the salmon, dinner will In
clude tossed green salad with choice of dressiDp, 
potato, vegetable, dessert, and beverage, The 
cost per person, including tax, will be $8,75 
for adults and S5 for children aged 12 and under, 
Tickets may be purchased at the meeting; how
ever, to be assured of a reservation, partici
pants are urged to use the section of the.e~e':_eg
istration form on page A-365 of these c/'lolii4J 
to reserve and pay for their tickets in advance; 
these would be picked up at the Joint Meetings 
registration desk. A beer party will follow the 
barbecue, and additional details regarding this 
event will be included in a subsequent announce
ment. 

THA\'EL A:\'D LOCAL INFORMATION 

Seattle operates on Pacific daylight time 
during the summer. Airlines offeri~g regular :,f 
vice to the Seattle-Tacoma lnternattonal AirpD 
arc Alaska, Air Canada, Braniff, Continentalp._ 
Eastern, Hughes Airwest, Northwest Orten~ 
cific Western, United, and Western. The ab·l"'t" 
bus to downtown Seattle costs $3 and takes a: 
twenty minutes. Taxi fare from downtown to 
University runs about $4 and the fare froDl ~ 
airport to the University is approximate~Y $lt ihe 
There arc a number of car rental agenCieS~ 
airport, including Airway, Avis, Budget, H lrporl 
and National. If you plan to drive from the .a_ . .;;.A 

to the University, follow the signs to northoou-
1-5, and then the following directions. 90 

The main highways into Seattle are 1- tb 
from the east and 1-5 from the north and 8~be' 
To reach the University from 1-90, follow 
signs from 1-90 to northbound 1-5. When apth) 
proaching Seattle on I-5 (from north or sou ' 
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exit at N.E. 45th Street and proceed approxi
mately ten blocks east to the main entrance of the 
University at the corner of N. E. 45th Street and 
17th Avenue N.E. Campus directions will be 
available at the gate. 

Two Amtrak trains arrive daily in Seattle 
from the east and midwest; one from California 
and one from Vancouver, Canada. The railroad 
station is in downtown Seattle, approximately a 
$4 cab ride from the University. 

PARKING 

Parking permits will be required for parking 
in all areas of the campus, with the exception of 
a metered lot (Montlake lot, 25~ out). Parking 
fees are $1.25 per day, $1.50 per week on cam
pus; $2.25 per week in a garage. For p~rsons re
siding in the dormitories. permits are tssued at 
check-in time when housing arrangements are 
paid for. Others may obtain their permits at ~he 
Parking Division Building, Monday through Frt
day, from 8:00a.m. to 5:00p.m. 

WEATHER 

The normal daytime high is 23°C. Normal 
nightime low is 12°C. Rainfall in August averages 
only 2. 74 em (although the last two summers 
have considerably exceeded this with 11.7 em 
in 1975). Humidity ranges from an early morning 
high of 90% to an evening low below 50%. The 
record high and low temperatures for August are 
37oc and 7°C, respectively. Light sweaters and 
jackets are advisable for evening wear. 
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MAIL AND TELEPHONE MESSAGES 

All mail and telegrams for persons attendtn 
the meetings should be addressed to the partie!- · 
pant in care of Joint Mathematics Meetings, De
partment of Mathematics (GN-50), University of 
Washington, Seattle, Washington 98195, Mail 
and telegrams so addressed may be picked up at 
the Joint Meetings Registration Desk located in 
the basement registration area of the Odegaard 
Undergraduate Library. 

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. 
section titled MEETING PREREGISTRATION 
AND REGISTRATION, on a previous page, Mes
sages will be written down, and the name of any 
participant for whom a message has been re
ceived will be posted until the message is picked 
up at the message center. The telephone number 
of the center will be published in a later issue of 
these cJiotimJ. 

LOCAL ARRANGEMENTS COMMITTEE 

Kathleen Baxter, Ross A. Beaumont, Roy 
Dubisch (chairman), Samuel L. Dunn, Thomas 
w. Hungerford, J. Maurice Kingston, Lloyd.J. 
Montzingo, Jr., Norman G. Myer, Jr., Davtd 
p. Roselle (ex officio), Kenneth A. Ross (ex 
officio), Friedrich W. Scholz, and Gordon L, 
Walker (ex offieio). 



SUMMARY OF ACTIVITIES 

purpose of this summary Is to provide assistance to registrants In the selection of arrival and departure dates. 
:program, as outlined below, Is based on Information available at press time. 

- AMERICAN MATHEMATICAL SOCIETY SHORT COURSE SERIES 

;UBSDAY, August 11 FUNDAMENTALS OF APPLIED COMBINATORICS - 7:30 p.m. REGISTRATION (Short Course Only) 4:30p.m. -

;NoAv, August 12 

-8:00a.m. - 5:00 p.m. REGISTRATION (Short Course Only) 

9:00a.m. - 10:15 a.m. Introductory remarks 
Combinatorial scheduling theory I 

Ronald L. Graham 

10:45 a.m. - noon Combinatorial analysis of convolutional codes I 
Robert J, McE\iece 

2:00p.m. - 3:15 p.m. Fast but imperfect algorithms I 
Daniel J. Kleltman 

3:45p.m. - 5:00 p.m. Combinatorial scheduling theory II 
Ronald L. Graham 

SATURDAY, August 13 

noon - 2:00 p.m. REGISTRATION (Short Course Only) 

2:00p.m. - 3:15 p.m. Combinatorial analysis of convolutional codes II 
Robert J. McEliece 

3:45 p.m. - 5:00 p.m. Fast but imperfect algorithms II 
Daniel J. Kleltman 

AMS - MAA SUMMER MEETINGS 

SATURDAY, August 13 American Mathematical Society Mathematical Association of America 

9:00 a.m. - 4:00 p.m. I Board of Governors Meeting 

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

SUNDAY, August 14 AMS Other Organizations 

8:00 a.m. - 5:00 p.m. REGISTRATION 
9:00a.m. - 9:10 a.m. Welcome Address 

John Rogness, President 
University of Washington 

9:10 a.m. - 10:00 a.m. MAA - Hedrick Lecture I 
Joseph B. Keller 

10:00 a.m. - 11:00 a.m. MAA - Session: How to teach mathematics 
What not to do (a demonstration) 

Peter J. Hilton 

What to do (some rules of thumb) 
George Polya 

1:00 p.m. - 5:00 p.m. EXHffi!TS 
1:30 p.m. - 2:30 p.m. MAA - Hedrick Lecture II 

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

Joseph B. Keller 

MAA - Session: The WAM program: 
women in mathematics 

Jean J. Pedersen 
Eileen L. Poiani 

3:30 p.m. _ 4:20 p.m. MAA - Invited Address 
Mathematics and mathematicians in industry 

7:oo p.m. _ 
Brockway McMillan 

9:00 p.m. MAA - Film Program 
7:oo p.m. - 10:00 p.m. MAA - Section Officers Meeting 
7:ao p.m. - 10:30 p.m. Mathematicians Action Group 

Steering Committee - Open Meeting 
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MONDAY, August 15 

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

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

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

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

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

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

noon - 1:00 p.m. 

1:00 p.m. - 2:00 p.m. 

afternoon 

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

3:15 p.m. - 5:00 p.m. 

3:30 p.m. - 4:30 p.m. 

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

5:00 p.m. 

5:30 p.m. - 7:30 p.m. 

6:00 p.m. - 7:00 p.m. 

6:15 p.m. 

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

7:30 p.m. - 8::lO p.m. 

7:30 p.m. - 9:30 p.m. 

TUESDAY, August 16 

8:00 a.m. - 9:00 a.m. 

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

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

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

8:30 a.m. - 9:30 a.m. 

9:30 a.m. - 11:00 a.m. 

9:45 a.m. - 10:45 a.m. 

11:00 a.m. - noon 

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

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

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

3:30 p.m. - 4:20 p.m. 

4:30 p.m. - 5:30 p.m. 

6:00 p.m. 

SUMMARY OF ACTIVITIES 

American Mathematical Society Other Organizations 

COLLOQUIUM LECTGRE I 
Geometric measure theory 

Herbert Federer 

REGISTRATION 

EXHffiiTS 

EMPLOYMENT REGISTER 

MAA - Hedrick Lecture III 
Joseph B. Keller 

MAA - Business Meeting 

MAA - Invited Address 
On the Landau problem of bounds 
for derivatives 

Isaac J. Schoenberg 

Pi Mu Epsilon - Council Luncheon 

Sessions for Contributed Papers 
Special Sessions 

HME - Contributed Papers 

MAG - Business Meeting 

I 
Committee on Employment and Educational Policy 
Panel Discussion 

Council Meetin~~: 

AMS 

INVITED ADDRESS 

INVITED ADDRESS 

COLLOQl'Il'M LECTURE II 
Geometric measure theorv 

Herbert Federer · 

Association for Women in Mathematics 
Open Executive Committee Meeting 

:\tAA Pacific Northwest Section - Social 

liME - Banquet 

Institute of Mathematical Statistics 
Council Meeting 

!VIAA - Film Program 

HME - J. Sutherland Frame Lecture 

AWM- Panel Discussion 

Other Organizations 

HME - Breakfast 

REGISTRATION 

EXHffiiTS 

EMPLOYMENT REGISTER 
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MAG - Panel Discussion 

MAA - Invited Address 
Measure algebras and their uses 

Dorothy Maharam Stone 

MAA - Invited Address 
Some recent results on the geometry 
of N-space 

David G. Larman 

HME - Contributed Papers 

MAA - Invited Address 
A lost notebook of Ramanujan 

George E. Andrews 

MAA Pacific Northwest Section 
Business Meeting 

SALMON BARBECUE 
BEER PARTY 

--



SUMMARY OF ACTIVITIES 

WEDNESDAY, August 17 American Mathematical Society other Organizations 

EXHIDITS -8:30 a.m. - noon 

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

8,30 a.m. - 4:30 P· m. EMPLOYMENT REGISTER 

1o:OO a.m. - 11:00 a.m. Prize Session 

11:00 a.m. - noon 

1:00 p.m. - 2:00p.m. 

afternoon 

Business Meeting 

COLLOQUIUM LECTURE III 
Geometric measure theory 

Herbert Federer 

Sessions for Contributed Papers 
Special Sessions 

3:15 p.m. - 6:15 p.m. Conference Board of the Mathematieal 
Sciences - Council Meeting 

6:15p.m. IMS - Council Meeting 

7:30p.m.- 10:30 p.m. CBMS - Council Meeting 

THURSDAY, August 18 

8:30a.m. - 9:30 a.m. 

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

9:45 a.m. - 10:45 a.m. 

AMS 

INVITED ADDRESS 

INVITED ADDRESS 

11:00 a.m. - noon INVITED ADDRESS 

1:00 p.m. - 2:00p.m. COLLOQUIUM LECTURE IV 
Geometric measure theory 

Herbert Federer · 

afternoon Sessions for Contributed Papers 
Special Sessions 

REGISTRATION 

Eugene. Oregon 

Kenneth A. Ross 
Associate Secretary 

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. 

Seattle, Washington, August 1977 

M:lroslav Benda and Anne C. Morel, Boolean algebras 
Afton H. Cayford, Banach spaces of analytic functions 
~~lin W, Clark, Mathematical models in natural resource management 
~cheal N. Dyer and Allan J. Sieradski, Algebraic topology 
0 anko Grtlnbaum, Tilings, patterns and symmetries 
HOUglas A. Lind, Ergodic theory and dynamical systems 
C enry L. Loeb, Approximation theory 
E~lvin T. Long, Combinatorial number theory 

l!llr Lee Stout, Several complex variables 

Deadline 

May 24 

INVITED SPEAKERS AT AMS MEETINGS 

Soc· This section of these cA~tiaiJ lists regularly the individuals who have agreed to address the 
Inc lety at the times and places listed below. For some future meetings, the lists of speakers are 

Olllplete. 

Seattle, Washington, August 1977 

James W. Cannon 
James M. Greenberg 
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William B. Johnson 
Kenneth A. Ribet 



WASHINGTON REPORT: SCIENCE AND THE NEW CONGRESS 
By Truman Botts 

Conference Board of the Mathematical Sciences 

As of the present writing at the end of Feb
ruary, more than a month after the installation 
of the new Carter Administration, that Adminis
tration has left a number of uncertainties regard
ing the outlook for Federal science policy, or
gani~ation, and budget. A new Presidential Sci
encp Adviser has yet to lw appointed (though the 
leading candidate now appears to bP distinguishPd 
MassachusC'tts Institute of Technology geophysi
cist Frank Press- see the 2:i February issue of 
Science, pages 7f;:!-7f;f;), A new Dirpctor for the 
National SciPncP Foundation is also as yet un
ehm;pn; forrm•r DPputy Director Richard C. 
Atkinson, a psychologist from Stanford, con
tinut•s at pn•spnt to S<"rV<' as Acting Director. In 
addition, any Cartpr· changt•s in thP burlgPt rp
quest for sc ientifi!' and tPchnological rest•arch 
and dt•\·dopmt•nt for fiscal ypar UJ7.~ (which lw
gins on 1 Octolwr 1977) prest•ntt"d to Congrpss 
by tlw Fonl Administration on .Januar·\· 17 rp
main to bt• spPllc•rl out. Or·ganizational and other 
e·hang<"s in the• nt·w Congn•ss that might afft•e·t 

Federal science policy and budget are, however, 
now largely settled. 

In the House of Representatives, the Com
mittee on Science and Technology received added 
jurisdiction in the domain of nuclear research 
and development, including fusion research aDd 
high energy physics when, in a House action 
early in January, the Joint Committee on Atomic 
Energy was stripped of its legislative powers, 
As shown in the tabulation below, there have 
also been a number of changes in the member
ship of thP Committee on Science and Technology, 
Notable among the friends of science that the 
CommittPe has lost are the former chairman of 
its SubcommittPe on Science, Research and 
TPchnology, James W. Symington, who resigned 
to run. unsuccPssfully. for the Senate seat for· 
mPrly held by his father, and the ranking Re
publican mPmbPr of the Committee. Charles A. 
MoshPr, who rptired. The ranking Republican 
is now .John W. WydlPr. 

lloust• l'omrnittvt• on Scit•ncp and TPchnologY 

!Starn·d nanws an• thosp of new nwmlJprsl 

Olin F. Tc·ague (f}-TXi. Chairman 

.)l'r·onH' Ambro, .Jr·. ill- :..;y, 
• Anthom· <'. Ikile•nson Ill-CAl 
.Janws .J. Blanchar·d (IJ-~111 
(;t·or·ge F. Brown, .fr·. (IJ-CAI 

*Hobt•r·t K. Dornan (!~-C:\1 
*Thomas .) . Downt·\· (Il--l\:\' I 
*llamilton Fish, .Jr. (H- :\'Yi 
*HonniP C. Flippo (ll-..\l.i 

Walte•r Flowe·r·s {fl--.\Li 
Louis Ft'<'.V, .Jr·. (H-FLi 
Don Fuqua (ll-- FLI 

*Bob Gammage• (ll-TXl 
*Dan Glie·kman (!)- r-:s1 

Barry i\l. (;o]r!walt·r· .. rr·. IH-<'.\r 
* Allwrt Gon•, ,J r·. (D- T !'\I 

Tom Harkin (ll-IAI 
*Harold llolle•nlwck (H- x.11 

Rolwrt Kr·e·ug;pr· (D-TXI 
Jim Llo.nl (Il-CA) 

In a .Januar·~· ~;; caut·us of tlw Dt•mmTatit· 
membprs (who now outnumbpr tlw Republieans 
27 to 12) the CommittPP' s subcommittee struc
ture was revicweci and slightl . .1· rpviscd anci tlw 
chairmanships of tlw seven subcommittees were 
assignPd. RPlinquishing to &heupr his former 
chairmanship of thP SubcommittN' on Domestie 
and International SciPntific Planning, Analysis 
and Cooperation, Thornton rPplaces Symington 
as chairman of the Subcommittee on Science, 
Research and Technology, which has oversight 
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~Iarilvn Llo,vd {!)-TN! 
· :\lanul'l Lujan .. f r. 1 H- ;-.; i\11 
1\likt• McCormack ilJ-WAI 
Da!P Miltord (0- TX) 
Gar.\' A. 1\'l~TPS (R-I'AI 

'StephPn L. Neal (D-NCI 
Hiehard L. Ottingpr {!)- NYI 

·carl Pursell (R-l\III 
Hobl•rt A. RoP (D-N.Ji 

·Eldon Rurld (H-AZI 
.Janws II. St·hcuer (D- NYI 
Ha . .1· Thornton (D-AR) 

'Hi chard A. Tonr.\· (D- LA1 
• Doug Walgren (D- PAl 
'RobPrt S. Walker (R- PAl 
'Wps Watkins (D-OK) 

Larry Winn (R-KS) 
Timothy E. Wirth (D-COI 
.John W. Wydlpr (R-NYl 

on•r thP :\'ational Science Foundation. Flowers 
bPcomps the chairman of the major energy sub
committee, the Subcommittee on Fossil and Nu
clear Energ_v Research, Development and De~
onstration. while McCormack retains the chair
manship of a second energy subcommittee, t~e 
Subcommittee on Advanced Energy Technologies 
and Energy Conservation Research. Develop
ment. and Demonstration. The other three sub
committee chairmanships remain unchanged:. 
Milford for the Subcommittee on Transportation, 



t" n and Weather; Brown for the Subcommit
Avia 10Environment and the Atmosphere; and 
tee on for the Subcommittee on Space Science 
ruqua lications. 
and ~r the mathematical sciences, the most 

rtant of these subcommittees is the one on 
llllfnce Research and Technology, because es
Se ~ally of its jurisdiction over the National Sci
peel Foundation (NSF). This Subcommittee con-
ence h ha' d k' l ts (in addition to t e c 1rman an ran mg 
~s ublican member of the full Committee, who .::ex officio members of all subcomm.ittees) of 
the following nine: Brown, Dorman, Fhppo, 
ruqua, Harkin, Hollenbeck, Kreuger, 
McCormack, and Thornton ~chairman). Thr~ugh
out February this Subcommtttee has been prt
marUy occupied with sessions and he~rings on 
an authorization bill for the NSF for ftscal year 
1978. Its mark-up (i.e. , finalization) session on 
this bill was scheduled for March 2, with con
sideration of the resulting bill by the full Com
Jillttee on Science and Technology set for March 
9. Action on the bill by the entire House of Rep
resentatives could come as early as late March, 
but is more likely to take place in early April. 
An area in which this House bill might authorize 
a higher NSF budgetary allocation than the Ad
ministration has requested is the area of Science 
Education, for which the Administration request 
is just $75.7 million, representing an increase 
of less than 2% over the 1977 estimated expen
diture level and hence a real decrease when pro
jected inflation is taken into account. 

In the Senate the Committee on Rules and 
Administration held hearings in January on a 
proposal for a considerably reduced number of 
standing committees that was drawn up last fall 
by a Temporary Select Committee to Study the 
Senate Committee Structure, and on February 4 
tbe Senate voted to consolidate its standing com
mittees into the following fourteen: Agriculture, 
Nutrition, and Forestry; Appropriations; Armed 
Services; Banking, Housing, and Urban Affairs; 
Budget; Commerce, Science, and Transporta
tion; Energy and Natural Resources; Environ-
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ment and Public Works; Finance; Foreign Rela
tions; Governmental Affairs; Human Resources; 
Judiciary; and Rules and Administration. Juris
diction over the NSF remains with the Commit
tee on Human Resources (formerly the Commit
tee on Labor and Public Welfare) rather than 
being transferred to the Committee on Com
merce, Science and Transportation, as the 
Temporary Select Committee had intended. With
in the Committee on Human Resources, imme
diate jurisdiction over both NSF and the National 
Institutes of Health (NIH) now resides in a new 
Subcommittee on Health and Scientific Research, 
which roughly combines the old Subcommittee on 
Health with the old Special Subcommittee on the 
NSF. Senator Edward M. Kennedy (D-MA) chairs 
this new subcommittee as he did both of the old 
ones. Initial Senate authorization hearings on 
the 1978 NSF budget were scheduled to be held in 
this subcommittee on March 1 and 3, but it is not 
anticipated that a resulting subcommittee mark-up 
session will be held until after an NSF authoriza
tion bill passes the House of Representatives. 

Apart from activities of NSF and NIH and 
the energy Research and Development (R&D) 
activities noted below, Senate jurisdiction over 
science, engineering and technology research 
and development and policy now resides in the 
new Committee on Commerce, Science and 
Transportation, as does jurisdiction over non
military aeronautical and space science and 
activities pertaining to oceans, weather and the 
atmosphere. This Committee is chaired by 
Senator Warren G. Magnuson (D-WA), and it is 
anticipated that its subcommittee on science, 
engineering and technology R&D and policy will 
likely be chaired by Senator Adlai E. Stevenson, 
III (D-IL). The Committee on Energy and Natu
ral Resources, chaired by Senator Henry M. 
Jackson (D-WA), includes in its jurisdiction 
legislation on energy policy, regulation, con
servation and research and development, in
cluding nonmilitary development of nuclear 
energy. 



SUMMER GRADUATE COURSES-Supplementary List 

The following graduate courses are being offered In the mathematical sciences during the summer of 1977. Tbeee 
are in addition to the courses listed in the February Issue of these cJ{olil:4). 

ALABAMA 
UNIVERSITY OF ALABAMA IN BIRMINGHAM 
University Station, Birmingham, AL 35294 

Application deadline: May 1 
Information: Dr. Loy 0. Vaughan, Director of the 

Graduate Program in Mathematics 

June 13 - August 24 
Set Theory 
Ordinary Differential Equations 
Topics in Geometry and Related Areas II 

FLORIDA 
FLORIDA INSTITUTE OF TECHNOLOGY 
Melbourne, FL 32901 
Information: Department of Mathematical Sciences 

June 20 - September 3 
Computer Data Base Design 
Microprocessors and Microcomputing 
Theory of Coding 
Numerical Linear Algebra 
Mathematical Programming 
Systems Programming II 

ILLINOIS 
CHICAGO STATE UNIVERSITY 
95th and King Drive, Chicago, IL 60628 

Application deadline: June 1 
Information: Michael Sullivan, Graduate Ad\·isor, 

Department of Mathematics 

June 28 - August 18 
Review of Mathematics Topics 
Matrices and Linear Transformations 
Introduction to Real Variables 
Mathematical Logic 
Projective Geometr.v 

INDIANA 
BALL STATE UNIVERSITY 
Muncie, IN 47306 

Application deadline: Open 
Information: Duane E. Deal, Chairman, Department of 

Mathematical Sciences 

June 6 - July 8 
Foundations of Mathematics 
Abstract Algebra 
Theory of Numbers 1 
Topics in Statistics 1 
Non-Euclidean Geometry 
History of Mathematics 1 
Numerical Analysis 1 
Advanced Calculus 1 
Scientific Computer Programming 
Machine Language and Systems Programming 1 
Advanced Programming Techniques 
Information Structures 
Data Processing Techniques 

July 11 - August 12 
Advanced Linear Algebra 
Topics in Statistics 2 
Topics in Number Theory 
Geometry for Teachers 
History of Mathematics 2 
Numerical Analysis 2 
Advanced Calculus 2 
Advanced Differential Equations 
Scientific Computer Programming 
Machine Language and Systems Programming 2 
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KANSAS 

KANSAS STATE COLLEGE OF PITTSBURG 
Pittsburg, KS 66762 

Information: Helen Kriegsman, Department of 
Mathematics 

June 6 - July 29 
Transformation Geometries 
Functions of a Complex Variable 

June 13 - June 24 
Topics in Mathematics (Finance) 

July 11 - Ju\li 22 
Topics in Ma ematics (Construction) 

KENTUCKY 

UNIVERSITY OF LOUISVILLE 
Belknap Campus, Louisville, KY 40208 

Application deadline: June 1 
Information: Roger H. Geeslin, Department of 

Mathematics 

June 13 - July 15 
Computer in Mathematics Teaching 
Overview of Mathematics 

June 13 - July 29 
Fields, Rings, and Ideals 

July 18 - August 18 
Seminar in Mathematics Teaching 

NEW JERSEY 

MONTCLAffi STATE COLLEGE 
Upper Montclair, NJ 07043 

Application deadline: May 1 
Information: Graduate Office 

June 13 - August 5 
Foundations of Modern Algebra 
Number Theory 

June 27 - August 5 
Statistics: Theory and Applications 
Complex Variables I 
Selected Topics in Mathematics 
Advanced Programming 

PENNSYLVANIA 

CLARION STATE COLLEGE 
Clarion, PA 16214 

Information: Department of Mathematics 

June 13 - July 15 
Special Topics 
Complex Variables 

July 18 - August 19 
Algebraic Numbers 
Abstract Algebra II 



COMBINED MEMBERSHIP LIST 1977-1978 
CHANGE OF ADDRESS OR STATUS 

The AMS computer file of the members of the Society contains several items of information in 
addition to mailing addresses, information on subscriptions and types of membership. Date of birth 
and date of election to membership, as well as name of employer and title of position are also in
cluded. The last items of information are of considerable interest to AMS committees concerned with 
the state of the profession, especially the employment patterns of mathematicians. Members who 
move or change jobs would provide valuable assistance for such studies by making certain that their 
entries are accurate and current. Postal Service change of address forms are inadequate, unless they 
are supplemented by the information requested below. 

If there have been any changes in address, institution, or position, and the Society has not been 
notified, please fill in the appropriate portions of the form below and return it to the American Mathe
matical Society, P. 0. Box 6248, Providence, Rhode Island 02940, no later than July 8, 1977. Since 
the CML appears in the fall, changes should reflect the location or position you anticipate will be in 
effect beginning in September. 

Address changes submitted by members throughout the course of the year result in the automatic 
deletion of existing CML information unless the Society is instructed otherwise. Thus, if no institutior 
is provided either as part of the mailing address, or as additional information, a name will appear in 
the geographic section under city and state only, and not institution. If an address change is not 
accompanied by information concerning position, no position will appear in the CML entry. Members 
are also reminded that names are entered in the CML in the form in which they are provided to the 
Society. 

Members who have not submitted address changes since the appearance of the 1976-1977 CML 
should consult that edition to check the accuracy of our data. Those who have submitted address 
changes, but who did not provide new information concerning position, or the name of an institution 
either as part of the mailing address or as additional information, should fill in the pertinent portions 
of the form below. 

Peel off the cl\~t,i-eJ.) mailing label and place in the space provided. The mailing label contains 
the member code, and with this information clerks are able to process address or other changes more 
efficiently. If your mailing label is lost, damaged, or is being used for other purposes, please print 
your complete name, address, and member code in the space provided. 

Name 
Permanent position. ____________ _ 

Permanent institution or business -----------------------------------------------
Location of permanent institution or business (city and state only) _____________ _ 

Temporary position 
---------------------------------------------------------Tempora . 

ry mstitution or business -----------------------------------------------Address for mail 
--------------------------------------------------

Date the above change in address for mail becomes effective -----------------------------
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LETTERS TO THE EDITOR 

Editor, the c!vSUceiJ 

Keeping in touch with our Soviet colleagues. 
This letter is addressed to all scientists inter
ested in maintaining and improving contact with 
Russian colleagues, and represents the fruit of 
a fair amount of consideration and enquiry during 
the academic year 1975-76, which I spent in 
Minsk and Moscow universities. The first section 
contains points which I would like to draw to the 
attention of those organising international meet
ings, or otherwise having the possibility of invit
ing Soviet scientists to Western universities. 

Perhaps the most important single point I 
would like to make is that in my opinion Western 
scientists do not make full usc of the existing 
channels of communication. perhaps because of 
traditional Western misinformation as to what is 
or is not feasible. 

The growth of international scientific and 
eultural ties is potentially of enormous value in 
developing the spirit of cooperation and friend
ship between nations; and I am proud to believe 
that we scientists can make a contribution to
wards making this world a safer and a more de
cent place. 

(i) Invitations to the West. The majorit~· of 
Western scientists are probably familiar with 
the frustrating fact that senior (non-party) Soviet 
scientists invited to Western conferences find it 
impossible to take up the invitation. 

The first step for any Soviet citizen in ob
taining a visa to travel abroad is to get a refer
ence from the Party Committee of his place of 
work recommending the visit; there are several 
steps subsequent to this at which hitches may 
occur. but I believe the first step to be the essen
tial obstacle, since if the Partkom is prepared 
to give its backing the remaining problems may 
turn out to be soluble. 

Now there is some reason to believe that 
this obstacle may be less serious for younger 
scientists. This optimistic view is suggested 
partly by analogy with the case of visits from 
the USSR to the countries of eastern Europe (a 
closer analogy than most people in the West will 
be aware of); and partly by speculation as to the 
nature of the decision-making procedure within 
the Partkom of universities and institutes. 

I would thus like to urge that every possi
ble opportunity be taken to invite the younger 
generation of Soviet scientists to meetings in the 
West or to Western universities. In my field of 
mathematics (algebraic geometry) there is cer
tainly no shortage of excellent young scientists. 
and visits to the West by such people, even for 
short periods, should provide for an cxtremcl~· 
stimulating flow of ideas and information in both 
directions. 

I would like to suggest that as a matter of 
form every invitation to a senior scientist should 
contain a clause to the effect that if the person 
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invited feels unable to take up the invitation that 
he suggest the name of a junior colleague or re
search pupil who could be interested in coming 
in his stead. Of course, one does not necessar
ily expect that a researeh student of a particular 
scientist would be able to do more than give a 
token representation, but his presence will allow 
a flow of ideas, and will do something towards 
correcting the balance in the make-up of Soviet 
delegations. 

As far as I am aware almost any young 
Soviet scientist would jump at the opportunity of 
travelling to the West. and be extremely keen to 
attempt the considerable task of applying for 
permission. There's probably a practical upper 
bound of about two months on the length of time 
a Russian scientist would be allowed out, and 
one should allow f~r some utK'ertainty in the time 
of arrival. 

Contrary to what is commonly supposed in 
the West, there is no reason of principle why a 
Soviet citizen having obtained permission to 
travel abroad should not support himself on the 
issue of dollars he is entitled to under the cur
rency regulations, although I am informed that 
University authorities may be very much more 
impressed by an invitation promising support 
and even a contribution towards travel expenses. 

Even for a (non-party) scientist with an 
impeccable student ami Kom so mol background 
the probability of being allowed out is probably 
no greater than one-tenth. and it seems to be 
the case that Western organisers who have had 
repeated failures in attempts to invite Soviet 
colleagues sometimes get discouraged and give 
up trying. This is obviously wrong on prob
abilistic grounds. since if the probability of 
success is small one should clearly make more 
attempts rather than fewer. And ir' one draws a 
blank after taking reasonable measures over a 
period of several years (such as writing periodic 
supporting letters to individual members of the 
University or Institute management urging the 
advanta~cs to both Western and Soviet science 
to be gained by some particular visit) then one 
is in a steonger position to complain that the 
Soviet side is being uncooperative. 

There is certainly no way in which invita
tions addressed to an individual scientist, or 
letters enquiring as to the best way of inviting 
either him or one of his students could com
promise him or lead to retaliation from the 
authorities. 

I regard suggestion;; sometimes made that 
we take a hardline attitude and boycott delegates 
we regard as too "official" as potentially ex
tremely harmful and counterproductive. 

To sum up this section. it is my firm con· 
viction that success in this matter will be di
rectly proportional to the amount of patient 
effort which we are willing to exert. 

(ii) The copyright convention. In 1973 the 



Soviet Union signed the Geneva copyright conven
tion thus bringing to an end the tradition of pub
Jishlng pirate translations of Western books and 
journals. The potentially damaging effect of this 
on Soviet mathematics doesn't seem to have been 
generally realised. Before the copyr_ight c?nven
Uon any important textbook was published m an 
edition of 10,000 (say), ensuring that every col
lege, university or technical school was able to 
obtain a copy for its library. Similarly important 
western articles found their way into libraries 
across the country in the form of translations in 
Matematika. Since the convention, the number of 
textbooks translated has dwindled to an insignifi
cant trickle, and Matematika has ceased pub
lication. 

Important university or institute libraries 
get an issue of foreign currency with which they 
can buy a selection of the essential literature; 
but this may have the effect of reducing contact 
with Western scientific ideas down to the scien
tists at a few major centers. 

An important additional source of foreign 
journals costing nothing in dollars is the exchange 
of publications, and every attempt should be 
made to extend the existing exchanges. 

The use of the photocopying machines at the 
major Soviet libraries remains at present ex
pensive and inconvenient. 

(iii) Contact by mail. A visitor at a Russian 
scientific center is constantlv embarassed bv 
being pumped for informatio~ about what's g~ing 
on in the West; and the plea for preprints. lecture 
notes and copies of letters is invariably repeated 
in any discussion. I am not necessarily implying 
that the Western scientific community has been 
mean in this respect in the past, but I'd like to 
emphasize the desirability of sending as much 
information as possible. 

Although it's true that e\·ery item of news 
received from the West is circulated and dis
cussed with great interest, it's also true that 
even within Moscow there are many different in
stitutes at which scientists arc employed, and 
there may not be very close contact between 
t~e.m; !~this applies to provincial univer
Sities. Western scientists need only consider 
ho~ frequently they make photocopies of pre
prmts or letters for their own use or for passing 
on to a colleague or student to realise the incon
venience of bcino· deprived of this facility· so th t . h . ' a It doesn't seem unreasonable to suggest 
s~nding a larger number of preprints to a Bus
Stan _university than one would to the corrcs
P<lndmg We,:tern university 

h' It• s perhaps qu itc st~i.king the extent to 
1\1 tch the averao·c scientist depends for his o·cn-
er~ " • · " d' outlook on informal contnct-thus one might 
ISCuss in conversation the work in progress of some con . . . Pres . eague and gaw thereby an overall tm-

havi Ston of ~ome new field of re::;carch without 
ng to Watt for the precise results to appear as Prepr· t b m s or articles For a while now I have 

r::~ ~rying to apply this' principle in written 
math 0 try _to bridge the gap between Soviet 
l\ll.th ematiCtans in my field and the West writing occ . • 
times otst~nal news of new developments (some-
edge Whtch I have only the sketchiest knowl-

myself). A slight difficulty is that there arc 
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in principle and in practise restrictions on one• s 
correspondents' replies (see below), and one 
sometimes has to content oneself with the ab
stract knowledge that the communication is well 
received, and somehow get over the psychological 
difficulty of corresponding with someone whose 
replies are infrequent. 

This idea has a potentially invaluable appli· 
cation to an international gathering at which no 
Soviet delegate is present, and I would like to 
suggest that if maybe two or three of the partic
ipants write their impressions of a few of the 
most exciting new results, and send three or 
four copies to interested colleagues in the Soviet 
Union, then this will do something towards cor
recting the isolation of Soviet science. 

This problem has a converse: Russian sci
entists also complain that it is very difficult for 
them to send round copies of their recent work; 
some of the controversy about Russians not get
ting fair recognition for their original work per
haps stems from this difficulty. 

An article prepared for publication in a 
Soviet journal will be typed, with 3 or 4 carbon 
copies made, of which several have to be sub
mitted. It would be useful to have some system 
whereby a Soviet author who so desires could 
send out a carbon copy of his typescript to be 
copied and distributed in the West. This could 
perhaps be done officially, for example in con
nection with the translation schemes, or unoffi
cially by private arrangement; those of us who 
are in correspondence with Soviet scientists 
should at any rate offer to perform this function. 

There are in principle two le!1;al restric
tions on what can be sent out of the Soviet Union; 
firstly, the State holds the copyright on anything 
written by one of its citizens. And secondly, an 
archaic clause of the State Secrets Act requires 
that before sending abroad any written item con
taining mathematical formulae, the sender must 
obtain the explicit permission of a scientific es
tablishment-which involves the completion of 
exhaustive formalities, and is usually only pos
sible if the item is already cleared for publica
tion. However, in practise scientific manuscripts 
and short items containing formulae are sent 
abroad rather frequently, as shown for example 
by the fact that Soviet scientists review regularly 
for Western journals and translate for the AMS. 
In general I ~m impressed by the amount of 
material that has been permitted in recent years 
to pass through the mail in both direetions, and 
I would like to interpret this as an indication of 
the genuine application of one of the clauses of 
the Helsinki agreement. 

It could be argued that the postal regula
tions, whieh make it impraetieablc for papers 
submitted to Soviet journals to be sent to a re
viewer outside the USSR, arc partly responsible 
for the uneven quality of some of the papers 
appearing in the Soviet scientifie press. 

(iv) Visits to the Soviet Union. The pos
sibilities are as follows: a) as a tourist; b) by 
formal invitation; c) under the internation11l 
Cultural Exchanges. 

a) It's perfectly feasible to visit say Mos
cow or Leningrad as n tourist, and nowadays the 
tourist gets a very rcusonable deal (travelling 



with a group may be very much cheaper, and the 
group activities are not compulsory). When ap
plying for a visa one is required ·to name the 
Soviet citizens one intends to meet, but there 
can be no objection to a scientist who intends to 
get in touch with colleagues declaring only one 
name. 

It's perhaps worth pointing out in connection 
with the forthcoming International Congress of 
Mathematicians that Leningrad is just one night 
on the train away from Helsinki, and is a town 
that has considerable attraction to the tourist; 
for details consult Intourist. 

b) Soviet scientists may be very willing to 
attempt to get an invitation made out to a West
ern colleague to visit them for periods of up to 
two months. However, it's fair to say that this 
is not necessarily straightforward. Certainly any 
Western scientist interested in this possibility 
should in the first instance write well in advance 
to a Soviet colleague with whom he has good sci
entific relations to discuss tactics. 

c) There are Cultural Exchanges in oper
ation between the Soviet Union and every Western 
country. They take place both at the level of 
visiting fellowships (organised through the Aea
demy of Sciences) and visiting studentships 
(through the Ministry of Higher Education), and 
represent almost the only practical possibility 
for a Western scientist to spend a long period 
(six months or a year) in contact with a Soviet 
scientific center. I would strongly recommend 
the latter to any Western research student of 
recent Ph. D. who is interested in some aspect 
of Soviet science, is willing to learn Russian, 
and is prepared to face the difficulties as well 
as the varied delights of Soviet life. Copies of 
my report to the British Council containing some 
of the fruits of my two years• experience in the 
USSR will be available on request. 

The very least that Western universities 
can do to encourage the use of these exchanges 
is to display the advertising matter relating to 
them; the relevant addresses are as below: 

USA 
International Researeh and Exehangcs Board 
(IRE X) 
110 East 59 Street 
New York. New York 10022 

CANADA 
Canada Council 
Conseil des Arts du Canada 
C. P. 1047 
Ottawa, Ontario KIP 5V8. Canada 

ENGLAND 
British Council 
10 Spring Gardens 
London SW1A 2BN, England 

Royal Society 
6 Carlton House Terrace 
London SWl Y 5AG. England 

FRANCE 
Centre national de la recherche scientifique 
27, avenue du Marechal-Lyautey 
75016 Paris, France 
M. Eugene Zaleski, Directeur de Recherche 
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JAPAN 
Science and Technology Agency 
2-2-1 Casumigaseki 
Chiyodo-ku, Tokyo, Japan 

In conclusion I would remark that there are 
many countries in the world where the workiag 
conditions of scientists, and the ways in which 
contacts with the world scientific community can 
be improved is a subject which certainly deserves 
further study; but it seems fair to say that the 
Soviet Union, the People's Republic of China llld 
Czechoslovakia stand out as the three major' · 
countries of the world whose minimal cooperatloa 
in maintaining scientific contact amounts to a 
deliberate affront to the world academic com
munity on the part of their governments. 

Miles Reid 

Editor, the c.N"otictiJ 

An Irish Mathematical Society was recently 
formed and its first annual general meeting was 
held in Trinity College, Dublin (T. c. D.) on De
cember 20, 1976. The following officers were 
elected: President: Dr. F. Holland (University 
College, Cork); Vice-President: Professor M. 
Hayes (University College, Dublin (U. C. D.)); 
Secretary: Dr. T. Hurley (U.C.D.); Treasurer: 
Senator T. T. West (T. c. D.). The other mem
bers of the committee are: Dr. R. Flood (Kevin 
Street College of Technology, Dublin), Dr. T. 
La!Ie.v (l'. C. D.), Professor J. Lewis (Dublin 
InstitutP for Advanced studies), Dr. P. McGill 
(New University of Ulster, Coleraine), Professor 
M. Newell (University College, Galway), Dr. R. 
Smvth (Queens University, Belfast). 

The aim of the society is to foster the de
\·elopmcnt of Mathematics in Ireland. In addition 
to arranging lectures and conferences, the society 
intends to produce a newsletter which will be cir
culated to members, anu which will contain ma
!Prial relevant to mathematicians in Ireland. In 
particular, it will include information on mathe
matical conferences and meetings abroad. Per
sons organising such conferences are requested 
to forward information on them to the Secretary 
for inclusion in the newsletter. The mailing ad
uress of the society is: Dept. of MathematicsJ 
L:niw•rsitv Collegt·, Dublin -1, Ireland. 

Thomas J. Laffey 

Editor. t lw cA~tu:eiJ 

Readt•l·s of the latest Employment Infor!!!!!
tion for l\lathcmatieians will note that somethllll 
new has been added: several of the ads ask for 
new Ph. D.'s of "any age." Unkind souls might 
infer that some pcople aetually believe that aca
dPmic institutions might discriminate against 
new Ph. D.'s who are over forty, say. 

To sueh people my own experience is not 
1·eassuring. This is now my third year of lookllll 
for a job, and after two hundred letters I haVe 
yet to. obtain an interview, let alone a job. ThiS 
year's rejections are particularly galling in vllnf 
of tlw fact that I now have my Ph. D. Could mY 



age (43) have something to do with my difficulty? 
Perhaps not. At any rate, the final returns 

for this year are not all in. But if I receive a re
quest for an interview, the shock will undoubted
ly age me another ten years. 

Of course, it is ridiculous to conclude on 
the basis of my experience alone that mathema
ticians discriminate on the basis of age. Perhaps 
the standards of the Mathematics Department of 
Columbia University, which has given me my 
doctorate, have sunk to an abysmal low. 

In any event, I am curious to hear from 
your readers whether any of them have had 
similar experiences. 

Gerald Goldstein 

Editor, the c}/utirei) 

Barbara Osofsky' s fascinating little article 
on Small Calculators for the Mathematician 
prompted me to buy one. I chose one of the least 
expensive ($120 at discount) programmable mod
els with the idea of using it for calculation that I 
could do very tediously by hand (using log tables) 
in addition to balancing my checkbook and having 
a delightful toy. 

To my surprise I found that I had a mini
computer contrary to what I expected from Pro
fessor Osofsky' s remarks. If one works very 
hard at designing programs, one can do some 
serious problems in spite of very limited pro
gramming and storage space. 

The capabilities of the machine are really 
limited to analysis in m1. A single 2 x 2 matrix 
would use half my storage registers, and it 
seems a waste of time to try to program matrix 
calculations for the trivial problems the machine 
could handle. 

One can do differential equations. however. 
After strenuous effort I managed to do the initial 
value problem for 

dy/dx = y•, dy'/dx ~ f(x,y,y') 
by the predictor-corrector method with the ma
chine programmed to stop at a given \·alue of x 
so that one could read y and y' and then con
tinue to a new value of x which one punched in; 
the procedure can continue for as long as one 
wants. With a small calculator there are two 
Principal difficulties. One is the amount of pro
ramming space available for computing 
.(x,y,y•) assuming that the arguments are stored 
10 the memories. The best I could do was get 17 
s~eps and one memory available, for the pro~ 
g am used 32 steps and all but one of the storage 
registers. This is not so bad. For example 

iy/dx2 = (e2Y + (dy/dx)2 ' x-21 /:l 
uses 12 steps for f. 
the The. second difficulty is the amount of time 
th· machtne uses. Professor Osofsky emphasized 
co~J· ~nd I ran the above program for the initial 

11tons x ~ 1 y ~- 0 v• -1 so v ~ -log x 0 • 0 •. 0 • . .. 
While wr· t' · ti I 1ng th1s letter. The number of itera~ 
c~ns depends on the grid size h while the ac-
h ~acy is O(h2) once h is small enough. I used 
re- · .01. Since the predictor-corrector method 

QUires some recycling, each iteration involved 

67 operations. I stopped the machine at x = 2, 
3, 5, 10 to read and record the values of y and 
Y'. The time required to get to x = 10, over 
60,000 steps, was about 75 minutes with the 
final reading x = 10, y = -2.30254, .. , y' = 
-0,10000, •. as against the true values y = 
-2.302585 ... , y' = -.1. 

Indeed the machine is slow, about 800 
steps per minute or 100 iterations of a second
order differential equations program in 8-9 
minutes depending on complexity. Nevertheless, 
these times seem acceptable. For qualitative 
information about the behavior of equations en
countered to illustrate theories one can very 
often use a smaller grid size. Also, one can do 
something else while the machine is chugging 
along. 

I should like to be able to have students 
use small programmable calculators the next 
time I teach a course in ordinary differential 
equations. If the students have some experience 
with calculators then questions of grid size, 
etc. provide excellent motivation for the study 
of existence and uniqueness of solutions. More
over. one can see what is going on in the non
linear theory,- it is practical to run a number 
of calculations for van der Pol's equation ~·" ~ 
-y + y3 with varying initial conditions. 

Analysis is, after all, mainly a matter of 
making majorations. There is no question that 
numerical examples are instructive, and when 
these become more like playing pinball than 
doing tedious arithmetic the pedagogical advan
tages are obvious. Thus I think small program
mable calculators definitely have a role in the 
classroom if one can surmount two obstacles 
and I should like to say something about thes~. 

It would certainly be harmful to waste time 
in the classroom doing a lot of trivialities de
signed to accommodate the real and apparent 
limitations of small calculators. The non-pro
grammable calculators are slide-rules with 
buttons and flashing lights. Slide rules never 
had much use in mathematics courses, and I 
don't see that the modern gadget does either. 
With some programming the question becomes 
what one can do with it. The manual of sample 
programs that came with mv machine was very 
poor. For example, it gav(; a tedious and stup.id 
routine for Simpson's Rule. This is a good illus
tration. Simpson's rule is 

•x 1 ,.N . F(x) . f(t)dt -~-:; h 0c l(x J 
\ 0 " n n n 

x0 nh; x xN, ill an ev(•n integer; where x 
n 

and C' n 1 . 2, or -!. The program should be an 
iterati\·e process which stops at N and choosps 
Cn -! if n is odd, C'n 2 if n is even and 
n' 0, N, while Cn 1 for n 0, N; one should 
be able to continue to a new x without repro~ 
gramming. The routine is complicat(•d; there 
have to be four branchL•s corresponding to 
n 0, n odd, n e\·en (n / 0, N), and n N. 
This takes space while at the same limP one has 
to compute f(xn) in the program. It is possiblP 
to program Simpson's Rule on my calculator 
with 19 programming steps and :J memories 
available for f(x), but this requires the branch~ 
ing signals to carry other information and not 
merely be "flags".' If you, as I, lack program~ 



ming experience, you have to spend a lot of 
time devising schemes to fit the limits of your 
calculator. 

Counter-balancing the capabilities of the 
calculator is the price. With more programming 
space and more memories one can either spend 
less time making up clever programs or do more 
complicated routines. The calculator I have can 
be bought for $120 in New York City while its 
popular competitor sells for about $80. Perhaps 
in the future these models will be improved 
slightly. I hope so, but I don •t see the price 
going down much further. The more advanced 
models are unlikely to be at a price which will 
tempt many individuals who don't have a press
ing need for them, although departments could 
easily purchase some for general use. 

Can students afford machines which can do 
serious problems? $120 is 2% of Princeton tuition 
or 4-6 mathematics texts. That would seem a 
reasonable outlay. Were I not near a large city 
with discount outlets, the price would be sig
nificantly higher. and at institutions with modest 
tuition the relati\·e expense is considerable. In 

Canada the price is probably prohibitive. I'm 
sure that there are lots of classroom uses which 
I don't even imagine*, but I'm ready to advance 
two conclusions. 

1. Small calculators have a worthwhile 
place in the classroom provided their program
ming capability enables them to handle at least 
some specimen nontrivial problems. 

2, Whether one's students can afford a 
machine meeting these minimal standards is a 
vexed question; at many institutions the answer 
will probably be "no" for the next few years un
less special purchasing arrangements can be 
made. 

Carl Herz 

*Analysis offers obvious examples of potential 
applications and challenges for small calcula
tors. The same is true of number theory (here 
an "integer portion" function is essential). In 
some other areas where numerical examples are 
useful the cost in money and classroom distrac- · 
tion of a sophisticated calculator may not be 
justified. 

NEWS ITEMS AND ANNOUNCEMENTS 
COLLO(~l'Il"l\1 LECTURES 

A set of Colloquium Lectures was presented 
at the annual meeting in St. Louis. Missouri. in 
January 1ll77. A limited number of copies of the 
lecture notes (70 pages) prepared by Professor 
William Browder. "Differpntial topolog_v of high
er dimensional manifolds". is still available. 

Rt•quests for copie:; should bP accompanied 
h.v a eheck for onl' dollar pl'r copy to cover the 
eost of handling; rcqut•sts should be mailed to thP 
Society, P. 0. Box 1:.71. Annl'X Station. Provi
dpnct•, Rhode Island 02ll-t0. Plt>ast• note that in
formally distributed manuscripts and articlp:; 
should hl' treated as a personal eommunieation 
and arc not for library ust•. Rderenct• to the 
contents in an.\· informal publieation :;hould han· 
thP prior approval of till' author. 

SFMI-ANNl'AL LISTS OF APPLICANTS 

The AMS-l\IAA-SIAl\1 Committee on Em
ployment Opportunities. which i:; charged with 
operation of the Employment Registers at Annual 
and Summer Meetings, and which oversees pub
lication of EMPLOYMENT INFORMATION FOR 
MATHEMATICIANS, plans to prcpart> semi
annual lists of job applicants on an pxperimental 
basis. The first such list will be distributed (for 
a nominal fee) at thP Seatt!P meeting in August 
1977. Copit>s are expected to bt> available follow
ing the meeting for distribution to employers with 
last-minute openings, upon payment of the costs 
for reproduction and distribution. 

Full details, including instructions ami 
copies of the form required for those who wish 
to be listed, will be published in the June issue 
of these cA~tiiw. 
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NEW RCLES ANNOUNCED FOR 
AAAS-NEWCOl\IB CLEVELAND PRIZE 

Tl1f' Newcomb Clevt>land Prize awarded 
l'ach year by the American Association for the 
Advancement of Science (AAAS) previously 
honored research papers presented at AAAS 
Annual Met•tings. Beginning with the 1978 award, 
thl' prizl' will bl' awarded in recognition of the 
author of an outstanding paper published in the 
Hcports sl'dion of Science magazine. with the 
eompdition year extending from the first issue 
in September to the final issue in August. The 
valut• of the prizt• has bepn increased to $5.000. 
in addition to a bronzl' medal. 

Throughout the year readt•rs are invited to 
nominate papers appearing in the Reports sec
tion. Nominations must include the following in
fot·mation: thl' title of the papt>r, issue in which 
it was published, author's name, and a brief state-' 
nll'nt of justification for the nomination. To be 
digiblt•, a pappr must be a first-time presenta
tion (otht>r than to a departmental seminar or 
l'olloquium) of previously unpublished results of 
tht• author's own research. Reference to per
tilwnt earlier work by the author may be included 
to give prespective. Nominations should be sub
mitted to the AAAS-Newcomb Cleveland Prize, 
AAAS, 1:.1:. l\lassachusl'lts Avenue, N. W., 
Washington, D. C. 2000:.. 

Tht> award will be presented at a session 
of the Annual Meeting at which the winner will 
bl' invited to present a scientific paper reviewilll 
the field related to the prize-winning research. 
Tlw review paper will subsequently be published 
in Science, the official journal of the AAAS. 



NEW AMS PUBLICATIONS 
PROCEEDINGS OF SYMPOSIA 
IN PURE MATHEMATICS 
SEVERAL COMPLEX VARIABLES edited by R.O. 
Wells 
volume 30, Parts 1, 2 
390/332 pages; list price $24.40 each/$44. 40 set; 
member price $Hl. 30 each/$33. 30 set 
ISBN 0-821H-0249-6/0-8218-0250-X; LC 77-23168 
Publication da tc: 3/31/77 
To order, please specify PSPUJ\I 130. 1 and 
PSPUM/30. 2 

The American Mathematical Society held 
its twenty-third Summer Research Institute at 
Williams College, Williamstown, Massachusetts, 
from July 28 to August 15, 1975. Several Complex 
Variables was selected as the topic for the insti
tute. Members of the Committee on Summer In
stitutes at the time were Lou is Auslander (chair
man), Richard E. Bellman, S. S. Chern, Richard 
K. Lashof, Walter Rudin, and John T. Tate. The 
institute was supported by a grant from the Na
tional Science Foundation. 

The Organizing Committee for the institute 
consisted of Ian Craw, Hans Grauert, Robert C. 
Gunning (cochairman), David Lieberman, James 
Morrow, R. Narasimhan, Hugo Rossi (cochair
man), Yum-Tong Siu, and R. 0. Wells, Jr. (Edi
tor of these Proceedings). 

The topic of the 1975 summer institute was 
the theory of functions of several complex vari
ables. The emphasis in arranging the program 
was on the more analytical aspects of that sub
ject, with particular attention to the relations be
tween complex analysis and partial differential 
equations, to the properties of pseudoconvexity 
and of Stein manifolds, and the relations between 
currents and analytic varieties. However, there 
were also lectures and seminars on other aspects 
of that broad and active field of investigation, such 
as deformation theory, singularities of analytic 
spaces, value distribution theory, compact com
plex manifolds, and approximation theory. 
1 There were six series of invited expository 
ectures, as well as twenty-two hour lectures of 

a general or survey nature· there were also eight ser· ' ~es of seminars on current developments in the 
SUbject, six of which were planned and partially 
arranged in advance. 
tute The proceedings of the 1975 summer insti
tu are published in two volumes. The hour lee-

res and seminar papers accepted for publication 
~~:ear _in the seminar series most appropriate to 
p . s~b]ect matter of the given paper. These are 
r~tnctpally research reports describing current 
ge search of the authors, while some are of a 
pr~er~l expository nature in a given area. The 
sutncLpaliecture series are represented by six 
th rvey articles which have been interlaced in 
at~e volu~cs with the seminar series, with an 
the mpt _bemg made for some relationship between 
j semmar series and the survey articles they Uxtapose. 
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The Seminar Series and Principal Lectures 
in volume 1 are Seminar Series: Singularities of 
Analytic Spaces, Principal Lecture 1: M. Kura
nishi; Seminar Series: Function Theory and Real 
Analysis, Principal Lecture 2: J. J. Kohn; Semi
nar Series: Compact Complex Manifolds, Princi
pal Lecture 3: Reese Harvey. 

The Seminar Series and Principal Lectures 
in volume 2 are Seminar Series: Noncompact Com
plex Manifolds, Principal Lecture 4: R. Greene 
and H. Wu; Seminar Series: Differential Geome
try and Complex Analysis, Principal Lecture 5: 
D. Burns, Jr., and S. Shnider; Seminar Series: 
Problems in Approximation, Principal Lecture 6: 
0. Forster; Seminar Series: Value Distribution 
Theory; Seminar Series: Group Representation 
and Harmonic Analysis. The detailed list of au
thors and titles of papers is given in the table of 
contents for each volume. At the conclusion of 
each volume is an author index for authors of 
articles, as well as authors of papers cited in the 
bibliographies for each particular part. 

TRANSLATIONS OF 
MATHEMATICAL MONOGRAPHS 
UNIVALENT FUNCTIONS AND ORTHONORMAL 
SYSTEMS by I. M. Milin 

Volume 49 
204 pages; list price $27. 20; member price $20.40 
ISBN 0-8218-1599-7; LC 77-1198 
Publication date: 5/31/77 
To order, please specify MMON0/49 

1n the present book orthonormal functions 
are applied to the study of univalent functions, 
according to the following scheme. 1n Part I, 
which contains three chapters, the author consi
ders univalent functions in a simply connected 
domain. Attention is centered here primarily on 
the behavior of the Taylor coefficients of uni
valent functions; in the first chapter the author 
studies the properties of a special system of 
functions for the coefficients, while in the second 
he finds sharp bounds and asymptotic equalities 
for the coefficients of a composite exponential 
function. The heightened interest in this question 
is undoubtedly due to the coefficient problem. 
Part II is devoted to univalent functions in a fi
nitely connected domain containing the point at 
infinity. 1n Chapter 4 he constructs the so-called 
Laurent system of functions, which plays the 
same role for an arbitrary finitely connected do
main as the system lznl for a circular ring do
main. The fifth chapter is analogous to the first, 
and the last is devoted to applications, principal 
attention being paid to determination of the ranges 
of various functionals. Since the exposition in the 
second part of the book is independent of the first, 
the reader may proceed to Chapter 4 immediately 
after the Introduction. 

The book was translated from the Russian 
by the Israel Program for Scientific Translations; 
the translation was edited by P. L. Duren. 



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)v~!Jai) 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 fnr abstracts. They appear on the inside front cover of each issue. 

1977-1978, The Mittag-Leffler Institute, Sweden (24, p, 70) 

January 2-December 17, 1977. Mathematisches Fors
chungs Institut Oberwolfach (Weekly Conferences), Fed
eral Republic of Germany (23, p. 275; 24, p. 70) 

Spring 1977. NSF Chautauqua-type Short Courses for Col
lege Teachers, U.S.A. (23, p. 274) 

March 21-November 24, European Mechanics Colloquia 
1977 (24, p. 130) 

APRIL 

20-22. CONFERENCE ON SCIENTIFIC COMPUTING. Cour
ant Institute of Mathematical Sciences, New York Univer
sity, New York, New York (24, p. 71) 
Purpcse: To Inaugurate the Courant Professorship of 
Mathematical Sciences, sponsored by the Stifterverband 
fUr die Deutsche Wissenschaft. The first appointment to 
the professorship will be Fritz John. 
Topics: Numerical fluid mechanics (in aerodynamics, 
physiology, plasticity, and viscous flow); minimal sur
faces; economic equilibria; and magnetohydrodynamics. 
Speakers: Relmar LUst, Bjorn Engquist, Paul R. Gara
bedian, Stefan Hildebrandt, Malvin H. Kalos, Herbert B. 
Keller, Egon Krause, Robert MacCormack, Charles s. 
Peskin, Stephen Smale, and w. Gilbert Strang. 
Organizing Committee: Peter D. Lax (Chairman), Alex
andre J. Chorin, and Heinz-Otto Kreiss, 
Information: Conference on Scientific Computing, Courant 
Institute of Mathematical Sciences, New York University, 
251 Mercer Street, New York, New York 10012. 

MAY 

2-4. Ninth Annual ACM Symposium on Theory of Comput
Ing, Colorado (23, p. 344) 

2-14. Regional Workshop in Numerical Analysis and Com
puter Science, Malaysia (24, p. 71) 

5-6. Optimization Days 1977, Canada (24, p. 71) 

5-7. THffiTEENTH DENISON CONFERENCE, Fellows Hall 
Auditorium, University of Denison, Granville, Ohio. 
Topics: Hopf algebras, quadratic forms, group theory, num
ber theory, ring theory. 
Information: Surinder Sehgal or Hans Zassenhaus, Depart
ment of Mathematics, The Ohio State University, Colum
bus, Ohio 43210. 

9-12. Twelfth New Zealand Mathematics Colloquium, New 
Zealand (24, p. 131) 

12-15. The John H. Barrett Memorial Lectures, Tennes
see (24, p. 131) 

16-20. Twenty-First Annual Meeting of the Australian 
Mathematical Society, Australia (24, p. 71) 

30-June 3. GAMM-Jahrestagung 1977, Denmark (24, p. 132) 

30-June 5. International Conference on Constructive Func
tion Theory, Bulgaria (24, p. 132) 
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31-June 5. The Iowa Symposium and Workshop on A. Robbt 
son's Theory of Inflniteslmals, Iowa (24, p, 71) 

JUNE 

3-4. Gauss Bicentennial Symposium, Canada (23, p, 222) 

3-9. THE SfXTH BALKAN MATHEMATICAL CONGRFS!, 
Drubja, Varna, Bulgaria. 
Sponsors: The Balkan Mathematical Union; Bulgarian Na· 
tiona! Committee for Mathematics 
Programme: The Scientific Program of the Congress wW 
be divided into the following sections: A. Universal Struc
tures, including logic and foundations, algebra, topology, 
analysis, differential equations, and geometry; B. In· 
forma tics, including theoretical cybernetics, software, 
and numerical methods; C. Mathematical Modelling, in
cluding stochastics, operational research, mathematical 
models in the sciences, and mathematical models in the 
social sciences and the arts; D. History and Education, 
including history of mathematics and mathematical edu· 
cation. The scientific program will include also some 
symposia and panel discussions. 
Information: L. Iliev, P. 0, Box 373, 1000 Sofia, 
Bulgaria. 

5-10. Symposium on Functional Analysis and its Appll· 
cations. Federal Republic of Germany (24, p. 132) 

6-8. Joint Workshop on the New Computer Science and 
Engineering Model Curricula, Virginia (24, p,131) 

6-July 2. Conference on Vector Space Measures and Ap
plications, Ireland (23, p. 408) 

8-10. SYMPOSIUM ON NONLINEAR EQUATIONS IN AB
STRACT SPACES, University of Texas at Arlington, 
Arlington, Texas. diP" 
Purpose: To discuss current trends in the theory an 
plications of nonlinear equations. ·bafA!d 
Program: In addition to invited addresses and contrt die 
papers, there will be an informal panel discussion on 
future of nonlinear equations in abstract spaces. 11 or 
Information: V. Lakshmikantham, A. R. Mltche iver
Stephen Bernfeld, Department of MathematicS, U~ 
sity of Texas at Arlington, Arlington, Texas 760 • 

9-11. SYMPOSIUM ON BOUNDARY BEHAVIOR OF Slll8 
FUNCTIONS-THEORY OF CLUSTER SETS, Wayne 
University, Detroit, Michigan, be-
Program: There will be lectures on the boundary ti.OJII• 
ha vi or of analytic, harmonic and subharmonlc ~:rsltf 
Invited lectures will be given by J. L. Doob (Un 
of lllinois), P. Gauthier (University of Montreal~ 
M. Heins (University of Maryland), R. Hunt (PU_ ) 1!111 
University), P. Lappan (Michigan State Universtiti 'l1tl 
A. J. Lohwater (Case Western Reserve Unlvers asi011 of 
symposium will honor Wladimlr Seidel on the occ 
hIs retirement. ts 8ese!GI' 
Contributed Papers: There will be fifteen-mlD\1 'l'ld• 
for contributed papers throughout the conference. 



d abstract of papers must be submitted by May 10, 1977. 
~ormation: Leon Brown or Lo~ell ~ansen, D~partment 
Of'Miithematics, Wayne State Umverstty, Detrott, Michi-

gan 48202. 

13_15. SIAM National Meeting, Pennsylvania (23, p, 408) 

1a-August 26. GORDON RESEARCH CONFERENCES, 
N w Hampshire and California. 
e se: The Conferences were established to stimulate 
~rch in universities, research foundations, and in
~striallaboratories. This purpose is achieved by an in
formal type of meeting consisting of scheduled speakers 
and discussion groups. Sufficient time is available to 
stimulate informal discussion among the members of each 
Conference. 
Ulcation: The Conferences will be held at various loca
tions in New Hampshire and at the Miramar Hotel in Santa 
Barbara, California. 
13-17. Theoretical Biology and Biomathematics, Tilton 
School, Tilton, NE'w Hampshire. 
Program: Includes "Mathematical models of immunologi
cal surveillance against cancer" by R. Lefever; "Sto
chastic Models of Metastases" by C, DeLisi; Respiratory 
rhythmogenesis: mathematical modeling vs. the real world" 
by J. Feldman; "Mathematical models of cancer progres
sion" by G. Bell; "Limit cycle oscillations in mathematical 
models of biological control systems" by L. Glass; and 
"Asymptotic behavior of solutions to systems of reaction
diffusion equations" by J. Smoller. The complete program 
for the Conferences is published in Science, March 11, 
1977, ---
Application: Applications must be submitted on the standard 
form which may be obtained from the office of the Director. 
Attendance at each conference is limited to about 100, 
Information: Further information on all the Conferences as 
well as a schedule may be obtained from Alexander M. 
Cruickshank, Director, Gordon Research Conferences, 
Pastore Chemical Laboratory, University of Rhode Island, 
Kingston, Rhode Island 02881, 

14-18. Summcr Short Course on Mathematical Modeling, 
Ohio (24, p. 132) 

19-22. Eighth Conference on Computers in the Undergradu
ate Curricula, l\lichigan (24, p. 72) 

20-21, Confercnce on Xumerical and Statistical Computing, 
California 124, p. 132) 

20-24. Conferen<"E' on the Structure of Attractors in Dyna-
mical Systems, North Dakota (24, p. 132) . 
Prmcipal Lecturer: Hufus Bowen. 

20-24. Seminar on Applications of Mathematics in Modeling 
Theory, Minnesota 124, p. 72) 

20-July 8, Sixteenth Seminar of the Canadian Mathematical 
Congress on Lie Theories and Applications Canada (24 
p, 132) ' ' 

~Jul~ 15. SIXTEENTH SESSION OF THE SEMINA IRE DE 
t • ~HEMATIQUES SUPERIEURES, Universite de Mon
;ea • Montreal, Quebec, Canada. 
~fram: Analysis and probability theory, 
~-;ct Speakers: s. Dubuc, Universite de Montreal: 
C 0H emes d•optimisation en calcul des probabilites; 
gin· e\z, McGill University: Integrales stochastiques 
and era es; S, Karlin, Stanford University: Majorization 
Pro~~~~ed convexity inequalities with applications in 
tier T tty and s~ttstics; ~· Letac, Univers~te Paul Saba
ere~ ;;"louse: Resultats recents sur les chaines dis
Geom\ e M~r~ov; P. Malliavin, Universite Paris VI: 
Courae te d~fferentielle stochastique; G. C. Papanicolaou, 
88Ym ~ Instttute, .New York University: Comportement 
~lque des equations differentielles stochastiques. 
~ational : The Ministry of Education of Quebec, the 
1.fontr' tesearch Council of Canada and the Universite de 
In! ea. 
~ Aubert Daigneault, Departement de Mathe
Quebe es, Universite de Montreal, c.P. 6128, Montreal, 

c • Canada H3C 3J7 
25-Jul 2 · 
ALAJ'AL. INTERNATIONAL SYMPOSIUM ON FUNCTION-
U..ctan ~daSIS AND ITS APPLICATIONS, University of 
~ n, Nigeria. 

e: To bring together research workers in the West 
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African countries working in the field of Functional 
Analysis and its applications in order to identify areas of 
application of Functional Analysis and encourage co
operation among research workers in this field, 
Program: The scientific sessions are expected to con
sist of a number of instructional lectures, invited one
hour lectures and short communications designed for 
individuals to announce their recent results. Tbe Sympo
sium will provide an opportunity for participants to learn 
something of recent developments in Functional Analysis 
and its applications. The topics to be covered will include 
operator theory, topological \'ector spaces, differential 
equations (ordinary and partial), functional equations, 
quantum field theory, integral equations, Von Neumann 
algebras, and nonlinear functional analysis. 
Registration deadline: April 30, 1977. 
Abstracts: Participants intending to contribute papers 
should send two copies each of an extensive summary 
(approximately 400 words) and a brief abstract (100-150 
words) not later than April 30, 1977. 
Information: V. A. Babalola, Department of Mathematics, 
University of Ibadan, Ibadan, Nigeria. 

26-July 2, Conference on Vector Space Measure and Ap
plications, Ireland (24, p. 132) 

27-July 1, Universal Algebra, Hungary (23, p. 344) 

27-July 2, Second Vilnius Conference on Probabtlity 
Theory and Mathematical Statistics, USSR (24, p, 133) 

28-July 15. Symposium on Representation Theory of Lie 
Groups, England (24, p. 133) 

JULY 

5-9. Conference on Graph Theory and Related Topics, 
Canada (24, p, 72) 

9-21, LMS Durham Symposium on Applications of Sheaf 
Theory to Logic, Algebra and Analysis, England (23, 
p. 344) 

11-13. Third Nonlinear Programming Symposium, Wis
consin (24, p, 133) 

11-15, Sixth British Combinatorial Conference, England 
(24, p. 72) 

11-16, First World Conference on Mathematics at the 
Service of Man, Spain (23, p. 277; 344) 

18-20. SUMMER COMPUTER SIMULATION CONFERENCE. 
Hyatt Regency O'Hare, Chicago, Ulinois, 
Program: The program will deal with tbc applica lion of 
simulation to solving problems in the fields of chemistry, 
electrical engineering, aerospace engineering, marine 
engineering, environmental sciences, life sciences, so
cial sciences, and management. There will also be pre
sentations on topics of vital interest such as econometric 
and energy systems. 
Information: W, 0. Grierson, Publicity Chairman. Sum
mer Computer Simulation Conference, Bendix Research 
Laboratories, 20800 Civic Center Drive, Southfield, 
Michigan 48076. 

18-30, ECOLE INTEHNATIONALE D'ETE D'il\FORl\IA
TIQUE, Universite de Montreal, Montreal, Quebec, 
Canada, 
Application deadline: April 1, 1977, if possible. 
Information: Lucille Roy, Departement d'informatique, 
Universite de Montreal, Case postale 6128, succ, A. 
Montreal, Quebec, Canada H3C 3J7. 

21-30, DURHAM SYMPOSIUM ON MULTIVARIATE AP
PROXIMATION, University of Durham, England. 
Support: London Mathematical Society, 
Topics: Theoretical and practical topics in the area of 
multivariate approximation. 
Speakers: R. E. Barnhill; B. Brosowski; C.\\'. Clenshaw, 
L. Collatz; J. W. Jerome; G. G. Lorentz, G. l\leinardus; 
J. R. Rice; T. J. Rivlin; H. S. Shapiro; and I. Singer. 
Membership: To be limited to about fifty. 
Information: D. C. Hands comb, Oxford University Com
puting Laboratory, 19 Parks Road, Oxford OX1 3PL. 
England. 



25-29, CONFERENCE ON AFFINE SPACES AND POLY
NOMIAL RINGS, Northern illinois University, DeKalb, 
illinois. 
Program: As part of NSF /C Lll\IS Regional Conference 
Series in Mathematical Sciences, this conference features 
Professor Masayoshi Nagata of Kyoto University as 
principal lecturer. He will deliver ten lectures on topics 
of current interest centered on affine spaces and polyno
mial rings, 
Support: Limited amount of travel and subsistence support 
funds arc expected to be made available by the National 
Science Foundation to qualified participants in need, 
Information: T. Kambayashi or W. D. Blair, 1\lathe
rnatics, Northern University, DcKalb, Illinois 6011;), 

A\JGUST 

1-::i. Summct· Institute of Applied Statistics, Ctah (24, 
p, 133). 

1-5. International Sy1nposiun1 on Continuum 1\Ieehanics 
and Partial Differential Equations, Brasil (23, p, 344; 
2·1, p, 72) 

1-G. International Symposium on .. \pproxil11ation Theory, 
Brasil (23, p. 277) 

1-12, The 1977 European Summct· ~Iedin?: of the .-\sso
eiation for Symbolic Logic. Poland (24, p, 72) 

l-1:l. International Ach·:mccd Study Institute on :-.:onlincar 
Equations in Ph~·sics and ~Jathematics, Turkey (24, p.133) 

4-G. r-\C::\1 Sympos imn on Complexity Issues in Symbolic 
Cmnpu tation, Canad:! (2-l, p, 72) 

7-13. Eighth International Confen·mT on Gcnct·al Rela
tivity and Gra\'it.Ition, Canada (2:~. p •. -,5) 

S-12. Intct·nationaJ Conference on Discn_'te Optimization, 
Can:>da (2~. p. 1:33) 

. ..,-20. /\d\·anc<.·d Study Institute on Statistical ::\lodcling 
and Sampling for Ecological .\bundance and Din•rsity with 
Applit'ations, PL•nns.vh,nni:l (2:3. p, ·1:09) 

1:>-17, Conft•n•JH'<' on TheoJ·dif':tl Computer Science. 
c~nada (2:l, p, ·l09) 

1G-19. SE\'ENTII CO:-.:FEHE:-.:CE 0:\ STOCI!,\STIC PRO
CESSES ,\]'.1) THEm c\PPLICATIONS. T1wnte Cnivcrsity 
of Technology, Ensclwde. The N"cthcdantls. 
Sponsors: Dutch l\Iinistry of Education, Dutch :\Iathen1ati
cal Sot·ict,·, ?\ctherlands Society lor Statistics, European 
Hcscarch Office, T\\·entc.• Unh,ersity Foundation. 
Organizers: The Comrn itt<.'t• fot· Conf<-•r<•nces on Sto
chastic PrO('('SSL'S or lhl' lkrnoulli Society for ::\lathelnati
cal Statistics and Probability. 
Program: There \\·ill be fifteen indted speakers pre
senting surn•y papl'rs or research papers on topics of 
special interest. :\IoreO\'l'r there will be a nun1ber of ses
sions fur short contributed papers. These sessions will 
be devoted to special topics such as biological and medi
cal applications, computer modelling, nun1crical methods, 
statistical infert>nce and control problems. On Thursday, 
August lB, there \\'ill be a \\'orkshop on con1puter systen1 
modelling;, Son1e of the relevant topics are queueing and 
flo\\' in nct\\'orks, operating systen1s, nct\\'ork optin1iza
tion (e. g. optilnal net\\'ork topology) and network simula
tion techniques. 1\\'0 in\'itcd lectures will be g'i\·cn in the 
morning, and one of the afternoon sessions of contributed 
papers will ill' devoted to this subject. 
Invited Speakers: The list tentatil·ely includes H. E. Bar
low (Berkeley), E, Cinlar (Evanston), J. Gani (Canberra), 
E. Gelenbe (Paris), H. Kesten (Ithaca), :\, Keiding (Co
penhagen), K. Kirckcberg (Paris), P. A, Meyer (Stras
bourg), H. J. Rossberg (Leipzig), Yu, A, Hozanov (Mos
cow), M, Rubino\'itch (Haifa), A. J. Starn (Gronfngen), 
and 1\l, Westcott (Canberra). 
Call for Papers: Those wishing to contribute a paper 
should submit an abstract not later than June 1, 1977, 
The abstracts of contributed papers will be published in 
Advances in Applied Probability and should therefore not 
exceed one half to one page and contain complete ref
erences. The time available for a contributed paper will 
be twenty-five minutes including discussion. There will 
be sessions on Markov processes, limit theorems, 

stochastic control, queues and inventories, reliability 
biological applications and other subjects. ' 
Information: J. H. A. de Smit, Department of Mathe
matics, T. H. Twente, P. 0. Box217, Enschede,The 
Netherlands. 

15-19. A Program of Instructional Lectures on Applied 
Matrix Computations, Maryland (24, p, 133) 

15-19. International Conference on Applied General Bye
terns Research: Recent Developments and Trends, New 
York (23, p, 409) 

16-27. International Conference on Combinatorial Theory 
Australia (23, p, 85) ' 

17-19, Second International Symposium on the Operator 
Theory of Networks and Systems, Texas (24, p, 73) 

22-26, TENTH EUROPEAN MEETING OF STATISTICIANS 
Katholickc Universiteit te Leuven, Leuven, Belgium ' 
(23, p, 345) 
Organizer: European Regional Committee on the Bernoul
li Society for 1\lathcmatical Statistics and Probabillty, 
Programme: The Meeting, which immediately follows tile 
Seventh Conference on Stochastic Processes and their 
Applications (to be held August 15-19, 1977, In Enscbede, 
The Netherlands), will feature both invited and contributed 
papers. 
Topics: Limit theorems, nonparamctric statistics, sto
chastic geometry, spatial analysis, multivariate analysis, 
information theory, risk theory, Bayesian methods, en
Yironment..'ll statistics, statistics and cancer research, 
and teaching of statistics. 
Call for Papers: Authors of contributed papers will be 
offered two formats of presentation, The first will be the 
standard fifteen-minute lecture followed by five minutes 
of diseussion. The second will be that of an informal 
poster session. 
Instt'Uctions for Authors: Persons interested in submittfDI 
a contributed paper should indicate this to the Program 
Committee at the address bcl<m, They will be sent an 
abstract on which a summary of the paper is to be typed, 
Acceptance of papers 11ill be on th" basis of the abstract. 
Information: Organizing and Program Committee, EMS 
1977, Department of ~lathcrnatics, Katholieke Universltelt 
te L"m·en, Celcstijnenlaan 200 B, 3030 Heverlee, Belgium. 

29-Septcmbcr 1. International Conference on Mathematical 
~Iodellng, 1\lissouri (24, p, 73) 

29-Scptcmbcr 2, International Symposium on the Theory 
of Sets, Foundations of l\lathematics, Yugoslavia (24, p. 731 

29-Scptembcr 2, Third International Symposium on Topol
ogy and its Applications, Yugoslal'ia (24, p, 73) 

SEPTEI\IBER 

::i-10. Eighth IFIP Conference on Optimization Techniques, 
Federal Republic of Germany (23, p, 345) 

5-17. NATO Advanced Study Institute on Representations 
of Lie Groups and Harmonic Analysis, Belgium (23, P· Mil 
G-9. COI\IPCON 77-FIFTEENTH IEEE COMPUTER so
CIETY INTERNATIONAL CONFERENCE, Mayflower golel, 
Washington, D, c. 
Program: Components, hardware, software, systems de
sign; applications of micro, mini, and maxi computers. 
Information: Paul Skartvedt, Program Chaiman, TRW 
Energy Systems Planning Division, Building W1, Room 
3426, 7600 Colshire Drive, McLean, Virginia 22101. 

fi-1G, Ll\!S Durham Symposium on Homological and Com
binatorial Techniques in Group Theory, England (23, p,M5l 

19-22. US-JAPAN SEMINAR ON MINIMAL SUBMANIFOIJIII• 
INCLUDING GEODESICS, Tokyo, Japan, 
Sponsors: The United States-Japan Cooperative Science 
Program. 
Information: T. Otsuki, Tokyo Institute of Technology,la 
Tokyo, Japan, and S. S, Chern, University of Callforll ' 
Berkeley, California. 

19-23. International Conference on Fundamentals of Com• 
putation Theory, Poland (24, p, 73) 

26-28, Conference on Distributed Computer Control 
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Systems, England (24, p, 134) 
_28 . SYMPOSIUM-WORKSHOP ON MOVING BOUNDARY 

~~OBLEMS, Riverside Motor Lodge, Gatlmburg, Ten-

n~~s~~sors: Army Research Office-Durham and the Jl;!athe
~Statistics Research Department of the Compu
ma ~iences Division, Union Carbide Corporation, Nuclear 
telr. ion (prime contractor for the U.S, Energy Research 
0 VIS d .. t t' ) d Development A mm1s ra wn • 
;:' ram: The purpose of the Symposium-Workshop is to 
~together the experti~e of both ~athematicians and 

gineers working m the fteld of movmg boundary problems, 
~e emphasis will be on generalized Stefan problems in 
hat and mass transfer. To maximize interaction and in
c:rmation exchange, attendance will be limited to approxi
mately 100 participants. Invited talks will be given in three 
areas: theory, methods, and applications, In each case a 
survey talk will be followed by presentations of current re
search work, In addition, there will be a contributed paper 
session, a problem session, and a panel discussion. The 
problem session is expected to furnish topics for further 
methods development and research. 
Call for Papers: The contributed paper session will con
sist of fifteen-minute presentations of appropriate papers 
for which abstr:tcts arc received, To contribute a paper, 
send title, author, affiliation, and abstract not exceeding 
300 words by June 15, 1977 toR, C. Ward at the address 
below, Author·s will be notified of decisions regarding 
their papers IJy August 1, 1977, 
Invited Speakers: Some of the invited speakers arc Bruno 
Boley (Northwestern University), ,John Cannon (University 
of Texas-Austin), Colin Cryer (Mathematics Research 
Center at Cni\·crsity of Wisconsin), Robert\\', Dutton 
(Sl1nford Cnivcrsity), George J, Fix (Carnegie-Mellon Uni
versity), Bernard A, Flcishnnn (Rensselaer Polytechnic 
lnstitu\e), .~mer Friedman (Northwestern University), 
Gabriel Hon-e1y (l'ni\·ersity of 1\lassachusetts), Gunter 
~!eyer (Gcor!(i:t Institute of Technology), J. R. Ockcndon 
(Oxford Uni\·crsit,·), .J. T, Odcn (University of Texas
Austin), Alan ll, Solomon (Union Carbide Corporation, Nu
clear Division on lea\'(_' from the University of the Negev, 
Israel), E, ~I. Sparrow (l'nivcrsity of Minnesota), John 
Wheeler (Exxon Production Research Company), and D. G, 
Wilson (l'nion Carhidc Corporation, Nuelear Division), 

Information: Robert C. Ward, Mathematics and Statistics 
Research Department, Union Carbide Corporation, Nuclear 
Division, P, O,Box Y, fuilding 9704-1, Oak Ridge, Ten
nessee 37830, 

26-30, Ninth Congress of Austrian Mathematicians, Austria 
(24, p. 73) 

30-0ctober 1. Fifth Annual Mathematics and Statistics Con
ference, Ohio (24, p. 134) 

OCTOBER 

5-7, TENTH ANNUAL WORKSHOP ON MICROPROGRAM
MING, Ramada Inn, Niag;dra Falls, New York, 
Sponsors: IEEE Computer Society's Technical Committee 
on Microprogramming and ACM SIGMICRO. 
Program: This workshop will bring together practitioners 
and theoreticians from industry, government, and aca
demia who are interested in problems relating to the 
underlying concepts and use of microprogramming, Most 
of the time will be dedicated to short informal presenta
tions and discussion groups in order to assist in the ex
change of ideas and the sharing of experiences. These ses
sions will be organized around papers accepted for publica
tion in the proceedings; however, all attendees will be en
couraged to contribute to the discussions. 
Information: T. G. Rauscher, Amdahl Corporation, 1250 
East Arques Avenue, Sunnyvale, California 94086, 

17-19. International Symposium on Nonlinear Evolution 
Equations, Wisconsin (24, p, 134) 

31-November 2. Eighteenth Annual Symposium on Founda
tions of Computer Science, Rhode Island (24, p, 134) 

NOVEMBER 

7-9, Joint National ORSA/TIMS Meeting, Georgia (24, p.134) 

June 25-July 2. Eighth International Congress on the Ap
plication of Mathematics in Engineering, German Demo
cratic Republic (24, p, 134) 

August 15-23. The 1978 International Congress of Mathe
maticians, Finland (24, p, 135) 

NEWS ITEMS AND ANNOUNCEMENTS 

1978-1979 FULBRIGHT-HAYS AWARDS 

The deadline for applications for Fulbright
Hays Awards for the American Republics, Aus
tralia, and New Zealand, is June 1, 1977, while 
the deadline for Africa, Asia, and Europe, is 
July 1, 1977. Some of the openings available in 
lllathematics and statistics in 1978-1979 are: 

Colombia: applied mathematics; functional 
~ysis (Spanish required); Denmark: probability 

eory; algebraic topology and number theory; 
functional analysis; Ethiopia: statistics and sur
~ey research; India: social science research; 
~ mathematics; Jordan: mathematical 
~ist~cs; Liberia: mathematics or chemistry; 
~ head department and teach; Nigeria: 
~ltsttcs; Peru: mathematical logic (Spanish re
~Utred); TliaiTiild: application of statistics to 
8~i.ne~s and industry; U.S.S.R.: theoretical 

ltsltcs; harmonic analysis and theory of trig-
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onometric series; theoretical mathematics; 
mathematical modeling of ocean dynamics. 

Those desiring a copy of the 1978-1979 
announcement of Fulbright-Hays award oppor
tunities for university teaching and advanced re
search abroad should immediately send name, 
address, highest degree, specialization and 
country interest to the Council for International 
Exchange of Scholars, Eleven Dupont Circle, 
Washington, D. C. 20036. 

CIES will also assist in the administration 
of about 500 awards in 1978-1979 for Fulbright 
scholars visiting the U. S. for lecturing and re
search. In many cases host institutions are ex
pected to assist the scholar with full or partial 
maintenance. A directory of scholars currently 
in the U.S. is available on request and inquiries 
are welcome at any time regarding scholars 
from abroad for 1978-1979. 



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 concernin~ 
published or unpublished 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.O. Box 6248, Providence, Rhode Island 02940. 

@ QUERIES 

119. Bruce C. Berndt (Department of Mathematics, University 
of Illinois at Urbana-Champaign, Urbana, Illinois 61801 ). I 
have been collecting materials and references on 1(2n + I). To 

date, I have collected about 100 references, including papers of 

Gro_.wald, Guinand, Katayama, Mikolas Ramanujan, Sandham, 

Stieltjes, and others. No doubt, I am still unaware of many 
papers, probably a majority of them. In particular, I have very 
few references predating 1900. I .tlso have little knowledge of 
numerical calculation~. There arc undoubtedly many papers in 
which bolated lormulas for ~peci•l c.tses of !(2n + 1) appear. 
I would he very grateful for .mv rclcrencc; on n2n + 1\, or 

'pccial case; thereof. 

@ RESPONSES 

The reply below ha• been received to ,, 4ucry published in a 

recent is;ue of the'e cJ{otiai). The editor would like to 
thank .111 who h,tve replied. 

111. (vol. 24, p. 82, Jan. 1977, Parker). Ll't X"'' .tn uncount
abil· set, and let S be I he 'et ol all in I initc 'uh,ct• ol X. Con
sider the followin)l rcl,llion R on S: if a, b E S then aRb if and 

only if there exist ,, positiw integer n (depending on sets a and 
b), such thai the cartesian product an of n copie; of a i' equi
numerous with b (i.e. thl·rc is,, bijl·ction a'' --• b). Thl' re
flexivity of R is otwinus, .md the proof of transitivity of R is 
element,uy. It is however quite difficult to prove that R is 
symmetric. The prool depends strongly on Axiom of Choice. 
(Indeed, the statement th.tt al is e4uinumerous with a, lor 
e.1ch infinite ;eta, is equivalent with Axiom of Choice.) (Con

tributed by Edw.1rd Howorka) 

@ PROBLEM LISTS 

THEORY OF COMBINATORIAL GAMES 

The following research problems were presented at the Special 
Session on the Theory of Combinatorial Games at the 83rd 
Annual Meeting of the Society <II St. Louis, I anuary, 1977. 
(This list w.1s presented by the organiler of the special session, 
Avieai S. Fraenkel, Department of Applied Mathematics, The 

Weizmann Institute of Science, Rehovot, Israel.) 

1. Problem Concerning a Game on Graphs. We give the name 
ARC KAYLES to the following two-person game which can be 

played on an arbitrary (finite) graph. A move consists of 

choosing an arc of the graph which has not yet been chosen 
and is not adjacent to any arc which has been chosen. The 
first player who cannot move loses. 

Call a graph starlike if it is connected and acyclic and 
has at most one node of degree greater than two. We pose the 
problem: find a method to determine, for an arbitrary starlike 
graph, whether the first player can win ARC KA YLES. 
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Example. In the pictured graph, the first player can win 
by choosing arc A. (This move makes B, C, D, E and F un
playable; what remains then is 5 strings, as shown at right-a 
lost position for the player to move.) 

B 

c 

A starlike graph 

• • • 

I '-
"Residual" graph after playing arc A. 

Note. For graphs in which every node is of degree 2 or 
les;, the winner can easily be determined (cf. R. K. Guy and 
C. A. B. Smith, The G-values of various games, Proc. CambridJI 
Philos. Soc. 52 (1956), 514--526). Thus starlike graphs are the 
'\implest" unsolved case. (Contributed by T. Schaefer) 

2. Theory of Cannibal Games. Cannibal Games are two-per· 
son games played on an arbitrary finite digraph. Place any num
ber of "cannibals" on any vertices. A move consists of selectilll 

a cannibal and moving it to a neighboring vertex u along a 
directed edge. If u was occupied, the incoming cannibal eats 

up u 's entire population (in the game "greedy cannibals'? or 
only one cannibal (in "polite cannibals"). The player first un
able to move is the loser, the other the winner. If there is no 

last move, the outcome is defined to be a tie. 
Find a method to determine, for an arbitrary digraph 

and an arbitrary position thereon, whether the first player "" 

win or at least force a tie. 
Note. A particular case is a linear board. Even there no 

general theory was found, though many particular cases were 
solved (mentioned briefly in R. B. Eggleton and A. S. Frae~: 
kel, Cannibals: a game with captures, Abstracts of Commun B. 
cations, ICM, p. 186, Vancouver, 1974). (Contributed bY R •. 

Eggleton and A. S. Fraenkel) 

3. Reducible and Prime Vertices. Let R = ( V(R), E(R)) be an 
arbitrary finite digraph. Let (z 1, ••• , zn) be an arbitrary or· 
dering of the vertices. Define the induced contrajunctiVe com-



und graph R of R by V(R) ~ {(u1, .. :, un): !!i ~ 0 or_] 

j,.:;; "n)}, whi_ch thus contatns 2n vertices. If u, v E V(R), 

th n (u, u) E E(R) if and only if for some k, £, (zk, z,) E 

E(~), uk ~ 1, u ~ u Ell 'Ykf, where 'Yk t is ann-tuple satisfying 

k - ,1, ~ 1 'Yk <' ~ 0 (k * f * .(') and 0 Ell 0 ~ 1 Ell 1 ~ 0, 
1k t- •k ' ' 
0 $ 1 ~ 1 Ell 0 ~ _1 . - - . . 

Let u E V(R). We write v C u if v' ~ 1 => u' = 1 (1 ..;; 

i.:; n). Let G be the generalized Sprague-Gr[J_ndy _!un~tion on 

ii. Then u is called re!!ucible if there exis~ v C u, v * (0, 

... , O). such tha~ G(v) < 00. O~erwise u is irreducible. An 

irreducible vertex u. satisfying G(u) < 00 is called prime. Let 

p(R) ~ max 'f-7~ 1 u', who:_re the max is taken over all primes 

ii: (ul, ... , un) E V(R). 
Digraphs R with p(R) = 2, 3, 4 are given in the figures: 

8 B 

D 

Are there digraphs R with p(R) > 4' The answer may yield a 

different strategy for annihilation games than the O(n6) algo

rithm mentioned in A. S. Fraenkel and Y. Yesha, Theory of 

annihilation games, Bull. Amer. Math. Soc. 82 (1976), 775-

777. (Contributed by A. S. Fraenkel andY. Yesha) 

4. Pattern-Games. In combinatorial games, the player first un

able to move is usually defined as the loser; sometimes as the 

winner (miserc play). 

In many interesting games, the loser or winner is defined 

as the player who first attains a certain pattern, as in "Connect 

Four" or '~Three in a Row", where the pdttcrn is not, in gen.

era!, an end position. Develop a theory for such informally de· 

fined pattern games (p-games), or interesting subsets thereof. 

Notes. (i) A theory of the type sought is not required 

for proving a family of p-games to be NP-complete or NP-hard. 

(ii) Chess is a p-game: The winner is the first player at

taining a pattern without the opponent's king. 

(iii) It would be of interest to imbed checkers, chess and sim· 

ilar games which arc intuitively difficult--and hence interesting

in various families of games on graphs, and prove each family 

NP-complctc or NP-hard. (Contributed by A. S. Frankel) 

PERSONAL ITEMS 

EUGEN B. DYNKIN of the Central Econom
ics-Mathematical Institute, Academy of Sciences, 
Moscow, USSR, has been appointed to a profes
sorship at Cornell University, 

GERALD HAJIAN of the American Cyanamid 
C~~pany has been appointed to section head. Pre
chnteal Statistics, Burroughs Wellcome Co,, Re
search Triangle Park, North Carolina. 
f JACK SONN of the Technion-Israel Institute 

? Technology has been named this year's recip-

Matent of the Mahler Prize for research in Pure 
thematics 

h MICHAEL D. WEISS of Alexandria. Virginia. 
;s been appointed mathematical statistician with 

e Economic Research Service of the U S De-
Part • · 

ment of Agriculture, Washington, D.C. 
ve . J · ERNEST WILKINS, JR., of Howard Uni
m rstty has been appointed associate general 
~ a~ager for Science and Engineering at EG&G 

a o, Inc. 

enn· G. MILTON WING of the Los Alamos Sci
cha1. tc Laboratory has been appointed to the 
and t~manship of the Department of Mathematics 
Un· 0 a professorship at Southern Methodist 

tversity. 
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DEATHS 

Professor PAUL BROCK of the University 
of Vermont died on Februar~· 2, 1977. at the age 
of 53. He was a member of the Society for 34 
years. 

Dr. JOSEPH HOBART BCSHEY of Fayette
ville, Arkansas. died on November 25, 1976, at 
the age of 80. He was a member of the Society 
for 47 years. 

Professor Emeritus HERMAN H. FERNS 
of the University of Saskatchewan died on De
cember 19, 1976, at the age of 81. He was a 
member of the Society for 29 years. 

Professor WALTER H. LESER of Franklin 
and Marshall College died on January 27, 1977, 

at the age of 51. He was a member of the Society 
for 2.') years. 

Mr. MICHAEL P. O'DONNELL of the Uni
versity of Queensland died on October 11, 1976, 

at the age of 48. He was a member of the Society 
for 8 years. 



American 
Mathematical REPORTS AND COMMUNICATIONS 

Society 

REPORTS OF MEETINGS 

THE OCTOBER MEETING IN STORRS 

The seven hundred thirty-eighth meeting of 
the American Mathematical Society was held at 
the University of Connecticut, Storrs, Connecti
cut, on Saturday, October 30, 1976. There were 
101 registrants including 89 members of the 
Society. 

By invitation of the Committee to Select 
Hour Speakers for Eastern Sectional Meetings, 
there were two one-hour addresses. Leonard 
Gross of Cornell University spoke on Logarithmic 
Sobolev inequalities. Walter A. Strauss of Brown 
University spoke on Nonlinear scattering theory, 
The speakers were introduced by John V. Ryff. 

Jerome II. Neuwirth of the University of 
Connecticut arranged a special session on Er
godic Theory; speakers were Nathaniel A.
Friedman, Brianl\larcus, N.F.G, Martin, Alan 

Saleski, Paul C. Shields, and Dorothy stone. 
Eugene Spiegel of the University of Connecticut 
arranged a special session on Group Rings; 
speakers.were Donna L. Beers, Richard Brauer 
R. Keith Dennis, Jacques Lewin, Michael Rose~ 
and Allan Trojan. 

There were two sessions for contributed 
ten-minute papers, chaired by Kinetsu Abe and 
Manuel Lerman. 

There was a concurrent meeting of the 
Association for Women in Mathematics which 
was organized by Stephanie F. Troyer. 

John V. Ryff was in charge of local arrange
ments. 

Walter H. Gottschalk 
Middletown. Connecticut Associate Secretary 

THE NOVEMBER MEETING IN ANN ARBOR 

The seven hundred thirtv-ninth meeting of 
the American Mathematical Society was held at 
the University of Michigan. Ann Arbor. Michigan. 
on Saturday, November G. Ul7G. There were l:l4 
registrants, including 115 members of the Society. 

By invitation of the Committee to Select 
Hour Speakers for Western Sectional Meetings. 
there were two one-hour addresses. Professor 
Philippe M. Tondeur of the University of illinois 
at Urbana-Champaign addressed the Society on 
the subject G-foliations and their characteristic 
classes; he was introduced by Professor Carl P. 
Simon. Professor M. Pavaman Murthy of the 
University of Chicago spoke on the topic, Serre's 
problem and complete intersections; Professor 
Melvin Hochster presided. 

By invitation of the same committee there 
were three special sessions of seleeted twenty
minute papers. Professor Herbert .J. Alexander 
of the University of illinois at Chicago Circle or
ganized a special session on Several Complex 
Variables; the participants were Eric D. Bedford. 
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Daniel M. Burns, Jr. , Frank Forelli, John Erik 
Fornaess, Paul M. Gauthier, R. Michael Range, 
Walter Rudin, and B. A. Taylor. Professor Noel 
J. Hicks of the University of Michigan organized 
a special session on Differential Geomet~y a~ 
Global Analysis; the participants were Rtcha 
L. Bishop. Harold G. Donnelly, DanielS. 
Drucker. James L. Heitsch, RichardS. MillJDall, 
Mark A. Pinsky, Jack R. Quine, Anthony J. 
Tromba, and Karen K. Uhlenbeck. Professor 
Joseph Lipman of Purdue University organized 1 

special session on Stratification of Algebraic!!!! 
Analytic Varieties; the participants were James 
N. Damon, Robert M. Hardt, Heisuke Hironskl• 
Henry B. Laufer, Kenneth R. Mount, Augu~ ... 
Nobile, Joel L. Roberts, and Jonathan M. WJU»• 

There was also one session of six coli'" 
tributed ten-minute papers for which Professor 
Robert G. Bartle served a~ presiding officer. 

Paul T. Bateman 
Urbana. illinois Associate Secretal'Y 



THE NOVEMBER MEETING IN COLUMBIA, SOUTH CAROLINA 

The seven hundred fortieth meeting of the 
American Mathematical ~ciety was h_eld at the 
University of South Carohna, Columbta, South 
carolina on November 19-20, 1976. There were 
Z74 registrants including 233 members of the 
Society. 

By invitation of the Committee to Select 
Hour Speakers, hour addresses were given by 
Professor Frank T. Birtel of Tulane University, 
Professor T. A. Chapman of the University of 
Kentucky, and Professor Thomas G. Hallam of 
the University of Georgia and Florida State Uni
versity. The speakers were introduced, respec
tively, by 0. G. Harrold, R. D. Anderson, and 
Charles W. McArthur. 

There were also five special sessions or
ganized by Professors Douglas N. Clark, Louis 
F. McAuley, Carl D. Meyer, Jr., William T. 
Trotter, Jr., and Eutiquio C. Young. In addition 
there were six sessions for contributed papers. 
These were chaired by Professors Frederick 
Bloom, Thomas Nordahl, Robert C. Sharpley, 
P. L. Sperry, R. M. stephenson, Jr., and 
Manfred stoll. 

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

THE NOVEMBER MEETING IN ALBUQUERQUE 

The seven hundred forty-first meeting of 
the American Mathematical Society was held at 
the University of New Mexico, Albuquerque, New 
Mexico, on Friday and Saturday, November 19 
and 20, 1976. There were 116 registrants in
cluding 37 members of the Society. 

By invitation of the Committee to Select 
Hour Speakers for Far Western Sectional Meet
ings, there were two invited hour addresses. 
Professor Gerald B. Folland of the University of 
Was?ington lectured on Applications of analysis 
o_n mlpotent groups to partial differential egua
!J2!!.!!. He was introduced by Professor Reuben 
Hersh. Professor Gary M. Seitz of the University 
of Oregon gave a lecture entitled A survey of re
.£!!nt work on finite simple groups; he was intro
duced by Professor Alexander P. stone. 
1 There were three special sessions of se
lected t":'enty-minute papers. David W. Fox of 
;e. Appl_ted Physics Laboratory at Johns Hopkins 
E nt~ers~ty organized a special session on The 
~tmatton of Eigenvalues. The speakers were 
F~bert Dillon Brown, Joaquin B. Diaz, George 
K • Sydney H. Gould, Wilfred M. Greenlee, 
H arl E. Gustafson, Robert Nyden Hill, Harry 
J ochstadt, Cornelius 0. Horgan, Bruce Kellogg. M;;' F. Kuzanek, Henry J. Landau, E. F. 
Johnu~, Joyce R. McLaughlin, Coreen L. Mett, 
Phili ·.Osborn, Lawrence E. Payne, G. 

PPtn, Carl H. Popelar, Murray H. Protter, 
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Steven A. Pruess, Benjamin Rulf, Howard L. 
Schreyer, Melvin R. Scott, Vincent G. Sigillito, 
G. W. stewart, and B. Andreas Troesch. P. K. 
Pathak of the University of New Mexico organized 
a special session on Probability and statistics. 
The participants were William A. Beyer, Patrick 
Lee Brockett, Bernard Epstein, Richard J. 
Griego, Barthel W. Huff, Gustavus J. Simmons, 
Vijendra P. Singh, J. N, Srivastava, William C. 
Torrez, Howard G. Tucker, Venkata R. R. 
Uppuluri, and Raymond E. Williams. In conjunc
tion with this session, an hour lecture was given 
by Robert A, Wijsman. A special session on 
Partial Differential Equations was organized by 
Stanly Lee Steinberg of the University of New 
Mexico. The list of speakers was: George W. 
Bluman, George H. Pimbley, Jr., Paul H. 
Rabinowitz, Steven I. Rosencrans, Joel A. 
Smoller, Monty J. Strauss, James K. Thurber, 
Burton Wendroff, and Kjell-Ove H. Widman. 

There were two scheduled sessions of con
tributed ten-minute papers and a late session of 
ten-minute papers. These sessions were chaired 
by Professors Ralph E. DeMarr, Richard Grassl, 
and Ray Mines. 

Local arrangements were handled by Pro
fessor Alexander P. Stone. 

Eugene, Oregon 
Kenneth A, Ross 
Associate Secretary 
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Algebra and Theory of Numbers (05, 06, 08, 10, 12-18, 20) 

71!-N36 G. GRATZER and D. KELLY, University of Manitoba, Winnipeg, Manitoba RJT 2N2. Free m
products of lattices. III. Applications. 

Form-lattices and n .::m, we define two properties: (W ) if IS.:: i/T and 0 <IS I, IT I< m, m 
tben[A.s,VTJn(SL'T)I-¢. (S~) ifa=xVs forall sES and O<lsl<n,thena=xv/\s. 
Let L be the free m-product of them-lattices L i(i E I) and let X= (J (Lil iE I). We use the 
Structure Theorem of Part II to prove Theorem 1. If each L i satisfies (Wm) for i E I, then so 
doea L. Theorem 2. If each L i satisfies (S~) for i E I , then so does L.- In Theorem 2, we 
alao apply the following consequence of our abstract: A normal form theorem. Theorem 3. If a E L-X 
h •-Join-reducible, then there is T ~ L with O< ITI <m such that a=VT; p (t) < p(a) for all 
t~~ and if t E T-x,. then (i) t is m-meet-reducible (and therefore, m- join irreducible), (ii) 
t "t a(i) for all iEI, and (iii) if t= 1\ S for tET, S~L with O<lsl< m such that 
P(l) < P(t) whenever s E s, then s :f a for all a E S. Similarly to the finitary case, the theory 
of C-reduced free m-products is developed. Applications are: Theorem 4. Let L be a bounded m
lattice in which every element has at most one complement. Then L has a (0,1}- preserving m

~~Jding into a uniquely complemented m-lattice. Theorem 5. Every monoid can be represented as the 
' •preserving m-endmorphism semigroup of a bounded m-lattice. (Received August 10, 1976.) 

'I'IT-A87 RONSON J. WARNE, University of Alabama, Birmingham, Alabama 35294. ~ .l-unlpotent 

semigroups. 

Let S be a regular semigroup and let T denote the union of the maximal subgroups of S. If T is a semi
lattice of right groups (groups) (right zero semigroups), we term S a natural .e-unlpotent (natural Inverse) 
(Cll&crete .t-unipotent) semigroup. Let Y be a semilattlce. Let V be an Inverse semigroup In which each sub
ll'oup consists of a single element and with semilattlce Y. Let (J, *) be a semilattice Y of right groups 
11o: Q EY). Let a- 1,00! be a mapping of V Into End (J, •), the semigroup of endomorphisms of (J, •), and let 
CC.,,S) .. aP b p a e a mapping of V XV into J such that: l(a) Ja!pfJ~J _1 ; l(b) 0! E J _1 ; 1(c) a is an ldeJn fJ a{J I 0!/3) a{J 

PotentofJ foraEY 2(a)O!/J*j!,O 1,0 =j!p *0!/J for jEJ. 2(b)O!py*fJ"=(a/J)Y*a/JfP"'. Let (Y,J,V, a • a {3 a{J , 
• erR 

' ) denote ( (0!, a) :0! F V, a E J _1 j under the multiplication (a, a) (/3, b) = ~/3. a/3 *alp iJ *b). Theorem 1. 
0! 0! 
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(Y,J, v, cp, a[j) is a natural .l-unipotent semigroup, and conversely every natural .l-unipotent semigroup Ia 
isomorphic to some (Y, J, V, cp,aP). In the statement of Theorem 1, let each J a be a group (right zero semi
group) and assume cpa is the identity map of Ha for a f Y (omit 1(c)). Then Theorem 1 is valid with "natural 
.e-unipotent" replaced by "natural inverse" (discrete .e-unipotent). (Received November 1, 1976.) 

Justin R. Smith, Rice University, Houston, Texas 77001. Homology Surger~ 
Theory and Perfect Groups. 

This paper gives an algebraic proof of the following theorem: 

Let f: G - H be a surjective homomorphism of groups with a Kernel that is 
the normal closure (in G ) of a finitely generated perfect group. Then the 
homomorphisms jN: r~(ZG - ZH) - ~(ZH) defined in Chapter I of "The codimension
two placement problem and homology-equivalent manifolds," by Cappell and Shaneson in 
the~ of~., Vol. 99, No.1, 227-348, are isomorphisms for all N. This 
theorem was originally proved by Hausmann (not, as yet, published) for N even 
and by Cappell and Shaneson for N odd. Their proofs used geometric methods 
involving performing surgery on imbedded integral homology spheres. (Received 
December 17, 1976. ) 

77T-AB9 G. Gratzer and C. R. Platt, University of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2. 
Two embedding theorems for lattices. 

Theorem 1. Every lattice can be embedded in the ideal lattice of a lattice satisfying (SDA). 

Theorem 2. Every lattice can be embedded in the ideal lattice of a lattice satisfying (Sily·). 

Corollary. Every transferable lattice satisfies (SDA) and (SDy).-- All the statements remain valid 
if we take infinitary versions (511,\), (SD\1) of (SD1), (SDy), respectively. (SD~) is the condition 
that a A bi = c for all i e I and the existence of \f(bi\ i E I) imply that a ,\ 'J ( bi I i E I)= c; 
(SD':) is the dual of (SDA'>. (Received December 21, 1976.) 

/ 
M. Fiedler and V. Ptak, CSAV, Prague, Czechoslovakia. The rank of extreme rwsitiv.e 
operators on pol¥hedral canes. Preliminary report. 

A cone in an n-dimensional vector space with n + 1 extreme rays which satisfy exactly one linear 

dependence relation (with all coefficients different from zero) is called minimal. If c1 and C2 

are two minimal cones in the finite-dimensional spaces E1 and E2 , consider the cone P(C1, C2) of 

all linear operators which map c1 into c2• A complete characterization of P{C1, c2) is given. 

A corollary: the rank of an extreme linear operator of P(C1, c2) may assume any of the possible 

values within the natural boundaries with exception of rank two. (Received January 14, 1977.) 
(Authors intro4uced by Professor Emilie Ha¥nsworth). 

*77T-A91 Kenneth K. Hickin, Michigan State University, East Lansing, MI 48824. 
complete universal homogeneous groups. Preliminary report. 

HUA 
)l 

is the class of all groups of power 

homogeneous. (ll 2 ~1 is regular, 

has exactly one member up to ~. Theorem 1. 

which are )(-universal and ; 

and the G.C.H. is assumed). 
+ 

There is a set W < HUll 
)f. 

Thus 

of power 
+ 

2)\ of non-isomorphic groups such that every automorphism of every H E 'il is 

inner. Further, every H E W is the union of a chain where 

H~ E HU~ for all non-limit ~· and, for every proper subgroup A < H such that 
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H <A 
I! 

for some 
+ 

HU" 

we have A E C-. Theorem 2. A result identical to Theorem 1 

holds if 

power 1:(1 
" 

is replaced by the class of universal locally finite groups of 

~).(Received January 17, 1977.) (Author introduced by Professor R. E. Fhillips). 

77T-A92 Williams K. Forrest, University of Manitoba, Winnipeg, Manitoba, Canada. RJT 2N2. 
Mappings and Correspondences of Open For~ulas over Integral Domains. 

Let R be an integral domain and ~ 1 ,* 2 open R-forrnulas with points in a universal domain. Theorem 
l(a) If •; 1 and ·) 2 are regularly isomorphic then the dimensions, degree and splitting extensions 

and are equal. (b) If R is a field and a regular isomorphism where 

is an irn:ducible variety then maps the Zariski closure of onto R is 

algebraically closed then regular maps over R lift to open continuous unique maps of the spaces 
s~(R). Delini tion If ·i 1 .'i 2 have degree 1 then a finite disjoint correspondence of ; 1 and , 2 
is an open R-formula n y 1 x .. 2 such that points of ·~ 1 and ·¥ 2 have finite nonempty images and 

preimages and independent points have disjoint images and preimages. The correspondence n is 

complete over R1 2 R if images and preirnages of points from R1 have coordinates in R1 . Theorem 
2 (a} Finite disjoint correspondence defines an equivalence relation on the degree 1 open R-formulas. 
(b) If a fini lt' disjoint correspondence of -~ 1 and . 2 is complete over R1 :2: R then the maximal 

cardinality of an independent subset of ) 1 (R~) equals the maximal cardinality of an independent 

subset of . 2 (R~1 ). (Received January 24, 1977.) 

"TTT-A';!3 S. F~1jtlowicz, University of Houston, Houston, Texas 77004. Independence ratio for 
~b)_c .&!~~· 

Albertson, Boll(lhas and ·rucker proved recently that if G is a connected regular graph of degree 

containing tlll complete subgraphs on 

exceptions strictly greater than 
r 

vectices, then the independence ratio for G is, with two 

and they conjectured that if G is a planar cubic graph, 
containing no triangles then there is s l 

3 
such that the independence ratio of G is bigger than 

S. The purpose of this paper is to prove the above conjecture even without the assumption that 
is planar. Our s 12 

35 We have also an example of a graph in which the independence ratio is 
William Staton conjecture s and has some evidence tl1at 5 i-4 is the best possible. (Received 

January 26 , 1 q77. ) 

"''r1'-A94 'tJe:~: y J, ':!ro···~-!n , · .... orr~t .. .J1 Cr.·~·.,·~·r· .:l '.y, :.·.~: C', 
the or~-· 1;.·1~· ·.~ n :,~ .r~ '.:)~·t, 

:, y 

c; 
5 

14 

C1ven ;1 E'!"'OUr-· G ·. r.r' fr! -:: :· n· · : o: r- ;. --. -~ r· :..::. 'I! ~ .. e:L sr-:- tJ·an · ..:·c.:c:-,r·.· t 1 , n .i r :•r. a.""...: t·:-
~hism oc' G•F cf o:•r· ,,,. t··-· t.··:r-:·:(i) ~--,·\'sen t,',JSfc:r··t!cn cf F' extended cy the iunti'y cw.r 
C, (11) an auio:ro:rri'L: o'-t in,; :-.'.' c";u"ri:-1" i: to 'e the i-cr.t't.y on G · nc or. c~l gcnEr·.tcrs of,. 
liVen bClsis _-f'or ~· r·_;t en·, s y x, · r.'· sen(!in.~ x :c -so~E.- cnn:iur;:t.c o:· x t.y an elerr~er.t of G.1heorE" 1 
All auto:l!or:'his" o;· C•}· which lt> vcs ::; roi:'t"ise fix•J ··nl' c. rif": tb nor:nal closure o: F onto itself ~1a co"'posit:.on c· T"' 1· t1v Kel~sen tr?.nsforrr.~·t]or:s. 'i.r.e prno.: iF ·~cdE:lEC r..r: ont: o.t J•: rnuE-KG:r;·sr-

itar fo:r the c s~ r:=(l). (Received January 26, 1977.) 

77T-A95 WITHDRAWN 

BRIAN J. DAY, Department of Pure Mathematics, University of Sydney, Sydney, N.S.W. 2006. 
Note on linear monads. 

~. If N: A+ C 

fA 
that C(NA,C) •TNA 

is a fully faithful dense functor and V = (T,~,n) is a monad on c such 

TC is an epimorphism then the full image of A under the free-algebra 

functor . -u- -u- lT to E1lenberg-Moore category C is dense in C if A is small and C is cocomplete. 
A Cotnparison is made of C V with the algebras for the corresponding algebraic N-theory (in the 

sense of Y. Diers "J-adjonction lim J-absolue et J-th€orie algebrique", C.R. Acad. Sc. Paris, t. 278, afri , 
e A, 1974, pp.l009-1012). (Recetved January 31, 1977.) 
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*77T-A97 J.A. GERHARD, University of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2. 
Free products of idempotent semigroups. 

In this paper the free product (coproduct) of (any number of) idempotent semigroups (bands) 11 

described. The method is an inductive one with similarities to the solution of the word problem 

for free idempotent semigroups. We construct a suitable free semigroup and then define inductively 

a congruence on part of this semigroup so that the quotient is the free product. In the case of 

two rectangular bands this (necessarily) gives the result of H.E. Scheiblich (Notices 742-20-39, 

Jan l977).(Received February 7, 1977.) 

*77T-A98 1 • ·.v _ :;r.~~-:;::. J ... a+-e -~r.i"'-Prsi • ... '· o"' ,.f"'-' ":cr-k ~::: .. ~ i:·,;f:· lc·, .:.--:·c:r~+: 
~crk 1 4?2~. Ifit0£er ~ul~irle8 o~ nrrio·jic ~c~~~~~~j rr~c+~.r~~·, 
}·r-e,_ ir~r.8.r-~.· ~erort. 

Some results of H. Cohen (Acta Arith. 26 (1974-75'. 129-149j are obtatned 

much more si1lply b:v usin~~; an al~~:orithrr. o~ A. Ch~telet (Bull. Soc. !1ath. 

?ran(·e 40 (1912). 1-25). (Received February 10, 1977.) 

*77T-A99 Albert Nijenhuis, University of Pennsylvania, Philadelphia, Pa., 19174 
Note on the unique determination of graphs by proper subgraphs. 

Let 

its n 

G be an (unlabeled) n-graph, and 

vertex-deleted (n-1)-subgraphs. 

D(G) (the deck of 

The conjecture that 

G 

G 

the mul tiset of 

is uniquely 

determined by D(G) is called the Kelly conjecture, or the Ulam conjecture for 

graphs. It has been known to be true for 3 < n < 6 ; in the summer of 1976 

P. Stockmeyer has roved the modified, stronger conjecture for 2-vertex deleted 

sub'}r"phs, for 6 < n < 8 . The author has just verified the original conjecture, 

for 3 < n < 9 , by computer. This gives an independent confirmation of a recently 

announced result of B.D. McKay and C. Godsil, also obtained by computer. 

The author has obtained, for each n-graph G ( 3 .::_ n _<_ 9) a list of the 

isomorphism classes of each member of D(G) The author thanks H.S. Wilf for 

numerous helpful thoughts. General reference: Bibliography on the reconstruction 

conjecture for graphs, compiled by B. Manvel and B. Hemminger. Research supported 

by an N.S.F. Grant. (3 Feb. 1977). (Received February 10, 1977.) 

77T-AlOO JAMES T. LOATS, university of Colorado, Boulder, Colorado B0309 

~~~~Algebras. Preliminary Report 

Recall that an algebra is hopfian if every onto endomorphism is one-to-one. 

Theorem. There are no countable hopfian Boolean Algebras (BA' s) , Theorem (1\IA). Thc.·rc arc 

~0 
no hopfian BA 's of power < 2 with infinitely many atoms. Theorem, Thc.•r(• t'Xi st an 

atomic hopfian BA of power Definition. For ultrafiltcrs 

and for a subalgebra ~ of '!l , define u " v i8 

, t)H• 

iff 

Theorem. For any set S carrying equivalencc.·-relation E , there.· arc 

BA 's '!l, i8 with i8 <'II and a function f:X'!I,..>S such that U !8\' iff f0i)H(1). 

(For S/E finite, proof due to Professor J,D, Monk.) Theorem. For any nA, 91 we have 

' Ideals of 'Ill ,;; I Subalgebras of 'Ill . (Received February 10, 1977. ) 

77T-A101 WITHDRAWN 
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TIM TILL~O~, The O~io St~e University, Columbus, Ohio 43210. A Hamiltonian 
Decomposltlon of ~m' ~' Preliminary report. 

A constructive proof utilizing difference methods is given in this paper of E. G. Straus' 

conjecture: 

For 2m ~ 8, the arcs of the complete directed graph on 2m-l vertices * can be ~m-1 partitioned into 2m-l directed Hamiltonian paths. 

This is equivalent to: 

For 2m ~ 3, the arcs of the complete directed graph on 2m vertices * can be ~m partitioned into 2m-l directed Hamiltonian cycles. 

Previously obtained results that I am aware of are computer verification for 8 :;; 2m ",;; H!, 

and solutions for 2m = 22, 2b, i+O, :;6 and 58 given by the existence of sequenceable groups 

of orders 2l, 27, 3'3, :;5 and ')7. (Received February 11, 1977.) 

*771'-Al03 Katherine Johnston, Vanderbilt University, Nashville, Tennessee 37235. Congruence 
Lattices of Rees Matrix Semigroups. 

For any set A, let II (A) denote the partition lattice of A. Let N (G) denote the normal 

subgroup lattice of a group. Theorem: A modular lattice L is the lattice of proper congruences 

of a Rees matrix semigroup iff L is isomorphic to a complete sublattice of li(I) x N(G) x li(M) 

for some set s and M and a group G, satisfying (1) if (r,~.~) E L, and 

s~r, K~N, p .2 11, then (s,K,p) E: L; and (2) (E:,(e},E:) E L. The proof uses a characteri

zation due to Lallement of congruences on a Rees matrix semigroup. 

We also give an example showing that the conditions in the above theorem are not sufficient 

if Lis non-modular. (Received February 14, 1977.) 

*77T-Al04 EDWARD HOWORKA, University of Florida, Gainesville. Florida 32611. On metric properties of 

certain clique graphs. 

The present paper brings together the results of [1]: D. C. Kay and G. Chartrand. "A characterization of 

certain ptolemaic graphs", Canad. J. Math. 17(1965), 342-346, and of [2]: P. Buneman, ''A note on the metric 

properties of trees", J. Combinatorial Theory (B) 17(1974). 48-50. The theorem established in (1] is slightly 

extended: A graph G is a Husimi tree iff G is ptolemaic and if each two distinct cliques of G have at most one 

vertex in common. It is found on the other hand that the class of Husimi trees is itself characterized by a metric 

condition in some respects much resembling the ptolemaic inequality: A connected graph G is a Husimi tree iff 

dG(u,v)+dG(x.y) :"max [dG(u.x) + dG(v.y), dG(u.y) + dG(v,x)J holds for each four vertices u,v,x,y of G (this 

strengthens [2, Theorem 1]). (Received February 14, 1977.) 

Analysis (26, 28, 30-35, 39-47, 49) 

AlC~rt A. N'ulli.r, ~-en·.) r>orld Stre~c""t, P~ttrJr. Park, Ft. Hood, T"X ?C.s~~l~ 
Qn co,rron fixed exi:re'nP ooints :-or f~rri liPs of maooings. 

This note · 
1s a svrthesis of qev~rRl results bv ~. G. Kre'l'n and D. P. !'f]l':-rar or: 

extreme Paints 
~rd by A. A. ~~rkov, s. KRkutani, ~nd ¥. E. Browder on the existence 

fixed ooints for corrmutinE f~milies of maocin~s. Lemma 1. Let S be a 
Of common 

comoact c 
f anvex subset of a locally convex LTS. Let C be ~ non-empty corrmuting 
amily of aff' 

al 1ne continuous maooings of S into s. Let F be the (non-emoty) set of 
1 cornmotl f' 

lxed ooints over c. Then F contains all extrerre ooints of S iff 
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c·:!i {Is} where Is is the hle.ntity rr.ao or. s. Lemma 2. Let B be a bounded closed 
convex subset of a Hilbert soace. Le~ C he a non-emp~y commuting family of non-· 
extlansive I!'BP"J1Tlgs of b in~:> B. Let f' l'e tr.e (r:or-e.,.oty) set of all comrr.on fixed 
oobts over c. Th•~!: :r· cor:te:r.!l all extre~e ool~:ls •Jf ll iff c: { Ib} • Problell!l• 
Determine t\ &: S co~.&iti'Jr.s or C ~;o that !<' co::tair.s '3":: least one extrerr.e point of • 
(or B). Allulicat!or:;o to :>oter:tial :!'""'r.v and t'l!"ycertric rreasure-theory are 
discussed inforrrally. S~l'lolium. Lemrr-a 2 is n~>:~!"ly tdvi<l.l w!·E>r "bourded-closed• 
is reo laced with "co"'o'!ct". (Received October 20, 19'76.) 

~77T-ff73 GARY WEISS, University of Cincinnati, Cincinnati, Ohio 45221. The Fuglede Commutatfvf~ 
Theorem modulo the Hilbert-Schmidt class and generating functions for matrix operators. 

Relative to separable, complex Hilbert space, let L(H), N, V, c2, c1 denote, respectively, the 
class of bounded linear operators, normal operators, diagonalizable operators, Hilbert-Schmidt opera
tors (J I· I lc denotes the respective norm), and trace class operators. We prove the following. 

2 * * Theore'!!_j_. I!NX-XD!Ic =!IN X-XD lie whenever N EN, D c V, X E L(H). Corollary 2. If N eN, 
2 2 

D , V, th·~n N = D+K for some K , c2 if and only if N is similar to D+K' for some K' e c2• Corollary 3. 
The proposition [NX-XN , c2 ~N*X-XN* , c2 whenever N, N, X , L(H)] is equivalent to [M,X-XM• e c2 .. * * 00 2 2 M<I>X-XM~ e c2, whenever <1> , L (T) and X, L(L (T ))]. Theorem 4. If N, N, X, L(H), NX-XN e c2 and 

N*X-XN*' c2, then IINX-XN!Ic = IIN*X-XN*IIc. Corollary 5. If N 'N, N=D+K for some De V, KeC,. 
* 2 2 

then II NX x:~ II c = 
2 

trace (NX-XN) = 0. 

IIN*X-XN lie for every X E L(H). Theorem 6. If N EN, X E Cz· NX-XN £ cl' then 
2 

The main technique employs a new concept which we call "generating functions for matrix operators". 
(Received NOvember 18, 1976.) 

*77T-B71~ JOSE BARRIA and DOMINGO A. HERRERO, Institute Venezolano de Investig! 
ciones Cientificas, Matematicas, A.P.l827i Caracas 101, Venezuela, 
The similarity orb1t of ~ bi-quasitriangu ar operator. 

The norm-closure4CT)- of the "similarity orbit'~T)={WTW- 1 : 
W is invertible} of a (bounded linear) operator T acting on a complex separable 

Hilbert space is completely determined for the case when T is a bi-quasitriang
ular operator whose spectrum and essential spectrum coincide, provided T behaves 
"nicely" on every spectral subspace associated with an isolated point of the 
spectrum (This class includes every normal operator without normal eigenvalues). 
It is also shown that StS* (S=the unilateral shift) belongs to ACT), provided 
the essential spectrum of T is an infinite subset of the unit circle, the spect· 

rum of T is a proper subset of the closed unit disc and the restriction of T to 
every spectral subspace associated with an isolated eigenvalue in the open disc 
is cyclic. (Received January 14, 1977.) 

77T-B75 PEl YUAN \\'U, National Chiao Tung University, Hsinchu, Taiwan, China. Jordan model forw~ 
contractions. Preliminary report. 

Let T be a c. n. u. weak contraction with finite defect indices. We obtain a Jordan model for such conttaC"' 
tions, which generalizes the Jordan model for c0(N) contractions as developed by Sz.-Nagy and Foiajl. More 
specifically, we have Theorem. Let T be as above. Then T is quasi-similar to a uniquely determined operalllf 
of the form 1\11 EP 1\12 e' ••• EP M EP S(cp1) EP ... €!:' S(cp ), where M., j = 1, .•• , m, denotes the multiplication bY 

. ? m n J 
e 1t on the space L-(E.) with E. measurable subset of the unit circle satisfying E1 ;; E2 ;; .•• ;; Em and 

J J 2 2 I rollariel• S(<Ok)' k = 1, ... , n, denotes the compression of the shift on the space H ecokH with cpk cpk_1• As co -" 
we show that IJ T' the multiplicity of T (in the sense of Sz. -Nagy and Foiajl), is equal to IJ T* = max fm, nl 
we can also define "multiplicity-free" weak contractions parallel to the notion of multiplicity-free Co(N) con

tractions. (Received January 20, 1977.) 
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Simeon Reich, University of Chicago, Chicago, Illinois 60637. 
Almas~ convergence and nonlinear ergodic theorems. 

Let H be a Hilbert space, C a closed convex subset of H, T : C-+ C a 
nonexpansive (odd) mapping with a fixed point, and x € C • G. G. Lorentz's 
oncept of almost convergence ~Acta Math. 80 (1948), 167-190) can be used c { n to show that the sequence T x is weakly (strongly) summed by every 

strongly regular matrix (to its asymptotic center). This improves upon 
recent results of H. Brezis and F. E. Browder (Bull. Amer. Math. Soc, 
82 (1976), 959-961), In particular (~s has also been shown by R. E. Bruck 
vho employed a different ar~ument), Theorem 2 there remains true even if 
the matrix is not assumed to be "proper". An analogous result holds for 
semigroups of nonexpansive mappings. (Received January 27, 1977.) 

77T-B77 M. RAPHAEL and J.J. SEMBER, Mathematics Department, Simon Fraser University, 
Burnaby, B.C. V5A lS6. SOME FURTHER RESULTS ON UNCONDITIONAL SECTION BOUNDEDNESS 

A sequence x has UAB in a K-space E in case k { I ~ 6 : FE~} is a bounded subset of kEF k 
E , where ~ denotes the collection of all finite subsets of the natural numbers (see these 
notices, § 171, .~ug. 1976, 737-40-l). Let EUAB = {xEw : x has UAB in E}. The first two 
parts of Proposition l are known [GOES, T<)HOKU MATH. J. 26, No. 4, 1974, (487-504); BUTi'I:E\S, 
PROC. CAMS. PHIL. SOC. 78, 1975 (451-460)]. 

PROPOSITION l. Let E be a barrelled K-space. Then (i) ECE iff - AB (ii) E'E - FAK iff EFAK = EBB (iii) 

PROPOSITION 2. Let E be an FK-space 

iff it is subseries convergent. 

PROPOSITI ON 3. Let E be any FK-space. 
(xCE r ok .xk is subseries 

PROPOSITION 4. Let E be any FK-space. 
in E iff E is conservative and conull. 

PROPOSITION 5. For any matrix A = (ank) 

(Received J anua.ry 31 , 1977. ) 

iff Eaa 

ECE 
- UAB Then is weakly convergent 

Ther, 

convergent} c ·E 
o UAB 

Then l:Ok is weakly unconditionally convergent 

sup 
{x n=l,2, ... /l: ankxk/ < oo l . 

FEr!> kEF 

Gonzalo G. Riera, Columbia University, New York, N.Y. 10027. Algebraic 
guotients oUergman domains. Preliminary report. 

A Bergman domain in (n is a set D {Cz1, ... ,znllz1.;:U,ZjTl€Dj+l(zl, ... zj) jcl, ... ,n-~ 
where Dj+l is a Jordan domain in whose boundary admits a parametric representation 
Zj+l c W(zl, ... , Zj; x); xE: IR, W being for fixed x a holomorphic function in Dj• 
We consider group G of analytic automorphisms of D obtained as follows: There is a 
sequence of subgroups {l} G0 <J G1 ... <l Gn ~ G such that Gi/Gi-l is isomorphic to a 
Fuchsian group Hi of type (pi,ki) and Gi is a split extension of Gi-l by Hi (l«i"n) 
(Explicit formulae for t~e action are obtained in my thesis: Columbia University, 
October 1976.) Theorem: If ki .c 0 for 1 ~ i ~ n-1 then DIG is a quasi-projective 
variety. (Received February 8, 1977.) 

REKHA PANDA, University of Victoria, Victoria, British Columbia, Canada V8W 2Y2 
and Ravenshaw College, Cuttack-753003, Orissa, India. 
The reducible cases of certain hypergeometric functions of several variables. 
Preliminary report. 

Recently, the author [Indag. 11ath. 38 (1976), 41-45; see also these NOTICES 22 (1975), pp. 
A456-A457, Abstract# 75T-Bl04] gave a number of generalizations of certain reduction formulas 
for the general1' zed · ~ [ 1 h · h hypergeometric F (z) function and for its bas1c analogue r~s z , w 1c •nc · pq ons1dered earlier by P. w. Karlsson [J. Mathematical Phys. 12 (1971), 270-271; Indag. 
Math. 36 (1974), 195-198], H. M. Srivastava [Indag. Math. 35 (1973), 38-40], and M. Chakrabarty 
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[Indag. Math. 36 (1974), 199-202]. The present paper considers the corresponding problem for 

certain multiple hypergeometric functions and provides generalizations of the earlier results 

to hold for multiple series with arbitrary terms. Finally, as an application of one of the 

results presented in this paper, it is shown how readily one can derive a multiple-series 

analogue of a known summation theorem for a generalized hypergeometric series of type pFq(l) 

under certain parametric restrictions. The paper concludes by observing an interesting 

connection of this multiple summation theorem with a known reduction formula given elsewhere 

by the author [Jnanabha Sect. A 4 (1974), 165-168, especially p. 168, Equation (12)]. 

(Received February 8, 1977.) 

77T-B80 P.N .NATAHAJP.H, ~'he ~amnnu.jan ~nsti t~te, l"niversl t;. :.>f l·.a<ircs, 1-.;,~r·.c-•.:oc l;(l5 and 
M.S.RAl;GJ~CHkRI, 'rhe RamanujQ.n Institute, rllivcr:-it:·, o!' i·.udl'-:lG, .-:·:·~raG-(.\..v vv:_, 
{India). 14atrix transformations b<•tween sequence ,:;:•c.cH; over r;on-;·,l"cr.·!.n:edean 
~· Pre!Lmln~ry r~port. 

l\ is «complete, non-trivially valued non-arcL:iniecitrc..t; f.i.cold. l(p) 

nces{xk}, X;,il\ .,ithk~lxkj~'k<OO, wr.er~ p ~{Pk} :c· : •. :.qu~~:ce 
r < J', ~ Sl.i.t: 1'1. <_ 00 • ! (' :. denot~:: :.r.~ ~ f ~f'(' of' ~:f.>OUi:OJ.C:f"o {x •. } , 

K lt)o"1 K "" •· 

... ·-c. :-·r~· ... : .. · 

. "J \'• \ <k <.co • j: ;~ r.<.: ·.e ·· J <.-r: ~ r, to.: il (,• : • r ::. '. · ,r;,,•.:ui.. <.:f tne 
n, 1t. nr. 
:".tl· <. i : .. ··~·J.l-t-·; ft:r· l.-;t !'•...:' :de .. :.l. . u1 : <oo :.t. :·.~: .. 

It )-1 ,: 
~ • r: t. ~ ,·.j" i: b;: it~;~ . :.•. : ... i I.~;; (. f •... 

(Received February 7, 1977.) (Authors introudced by Dr.T.V. Lakshminarasimhan). 

'77T-B81 Robert Carroll, University of Illinois, Champal.gn-Urbana, llllnois 61801 
Uniqueness theorems for abstract differential equations. 

i>t F be a suitable locally convex space and consider ·u• (t) = P(A,t)u(t), u(O) • u,., 
where u(t) has entries u: (t) ~ F (0 ~ i 0:: m-1) and P(A,t) is an m • m matrix with suit

able polynomial entries; A generates a suitable group T(x) in L(F). As ln Donaldson 

(Bull. AI~S, 81 (1975), 576-578) a solution is u(t) = W(t,x)T(-:r)~ dx where D, 

W(t,s) = P(-is,t)W(t,s) and W(o,s) • I. Here for t fixed U(t,-x) = T(x}U(t) 1s an p''' ,, 
valued distribution over a suitable space ? and -; w(t,x) • w"(t,s) where U(t,s) . 
~ ~ cr 

W(t,s)U(O,s) is an F valued distribution over £ z - i (the elements of ~(t,s) are 

'iS SUllied to be sui table multipliers in .,P ) • we prove a uniqueness theorem for th18 

problem based on techniques of ~arroll (cf. Carroll-~howalter, ~in~ular and degenerate 

Cauchy problems, Acad. Press, N.Y., 1976). £verything ma~es sense for the standard 

parabolic, hyperbolic, correct, etc. problems of Gelfand-~1lov. (Received February 14,l9'1'7•l 

77T-B82 CHIEN WENJEN. California State University. Long Beach, California 90840. A new proof of a 

theorem for changing variables in multiple integrals. 

The new proof is elementary and rigorous; the Jacobian in the formula emerges naturally; and the proof call 

be extended to Euclidean n-space for n > 3 without difficulty. [Cf. J. Schwartz. "The formula for change in 

variables in a multiple integral", Amer. Math. Monthly 61(1954), no. 2 and T. Rado and P. V. Reichederfer, 

"Continuous transformations in analysis", Springer- Verlag, 1955 .] (Received February 7, 1977.) 

77T-B83 !l.BiiASKARAII, l"he namar.ujan Institu;;.e, l.:.i·:hrc•~~·,:. ,, .:·~·-~· '''· ., .. - .. ~ .. , . ." (lr •• iai 
and u .NAIK-l:lMb.u.KAR, ~·ichicar; .;t:~•"' t:ni v•:r:-i 1._:1, i:.t•::>: •. :.u-; • !·,., i- ; r:-. ·, ·.n 48lo4• 
Bamach Algebras of Lipschitz )o·unctione: ever l!·.iuc;; :·i<;-lc:r •• 1 !"t·l:: ;_,.~ r. ·~ro~t. 

tf' (X,d) is an ultrametric space and F denote" E.o nor..-arc .. ~ •• ._ . ., ~.or• nor.-trjvia;.·.· ~'-~ueci compleU 

field Lip(X,d) .. { 1' : X-+ F' 11'1 .. =sup \ltCx>l X EX J < .. • I I'll!. = 1.!~·· t Jr:x"; - r,y)l/ o(lCtf)l! 
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x,yEX, x 1 yJ< oo} is a non-archimedean Ilanach Algebra with the norm //f/1 =Max( Uf\1"", llfl!<l), 
{E. Lip(X,d). The object of ti,e paper is to study this Banach algebra particularly with refe
nPe to its Gelfand ideal space. the main result is that when F is locally compact, X is a 
dense subset of the Gelfand ideal space and Lip(X,d) is a weakly regular non-archimedean Banach 
algebra. Among other results are an isomorphism tncorem for Lipschitz al~ebras and a charac
terization theorem for the automorphism of sucn agebr&s. (Received February 14, 1977.) (Author 

introduced by Dr. T. V. La.kshminarasimhan). 

*77T-B84 FRANK N. HUGGINS, University of Texas at Arlington, Arlington, 
Texas 76019. Generalized Lipschitz Conditions II. 

This paper presents further results concerning functions which satisfy a 

~iform Lipschitz condition of order p with respect to an increasing function 

m on [a,b). (See Abstract 73T-Bl91, these Notices, 20 (1973), p. A-438.) 

Some representative results are: THEOREM. A function f satisfies a uniform 

Lipschitz condition of order 1 with respect to an increasing function m on 

[a,b) if and only if f is the Lebesgue-Stieltjes integral on [a,b) of a bound

ed function g with respect tom. THEOREM. If m is an increasing function on 

[a,b), f is a function such that the Hellinger integral J:b (df) 2/dm exists, 

and hf(x) ;:x (df) 2/dm for each x in [a, b), then f satisfies a uniform 

Upschitz condition of order 1 with respect to m on (a,b) if and only if hf 

satisfies a uniform Lipschitz condition of order 1 with respect tom on (a,b). 
(Received February 15,1977. ) 

Applied Mathematics 
(65, 68, 70, 73, 76, 78, 80-83, 85, 86, 90, 92-94) 

77T-C24 D. \'. CIIOODNOVSKY and G. V. CHOODNOVSKY, Tarasovskaya lOa, Ap, 17. 2:>203.1, Kiev. USSR. 
The law of addition for elliptic curve and Korteweg-de Vries equation. 

We investigate the connection between solutions of KdV equation and particle problems with elliptic potential 
of interaction •·' 2 (x) first found by Kruskal. Proposition 1. If u(x, t) c 6. E I I·'(X-x.), x. ~ x.(t), then u(x, t) . - l 1 l 1 

satisfy ut -_ 12cuu -cu iff simultaneously ~- = 12c ':. i . "' (x. -x.); ':. _,. ,.>'(X. -x.) = 0: i E I. Proposition 2. X XXX . l J l l J ]tl l J -

Any solution x 1. cc x 1.(t) of the following system of equations ~- = k i. -". "'(x. -x.), L. 4 . 1o• (x. -x.) = 0 is a trajectory 
l J ;r l l J J ,.. l l .1 

of the H -1 c 7 • 2 I 2 '>' 2 , d . · ll' · f amt tonian H -_ •,t --'i E I xi • < ~i i j v' (xi -xj) ]. Here an supra ~J(X) ts any Weterstrass e tpttc unc-

tion, in particular. , .• (x) ~ x-2 . The system of equations in Proposition 2 has Lax representation L = [L, A], 

following from the law of addition for 1.•(x). Here matrices L and A have the form L .. = 2 6 .. Lk-". v•(x. -xk) • 
lJ lj t-1 l 

(l-Oij) ,,(\ -x1.); A .. ~ (1-0 .. ) b"(x. -x.). So Lax pair for KdV is equivalent to the law of addition for ~>(x). lJ lJ l J 

(Received December 16, 1976,) 

77T-c25 Alexander G. Rarrun, Inat.}'ine I.lech.J: Optics, J,eninerad 197101. 3table 
solution of an integral~_~tioE __ aF~sinG in a~lioations. 

i -1 £. 
(~)nsider eCJ.. <nLlfit)(X-tli«:=rtx.>,); 7 l. Let X=N+-JjN>2 will be chosen so that 
~s' ~(\ds (see_ ibelow ), f ( N +-'j) :: 9 ( ~) . BCJ.. {1 ) ta..~es the form {2) A <f: 

' 1 t (N+~-t) d:t~9(yJJfj~-i.Function9f~) is known for -ff/f-6 I. If eCJ.. (2) is sal-
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vable, then it is equivalent to eq.(3) AttAif= A:~t~, where A'I:-A=K, the ker-
nel of K is }((i!e):(t-2f 1 f~W~t-t. N-t-ij Kttlt) '"'t..(N~/~-t c0 IV )J 1-•..o. 

1 v•'1. N•f-l N-1-t 1 ' I 
Operator I<:> 0 is compact in H = L:z[-1, 1] . For sufficiently large N the 

inequality //1<11 < f holds. So the operator(4)8:I-K>0, and 7/I-K//= f asK 
is compact. The iterative process (5) "~·~= Blf._+ll', 'f.=l"; 'f'::A*g converges in H 
to the unique solut:i,on of eq. ( 1 ). l'rocess 15) supplies a stable method for solving 
eq.(1) because knmnng O:>O,IIf-+siiLo ... 1<cl'one can chose n.:::tu6) such one that 
1~1(-lf"'l&>,SIIH-o ~ ll-. 0: Here_lf ... ,s J.'o· the sequence, t;anerated by (5) with 

'1' 7 '1'~:::~~~/lll+:tl: .. ·.very J._teratJ.ve procE!ss of_solvil;lc the S?lvable e-1uation o:f: th 
fJ.rst kJ.nd supll;tes a st:;tble method of solvJ.ne thls equatJ.on, The r:;iven meth d e 
be use_d for s~ VJ.ng the J.nverse problem in IJOtential theory: ilf'<t)'Cia.t=ttx) ~E:• 

'J:J()l:::..-</J,'r,.t-/X-t/.(ReceivedDecember20,1976.) 2l ~t 1 J 

*77T-C26 STEPHEN GROSSBERG, Boston University, Boston, Massachusetts 02215. 
Competition, Decision, and Consensus, Preliminary report. 

This paper proves that given any number of competing populations, any mean competition func
tion, and any interpopulation signal functions constrained by weak smoothness conditions, then 
global pattern formation occurs. Theorem (Global Consensus): Given any n ~ 2, let 
~i = Ai(x)[Bi(xi)- C(x)) where x = (x1 ,x2, ... ,xn) and i = 1,2, ... ,n. Also suppose: 
1. Smoothness: (a) Ai(x) is nonnegative and continuous for x ~ 0; (b) Bi (xi) is either con
tinuous with piecewise derivatives for xi ~ 0, or is continuous with piecewise derivatives for 

xi > 0 and Bi (0) = ±~; (c) C(x) is continuous with bounded piecewise derivatives for x ~ 0. 
2. Nonnegativity: Ai(x) > 0 if xi> 0 and xj ~ 0, = i; Ai(x) = 0 if xi= 0 and xj ~ 0, 
j "i. 3. Boundedness: limsup B. (w) ,; min {Ck: k 1,2, ... ,n} where Ck = C(O,O, ... ,~, ... ,O,O) 

w -+ oo ~ ac 
with "oo" in the kth entry. 4. Competition: ax-~ 0, k = 1,2, ... ,n. Then given any nonnegative 

initial data x(O), bounded nonnegative limits kx(~) exist. (Received January 5, 1977.) 

77T-C27 E.A. G?.lperin, NP Research, P.O.Jox 24, .St2tion 'CDN', Montreal, Que., 
Canada. Non-c;symptoticalJ y stable observers for line,:>r time-invariant 
uystems. Prelimin~ry report. 

'I'heorcm. Given the plant dx/dt=Ax+Du, (1), t;a.O, x(O) unknoton, ·:1ith the output 
y(t)=H•x, dimy<dimx, assume that such a matrix Q ca,n be chosen that the matrix 
B=A-QH' have k zero eigenvalues with k corresponding lineurly in·J:Jpcndent eigenvec• 
tors and all other roots in the left half plane, Denote by gi k eigenvectors of the 
transpose B', satisf~·ing B•g1:0, i=l, ••• ,k. Then for any 6>0 there can be chosen 
3Uch 3>0 that for any data z0 ,x(O) satisfying the conrlitl.:ms g{[z0-x(0)]<8 (2) 
i=l, ••• ,l{, the model dz/dt:Bz+Qy+Du, (3), t;a.o, z(O):z0 in some timet" (depen
iing on the ncGctive real parts of the eigenvalues) reaches and stays in !-neighbor• 
hood of the motion of the original system (1): l(z(t)-x(t)ll<£ for t;;i!:t*.>O (4), 

For k=O the model (3) represents conventional observers (see D.G. Luenberger, 
IEF:E Trans., AC-11, 2, 1966) asymptoticelly stable in the lar;;e •. 'Jteole observers poS
sess closed-loop stability properties as the convention.<Jl do a.rhl function robustlY liD• 
der small perturbations not e~ffectinK the stabilit;; of int();r:.:>ls cu:-r..::cponding to (2)o 

(Received January 14, 1977.) 

*77T-C28 ETHELBERT N. CHUKWU, Cleveland State University, Cleveland, ';hiu !dl]l~. 
Absolute Controllability of Nonlinear Pursuit Games. Prel iminar't r~r~ort. 

In this paper we shall first 

controllability) of the game 

reduce the absolute controll13.b1l i t-~~r 'ahsoJ utr: nuJ 1-

~ = A(t)x-p+q, p(t) £ P, q( t) £ Q ( 1) 

to the complete controllability (null-controllability) of the contr0l c:rctee'!l 
x = A(t)x-u, u(t) £ P ~ Q (2) 

where P ~ Q = {u: u+Q<;;Pl. Next we shall treat the nonlinear r:=e 
~ = A(t)x + k(t,p,q) 

~d its perturbation 

~ = A(t)x + k(t,p,q) + g(t,x,p,q) 
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~er characterizing the absolute controllability of (3) by a growth condition, we 

·ve a.class of nonlinear systems (4) the absolute controllability of which can be gl 
determined by reducing the game to the simpler form ( 3). 

our results continue the developments in 0. Hajek, Pursuit Games, Academic Press 

(l975), and generalize J. P. Dauer, Journal of Optimization Theory and Applications, 

Vol· 9, No. 2, (1972); Vol. 11, No. 2, (1973). (Received January 20, 1977.) 

"77T-C29 G. V. Ghoodnovsky ,Tarasovskaya 10a ,Ap.17 ,252033 ,Kiev, USSR. 
l1iany body problem with elliptic potentials and Burgers-:-Hopf equation 

we consider solutions U(x,i) of Burgcrs-Hopf (BH) equation with poles X·= 
::Xi(t) of' order one; formally we putU(x,i):=L;n ':x.-xlf~ 'l'henU(x,iJ•>atls
fy EHC: ut. =2cuu..r. + c U.JC:x. iff i, =2CLjcti (xi-£ji-~ Analog.ically for u_~x, i) ·= 
_ >.. cL.•In ,I fJ:-.L· IJ the equation BH i:o sati3ficd, iff X. =r2cdL_ · ; vtfl (r/(:c- -::.c.; )J. ·-L-cE:i: -~J· ·•- • c, .,- • Jl'~ a c d ' 
Proposition. •lny .>olution xi ( t) of f:,.. =- Ql__. . (X.- 'LJ·) - 1 is a trajectory of 

' f -;· • ' ' .-- ' - ' J t= c • Hamiltoniann = /. L-. ·-rj(_.-- a~L. : •: r.. - ..(J· 1 -:- I.loreover Ctny trajectory of this Hamil-..... .. ~ c. ~ F J , 

tonian ·.~ith v·lni.,o;hing .fir:::t intc::;rals i 3 a :>0l11tion of syc:;tcm in Propo;:;ition. Ana-
logous o: :)ropo:cition n·~ valid l'or (:1.:;,- :1.-'_i ,-1replacad by r£9 (.c,- ..cj) orctf~.- and 
(Xi- .Y.j 1 - hy J CJ - ( /~~ - .1.. i J or ctft ~. l'herc arc three 'Nays for solving arising par
ticle pro' .. lc:!!s: bJ L'.c :•1~:ine; flH to he.Jt e•.JU:.ition; nsine; Lax's p<lir; considering 

... I ,,_ 
moments.i.,, ·-·=I J:. r-. For complex .t, ·:: we nave 
real sy...;~·~mr: ot· tlle rorm J_. 

' (Received ll0ccmber :-'.'. 197!.·. 

(/ ·\'·-/·lr". . -,,F. I, : I '.1 'I " 1.-· . I 
·.' -/.-j F~ 

J - ..{ ·J (' . 
-; J • ~ 

*77T-C30 S.T.CHIRIACESCU,University of Bra~ov,Romania;K.V.LEUNG,CONCORDIA University,MontzealH3GlM8 
Canada;D,J.MANGERON,Polytechnic Institute of Jassy,Ia~i,Romania.At present:University of 
Alberta,Canada and M.N.OGUZTORELI,University of Alberta,Edmonton T6G 2Gl,Canada. 
Stability of nonlinear dynamic machining systems with time-lags. 

The authors investigated in their papers presented to the 14th IUTAM Congress (Delft,Holland,l976) and 
to the lFToMM World Congress (Newcastle upon Tyne,England,l975) the "global"stability of certain cutt
ing machine tool spindles,the global instability of dynamic working systems,the stability of certain 
nonlinear models of machine tools,and the experimental determination of the dynamic variations of the 
cutting forces.This paper discus&es the stability of a time-lag nonlinear dynamic machining system DMS 

governed by the following dynamic matrix equations: v(p) = c-1 (p)[(!F(x,px,6,p6) - K<P(v)],6(p) = c:1 (p) 

[YF(x,px,6,p6) - K q, (6)], x(p) = H(p)av(p), F(x,px,8,p8) = F - 6F(x,px) - 6F*(8,p8),where p = d/dt, 
• 0 0 -1 -1 0 

t is the t~me variable, G (p) and G0 (p) are the transfer matrices of the linearized machine tool 

structure,x(x1 ,:2 ,x3) are the instantaneous coordinates of a generic point o1 on the machined surface, 

while 6F and 6F are two experimentally determined parts of the dynamic cutting force F,a, S,y matric
es With constant elements.The established eqs.relate the flexional v and torsional 8 vibrations of the 
structure to the nonlinear characteristics K and the regenerative effects K of the structure and of 
the components of the cutting forces,while H(p) contains time-lags.The abso£ute stability analysis of 
the considered system is accomplished by the method of harmonic linearization of E.P.Popov.A good ag
(;eme~t With experimental results was also found and the DMS of a boring bar was finally discussed. 

ecelVed February 15, 1977. ) 

Geometry (50, 52, 53) 

'77'1'-04 MELVYN w. JETER, University of Southern Mississippi, Hattiesburg, 
Mississippi 39401. Some Extremal Elements of the Convex Cone 
of Monotone Processes of Concave Type. PrelJ.mJ.nary report. 

This note is concerned 

Of monotone processes 

with the extremal elements of the convex cone 

of concave type from E+ toE+, (For background n m 

see R.T. Rockafellar, "Monotone Processes of Convex and Concave Type," 
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Memoirs of the Amer. Math. Soc., 77 (1967)). Let a E E+ \ {0} and n 

+ b E Em \ { 0}. Define T (x) = {y E E+: x > \a and y < \b for some 
m 

\ > O}. Theorem Tis an extremal element of the convex cone of monotone 

processes of concave type from E+ to E+ iff b has only one positive 
n m 

component. (Received February 1, l'J77.) 

*77T-D5 GEORGE P. GRAHAM, JR. Indiana State University, Terre Haute, Indiana 47809 
The incidence _!unction in planes of prime power order. 

Let P be a projective plane with points w, lines \, and incidence relation I. Define the 

function 6:w x \ ~ {0,1} by (P,t)6 = 0 if Pit and (P,t)6 = 1 otherwise. The function 6, con-

taining as it does the incidence information for P, is related to the other forms for pre-

senting that information: (1) If homogeneous coordinates are used for points and lines, then 

6 is similar to the matrix product of the point coordinates with the line coordinates. (2) 

The function 6 is the characteristic function of the complement of I ~ w x \. (3) If the 

values of 6 are arranged in an appropriate square, the result is the l's complement of an iL-

cidence matrix for P. Let t 0 be a line of P. An equation for t 0 is (X,t0)6 = 0. Similarly an 

equation for point P0 is (P 0,x)6 ~ 0. Theorem: If P is a plane of prime power order pn, then 

6 is induced by a polynomial function 6* in two variables over the Galois field of order p3n. 

l!on:ogeneous coordinates in P(A.M.S. Notic.CIJ vo,f. 23, no. 4 #76T-V9) an· used to determine the 

relationship between 6 anG 6*. (Received February 10, l'J77.) 

*77T-rh Paul Ehrlich, University of Missouri, Columbia, Mo. n5201. Stabilit~ sub~roup~ fo~~
faces without _conjugate points. 

We note that the fact that all finite subgrouns of SO(?.) are cyclic implies 

Theorem!: Let M be a connected simply connected 2-manifold. Let G be a properly discontinuous group 

of isometries forM, i.e., for any two compact subsets of M, only finitelv manv G-translates of one 

set intersect the other. Then for any p EM, the stability subgroup G0 := {g E G; g(r>) = p} is 

trivial or finite cyclic, 

Via Thm. 1, some results for Fuchsian grouns generalize to properly discontinuous grouPs of !some

tries acting on Hadamard surfaces M. Call an isometry ellintic if it has a fixed noint in M. 

Cor. 2: Let M be a complete simply connected surface without conjugate points. Tf r. is an ahelian 

properly discontinuous group of orientation preserving elliPtic isometries, then G is a finite cvcliC 

group. (Received February 10, l'J77.) 

Logic and Foundations (02, 04) 

77T-E24 ROG-~R J'o!ADDUX, University of California, Berkeley, California 94720 

Relation algebras and neat embeddings of cylindric algebras. Prelim. report. 

For notations see Henkin-Monk-Tarski, Cylindric Algebras~ 1,, iiorth-Holland, 1971, 

and Chin-Tarski, Un. Calif. Publ. in Math. 1951, pp. 34lff, Theorem 4 below gives a nega

tive solution to problem 2.12 of the first reference. Def: For n < u.o, C>1 E ifn if Of is a 

subalgebra of a relation algebra t7 and there is some C~ B such that ICI~ nand l;x;l • 1, 

x; 1; x " 1' , and x; y f. 0 whenever x £ C and 0 f. y E Sg(b ) (A v ( C- {,x})) • ~~ For every n, 
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u is a variety, W 1 s W but W 1 ~ W. Th 21 (J(E tl W iff' 01 is representable (i.e. "n n+ n . n+ n -- n <w n v 
isomorphic to a proper relatl.on algebra). Def'1 For every 't E CA3, ~ t • (Nr2 t ,+ ,-, 1, ,d01> 

l 0) v 210 o/ where x1y = o2 (s2x·s~ and x • s 1 s0 s 2x for all x,y•Nr2 ~v.1!!...1.1 For every n<UJ, lfn • 
~*SNr3cA4+n' From theorems l and 2, plus the known fact that CA3 ~ SNr3cA4 , we derive 
.!J:...i' For all n,k <w with 2 < n, SNrn CAn+k ~ SNrn CAn+k+l. This theorem has the following 
implication for (non-monadic) first order predicate logio • .£2.!:...21 For every n with 0 < n<w, 
there is a sentence 'f, formulated with at most 3 distinct variables, such that 'f has some 
derivation from the usual axiom schemata of predicate logic whioh involves n distinct 
variables, and no such derivation involving fewer than n variables. It was previously 
known that corollary 5 holds for infinitely many numbers n (see Monk, J. Symb, Logio 

34(1969), pp. 331-343 and Proc. A,M,S, 27(1971), pp. 353-358) • (Received January 27, 1977.) 

77T-E25 ~. ·,;. :erry, Ur;ivers:.t.J oi' :.:u~:itoOa, -.Yi::-'.nipt:t;, Man. R3T 2N2, Co.r!aua, and Universi-cy of 
Leict::J't~r, .L..eicester L.c.:1 7R"'1, e .K. Represent!l t~_on of e-deerees. Prelimj nury report. 

For A, .a_.. ii r;e ·sr: te A r 3 ~1' .b. = 3. X for so:ne r"curs:ve 3·3t X. "lie jdenti.fy partial functions 

with tht:ir (o!Cc: ~i:~~:.: or.a1j .;r ;os ."O ;;i;,;; f = { j(x, yj X£ f :J = r'(xi l • 

Corollar·n 1et ~-I < d. 
(; --

re §.1 <diU ,_;e. :!2 .:;uc.: 

hE §. ~\.4C~. ... t l' 
r .. ...... _ _, --- -- .... :: :.c 

sets. 
, . .;:' 

(Received January 31, 1977,) 

77T-E26 J. B. Remmel, University of California, San Diego, La Jolla, California 92093 
On the lattice of r.e. superspaces of a r.e. space. 

_'-·:' 

Let V_ be a recursively presented vector space over a recursive field F (see these Notices, 

April 1976, Abstract 723-E6). We let £(V_) denote the lattice of r.e. subspaces of V_ under the 

operations of intersection and weak sum. If W is a subspace of V_, £(W,t) denotes the lattice of 

all r.e. subspaces of V such that V · W under the operations of intersection and weak sum. We let 

l*(V_) and £*(W,t) denote the lattices £(V_) and £(W,t) mod finite dimensional subspaces respec

tively. The notion of an Nl-Boolean algebra is defined by Lachlan in Trans. Amer. Math. Soc., 130 

(l968), pp. 1-37. Theorem. Let a be an -,~ i-Boolean algebra, then there exists a r.e. subspace W 

Of v_ such that £*(W,t) is isomorphic to a. Corol~. There exists a r.e. presented space V over a 

recursive field F such that l*(V) is isomorohic to 1>. The method of proof involves modifying the 

Priority argument used by Lachlan to show that for any W1-Boolean algebra a, there exists a hyf}er
hyper-simple set H such that the lattice of r.e. suoersets of H mod finite sets is isomorohic to B. (Rece· 

lVed January 10, 1977.) 

'*77T ... E27 ,~..::,T~.\ Ef,JEK, Iviathema.t~ ·~a]_ ln3 Li ·C"tAt:e, ~2.1. i/, 11.5 ~~7 I}r~=-.g·.JJ=, CzecLo
ulo··rakia. •. l1.uuther se·g~,;.eu~e cf deg:!·ecs Jf c.J.::;:.Jt.:c·u.·~tibility • .P:r-c
lirr;ina.ry :ceporL. 

If 1 and a ~ is countable t:h.en ther'E i:> a seqwneF, {C:.n, n 4 '-"} of ~·e:J.ls 
real 'l such that (l) the sequer-c-e o.!' degn:e~: of d~ is stri·:::tly L1-

creasi.ng ana the degree of d is its minimal upper boun::l., .(ii) in L[d], 
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each dn is a .6.; :.:-eal and the same holds :fer d. The proof is by iterating 

the forcing of Jenser: and Jo:hnsbraten. (Cf. Balcar and Hajek, A sequence of 

degrees of constructibility, these NOTICES, February 1977.) 

In the preceding ore may replace "W1 .is countable" by "C# eY.ie:ts" a~d 
"in L[d~" by "in V". This is proved using 2 basis theorem which g.i.ves also 

the following: If o# exists then Ucere are A; Cohen, Solovay, Sacks reals; 

fer each finite lattice L there is and initial segment cf degrees isorr.or

phi c to L and consisting only of degrees of A 31 reals (A! Adamowicz 
1 ) 

reals); tt.ere are 6 3 reals a, b whose degrees h2.ve no g. l. b. 

(Received February 2, 1977.) (Author introduced by Dr. Betr Stepanek). 

77T-E28 Gerhard F. Kohlmayr, Mathmodel Consulting Bureau, Glastonbury, Connecti

cut 06033. Good ~ about topological fields. 

Let R be the reals, C the complex number field, and ~ the division ring of quater

nions. A copy of Q is a bijective image of ~; copies of R and C are defined corre-

spondingly. •rfii::.O!.t.Sf-j I. A count ably normed division alee bra ov,~r C is a copy of c. 
This theorem strengthens Theorem 1 by R. Arens (3ull. Amer. ~;ath. 3o~. ~ (1947) 

623-630) by eliminating the hypothesis of continuo~s inversion. ~ 1rechet field 

over C is a field which is also a complete linear tope ~os:tl::'k¥ie.""Pt'mi over C. 

TH;:;OR:t:;JI'l II. A Frechet field over C is a copy of C. ~his theorem provides an affir

mative answer to an open probbm (7.9 i'roblem) stated by W. Zelazko (Rozprawy 

Maternatycne, Xi VII, 'darzawa 1965, f·'etric ;:;eneralizations of 3anach alee bras, ;; .26). 

TH~c~~v III. There exists a locally compact connected ~ausdorff topolocical divi

sion ring which is not 0 copy of R, C, or (. l'his ti:eor9m ,,rovides a counterexam

ple to :.:atz I by L. l-ontrjagin (:.nn. of ~:ath. II, 2.2. (F'32) 165-174). '.:'!l.Cci\::.i·: IV. 

There exists a Dedekind complete non-Archimedean ordered field w~ich is not a copy 

of ~. Therefore, the reals cannot be catec:oricn1ly defined in thL oanner. 

(Received February 3, 1977.) 

*77T-E29 Manuel Lerman and J8JI1es Schmerl, University of Connerticut, :._:;torrs, ~._'..._")nn~.."ct.icl~": ~"'L'.?6~ • 
Theories with Recursive Models. Preliminary report. 

All theories considered here are consistent and deductively closed. For e:_tcll n < ul let ' ·n 

denote the class of first-order sentences in prenex normal form with < n t1J..o~~k:._~ ~...'f '1\l:u~ t i I'it..~l·~ and 

for which the first quantifier (if there is one) is existential. A c>tructun' 

Th((Jt,a)a£A) n J0 is a recursive set of sentences. Theorem 1: !~vPry ::'~(r/~) <..'XLl'::si(.,:l ~,t' the 

theory of linear order has a recursive model. This result L_, be:..~t pos~~il'1~' ,~inL'L' rL'h,_'orcn~ -~= T~~ere 

is a 11° extension of the theory of linear order which ha.s no rccursi VP CJL\dc'l. 'i'hl'~~c t li('\~n'W:::i 
3 

replace Theorem l and Theorem 3 of abstract 76T-E10. Theorem l in tlnt :tb::t t':1c't i :: t':tl::te. :'lnil:ll" 

theorems are obtained for the theory of trees at one level lower l n tltl' :u·_i: !~I:h' t. i l' :d :d L'l'"'- :'l'i~.V • 

(Received February 8, 1977.) 

*77T-E30 Dr. Zofia Adamowicz, Instytut Matematyczny P.A.N., Warsa,., Poland 
Constructible semilattices of degrees of constructibility. 

Theorem. If M is a countable model of ZFC+V=L and L is an upper semilattice in 

M well-founded in M and every initial segment r~J of L of the form 

[~) = {f;EiolJ : <; <L ~} 

is countable in M then there is a model N of ZF such that M , N and the 

degrees of constructibility of sets of ordinals of N form an ordering isomorphic to 

~ in N. Remark. The model N is obtained as a symmetric submodel of a generic 
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extension of M. The construction is similar to that in z. Adamowicz, 11 0n finite 

lattices of degrees of constructibility", J. Symb. Logic, to a"pear. A new idea in 

the present paper is that of using symmetric forcing conditions. (Received February 15, 1977, ) 

(Author introduced by Professor A. H. lachlan). 

Topology (22, 54, 55, 57, 58) 

*77T-G46 Jonathan A. Hillman, Australian National University, Canberra. 
groups which are not 2-knot groups. 

High dimensional knot 

~arguments are given, one involving orientability and the other Milnor duality and free finite 

group actions on cohomology spheres, to show that there are high dimensional knot groups which are 

not the groups of knotted s21 s in s4 , thus answering a question of Fox (in ''Some problems in knot 

theory", Topology of 3-Manifolds, Prentice-Hall, 1962). (Received November 22, 1976.) (Author 

introduced by Dr. N. F. Smythe ) • 

TIT-G47 C. E. Aull, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 
24061. Absolute C-embedding in P- and Z-spaces. 

fhe following are equivalent for a P-space (Tychonoff Z-space) X. (a) X is almost Lindel:Of i.e. 

given 2 disjoint zero sets of X one is Lindel~f. (b) X is C-embedded in every P-space (Tychonoff 

Z-space) it is embedded in as a closed set. For the P-space case we have also (c) X is C-embedded 

in every P-space it is embedded in. In the above C-embedded may be replaced by C*-embedded or 

z-embedded the latter due to some results of Blair and Hager. P-spaces are defined in Gillman and 

Jerison. Z-spaces (first defined by Zenor) are spaces such that if F is closed and disjoint from a 

zero set Z then F and Z are completely separated. (Received January 28, 1977.) 

77T-G48 ''cC!li\EL 0 • "0UW·IA1!, Clark University, ':lorcester, 'lassachusetts 01610 
and Wolfson Colle~e, Oxford, ~.B. 
fi_P.~r:r_esentat io~_£_or _I_nte_!:_nal So~e._r _ _!inace~ ( 0 rel1mi nary report.) 

We internret in the tonos Sh(X) o~ sheaves on a sober snace X the 
Q..~!!n..itJ:..ons. An" Vmap between ella (complete," over \J -distributive lattices) 
p\~servesei:lpty an-d pairwise 1\ and all \j. 4 ella has enoup:h points iff 

v P, o 'H[V"V~:H-+ n ~(p) = ~(<1) .. p=n]. A tonolo~ical space ft 
(defined in terms of opens) is sober iff for every "v~:('}(.~) -+ ll there is a 
~~ aeA such that \;} u,Cl(A)\a£U H>~(U) = true). 
Th_eorem. \·le have a commutin"' dia~ram of functors 
~(Sh(X)) ><:: Pts(Sh(X) )~ cHa(Sh(X)) ~ 11/clla(Sh(X)) 
R! -- - r-T~ 

~IX >< O(X)/Pts <-----+ C:'(X)/cHa 
Where>< denotes a duality, r (induced by ~lobal sections) is an enuivalence 
n~·Eand R (the representation) is full and faithful~. Tf we write 
A' A -+ X for R(A) then A is (naturally isomorphic to) the sheaf of sections 

or rr 
A with the topolo~y whose Flobal opens correspond to V open in EA as 

f~llows: [a,v• J = a-l(v). 
~· The Dedekind reals G. in Sh(X) are represented by n:[Rxx-+ X. 
~~ · r ( u , C ( Q. , ft.. ) ) = C ( IR xu , ll< ) 

ther work relates properties of the representin~ map nA to internal 
~;or,erties of the space A.e.g. nA is separated iff A is 
(Au~ : \J x,y ,U[x,u -+ YEUv 3 V ,W(V "W=~ "XEV" YEW)]. (Received January 31, 1977.) 

hor introudced by Professor J. F. Kennison). 
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77T-G49 Ludvik Janos, Mississippi State University, Mississippi State, Mississippi 39762. 
Fixed point property and even continuity. 

Iff: X X is a map of a topological space X into itself we denote by Af its core, i.e., 

Af = l{fn(X) : n ~ 1} and we let Ff stand for the family of subsets of X containing Af with the 

fixed point property, i.e., Ff = {Y : Afc Y c X and Y has the fixed point property}. 

Theorem. Let f : X +X be a map of a compact Hausdorff space X into itself such that the family 

{fn : n ~ 1} is evenly continuous, and assume that the family Ff is nonempty. Then f has a 

fixed point. (Received JBlluary 31, 1'777.) 

*77T-G50 Bang-yen Chen, Michigan State University, East Lansing, Michigan 48824, 
complex submanifolds in Hermitian symmetric spaces. Preliminary report. 

Let M be a complete complex submanifold of a compact Hermitian symmetric space 

M. Then the normal connection is flat if and only if M = M X M' for some compact 

Hermitian symmetric space M' . (Received February 3, 1977.) 

*77T-G5l William T. Eaton, Carl P. Pixley and Gerard A. Venema, The University of Texas at 
Austin, Austin, Texas 78712. A topological embedding which cannot be approxhnated 
by a piecewise linear embedding. Preliminary report. 

There is a topological torus T "' s1 x s1 such that T c s4 but for some £ > 0 there is no 

£-small homeomorphism from T to a PL torus in s4 . Let M4 denote the Matsumoto 4-manifold 

in s4 which has no PL s1 xs1-spine. [Bull. Amer. Math. Soc., 81(1975), 467-470.] The 

proof follows by observing that the C. Giffen construction [R.D. Edwards, these Notices, 

24(1977), A-154] allows one to find a topological embedding of s1 x S 1 into M4 which is a 

homotopy equivalence. (Received February 4, 1977.) 

*77T-G52 Teodor C. Przymusinski, University of Pittsburgh, Pittsburgh, PA 15260 
and Institute of Mathematics of the Polish Academy of Sciences, Warsaw, 
Poland. Products of perfectly normal spaces. Preliminary report. 

The following theorem answers a problem raised by R. W. Heath whether there exists a 

space X such that x2 is perfect but x 3 is not (Proc. Auburn Top. Conf. 1969). 

THEOREM. (CH) For every n = 1,2, ..• there exists a first countable, separable, lo-

cally compact and locally countable space X= X(n) such that: 

(a) Xn is perfectly normal (and hereditarily separable) 

(b) Xn+l is normal but xn+l is not even hereditarily normal. 

The space Xn+l can be made Lindelof but then X can no longer be locally compact or 

locally countable. (Received February 11, 1'777.) 

77T-G53 Dix H. Pettey, University of Missouri, Columbia, Missouri 65201. Products of R-clos~ 
spaces. Preliminary report. 

In [Trans. Amer. Math. soc. lOB (1963), 97-105], M.P. Berri asked if the topological product of 

minimal regular spaces is necessarily minimal regular. In [Trans. Amer. ~ath. soc. 124 (1966), 131• 

147], c. T. Scarborough and A. H. Stone asked an analogous question for R-closed spaces. In the 

present paper, an example is obtained which shows that both questions have negative answers (see 

Theorem 1, below). However, a reasonably mild additional condition is found to be sufficient to 
2 and 3) • 

guarantee the product invariance of the R-closed and minimal regular properties (Theorems 
· · elf is not 

THEOREM 1. There exists a countably compact, minimal regular space whose product w1th 1ts 
sequence of. nor 

R-closed. A topological space X is said to be feebly sequentially compact iff every 
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eiiiPtY open sets in X has a subsequence with a nonempty limit inferior. (Most of the noncompact, R

closed spaces described in the literature are feebly sequentially compact.) THEOREM 2. If a space 

xis R-closed (minimal regular) and feebly sequentially compact, then for every R-closed (minimal 

regular) spaceY, X x Y is R-closed (minimal regular). THEOREM -'· If {xala € A} is a family of R

closed (minimal regular) spaces, each of which is feebly sequentially compact, then a~AXa is R

closed (minimal regular). (Received February 14, l'fl7.) 

B. J. Pearson, Univerc;ity of ML::>ouri-Karua.c City, Karlsas City, Mo. 64110. 
Composapts of nofl~-~tri_9. ·}Q:).~n()_i_~_,,. 

~orem. For each infinite cardinal \ there exi:<ts an indecomposable continuum X 

such that X is a topological group, X hac> "A comrosant.", and each proper subcontinuum 

of X is a separable arc. The continuum X is obtained a,; an inverse limit space by 

extending the usual construction of the dyadic :'10lenoid by inversA sequences to a 

construction by inverse systems. The inver''" :lystem i;; generated by a single space 

and a single bonding map. (Received February 14, l'fl7.) 

'r7T-G55 Richard E. Heisey, Vanderbilt University, Nashville, Tennessee 37235. Factoring open 
subsets of ~ with control. Preliminary report. 

Let R"' = dir lim Rn where R denotes the reals. Theorem. Let U be an open subset of R"' and 

let U be an open cover of U. Then there is a homeomorphism h: U x R00 -+- U such that h is 

U~lose to the projection map. Combined with previous work of the author we obtain the following. 

Corollary. If U and V are open subsets of R00 then any homotopy equivalence f: U -+- V is 

homotopic to a homeomorphism g: U -+- V. (Received February 14, l'fl7.) 

"77T-G56 HUGH R. MORTON, University of Liverpool, L69 3BX, England. A criterion for a surface in 

Jl.3 to be unknotted. 

>•hen a closed surface is embedded in :JR.3 there is a close relation between height functions on it 

and its total curvature. In answer to a question raised by Langevin and Rosenberg [On curvature 

integrals and knots. Topology 15 (1976) pp.405-416) we have the following: 

Let M c JR3 be a closed surface of genus g, and suppose that some height function on 

11 has 2g + 2 or 2g + 4 non-degenerate critical points. ·rhen 1i is unknotted. 

In fact M is unknotted if some height function on M has only one local maximum. The case 

of embeddings having two local maxima is discussed for a torus, where it can be knotted in at worst 

a 2-bridge knot, and for a double torus. (Received February 15, l'fl7 •) 

*77T-G57 D. R. READ, Lamar University, Beaumont, Texas 77710. Branchpoint covering theorems and 

n-pseudo-confluent mappings. 

The class of n-pseudo-confluent mappings is introduced in this paper. These mappings fill a gap between 

Weakly confluent and pseudo-confluent mappings of compacta. It is shown that for n 3! 3 the following irreversible 
itnplicau h ons old: every weakly confluent mapping is (n +!)-pseudo-confluent; every (n + 1)-pseudo-confluent 
lllaPp· 

lllg is n-pseudo-confluent; and every n-pseudo-confluent mapping is pseudo-confluent. Weakly confluent 
lllaPp· 
Pug lllgs are then characterized as those mappings which are n-pseudo-confluent for each n 3! 2. Eberhart, 

ate, and Gordh have shown that the weakly confluent image of a graph is a graph. In this paper the stronger 

resUlt Is shown that for n 3! 2, the n-pseudo-confluent Image of a graph is a graph. (Received February 15, 1977.) 
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KAN CHING NG, Mount Hozyoke Col-lege, South Hadley, Mass. 01075. The ~-Bernstein 
~ ~ ~ ~ in .!!:. relation.algebraic setting. Preliminary report. 

See preceding abstract for notations. Following in part some suggestions of Tarski we 

show that various results of cardinal arithmetic can be extended, formulated and proved within the 

theory of RAT's. Let Ot be a RAT with universe A, and let a, b eA. Call a and b strict]z 

disjoint, [written a)(b ), iff Fd(a)·Fd(b) = 0, where Fd(a), the field of a, is defined as 

a;l + a"";l. We set a ~b iff there is f ~A, f bifunctional (i.e., f;f"+ f'"';f~ 1'), f;b;t""a 

and f"';l = Fd(b). Such an f is called an isomorphism from a to b. We write a-< b iff a ( b 

and a) (b-a, and we write a « b iff there is a1 ~ A so that a ~ a1 .(.b. Equivalence Theorem 

(~-Bernstein): If a (( b and b « a, then a ~ b. In fact, an isomorphism h from a to 

b is determined by h f·u + ~>:'-',(f;l- u) where u = (l' + (f;g)"'v);(f;l- g"';l), f is an isanor

phism from a to . a1 and a1 <. b, and g is an isomorphism from b to b1 and b1 < a. Among the 

related results holdinr; in all RAT's is the Mean-value Theorem: If a<b<.c, a'<.c', a Era•, 

c ~ c' , then there is b' ( A such that a' ~ b' ,.; c' and b' ~ b. Another related result true tor 

all RAT's is the Interpolation Theorem: Let n, m be positive integers. If ai<< bj, all 

Of.i?n, 04.·j4,m, then there is c "A such that a 1 ~.;.c,,bj, all O~i,;.n, O~j~m. 

(Received November 3, 1976.) 

744TH 
MEETING 

Biltmore Hotel 
New York, New York 
April 74-75, 7977 

Algebra and Theory of Numbers (05, 06, 08, 7 0, 7 2-7 8, 20) 

*744-Al. l'(• 'P. ~i::!n•)''Jit,, :·.....,:.,, ....... ::~+_\, ··i' :o·~~?.'·'t·~1J~.ot.~.·.::, Amh.:_,•·.~t, '\1.1\ ~:'1n2. 

G.Q.~t!l~·"""'t"l.':'.~ '!. _ •"• lf"!.~:.~· ... lp •1·~:. ··~ .,,~ • • )' t ) ~ r'l .'l•' '' ~~:,~L _,:l:! 7.:.!: i-~~~~ 
TJEtt Con(T' rlet","l"":•11 :~··-u• 1 ·=-"":1 !~ ..... ~,r .... n,,.., .•• ,lt-'"1C"!!\ ,..~1.~ ... ~ .,,.':2 :'lr tt·~~ ~'"''"~,l~u,r:.nt~ri 1:lt.t~O::Ii! l. 

Tl::L@.o..r.eJ'! 1 .• A cor,~·!''i····l•~t.! ''":'1-iti.·rq 3 ;1.:1·;!0 i-t -~··rn~1~:n·,n"'" 1rt r,,.,.,...CI.) iff t.,;a,..P. ~!:: ~ ~~,.,i:,..~l 
Pl~TI'If!l"lt Z Of 'f.. S1JCh t.f-t~+. q i:-- t~l(\ mL·li:'f'IR1. ~:!li!'h'"r"'Uf.)~'~t-'? t,.'"P.l"'tP"'1tt~d b.'.' [O.'ll. !~f..:?~~i~ 2. 
A neces!''iry ancl ~~u'"fi·~i.,nt. .~,,.,.·li ti.~., ··.,,. Con(J,\ t.~ h" ,., "~Ciol,.·l'l 'lli!:i!!h.,.'J i!'! th<~t. T. 

be t.':le di.r~ct nr<lrl•t:-:t. of "' fil'i t~ "'tJ:t.t-,.,.. ':lf ,d.,.,1"! lat.ti.c~!'!, TJ'leclr~ 'I, Let 1, 11nr! 

itR du>.~l !'!>.Jti!'!f.V :..-·io·~, (A) Rnd (n\ at' . ."'l~::wi 1:7. (0~ 11 n'lO_!:.r b,y lq.'l:l"!.1:Jn11'1"'!• Fu!"rlo 

Math. 78 Cl97J), 17?- Hl?.). Tht>n ':on(T) i !'! <~ Stone lattice l.f.f thP k~rnel of everY 

con,;ruence relati.on hfl~ " .ioi" in T .• (Received January 13, 1977.) 

*744-A2 K. Bolling Farmer, University of Florida, Gainesville, Florida 32611. On faithf~ 
irreducible projective representations. Preliminary report. 

A sufficient condition for a finite nilpotent group G to possess a faithful irreducible projective ... 

rec'i<l 
representation is that G have a central series such that each factor is of symmetric type (the di .. ,{. 

sum of two isomorphic groups). An algorithm is given for constructing such a representation of 

degree lfGT . (Received February 10, 1977.) 
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'744-A3 
Herbert s. Wilf, University of Pennsylvania, Philadelphia, PA 19174. 
A note on graphical reconstruction. 

If G and H are nonisomorphic graphs with the same deck of vertex-deleted subgraphs, 

wen the cards in the deck are quite special: each such subgraph has either a 
~iple eigenvalue, or a double eigenvalue whose space is orthogonal to (1,1,1, ••• ,1). 
This follows from an application of classical perteubation theory to a result of 
TUtte. (Received February ll, 1977. ) 

744-A4 Carl Bumiller, St. John's Univert:Oity, Jamaica, Nt<w York 11439 
Pointwise products of incidence matrices of subgraplw Preliminary report 

It is well known that the spectrum of a sub€Taph is bounded by the spectrum of the 

larrer graph. 'This condition can be improved by taking certa.i.n pointwise products 

of ir:cidencc rna trices arising from the subg:ra!Jh with ma tricEef; fro111 the larfer eoraph. 

~he quality of the rer;ul ts is most transparent if th~: larp;t:r ,•r: . .q,il is rani; J, .>orne 

t:xa:;,(ii.feE folluwa Suppose the graph G is rank 3 with vahmce r:, Ee.'u•envalues -r < 0 

~:1d ~ > o. Theorem If G contains a clique with 1-t·i'..' po.i.nt:>, tiH:n k' .::: r./r • 

.i"~'~ If G contains a rt:(!ular ::;ub(raph with 1-i·K'+£' l'Uints and VDlenc.;, i'..', 

;~e:. i'.-r.';)(l'+1-r::;) ::::_ r(s-t·l)(k'-s) <nH.l (,:-ro,;)(1'+1.-r} _:::: ~:(r-1)\;<'iT). '!ir~:or-81'1 

(Received February 17, 1977.) 

Let 

John G. Ratcliffe, University of Michigan, Ann Arbor, MI 48109. Crossed Extensions. 

G be a group. 

~ N -+ 1 where 

A G-crossed module C with boundary 

N <l G a1d A is a Q-module with Q = G/N 

a gives rise to a central extension 

have shown that these extensions, 

suitably classified by a congruence relation, are the elements of an abelian group XEXTG(N,A) . 

Moreover, this group fits nicely into an exact sequence 

I have further Bhown that the XEXT term is involved in two other exact sequences. The first is 

a Universal Coefficient Theorem: 0-+ EXTQ(H1 (N),A)-+ XEXTG(N,A)-+ Hom0(H2(N),A). The second is an 

exact sequence 

which involves the E;• 1 , E~' 2 , and 

(Received February 21, 1'}77 •) 

terms of the Lyndon-Hochschild-Serre spectral sequence. 

*744-A6 F. ALBERTO GRUNBAUM, Department of Mathematics, Univ. of California, Berkeley 
94720. Inverse Eigenvalue Problem for Random Matrices. 

For a discrete analog of the operator -</ + q, q a random vector with mean vector 

qi' we ~how that the moments of the top eigenvalue suffice to determine the vector qi. 

This holds for a large class of distributions of q - ai. including Gaussian, discrete 

BernoUlli and uniform. (Received February 22, 1'}77.) (Author introduced by Professor 
Jacob Feldman). 

DaVid Kazhdan, Harvard thiversity, Cambridge, Massachusetts 02138 
Representations of semisimple groups over finite fields. 

~-h " or describes representations of reductive groups over finite fields which are in general 
~~s" ) , their characters and representations. (Received February 22, 1977. 
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Analysis (26, 28, 30-35, 39-47, 49} 

*744-Bl JOHN F. SCHMEELK, Virginia Commonwealth University, Richmond, Virginia 23284. 
A Generalized Laplacian Operator. 

The classical existence and uniqueness results for solution to differential equations in the milieu 
of generalized function theory are finite dimensional insofar as the solutions are continuous linear 
functionals on topological vector spaces of test functions that are C'"' on the finite dimensions! 
vector space r.n to R . (or «n to «) Presented in this paper is one approach to the definition 
and application of a notion of an infinite dimensional test fUnction i.e. test fUnctions which are 
C'"' on the space of tempered distributions to the field of real numbers. We then study a form of an 
infinite dimensional generalized Laplacian operator and a proof is given for the existence of 
solutions of initial value problems involving this generalized Laplacian Operator. (Received 
December 16, 1976.) 

*744-132 FREDERICK BLOOM, University of South Carolina, Columbia, South Carolina 29208. Stabilitl 
and Growth Estimates for Electric Fields in Non-Conducting Material Dielectrics. 

Employing results previously derived by the author for solutions of an abstract integra

differential equation in Hilbert space (Bull. A.M.S., Vol. 82, No. 4, July, 1976) we obtain stability 

and growth estimates for electric fields in non-conducting material dielectrics. It is assumed that 

a linear constitutive equation of Maxwell-Hopkinson type relates the electric field E and the 

electric displacement field D in the dielectric, viz, 

D(t) = F ~(t) + J~ ~(t-T)~(T)dT 

where E > 0 and ~(t) is a nonnegative continuous monotonically decreasing function of t, 0 ~ t < ~; 

specific results for a simple memory function ~ of exponential type are given. (Received January 7, 
1977.) (Author introduced by Dr. M. Slemrod). 

744-B3 S. EISENBERG, University of Hartford, West Hartford, connecticut, 06117. 
Approximation by discrete Jackson-type operators. Preliminary report. 

Jackson-type operators are defined by L (f;x) = C(n,p)Jf(x+t)K(n,p,t) dt 
n,p 2 1 

for n,p = 1,2, ••• , where K(n,p,t) = {sin(nt/2)/sin(t/2)} P, C- (n,p) 

J(K(n,p,t) dt, and the integrals are evaluated on the interval [-w,w). 

The approximation properties of these operators on the space of continuous 

2w -periodic functions f were discussed by Schurer and Steutel 

(Mathematica, 2 (1967), 155-184). For p=l the operators reduce to the 

Fejer operator and for p=2 they become the usual Jackson operators. 

The author discusses the discrete version of Ln,p obtained by replacing 

the integral by a Riemann sum and shows that the easily calculable discrete 

version has essentially the same approximation properties as the integral version. 

(Received January 11, 1977.) 

George Piranian, University of Michigan, Ann Arbor, Michigan 48109, and Allen Weitsman, 
Mittag-Leffler Institute, Djursholm, Sweden. Nonrectifiable level sets. Preliminary 
report. 

The question whether a bounded analytic function f in the unit disk can have a level set 
S(K, f) z {z: If (z) I = K} of infinite length has circulated for some years. We construct a Jt • 
bounded analytic function f such that S(K,f) has infinite length for uncountably many values 
(Received January 'Z(, 1977.) 
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744-B5 Karl F. Barth, Syracuse University, Syracuse, NY 13210. Generalizations of Iversen's 

~· 
some generalizations of Iversen's. Theorem will be discussed including an extension of a result 

of D. A. Brannan, W. K. Hayman, and the author. See these ~2!.:!-E-e.s, 24(1977), p. A-84. 

(Received January 27, 1977. ) 

Boris Korenblum, Tel-Aviv University, Ramat-Aviv, Israel and The Institute for Advanced 
Study, Princeton, New Jersey 08540. A Beurling·type theorem. 

A classical result of A. Beurling describing invariant subspaces of H2 

ical algebra A""' of analytic functions in the unit disk U satisfying 

is extended to the topolog

lf(z) I :S: Cf(l • lzl)nf • . .., 
It is shown that every non-trivial closed ideal in A is uniquely determined by its zero set and 

by its so called 'I.-singular measure which is a Borel measure on a class of "thin" subsets of ClU • 
(Received January 20, 1977. ) 

744-B'T Howard A. Levine, University of Rhode Island, Kingston, Rhode Island 02881. Saddle 
points and instability of solutions of nonlinear partial differential equations; Some 
examples. 

Consider the initial boundar> value problem for the nonlinear parabolic equation ut = 6u+f(u) 

on n x [O,T) with Dirichlet boundary conditions and given initial values u(x,O) = u0(x). If 

f(u) = u 3 then it is known that there are c'loices of u0 for which the solution exists and is stab::J.e 

on (O,oo) and choices of u0 for which the solution blows up in finite time, both cases occuring 

when the potential energy is less than the depth of the potential well. We give an example to show 

that the latter situation can occur for arbitrarily large values of the potential energy. A similar 

example can be found for utt = 6u+f( u). 

If f(u) = -u 3 , then the solutlon exists globally for all (smooth) choices of u0 . We show 

that this is still the case if f(u) = u 3sin u which oscillates between ±u 3 • This partially an

swers a conjecture of W. A. Strauss. (Received February 1, 1977.) 

744-E8 1-.:d\:ar.C J. CcJ:j,:.::C:.1, '_rt·I;~·rn <":"~atf ((]1.f~ 0n, r:r-r.r.tor, J'r-\· .rc:t'::·E':~.' f'~r-;:-~. 

So] V~-tb_;_;~_~·~:t~!'~· ic.r.~---£:..~--g~::~E.:::.:~~-~:__:_£!. '.o!.r·j··-~-::1: 5 ~ r:-0~ l!' :i nr.or·i; J t:-:~n::: J •• 

posed C•rt P iE o1·Ct·:r tc f.-stat·.~ i.rr ... J!e l:·~d :·~:f.r.Cc: c-.r: a f.:c.l•,.·rJ".~c c~:"tt~-r~F:ir:t: c·-':· r !'':-ch 

that it :~s [.:·(.'S~.:!l:.lc.• t:c. :~C:tC":":"il:t ·:.:,1·c r:,:;J=1.·1e c"! tf".t.. c-:-:t~n(:"l(''~. ('or.::-ir. C:!:t! t~:E! l'r.!:'r' C' ... 

tt:.e exteru.lt:..f n[.(;:!:'C:t+:(·r. .....tc ~e::.~.~~ -t:.~~ cl trd.n~:l ~t:~_:·:t•l :r.· t, r.:·~r.: r..·~ r=-ot:-c...cr nr~: T"e:·t.J~yshvn 
anc1 are app!icc~ vJ .. St!"cJC::t.J"_. tc. r.("~.:C!i1 it:l fT:IE::"atnr~ ~!]Ct.r l':itb ('0JlC::.C:t t-~ ~.T~l"·Jjc::ttir~l'F. 

to ordiua1.y c.nc1 r.-a:r·t.i.:1.: i'.i .. _.4"r..:rr;·r.t:i <tl 1 '·~· • s \!i tl-; J.·,ctr. J .. inc.:~ anl1 not!linf.G.l J·cnnc.!arv 

COnditicns. (Received February 3, 1977.) 

*744-B9 Jacob Burbea, University of Pittsburgh, Pittsburgh, Pa. 15260. The Curvatures of the 
Analytic Capacity. 

Let D' OAB be a plane region and let c(z) be the analytic capacity of D at the point z. 

Suita (Kodai Math. Sem Rep. 25 (1973), 215-218) has shown that c(z) is real analytic and the 

curvature of the metric c(z)ldzl is~ -4. Here we generalize the result of Suita in several 

(n+l) 2 n 2 
Specifically, we show that, for any point z in D, c < ( IT kl)- detl lcjkl ljn,k•O' 

- k•l 
directions. 

llh ,j+k 
ere c .. c (z) d o an cjk • --y:::::k c. 

az az 
For n • 1, we obtain the result of Suita. }loreover, we show 

that the above inequality is strict if the Ahlfors function with respect to z has a zero in D other 

than z • (Received February 7, 1977. ) 
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*744-mo JAMES D'ARCHANGELO, U.S. Naval Academy, Annapolis, Md. 21402. On the Whittaker 
differential equation and Laplace transforms. 

The author applies to Whittaker's equation, W''km + {-1/4 + k/t -(m2-l/4)/t2} Wkm • 0, recent result& 

of Philip Hartman concerning the existence and uniqueness of solutions of ordinary differential 

equations with Laplace-Stieltjes transforms as coefficients. As a consequence, results of Meier 

and Erdelyi are obtained concerning integral representations for Wkm and its product as Laplace

Stieltjes transforms of hypergeometric functions. Also a new result of w2km is derived. This 

work extends some previous results of the author. (Received February 10, 1977.) 

*744-Bl.l H.T. BANKS, Division of Applied Mathematics Brown University, 
Providence, Rhode Island 02912. Approximaiion methods for ~ontrol 
of hereditary systems 

We shall present results for the approximation of optimal controls for 

problems governed by systems of differential equations containing hereditary 

terms. Theoretical and numerical results for both linear and nonlinear systems 

will be discussed. The methods developed are based on the Trotter-Kate approxi

mation ideas for semigroups which can be applied in the situations discussed to 

approximate infinite dimensional (hereditary system) optimal control problems 

by finite dimensional. (.ordinary differeuLl"'l e<J.uaLions) problems. {Received 

Febru..ry 10, 1977. ) 

*744-Bl2 Thomas A. Metzger, University of Pittsburgh, Pittsburgh, Pennsylvania 
15260. On vanishing Eichler periods and Carleson sets. Preliminary report. 

Let r be a Fuchsian group acting on the unit disk D. Let AqP(r) stand for the Bers' 

spaces of p integrable automorphic forms of weight q (q an integer, q ~ 2; 1 ~ p ~ •). 
Jt 1 

If h is the (2q-l) i1 integral of such an f, then h satisfies (hoy)(y') -q h+c(y~f) 

for all y in r and the polynomial c(y,f) of degree (2q-l) is called the Eichler period 

of f along y. A Carlctiun JCL lc a ~Pt of measure zero on D such that its compli111en-

tary intervals Ik satisfy L ~(In) log 1/~(In) < 
n=l 

sians via 

These sets are related to Fuch-

Theorem: Suppose f is in AqP(r) and c(y,f) = 0 for all y in r. Then either f = 0 or 

the limit set of r is a Carleson set. Also, a necessary and sufficient condition for 

the limit set of r to be a Carleson set is given which has 

Corollary: If r is a finitely generated Fuchsian group of the 

second kind then its limit set is a Carle son set. (Received February 10, 1977.) 

*744-Bl3 Richard J. Kramer, Pennsylvania State University, Media, Pennsylvania, 19063 
Sub- and Super-Solutions of Quasilinear Elliptic Boundary Value Problems 

Let n be a smooth bounded domain in mn. Consider the Dirichlet Problem div A(x,u,Du) ~ 

a(x,u,Du) inn, u • ~on an. Assume A(x,u,p), a(x,u,p) satisfy Ladyzhenskaya-Uraltseva type 

growth conditions. Functions S,y in c2•a(O) are respectively sub- and super-solutions of 

the BVP if div A(x,S,DS) ~ a(x,S,DS) inn, '(x) ~ B(x) on an and div A(x,y,Dy) ~ a(x,y,Dy) 

inn, '(x) ~ Y(x) on an. We prove that if such S,y exist with B ~yon n then there exists 

a solution of the BVP. 

This theorem uses and extends a related Theorem of Choquet-Bruhat and Leray (C.R. Acad. 

Sc. Paris, 274, Ser. A. (1972) ). Our result promises to be easier to apply since the sub-
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and super-solutions are required to satisfy weak inequalities rather than strict inequalities. 
ThiS should be helpful since in most applications to BVP of the form Lu = a(x,u) in ~. 

u. ¢ on 3!1 one can find sub- and super-solutions satisfying weak but not strict inequalities. 
(Received February 14, 1977.) 

D.C. RUNG and S.A. OBAID, Pennsylvania State University, University Park, Pa. 16802 
Interpolating sequences with applications to a-porous exceptional sets. Preliminary report. 

Theorem 1. Let {zn} = {xn + iyn} be a sequence in the upper-half plane H, where both {xn} and {yn} 
strictly decrease to zero, then {zn} is an interpolating sequence if and only if in,[ p (zn,zn+l) ' 0, 
where p (zn,zn+l) is tl1e pseudo-hyperbolic clist•l!lce nn H. 

Corollary. Let {wn} ~ {xn iyn} be a sequence in the first quadrant of the unit disc •\ where {xnl 
~rictly increases to {1} and {yn} strictly decreases to {1}, then {wn} is an interpolating sequence 
if and only if in,[ A(wn' wn+l) > 0, where A(wn•"'n+l)is the psCJedo-hyper1:olic _•;_~r.•nce Gn 6. 
Let K = {z:lmz = O} and let i;EK. Let h be a real-valued continuous function on [-1,1], with 
(i) h(O) ~ 0, (ii) h(x)=h(-::), (iii) h(x ) < h(x 2 ) whenever 0< x 1<x2 • For O<a<b define 

(F h h) f ·FH: h(~) < Tmz < h(x-t)}. RA ,,a, ' . L a 

Theorem 2. For each a-porous set ECK and each function h there exists a bounded analytic function 
f on H with the property that for each i;EE there exist O<a<b and O<a'<b' such that the cluster 
sets of 

744-Bl5 

on RA(F,a,L,h) -,~1 RA(i;,a' ,b· ,h) are not equal. (Received February 16, 1977,) 

V.V. RAO, University of Regina, Regina, Sask. S4S OA2, Canada. Identities 
involving Fourier Coefficients of non-analytic automorphic forms. 

In this paper we obtain some identities involving Fourier Coefficients of non-

analytic automorphic forms of the type considered by H. Maass and occurring in the 

work of C.L. Siegel on indefinite quadratic forms with rational coefficients. 

(Received February 16, 1977. ) 

744-816 ,;.ci!::!,iD f'. KO::CU:AYn, Eathmodel Consulting ~ureau, Glastonbury, Connecti-
cut 06035. Metric topolo5ical division algebras. 

Let R be the reals, C the complex number field, Bnd Q the division ring of quater
nions. A copy of Q is a bijective image of Q; copies of R and C are defined cor
respondinr;ly. A metric topological_ algebra is e Hausdorff topological alr;ebra 
whose topolot:;y is deterr~,ined by a metric; in such an aljebra, subtraction, multi
Plication by scalars, and multiplication are continuous maps. A metric topologi
cal division algebra is a metric topolosical algebra which possesses a twc-sided 
inverse x-1 for each nonzero element x in it. In a metric topolo,ical division 
algebra with continuous inversion, subtraction, mul tir·lication by scalars, and 
division are continuous maps. TE~GR~M l. A necessary and sufficient condition for 
a metric topological algebra X to be a metric topological division alsebra with 
continuous inversion is that X be a division aL;ebra. I':C:.:-C:<-1< 2. A u.etric topolo
gical division algebra over C is a copy of C. THGOri~E 3. A metric topological divi · ~ 

s~on algebra over R is a copy of either R, C, or Q. (Received February 22, 1977.) 

744-817 

Using a f 

Allan J. Fryant, U. S. Naval Academy, Annapolis, Maryland 21402. Interpolation and 
EFProxirnation of generalized axisymmetric potentials. 

unction theoretic approach, we consider the uniform approximation of solutions of the 

generalized axisymmetric potential (GASP) equation 

a > 0 

by Polynomial 
solutions of the equation. Results obtained include a Runge theorem in which it is 

Sho"'n that the 
GASPpolynomial approximants can be chosen so as to converge at a geometric rate, 
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determination of the maximal_degree of geometric convergence, construction of such approximants by 

GASP polynomial interpolation at the boundary, and introduction of GASP polynomials which enjoy the 

expansion properties associated with the classical Faber polynomials. The Dirichlet problem is also 

considered, and in the case of an ellipse a constructive solution is given by interpolation to the 

boundary values. (Received February 18, 1977.) 

*744-Bl8 Yen Tzu Fu, Indiana State University-Evansville, Evansville, Indiana 47712. A complete 

normed sp'!_C_~!_~ll-· Preliminary report. 

Let C[:~,bJ be the set of real functions on [a ,b) that are continuously differentible up to nth 

I I (k) n 
order. llefine f lin • sup s!lp If (x) I } for each f £ C(a,bJ. 

n l<k<n xt[a,bJ 
Theorem l. C lit ,b) with norm defined above is a complete normed space. 

Theorem 2. Polynomials are dense in n 
C (a,b] • 

Corollary 3. Iff is a real function on @,bJ with continuous derivatives f(k) k•l,2,···,n; there 

exists a sequence of polynomials pm such that 

lim Pm(x) • f(x) and lim p(k) (x) • f(k) (x) 
m_..., m- m 

k•l,2, •• ·, n 

uniformly on la,b)- (Received February 18, l'R7-) 

*744-B19 T.K. PUTTASWAMY, Ball State University, MUncie, Indiana 47306 
Asymptotic Solutions of a Certain Differential Eguation. 

This paper is devoted to the solution in the large of the differential equation 

(l) 0 -

Here, m is a positive integer, the variable z is regarded as complex and the constants 

a., b. (j= 0, l, 2, ... ,n) are real or complex with a f 0, b t 0. If_•· <(i= 1, 2, ... ,m) 
.J .1 m ., n -n ~ 

are the roots of an + bnz = 0, then \1) will have regular singular voints at z ::- 0, z = ' 1 

(i= 1, 2 •••• ,m) and z = ~ The indicial enuation about z = 0 is found to be 

{2) 
n-1 

a + E 
0 i=O 

n-i-l 
11' (h-j) = 0 . 

j=O 

It is also assumed that the roots hi (i= l, 2, ...• n) of (2) are such that the difference of 

no two of them is congruent to zero module m. (Received February 18,lg-{7.) 

744-B20 CHARLES R. GIARDINA, Fairleigh Dickinson University, Teaneck, New Jersey 
Singer Company-Kearfott Division, Wayne, New Jersey 07470. On T~ 
Sampling Rate For Cardinal Series Representations. 

Consider the class of functions S which are continuous and in L 1 with a der~vat-~ve 
everywhere except at most a finite number of points such that the derivat~ve 1~ ed 
in L 1 and of bounded variation wherever defined. For any f in S values are obtaln 
for the sampling rate w , w >o, bour>dinq the "aliasing" error when using the 
Cardinal Series represen€ati8n -

g(t) 

For any e>o if we ~ 2 Y..,(f) then II f-g II..,~ £where f is the derivative 

of f when this derivative exists and equals one half the "jump value" at those 
points where the derivative of f does not exist. Furthermore, the same 
result holds if 

we>~ is replacedby h(~) in the interpolation 
we series where w 

h(m1 )= ~rr fc F(w) ej:mr dw and F is the Fourier Transform off,· 
we -we c 

1977.) (Received February 18, 
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L. E. PAYNE, Cornell University, Ithaca, New York 14853. On improperly posed Cauchy problems 

for partial differential equations. 

Let n be a bounded region in R whose boundary oO consists of two parts-an open c 2+a portion !: and 
• n 
the complement oO-!: which need not be smooth. We investigate the Cauchy problem for the quasilinear equation 

Lu = F(x, u. Du) in n with Cauchy data prescribed in some approximate sense on !: . Here Lu is in general a 

second order linear variable coefficient operator of arbitrary type and Du denotes an arbitrary first partial 

derivative of u. Our principle aim is the derivation of meaningful methods of stabilizing solutions of such 

improperly posed Cauchy problems under appropriate hypotheses on F. The problems and methods will be 

extended in various direction. (Received February 18, 1977.) 

744-B22 William R. Melvin, University of Rhode Island, Kin~ston, Rhode Island 
02881. Design of Bi-Focal Lenses. Preliminary report. 

:n the design of bi-focal lenses the following system of delay-differential equations 

arises (SeeR. L. Sternberg, "Successive Approximations ... ", ~Tournal of ~·'lathematics an~i Physics, 

·;01. 34 ': 1955) for a detailed discussion of the bi-focal lens problem) 

( l) QL C(x,x', y(x), z(x')) 1 y(x) - :'(X) 1 dx 
X > (-], x.o[-a,a] 

u" H(x,x", y(x") ,z(x)) J z(x) c•(x) 
dx 

·,nere c a;,d ~are known functions and x' and x" can be rieter·mined by the knnwn irnpJ icit relaLi~\n~ 

~:~x,x', y(x),z~x' )) = 0 and L(x,x", y(x"),z(x)) = 0. Existence and uniqueness nf :~olution:-; t(' (l) 

are st'J.di-:::d and s:Jme numerical approximati0ns tc so] ution~- are pre:~ented. Tn :i,iditin!l the ::tpTd i-

:aticn ,:· bi-:'(ccal lenses to solar collection devices is ,Jl"cusscd. (Received February 21, 1977.) 

'744-Be3 Stanley L. Boylan, Touro College, 30 .\lest 44th citreet, New York, 
~~w York 10036,-Abstract ~iener Spaces for non-Gaussian measures 

L. Gross has introduced the concept of an Abstract .lliener ~pace (b,H, i) where 

is a Hilbert-::ipace, B the closure of H with respEct to a measurable norm, and 

the identity map on H, i:H~B. The normal disti'ibution on H induces a countably 

additive measure on B, which extends to a Borel measure which is called Abstract 

~iener measure, ~e consider the question of whether continuous distributions on H 

ather than the normal distribution similarly induce countably additive measures 

an B. Ale show that any measure on a Hilbei't Space can be derived in such a manner 

and we derive necessary and sufficient conditions for the induced cylinde•-set 

measure to be countably additive, (Received February 21, 1977.) 

'744-824 M;\.URICE J. DUPRE, Tulane University, New Orleans, Louisiana 70118. 
of C*-algebra bundles. 

The Classification 

A C*-bundle (p,B,X) is a type of fibre space p:B +X such that each p- 1 (x) is a C*

algebra. However p -l (x) may vary in dimension as x varies in X, even when X is connected. 
We d 

E'Vel 0P a ,.homotopy" type rlns!=d firati on thPorv for \.*-huncHes hnvi nq !Jrimari 1 y finite rHmen-
Sioal fibres . 
• 1 · A C* (m,n) -bundle over the pair (X,A) is a C*-bundle (p,B,X) such that 

p bc) ~ L (tm) for x E A and p -l (x) - L (ll:n) otherwise. As a special case our theory shows 
that a 

X is a compact metric space, C*X 

isOinorphism classes of • ( ) 1 C m,n -bund es over 
lllelllbers of [ • l 111 X,C U(m,n)], where C*U(m,n) 

(t ) -. l(.,n). 
~ The lower homotopy of C*U(m,n) 

are applicable 
to the classification of C*-algebras. (Received February 21, 1977.) 

the upper cone of the suspension SX, then the 

(SX,C*X) are one one-to-one correspondence with 

is the compact manifold of injective *-homomorphisms 

is calculated for illustration. The results 
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744-1!25 Edward J. Moulis, Jr. United States Naval Academy, Annapolis, Maryland 21402. Genel!!• 
izations of the Robertson functions. Preliminary report. 

Let pk(p) denote the class of regular functions p(z) in E {z:lzl<l} 

r.211 IRe{eiap(z)l-=~1 dO<k11 coset k>2, O<p<l , a real • lai<Tf/2, 

such that p(O) = 1 and 

i6 
z • re , O~r<l • 0 k 1-p - , - -

Let V (p) denote the class of functions f(z) regular in E with f(O) = f'(O)- 1 • 0 and 
a k 2 

l+z f"(z)/f(z)e: P (p) , a, k and p as above. Functions in the class Va(p) satisfy the 
i a 2 

inequality 
2 Re {e a[l+zf"(z)/f' (z)]} > p cos a , p , z and a as above. The subclasses '6 (p) and Va(O) were 

introduced by M. S. Robertson in 1936 and 1969, respectively, and the latter class, consisting of 

those functions f(z) for which z f' (z) is a- spirallike, has been called the class of Robertson 

functions. v0k(O) , k~2 , is the class of functions with bounded boundary rotation. We prove repre-

sentation theorems for V~(p) and use a criterion due to Ahlfors to show that f(z) iu V~(p) is 

univalent whenever 0 < (1-p) k cos a" 1 • This result improves ones previously published for the aub-
k k 2 -

class Va(O), V0 (p) and Va(p). (Received February 21, 1977.) 

*744-B26 A. ~IAS!TIUS, lln i\·ers i tP de ~!ontreal, ~'ontreal, Canada. Controllability and observability 
of retarded functional differential equations - a C0 -semigroup approach. 

Controllability and observabilit~· of linear retarded functional differential equations is investigated 

by using an abstract approach based on C0 -semigroup representation of retarded equations in the 

IIi !bert space Rn x 1.2 • Starting from tlw abstract equation i = Ax+Bu, where A generates a C0 -semi

group in Rn x 1.2 , it is shm~n that useful criteria for the approximate controllability in Rn x L2 

expressed directly in terms of the original system matrices, can be obtained by this approach. The 

resolwnt RP ,A) and certain n•sults on l"nti re functions play crucial role in this development. It is 

further shown that a Cl'rtain houndl•d I inear opl'rator F defined on Rn x L2 and associated to the equa

tion's right hand side plays a \"l'ry imp0rtant roll• in the relations hetl<een the semigroup generated by 

A and its adjoint. As a l"OnSl''luencl', a property rc lated to the operator F and called F -controllabili

ty, which is Wl'aker than thl' approximatl' controllahility in Rn x L2 , guarantees a stabilizabilitywith 

an arh i trary exponent i a I decay rate; its dual c0nct'pt of observabi li ty corresponds to the previously 

known concept of state trajl•ctor·y ohsl'r\"ahility. (Received February 22, 1977.) (Author introduced 

by Professor Marshall Glemr,,d). 

Johanne~; C.l·. Nits<.:IH', tiiliV(!rsity of Minnesota, Minneapolis, Minnesota 55455 

~'E.'.' •. .!!.!.9J~<:_r_R_c2_1!_~~--<>_~_!~.:Lu}E_J::_<!9!ls in Aggregates of Minimal Surfaces. 

Since the investiqations of ,I.JI.F. l'latedu and E. Lamarle a century ago and clarifying work by 

J.E. Taylor (Ann. of Math. l.Q.-! (l97f,), ·l!l'J-539) it is known that aggregates of surfaces of least 

total area can have two kindfi of sinqularities: (i) Branch lines, or liquid edges, along which 

exactly t11ree ~twcts ml·CL umh"r mutu.JIIy t'~tuaL angles ot !.!.On. (li) Vertices ~n which six surfaces 

and four li<tuid t.~dgcs l:ome t<.>ql·tltl~r. Any 1'..1 i r of these edges includes the same angle a =s 

o c1 •~ for 109,47 (cos : = -1/31. Taylor prov,•d t l1.1t the branch lines arc regular curves of class 

some A 1.. (0, 1) Ht~re the followinq thL•orem is proved: "The branch lines are, with the possible 

exceptio,, of their endpoint:; (V<•rt i<-es .mel points on the boundary), regular curves of class C 00 • 

If one of the minimal surfaecs m<•etinq alonq th<' branch line is plane, then the branch line is 

analytic." The proof is ba,;ed on d n•fi.•wm,•nt of tlw methods developed by the author for the trea~ 
of related problems (Inventione>< math. R (1969), Jl3-333; ~. (1970), 270 and Ann. Scuola Norm. sup. 

Pisa (4), ~ (1976), 139-155). (Received February 17, 1977.) 

~LB .. Ham, ~~:r:·~Y, .~1 110()!~:.:. ::·~'· .~ ·?. '.' .::1.i ;.;\ ';'prf:"!.t. ·ni·.'~r<:~itv of 
rUlOJ<' lsl.11L:, f.:t:l'.''('::. ''"~ ····'·'' C:t; th.- instability of nonlinel!£ 
vibrations of beams with various boundary conditions. 

*744-B28 

In this paper we consider the non-existence of p.:lobal 

solutions of certain initial-boundary value problems involving a specific 

nonlinear partial differential equation governing the motion of a beam and 

various types of boundary condi tiona. (Received February 22,1977.) 
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744-1329 DENHi,,JILA~OR.E. Ne,w. Jers.ey InstJ.tut~ qf, Techqology, Newark, N. J. 07102 
On Local N0rmal io~ for Diffeomorphisms and Flows. Preliminary report. 

Let x = F(x) be a Cr differential equation in Rn having x = o as an isolated critical 
point, and let DF (0) be the derivative. If r > 2 Montgomery, using some ideas of Fenichel, 
proved that the system is (topologically) conjugate about the origin to the flow generated 
by a field F11 x L, where F11 is conjugate to F restricted to a center manifold and L is a 
linear map corresponding to the stable and unstable manifolds. We give a new proof of this 
result by first proving it for diffeomorphisms as in Hartman's proof for the nondegenerate 
case. This approach extends rather easily to the infinite dimensional case. A closer study 
of the method shows that the conjugacy can be selected so that it is Cr off the stable, 
unstable, and center manifolds. We then apply the results to find generalizations of 
theorems on normal forms obtained by Sternberg, Blackmor~, and others. (Received February 

22, 1977.) 

Applied Mathematics 
{65, 68, 70, 73, 76, 78, 80-83, 85, 86, 90, 92-94) 

*744-Cl CHARLES R. GIARDINA, Fairleigh Dickinson University, Teaneck, New Jersey. 
Singer Company, Kearfott Division, Wayne, New Jersey 07470. 
FRANK P. KUHL, Singer Company, Kearfott Division, Wayne, New Jersey 07470. 
The Vector of Maximum Harmonic Content With Elliptical Locus in 
Chebychev Approximations 

Let D be the subset of n dimensional Euclidean Space with each tuple a real valued 
function periodic with period T>o, continuous everywhere and differentiable [o, TJ 
except possibly at a finite number of points with derivative of bounded variation 
where defined. For any x in D and E>o the vector of maximum harmonic content ~ori th 
elliptical locus is found. This vector when used in a linear combination with lower 
harmonically related vectors with elliptical loci affords a Chebychev approximation 
to x of degree E. (Received February 9, 1977.) 

*744-C2 L.E.KRIVOSHEIN,Kirgizian State University,Frunze,U,S,S.R.;K,V.LEUNG,CONCORDIA University, 
Montreal H3G 1M8,Canada;D.J.MANGERON,Polytechnic Institute of Jassy,Romania.At present:Uni
versity of Alberta,Canada,and M,N.OGUZTORELI,University of Alberta,Edmonton T6G2Gl,Canada. 
Well posed problems concerning nonlinear integra-differential systems with hyperbolic oper
ators and self-controlled limits of integration, 

Thfe authors prove the existence,unicity,stability,approximate solution determination,and the valuation o the c i (l) omm tted errors theorems concerning the loaded nonlinear integra-differential system 
M [) r[x,u(x,y)]s[t,u(b,t)] (n) 
2 u "f[x,t,u(x,t),u(b,t),u(x,y),/ dt; f K(x,t,t;,T,u(t;,y),u(i;,T),u(b,T))dT],where M2[u(x,t)] _ 2n a et 

!it~(x,t)/axnatn,n=l,2, ... ,and u(x,t) satisfies the following integra-differential boundary value con
ons:u(a,t)=~[t,f£NCt;,T,Mi[u])dD],u(x,c:t)=~[x,!£PCt;,T,M1[u])dD] and~[ .]t=c:t=~[.]x=a=q=const,The lip-

schitzianit of h ( l l o o o o o o o o Y t e functions f x,t, 7, 2 ,<- 3 ,<-4 ),K(x,t,i;,T,<-S,<-6 ,<-7 ),N(i;,T,<-g),P(i;,T,<-I7),~(t,<-g), 
:(x,l70),r(x,l3),s(t,R.2) respect to l~,i=l,ll with continuous and non negative L coefficients in their 
l~in of definition and continuity D 1={a~t;,r(x,R.3 ),x~b,c:t~T,s(t,l2 ),t;y,O~IL~I~ri=const,i=l,ll}:O<I~Ct, 
8 .I~Cx,£.70) l<r1 ,'f(x,t),R.8,t 70 ED1 is admitta:l,as well as continuous differentiability of these two 

last fun ti 
1vati c ons respect to t andx,respectively,with nanegative and catinuous L coefficients of their der 

Ves,The authors'aim is achieved if I I ·I l=ronxl •I and the nonlinear operators corresponding to the USed int I (R egral eqs,method are supposed to satisfy certain constraints.Extensions are also discussed. 
ecer Ved February 18' 1977. ) 

David Brydges, Rockefeller University, New York, N.Y. 10021. An application of functional 
integration to the Coulomb gas. Debye screening. Preliminary report. 

The Coulomb 
gas at equilibrium is described by a probability measure d~ 

T,P 
on an infinite dimensional 

configuration 
space .ll. T is the temperature, p is the density. The charge in a region X C m3 is a 
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random variable pX on ~. A physical argument known as Debye screening suggests that the correlatU. 

ld~pXpY has an exponential decay proportional to exp(-const. dist (X,Y)). Thus in contrast to the 

long range chara~ter of the Coulomb potenti&l Debye screening asserts that most of the mass of 

the measure is concentrated on a subset of ~ where the forces between distant particles are 

cancelled. This paper provides a rigorous proof that: Theorem. Debye screening in the above senae 

of exponential decay of ld~pXpY holds for a restricted region of p, '·(Received February 18, 1977,) 

744-C4 RONALD J. STERN, Concordia University, Sir George Williams Campus, 
Montreal, Canada. On Infinite Dimensional Cores. Preliminary report. 

We consider the control system x = Ax + Bu where the state and control spaces are 

Hilbert spaces. A and B are bounded Linear operators. An example is given which 
shows that in this setting, a closed linear space need not have a closed core. 

Necessary and sufficient conditions for a subspace to be a core are provided. The 

question of holdability in a subspace by means of linear feedback is discussed. 
(Received February 18, 1977.) (Author introduced by Professor Marshall Slemrod). 

"(44-C5 Thurlow A. Cook, University cf Massachusetts, Amherst, Massachusetts 01003. Convergence 
of states on quantum logics. Preliminary report. 

We prove the following generalization of the thec·rem of tiikodyn,, Hahn, Vitale and Saks: If("\) is a 

sequence of countably additive probabilit) states on a o-ortho-con:plete, orthomodular poset L (a 

quantum logic) such that lirrk "'\(P) = u(IO) for each p c L, then !Lis also a countably additive probabi· 

lity state on L and the sequence ("'k) is uniformly ccuntably additi\'e, For the measure theoretic 

version of this thec.rern sec Dunford anc Schwart:, I'art l, p. 160. Our proof depends on a property of 

weakly convergent sequencl's in the banach space f_ 1 and does nnt use the E,aj re category theorem as in 

the previous reference. Finally, the classical result is a special case of this theorem. 

(Received February 18, 1977.) 

N. KALOUPTSIDIS <.Jrh~ D. L. ELLIOTT, Washington Univ., St. Louis, MO 63130 

:;tal2i_!___~t~1cory o_!____!lS?_!l_l __ !-_nyar C'ontro l Systems 

We are qivcn u collection n ,)f dyllamicul sy:~tems on a metric space N. Each element XED gener-

ates a gruup uf homeomuq•ili:~m.-; (;X 

t 
For c'ach t, G 

is the small~st group containing all the 

x 1 · o, · c.=t!CG. A G0 -orbit. M = G0 (x) is N is, if 
1 

G-invariant, thL' qvncraliz<ltion of a controllability subspace for a linear system. Stability 

and asymptotic stability .:.lrt::> •Jcfint'd for (closed) /'v1 in terms of the behavior of Gt(y) for Y 

near M, and for compact M qive rist~ to Lyapunov functions constant on c0-orbits, but not usuallY 

continuous. If M is rppLJ.C('d by t zs :J : zkx] (h is tne smallest clu::>ed equivalence relation con

taining G0 ) continuous Lyapunov functions are obtained. (Received February 18, 1977.) 

744-C7 

:)uLJanalytic set;,,~ 'md 

.\ut ·e1·s ~:niver::>Lty, 

~ne(l~~lCK controls. 

-·CI' ,nms1vick, .. ew .jersey 0890'• 
.reliminary report. 

Consider a control system x = f(x,u) where the stAte x is a point iD a 

connected real Rnaly~ic mnnifold h , the control u belongs to a set and, 

for each u the vector field x~f(x,u) is analytic. Assume that the systell 

is completely controllable. Theorem: tor every noint x 0 in N there exists 

a piecewise analytic feedback control x--..u(x) that steers all of ['! to X0 

In the statement of the theorem, the expression "piecewise analytic" means. tbst 
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tile control x~(x) is analytic on the open strata of a stratification A of 

M , and that the strata of positive codimension are partitioned into two kinds, 

as in Boltyanski's definition o! regular synthesis. The proof of the theorem 

uses the theory of subanalytic sets. (Received February 21, 1977.) 

G. Arthur 111ihrarn, Ph. D.; P. u. Box 234; Haverford, Pa. 19041. g ~ Conputerised 
Simulations Not f;,athematical fl1odels? Preliminary report. 

The distinction between mathematical models and computer-directed models, as introduced in ShULAT!OI\: 
STATISTICAL FDUNDATIUNS AND PETHCDOLOGY [1972 (1970) ], is emohasised by noting that an explicit func

tional relationship between the comouterised simulation's input and output variables is typically not 
auailahle. A truly simular model consists of a set of algorithms, each of uJhich d<~scribes an instant

aneous decisio~, which in the real system being MOdAlled would account for a change in one or more of 

its attributes. Thus the dynamics of socio-politico-aconomic and/or ccologico-environn•P.ntal systems 

are caoable of bein~ more ncientifically mimed by means of comouterisecJ simulations rather than compu

terised, truly mathematical models. The comments of John uo Kemeny LCYbU!.lTI,_;~ A,,) T-iE I··A"A,,[,··[i\T 

:·r LMlGE SYSTE.·-51 arP thereby underscored in a rliscugsion of both the operational j~scription of the 

;cientific ··'ethod [cf. SYST[:'-.5 TrtJ,'-iK H-'G A I'D THE 1Ui\L I TY L' Llf- E, 464-473 ( l<H;;) -i nncl the cunterroorary 

concern that the Dro-Zionist electlical engineer r: • . IJiener would clair.1 to have coi11erl "cybernetics" 

es ''control and co~rnunication'' and yet be unaware of the electrical scientist Aro~rJs(lR34) oroner 
coinage uf "cybernc?tique" as "political science" (Sec ·.·:iener's claiiTl in a l'J 1J4 t:ook of tne o~rt.icu
larly noli tical title: .,u, .A:·. U"E ~:r -<L;: 1\,\ JE!iJ ,s.). (Received February 22, 1977.) 

"744-C9 VELIMIR JURDJEVIC, University of Toronto, Toronto, Canada, M5S lAl. Controllability 
of Bilinear Systems. Abstract 

In this report, I will study control systems of the form: (*) ~~ = (A +u(t)B)x , where A and B 

are real n x n matrices, x(t) E :mn/{0} and where the control u(t) is a measurable function 
definedon [O,oo) I will show that for each n > 1 , there is an open set of pairs of matrices 

(A ,B) such that (*) is controllable. In addition, I will consider the case where A and B 

are both symmetric matrices. In such a case, there is evidence that (*) is never controllable. 

Finally, I will make a connection between stabilizability and controllability of bilinear systems. 

(Received February 22, 1977.}(Author introduced by Professor Marshall Slemrod). 

Geometry (50, 52, 53) 

"744-Dl Francine F. Abeles, Kean College of New Jersey, Union, New Jersey 07383, and Courant 
Institute of Mathematical Sciences, New York, New York 10012. Bounds on Simplicial 
~· Preliminary report. 

We show that if is a geometric n -simplex formed by passing a hyperplane through the barycenter 

of a geometric n -simplex Vn, dividing the edges of Vn in the ratio n, then the absolute volume 
ratio 

Since if is the volume of any n-

Simplex formed by passing a hyperplane through the barycenter of Vn, we have 1/e < fsnl ~ ~-

We then extend this result to the more general notion of a centroid (the center of mass determined by 

the Weights at the vertices of the simplex). If the edges of Vn are divided in the ratio k, k 
a Posit· 

1 Ve real number, then IQni/IVnl = kn/(k + l)n and kn/(k + l)n ~ lsnl ~ k/k + n,f0r 

suitable simplices. (Received February 22, 1977.) 
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Logic and Foundations (02, 04) 

744-El Steven Gb.zer, ?.63-08 79th AvPnue, Fl0 !''1l Park, New York 11004, Some 

ultr<J.:fi lter constructions usine M:1rtin 's Axiom., Preliminary report, 

We 'lssumc Martin •·s !<xi om and 3FC throug'lout. Theorem 1 The"e exists an infinite 

retract of ~It all of w'Loc;c 'lle:-nhers 'lre ·~ points cmd none of w>wse menbers are 

counta1,lo 1.1mits of P n"int:o, Th0crem 2 Every ult,..'lfil-t:er 0ver N has an immediate 

oucco:J;:flr i.n t''" Rudin-!<:ci:"lar or-ic,r whic'' is Ru~in-F,..olik mi~i'Tl".l C~nd is a Q point, 

Co...-oll'1r" 1 Th<?rc trc r;"TJ(c>•"r( _,.,~·'1 ..,,,11.)) ~ point•~ ov<"'r :\ th··"t '1re not limits of 

count"lb1c f·u'lilie?:·; nf r ;"•'nt:,, Soro:l·'"".., 1'h;"r. are rxp(~xp(?.]ep:--, .-:ulJ)) 

Rudin-'Prnlil{ 'rt:inirT,l ~ :, ... ,; .. _+:~ ,.,~irt; ·v·r '"c, ..... c~-i ~--..... y of Q1·:~~!"'-KPi~l_f:::yoo rsrk n for each 

n·.1tu-- il nu.,,.,,.,,. n, (Received February 22, 1977.) 

744-E2 Howard L. Hiller, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 
and Saharan Shelah, Hebrew University of Jerusalem, Jerusalem, Israel. Ext in L. 
Preliminary report. 

We prove the following strengthening of Shelah's solution of Whitehead's problem in GHdel's con
structible universe, Theorem 1: (V=L) If G is K-free of size K, but not free, then Ext(G,Z) con
tains an element of infinite order. Using an easy inductive technique, this yields: Theorem 2:W•L) 
If Ext(G,~) is torsio~. divisible then G is free. (Indeed both statements in these theorems are 
actually independent of the usual axioms of set theory). As a topological consequence we obtain: 
Theorem 3: (V=L) There is no topological space X and integer n > 2 such that Hn(X,Z) is a non
t1rivial torsion, divisible group. (Hn(-,Z) denotes singular cohomology with integral coefficients~ 

(Received February 22, 1977.) 

Statistics and Probability (60, 62) 

744-Fl Mil ton Rosenberg, 8400 Shere Front Parkway, Fockaway Beach, New York 11693. 
Infinite variate wide-sense stationary Markov processes. 

In two papers, "Spectral Integrals, I, II" (J. Multivariate Anal. (1974) 4, 166-209; 

(1976) 6,· ,;-.','1) the author develcped pr0perties of the spectral integral 

fn <l>(w)E(dw) of a pxq cperator-valued function <I>; J 4• dE is a linear opeL"ator from 

J=fq to )fp (1 ::_ p,q ::_'")where }f is <_1 Hilbert_space and /f-q is the Hilbert space 

of square sumrnable column vectors~ =_(f~lf=l, f~ E /-/. For f E lfq, g f:."'H-P, we 

define the Gram matrix <f,g> = [ (f~ ,gJ)] (the matrix of scalar products of compon

ents). Our main theorem is: If (f) 0 c },q is a continuous wide-sense station~ 
t t~ - ff 1/2 # 1/2 # * 0) 

Markov Process, then the "correlation operators", Bt = r 0 (r 0 <f0 ,ft>) (t!. 

form a qxq strongly continuous contt·action operator semi group, i.e. BtBs Bt+s 

(where r 0 = <f0 ,f 0> = <f ,f > and # denotes "generalized inverse"). D A semigroup 
t t . 1/2 1/2 0 

exponential formula holds for Bt. Moreover, (1) rt = <ft,fO> = r 0 BtrO fort> 

and (2) on defining the "transition operators" 

At= r~/2Btr~/2 # (t ~ 0), the projection (ftifn~(f)) = At-svfs fort> s. 

(Received February 7, 1977.) 

*744-F2 WERNER KOHLER, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 
24061. Multiple Scales Analysis of a Randomly-Perturbed One-Dimensional Wave Eguatio~ 
Preliminary report. 

The following initial value problem is considered: 

()~u- c- 2otCC1+e><.(x,t,w)]otu) = 0, -= "'x < "'• t > 0 with u and (\u specified at t = 0 and" a zero· 

mean, wide sense stationary random field. The stochastic perturbation theory of Papanicolaou and 

deti"' 
Keller (SIAM J. Appl. Math. 21 (1971), 287-305) is applied directly in the space-time regime to 

transport equations for the first moment and offset second moment (mutual coherence function) of tbe 

solution. These equations are solved in a special case. (Received February 16, 1977.) 
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Mtllu Rosenblatt-Roth,State University of New York at Buffalo,Amherst N.Y. 
14226.Entropy of a random field, 

The purpose of this paper is to introduce various basic information-theoretic 
concepts related to a random field(entropy,differential entropy,entropy stabi
lity,n.s.o.),and to give necessary and sufficient conditions for their existen-

ce• . 
Some propert~es are studied and particular cases presented. (Received February 21, 

197'7·) 

Topology (22, 54, 55, 57, 58) 

'744-Gl DAVID A. SCHEDLER, Virginia Commonwealth Univ., Richmond, Virginia 23284. A Note on the 
Frechet Topology. 

If (X,T) is a topological space, we say that T is a Frechet topology iff T is such a topology 

that the ~t.:t of limit!i of converg:eut .se4uew.:e!::> in A .is closeJ. whenever AC- X. DEFINITION T 

is a subsequential topology iff T is such a topology that for every p £X and sequence x 

of points in X , if x clusters to p, then there is a subsequence of x which converges to p . 

we show that every Frechet topology is subsequential and use this fact to establish the equivalence 

of several classes of spaces among the class of Frechet spaces. (ReceiiTed February 14, 1977.) 

'744-G2 OKAN GUREL, IBM CORPORATION, 1133 Westchester Avenue, White Plains, New York 10604 
Decomposed Partial Peeling 

A dynamical system considered is (Xp,Mn) where Xp is a vector field of class ck, k~3. continuously depen

ding on a set of parameters p=(p 1 , ••• ,pm) and Mn is an n-dimensional Riemanian manifold of class C00
• Based on the 

definitions given by Poincare [0. Gurel, Notices Amer. Math. Soc. 23(1976)A387], p splits into parameters relevant 

to bifurcation (peeling) and those playing no role in this phenomenon. A new type of partial peeling [0. Gurel, In: 

Dynamical Systems, Vol.Il (1976) p.255] is defined and observed as the decomposed partial peeling in which the 

generating singular point M0 EMn decomposes into multi singular points with partial stability alterations. An example 

in M' is given as illustration: x, =-(x, +x3 ), x, =x 1 +p 1 x,, x3 =p, +x3 (x, -p, ). It is shown that decomposed partial 

peeUng may even lead to oscillating stable attractors of considerable practical interest. (Received February 16, 1977.) 

*744-G3 Eric John Braude, Behrend College, The Pennsylvania State University, Erie, Pa., 16510. 
Rings of Cocontinuous Functions on a Lattice, Preliminary Report. 

~et R1 = ({(-oo,b]: bE:R}U{[a,oo): aER}U{{r} rER}, ~). Definitions. Let X he a complete 
fattice. l· By C(X) we shall denote the set of all cocontinuous maps [These notices 23(1976),A-l80] 
a~~m/1 to X satisfying (i) for every a in R, F(-oo,aj = V{F(x) : x~a) and F[a,oo) =V {F(y) : y >a}, 
(F+cii) lx =V{F({z}) z E:R}. 1_. For F, G: R->X, we define F + G and F·G: exp R->X by -
B(F) i(IT)I =V{F(u)AG(v): u+vE:T}, and (F·G)(T) =V{F(u)AG(v): uvETl. 1_. For F: R1 ->x, let 
k£R~ r : F(r) I 0}. Let C*(X) = {FE:C(X): B(F) I 1')}. For F€ C*(X), IIFII means sup B(F). 4. For 
b ' ~ E C*(X) is defined by "Js(S) = Ox for k t S; and k(S) = lx for k E S". 5. A subset P of-X will. e called 
lattice saturated if, for every atom a with a~ P, we have a~p for some pEP. 6. AT-distributive 
hA(VP) :sVa complete lattice X in which every finite subset is saturated, and which satisfies 
Pro osi . (b A P :PEP} for every bE X and every saturated P ~X (so X is distributive). 
~ 2. For every T-distributive lattice X, (C(X), + , ·) is a commutative ring with identity 
C*(~) scalar multiplication is defined by kF = lsF for k € R and FE C(X). The function II II is a norm on 
the · If X is the lattice of closed sets of a T1 topological space Tx, then X is T-distributive and 
C*(Xlap(f ""'r-1 is an isomorphism of C(Tx) onto C(X), and an isometric isomorphism of C*(Tx) onto 
(Recei A generalization for noncomplete nondistributive semilattices has actually been obtained.) 

ve~ February 17, 1977.) 

744-G4 

If X is a 

Joseph Neisendorfer, Syracuse University, Syracuse, New York 13210. Self equivalences 
of rational homotopy~· Preliminary report. 

nilpotent space with finite dimensional rational homology, let Aut(X) denote the group of 
homotopy classes of homotopy self equivalences of X. Let Aut 0 (X) be the kernel of the natural map 
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from Aut(X) to Aut(H(X;Q)). Then Sullivan has shown that Aut 0 (X) is commensurable to an arithmetic 

subgroup of the unipotent algebraic group Aut 0 (X4DO). If X is formal in Sullivan's sense, then there 

is a differential on the graded rational vector sapce V = Hom(H(X;O), kernel w(X;Q) ~ H(X;Q)) such 

that a0v maps surjectively onto the underlying vector space of the Lie algebra of Aut0 (X 8Q), nda 

differential is often computable in terms of Whitehead products and cup products. Using these 

techniques, we can prove theorems like: If V is a projective algebraic variety which is a complete 

intersection of complex dimension~ 2, then Aut 0 (V) is finite. (Received February 18, 1977.) 

*744-G5 EDWIN E. MOISE, Queens College (CUNY), Flushing, New York 11367. statically tame periodic 

homeomorphisms of 3-manifolds. 

Let M be a compact connected 3-manifold, and let f be a homeomorphism M- M, of period n. For eacll 

i, let F. be the fixed-point set of { If each set F. is tame, then f is statically tame. If f is simplicial, 
1 1 

relative to some triangulation of M, then f is tame. Conjecture (C), If f is statically tame, then f Is tame, 

Following are some partial results. Theorem 1. If n is odd, then (C) holds. Theorem 2. If M Is orlentahle, 

and f preserves orientation, then (C) holds. Suppose that n is even. Let M' be the orbit space of r, and let 

Pr be the projection of l\1 onto l\1'. Theorem 3. M' is locally Euclidean. Evidently f induces an involution f!, 

of M' onto 1\'1', with f• ([Pi}) ( f(P i)}. Theorem 4. If no fixed point of f• is isolated in the union of the sets 

PrFi' then (C) holds. (Hcceived February 22, 1977.) 

745TH 
MEETING 

Northwestern University 
Evanston, Illinois 
April 75-76, 7977 

Algebra and Theory of Numbers (05, 06, 08, 7 0, 7 2-7 8, 20) 

:~. '/, V '" ·>n•·· !""· P•1t1•nr,- 'lr.ivnrdty, New Brunswick, New Jersey 08903. Generatin.& 

m'Jdu~ "xtr.1~:.::.:~'.!}1· l't·•·liminoit!"Y rf!po!"t. 

Let A be" commut.-.ti·J•' rinP n!' Krull ·lim·.nc:inn rl oitnd let E be a finitely generated module locall.J 

een .. r,.teJ lJY ""l•ol.o"lll.,, ;•, .. 1. t. :·.,,, !,•· I'Wbdll.y g«nc.;roiltcd by n(n+l)(d+2)/2 elements. When the 

prime s~ectru~ of A i:; Uo•:t!v~ri·l~l, ror:itC!r 1 :J bnund, d + n, is much sharper; it is even valid for 

broader cla,;OJes o!' lr:>w-•lim""" i..,,,.11 ri nro~. This i3 joint work with R. Wiegand. 

(Received Januar; 21;, 1777.) 

745-A2 E.D. DAVIS, SUNYA, Albany N.Y. 12222 and S.MCADAM, University of Texas, 
Austin, Texas 78712. Prime divisors and_§aturated chains. 

We employ a generalization of the notion of "prime divisors in function fields" to 

investigate certain phenomena concerning saturated chains of primes in noetherian 

domains. The principal tool of this study is E.G. Evans' formulation of zariski'B 

Main Theorem on Birational Correspondences. Among the corollaries of these con

siderations we obtain a unified (and somewhat simplified) treatment of the equiva

lence of certain formulations, developed by L.J. Ratliff Jr., of "R satisfieS the 

altitude formula." (Received January 31, 1977.) 
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JON L. JOHNSON 1 The Citadel 1.Cbarleston, S.C. 29409. Modules Injective 
w1th respect to prfmes, Pre 1m1nary report. 

Let R be a Noetherian Integral domain. Let 6': Spec(R) and \f be the ideals in 

R closed under multiplication which are generated by "fl . We say that an R-module 

M is f>-injective if for each P E P and R-homomorphism f: P-+ M, there exists an 

R-homomorphism 9: R-+ M so that e1 p = f. A 't> -injective envelope is also defined 

with notation E'f>(M). The following results are obtained: 

(1) E f> (R) is the generalized transform of Rat lf . (written R'l' ) 

(2) The smallest torsion theory (8,!!) with R~/ R torsion must have q.f.(R)/ Ri 

torsion free. 

{3) If E is "P-injective then a sufficient condition for 0-+ N -+ M 

to have an extension 9: M-+ E is that 

M/N is torsion {M/N E 8). 

f 

E 

{4) If R is a Noetherian commutative ring, 'P = Spec{R), and M = Ef {M), 

then M is injective. {Proof due to Enochs). (Received February 7, 1977.) 

'745-A4 ROGER WIEGAND AND SYLVIA WIEGAND, University of Nebraska, Lincoln, 
Nebraska 68588. Commutative Rings all of whose finitely generated 
modules are direct sums of cyclics. 

The rings of the title are characterized as finite direct products of 

rings R satisfying these conditions: ( 1) R has a unique minimal prime 

p; ( 2) Every finitely generated ideal of R is principal; ( 3) R is 
q 

an almost maximal valuation ring for every prime ideal q; (4) Each non

minimal prime ideal is contained in a unique maximal ideal; (5) Every ele-

~nt outside p is in only finitely many maximal ideals; and (6) The 

ideals contained in p are totally ordered by inclusion. The proof depends 

heavily on earlier work by Branda!, Gill, Hindman, Kaplansky, Hat lis, fierce, 

W. Rudin, Vamos, and the authors. (Received February 9, 1977.) 

745-A5 DAVID L. SHANNON, University of Kentucky, Lexington, Kentucky 40506. Invariants of 
inertial K-automorphisms of K [X, Y.l and K [ [X, Yl) . Preliminary report. 

Let K be an algebraically closed field of characteristic zero. A K-automorphism •' of K (X, Y) is 

called inertial if a (x) - x, a (y) - y £ (x ,y) 2K [X, Y) . We first characterize those inertial 

automorphisms of K(X, Y] which have non-trivial invariants. THEOREM. Let ,, be an inertial 

K-automorphism of K (X, Y] . Then K [X, Y] a ;1- K if and only if ,• is conjugate to a K-automorphism 

of the type 1 (x) = x, 1(y) = y + g(x) where g(x) c K[x]. In the context of this result"'" discuss 

an Old result of G. Birkhoff which characterizes the inertial automorphisms of K l [X, Y)] having 

non-trivial invariants. In particular, this result has as application that all inertial 

K-automorphisms of K [ x, x]. canonically considered as K-automorphisms of K [ [X, Y)) , hav" 

non-trivial invariants inK [(x,Y]] . (Received February 8, 1977.) 

745-.A6 MELVIN HOCHSTER, University of Michigan, Ann Arbor, Michigan 48109. 
elements in local cohomology modules. l'l"l'liminary report. 

C~nonical ----

Let (R,m,K) be a local ring, dim R = d, and let (#) 

exact sequence such that F. is free of finite rank, 

SYzygies of K . Then (#) 
1 represents an element of 

0 -:. s )> F d-l _,.. . _.., F 0 ..... K _ ... 0 be an 

0 ~ i .::_ d-1, i.e. S is .1 d t h P('dulc.."" of 
d ExtR (K,S) (Yom•da definition of Ext) and 

hence . d 
m"I•S to an element n E H (S) (H* denotes local cohomology). Conjectun•: 11 ~ 0 · The talk 

~ill deal with this conjecture,mwhich ~s true if & has a big Cohen-Macaulay module (hence if 
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Rred contains a field or dim R .:_ 2) , and which seems to have "all" the same consequences as the 
existence of big Cohen-Macaulay modules (old and new intersection conjectures, regular rings are 

airect summano..s oi. rr.odule-fir:.itc ext:t.:u.o.i.vJ. dl.yeL,a~·, ~L·~. J. '!'h.:. ~\.;r~...::t,-::=ic.! bc~.::·.·i-:;r of 1) , 

which seems to be "canonical" (although S is not), will also be discussed. (Received Februa.ey 8 1-.. 
J . .,,,., 

'"745-A7 DAVID WRIGHT, Washington University, St. Louis, Missouri 63130. Cancellation of 
certain variables. Preliminary report. 

Whether or not the situation A[T] ~k k[X,Y,Z] implies A "'"k k[U,V] , tor a k a field, is the 

simplest unknown case ot the polynomial cancellation problem. Russell and Sathaye have answered 

the question at t irma ti ve ly tor 

to the case X = bTn- a The 

the case X -= bT - a 
' 

proot involves lookln~ 

a,b "' 
at the 

A , and I have recently extended this 

A-endomorphism ot B • A[T]/XA[T) 

B is a polynomial ring in two 

variables, and A i.s birationallv ··ont~in<'d in the rixed ring 0t this automorphism. Russell and 

Sathaye have kindly poinlL'U nut that, in tac:, nne nPPd "nlv assume that X!' A[Tn] , n > 1 , 'l'bey 

sending to nfl t wherP is the image nt T in B 

also rais£>d int£'rl'Sti:lf-~ C"JUf'Stin·ls :=1ho111 :h· f ix~.·d r·iw~ (•t a tini tt group G acting on 

B ~ k[X,Yl It G is a eye\ i <· )',rnnp ,,,. r; .1~ oL 3 = k [X,Yl , wirh ., = Br.[ t] , then BG is a 

polynomial rinP, in uvn ·.J;p-iah1c·s r'\'";· (Received February 9, 1977.) 

7·Ei-Ail :\IICIIAEL R. STEI:>;, :liorthwestem l"niversit~·. Entnston. lllinois 60201. Whitehead groups of 
finite groupH. 

• Let R be an asscwiatii'P rinl!: with 1, Hecall that K1 (R) is the abelianization of the infinite general linear 

group GL(H) lJn;;; 1(;J.n(lll. ThP unit,;, H·. of H l!:il·c rise to elements of K1 (R) under the composite homo

morphism <:J: H* c;L1 tHl ~~ c;LiHl -· K11H1. II' H is eommutative. the usual determinant GLn(R)- R* indUCII 

a similal"ly named c•pimorphism del: K1 1H1 ·• W whiPh is split by 9. We write SK1 (R) = ker(det); SK1(R) Is 

the abl'lianization of '-'n;;; 1 SL 11 1H1. If H ~G. the integral group ring of a not necessarily abelian group G, we 
may extl'nd thl' ddinition of SK 1 b1· sPiting SK 1 (~G) ker tK1 (ZG)- K1 (QIG)). The Whitehead group, Wh(G), tl 
a group (; is K1 (:Z:C;l II, wh<'l"l' II is 1-(l'nt'l"atcd by the images of all _:h. hE G. It is a theorem of C. T.C. Will 

that when (; is finite. SK 1t :z:c;1 is pn'ei sl'l.1· tht· torsion subgroup of WhiG), The study of Wh(G) arose In 

topolog~· from the work of .J. II. C. Wh itt•lw:HI. who defined the torsion of a homotopy equivalence between finite 

CW-complexes X and Y "" :: l'l'l"ta in ell'ment of Whi"l Y). Whitehead torsion has praYed to be a key tool in tbl 
study of manifolds with nontril·ial fundamc'ntctl groups. One of the signal successes of algebraic K-theory has 

been in thl' t·omputation of tht• pl"t•l·iousl.l· intral'lablc Whitehead groups of finite groups. This talk will survey tbl 

main tePhniqllt's '""' t'Psults of tiH'SP t•omputation,.;, with partieular focus on finite abelian groups. (Received 

Februarv H. 1 !177. ) 

745-A9 ELOISE A. \li\l'L\]>:N, th•rth Central College, ~aperville, Illinois 60540. 
On Cancellation. Preliminary Report. 

The talk will discuss ''t>Lmtl•n•x;tmplL'S and other matters related to the following question. Let R 

and S be commutative rings \..rith identit~·, X and Y indeterminates over Rand S respectively, then if 

R [X] = S [Y] or if R [(X]] = S [ (Y]] ~<hen can one say that R ';[ S ? (Received February 14, l'1f7•) 

745-AlO 

Let R be a 

E. Graham Evans, Jr. and Philip A. Griffith. University of Illinois, Urbana, IlliDOil 
61801. The Syzygy Problem. 

regular local ring. The syzygy problem is to determine if every nonfree i-th syzyJ1 W: 

rank at least i. A recent theorem of Bruns (J. of Alg. 1976) shows that if M is an i -th syzyJ1 of 

rank greater than i then there exists a free submodule FCM with M/F nn i-th syzygy of raDk 

equal to i. On the other hand a module of rank one can only be a first syzygy, and an i-th 

syzygy of projective dimension one must have rank at least i. The syzygy problem also has conn~ 
tions with questions about vector bundles, cohen-macaulay rings, and three gererator ideals. 

(Received February 14, 1977,) 
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PAUL EAKIN and DAVID SHANNON, University of Kentucky, Lexington, Kentucky, 40506 
and WILLIAM HEINZER, Purdue University W. Lafayette, Indiana 47907. Ideal transforms 
of Noetherian integral domains. Preliminary report. 

Let R be an integral domain with quotient field K. For an ideal of R the set 
T = {x € Klxin c::::; R for some positive integer nl is a subring of K called the !-transform of R. 

For 
R a Noetherian domain we consider the following questions: 

1. When is T finitely generated as a ring extension of R? 

2• When is T Noetherian? 

It was shown by Nagata that question (1) has relevance to the 14th problem of Hilbert. Of 
course, (1) implies (2). It is not always true that (2) implies (l) even for R a two. 
dimensional Noetherian domain. We consider some additional conditions that are sufficient 
in order that (2) implies (1). (Received February 15, 1CJ77.) 

"745-Al2 Jerrold W. Grossman, Oakland University, Rochester, Michigan 48063. On Groups with 
Specified Lower Central Series Quotients. 

~t r G denote the normal subgroup of a group G generated by all s-fold commutators, s > l s 
The tower C/['s+lG > G/r sG ~ ... ~ G/r 2G ~ l , the "nilpotent completion of G ", has the 
property that l- ['s(G/rs+lG) - G/rs+{- G/rsG ~ l is exact for each s . CONJECTURE: A tower 
of groups ~ Gs+l -+- G8 -+ ••• -+ G2 -+ 1 such that l-+ f 8 G8 +l-+ Gs+l _ _. G8 -+ 1 is exact for each 
s is the nilpotent completion of some group (called a "decompletion" of the tower). We prove the 
conjecture in the case in which G2 is finitely generated and (using homological methods) in the 
case in which c2 i:~ free abelian. In these cases, unless the tower stabilizes, there are always 
many residually nilpotent clecompletions; for example, it is consistent with set theory to assume the 
existence of an arbitrarily large cardinality of parafree groups (residually nilpotent decompl~tions 
of the completi11n of~ free group}. We also formulate these results in terms l>f pro-grottps. 

(Received February 16, 1977.) 

745-Al3 EBEN MATLIS, Northwestern University, Evanston, Illinois 60201. Higher Properties of 
R-seguences. 

Let x1 .... ,xn be an R-sequence over a commutative ring R, It= (~~· ... , x~). where 11 = I; and let 
K = ~m R/lt. A module C is defined to be K torsion-free if Tori (K,C) = 0 for > 0 and 
K-divtsible if Ext~ (K,C) = 0 fori > 0. We prove that if Cis !-complete (i.e. C ii 1\(C)), then 
Cis ~torsion-free if and only if x1 , ... ,xn is a C-sequence; and if A is !-torsion (i.e. ,A = r(A)), 
then A is K-divisible if and only if x1 , xn is an A-cosequence. In these cases we retain the 
duality isomorph!sms C = HlmR(K, K llR C) and A= K liR Hom R (K,A). Among the many applications is the 
!heorem that if R = (I (R) is the !-completion of R, then every permutation of x1 , ... ,xn is an 
R-sequence. (Received February 17, 1977.) (Author introduced by Professor Judith D. Sally). 

745-Al4 

' 

~A.kVIN TiiETi\OFF, Stevens Inst:! tute cf ~·ec!':nclory, ::oto;~cr:, .,eH Jer5e:· (~'7C?;O. 
Road ~aps for ~iemann Surfaces ~n~ tte Jacobian Variet~ of the Klcin-
i!urwi t z sur face. ~-'reliminary report. 

.... 

-.... ---
(Received FebruA·•·" 

-> 21, 1977.) 
• • • •. • • .. • • ••. ·> •.••••• 
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*745-Al5 Charles F. Schwartz, Rutgers University, New Brunswick, 
Generators for the group of rational solutions of 

New Jersey 08903. 

2 2 
~y--~=~x~{~x~---:lL)~{~x~-~t~--~c~)~. Preliminary report. 

For the Weierstrass equation y 2 = x{x- l){x- t 2 -c), c I o, 1, there is a 

+ b, y = im{x- t 2 - c), where b = c + ~ C{t)-rational 

and m = ,/1 

solution x = mt 

2c- 2~. I prove that this solution is not torsion, and to

gether with the solutions of order 2 {{0,0), {1,0), and {t2 + c,O)), it generates 

the group of C{t)-rational solutions. I prove this by showing that, to every sol-

ution, there is associated an automorphic form of weight 3; that there is a bi-

linear form, ), on the space of automorphic forms of weight 3; that 4 times 

this bilinear form is integer valued, when applied to automorphic forms arising 

from solutions; and that, if f comes from the above solution, then 4{f,f) = 1. 

(Received February 21, 1977,) 

Michael D. Konrad, Ohio University, Athens, Ohio 45701. A Mathematical System with 
Applications. Preliminary report. 

If B is a well ordered set and v is an ordinal-valued function whose domain is well ordered, a 

mathematical system (F,\-:) is inductively constructed, where F is termed the v--forest with B leaves 

and W well orders F. Explicit conditions are derived which characterize the system (F,W) in terms 

of B and v in a noniterative fashion. As a first application, let C be any function whose domain 

is the inverse of 0 under v. It is shown that there is a unique V which is a v--forest with 

B U (range of C) leaves and a function r: such that (V ,G) is a universal algebra of type v. Then 

for every universal algebra (A,il) of tyne 'J satisfving Ai!B and H;!C, the algebra generated by (A,B) 

over B is isomorphic to a quotient algebra of (V,G) and can be fingered in (V,G). Under the as

sumption that !(iVC'n any ordinal there exists a higher regular cardinal, the above results can be 

derived without the ,\xiom of Choice. (Received February 22, 1977.) 

:. J .dj 

: __ :_ __ :_ Preliminary report. 

' !'tc ;, L'l .!: ·' i > IJI d !;iU!-

f dC"I ii. \. '. ~ ·t 

r j(J! i - ~ 

l l ) J 

l:,c: il 

!:l't"! 

Jl 

·I 

_:_~ l_ ~-_.i_.-il._~~L.:.!~;!lJ2!-·~~l • 
,:·r- .t r, i.' t·c.r:.~;t ructcd in 

L't1.iJ "' 
., 

' r 
' 

.cll"l ·t<...l .ii.C.l~l!SJ-li;O) • 

l L ) j 1: '·,! t .. '•itd :· ,, > 
•:.1 1 I' IJ.: •. 

\:- l / ~-'' l / , ..... 

\J) l'hl' !olll)win. t\ " 
(Hecei ved FebrUBI"J 22, 1977. ) 

*745-AlS DAVID W, FOX, The Johns Hopkins University, Baltimore, Maryland 21218 
Bounds for perturbations of eigenvalu.es of relative hermitian matrix problems 

This article gives new bounds for perturbations of the eigenvalues of a class of relative 

Hermitian eigenvalue problems in finite-dimensional spaces. The bounds are "best possible" 

and improve those given recently by G. W. Stewart. The formulation is mainly in terms of 

quadratic forms. (Received February 22, 1977.) 

*745-Al9 Y.C. WU, Oakland University, Rochester, Michigan 48063. Obstructions in 
associative algebra. 

Let A be an algebra and M an A-module. We define a special two-fold 

extension of M by A to be an exact sequence of algebras 0 ~M~E1 ~E2 ~A~O in which E2 
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~I E E A compatibly and M is contained in the annihilator ideal of E1 . We operates on ' 1' 2' 2 
hat the set of equivalence classes of these extensions, denoted by SextA(A,M) , is in 

shOW t ) 
a 1_1 correspondence with the third Hochschild cohomology group H (A,M) , when the ground 

ring is a field. Moreover, such correspondence is natural in M and all results analogous 
to those in the interpretation of the third Eilenberg-Macl.ane cohomology group of a group hold. 

(Received February 22, 1977. ) (Author introduced by Professor C, Cheng). 

Analysis (26, 28, 30-35, 39-47, 49) 

··145-Bl J. DIESTEL AND C. SEIFERT, Kent State University, Kent, Ohio 44242 
Operators with the Banach-Saks Property. 

Theorem 1. If 0 is a compact Hausdorff space and T: C(O) _,.. X is a weakly compact 

lineu operator then (Tfn) has a subsequence whose arithmetic means are norm convergent 

for each bounded sequence ( fn) ~ C(O). Theorem 2. If G is a Grothendieck space and 

T: G _,.X is not weakly compact then T fixes a copy of .t1 • Theorem 3. lf 0 is a 

c~act Hausdorff space such that C(O) is a Grothendieck space and T: C(O) _,.. X is 

notwes.kly cumpact then T flxes a copy of C[O, l]. Corollary 4. 1f C(ll) is a 

Grothendieck space and T: C(O) _,.. X is a bounded linear operator that takes weakly 

n~ sequences to sequences having subsequences whose arithmetic means are norm 

convergent then T is weakly compact. (Received December 23, 1976.) 

745-1!2 J. M. Anderson, University College, London; L. A. Rubel, University of Illinois, 
Urbana, Illinois 61801; W. A. Squires and B. A. Taylor, University of Michigan, 
Ann Arbor, Michigan, 48109. Irreducibility of certain entire functions. Preliminary 
report. 

Theorem. L t f f e 1 , 2 , ... ,fn be non-constant entire functions of one complex variable. Then 

fl(zl)+f2(z 2)+ ... +f (z ) is an irreducible entire function of n complex variables, provided n n 
n s 3. 

The special case when f 1 .f2 ••.. ,fn ,qrp pnlynnmiA1c:: t.·.T!l.:;:: r'rf1vPiJ by E~!""~·;-:,fcuc!1t c::h-..J 

Pelcz~ski. · ' oo n For applications to convolution theory in .~ = c0 (R ), a similar irreducibility 
result is proved for functions of the form 

n 

j:l (gj(zj) kfj hk(zk))' where the and have no common zeros, their ratio is not 

tonstant' and each hj has at least one simple zero. The proof uses deep results from the 

theory of functions of one complex variable. (Received September 30, 1977 · ) 

Richard Randell, Institute for Advanced Study, Princeton, New Jersey 08540. Complete 
Intersections with ¢*-action. 

We Will present a formula for the Milnor number of a complete intersection with isolated singularity 
lnd ¢*·act ion. 

This formula is given in terms of numerical invariants of the action, and general-
lzlla rea 
1 ult of J. Milnor and P. Orlik for hypersurfaces. 
ltlc Polynomial 

An explicit description of the character-

thla d 

Grblt 

of a certain monodromy will be presented also, and it will be shown to what extent 
escrtbes the 

spaces under 
link of the singularity. Various geometric and homological properties of the 

such actions will be discussed as well. (Received January 31, 1977,) 
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745-B4 G. A, ELGAR, The Ohio State University, Columbus, Ohio 43210. Vector-valued ama~ 

This survey of recent results on smarts (also called "asymptotic martingales") with values 1n a llenacb 

space includes convergence theorems and Riesz-type decomposition theorems, as well as the connection 

between amart convergence and properties of the Banach space: reflexivity, Radon-Nikodym property, 

separability of the dual, containment of t 1 , finite dimension. Some open questions will also be 

mentioned. (Received February 7, 1977.) 

"745-B5 Henry B. Laufer, Purdue University, West Lafayette, Indiana 47907. The behavior of 
the exceptional set under ambient deformations. Preliminary report. 

Let M be a two-dimensional strictly pseudoconvex manifold with exceptional set A. 

Let 1T :j[ _,. T be a deformation of :·1. Let ;/), a subvariety of }., be the union of the 

exceptional sets. Then, after a base change and over a subspace of T, each irreducible 

component of .J represents a flat deformation of a cycle on A. The generic fiber is reduced 

and irreducible. Additional information about ~ is obtained via a generalization of 

Kodaira's obstruction theory. 

One application is in the computation of degeneracies of simple, unimodal and bimodal 

singularities. In particular, some new degeneracies are found for the bimodal singularities. 

(Received February 7, 1977.) 

R. VENCIL SKARDA, Brigham Young University, Provo, UT 84602, 

A Generalization of (J::a, 2 )~ -;; l:: Ia, 1. 
Let L:a, and l::b 1 be absolutely com·prgent rPal series. 

Under the conditions that L: Ia, I= A >0, 2.: lb, I= B >0 and L: Ia, - b1 I 

i(A-B-C)(A-B+C) < L:a, b1 ·. f:(A+B-C) max (A, B). 

C, we have 

Under the conditions that l: Ia, I = A > 0, : lb, I = B > 0 and l:: Ia, + b, I = D, we have 

~(D-A-B) max (A, B)· l:: a, b 1 < ~(D-A+B)(D+A-B). 

If either A or B Pquals zero, th<>se are trivial equalities. These bounds are best 

possible. (Received February 9, 1977.) 

*745-B'l WOLFt-;ANG H. J. f'UCHS, C<'rncJ:;, Uni\·r>rsity, Ithaca, New York 14853· ~ J:!l• 
egua1ity involving th0 absolut" value of an entire function and t e 
counting function of its zeros. 

ThPOrr>m. If f( z) is an Pnti ,., function c'f finite non-integral order ). and if' 

max(~,\)(y( [\l +1. P, -2·r/y, th•cn, as z~oo 

1 im i nf( log I f( ZP if\) I qogl f · ze -ill) I ) /NI I z I , II f) ~ 2-r\ cos ( 'T\-j3\) /sin1f}. · 

(Received February 8, 1977,) 

and 

R. P. Boas, Northwestern University, Evanston, Illinois 60201. The Jensen-Steffensj! 
inequality. 

· f t · ' ,· s nondecreasing, Jensen's inequality states that if ~ is a cont1nuous convex unc 10n, A 

f is continuous, then ~{f f(x)dA(x)/J dA(x)} ~ J ~(f(x))dA(x)/J dA(x). The Jensen-

f and less 
Steffensen inequality has the same conclusion but assumes more (monotonicity) about 

) ( ) ( ) f < x < b. and 
about A, in fact only that (if the integration is over [a,b]) A(a ~A x ~A b or a 

A(b) > A(a). Several variations and applications of the Jensen-Steffensen inequality will be 

discussed. (Received February 9, 1977.) 
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'745-B9 
D. J, H· Garling, Ohio State University, Columbus, Ohio 43210. Convexity, smoothness and 
marting&le inequalities. 

FirSt we determine -the uniform smoothness and convexity of LP(x), where 1 < p < "' and X is a 
ch ace The r·esults extend the familiar scalar Lp results, but the proofs, based on an idea ll8lla sp · 

of Figiel and Pisier·, are, even in the scalar case, simpler than previous ones. 
~condly these resu~ts are used to give necessary and sufficient conditions, in terms of the be
haviour of martingaJ_es, for a Banach space to be given an equivalent norm under which it is :··
uniformlY convex or p-uniformly smooth, where t• and p are suitable Orlicz M-f'unctions. The 
results extend and e;eneralize results of Pisier. (Received February 9, 1977. ) (Author introudced 

by Dr. M. B. Marcus)· 

*745-BlO BENJAMI~ MUCKENHOUPT, Rutgers University, New Bn.mswick, New Jersey 08903. Weighted norm inequalities relating the Hilbert Transform to the Hardy·Littlewood maximal fUrict1on, 

The problem considered is the determination, given p satisfying l<p<"', of all non-negative 
ftncti~ W(x) such that (1) t.: lfCxllp W(x)dx ~ C /.: [f*(x)]P W(x)dx, ~here f(x) denotes the 
Hilbert transform of f, f*(x) is the Hardy·Littlewood maximal ftmction of f and C is a 
constant independent of f. Coifman and Fefferman [Studia Math. 51 (1974), pp. 241-250] showed that 
a condition on W known as the A"" condition is sufficient to make (1) valid. The A00 condition 
is not a necessary condition, h~-ever; the characteristic ftmction of (O,oo), for example, 
satisfies (1) but not the A00 condition. It is sho~n that if W satisfies (1), then it satisfies 
the following statement known as the Co condition: there exist positive constants K and E such LEI E "" I I I P W (x) dx that !E W(x)dx ~ K(TTI) loop P for every interval I and every subset E of I, 

I II +lx-xii 
~here xi denotes the center of I. It is conjectured that Cp is also a sufficient condition for 
(1). (Received February 16, 1977.) 

745-Bl! WITHDRAWN 

RICHARD ASKEY and JAMES A. WILSON, University of Wisconsin, Madison, Wisconsin 53706. A new set of basic hypergeometric orthogonal polynomials. Preliminary report. 

Tb -n n-1 -1 etunction '" ( q , q abed, ax, ax q,q\ = P (t) · 1 i 1 fd 4 "'3 ab ac ad 1 n 1s a po ynom a o egree n 
lntb - • • 
fo e variable t = :;< + x 1. These polynomials are orthogonal with respect to a positive measure 

r rnany choices of a, b, c, d, and they include as limiting cases all of the classical orthogonal PolYno fo lllials · The weight functions have been found in some cases. The three term recurrence 
In flllula has been found, and it can be used to prove the nonnegativity of the linearization coefficients 

tbeexpansion pn(t)pm(t) = '2:: akpk(t) insomecases. (ReceivedFebruaryl7, 1977.) 

A-325 



745-Bl3 JAMES A. WILSON, University of Wisconsin, Madison, Wisconsin 53706. Some N~ 
Orthogonal Polynomials. Preliminary report. 

( -n, n+a+b+c+d-1, a-t, a+t; 1 ) 

a+b, a+c, a+d 

defines a new set of orthogonal polynomials which includes as limiting cases the classical 

polynomials with continuous or discrete orthogonalities. For special values of a, b, c, d, these 

polynomials, disguised as 6- j symbols, already play an important role in physics. Results 

for the classical polynomials, including Rodrigues formulas, have been generalized to pn. 

(Received February 17, 1977.) 

*745-Bl4 Peter A. Tomas, University of Chicago, Chicago, Illinois 60637. A 
restriction theorem for the Fourier transform. 

E.M. Stein has shown how a priori inequalities may be used to define the Fourier 

transform of LP functions, on sets of measure zero. The author discusses some 

new results related to Stein's ••ork. (Received February 17, 1977.) (Author introduced by 
Professor Richard Askey). 

745-Bl5 WALTER D. NEUMANN, University of Maryland, College Park, Maryland 20742. Weighted homo
geneous surfaces. Preliminary report. 

If f(z1 ,z2 ,z3 ,z4 ) is a weighted homogeneous polynomial, then the algebraic surface 

" (f-1 (0)- {0})/11:''' can be desingularized and then classified in many cases. For example, if 

f 

" R,..i.,~knrn mctnanld. and ;f V is nnn-sino;ular. then there are (up to biholomorphic equivalence) 5 

cases when V is rational, 2 whc>re.' V is K3, and in all other cases V has general type. The 

2 6 6 6 ( polynomial z1 + z2 + z3 + z 4 gives the "unusual" model of the K3 surface. Received February 

17, 1977.) 

Let X 

Eobcrt Ephraim, HE'rbert H. Lehman College, Bronx, New York 10468. 
-~so-Singular Loci ancl. the Car-tesian Product Structure of Complex Analytic 
Singularities. 

be a complex analytic space (not necessarily reduced), and let V be a germ 
of a complex analytic space. The set of points of X at which the germ of X is 

isomorphic to Vis studied. When it is non-empty it is shown to be a locally closed 

submanifold of X. Moreover, locally along this submanifold, X is isomorphic to the 

cartesian product of this submanifold 

This is used to prove a uniqueness 

singularities into cartesian products 

and a transversal section. 

theorem for the decomposition of reduced J 
of simpler singularities. (Received FebruarY 18,19'/T 

745-Bl7 Thomas J', J.ailll'. i\cwtln,le,,t,·rn ~;nivrersity, ~·~vanstun, Illinois 60201. 
Convolution Structures for Polynomials Orthogonal with Respect to the 

Weic;ht Function (l-x~~l 0 [x 1 8+ 1 Preliminary Report. 

Let T(o, ~:(xi be the t'olvnomial,; ortho;:onal on [ -1, l] \'lith respect to the 
n :o ;, '+l ~ 

weight function ( 1-x~ \ 11 [ xI c_' • We cons Uer the dual pair of problems, analagous 

to those considered for Jacobi polynomials by Gasper [Can. J. l~ath 22 (1970)' 

582-593; Ann. of Math. 93 (1~1711, :::>61-250], of when the coefficient-;-in the expan· 

sion 

n+m ) 
~ a(k,n,m; a,R)T~0'~ (x) 

k=[n-ml 
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h "ernel in the intecral representation and t e "' 

l 
I Q ( a. q ) . I ' C1 LJ I 0. :) q+ l T,a_. \1 X)Tn ''-J (yJ = Tl. 'P (z·~l~(x,y.t.:; a.,:; (l-3 i~=i liZ 
r. -1 n 

~re non-necative. (Received February 18, 1977.) 

745-Bl.S 
Joseph Miles, University of Illinois, Urbana, IL 61801. A tl1eorem on entire functions 
of infinite order. 

Let be an entire function of infinite order witl1 zeros lying 011 a ray tl1rougtt tttc 

origin. For P ·' it is shown that lim 
r )- c:~..-, 

N(r,O)/m+ (r,f) 
p 

N(r,O) denotes the integrated counting function of the zprl)s and 

0 for sucl1 ail f, where 

Jeno t t' s the norm 

+ ·a 
log' I f ( re' ) ! • This result is related to previous work of Edrei, Fuc~lts, and llcllt·rstcin ~Ind of 

Hellerstein and Shea. (Received February 21, 1977. ) 

"745-Bl9 N · V · RAO, University of Toledo, Toledo, OH 43606 and DANIEL F. SHEA':', University 
of Wisconsin, Madison, WI 53706. Growth and Riesz mass of subharmonic functions 
of finite order. Preliminary report. 

of 

Let u(x) be subharmonic in IRd. We compare the growth of n(r) = J d(,t,.u(x)), the Riesz 
(xI sr 

mass of u(x) in with that of the L 1 norm m(r, u) = J j u(rw ), drr(w) where drr = 
lwl = 1 

normalized surface area on the unit sphere. We find that k(u) = lim sup N (r) I m (r, u) satisfies 
r-oo 

( *) k(u) :c: Ad sin TT>-. I 1 ( >-. + 1) 2 d where Ad is a constant depending only on the dimension, 

\ = lim sup log m(r, u)/log r is the order of u(x), and N (r) f r n (t) tl-d dt. Examples 
r-oo · 0 

show estimate (q has the correct order of magnitude for large >-. • Further, if e.g. >-. < c.e and 
k(u) is small in a certain precise sense, then >-. is close to a positive integer p and u(x) is 
asymptotically like a harmonic polynomial of degree p; this extends a result of Edrei and Fuchs 
for the case d = 2 . (Received February 21, 1977.) 

'745-B2o J.D. Buckholtz, University of Kentucky, Lexington, KY 40506. Uniqueness theorems for entire functions. 

let W be analytic in the closed unit disk and have radius of univalence 1. Denote by C the image under f of the unit circle 

I z I" 1 · Let D denote the derivative operator and W(D) the infinite order differential operator obtained formally by 
replacing z by D in the Maclaurin series for W(z). The linear functionals under consideration are defined by 

ln(f) = ([W(D)] nf)(O), n • 0, 1, 2,. An entire function f is said to be annihilated by · Ln if Ln(f) = 0, n = 0, 1, 2,. 

A space S of entire functions is said to be a uniqueness class for I Ln I if 0 is the only member of S annihilated by I Ln}. Let 
Eo denote the space of entire functions f which satisfy f(k) (0) = o(k), k- =,and E 1 the space of entire functions I which 
satisfy tlk) (O) _ 0 . . - (k), k- 00 . Theorem 1. The space Eo IS a Uniqueness class for ; Ln r if and only if c is a simple closed 
CUrve. Theorem 2. If C is a simple closed curve, then the subspace of E 1 annihilated by ; Ln · is finite dimensional, and its 
dilllensi · 

on IS equal to the number of cusps of C. (Received February 21, !.977.) 

SI~Dt\ HELLERSTEI:-.1, University of Wisconsin, Madison, WI 53 706 :mel JACK li'I LLIAMSO'\, 
University of Hawaii, Honolulu, III 96822. Derivatives of Entire runctions and 
a Conjecture of P6lya and Wiman. 

In these notices (April, 1975) we announced a solution for functions of finite order of an Old (ca. 1 
915) conjecture of P6lya and Wiman. Since then we have removed the finite order condition andinp. 

articular have proved the 
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Theorem 1: Suppose f is~ constant 111Ultiple of~ rea~ entire ~unction (i.e. real on the~~ 

and f, f', f" have only real zeros. Then f(z) = cz exp(-az + bz) IT (1 - ).nz) exp(\z) ~ 

a": 0, b and the J.n are real, m is~ non-negative integer, and n~ < +~. 
A consequence of Theorem 1 is 

Theorem 2: Suppose f is~ constant multiple of!:!. real entire function. If f, f', f", ... ~ 

only real, non-positive zeros, then either f(z) = c exp(az) or f(z) = czm exp (bz) IT (1 + ).nz) 

where a is real, h > 0, An > 0, and D c +~. 
n (Received February 21, 1977.) 

*745-B22 N .v. RAO, University of Toledo, Math. Dept. Toledo, Ohio 43606. Carlson's theorem 
for harmonic functions in JRll. 

A function u defined in a cone KQI = ( x; x1/r "' a } where -1 ~ a< 
of type T in K Ql if given any F > 0, there exists an A E such that 

for all x in K a 

is said to be 

A typical theorem that is proved is the following If u is harmonic in a half-space and of 

type T < 1r and further vanishes at all the lattice points in that half-space, then u = 0. 

(Received February 21, 1~77.) (Author introduced by Professor Simon He11erstein). 

745-B23 ALIIERT EUREI, Syr;wus<• l:niv<·rsity, Svr;~cuse, New York 13210. Distribution of the 

~t..'!_o_~ __ o_t~ _I?_;I_t.I_C._ J?~~.!l_o_mJ.:t_l_s __ o_l _ _:'1_!1_ -~~~~_!-~_ J unc tio~. 

Let (1) f(z) = ). "izj ("o # 0) repn•sl'nt .m <'ntire function of order and mean type 

o (0 < !. < +00. II · '' < + oo ). lll'nOt<' bv Pmn/Qmn till' irreducible Pade approximant of (1) 

charactl•rized hy thl• conditions: P11111 is .1 polynomial of degree~ m; Qmn is a polynomial of 

de~ree ~ n (llmn(Ol 1 ). Th<·n, "ith <'Vl'rv intc·ger n ~ 0, it is possible to associate an infinite 

sequenct..• s = S(n) ~)j positiVl', strictly incre;Jsing integers such thctt, for me s ' the two 

following ;tSS0rtions ll(l],t. (,\) I' 
mn is or c•x;1ct de~re~e m and Pmn (0) = ~O . (B) Let a and 

be given • ~ :~ :r); i l is thl'n possihlL' to determine two positive constants 

K = K ( ,\ , 0, ~~- '-) , lll d =' ('. '' >- ') 

there are :1t ]L•;tst 1m ZL'ros of I' 
mn 

in lhv sector : z: 

m • ;Jnd such that, 

.: ( m/ c i ) 1 I\ < : z I ; 
for m > mo • me s • 
o. ~ arg z ~ 8} • 

mn 
t>(lll) /.l'IUS Ut 

I > £: (1 + n) (m/o>-F>- (Jl>O). 

(Received February 21, 1977.) 

745-B24 s.r<. 8hah, f."r.i'.:E.'r_t.;i.ly \• ,., 
~~-f£!OWor:_t.~_C: __ -~~- ~~:-~: __ : ~ nr-: ('1. 

• j 

1 

. , · .. k · J t·.>: .l.rt•- 1 en, /E~r L'...tc}:v 

_t· ~-·t_._i·:~:_~~ ~- !-~~~j-~~- _a:~!?___I_!_: 

Chebyshev const.ants fur [ ~.~:t:P ··j~-=~--- •. ,_·f. :r~·-r1.1!., ~··: (1~,"7&) [-.l~ 4J~) 'l't.eorem 1. 

where for all larC)C >., xi. 1 >:; ~ c·r:c' " h·9 (>:l 1::') is ccrvex anC: L.r; xL' (x)/L(X) "'Q, 

Then 11. ~,. ~··ll[.' \ 1, r. . l . . f '1 /n a ... c c1, J n· lr . ::: -4 • 
O,n ~ 0,n 

x-o..-
In Theorerr 3 we construct 

an entire function of infinite on~c,r :cJr \··hicr. 'o,n :: exr (-n/ L(n)) for an infinitY 

of n. (Received February 21, 1977.) 

745-B25 L. R. SONS, Northern Illinois l'niversity, DeKalb, Illinois 60115, Another g_rowth 
indicator for ~ study ~value ~istribution. Preliminary report. 

Let 

r > 0 

be a function 

by m(r) = {_J· 
21! 

which is meromorphic in the plane (or 

J:n (log I f(rei 6.) I )2det}' 2• Using m(r) 

in the unit disc). Define m(r) for 

as a growth indicator for f, 

some value distribution problems will be discussed, Functions in the unit disc will also be 

considered. (Received February 21, 1977.) 
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HARRY POLLARD, Purdue University, West Lafayette, Indiana 47907. A new 
~ of variational problems. 

and Pollard have introduced the study of the following problem. aerkovi tz Let C 

be the correlation function for the noise to be filtered from a class of signals; 

to minimize the functional 

f
"' 2 c 
0 

1 y I du) + J: J:ccu-v)dy' (u)y' (v) 

in the class of functions y that are absolutely continuous on [0 ,"'], that are 

~ Ll(O,oo) and possess derivatives y' in a suitable class of functions. In all 

special cases solved thus far the solutions have compact support. The known results 

are reviewed and further results are suggested. (Received February 21, 1977.) 

745-&:!7 I. I. HIRSCHMAN, JR., Washington University, St. Louis, MO, and DAVIDS. LIANG, 
Chicago, IL, Szego's theorem on SU(3) Preliminary report. 

A classical theorem of Szego asserts that if c(8) E RtL1(T) where 

T = R/2rrZ 

necessarily real eigen values of Mn[ c] then (essentially) 

(k: ~n,k > a}ii/(n+l) _, 2
1
1 de: c(8) >a} as n->"' for all real a Here 

is Lebesgue measure on T An analogue of this result is given with 

SU(3) in place of T (Received February 21, 1977.) 

745-&:!8 HUGH L, MONTGOMERY, University of Michigan, Ann Arbor, MI 48109. Enflo's theorem on 
norms of products of polynomials in many variables. Preliminary report, 

In disproving the invariant subspace conjecture, Enflo proved an inequality of the sort 

IIFGII;:: ciiFII ,lei , where F,G E C[zl''".,zN]' the norm is the .e 1-norm of the coefficients, and c 

depends on the degrees of F, G, For fixed N this is trivial by compactness, but Enfl o proved 

that the inequality also holds with c independent of N, A simpler proof of Lhis is given, with 

extensions to other norms, (Received February 21, 1977.) 

ULRICH KARRAS, Purdue University, West Lafayette, Indiana 47907. On pencils of curves 
and surface singularities. Preliminary report. 

A normal complex surface singularity (V,p) is called Kodaira-singularity if a resolution of 
(V,p) b can e obtained by blowing up regular points on a fibre of a (lokal) pencil of curves of 
genus g. We only blow up points on components of multiplicity of the fibre. Associated to 
the minimal good resolution of (V,p) is a weighted dual graph which fully describes the 
local topolog1'cal st t f (V,p) b · 1 h 1 · t H rue ure o ut not 1n genera t e ana yt1c struc ure. ence, one 
~y ask whether every normal surface singularity associated to is a Kodaira-singularity. As 
an example, one may consider the family of hypersurfaces V :z2 = x3 + y7 + txy 5 (t is a 

t 
The family admits a resolution {Xt} ~ {Vt} 

Parameter; V h t as a singularity at the origin). 
su h c that each X t is a resolution of Vt with 
(V ,Q) . 

0 1s a Kodaira-singularity. 
rt However, it turns out that only 

More generally, we can point out that "small" variations of 
bloWn up points induce deformations of the minimal good resolution M ~ V of (V,p) which 

(called equitopological deformations). Thus the problem reduces to computing 
do not change 

this contribution 
defor mations of M 
(Author · t · 

1D reduced by Prof'essor Henry B. I.auf'er). 

in the finite dimensional vector space of "first order" equitopological 

Complete results are available in the elliptic case. (Received February 21, 1977.) 
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745-B30 MARIO 0. GONZALEZ, University of Alabama, University, Alabama 35486. ~ 

theorems for nonanalytic univalent functions 

In this paper the author gives area theorems for the following two classes of nonanalytic 
DO ,. 

univalent functions in the unit (open) disc u. class F1 : f(z) = L: ~ an-k k zn-k(z)k, 
"c I "-= t1 ' 

where la10 l ~ la01 l and the Jacobian Jf(z) is either positive or negative in u. Class F2 : 
.., ... 

f(z) = z-l + b(z)-l + ~~ t;o bn-k,k zn-k(z)k, where lbl ~ 1 and Jf(z) has constant sign in u. 

TIIEOREM (Interior area theorem). Suppose f £ F and let A = signed area of f (U). '!'hen 
1X) .... Oo .... 1 00 

A= 11 L L (n-2k) !a k kl 2 + 211 ") ('\ (n-2k)Re[a La ]' provided the 
.,: 1 lt:o n- • ,f;., f;-., n-k,k ,.., n-k+p,k+p!/ 

series on the right-hand side are convergent. A similar (exterior) area theorem holds for 

functions of class F 2 . (Received February 21, 1977.) 

745-B31 CARL DE BOOR, Cniversity of Wisconsin-Madison, Madison, Wisconsin 53706. Splines as linear 

combinations of B-splines, 

• The existing literature concerning polynomial B-splines, i.e., splines of minimal support, and their 

generalizations is discussed. 1n the process, an introduction to most areas of (univariate) spline theory Is glvea. 

This expository talk is intended to promote the point of view that B-splines are truly basic splines: B-spl!nes 

express the essentially local, but not completely local, character of splines; certain facts about splines take 011 

their most striking form when put into B-spline terms, and many theorems about splines are most easily proved 

with the aid of B-splines; finally. the computational determination of a specific spline from some information 

about it is usually facilitated when B-splines are used in its construction. (Received February 22, 1977.) 

STEPHENS. -T. YAU. Institute for Advanced Study, Princeton, N.J. 08540. On stronglr 

elliptic singularities. 

Let p be the unique singularities of a normal two-dimensional Stein space V. Let 11' : M- V be a 

resolution. M. Artin developed a theory for those singularities with geometric genus equal to zero.· 

Recently, Laufer developed a theory fur those Gorenstein singularities with geometric genus equal to 

one. We are able to complete the theory for those singularities with geometric genus equal to one 

withuul assu.u1ing tha; tbc ::tingularity i~ Gurt:n::nein . .A concepl of Lauf~!_ sequence is intt·oduced. 

This is defined purely topologically. Main ,Iheo~: Let ": M- V be a minimal good resolution of 

a normal two-dimensional Stein space with p as its only strongly elliptic singularity. Let {ZL •"" 
0 

Then m(t.-: the maximal ideal of the local ring at p. ZL } be the Laufer sequence and m 

n 
n 

< (- ~ ZL ). If ZL · i'.f: :_ -2. then M n of the following holcll: (- ~ ZL ) provided that either one 

i=O n i=O i 

(l) ZE = E, i.e., 1f is the minimal resolution; (2) ZL /lEI= ZE. If zE·ZE:':_-3, then 

· · tl n 2 
dimmJ/mJ = -J(~ z 1 ) provided that one of the 

i=O " 

abov: (l) or (2) holds. (Received Februal'Y 22,19'nl 

745-B33 
t:: • ...., .... 

.::::.:.:._ -~:.; __ ---- -·--- ------- -----=--· --. 

tia1 ~J· ., __ ~- u." . .... _, .... 

.~ f' · I ·, "' •, 2 p I..... l ..l. ' .... , • ... -

sur F(.:' J, t .... ""·· .,. , ... ,.~ 
1 

'"-·•-·: 

L(-a ~ x ~ 4i = (:: .• ;i, ,-,c::;c:.> •• " 

if O<b<..a, tht.:.l :U(b 

topic is an ex' ensi·Jn 

a 0 tn + + an such 

February 22, 1977.) 

.. :.!., =: (·..:. 

th3t (.J <) r '; i.P(t)l 
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P.t-ofessor William Beckner, thi versi ty of Chicago, Chicago, Illinois 6o637. 
Convolution inequalities and Fourier ana1ysis. 

~is expository paper will discuss the role of convolution estimates and rearrangement inequalities 

w Fourier analysis on Euclidean spaces. (Received February 22, 1977.) 

745-B35 B. F. LOGAN, JR., Bell Laboratories, Murray Hill, New Jersey 07974. Bandlimited functions 
bounded below over an interval. 

Denote by B2(a) the subclass of L2 (-oo,oo) consisting of those functions whose Fourier transforms vanish 
outside (-0!,0!). Now suppose f is any function in B2 (1) satisfying (i) lf(tll > 1 for -T/2;!; t;!; T/2, and let I(T) 
denote the greatest lower bound for the energy, !if!l2, of such a function f. An integral representation is given for 
the function I(T), which is piecewise analytic and satisfies (ii) T + "{1 + I sin TI/Tr1 < I(T);!; T + "· (0 < T < oo), 
(iii) I(T) = T + !F{1 + I sin TI/Tr1 + O(T-2), T-oo. The extremal functions are also found. The key to the solution 
of the problem is the development of general quadrature formulas, (iv) f~,lf(t) 12 dt ~ :'::~oollk If (\l 12 , f 1:: B2 (1), 

(Received February 22, 1977.) (Author introduced by Professor Richard A. Askey.) 

745-B36 RICHARD A. HUNT, Purdue University, West Lafayette, Indiana 47907, Harmonic measure and 
estimates of Green• s function. 

• Positive harmonic functions on Lipschitz domains have finite nontangential limits on the boundary except for 
a set of harmonic measure zero. It is natural to ask if this exceptional set is of zero surface measure. This has 
recently been settled by B. Dahlberg, who showed that harmonic measure and surface measure on the boundary of 
a Lipschitz domain are equivalent. The equivalence of harmonic measure and surface measure depends on 
estimates of Green's function near the boundary. For domains with c1+£ boundary or the sawtooth domains con
sidered by A, P. Calderon and L. Carleson, a suitable estimate can be obtained by direct comparison of Green's 
function with a Poisson integral. This technique does not seem appropriate for Lipschitz domains. Dahlberg 
estimated Green's function by using the fact that (essentially) its partial derivative in a direction normal to the 
boundary is a positive harmonic function, (Received February 25, 1977.) 

Applied Mathematics 
(65, 68, 70, 73, 76, 78, 80-83, 85, 86, 90, 92-94) 

745-Cl i.V:-..,y,, r""""· univer·~ity of Ill'~"~~ Ft ··;r-~c•-c-D C~r·cl<", ~:-le•·l"0, Il!inOlF 

~Ocgo. ieros of rolvno~~als. 

~~th·)cs are u~~c ~n c.ertP.i~ e~pl:!cet~~:'!g. (Received February 16, 1977.) 

*745-C2 RALPH H. ABI<AHAM, University of California, Santa Cruz, California 95064. 
Electro-optical exploration of forced Navier-Stokes bifurcations. 

A color schlieren optical system is used to observe bifurcations in a vibrating 
fluid. 

1------- ---------~FILTJER ,1. ~ ........ . ............. ,.. ... ' ... ~ !l< OB: CT /; ', ~ E 
...... ,. ....... iN 

... -------- ------- ----------- .. 1,. 

FRAME 

(Received February 21, 1977.) (Author introduced by P.t-ofessor Ueorge K. Francis). 
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Geometry (50, 52, 53) 

~45-Dl Joel c. Gibbons, Illinois Institute of Technology, Chicago, Illinois 606l~ 
and Cary Webb, Chicago State University, Chicago, Illinois 60628. 
A Characterization of Inversive Groups of Spheres. 

A well defined function f:Sn--. Sn+k satisfies axiom An (resp. Bn) if a) f maps 

circles into circles and b) if c is an (n-1)-sphere, # (f(Sn)-c) > 2 (resp. # 

(f(Sn)-c) > 3). We prove Theorem 1: If f: s 2 --> s 2+k satisfies A2 and if 

# f(S 2 ) ~ 6, it is a homeomorphism. Theorem 2: If F: s 3 ---+ s 3+k satisfies B3 and 

if# f(S 3 ) ~ 8, it is a homeomorphism. Theorem 3: Iff: sn__,. sn is a Bn map, and 

if there is a 2-sphere J: <= sn such that f/J: is an A2 map, f is a homeomorphism. 

We note that if f: Sn - Sn and if f preserves all spheres of dimension k, for 

some k < n, f preserves circles unless f(Sn) lies in an (n-l~sphere. Thus these 

theorems apply for example to all k- sphere preserving functions of Sn. 

(Received January 24, 1977.) 

~45-D2 r;.!·'.D. DUFF, l.'nivPr~lity of ';'(;ronto, ':'oronto, Canada M5S lAl. Variation of a maximal 
runctinn. 

O( :-:) = .;ur 
!..;.\"·X 

>: -
rY. !'( t)dt 
J, 

for f L, 

F'or f'ulir·tiow· r w~~-L ··:r·::!. i·.·~·iv:J.~.;.,.,... it i;, ~:;huwn that the mapping f...,. 0 

l.-; .. i~1.r:aLlun din:ilt:;·i.i~- 1 ~ i:. :,:t•· !P·t·r;: •. r. ·.nt~ ::tnf-l_ly~:i~; thl._· role of the set S/ = {x l0(x) >f(x)} 

p.lays a ~q·t'<'ia"l :'Plt· ~H.-: t.::~· !::q.r !r;r• :·:.~,wL ~,, bt.- 't ::tt~ict erJntract.inn on ~ 2 (Received 

February 8, 1977.) 

~45-D3 JAI"!~-S ,; ___ Hl\1'-., 
lJ r.:_: )_i l i. (:.. • . t' 1 . 

. ,ecr:\or:s 1:· 

l.\ + l = + XK + x_v· 

ur.-: ~ ,..,. 1, rt • . \·:'"· 

1 

1) 
I 

elliptic umcilic 

·r .. l .. · 

1Peceived February 16, 1977.) 

GiJ 
w ~ i. tn~-~s 

JU! ~;r~ ll·1 
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7-5-D~ 

(5,2)-TOROIDAL KNOT 

SWALLOWTAIL SECTION 

COMBINED TORUS 
and HYf'ERBOLOlD 

(TV Scroan .Polaroid. PM T ~Photo Off sat) 

.:ieceive: February 22, 1977.) (Author introduced by Professor George K. Francis). 

~ -7-DS NELSON L. MAX, Case Western Reserve University, Cleveland, Ohio 44106. 
Turning~ Sphere Inside Out with Computer Graphics. 

The pans of the surface shown here are formed from cubic poly-

Provo, Utah 84601. 

11""' Lal coordinate patches, with smoothed profiles. (Receh·ed Febr•>ar:: . ':::', 1·'77, · 

7 ·5-) 
LEORGE K. FRANCIS, University of Illinois, Crbana, Illinois 6080.1 
~ Riemann surfaces t.Q_ catastrophe !!!.;!_chines. Preliminary report 



A.V.PHILLIPS, S.U.N.Y., Stony Brook, NY 11794. Ail illustration for Robert~ 
Cobordism 0 Immersions*: 8 times Boy's surface (JP 1"1R') !§ null-cobordant. 

=:r~gularly homotopic;~:cobordant;~:surgery locus. *Topology 5 (1966) 281-294. 
(Received February 22, 1977.) 

745-DS TIM POSTON, Battelle Advanced Studies Center, Geneva, Switzerland. 
Visu_9._l_~zing !:._~la tiv_is tic ~avitation. Preliminary report. 

(Received February 22, 1977. ) (Author introduced by Professor George K. Francis). 

'I'homas l'. r.anchoff nnd rharles 11. Straus,;, r.rc"·'n l'nivrrc;i t'', nrovit'lence, 
Rhode Is] nne" 0291?.. ~ei TIV_!'Sti9_ati n~~-_!_h_"_~~ntrn-_:<;_U_!_!_ii_C_e_ of the rl...!!E,• 
c;oi<". 

In 1870, ra,le'! T'rcsentrr a classici'll invR«ti qatinn nf th<" locus of ce,.,ters of curva· 

ture of the o] 1insoir1, consi,;ting 0f b··n intrrnRnetri'ltino focal surfaces Hith lire!'! 

of cusnoiral sinaulnritv and four umhilic?l nnints. l'sina An internctivc granhtc~ 

anproach •·•e rcinvestiaate this surfnce bv T"P.i'lns nf ? comnutPr ;,nimater film ,.•ith 

rial attention to the signific?~ce nf this surf?ce tn the al0hal npnmPtrv of CA" 

tastrophes. 

---..;-_-.; -.· 

(Received February 22, 1977.) 
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745-DlO 
cary Webb, Chicago State University, Chicago 60628, and Joel Gibbons 

Illinois Institute of Technology, Chicago 60616. The Inversive 
Group of sn. 

suppose (1) n and m are non-negative integers, (2) f is a function 
~· 

t he sphere Sn to the sphere S n+n,, 
from 

(3) f sends every circle into a circle 

(not necessarily unique), (4) the image set of f contains n+2 points not 

contained in any (n-1) -sphere, ( 5) there is a 2-sphere containing four of 

these image points together with at least two additional image points such 

that no circle on this 2-sphere contains more than four of these six points. 

Then f is 1-l, onto, and preserves (n-1)-spheres, that is, f is an element 

of the inversive group of S. This generalizes results previously announced 

in these Notices, 22, A-682 and~, A-617. (Received February 22, 1977.) 

Statistics and Probability {60, 62) 

"745-Fl Heinz W.Engl, Kepler-Universitaet Linz, Austria 4045. A random fixed 

point theorem for nonexpansive mappings with stochastic domain. 

Let X be a separable reflexive Banach space which is uniformly convex in every 

direction, (O,A,m) a measure space. A mapping T:((w,x)/w<O,x,c(w)) >X will be 

called "random operator with stochastic domain C" iff C:O -> 2x-l0l is a measurable 

correspondence and for all open D {wcO/xr:C(w) ,T(w)x,D}' A. x:O 'X is callecl 

"random fixed point of T" iff for m-almost wr:O x (w) cC (w) and T (w) x (w) =x (w) and 

x is measurable. 

After proving some lemmata about the measurablity of Chebyshef-centers of certain 

measurable sequences we prove the following stochastic version of the Browder

Goehde-Klee-Kirk-Theorem: 

If C is a separable measurable correspondence with closed,convex and uniformly 

bounded values, T a random operator with stochastic domain c such that every T(w) 

is a nonexpansi ve self-map of C (w) , then T has a random fixed point. 

The method of Chebshef-centers yields also similiar results in Opial spaces 

Without convexity assumptions. (Received January 21, 1977.) 

"745-F2 A. KUMAR, Northeastern Illinois University, Chicago, Illinois 60625 and B. M. SCHREIBER, 
Wayne State University, Detroit, Michigan 48202. Stability conditions _for Banach-space
valued random variables. 

Self-decomposable probability measures on a separable Banach space E were introduced by the authors 

In [.§ludia ~. 53 (1975), 55-71), where it was shown that they arise as the weak limits of uniformly 

Infinitesimal normed sums of E-valued random variables and that they are all infinitely divisible. 
The set L0 (E) of self-decomposable measures on E can be filtered by means of certain stability 

conditions into a decreasing sequence [Lm(E) : 0,;; m,:: =} of subclasses, each of which is closed 

under translation, convolution and passages to weak limits. For those spaces E for which a Levy

~lnchine representation is known to exist, the classes Lm(E) can be characterized in terms of their 
L' 
~measures, and a representation for their ch.f.'s has been developed. When E is Hilbert space, 

the filtration is complete: L (E) is the smallest subset of L0 (E) with the closure properties 
•hove "' containing all the stable measures. The talk will consist of a survey of these results and the 

-thods used to derive them. One of the key steps is the introduction of a convenient compactifica-

tlon of E*. On the line 1 1 i d d b U b ik d di d 1 b h ana ogous c asses were ntro uce y K. r an an stu e a so y t e 
authors [Ab stract 76T-F3, these~ 23 (1976), A-290]. (Received January 27, 1977.) 
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BURGESS DAVIS, Purdue University, West Lafayette, Indiana, 47907. On stopping times 
for n dimensional Brownian-motion. 

Let T be a stopping time for a standard n dimensional Brownian motion X(t) 

t ~ 0, and let p > 0. It is shown that there is a constant A depending on p but not on T or 

II I 11 2 1 l/ 2 11 II l/ 2 11 I 112 It is also shown that if ll•112 11k n such that ( X(T)/n ) - T p ~A T p n . < • 

and k is a positive integer then most of the moments E Yi(T)k, i=l,2, ... ,n, are about what 

they would be if T were independent of X(t), t ~ 0. (Received February 7, l9Tl.) 

Victor Goodman, Indiana University, Bloomington, Indiana 47401. Asympto~ 
behavior of certain ~ ~obabilities for vector-valued symmetric 
random walk and Brownian motio!l. 

Sufficient conditions are given for the submartingale inequality 

P(maxi/S 1/ >A) ,;; 2P(iiS ii > ).) 
r,;;n r n 

to be asymptotically sharp (A large). Similar conditions are found for vector

valued Brownian motions, and an application is given where the tail distributions of 

thesupremum of then-parameter Wiener process and the supremum of its absolute 

value are estimated. .The tail distributions are asymptotically 

respectively, where N (A) denotes the standard normal distribution. (Received Febru11Z7 
7, 1977.) 

ANATOLE BECK, University of Wisconsin, Madison, Wisconsin 53706. Conditional 
Independenc....:. 

A collection of random variables is called conditionally independent if the conditional expectation 
of each with respect to the field of sets generated by the others is a constant. Equivalently, it 
is so called if every sequence of distinct members is a partingale. (A sequence of random variables 
is called a partingale if its partial sums form a martingale.) Conditional independence is a 
strictly weaker condition than independence, but strictly stronger Lhan uncorrelatedness. It 

develops that many of the theorems which seem to rely on independence as a hypothesis require only 
conditional independence, e.g. tne i~olmogorov Strong Law of Large Numbers. Many of the examples 
which show that uncorrelatedness is insufficient for some result are in fact not merely unc,rrell!ted, 
but actually conditionally independtnt. The condition extends to B-space valued random variables, 
where it is again weaker than independence, but stronger than weak orthogonality. Examples are 
shown and discussed. (Received February 4, 1977.) 

*745-F6 J.D. Kuelbs, University of Wisconsin, Madison, Wisconsin 53706. Some exponenti!l 
Moments with applications to density estimation and the empirical distribution funct~· 

Let x1, X2 , • • • be independent mean zero random variables with values in a measurable linear 

space ( B, B , II · II ) . Let Sn = x1 + ... + Xn ( n "' 1 ) , an = .J zn log log n ( n c- 3 ) , and 

define 

If 

s 
M sup IlT-II 

n?: 3 n 

is bounded in probability and sup E ( exp ( 13 II Xj II Z ) ) < oc for some f3 > 0• 
j 
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then there exists 13 0 > 0 such that for 13 :s i3 0 

E ( exp ( 13 M 2 ) ) < cc 

The exponential moments of M apply readily to obtain rates of convergence results for the 

•-'cal distribution and in density estimation. (Received February 10, 1977.) 
emp•u 

745-F'T \WJI30R A. WOYCZYNSKI, Northwestern Universitl, Evanston, Illinois 60201, 
and Wroclaw University, Wroclaw, Poland 50384, Domains of attraction of 
stable measures on Banach spaces. Preliminary report. 

In Banach spaces E if X = L: llnxn is a stable random vector in r. 

with ch. f. exp -I tiP, 0 < p < 2, (xn) c- E) then the distribution law of 

y = L ~nxn is in the domain of normal attraction of the law of X whenever ( ~n \ 

are i.i.d. with the law of il being in the domain of normal attraction of e 1 on 

the real line. Similar statement fails in general if one Jrops the assumption that 

(~n) are identically distributed. This is a ,joint wor 1' with Professor Michael B. 

Marcus. (Received February 14, 1977. ) 

'745-FB MARJORIE G. HAHN, Department of Statistics, University of California, 
Berkeley, California 94720. A characterization of t~e Kolmogorov 
difference property and its relationship to the central 1 imiting h_t:_l!_avior 
or square-integrable stochasti~ocesse~ 

Let {Xt, t E I 0, 1]} be a stochastic process and f a nonnegative function on 

I 0,1). Condit ions of the form 
2 

(*) E(Xt-Xs) .;; f(l t-s I) 

are studied, as they pertain to sample-continuity and the central I imi t ing hehav ior 

of the process xt. 

A function f is said to have the Kolmogorov difference property (Kill') if any 

stochastic process Xt which satisfies (*) , for all s,t E I 0,11, has continuous 

sample paths. A characterization of all functions having KDI' is given hr ;1 condition 

obtained in collaboration with M. Klass. Furthermore, (*) alone provides a 

sufficient condition for Xt to satisfy the central limit theorem (CLT) in CIO,l) 

if and onlr if f has KDP. A method for constructing sample-cant inuous processes 

Which do not satisfy the CLT is discussed. (Received February 16, 1977.) 

G. risier and J. Zinn, Ecole Polytechnique, Center de ~mthc~atiques, 91120 Palaiseau, 
France and University of Hassachusetts, Ambers t, ~mssachusetts, 01003. The central 
limit theorem in R.P (p > 2) and the log log law in Hilbert space. 

'nle following theorems and corollaries are proven for an i.i.d sequence X, x1 , ..• 

~. An tP -valued random variable, X, 2 < p < "' satisfies the central limit the oren. (CLT) if 

illd only if (a) X is pre-Gaussian, (b) t 2 P( I! X II > t) + 0 as t -+ ""· 
Corou P 
~· For each 2 < p <"' there exists an ~P-valued X which does not satisfy the CLT and yet 

sup EI':L· .. +X 
n I fri n II < co (which implies, since we're in _v.P, that X is pre -Gaussian l 

n p 

'nleore111 2 
~· Let X be a Hilbert space valued randmr. variable. Then the following three conditions il!'ply (i;; X satisfies the law of the iterated logarithm on H: (i) Efllxii 2 /(R.nR.n(llxll vee)))<"'; 

EX" 0; (iii) E(<X ,X >) 2 < "'· 
Coro11 1 2 
~ There exists a mean zero,Hilbert space-valued random variable, X, with Ellxll 2 = ""• 
nlth sati f" . . 
~ s 1es the law of the 1terated logar1thm. (Received February 21, 1977.) (Author introduced 

Iroressor Richard Ellis). 
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Topology (22, 54, 55, 57, 58) 

*745-Gl 

arc vc 

STEVE DIBNER, Washington University, St. Louis, Missouri 63130 

An alternate method ot finding certain link groups. 

Suppose K is a knot or a 2-component unknotted link, in s3• A simple 

v 1'1 K •tlv is called a treeing arc tor K it 

the tree group ot rank 2. For a particular tamily ot links Li,j , we have described 

motions ot s3 which untwist (K ll v)/v into standard position, yielding a standard genus-2 

Heegaard splitting tor any manifold obtained trom s3 by surgery along K [abstract 742-57-1, 

Notices 24 #l(Jan., '77); also Genus-2 Heegaard splittings tor certain 3-manitolds (preprint), 

Washington U., 19761 Now, it K is any knot or link whose treeing arc admits such an 

3 
untwisting ot (K" v)/v , we tind a presentation ot the group ~(K) • ~l (S - K) , as follows. 

Since s3 - K is regained trorr. s3 - (K '' v) by tilling in the arc v , a relation defining 

~(K) is found hy PXprcssing thP class ot a ~eridian of v in terms of generators of 

3 
~ 1 (S - (K" v)) ~ F:, . This 0xpressi0n is provided by the untwisting. (Received January 

3,1977.) 

Victor P. Snaith, The University of Western Ontario, London, Ontario N6A 569. Some new 
e_ l_e_lll_e_n_t_s __ in__th_e __ s_t_~bj_e_Jl..Q!TIQ t_on__Q_f_~ . 

The following result is proved. 

Theorem: (i) 

(ii) 

s There exist isomorphisms ~j(B0(2n)) -,~(BO(Zn-2)) .f· B.(n) for all j ~ 0, n ~ 1. 
J J 

B.(n) contains the ,(j)-fold sum of copies of Z/2 where 
J 

.· ( j) 

0 if 

if 

2n-l , 

2n- i , 

,d(j-2n+l) + d(j-2n) if 2n j 4n-3, 

where d(h) is the number of partitions of h into positive integers not of 

the form 2m - 1 . 

(iii) Each Z/2 in (ii) is detected by the Hurewicz homomorphism. 

The proof proceeds by embedding copies of -k(MO) in -:~(80). Similar constructions yield 

"*(1'1U) - and "*(M~p) - elements ;n :·!(cu) and ;·~(BU) and ''!(BSp) respectively. 
(Received January 211, 1977. ) 

"745-G3 Howard Osborn, University of Illinois, Urbana, Illinois 61801. 
The Hopf ring. 

There is a "scissors-and-g;lue" equivalence relation for which the equivalence 

classes of orientable (not oriented) smooth closed manifolds X of even positive 
dimension form a graded commutative semi-ring ~. Let I c S be the ideal of thOII 

classes which contain manifolds with non-vanishing vector fields. Then S/I is 8 

graded commutative ring generated by the classes [S2 ) (:.~/I and [E4 ) of the 

2-sphere s2 and a 4-dimensional manifold E4 , respectively, with one relation 

[ s2 l . [ s 2 l = 4 [ E4 l . 
The Euler characteristic 'X (X) of X depends only on the class 

and the assignment 'lt(([X)) ::~(X) is the unique ring homomorphism 

[X] E: s/Io 
?(: S/I _, z 

with '?(([S2 )) :: 2. Uniqueness of the homomorphism 'X provides a brief and 

uniform way to prove that other constructions also yield the Euler characteristic; 

this includes the Hopf index sum theorem, the Gauss-Bonnet theorem, and the Euler 

class computation <e('1::(X)), r-x):: J((X). (Received February 7, 1977.) 

A-338 



RICHARD J. ALLEN, St. Olaf College, Northfield, Minnesota 55057. Eguivariant 
embeddings of finite abel ian group actions. Pre! iminary report. 

Let G be a finite abelian group and let G = Rl e ··•@ RrE9H 1$ ... $Hs , where 

the R' s 

campact 

are eye! ic groups of order ~ 2 and the 

n-dimensional metric space and suppose G 

H's are all of order 2. Suppose X 

acts on X It is shown that X 

is a 

equivariantly embeds in a euclidean space with an orthogonal G-action; a minimum dimension 

for the euc I i dean space is a I so obtai ned. 

A corollary of this result is that if X and G are as above, then X equivariantly 

embeds in an orthogonal G-action on RN , where N =max {2n+l, 2r+s} . (Received February 7, 1977.) 

Mark Feshbach, Northwestern University, Evanston, Illinois 60201. The 
Transfer and Characteristic Classes. Preliminary report. 

A double coset theorem for the transfer and classifying spaces of compact Lie 

;roups (to appear Bull. AMS May 1977) has been proved by the author. This theorem 

specializes to theorems relating the cohomologies of a compact Lie c;roup, G, and 

~hac of its maximal torus, T. The classical theorem H*(BG, c;) "H'(BT,Q)w, where 

o is the Weyl group, follows immediately from one of these formulas. Other re-

sults including the Whitney product formula for Chern classes follow from this 

;pproach. Some of these formulas and applications were obtained originally by 

:rumfiel and Madsen. (Received February 14, 1977.) 

·745·G6 !1obert J. Zil"l!!!er, u.s. Naval Ac'l.nem:v, <\nnapolil'l, ~·Ar:<Tlllnd ?1)~0;:>, 
Re3trictine Lie eroup action~ to lattice ~ub~roup~. 

Let G be a connected Lie P"roup 11nd H be a lR tti C!' ~ub~Troup. Su!'po,.e that G 

acts er,.odicAlly on a !ltand'lrd Rorel !lp'l.ce with qmlsi-invarinnt !'le!'~UT'e, 'T're 

question ari~el!! af! to whether the Rction of H 11'! still er,.c>c'lic. ~·/e provide 

er1te1'1R for thi~ erP"odicity for the Cll8!':1 in ""hich ~ 1~ l'limple or nilpotent. 

(Reeei ved Febrmry 14, 1977. ) 

7'5-G7 MICHAEL BARRATT, Northwestern University, Evanston, IL 60201 and CHRISTOPHER HANKS, 
Millikin University, Decatur,IL 62522. On the structure of Thorn spaces. Preliminary report. 

By the Thorn space of an X-G-bundle X-+E ..P.,.y induced by a:Y 4 BG we mean the mapping cone T('')=YupC(E). 
This generalizes the view of the Thorn coml'lex of a vector bundle as the mapping cone of the associate< 
Sphere bundle. Clearly T(ct} contains T(ct I basepoint)=EX and two classical results are: 

(l) if Y=BuC(A) then T(ct} = T(aiB)vC(A*X) nnt.: 
(2) if Y=EA then T(ct} = EX VJ(a)C(A*X) where J(a) is the Hopf construction on the map A-'X •X induced 

by the adjoint A~G of ct and the action of G on X. 
lfy is a mapping cone BuC(A) and f;:l:P-+Y, there is induced a map of Thorn spaces r': T("oe)-+ T(a) 

~~dhence a map f;": T(ctoO/EX = E(P*X)-+ T(ct}/T(a!F.) = E(A*X). This map can he d<>scrihed hy using f;; 
Of~:E). where E:ESJY-+Y is the evaluation map; and a certain relative Hopf invaria_~ n(F): i:p ' i:(AA~2Y) 
t~' defined by means of the co-operation p: Y = B VC(A) ·• Yvl:A. 
( e theorem, expressed in terms of maps E2p,.x -• E2A...x is 
J) f;" is the track sum of the two compositions: 

(a) EP 4 Y ~EA, smashed with the identity map of EX and 
(b) ll(f;}: EP-+ EAASlY, smashed with the identity map of EX, composed with J('"•E): i,[tY.-.X +LX 

1 smashed with the identity map of EA. 
~~·~the case that Y = EA, the composition (b) can be expressed ac a sum of compositions of the James· 
Ji )~nvar(iants (for n~l,2,3 ..• ) Hn+l(O: E?-+ EA(n+l) smashed with the identity map of EX, with maps 
n~ · EA n+l)"EX-+ EAAEX obtained by using J(a): EAAX-+ EX n times. (Received February 14, 1977.) 

74s-aa 
Jav E. Goldfeathcr, t:niversit·.: oc ''.'ic;con~in-:Hlh·:H~kcc, 'ii1h·,J~iJct, '•.'T. :;-~ni. 

In~ompressil~e__;"!aps. · 

let r. b 
·' e a finitely ,r~cnC'ratcd ahel ian !~ro·.1p. ~1cthods nrc dcvclorcd to df.'tc.ct "'~ct 11cr 1wn-trivial 

laps ~sx .. 
K(r.,n) are incompressible, wl·cre X is homotopic to a f'initc ,Iimensional COl'lf•lcx. In 
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particular, under certain conditions on n, all non-trivial maps nsk+ 1 -+ K(G, nk) are incompressible, 

generalizing a result of Weingran. Also, it is shown that all non-trivial maps '"lSII(Q/Z,2n-l) + 

K(G,2n) and ClS~I(Zm,:Cn-1) ·> J:(G,Zn) arc incompressible. These theorems ;1roduce new results in the 
p 

theory of finite clincnsinn:il :•-s;laC<'S. (Received February 16, 1977.) 

745-G9 PETRIE, TED, Rutgers University, New Bnmswick, N.J. 08903. Proper equivariant maps 
between representations of Lie groups. Preliminary report. 

Given two COJI1llex representations N and ~I of a compact Lie group and a proper G map 

f:N -+ M, define for each subgroup Kc C an integer ~(f) as the degree of the induced llllp 

f:J< -+ ~f between the K fixed sets. If the dimension of J< and J< differ, 'i<Cf)=O, 

Question 1. ~hat are th~ relations among the inte£Ers {dk(f)lk G}? 
Question 2. Given a collection of integers {nkiK<- G} \\hen is this realized as {dk(f)IKCG} for 

some f? These questions are answered entirely in terms of the difference M-N in the complex 

representation rinr of G and the structure of the subgroups of G. (Received February 16, 1977,) 

(Author introduced by Professor Peter Or1ik). 

Jerrold Sieqel, University of Missouri-St. Louis, St. Louis, Missouri 63121. IL.:: 
-~~~e_n_tab l_e_ Homo!_o£Y.__F_u~t_g_r2_. 

Consider [~,B] as a functor on suitable subcategories of finite complexes (e.q. n-connected, in a 

oiven Serre class). It is sh01·m that the C<>.ch extension of such functors to C Reg T2 is of the fo111 

[B~, B'] for a suitable B' (B being Stone-Cech compactification). In certain situations these 

functors are seen to be homotony functors (not nee. representable). In oartir.ular, the pro-represent· 

able functors nf Deleanu and Hilton are shown to be of this form. Advantage is taken of the geometrfc 

form of the renresentation. (Received February 16, 1977,) 

745-Gll ·::u·,. ·:aho:w:,J '· .. c,·~·::;··.·t,. t."l. I.t-·.;r~·.it::. :·,r:tr.>'"t<.:n, lllinois 60201. ~ 
ll''"i!Li t..· ···:::.1 · i .· ;l t' ·' ·v,i - ·t···:: c::· t,lw hc:r.otcr:r of spheres. 

.· . t·~:· ·· ' .. ···,:::i.-:: c1· ;·,c~:ctor;; ':lasses. Theorem: The 

el0.mP.nt 11, !t , · :\lr ·"'''J· ,. ·: ,., .. · :.t. .. , L•T :~"rc ::tablP. !1omotcpy class if j -F 2. 
I . !'. 

(Top. 1·•,"(\. ~1. t.il.i:· ,., : ,.,.~, ·o:· · .i.::.: · '. "•t.i• 1: c:!' tilL~ r·~s:.tlt are ·iiscussed. 

(Received February 17, 1977.) 

745-Gl2 LctU!'c?llCL' H. ":'a.vhw, !!niv·•rsity of Notre Dame, Notre Dame, Indiana 46556· 
~Q_rd!_~l!.:_~~:~ctr~l ~t.:.\)uencl'. !'rc1ir.r;n.~y·:~· r·::rc'~''"..:. 

Thm: Let F -+ E -+ ~ be• a fll'l'at1,,n and surro»e p.:iven a spheorical fibration over E. 

Let ME denote thE' Thorn spact~ of this fibratior~, and let 1·1F denote the Thorn space of 

the fibration restricted to F. ':'h.:on there is a spectral sequence whose E2 term is 

H (B; ~ (MF)) which abuts to~+ (M~) for any extraordinary homology theory ht· 
P q rq- e 

There exist relative versions of this spectral sequence and all the naturalitY on 
could hope for. Alas the homology may be twisted. 

If h 1 is stable homotopy theory, the theorem gives spectral sequences from one 

bordism theory to another, mimicking classical fibrations. From BSU + BU + CP~ we 
will recover known structure of MSU, as far as N. Ray's result that K01 decides MSO· 

(Received February 17, 1977. ) 
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•745-Gl3 
ARUNAS LIULEVICIUS, University of Chicago, Chicago, lllinois 60637. Characters tell all. 

1 Let G be a compact group, a: G ~ U a representation into a unitary group U = U(m). Suppose H is a closed 
subgroup of U; then a induces an action on U/H which we call a linear action and denote the G-space (U/H, a). 

ill show the following remarkable rigidity property of linear actions: suppose a, /3: G ~ U = U(m + k) are 
wew k k 

esentations H is conjugate to U(m) X T where T is the k-torus, and k;!!; m; then a G-map f: (U/H, a)~ repr • 
(U/H,fJ), which is a homotopy equivalence (if the action of G is ignored), exists if and only if either {3 or its 
complex conjugate 7J is similar to )(a for a suitable homomorphism )(: G ~ U(1). The Picard group of G-equi
varlant line bundles on a G-space X is a key tool. Complete information on algebra automorphisms of H*(U/H;Z) 
is obtained. The results allow one to read off the G-homotopy type of (U/H, a) from the character table of G. 
For example, if the character of a at some conjugacy class differs in absolute value from the character of f3. 
then (U/H, a) is not G-homotopy equivalent to (U/H, {3), (Received February 18, 1977.) 

~45-G14 LOl'IS H. KP,U"'"'MAN, University of Michigan, Ann Arbor, Michigan 48109. 
Signature of Branched Fibrations. Preliminary report. 

A. branched fibration, -rr: E-M , is a topolo~ical generalization of a pencil 

of algebraic varieties over a manifold M, with degenerate fibers along a co

dimension-two submanifold F C M. •Ne shall discuss problems of computing sig-

namres for branched fibrations, and relationships with hypersurface 3ingular

ities, knot theory and branched coverings. (Received February 18, 1977.) 

~~~5-G15 rc;:I:, SCLCJV:CK, University of Wisconsin, t:adison, ivisconsin, 53706 and 
PET!::R Q;{LIK, University of Wisconsin, 1-':adison, '":isconsin, 53706. 
Automorphism groups of ~ • 

Let V be an n-dimensional vector spacr· over ~ and let A be the algebra 

of polynomial functions on v • Let f e A he a non-singular form of degree 

r. ~ 3. Let :; = Aut(f) 

Y z {vli.V: f(v) = lt 
{ s E GL(V): sf = f} , a finite group. Let 

·,Je compute the character X of the representation 

of G on the complex cohomology of Y • Theorem: If s.;. G then 

~(s) = <-lln-k(s)(rr.-llk(s) where k(s) is the dimension of the subspace 

Of V fixed by s • (Received February 22, 1977.) 

Miscellaneous Fields (00, 01, 96-99) 

745-ID.. RAY REDHEFFER, University of CaJ.ifornia, Los Angeles, California 90024, Mathematics with 
and without Words. 

Five short f' 1lms made by Redheffer in the Office of Charles Eames. The titles are Alpha, Two Laws of 
Algebra, Exponents, EKponents (with a different sound track), and Newton's Method of Fluxions. The 
Shortest is 80 seconds, the longest under 4 minutes. Fast-paced and mathematically subtle, the films 
ere llleant t 

0 be seen and studied, and seen again. All but the last are done to music rather than woros, 
hence ar . 

e 1ndependent of language skills. The underlying philosophy is influenced by the author's ex
Perience t . 

eachu1g disadvantaged students in grades K-5, including the totaJ.ly deaf. However, the films 
operate 

on more than one level. For example, Film 2, though based partly on elementary teaching, also 
lllotivate 
1 8 some of the axioms for a vector space. Since commutativity is not exploited, a development 

11 FU111. 3 isomorph<c / ~ to that in Film 2 leads to severaJ. laws of exponents. About 1 4 of the last film 
1a devoted to 
G a derivation of Leibniz' rule by Newton's Method in exact synchronism to the music of 
reenslee . 
~ ves, Th1s old English tune was first used as a Christmas carol on Christmas, 1642, which is 

d~ Newton was born. (Received February 17, 1977.) 
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*746-Al RUSSELL MERRIS, California State University, Hayward, CA 94542. 
Generalized Matrix Functions. 

Let A be an irreducible character of the symmetric group s . 
m 

The generalized matrix 

function of A= (aij) corresponding to S and m 
is 

d (A) = I A (a) 'l1 a 
a e s t= 1 ta ( t) 

m 

Assume A corresponds to the Young frame (m 1, ••• ,mt), where m1::: ••• :::mt:::l , and 

Theorem 1. If A has more than equal rows (columns), then d (A)= 0. 

(Cor. If A has 2 equal rows, det(A)=O.) Theorem 2. If rank A<t, then d(A)=O. 

(Cor. If A is singular, det(A) =0.) Theorem 3. Suppose A is positive semidefinite 

hermitian with no zero rows. If d(A) = 0, then rank A<m- m1 + 1. (Cor. If det(A) = 0, 

A is singular.) (Received January 3, 1977.) 

746-A2 ~!~IC W.P:-IT·~n::-E:-·r, ra.~_·ifnrn·ia :ns~-.it1.:.tr: of Te('hnolor-y, PasadE:na., Californ~a 01125. Comple
~ of Integral ~latrices. Prel i>ninary reoort., 

Usine; elementary 1 inear algebra and certain classical .results f.ro'n the theory of integral quadratic 

forms, it is possible to show that fo.r aLy integral in-r) by n ~Latrix X satisfying XXT ~ mi with ~7, 
there is an intee;ral matrix A of order n hy n with X as its fi.rst n-r ro«s and satisfying XXT =mi. 

This result is an extension of a rest,lt <ieriverl t1y ::arshall Hall for the case r < 2. (Received 

January 11, 1977,) 

746-A3 Marvin Marcus, University of California, Santa Barbara, California 93lo6 an~ B. N. lob~ 
University of British Columbia, Canada and I. Filippenko, University of Cal1fornia, 
Barbara, California 931o6. Some convexity properties of the higher numerical range• 

Let A be an n-square complex matrix with eigenvalues A1 , ... ,An Using the standard inner 

product in Cn define Wm (A) , the m th numerical range of A , to be the set of numbers 

i~l (~,"k) where x 1, ••• , xm vary over all o .n. sets of m vectors in en • Let Aw(l), • ·.,Alii()!) 
m 

be any m of the \ and define Pm(A) to be the convex hull of all ( ~) sums i~lAW(k) • lt 

is well known that Pm(A) c Wm(A) and if A is normal that Pm(A) = Wm(A) • A is said to ben] 

m-convex if Pm (A) = Wm (A) THEOREM: A is normal iff A is m-convex for each m . 1 ;;; m li [z • 
kSi . 2m) + 

To see that the theorem is best possible let n = 2m + 3 and define A = diag(e :k = 0, .. ·, 

i...~ ~j where 8 = 2: 1 Then for jE:j ;§ 2 cos( 2: 1) , A is k-convex, k = 1, • , ., m. I!Oilever, 

unless e: = 0, i.e., A is normal, A is not (m+l)-convex. A program for plotting Pm(A) aad 

Wm(A) has been developed. Transparencies of both sets illustrating the theorem are available for: 

n = 5, m = 1, 2, 3; n = 7, m = 1, 2, 3; n = 9, m = 1, 2, 3, 4. (Received January 17, 1977.) 
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Stanley J. Benkoski, Tetra Tech Inc., ARPA Research Center, Unit 1, Moffett Field 
ca. 94035. The Probability that k Polynomials are Relatively r-Prime. Preliminary 
report. 

~c P[x) be the domain of polynomials in x with coefficients from a finite field F of order q=pv. 

Since p(x) is a unique factorization domain, we can define a generalized Euler function. If p1 , 

... , p E P[x), then (p1 , p2 , .•. , pk)r •s if sis the monic polynomial of highest degree such 
P2' k r r th 
chat srlp1 , s lp2 , ... , s IPk• s is the r power g.c.d. of p1 , p2 , ... , pk and if s=l, then p1 , 

P2' ... , pk are relatively r-prime. If B(n) is the number of k-tuples (p1 , p2 , ... , pk) with the 

degree of p. s.. n for all i and A(k,r,n) is the number of k-tuples in B(n) with (p1 , p2 , ... , pk)= 
1 rk-1 rk 

1 chen che limit as n goes to infinity of A(k,r,n)/B(n) is 1/~(rk)=q -1/q -1. This can be 

interpreted as the probability that k polynomials chosen at random will be relatively r-prime. 

(Received January 17, l9TI. ) 

7JiJ.A5 Robert Grone, Institute for Algebra and Combinatorics, Decomposable~~~ 
quadratic variety. 

Let F be a field and let z 
n 

denote a tensor in F 1 ® 
n 

®Fm In this paper 

a set of quadratic polynomials in the coordinates of z is e><hibited for which the associated 

variety is the set of decomposable tensors. This extends the known fact that the set of 

rank 1 n 1 - by- n 2 matrices is a quadratic variety corresponding to the set of 2- by- 2 

minors of the matrix. Connections are also exhibited between these quadratic relations and 

the quadratic Plucker relations which obtain among the order m minors of an n1 - by- n2 

matrix. (Received February 4, 1977. ) (Author introduced by Dr. M. Marcus). 

:~she Goldberg, University of California, Los Angeles, CA, 90024. Some inclusion 

relations for c-numerical ranges. 

Let c = (, 1, ••• ,yn) be a fixed complex vector. The c-numerical range of an n X n matrix A, is 

the set Wc(A) = (E y/Axj,xj)}, where (x1 , .•. ,xn) vary over all orthonormal systems in en. 

~iven c, c', we study inclusion relations of the form Wc(A) c We, (A) which hold uniformly for 

au n-square matrices A. In particular we consider the case where c, c' are real. Such 

inclusion relations imply inequalities among c-numerical radii which are defined by 

rc(A) = max(izl : z E Wc(A)}. (Received February 7, 1977.) 

7liJ-A7 R. C. Tbompson, University of California, Santa Barbara, Califorr.ia, 93lo6. 
invariants for principal submatrices. 

Similarity 

::!~essar~· <t:ci sufficient conditions have been found for the existence of a matrix (over a field) 

S\l~h that it and its leading principal submatrices have prescribed similarity invariants. 
(Received February 9, 1977.) 

Marvin Marcus and Ivan Filippenko, Institute for Algehra and Combinatorics, University 
of California, Santa Barbara, California 93106. Linear operator: preserving the 
decomposable numerical range. 

Let V be an n-dimensional unitary space and 

is the set 
• of all unit length decomposable symmetrized 

The Grassmannian manifold 

mth Grassmann space tensors in the 
1\v over v. 

COiftPound of A 

' 

m m th 
For a linear operator A E Hom(V, V) , let em (A) : 1\ V ... 1\ v denote the m 

th 
and define the ~ decomposable numerica~ range of A to be the set of complex 
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numbers w\A) = ((C (A)z,z)\z EG (V)). Observe that m m m 

of A • THEOREM. Let 1 ;em ;e n-1 • Then A EHom(V, V) 

W~ (A) = W(A), the classical nlllllerical !!!!I! 

is unitary if and only if w•(A) is con. 
m 

tained in the closed unit disc and every eigenvalue of A has modulus 1. THEOREM. Let 

and let T : Hom(V, V) -> Hom(V, V) be a linear operator such that w• (T(A)) = w•(A) 
m m for all A E 

th 
Hom(V,V) Then there exist a unitary operator U EHom(V,V) aro a complex m root of unity ~ 

such that (i) T(A) = sU*AU for all A EHom(V,V) , or (ii) T(A) = SU*ArU for all A EHom(V,V). 

(Received February 11, 1977.) 

746-A9 H. J. RYSEH, California lnsti tute of Technology, Pasadena, California 91125. 

:Cndeterminates and incidence matrices, ?reliminar;~' report. 

This paper broadly surveys some of the recent acti•:ity dealing wit!'! indete:nr.ir.ates and 

jncldence matrlces. ·.-j·e rlisc1:ss the role of -~ndet'2rminates in certain se~ ir.tersf!ction 

problems. We also cUscl1SS their rolr:- :1n -:-~~c stl.-dy of -:\ lly ir.rlecor:rosable and .lrreducible 

matrices. (Received February 14, 1977.) 

746-Alo MORRIS NEWMAN, University of California, Santa Barbara, California 93la:i. ~ 
definite matrices and Catalan numbers. --- ------- -------

Let Sn be the set of all n X n integral positive definite unimodular triple diagonal 

matrices such that the elements on the sub and super diagonals are all 1. Then it is shown that 

Sn is a finite set, and that the cardinality of s 
n 

is given by S = ( 2n) (n + 1), 
n n 

the 

Catalan number. Related results are proved; for example. it is shown that if A is a fixed n X n 

integral symmetric matrix, then there are only finitely many integral diagonal matrices D such 

that D + A has a given determinant and is positive definite. This paper represents joint work 

of F. T. Leighton and M. Newman. (Received February 14, 1977.) 

*746-All John de Pillis, University of California, Santa Cruz, CA 95064. An ineguality on ranks 
in sums of decomposable tensors. 

For matrices A and B, we define the decomposable dyadic product (Al[B) by (Al[B) :C =trace (CB*) A 

and the decomposable Kronecker product /€Bt, hy A~Bt :D = ADB for all appropriately dimensioned C,D. 

If rA,rB denote the ranks of fA.}, fB.}, then we have the following. 
1 N 1 

Theorem. Consider the matrix sum.~ (Ai 1 -Bi) = T. Then 2· rank (T) < rA+rB rank (T) + N. A dual 

i=l N 
theorem is valid for matrix sums of the form Ai~ Bit' 

i=l 
This inequality is useful in determining 

necessary conditions for N dyads (or Kronecker products) to sum to a decomposable dyad (or Kronecker 

product). (Received February 16, 1977.) 

"746-Al2 CHRISTOPHER L. MORGAN, California State University, Hayward; Hayward, California 
94542. Linear Relations with Small Support for Group Representations. 

Let G be a finite group, and let A: G-+ GL(n, !) be a representation. We show how 

characters on subgroups of G induce linear relations on A(G), and we determine the span 

of these relations. (Received February 18, 1977.) 

*746-Al3 
S. Verma, University of Nevada, Las Vegas, Las Vegas, NV 89154. On a 
Rotation of Pascal's Triangle Giving the Number of Terms in a MultinOmial 
Expansion. Preliminary report. 

The purpose of this note is to present at the freshman level, appealing only to binomial theore•• 

some geometrical properties, and Pascal's triangle, a very elementary and elegant proof of the 
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t that the number of terms T(n,k) in the expansion of a multinomial (a1+ ... +ak)n is given 
faC n+k-1 
bY T(n,k):: ( n ) . In order to achieve this result in a simple manner, rotation of Pascal' 5 

triangle through 45° about its vertex is needed. After this is achieved the nwnber of terms 

in a multinomial expansion can then be directly read from the resulting infinite rectangle by 

~ing use of simple geometrical properties of lines and properties of the coefficients T(n,k) 

derived in this note by making use of binomial theorems. Other complicated and advanced proof 

of this fact exists in the literature. (Received February 21, 1977.) (Author introduced by 

L. J. Simonoff). 

746-A14 JAMES A. ANDERSON, Northern Arizona University, Flagstaff, Arizona 86001 and TOM HEAD 

University of Alaska, Fairbanks, Alaska 99701. Pure diagrams of abelian groups. Preliminary 

report. 

Let R ~(<I. p) where <I is a set and p c <I X <1. Let ID consist of Abelian groups ID (S) and homomorphisms 

D(S, T): ID(S) - ID(T), S E <1, (S, T) E P. Call D an R-diagram. All diagrams considered are assumed commu

tative. D has the diamond property if: s E ID(S), 0 It F ID(T), (S, U) E P, (T, U) E p. and ID(S, U) (s) ~ ID(T, U) (t) 

imply there is an X E <1, and x E ID(X) such that ID(X, S) (x) ~ s and ID(X, T) (x) ~ t. For each nonnegative integer 

n we have a diagram IDn(S) = ID(S)/n ID(S), IDn(S, T) induced by D(S, T). For each Abelian group G we have a 

diagram (G ® ID)(S) ~ G ® ID(S), (G ® ID)(S, T) = 10 ® ID(S, T). ID is pure if each Dn has the diamond property. 

(The diagram A- B has the diamond property iff the map is monic and it is pure iff the map is monic with pure 

image.) R is a saddle relation if: (A, U), (A, V), (B, U), (B, V) E p imply there is an S E <I for which (A, S), 

(B.S). (S. C), (S. \')Eo. Theorem. Let R be a saddle relation, ID a pure R-diagram. and G an Abelian group. 

Then G & ID is pure. This result will be used in the study of regular commutative semigroups. (Received 

February 21. 1977. 1 

746-Al5 · .· =·=-: :..;::.':.~ ... .:..,1·\ l'~USSKY 'IC~J...J 1 C'e.liforniFz .:nsti tutl'=- n~· '::'cc·rm...,lo · ... ·• f'a sa·k·nn., 

:=J:~! ..... !".::~ ~i~ .. s. I~j'tegal sroup matr.;~,.·~. 

·••· :~ ·.· '""'"r · ~::·: ;·-:ffi~l.er.t, Cpa p-th root; -'}~::nit}. Tbi~ stu1;· i• now "Y.t<:r·•ir.·: '·'' 
-:.). ·. c1r~·.::,-':-.tE o.r.r: F.:..(:-1-ie.:: rtro·;p !".atric~::·~. (Received February 21, 1977.) 

746-Al6 D. H. LEHMER, University of California, Berkeley 94720. 
Problems concerning combinatorial matrices. 

Permanent 

Matrices whose elements are 0 or 1 are important examples of combina

tory matrices and the permanent function of such matrices has particular use in 

the study of the index of mobility of points on a crowded lattice. If the 

crowding is the result of the application of democratic restrictions, one 

often Obtains for a lattice of size n a linear recurrence of high order for 

the number of permutations so restricted. In this case a goodly number of 
'nit· 1 h d f t • la permanents are required. Hence an effective met. o or pprm~nen 

evaluation 0 f ( o, 1) matrices is desirable. The forthright use of the defini

tion, usually considered too expensive, becomes practical with a highly 

Parallel machine, such as the ILLIAC IV, since 60 permutations can be driven 

abreast. Another method of evaluating permanents of matrices of special types 

by means of vector manipulation is also described. (Received February 21, 1977 ·) 

746-Al7 ALLAN B. CRUSE, University of San Francisco, San Francisco, California 9411?. 
Soae analogues 2! the assignment polytope, Preliminary report. 

l.tt s !be 11 denote the full symmetric group of the nl permutation matrices of size nXn 
0011\'ex hull of S in n2-dilllensional Euclidean space is known as the ase1.gn!llent polytope. 

n 
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L, Miraky, in his well-known survey paper on doubly-stochastic matrices (Z. Vahrscheinlich
keitstheor. 1 (196J), J19-JJ4), suggested the problem of determining, for a specified sub
group G of Sn , the convex hull of G , In general (as Mirsky noted) this problea seeas 
very difficult. However, in certain interesting cases the problem is solvable& for example, 

if G is the normalizer in Sn of an element J , then the convex hull of G consists of 

those doubly-stochastic n >e.n matrices X s (xij) which satisfy the equations& xij • 
xQi,Qj for all indices i, j in f 1, 2, ... , n 1 , and xij • 0 1f i and j belong 
to orbits of Q having unequal lengths, (Here Q denotes the permutation on 1, 2, ,,, , n 

represented by the matrix J .) When J is the identity-matrix, this result reduces to the 
well-known theorem of G. B1rkhoff. In general the result extends ~ecent work by the author 
on centrosymmetric matrices (Lin. Alg, Appl. 16 (19?7), 65-?7), (Received February 22, 1977.) 

746-Al.B Roh .. rt J, Douglas, 3a.~ "'r~.n-:h~ o S t••.e 'ki•tersity, San Frandsco, Callfornia 94132. 
Bounds on · h" numb-e.r of Hand 1 t.o:1 ian l: ircui ts i:; the n-m1be. -. ··---- ·--- -------. -

n-cube. (Received February 22, 1977,) 

Analysis (26, 28, 30-35, 39-- 4 7, 49) 

746-Bl J. L. Brenner, lO Phillip~ Rd Palo Altc•. California 94303. A unified treatment of •-
means of classical analvsi~. Preliminar\' report, 

= (a(l), ..• ,a(n)) 
, a(l) a(n) 

sum ~a ... a 
l n 

Let a= (a 1 , ... ,an) be an n-vect"or <.)f po_J::iitiVt' numht>rs, 111.H all equal. Let Q 

[S = (S(l), ... ,S(n))~ be a vector c>! real numbers. !'he symbol a" denotes the 

obtained by permuting the (inferior) l ... n, but keeping the same exponents in each of the 

n! terms. Set rllt=" mt•an 
, 1 a-_1/(h\-tsll a a _ · · ' is clearly homogeneous 

[M(ka) = k M(a)] and symmetri~..: in the a .. 
l 

Specializations: for n = (p,O, ... ,0), s = o, M(a) it 

the Holder [ L ~ mean. For " (r,O, ... ,liJ. 5 = (s,O, ... ,0) =(r-1,0, ... ,0)], M(a) is the 
p 

Dresher [BeckenbachJ mean. For 1:>1 = l, o = 0, M(a) is the Muirhead mean. For a-= (l, ... ,l,O, .. .,O), 

S = 0, M(a) is the Maclaurin mean. Theorem l. If \/,>1:a(j) = S(j)], then M(a) increases as cr(l) 

increases. This generalizes (greatly) the <Cell-known r~sult of Holder that [L:aP/n]l/p increases with 

p . Corollary. The Beckenbach mean increases <;ith r Extension to (Stieltjes-Lebesgue) integral 

means is immediate. Further classes of means, further monotonicity properties, appear. This article 

will appear in "Proceedings of the First International Conference on General Inequalities." 

(Received November 12, 1976,) 

746-B2 JUNIOR STEIN, The University of Toledo, Toledo, Ohio 43606. Conjugate oradient 
alqorithms in non-Hilbertizable Banach spaces. 

The algorithms of Daniel, Fletcher-Reeves, and Polak-Ribiere are extended to non

Hilbertizable Banach spaces. These methods apply to two classical norms used in the calculus 

of variations, namely, II x llo = sup lx(t) I and II x 11 1 = sup lx(t)! +sup jx(t) 1. The 

gradient used is the metric gradient of M. Golomb and R. Tapia (Numer. Math. 20 (1972), 

115-124). Positive definiteness of the Hessian is assumed. (Received November 18, 1976.) 
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<71!6-BJ 
Hubert Halkin, University of California, San Diego, La Jolla, California 92093. 
set-Valued Differentials and Optimization Theory. 

The theory of set-valued differentials which was started in an earlier paper (Jour. An. 11ath., 30, 

1976 , pp. 200-207) is now extended and applied to the optimal control of nonlinear systems. The 

strength of those results lies in the fact that they deal with set-valued differentials instead of 

dealing only with set-valued strong differentials. In otherwords those results can be specialized 

to the case in which the data is differentiable~ the nominal solution and not only to the case in 

which the data is continuously differentiable in a neighborhood of (or strongly differentiable at) 

the nominal solution. (Received January 21, 1977.) 

E.M. Landesman, University of California, Santa Cruz, California 95064 
and Ian G. Walton~ University of California, Santa Cruz, California 95064. 
A Generalized Saddle Point Characterization for Solutions of Singular 
Problems in Differential Equations. Preliminary report. 

The second author has generalized the techniques of A.C. Lazer, E.M. Landesman and 
D.R. Meyers (J. Math. Anal. & Appl. V.52, #3, Dec. 75) in characterizing solutions 
to a class of elliptic partial differential equations as "saddle points to certain 
functionals" by considering special singular problems. These problems include the 
equations of Legendre, Jacobi, and Bessel. One can now generalize the ideas to a 
large class of singular problems. The techniques include a Rayleigh Ritz procedure 
for determining numerical approximations to the solutions and studying the conver
gence of the approximations. (Received January 27, 1977.) 

ELD,_•J; i:AI!3EJJ, .Lockiceed Pa.lo AJ.to l\esearch I,a.boratory, Pa.lo ;Uto, Calif'or-r,iu. •J4)c4. r,loba.l 
opti.~:i.z:J.tiar: u:;l!l£ interval analy~;is. Prel i.minary report. 

A t'r·cquur~t.l;-,r ~·cc~~rrir.( problem is tha.t of' findir..r; the global m5.nimllr.1 (or TICLXim~) over ;;omc rcr:ion of 
a function of' :: v:J.rlables. There ar.-, n:a11y nUI!lerical al{;orith1s f'or f'indinr 3. local r.;lr.irmun bnt 
J'INV:I.OlJ&; a,t.tc::pt.; t.:- fir!d t}",e elobal P.'J.n.iJrP.U!l. f'0r a genera:!. f1mction !.ave bent! ~J!~!l1a..rJ,y :.tti::J'~CeU33ful. 

Ir, tt.i~ paper, , . .-,. sLm-; Lmr interval analycis ca.n be ·~sed to find tlte 1\lobal !',inir..!lln a.nd verify u.at 
i L .i.~l .i.lL .Lo....:t., i_'l...Jt.al,. 

·ro gain ef·~icicr:cy, tvc a.::wume the function has cor.tinuous first aml ~econd d.e1·i va.tiurw 1·1Lieh arc 
~VailtWle; HJ..tbo,<ci. this l.s not necesaary. ~.Je then n.ppl,y Taylor's tl.corcr:t aud 1~se il~te.r·val analytlt: 
rnetr,Ods i,o bou.r,d the remainder. We dynamically eliminate subsets of tl.e ree;ion of lntere~t in ;rLi··h 
the function exceeds the current best estimate of the global minimum. ',o/e also elirninat·~ nubcets in 
which the gradient is nonzero, W" consldeL' only tbe unc.:on;,;trained ea.;e; :J.ltLow)• tb.l proc·~dure can 
be llPPli<."d to most constrained problems. (Received February 16, 1977. ) (Author introduced by 
Peter A. Szego ) 

*746.a:; 
RALPH DEMARR, University of New Nexico, Albuquerque, New Nexico 0·7Pil. (! propertv 
related .!:£ ordered group algebras. Prelim:! nary report. 

'Dlis research is inspired by the work of Narc A. Ricffel (Pacific Jour. Nath., 1966) on ordered 
8l'oup algebras. we 

(dsc.Pol ) 
consider an arbitrary Dedekind sigma-complete partially ordered linear algebra 

a A with l > 0 • Tbe author and T-Y. Dei have studied various properties for A • !!ere 
we consider the following special property: Let G = (x: x ~ 0 and x-1 > 0} ; thus, G is 

1 &roup. If x0 ~ 0 , y0 ~ o and x0y0 ~ 1 , theu there exist x, y E G such that 
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aDd y ~ y0 • EDmple: let A be the direct product of group algebras of various finite groups. 

'Dle dsc-pola of m-by-m real matrices does~ have this property. 'Dleorem: If' 0 ~ z ~ x E G , 

then xz = zx • (Received February 17, 19Tl. ) 

James A. Cochran, on leave at Washington State University, Pullman, Washington 99164 and 
Charles Oehring, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia 24061. An analogue of the Hausdorff-Young theorem for integral operators. 

One of the important general theorems concerning Fourier constants is the celebrated result of Young 

and Hausdorff which asserts, in part, that the classical Fourier coefficients of functions in 

!P[a,b] are p'-summable, where 1 < p ~ 2 , p' = p/(p-1) . In this paper we discuss an analogous 

result which we have recently established for integral operators, in which the characteristic numbers 

(s-m.unbers) of the operator assume the role of the Fourier constants. Our work both complements and 

extends related considerations of Karadzhov [J. Soviet ~hth. 1(1973), 200-204]. (Received February 

17' lr.Jr7.) 

746-BB ~ragn·l~> · PSi:r>nPn, 

.~ .. :'.;E~-~·:_+ .. ~.: ~ !2. i_l .. · 

• ' ( : l i .-._ i ~f}ll_:t' 

~·;o;>4. A role ttl'· 
.. ,._. , ___ .. ~~ 

, ... ~ 
d .·l 

:~f"'\d:.~·:Arl H(1 + n• :_-·_ ... ~~-,~-S~t· · Tte obJective fan~t.l '" 

tle same lot!Rl -n.i i'l!•u-, I 1(':11 ~ l · i.····t:r: val ,(> ·.; ~:"· t c :"·)·.~; ~ rr, j_: t. s_:..·.~ i~~:_;{~· .... )\ -'•. 
~.·'' • . ,LQjl 

for fini-tE' d1me·•n I •> ·" ., l ' .... ,. 

T' nrr -~:!v·-••. JS -;,.jl· 
···•;1 1 )r,·.r~)~ ::-r;) lr r.13. "'r-oi8r.· 

. ~ ; ' ':)' 1 :•; l\ • ·,' ' j ·· ;;-:-:-;fl:·:~ H-.!~ 4 ~--- • :; ."·.lmp~ 

procedurec; "in ri".3'' ri' "". (Received February 21, 19Tl.) 

S,\ LA: I ~1. YOtl'i II', C1 l i 'o ,·tli:; 'it "lt e IJn i\•t• c·s i t;:, •;.,,_. ran;;,n to, CA. !15819. Ol>_t_i!'_a) __ C_o!t_t_r_o_l 
.!2~-J~~-lJ>~:_r.t . . c.;J'lJYY· i'"t•l i in:n·y ~·l':'•,rt. 

This paper !)rcsc:1ts the pro;llt•iJ v:-· I incar >:'ti:.;al ... :<'ittrol in tcnas of I incar o1lcrator on Hi lilcrt 

spaces. The prohler: o:· <J;tti· al c<J:tt!'"l in ;ii li>t•rt s;"tce and existing results \viii be provijc•J fit•st. 

Then a special prchlcr• :Jf t;ti.-; t:;:'t' pn.~~·.·nt~ tilL' P:ltiT.~ai ..:ontrol t;tat l.iini •. dzcs a ~pccificJ ohjc~ti\'C 

functional utilizing titc .!<.:llctalizt:d ill';crst· t;f linear operator. The results ;Jhtainctl in ;:ilh'-·rt 

space \~ill yield, in Euclidt•a:l s:··L·.·c, iatcrcsti:l:.! optinal control j)Olicics for the minimuM cnt•rgy. 

control proble:;, In this case, the ::c·nc•ral i!cd i!lver:<c of" natrix ~Vi II play ;1 ~e1ajor role hoth in 

derivation and <:·ntncsL< of t"•t• ,,.,ri ':tl control. (Heceive<:t F'ebruary ~!, !9'rf,){Author introduced 
by Ira Bert Russak). 

746-B10 PAt:L C. FIFE. t:niversity of Arizona. Tucson. Arizona H5721. The equations of reaction and 

diffusion. 

• Sernilinear systems of diffusion equations ut-DLu f(u). u (u1 •... , urn) are called equations of reaction 

and diffusion. They can model the dynamics of large populations (including chemical reactors) in which random 

spatial migration is allowed, and can also model other phenomena in the physical and biological sciences. SolutiOIIS 

u(x, t): Rn x R+- Rrn defined for x in all space can be separated into equivalence classes by the equivalence 

relation: u1 - u2 if lim sup Ju1(x, t)-u2 (x-x , t-t ) J · 0 for sorne (x , t ). We call the classes "asymptotic states'', 
t-ro x 0 0 0 0 ptotiC 

and define the property of stability for them. Given a R-D system, it is important to determine its stable asym 

states. The results along this line for scalar equations in one space variable (rn = n = 1) are fairly near to beiDI 

complete, but beyond that, existing results are mainly for special cases. Most of the known nontrivial resultS tot 
riodiC 

D ~ 0 are reviewed. Particular forms the stable asymptotic states may take are rest states (constant or pe 

in x), functions periodic in t, wave trains, wave fronts, pulses, and some combinations of these. (Received 

February 24, 1977.) 
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Applied Mathematics 
(65, 68, 70, 73, 76, 78, 80-83, 85, 86, 90, 92-94) 

l'j'46-Cl GEORGE LEITMANN, University of California, Berkeley, California, 94720. Avoidance 

~· 
We consider dynamical systems subject to control by two agents, one of whom desires that no 

trajectory of the system, emanating from outside a given set, intersects that set no matter 

vhat the admissible actions of the other agent. Conditions are given whose satisfaction assures 

that a given control results in avoidance. Furthermore, these conditions are constructive in 

that they yield an avoidance feedback control. Some examples are presented. (Received 

January 11, l'R7.) (Author introduced by I.E.Russak). 

746-C2 W!l.lter T. Kyner, University of New Mexico, Albuquerque, NM 87131 and David A. Sanchez, 
University of California, Los Angeles, ~ 90024. Lotka's demographic eQH&tion- some 
asymptotic results and a new numerical approach. 

For the linear-agedependent population model of Lotka-Von Foerster the exponential series 

expansion for the birth rate is determined by finding roots of the Lotka equation, 

J;e-zaf(a)da = 1, where f(a) is the age-specific fertility function. Some asymptotic estimates 

for these roots are obtained, and an ordinary differential equation initial value problem numerical 

technique is suggested as a root finding technique. Some examples will also be given. 

(Received January 24, 1977.) 

"746-C3 C. M. ABLOW and S. SCHECHTER, Stanford Research Institute, Menlo Park, California 94025. 
Campylotropic Coordinates. 

In boundary value problems for ordinary differential equations the finite difference calculations 

ot solutions having large variation over a narrow region lose accuracy because of mesh irregularity, 

short steps being needed in the boundary layer and large steps elsewhere. This loss is eliminated by 

transformation to coordinates where a uniform mesh can be used. Several examples show that it is 

advantageous to take a linear combination of length and angular variation along the solution curve as 

the transformed coordinate, only one-tenth as many nodes being needed in some cases as for other 

current methods. (Received February 7, 1977 •) 

746-c4 R. Tyrrell Rockafellar, University of Washington, Seattle, WA 98195. A Qeneric charac
terization of optimality in nonconvex programming. Preliminary report. 

Let P{u) for u = (u1, ... ,u ) £ Rm denote the problem of minimizing f 0 (x) over all x • C satis-
fy; ng f ( ) < f ( ) m 1 x - u1, .•. , x s u , where the fi's are arbitrary real-valued functions on the set C. 
Letub m m 

e the set of parameter vectors u such that P(u) has a feasible solution, and suppose that 

for each u • U the infimum in P(u) is finite. Then for almost every u • l! (with respect to 
01-d' 

lmensional Lebesgue measure) there exist nondecreasing, differentiable, convex "price" functions 

P;: R"' R, i = 1, ... ,m, such that the elements x where the function 

F(x) = f (x) + p1(f1(x)) +•••+p (f (x)) 
attain i o m m 
(Auth 5 ts minimum over C are precisely the optimal solutions to P(u). (Received February 17,1W7.) 

or introduced by Professor B. Russak). 

JOSEPH B. KELLER, Stanford Univ<•rsity, Stanford, Cal if<'rnla 94305. P_<~.E_l~l_a_!:..!_o_t'l_~_neti_<:.!! 
~ and diffusion equations. 
•le rele'V'a 
of nt principles of ~enetics will he explained and applit'd to study tlw ~t>neth· composition X 

8 Population as a function of the time t • Each component of X represents the fraction of the 
Population having 

a particular genetic trait. Because inheritanct> is random, X(t) is a stochastic 
Process Th 
Pa ' e probability density u(x,t) 

rabolic partial 
differential equation, when there is a small change in composition per generation. 

for this process satisfies a diffusion t>quation, i.e., a 
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Examples of such equations will be presented, all of which are singular at the boundary. It will be 

shown that the process can continue onto the boundary, along the boundary to its boundary, etc. Methoch 

of solution of such equations, includinp. equatioPs on the boundaries, will be described, with emphaata 

on asymptotic methods. These methods are valid for sr1all times or for small values of certain para

meters in the equations. They involve phase and amplitude functions, rays, transport equations, 

boundary layers, composite and uniform expansions, etc. D. Ludwig~ R. Voronka, C. Tier and the author 

have used them. ~uch further work is needed to obtain the long time behavior of solutions, to develop 

numerical methods, etc. (Received February l;o, 1977.) 

*746-C6 HERBERT D. LA\1lAHL, Universitv of California at San Francisco, San Francisco, California 
94143. Simulat~?~J transient and steadv state transport in the kidnev. 

Exchange of ,.;rater, sodium, ure<1 and non-reahsorhable solute among tubules of the kidney has been 

treated in terms of a model in Hhich the fluxes are given bv linear partial differential equations. 

Onlv sodium is assumed to he activelv transported. The nephron is treated as a tubule consisting of 

a descenrling and ascending Henle loop, distal tubule and collecting duct. Except for the distal tu

bule, these tubules, as well as the descPnding and ascending blood vessels, are mingled together, 

their degrees nf rtssociation he-ing given h\' the elernPnts of an association matrix, assumed symmetric. 

'1easurpd val tiC's for 1 engths and d i ·1nl't t'rs nf the tuhules, the velocities and concentrations entering 

the dc>sr<?nding lotlp :1nd hlond vPs.sc•1, :lnd estimates for the transport coefficients, were used together 

with rough PStimates for the e1crnl'nts ,1[ thP associr~tion matrix, to obtain steadv state values of the 

concentratinns :1nd s,,Jv,,nt fl,n,r .llllllf; tl1v ttibttle in reasonahle agreement \Vith data. Using the same 

parametC'r vnluP.'->, tr:1nsit>nt :lnd steadY st":ItP effpcts follmving those changes in input velocity or con-

CPntrat inn, t'(lrYl'SJ)(ltlll itw tt' v:\) 1 L'rill't'nts rcnorted i.n the literature, \\rere obtained numericallv. The 

results frnm ten (liffvr,'nt kinds ,1f e;.;pt>rimt'nts can he accnunted for semi-auantitativelv bv the model. 

(Received l•'ebruar:; l , l' •7'1. , (Aut!J.:r j ntroduced by Professor :Jus ann Shaw!. 

IUCIIAR!l E. PLANT, llnivc-rsitv c1f C;:llifornia, Davis, California 95616. Constrained 
Differential Equations f9r thv Crt1stacean Cardiac Pacemaker. 

A mo(kl hz:u; bt'cn dt'Vt'lopvd tl1 simulatL' tlH' neurogl'nic cardi·~c pacemaker of thl' mantis shrimp Squilla 
(R. E. Pl.:1nt, ~lath. Binsci. "3.'~:?75, 1976). ThL' model consists of coupled nonlinear ordinary 
differential l'quations in tlll' 11L)rmali?-ed variables v,n,x,l, and Pc, representing membrane voltage 
memhranL' potassium cnndlJctancL', contractilL' element length, ventricular circumference, and 
circulatory syst .. 'm prt•ssurt', rvspcctiVL'ly. Numerical solution indicates that the model predicts 
many observed propt"'rt iL' s of till' crust.tcean heart. By making certain physically motivated assumptions, 
the model's ?.ero-ordl·r apprn"imation m.:-ty he rL•duccd to a system of constr~:dned differential 
vqu.:-ttions .'onslsting nf t\V\1 difft•rl'nlial t'(jUations and two equations of constraint. The physically 
based propt'rtil's nf tht• mudL'l ar,, sufficient L,) ensure the existence of a periodic discontinuous 
solution to this svstc'm. (Heceivecl }cebruary ~ ', ]077. )~Author introduced by Professor Susann Shaw). 

J,J.Ill!SZ s. Knw.llik, W.!~.;llirh .. jt·,nl State University, Pullman, WA 99164. !:!l.dro• 
L'lcctr-ic Pnwc'r· ~y~>tL'm Clptimization_~--~--~~~~e Mathematical Program
~_ir~~ ~!:._~e_lc~. 

nonlineu.r proqr.1mmi nq ml.'thnd. 1'lll' l~rycst numerical case involves approximatelY 6000 

variables, 4000 lir1~a1 0l~uatic1r1s, 11000 linear and nonlinear inequality constraints 

and a nonlinear obicctivP fLlnL·tion. The solution method is based on (i) partial eli•• 

ination of indcpcndcr1t v~riablcs by solvinq linear equations, (ii) essentiallY uncon· 

strained optimization of a comtlound function that consists of the objective function, 

nonlinear inequality constraints and part of the linear inequality constraints. 

compound function is obtained via penalty formulation. The algorithm takes full ad• 

vantage of the problem's structure and provides useful solutions for real life prob• 

lems that, in general, are defined over empty feasible 
(Author introduced by Burt Russak). 
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HANS J. BREMERMANN, Department of Mathematics, University of California, 
Berkeley, Cal. 94720. Algorithms and Optimization in Biology. Survey. 

"thms have an important place in theoretical biology: 1) Biological organisms Algor~ 
;ntrinsically complex. Algorithms are indispensible to realistic modelling. are • 

2) Theories about optimal life history strategies are making rapid progress. They 
use the mathematics and algorithms of optimization. 3) There are considerable 

rtunities for biological systems models with controls. Analytical solutions oppo 
exist only in special cases, algorithmic solutions are often required. 4) Complex-
ity theory investigates the intrinsic complexity of algorithms. Very complex 
algorithms cannot be implemented physically. (Received February 21, 1977.) 

71Ki-CJ.O FRANK D. FAULKNER and CRAIG COMSTOCK Naval Postgraduate School, Monterey, 
California 9394'1 Statistical Corrections to Improve Weather Prediction 

Consider a weather variable such as the 500mb height field, expressed in spherical 
coordinates. Starting with initial values, we may integrate its differential equation to 
obtain predicted or forecast values. These are combined with observations at regular inter
v~s to generate a set of filtered values. The chanqe, or corrections to the predicted 
coefficients, defines a time series, Zn . We are analyzinq this series for statistical 
properties. If there is a correlation between values at different time steps, we will use 
it to improve the forecast. The vector Zn has dimension from 9'1 to 8800 in different 
problems. \~e are relying on the feeling of meteorolo<:~ists that most of the data are 
uncorrelated. (Received February 21, 1977.) 

*746-Cll R. T. WILLIAMS and R. G. KELLEY, JR., Naval Postgraduate School, Monterey, 
California 93940. variable scale finite element models, Preliminary report. 

There are a variety of meteorological forecast problems which require high spatial resolution 
in only a limited area. An important example of this type of problem is the prediction of 
tropical cyclones. This study tests a simple finite element prediction model with a variable 
el~nt size. The shallow water equations are used and the motion is confined in a periodic 
channel on a f·plane. The Galerkin technique is applied to linear basis functions on 
triangular elements. The model uses leapfrog time differencing and periodic restarts. The 
model is tested with a wave imbedded in a mean flow and also with an isolated vortex. The 
~periments with a uniform element size show excellent phase propagation, but some small 
scale noise is generated. The introduction of momentum diffusion terms helps to control the 
noise. The model is also tested with elements which decrease abruptly in scale along a line 
and With elements which decrease smoothly. Both of these cases generate more noise than with 
uniform elements. At this time finite element models are not as efficient as finite differ· 
ence models for limited area models. This is in part a result of the fact that current 
finite element models require a fixed time step, while finite difference models can use a 
arger timestep in the low resolution areas. (Received February 21, 1977.) (Author introduced 
by lrofessor Craig Comstock). 

GER.\i.IJ G. BROWN, Naval Postflraduate School, Ylonterey, California 9391:0 and GLENII W. 
GRAVES, University of California, Los Angeles, C'lli fornia 90024. Use of simple ·1lgebraic 
structures for implementing algorithms in large scale mathematical programming. 
Preliminary report. 

Elcploit t · a lon of special problem structure has contributed significantly to the efficiency of success-
fUl. cant . emporary large scale mathematical programming packages. 
take ad 

vantage of special structure requires a surprising variety of data re:presentntion schemes 
commonly called data structures. These are actually simple algebraic constructs which, when viewed 
in this '~<ay, . 

g1ve new theoretical insights about the optimization process. Several examples are 
given of the 

use of lattices, maps, and other simple mechanisms to build very efficient computer 
Progr9.1!ls and to aid in the design of new algorithms. 
Officiency have 

been achieved. (Received February 22, 1977.) (Authors introduced by Bert Russak). 

Implementation of algorithms which 

In some cases, tenfold improvements in solution 
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746-Cl3 THOMAS E. ROSMOND, Naval Environmental Prediction Research Facility, Monterey, Californ; 
93940. Global Atmospheric Modeling with Spherical Harmonics. 1 

In recent years considerable interest has develooed in the use of spectral methods for atmospheric 
modeling. The principal reason for this interest was the introduction of the so-called transform 
method for the evaluation of the non-linear terms in the primitive equations of atmospheric motion 
This technique involves transforming the dependent variables from spectral space to grid point spa~e 
computing the tendencies due to the non-linear terms on grid points, and then transforming these ' 
values hack to spectral space to update the dependent variables. Some care is necessary to ensure 
that aliasing is avoided in the evaluation of these non-linear terms, however. 

The chief advantage of the transform method over the interaction coefficient method is computational 
efficiency. If N is the number of zonal wavenumbers bei~g represented in a numerical model, then 
a spectral model using the transform method requires O(N ) operations per time step versus O(N ) for 
the interaction coefficient method. In add~tion, methods have recently been developed which reduce 
the transform method operation count to O(N ln 2N). 

Compared to grid point atmospheric models, a spectral model has several advantages. They are (1} 
no phase speed error for resolved waves, (2) easily programmed, especially for vector processing, 
(3) wavenumber decomposition of integration results more easily interpreted physically than grid point 
values, (4) more amenable to semi-implicit time differencing than grid point models. 

Examples of real data forecasts from a multi-level global model will be presented and results dis
cussed. (Received February 22, 1977.) (Author introduced by Professor Craig Comstock). 

Statistics and Probability (60, 62} 

HG- Fl l\IICIIAEL ,J. SIIAHPE, l'niH'J·sit:-; of California, San Diego, La .Jolla, California 92093. Some 

applications of :\larko\· additi H' functionals. 

e The principal topic that will hL' discussed is a recent joint paper with R. K. Getoor in which a generallzatloo 

is given of Ito's formula in the theon of stochastic integral~ o\·er Brownian motion, (Bt)' in !Rd. The formula 
') ·t t . 

of Ito expn•sses, for f c c-, tlw process f(Bt) as f(B0 ) . 0 grad f(B 8 ) • dB s -- 1/2 . '0 __ f' B s ds. By usmg some 

techniques from the IX>tent ial the01·\· of :\larkov processes, a formula of similar type, though im·olving additive 

functionals of th<• Brownian motion in place of the last term in the abo\·c formula, is gi,·cn for a class of functions 

that includL•s all suhha rmonic and sutwrharmonic functions. .-\ well known special case is the formula of Tanaka iD 

m1, wlwrc f(x) ~ \xI and the additin• functional is local time at the origin. Some anal\·tic applications will be 

giVL'n. (HPC<'in•d l\lar<"h ::, 1D77.) 

Topology (22, 54, 55, 57, 58} 

746-Gl DAVID GILLMAN. l'ni vers i ty of ''aliforni.a. Los Angeles. Californ i.a •10024, On localiz~ 
Dehn' s Lerruna. Preliminary report. 

We restrict our attention to functions fr·om the plane to '-dimensional space which are the identitY 

except on a compact set. In this setting. Dehn's Lemma becomes 

Theorem l. Given f : H'- ' R and an open set N containing r· R~'), there is an embedding 
r> ') C") 

g : R" __, R' such that g '. R-) ::: N. 

Indeed, the standard proof of Dehn' s Lemma establishes a stronger result: 
.., 

·• R'i Theorem 2. Given f : R- and an open set N containing the singular set of 

an embedding g : R2 _ _, R3 such that g(R2)::: f(R2 ) + N. 

Consider the following question which localizes the above theorems: Given E > 0, 

such that if f moves each point less than 5, then g moves each point less than 

6>0 
is there a 

E? We answer 

this question negatively for the case of Theorem 2. The important case of a localized Theorem 1 

remains unsolved. (Received February 4, 1977,) 

A-352 



•746-G2 
ROBI0:\1 KIRBY and PALTL MFLVIN. University of California, Berkeley, California 94720. Slice 

knots and proper(\· R. 

Theorem Let :II Ill' tlw -!-manifold obtainPd by adding a 2-handle to B 1 along a knot K in 83 with the zero 

.-=----ng If ~~I i" diffpomorphic to 8 2 " s1• then (1) K is the sliee of an unknotted 2-sphere in 84 (2) M is (rami · · · ., . 
s- x n2 . Tlw proof is a simplt• handlebody argument, et•ossing with I when appropriate to bomeomorphie to 

allOW geometrie eane!'ilation of handlt•s whieh ean<"el algebraieally. Somewhat strong!'r rE>sults, as suggested to 

us by L. Ta~·lor and ~1. FrC"edman, will also!)(' diseusst'd. (Re<"eived February 14, 1977.) 

Kenneth M. deCesare, UeAnza College, Cupertino, CA 95014. ! Codimension-
1!2 Version 21 Novikov 1 s l'heorem gn Foliations without~~. 

the "classical" theorem of Novikov (5.1,·rrans. Moscow Math. Soc.(1965)), gives 
1 very complete description of codimension-one foliations without limit cycles(i.e., 
without holonomy). ln codimension one, the foliations without limit cycles are es-
11atislly the same as the transversely parallelizable foliations( those whose normal 
~dlea admit globally trivial basic connections- see Conlon, T.A.M.S. 194). This 
note aMounces a theorem in c:odimension two which extends Novikov1 s theorem and com• 
plet81 work of Conlon and Meyer( l'hesis, Washington University, 1975) on the problem, 
~· ~of is an application of their results, together with more general results of 
t• author (in preparation) in another direction. 
Dllll!. Suppose '1' is a transversely parellelizable, codimension-two foliation of 
a ec~~~pact, connected, smooth manifold M. Let L be a leaf of ·;- • Then there are 
three pouibilities: 2 
I) L h closed. Then •; is given by the fibers of a smooth fibration M- T • 
2) L is dense. Then 7 is given by two closed one-forms, each having at least two 

rationally independent periods. -
3) L is neither closed nor dense. Then L = N is the fiber of a smooth fibration I 
p:M~S such that each fiber of p is the closure of a leaf of 7 • Further, 7 N 
h given by a closed one-form T which has at least two rationally independent 
per,ods and H = (Nx ltt~is the susrnsion of fG4iiff(N) • Two cases can then occur: 
a)ff=rand 7 is given by{f,dx on NxR,b)f r= 11·1• )I ,E1 a positive real 
IIWIIber and 7 is given by { ex.J',dx1 on NxR. (Received February 15, 1977.) 

7~-~ E. J. MAYLAND, JR., Rice University, Houston, TX. 77001. Examples of 
.!:!.2!!-fibred knots with ···c knot group. Preliminary report. 

A group G 
of elements 
mapping G 

is c (has finitely separable cyclic subgroups) if for each pair 
g1 ,g2 in G either g1 = g2t or there exists a homomorphism ~ 

onto a finite group such that ·:(g1 ) - :;o(g2 t) for any t. 

If a knot k has a non-orientable spanning surface with regular neighborhood 
N satisfying oN-k is an incompressible surface in s3-k, then we give some 
sufficient conditions for "l (s 3-k) to be ·'c 

For example, a Whitehead double of the trivial knot has a rr knot group. 
(Received February 17' 1977. ) c 

'74(i.G5 SEIMA..'I ~!CBULUT, University of Wisconsin, Nadiscn, WI 53706 and ROBION KIRBY, 
Univernty of California, Berkeley, CA 94720. An exotic involution 2!!. ~. 

Cappel! and Shaneson (Ann. Math. 104 (1976), 61-72) construct some 

~ifolds Which are homotopy equivalent to RP4, but are not diffeomorphic 
to IIP4 

• We prove that the double cover of one of these (u = 0, v = 1 in the 
-tr~ 4 4 on page 67) is diffeomorphic to S • Thus S has an exotic, smooth, 

tz..e involution. The proof involves a detailed picture of a handlebody 

~~Sition of the double cover. (Received February 18, 1977.) 
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746-G6 KENNETH C. MILLEr, University of California, "anta Barbara, California 93lo6. 

Einbeddings of Dn in Dm x Sn. 

In my AMS Memoir £15~, Piecewise Linear Concordances and Isotopies, I showed that in the p.l. categ~ 
m m n) ( ( m+s m+s ,n)) . there is a homomorphism :-:s (E::; (D , D x S ) _. ::0 E0 D D x::; , for n ~ 3, which is an iso-

morphism if s < 2n- 3 and an epimorphism if s " 2n- J. I shall describe and discuss the problems 

associated with giving explicit examples, in the limiting case n~3, s~3, n~l and the case (not 

covered by the theorem) n ~::, s ~ 1, m = 1, of nontrivial homotopically trivial embeddings of D4 in 

n4 x s"i and n2 in n:' x Sc. (Received February 21, 1'!77.) 

>(46-G7 Michael H. Freedman, University of California, San Diego, La Jolla, California 92093. 
Multiple Points of an Immersion. Preliminary report. 

An old theorem s~ates that the number of triple points of a generically immersed surface in s3 

is congruent to its Euler characteristic mod 2. It is a consequence of Thorn transversality that the 

number (mod 2) of generic n+l-tuple points of an n-manifold immersed in an n+l-manifold is invariant 

under bordism of the immersion and the target. An attractive place to try to compute this number ia 

"oriented bordism Of immersed n-manifo)c~ in Sn+l., sinrP thi~ ~rnup (undt'r C"OiloiCd<:d SUIU) ia isomur-

phic to stable homotopy of spheres, H • 
n 

Counting generic n+l-tuple points yields a homomorphism 

e :rr 
n n 

all n > 

746-GB 

Let CAT 

For n = 1, 2, or 3 e 
n 

is the stable Hopf map. 

O.(Received February 21, 1977.) 

We conjecture that this is true for 

Martin Schsrlemann, University of California, Santa Barbara, Santa Barbara, California 
93106. ApProximating CAT CE maps. Preliminary report. 

DIFF or PL. 

Theorem: Let f : M -+ N be a CAT CE map of CAT n-manifolds, n > 5. There is one obstruction 

in ff3 (N ; 8~) which vanishes if and only if there is a CAT CE concordance F : M X I -+ N X I such 

that F I M X ( 0) ~ f, F I M X ( l} is a CAT homeomorphism. 

Theorem: The above conclusion holds for n arbitrary and with F level-preserving if and only it 

all CAT homotopy k-spheres (k = 3 or L) are CAT homeomorphic to Sk. 

Notes: 8~ is the group of CAT homotopy 3-spheres mod those bounding CAT homotopy 4-diskB. 

DIFF homeomorphism I DIFF isomorphism. The distinction between this theory and that of 

L. Siebenmann for TOP results from the glut of regular values with which PL and DIFF maps are 
endowed. (Received February 22, 1977.) 

746-G9 JAMES M. VAN BUSKIRK, University of Oregon, Eugene, Oregon 97403 
Kawauchi's conjecture for strongly amphicheiral knots 

A knot is strongly amphicheiral if it is equivalent to a knot k which is invariant under the 

autohomeomorphism h of s3 which restricts to the antipodal map on E3 • s3 - (m). The cl111icll 

( ~ 10 crossing) amphicheiral knots are strongly amphicheiral [Abstract 737-55-7, these~~ J, 
Employing D. Rolfsen's surgical view of Alexander's polynomial A(t) (springer-Verlag Lecture Joet•• 

Vol. 438J, k is unknotted by symmetric Dehn surgeries so that the infinite cyclic coveriDB ,pact 
X of X • s 3-k has, in addition to its group (t:) of deck transformations, a ''h•lf"-tr•;•foiWidGI 

t% induced by h. Considering H1 (X,Z) as a module over the integn~l group ring of (t :) 

yields a polynomial f such that ~(t) • f(t\)f(-t%) ; thereby verifying A. Kawauchi'• coajectDfl.) 

[Issue 173, p. 410, of these~~ J for strongly amphicheiral knots. (Received February 22, 1~ 

746-GlO JOSEPH MARTIN, University of Wyoming, Laramie, Wyoming 82071. Surgery E!!. SolM !g!!.• 
Preliminary report. 

Let r 1 and 

II(T1 ,r2) #< 0. 

be solid tori such that and wrapping 
2 

If T is removed and sewn back differently, can the result be a solid torUS• 
1 19'1'. 

A discussion of results and consequences of this question will be given. (Received FebruarY 22, 
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Miscellaneous Fields (00, 07, 96-99) 

746-81 JOHN R. STALLINGS, Cni\·ersity of California, Berkeley, California 9-!720. Fibred links. 

A "fibre surfacp" is a surface in the :l-spht>r<'. whose interior is till' fibre of a fibration of the complement 

• boundar" in the :!-sphere over the circle. A "fibred link" is the boundary of a fibre surface. It is shown 
~~ J • 

hoW to make complicated fibn• surfaces out of simpler ones-by plumbing them together. by twisting them around 

certain curves on the surface, b~· joining up several parallel copit•s with a fibre surface located within a tube 

around a boundary component. The behavior of the Ale>xander matrices is described, and questions about the 

rower central seriPs of the fundamental group of the complement of a fibred link are proposed. (Received 

February 22, 1977. l 

SC77-7 

American Mathematical Society Short Course Series 

FUNDAMENTALS OF APPLIED COMBINATORICS 
August 12 and 13, 1977 

RONALD L. GRAHAl\1. Bell Laboratories, :\Iurray Hill, :-.lew Jersey 07974. Combinatorial 

scheduling theory. 

Scheduling problems arise in almost all areas of human activity. Typically, such problems can range from 

the allocation of manpower and resources in a highlv complex project (such as the Apollo lunar landing) or the 

real-time control of a modern electronic telephone switching system, to the assignment of school classroom 

schedules or simply the preparation of a nontrivial meal. However, it has been realized for some time the certain 

natural and commonly used scheduling procedures can produce quite subtle and often apparently paradoxical behav

Ior, e.g., an increase in available resources might eause an unavoidable increase in the time required to finish-an 

example of the well-known "too many cooks spoil the broth" effect. In order to understand the underlying causes 

of this anomalous behavior, a number of scheduling models have been rather thoroughly investigated during the 

past few years. From this work general guidelines have emerged which can be useful not only in efficiently finding 

acceptable solutions to particular scheduling problems but also in avoiding many of the unsuspected (and perhaps 

costly) pitfalls along the way. What we would like to do in the two lectures is to describe some of the recent re

sults of this type which apply to one of the most basic scheduling models. Frequently we will <Oxamine a particular 

problem from several different viewpoints, showing how a ,·ariet~· of approaches can furnish us with a powerful 

arsenal of tools with which to attack such problems. A vet·~· important aspect of this subject, both from the point 

of View of understanding specific scheduling procedures as well as for discovering exactly what is true and what is 

not true, is the use of examples. Indeed, much of the talks will be devoted to various examples, often which illus

trate very vividly the unexpected subtleties which can occur in this subject. From this discussion, we hope that 

the reader can gain insight not only into scheduling theory itself but also into the kind of productive interaction 

Which can (and often does) occur between mathematics (in this case, combinatorics), computer science (in this 

case, the theory of algorithms) and problems from the real world. (Received February 10, 1977.) 

SC77.8 
ROBERT J. McELIECE, Jet Propulsion Laboratory, California Institute of Technology, Pasadena, 

California 91103. Combinatorial analysis of convolutional codes. 

th In 1948 Claude Shannon invented the branch of applied mathematics called information theory (or coding 

. eory) to deal with the fundamental problems of communication. Shannon's key idea was that of an error-correct-
Ing Cod . . 
Sh e, which IS a way of processing data prior to transmission in order to combat channel noise. Shannon 

8 OWed that very powerful codes must exist, but did not show how to find them. Since then researchers have 
ought, qu·t 

Yet dev 1 e successfully, to develop practical error correcting codes. One of the most successful types of code 

th eloped is the class of convolutional codes. In this lecture we will give an elementary introduction to the 

e eory of convolutional codes, and show how certain parts of classical combinatorial mathematics (graph theory, 
nurnerat· 

reb IOn by generating functions) can be used to analyze the performance of these codes. (Received 

ruary 14, 1977.) 
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Reading List 

1. A. \', Aho, J. E. Hopcroft and J. 0. Ullman, The design and analysis of computer algorithms (espe.. 

cially chapter 5), Addison-Wesley, Reading, Mass., 1974. 

2. A. J. Viterbi, Convolutional codes and their performance in communication systems, IEEE Trans. 

Comm. Tech. C0:!\1-19(1971), 751-772. l\lR 52 Fl6858. 

3. A. D. Wyner, Another look at the coding theorem of information theory-a tutorial, Proc, IEEE 

58(1970), 894-913. MR 47 •1540. 

SC77-9 DANIEL J. KLE1Tl\IAN, :\lassachusetts Institute of Technology, Cambridge, Massachusetts 02139. 

Fast but imperfect algorithms. 

The travelling salesman problem is ctifficult to sol\'e in worst case, yet in practice it is sometimes neces-

sary to "solve" it rapidl~· and often. \Vhat is usuall:v done and what one can do under these and slmllar circum

stances \\·ill be dis('ussecl. (Received l\Tarch 7, 1977.) 

------SITUATIONS WANTED 
UNEMPLOYED MATHEMATICIANS, or those under notice of mvoluntary L!nemployment, are allowed two free advertisements duringthecalendaryear;retired 

mathematicians, one advertisement. The serv1ce is not available to professionals in other disciplines, nor to graduate students seeking their first pcutdoctoulpos~

tions; however, veterans recently released from serv1ce will qualify. 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 adverttsements may not exceed fifty words (not .morethansix65-spa 

lines), including address of advert1ser. exc::ss words are charged at the rate of $0.15 per word (minimum charge Sl ). Anonymous listings are canied for•~~» 

tional fee of $5; com~spondence for such applicants will be forwarded to them 

EMPLOYED MEMBERS of the Soc1ety may advflrttse at the rate of $0.15 w·r word; r1ortmembers, currently employed, $0.50 per word (minimum chargeS\ 51 

DEADLINE for receipt of advertisPments rs the same as that for abstracts; date appears 1r1S1de front cover of each issuf' of the c)v~liai) . 

APPLICATION rORMS may be obta11wd from. and all cnrrespondencc should be d1rectcd to. thr Edttortal Department, American Mathematical Society,P.O 

Box 6248. Prov1dence, Rhode Island 02940. 

CORRESPONDENCE TO APPLICANTS LISTLD ANONYMOUSLY should tw d1t ecte<l to the Ed1tortal Department; the code which is printed It the end of !If 

l1sting should appear on an lflsldP t>nvelopt• 111 cHdt·r thJt cottespondPrlce can tw forwardt~d 

MATHEMATICS PROFESSOR. Ph. D .. 1%9. Age 34. 
&'peciallies: analy"is, mnthcmatical programming. gnme 
theory. Twelve articles, book, talks. Ten years teaching 
experience. Northeast preferred. References and resume 
on request. A\'ailable June 1977. Paul Willig, 1248 East 

12 Street, Brooklyn, New York 11230. 

FEMALE MATHEMATICIAN. Ph. D. HJ7."i. Age 26, Spe

ciality: Functional Analysis. Topology, Ten puulished 
articles. One and a half ycnrs teaching l'X[ll'l'ience.Refer
ences on request. Will relocate if necessary. Seek indus
trial or educational position. AYailable immectiately, 
Ms. A. Bhagat, 20H Dorset Dri\'e, Lexington, Kentuckv 
40504, . 

ANONYMOUS 

APPLIED ii!ATHEMATICIAN. Ph. D. 1976, M.B.A. 1966· 
Speciality: Numerical Methods and History of MathemleaUCS· 
l\1, B. A. degree and business experience make posslb 
teaching business-oriented students. Two years teac~ 
experience. Have taught commercial data processing 
introductory computer courses. In or near large city pre
ferrect. Available September, 1977. SW 54 
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CLASSIFIED ADVERTISEMENTS 
GGESTED USES for ctass•fied advertising are ~oaks or lecture notes for sale, books being sought, posit1ons available, summer or semester exchange or rental 

SU ses mathemat•~al typ1ng services and spec1al announcements of meetings .. The rate is S3.00 per line. Ads will be typed 1n the AMS off,ce and will be 
~;solid. If center•ng and spacing of lines is requested, the charge will be per l•ne with the same rate for open space as for sol1d type. 

OCALCULATE the length of an ad _assume that one line will accommcdate 52 characters and spaces and th~t nine hnes measures an mch G1vt~ your own name 
~iddress for replies, s1nce the c\otJl'W will not handle any anonymous ads except for those in ''Situat•ons Wanted" 

DEADLINES for the next few 1ssues are: for June, May 2; for August, june 28. 

SEND AD AND CHECK TO: Advertising Department, AMS, P. 0. Box 6248, Prov1dence, Rhode Island 02940. 

POSITIONS AVAILABLE 

LAMAR UNIVERSITY invites applications for faculty ap
pointments in the Mathematical Sciences to begin August, 
!977. A Ph. D. in Mathematics, Computer Science or 
Statistics required. Send vitae, a brief description of 
academic interests and goals, and have three letters of 
reference sent to Professor Richard A. Alo', Head, De
fllrlment of Mathematics, Lamar University, Beaumont, 
Texas 77710. 

MATHEMATICS: Two positions open September 1977. 
(1) Professor/associate professor, strong research and 
teaching qualifications, area open; can be considered for 
chairmanship in 197R. (2) Assistant professor, Ph. D .. 
research and teaehing potential, preferably in ODE/PDE/ 
Applied Analysis or Elementary Math/Math Fducation. 
Salary, fringe benefits eompetitive. Reply by 1 May 1977 
to Arthur Segal, Chairman, Department of Mathematics, 
Cniversity of Alabama in Birmingham, Birmingham, AL 
35294, An Affirmatl\·c Action/Equal Opportunity Employer. 

MATHEMATICS (STATISTICS), Victoria L'niversity of 
Wellington, Wellington, New Zealand, invites applications 
for a lectureship in Mathematics (statistics). Persons 
With research and teaching experience in mathematical 
statistics and/or probabilit.v theory are required. Some 
preference will be gin•n to applicants with a background 
lD Practical time series analysis. The Department of 
Mathematics offers a wide range of undergraduate courses 
a~ well as Honours, ~lasters, Ph. D.'s and a postgraduate 
Dipl.oma. Professor D. \'ere-Jones is responsible for 
stallsllcs and probability in the department Current re
s~arch includes stoehastie point processes.' applications 
0 stochastic proe<•ss<•s in geophysics and consultative 
;ror~ Within and outsidp the university. The salarv range 
1~:1 ecturers is SNZ8, 309 to SNZ10, 360 p. a. A c~st of 

ng allowance of SXZ:Hi:i p. a. is paid in addition to 

salary, Conditions of appointment may be obtained direct 
from the Appointments Officer, Personnel Office, Vic
toria University of Wellington, Private Bag, Wellington, 
New Zealand, with whom applications close on 31 May 
1977. 

Long Island University, C. W. Post Center, invites ap
plications for two positions at the INSTRUCTOR or ASSis
TANT PROFESSOR level, to begin September 1977. The 
current mathematical needs of the department lie in the 
areas of Computer Science and Applied Statistics. Can
didates must have the Ph. D. degree by September 1977 
or expect it within a year of that date. We are primarily 
a teaching institution, granting bachelors and masters 
degrees, and are located 25 miles from the center of New 
York City. Resumes and letters of recommendation 
should be sent to Dr. John Stevenson, Chairman, Depart
ment of Mathematics, C. W. Post Center, Long Island 
Vniversity, Greenvale, New York llii4R. An Equal Oppor
tunity/ Affirmative Action Employer. 

FOR SALF 

QMC LECTURF NOTES. New: H. Bieri, Group Cohomol
~· Heprint: P. Cohn, Morita Equivalence. Full list and 
prices from: Dept. Pure Maths, Queen Mary College, 
Mile End Road, London F1 4NS. L'. K. 

Geometric ... Solitons, part A, Algebra ... Systems Theory 
(Hermann & Martin). Interdisciplinary Mathematics, Vols. 
12 & 13, $24 & $17. Symplectic geometry and Fourier 
Analysis by N. Wallach (Lie Groups: History, Frontiers 
& Applications, Vol. 5) $22. Specializing in geometric 
mathematics with new applications. 25'·;. cash discount to 
individuals (-lO'i( to studPnts or individuals whose institu
tion has placed standing order. ) l\IATII SCI PR FSS, 53 
.Jordan Rd., Brookline, MA 02HG. 

ERRATUM-Volume 24 
D, E, BENNETT, 1 l\lappings that preserve certain non-separating subcontinua. Pre im inarv rPport. 

Abstract 7-12-5-1-2~, Pages A-14-1-A-145. 

Starting at (1) the abstract should read as follows: 

(1) confluent mappings do not preserve terminal subconlinua, (2) Quasi-monotone mappings preserve 

terminal subcontinua, (3) confluent mappings preserve absolutely terminal subcontinua. (It is 

assumed that the image subcontinuum is a proper subcontinuum of the range space.) Also investigated 

are conditions under which other non-separating subcontinua are preserved by mappings. 
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indispensable 
referer lCe V\Torks 

REVIEWS OF PAPERS IN ALGEBRAIC TOPOLOGY, TOPOLOGICAL 

GROUPS, AND HOMOLOGICAL ALGEBRA 

Edited by Norman E. Steenrod 

o as printed in MATHEMATICAL REVIEWS, volumes 1-34 inclusive 

o arranged by topic under 290 headings 

o 2 ports, 1447 pages ( 1969) 

REVIEWS ON INFINITE GROUPS 

Edited by Gilbert Boumslog 

o as printed in MATHEMATICAL REVIEWS, volumes 1-40 

o a compilation of 4,563 reviews 

o classified under 24 major and 264 minor headings 

o 2 ports, 1,062 pages ( 197 4) 

REVIEWS ON FINITE GROUPS 

Edited by Daniel Gorenstein 

o as printed in MATHEMATICAL REVIEWS, volumes 1-40 

o classified under 21 major headings 

o 3,200 reviews 

o 1 volume, 736 pages ( 197 4) 

REVIEWS OF PAPERS IN NUMBER THEORY 

Edited by William J. LeVeque 

o as printed in MATHEMATICAL REVIEWS, volumes 1-44 

o divided into 19 main categories and 347 subdivisions 

o 14,426 reviews 

o 6 volumes, approximately 3,375 pages (1974-75) 

Institutional Individual 

list Members Members Student 

Reviews of Papers in Number Theory 

Vo~me1 $50 

Volume 2 50 

Volume 3 
Volume 4 

Volume 5 
Volume 6 

Complete set of Volumes 1 --6 

40 
50 
40 
40 

190 

$ 35 
35 
28 
35 
28 
28 

133 

$ 20 $10 

20 10 
16 8 
20 10 
16 8 
16 8 
76 38 

Reviews of Papers on lnfln1te Groups 

Parts 1 ond 2 

Reviews of Papers on finite Groups 

Combined set of above three volumes 

Reviews of Papt>rs m Algebratc and 

Differential Topology 

$70 

50 

100 

27.10 

$49 

35 

70 

20.33 

$28 ·~ 
20 • 
II) • 

20.33 JoJI 

P. 0. Box 1 5 71 , Providence, R. 1. Q290I 
Orders with remittance should be sent to: 

American Mathematical Society 



New fromWiJeylntersdenu 
APPUED NONSTANDARD 
ANALYSIS 
Martin Davis 
ThiS apphcat1ons-onented workis 1ntended to make the 
methods of nonstandard analysis ava1lable to readers 
With no prev1ous knowledge of log1c 
181 pp. (0471 19897-8) 1977 $16.95 

STATISTICAL METHODS FOR 
DIGITAL COMPUTERS 
Vol. 3 of Mathematical Methods for 
Digital Computers 
Fd1ted bv Kurt Enslein, Anthony Ralston ,\: Herbert S. Wilf 
Nineteen contnbut1ons on maJor multivanate statistical 
techniques used by stat1st1C1ans G1ves background as 
well as computer aspects of common statistical computa
tion techniques 
432pp. (0471 70690-6) 1977 $24 95 

ORDINARY DIFFERENTIAL 
EQUATIONS IN THE COMPLEX 
DOMAIN 
Einar Hille 
G1vesexclus1ve coverage on solutions 1n the complex 
domain. Incorporates much matenal not ava1lable 1n 
other treatises. Gives full coverage to existence theorems 
representation of solutions by series. 1ntegrals. appli
cation of the modern value d1stribut1on theory. and more 
484pp (0471 39964-7) 1976 $27.95 

APPUED AND COMPUTATIONAL 
COMPLEX ANALYSIS, Vol. 2 
Peter Henrid 
A self-contained presentation of maJor areas of complex 
analysis. Top1cs covered include spec1al funct1ons. Inte
gral transforms. asymptotic expans1ons. and cont1nued 
fract1ons. 
Approx 672 pp (0 471 01525-3) 1976 $25.00 

AlGEBRA, Vol. 2 
P.M. Cohn 
Thiste td· · x 1scusses top1cs usually found 1n an advanced 
~~dergraduate or postgraduate course 1n modern alge
comand Includes homolog1cal algebra. latt1ces and non
lntot~utatlve Noethenan nngs. The material falls roughly 
483 ree parts bas1c theones. fields. and nngs 

PP (0 471 01823-6) 1976 $19.50 

~THEMATICAL BIOECONOMICS 
R e Optimal Management of 
enewable Resources 

Colin W. Clark 
A unified 1 based . reatment of resource management techniques 
rnetho~~~ ~ontemporary mathematical and econom1c 
used in f h mploys mathematical models such as those 
applyin IS enes. forestry. and wildlife management. 
deternng modern pnnc1ples of cost-benefit analys1s to 
368 Pp lne optimal exploitation pol1c1es 

(0 471 15856-9) 1976 $21.95 

MODERN ALGEBRA WITH 
APPUCATIONS 
William J. Gilbert 
Presents all group. nng. and f1eld theory necessary for a 
first course 1n modern algebra Includes monoids and 
semigroups, Boolean algebras and switching circuits. 
and Polya-Burns1de theory 
348pp. (047129891-3) 1976 $18.95 

COMPUTATIONAL ANALYSIS WITH 
THEHP-25POCKETCALCULATOR 
Peter Henrici 
Contains 35 h1gh-level mathematical programs wntten for 
a specifiC programmable pocket calculator. the HP-25 
These programs implement algorithms 1n number theory. 
equation solv1ng. algebraic stability theory. calculus of 
power series. and numerical1ntegration. as well as 
algonthms for the evaluation of special higher transcen
dental funct1ons such as the Gamma funct1on. various 
Bessel functions. the error 1ntegral. and the Riemann zeta 
funct1on. Programs w1ll adapt to run on any calculator of 
comparable capacity. 
Approx. 160 pp (0 471 02938-6) 1977 
$9.95 (tent) 

NONUNEAROPERATORSAND 
DIFFERENTIAL EQUATIONS IN 
BANACH SPACES 
Robert H. Martin, Jr. 
Organ1zes and develops many bas1c and important tech
niques in Nonlinear Functional Analysis with emphasis on 
nonlinear methods Examines and applies new tech
niques 1nclud1ng the measure of noncompactness. 
440 pp (0 471 57363-9) 1976 $27.50 

MATHEMATICAL IDEAS, 
MODEUNGANDAPPUCATIONS 
Vol. 2 of Companion to Concrete 
Mathematics 
Z.A. Melzak 
Contents Further Topics 1n Geometry. Analysis Topics 1n 
Combinatorics. Number Theory and Algebra. An 
Approach to Computing and Computability Top1cs 1n 
Applications. Functional Equations and Mathematical 
Modeling. Appendix. Bibliography. Index. 
413pp. (047159341-9) 1976 $29.95 

Available at your bookstore or write to Nat Bod ian. 
Dept A 2414-51 

WILEY-INTERSCIENCE 
a division of John Wiley & Sons. Inc 
605 Th1rd Avenue 
New York. NY 10016 

In Canada 22 Worcester Road. Rexdale. Ontano 
Prices subject to change without not1ce 

092 A 2414-51 



Now at a special pre-publication price of $60.00 
through June 1, 1977 on all pre-paid orders. 

W&FJIDillCDCDil! (J)J.Dl 

W&~WrniW&\rUcrJ&lL lLCDC6U~ 
edited by Jon Barwise, University of Wisconsin,Madison 

Here is a handbook that will enable the entire mathematical community to understand modern develop

ments in mathematical logic. Conceived as a special publication celebrating the 25th anniversary of the 
"Studies in Logic" series, this handbook is an easy way for mathematicians, without a background in 

logic, to see how logic can be applied to their individual fields. 

The handbook is arranged under four general headings: model theory, set theory, recursion-theory and 

proof theory. Each of the 31 chapters is written for non specialists in the field, allowing mathematicians 

to apprise themselves of developments in fields other than their own. Guides and indices are included 

for easy reference. 

CONTENTS: Part A: Model Theory. Guide to Part A. An introduction to first order logic (J. Barwise). 

Fundamentals of model theory (HJ. Ketsler). Ultraproducts for algebraists (PC. Eklof). Model Complete· 

ness (A. Mat:intvre). Homogenous Sets (M. Morlev!. Infinitesimal analysis of curves and surfaces (K.D. 
Strovan). Admissible sets and infinitary logic (M Makkai) Doctrines in categorical logic (A. Kock and 

G.E. Reves). 

Part 8: Set Theory. Guide to Part B. The axioms of set theory (J.R Shoenfield). About the axiom of 

choice (T.J Jech) Combinatories IK. Kunen). Forc111q IJP. Burgess). Constructibility (K.J. Devlin). Mar

tin's Axiom (M. E. Ruc/111). Consistency resu Its in topology (I Juhas?). 

Part C: Recursion Theory. Guide to Part C. Elements of recursion theory (H.B. Enderton). Unsolvable 

problems (M. Davis). Decidable theones IM. Ra!Jin) Degrees of unsolvability: a survey of results (S. Simp· 

son). a Recursion theory fR. Shote). Recursion in higher types (A. Kechris and Y.N. Moschovakis). ~n 
introduction to inductive definitions !P. Aael). Descriptive set theory: Projective sets (D. A. Martm). 

Part D: Proof theory and constructive mathematics. Guide to Part D. The Incompleteness Theorems (C. 
Smorvnski). Proof theory: some applications of cut elimination (H. Schwichtenberg). Herbrand'sTh~o~ 
and notion of a direct proof (R. Statman). Theories of finite type related to mathematical practiCe J 
Feferman). Aspects of constructive mathematics (A.S. Troelstra). The logic of topoi (M. R. Fourman' 

The type free lambda calculus (H. Barendregt). Index. 

Available July 1977 about 1000,. 

ELSEVIE~NORTH-HOLLANDINC 
52 VANDERBILT AVENUE NEW YORK. NEW YORK 10017 
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SYMPOSIA 
MATHEMATICA 
VOLUMES 15, 1&, and 17 
Publishea by the Italian National Institute of Higher Mathematics 

Symposia Mathematica volumes contain original works and 
lectures presented by internationally known scholars at conven
tions held by The Italian National Institute of Higher Mathematics. 

Articles in Volume 15 include: Properties of a Generalized 
Class of Transducers; On Shannon's Inequality, Optimal Coding, 
and Characterizations of Shannon's and Renyi 's Entropies; On 
the Interpretation of Recursive Polyadic Program Schemes; Rep
resentation of Orders over a Dedekind Domain; Class Number 
Relations in Pure Quintic Fields. 

Contributors to Volume 15: M. Terrenoire; P. Benvenuti; C. Pair; 
C. F. Picard; R. Companys; C. Boucher; J. C. Reynolds; B. Forte; 
J. Aczel; A. Hovaguimian; J.-F. Perrot; M. P. Schi..itzenberger; 
M. Nivat; L. Nolin; L. Bernstein; H. Hasse; A. Frohlich; C. Meyer; 
R. W. van der Waall; H. Jacobinski; E. Brown; T. Yamada; I. K. 
Yamamoto; B. J. Birch; K. lwasawa; M. Poletti; C. J. Parry; H. 
Koch; H. Zassenhaus; G. D. Pritchett; E. Maus; J. Neukirch; P. 
Ribenboim. 
VOLUME 15/1976, 600pp., $40.00/£17.70 ISBN. 0-12-612215-6 

Some of the articles 1n Volume 16: Some Proximate Concepts 
in Topology; Some New Proofs in Dimension Theory; On Inequali
ties Involving Functions on a Convex Set; Probabilistic Charac
terization of Certain Classes of Locally Compact Groups; On the 
Burnside Problem for Locally Compact Groups. 

Contributors to Volume 16: J. Ceder; V. Klee and A. Yandl; 
J. R. Isbell; J. Nagata; K. Kuratowski; S. Mardeslc; R. Engelking; 
C. H. Dowker and D. Papert Strauss; E. M. Alfsen; M. E. Rudin; 
J. Keesling; A. Csaszar; D. A. Edwards; E. Binz; R. A. Alo and 
A. de Korvin; R. H. Bing; W. W. Contort and A. W. Hager; J. W. 
Baker; H. Heyer; K. H. Hofmann; G. D. Mostow; J. L. Koszul; 
W. Zelazko; T. Husain; G. W. Mackey. 
VOLUME 16/1976, 480 pp., $31.75/£14.50 ISBN: 0-12-612216-4 

Among the articles in Volume 17: A Class of Functional Alge
bras (and Compactifications, and Uniform Spaces); Residue 
Class Fields of Rings of Continuous Functions; Three Uniformi
ties Associated with Uniformly Continuous Functions; Modular 
Subgroups of Infinite Groups; Chain Conditions and Sylow's 
Theorem in Locally Finite Groups. 

Contributors to Volume 17 are: A. W. Hager, M. Husek, M. 
Mandelker, M. Henriksen, N. L. Ailing, Z. Frolik, E. Binz, L. Gill
man, Z. Semadeni, R. G. Montgomery, R. A. Ala and A. de Korvin, 
L. Nachbin, S. Negrepontis, G. Zappa, S. E. Stonehewer, K. W. 
Gruenberg, B. Hartley, H. Heineken, 0. H. Kegel, B. A. F. Wehr
fritz, E. Schenkman, M. Curzio, W. P. Kappe, R. Baer, R. C. Lyn
don, D. J. S. Robinson, and J. E. Rosenblade. 
VOLUME 17/1976, 488 pp., $31.75/£14.50 ISBN: 0-12-612217-2 

Send payment with order and save postage plus 50¢ handling charge. 
Prices are subject to change without notice. 

ACADEMIC PRESS, INC. 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, NY. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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UNIVERSITAT GOTTINGEN 

Am Fachbereich Mathematik ist -vorbehalt

lich der Freigabe- voraussichtlich zum 

1.4.1978 

ein LEHRSTUHL FUR MATHEMATIK 

(Bes.-Gr. AH 4- full professor) zu besetzen. 

Bewerbungen mit Lebenslauf, Schriftenver

zeichnis und Angaben uber bisherige Lehr

t:itigkeit werden muglichst bald, sp:.ltestens 

bis zum 1.6.1977, erbeten an den 

CONTINUING SEARCH 

DEAN, SCHOOL OF NATURAL SCIENCES 

AND MATHEMATICS 

SLIPPERY ROCK STATE COLLEGE 

DUTIES: Responsible for providing leadership i 
developing and strengthening programs in the di=l· 
pi ines of _biolog~, chemistry, geology, mathematic;s, 
and phys1cs; ass1st m the development of academic 
policy and criteria; provide direction and supervision 
m mJtters of budget, personnel and research. 

QUALIFICATIONS: Significant experience in col· 
le_ge_ te_aching; earned doctorate in one of the school's 
diSCiplines; demonstrated leadership and admlnistra· 
tive ability. Starting Date: August 22, 1977. 

Salary: $26,641 to $34,993. 
Vorsitzenden des Fachbereichs Mathematik 

Bunsenstr. 3/5, 3400 G.Jttingen 

West Germany 

Applications containing resumes, undergraduate and 
graduate transcripts, three letters of recommenda· I 
tion and other supporting documents should be sub-
mitted no later than May 15, 1977 to: , 

l Uber die Besetzung entscheidet der Nieder

s;;chsische Minister f:.ir Wissenschaft und Kunst, 

Hannover. 

Louis Razzano, Chairman j 
Search Committee , 

Schwerbehinderte werden bei gleicher Eig

nung bevorzugt. 

Slippery Rock State College 1 

Slippery Rock, PA 16057 , 
i 

An !:qual Opportunity/Affirmative Action Employer j 

~--------------------------_!_ __________________________ ~ 
UNIVERSITY OF MELBOURNE 
LECTURESHIP (LIMITED TENURE) 

DEPARTMENT OF COMPUTER SCIENCE 

Applications art~ 1nvitP.d for a Lectureship (Limited Tenure) in the Department of Computer 

Science. 
1

. 

QUALIFICATIONS: Appl1cants should have a PhD in Computer Science or equivalent qualifica· 

tions together with demonstrable research ability and experience. Preference will be grven to 1 

applicants with expertise in such a1·eas as data base management, operating systems, program- j 
' ming methodology, real time systems, software engineering. 1 

DUTIES: The successful applicant will be expected to g1ve lectures at both the undergraduate I 
and graduate levels and to superv:se post-graduate students 1n Computer Science. He or she will 

also be expected to pursue an active research programme. 

COMPUTING FACILITIES: The main computing facilities at the University are provided by the 
Computer Centre which operates a 128K CYBER 73 under Scope 3.4. The Department has 8 

number of mini computers including an lnterdata 8/32 with 384 Kb of memory and 512 words 

of writable control store which is used for both teaching and research. 

SALARY: A $13,850-$18,389 per annum 

Further information, including details of application procedure is available from The Registrar. 

Applications referring to Position Number 622006 should be addressed to: 

THE REGISTRAR, UNIVERSITY OF MELBOURNE 

PARKVILLE, VICTORIA 3052, AUSTRALIA 

Applications close on 30th June, 1977. 

A-36:2 



A Strength in Numbers ... 
·ntroducing four new mathematics text,~__, 

INTRODUCTORY COMBINATORICS 
lllc...-ci A. Bru•ldl, University of Wisconsm 
Here is an invaluable introduction to the ideas and methods of combmatoncs Thoroughly class-tested at 
w1sconsin and loaded with over 500 student exerc1ses. the book is 1deal as a text for an undergraduate course 
atthe second to fourth year level with two semesters of calculus as a suffiCient prerequ1s1te. A course based on 
thiS book would provide an excellent vehicle for bndg1ng the gap between calculus and more abstract 
mathematics courses. 
CONTENTS: What is Combinatorics? • The Pigeonhole Principle • Basic Count1ng Principles Permutations 
and Combinations • The Binomial Coefficients • The Inclusion-Exclusion Princ1ple • Recurrence Relations • 
Generating Functions • Systems of Distinct Representatives • Combinatorial Des1gns • Introduction to the 
Theory of Graphs • Chromatic Number. Connectivity. and Other Graphical Parameters • Opt1m1zat1on Problems 
•Bibliography • Answers to Selected Exercises • Index 
1977 384pages $18.50 ISBN0-7204-8610-6 

ORDINARY DIFFERENTIAL EQUATIONS 
TJn Mwtnt•U, Manhattan College 
Here is an excellent introduction to the theory of ordmary differential equations for mathemat1c1ans and some 
science majors who would normally have an adequate background 1n calculus. Intended for a f1rst course 1n the 
theory of ordinary differential equations. the book covers important methods and techniques for students to 
determine solutions for a diverse class of equations 
CONTENTS: Ordinary Differential Equations. Mathematical Model • F1rst-Order Equat1ons P1card's Ex1stence 
Theorem • Second-Order Linear Equations. Oscillation Theorems • Solution m Series. Legenrlre and Bessel 
Functions • Systems of Equations • Boundary-Value Problems • Self-Adjoint E1genvalue Problems • Stabil1ty • 
The laplace Transform. Applications • Numerical Methods •Index 
Fall 1977 288 pages (approx.) $14.50 (tent) ISBN 0-444-00207-3 

AN INTRODUCTION TO LINEAR ALGEBRA FOR SCIENCE AND ENGINEERING 
hcond Edition 
Dominic G.B. Edelen and An•••••los D. Kydonlefs,leh1gh Un1versity 
The revised and up-dated edition of this widely adopted text is designed to engage the student m a dialogue 
The mathematics 1s precise. yet the style is informal. The book offers a clear presentation of theoret1cal 
prmclples and their applications. The authors present an 1deal balance between conceptual fundamentals anrl 
computational procedures. 
CONTENTS: L1near Systems of Equations • Vector Spaces and Subspaces • Inner Prorlucts ilnd Norms of 
~ectors • Matrices • Minimal Spanning Sets and Linear Independence • The Row Echelon Algonthrn anr! 
~near Homogeneous Systems •Linear Systems and Their Solut1ons • Matnx Equat1ons • Elementary 
0.0Per!les of Matrices • Determinants • Calculat10n of Determ1nants • E1genvalues and E1genvectors • 
F lagonahzation of Matrices • Symmetric Matrices • Properties of Matnces and Thr.nr E1genvectors • Ouadrat1c 
L orms • Homogeneous Systems of Differential Equations • Inhomogeneous Systems of D1fferen!lal Equations • 
1 east Square Methods • Index 
976 238 pages $10.95 ISBN 0-444-00195-6 

~~~EAR PROGRAMMING AND RELATED TECHNIQUES Second Revised Edition 
H~~ •n de P•nne, Un1vers1ty of Calgary. Alberta. Canada 
ande~s a textbookfor undergraduate courses in lmear programming geared d1rectly to stur!ents 111 econrm11cs 
linea usmess admm1stration. Without utilizing an·1 advanced mathematiCS. the autr1or r!escnbes how and wt1y 
num~ programm1g works and how it can be applied. The rev1sed ed1t1on of th1s accla1•ned text 1ncludes a 
CONTerof new sect1ons and twice the number of exerc1ses 
Netw ENTS: Bas1c Methods of Linear Programmmg • Appl1cat1ons of Lmear Prograrnn11ng • Transportat1rm anc! 
1976 or~ Methods • Dec1sion Tree Methods • Bibliography • Solut1or>s to Exmc1ses • lnr!ex 

50 pages $21 25 paper ISBN 0-7204-3059-3 

ELSEVIE~NORTH-HOLLAND'NC 
52 VANDERBILT AVENUE NEW YORK. NEW YORK 10017 



DIRECTOR OF THE CENTER 

FOR THE APPLICATION OF COMPUTERS 

University of Wisconsin-Parkside 

Applications are solicited for director of this 

newly formed center, the primary function of which 

is to bring together the expertise and needs of the 

faculty, students and community in the area of 
computers and their application. 

The goals of the Center are to facilitate faculty 

and university interaction with community indus

try, government, and education agencies and to 

coordinate research and instruction in computer 
applications. 

Applicants should have an advanced degree, 

administrative and academic experience, experience 

in the preparation of external funding proposals, 

and an interest in undergraduate teaching. 

Resume should be directed to: 

Professor R. W. Gatterdam 
University of Wisconsin-Parkside 
Kenosha WI 53140 
(tel. 414-553-2447) 

The University of Wisconsin-Parkside ;, IJ/7 cquul 

(){Jf)(Jf'/tJnitr/ullinnoliL'c UL lion etnplu~ cr. 

Deadline for suhrnission is 4/15/77. 

DUKE UNIVERSITY MATHEMATICS SERIES 

1. J aak Peetre 

-NEW THOUGHTS ON BESOV SPACES 
$12.50; $10.50 prepaid; paperbound 

2. Louis Boutet de Manvel 

-A COURSE ON PSEUDO-DIFFERENTIAL 
OPERATORS 
$8.50; $6.50 prepaid; paperbound 

3. David Ruelle 

-STATISTICAL MECHANICS AND 
DYNAMICAL SYSTEMS and papers from 
FIRST DUKE TURBULENCE CONFER
ENCE 
by Saffman; McCoy; Lanford; Chow; 
Papanicolaou, Stroock, Varadham 
$1 0.50; $8.50 prepaid; paperbound 

SEND ORDERS TO: 

Duke University Mathematics Series 
P. 0. Box 4433 Duke Station 

Durham, N.C. 27706 
U.S.A. 

Individual orders must be prepaid 

Institutions may place standing orders and be billed 

Foreign orders add $1.00 per volume for postage. 

______________________________ _t_ __________________________ ___ 

MATHEMATICAL SCIENCES 
IQ77 administrative directory 

List Price $5.00 
Member Price $2.50 
Code: ADMDIR/77 
Prepayment Required 

• ACADEMIC INSTITUTIONS- DEPARTMENTS IN THE 

MATHEMATICAL SCIENCES AND OTHER FACILITIES 

in the U.S., Canada, Central America, and the Caribbean, 

coded according to the highest degree offered 

• NONACADEMIC ORGANIZATIONS 

• HEADS AND KEY PERSONNEL of a selected group of 

government agencies 

• EDITORS OF JOURNALS in the mathematical sciences 

• OFFICERS AND COMMITTEE MEMBERS in over 25 pro· 

fessional mathematical organizations 

• AN INDEX OF COLLEGES AND UNIVERSITIES 

american mathematical societY 
p. o. box 1571. annex station. providence. r. i. 02QO 1 



PREREGISTRATION AND RESIDENCE HALL RESERVATION REQUEST FORM 
University of Washington, i:leattle, Washington 

darnentals of Applied Combinatorics Short Course 
f'1lll August 12-13, 1977 

Joint Mathematics Meetings 
August 14-18, 1977 

PREREGISTRATION MUST BE RECEIVED NO LATER THAN JULY 27 
RESIDENCE HALL RESERVATIONS MUST BE RECEIVED NO LATER THAN JULY 10 

Please complete these forms and return with your payment to 
Mathematics Meetings Housing Bureau 

P. 0. Box 6887 
Providence, Rhode Island 02940 

p!IEREG!STRA TION 
- Please note that separate registration fees are required for the Short Course and for the Joint Mathematics Meet-

. THERE ARE TWO DEADLINE DATES: JULY 10 AND JULY 27. Participants desiring to obtain confirmed reser
!':ons for residence hall accommodations through the Housing Bureau MUST PREREGISTER BY JULY 10. Participants 
desiring to make their own arrangements for accommodations MAY PREREGISTER UP UNTIL JULY 27. 

HOUSING BUREAU SERVICES 
Participants desiring to obtain confirmed reservations for residence hall accommodations MUST PREREGISTER 

PRIOR TO THE DEADLINE OF JULY 10. Residence hall reservations will not require a deposit in advance. Full pay
meat for rooms at the residence halls must be made at check-in time. Requests for residence hall housing will be 
acknowledged. Participants who fail to preregister before July 10 may still be able to obtain residence hall accommoda
tions by writing or calling the University of Washington Housing and Food Services Office, Lander Hall, 1201 N. E. 
Campus Parkway, University of Washington, Seattle, Washington 98195 (telephone 206-543-7634); however, the 
Housing Bureau cannot guarantee that space will be available or that it will be possible to obtain confirmed reserva-
Uoos. 

REGISTRATION FEES 

JOINT MATHEMATICS MEETINGS 
Members of AMS, MAA, or llME, 

•• Members of IMS 
* Student or unemployed 

Nonmember 

Preregistration 
(by mail prior to 7 /27) 

who are not members of IMS $15 
18 
2 

25 
FUNDAMENTALS OF APPLIED COMBINATORIC'S SHORT COURSE 

Member /Nonmember $18 
3 * Student or unemployed 

One day fee for second day 

At 
Meeting 

$20 
23 

3 
30 

$20 
5 

10 

•• For definitions of student and unemployed, see section on Meeting Preregistration and Registration . 
See page 16H under section on Meeting Preregistration and Registration. 

Plesse check: 

1) NAME 

_ _ _ _ J\1alie ~h~ck§ ~ay_!l.ble to ~1\!.EJ..!I~A!j J\1AJH_EJ\1AJit;:A!- f?.Ot;:IFe.T'~ _ _ _ 

PREREGISTRATION FOR MEETINGS 
Joint Mathematics Meetings [ J Applied Combinatorics Short Course 

(Please print) 

2) ADDRESS 
(Surname) (First) (Middle) 

(Number and Street) (City) (State) 
3) Employing institution--------------------- or unemployed [ 

(Zip Code) 

4) I am a student at 5) Name of spouse 
----------------- ~(l~i~s~t-o-n~ly~if~a~c~co-m~p~a~n-y7in~g~to-m~ee~t~i~ng~) 

8) A 
ccompanying children (name, age, sex) 

?) Member of: AMS [ j IMS 1 1 l\-1A __ A_[ __ I ____ n_M_E __ [ __ / ___ N_o_n_m_e_m_b_e_r __ l __ l ______________________ _ 

S) ~MON BARBECUE - August 16 ($8. 75 each for adult ticket(s), $5 each for children aged 12 and under) 

Amount enclosed for Barbecue tickets $ --~ ---
91 PREREGI --- 10) TOTAL ENCLOSED $ 

-.o STRATION FEE(S) enclosed $___ (check or money order only) 
... - - -
Pies RESIDENCE HALL RESERVATION FORM 

Be reserve the following twin-bedded student room(s) with community bath facilities: 
Number 

of Rooms SINGLE OCCUPANCY 

- at $10 per person per night 
illlllsha 

re a double room with: 

Number DOUBLE OCCUPANCY of Rooms 

at $8 per person per night 

----~-~~--~~-~------~-----------------------1 11111 arrive (provide name if other than spouse) 

-/;i;;;;;;-------:::-:--:-:--'a. m. /p.m. I will depart -....,.-.-..,------:~--:--a.m./p.m. 
Pl (date) (time) (date) (time) 

ease check if Par bringing a car [ 1 
k!og is $1 50 

1l!lon arrival · P~r week for a surface lot, 
at res1dence hall. 

and $2.25 per week for underground parking (nonrefundable); payable 
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THEORY AND APPLICATIONS OF RELIABILITY 
WITH EMPHASIS ON BAYESIAN AND NONPARAMETRIC METHODS 
VOLUMES 1 and 2 
Edtted by CHRIS P TSOKOS and I. N. SHIMI 

The papers comprismg these vol
umes were presented at the Con
ference on the Theory and Appli
cations of Reliabi I tty wtth Emphasis 
on Bayesian and Nonparametric 
Methods held at the Universtty of 
South Florida, December 15-18, 
1975. The conference was jOintly 
sponsored by the Untted States Air 
Force, Air Force Offtce of Sctenttftc 
Research (AFOSR), and the Untver
sity of South Florida, Tampa, Florida. 
Both volumes include presentattons 
of the nonparametric, classtcal, and 

empirical Bayes methods; contribu
tors also dtscuss phtlosophical as
pects of this approach and its 
application to reltabiltty studies. 

Volume 1 contains theoretical 
models prtmarily tn the Bayesian 
and nonparametric approach to 
reltabiltty along wtth a survey of 
this subject area. Volume 2 contains 
more appltcations-oriented models. 

VOLUME 1 I 7977. 570 pp., 
$25.00/[17.75 ISBN. 0-12-702101-9 

VOLUME 2/1977. 60.1 pp. 
$26.00/[18.45 ISBN 0-12-702102-7 

NONLINEARITY AND FUNCTIONAL ANALYSIS 
LECTURES ON NONLINEAR PROBLEMS IN MATHEMATICAL ANALYSIS 
By MELVYN S. BERGER 
A Volume in the PURE AND APPLIED MATHEMATICS Senes 

Thts volume describes the results 
of fundamental nonlinear operator 
theory and its extension to an in
finite-dimensional context, and ap
pltes these results to a variety of 
concrete problems in mathemattcal 
analysis. It gives background and 
describes nonlinear operators and 
local analysis of a single mapping 
including Newton's steepest descent 
and majorant methods for studyino 
operator equations The book a'so 

covers parameter-dependent per
turbation phenomena, global the
ories for general nonlmear opera
tors, mcluding theories of the map
ping degree and their extensions 
mvolving homotopy, and critical 
point theory for gradient mappings. 
In addttion, 1t appltes abstract re
sults to resolve interesting analytical 
problems of geometry and physics. 
1977. 424 pp., $24.50/[17.40 
ISBN. 0-12 090350 4 

PROBABILITY METHODS FOR 
APPROXIMATIONS IN STOCHASTIC CONTROL 
AND FOR ELLIPTIC EQUATIONS 
ByHAROLDJ.KUSHNER 

A Volume m the MATHEMATICS IN SCIENCE and ENGINEERING Sencs 
Linear and nonlmear (degenerate 

or not) ellipttc and parabolic equa
tions are closely related to func
tionals of diffuston processes and tn 
opttmal stochastic problems The 
book treats problems and techntques 
concerning numerical methods, ap
proximations, and convergence fot 
both the equations and the stochas
tic control problems. The tech
ntques are purely probabtltstic and 
are based on ideas 1n the theory of 

weak convergence of measures and 
the theory of Markov chams. The 
book tncludes a detailed revtew of 
the necessary background in prob
abtltty. the relations of partial dif
ferenttal equattons to diffuston proc
esses, Markov chams, weak con
vergence theory and the relevant 
parts of stochasttc control theory. 
7976. 256 pp. $?3 00/[16 35 
ISBN 0-72-430740-1 

Send payrrwnt wdll order and save postaqc plus cJOC l!dncJirnq cl!arqe. 
Pnccs are subtcct to r:hanr]c Without not1cc 

ACADEMIC PRESS, INC. 
A Subsld;ary of 1-/arcourt Brace Jovanov1ch. PuiJk;hcr.•; 

111 FIFTH AVENUE NEW YORK. NY 10003 
24-28 OVAL ROAD. LONDON NW1 ?DX 
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