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Faculty Research Spotlight
Teaching Basic Core STEM  ! 
Material Critical to Solving 
Dynamic Systems Problems”   is 
sponsored by the National  ' 
Science Foundation, Pennells 
collaborators include Assoc.  I 
Prol. Pete Avitabile of the  | 
Department ol Mechanical 
Engineering and Prof. John  
White ol the Department of  
Chemical Engineering,  Starting 
in the sophomore  T level 
differential equations course 
andd continuing in juntior and 
senior level engi- neering 
courses; students analyze a 
dynamic svstem from various 
points of view, mcluding 
mathematical medehng.  Since 
1989 Prof. Charles Byrne has 
been collaborating with a 
rescarch group at the LiMass 
Medical School, Deparument of 
Radiology, including Drs. Michael 
King  and Steve Glick. His work 
is mainly concerned with the 
development of mathematical 
algorithms for {ast recon- 
struction of medical images lrom 
single photon and positron 
emission lomogtra- phy (SPECT 
and PET). The applications are 
{0 tumor detection, weakness in 
the heart wall, breast cancer and 
other medical issues. The 
sponsors are the National 
Institutes of Health, Their cuyrent 
project invoives ' detecting and 
correcting for patient motion 
during PCT scans. Motion is a 
serious ~ problem in a significant  
Continued on page 3

he UML  T Department ol Mathematical 
Sciences has been active in a wide variety ol 
[unded rescarch projects, tHere isa sampling of 
some ol  the current activity.  Profs. Ken 
Levasseur, Alan Doerr, James (Kiwi) 
Graham-Eagle, and Marvin Stick are the UMass 
Lowell participants in Focuson Mathematics. a 
National Science Foundation Math and Science 
Partnership. A central goal of the project is 1o 
establish a community 1n which 
mathematicians, edu- cators. and-adminisirators 
work together with students 10 put rigorous 
mathematics at the core of their teaching and 
'leaming The partner- ship, a five-year project 
run- ning through 2008, is a col- laboration with 
researchers from Boston University, \WPI, 
Lesley College, and the Education Development 
Center, The school systems in the parinership 
are Lawrence, Chelsea, Waltham, Arlington and 
Watertown.  Prof. Steve Pennell is a 
co-principal investigator in an interdisciplinary, 
multi- semester project designed to lead 
students to appreciate the relevance and 
importance of basic STEM (Science, 
Technology, Engineering and Mathematics) 
material, This project, "Multi-Semester 
Interwoven Project for

2004 Alumni Reception— A Great 
Success

Hoping for a repeat on Ap~! 22
The annual UML Mathematical 
Sciences Alumni Reception and 
Awards Ceremony was held last 
May 23. For the first time, it all 
took place in one location, the 
Brewery Exchange, and it was 2 
great success. We had a nice 
mix of alumni, students and 
faculty; together with family 
members of all three 
constituents.
Student awards were presented to  ¢ Steven Ward, a 
Richardson-Bedell Scholarship  » Brian Krejca, a 
Richardson-Bedell Scholarship  * Ryan Hill, a Mary Hall Prize  
» Sine Pol, a Mary Hall Prize  » Melissa 'ay Bartos, for 
Quistanding Graduate Student  * Brian Francis, for 
Outstanding Graduate Student  * Vijaya Vanga for 
Qutstanding Undergraduate Student  * Kristin Jenkins, for 
Qutstanding Undergraduate Student  COMAP Modeling Team 
members were also recognized. * Jeremy Achin, Tim Owen 
and Brian Krejca * Patrick Joyce, Brian Petrowicz and Alex 
Smith  For photos of the event, visit the UMI. Mathematical 
Sciences Web page.  We hope to have even more of you in 
attendance this year at the Brewery Exchange on Friday, .Ma§ 
22, when we present /9/;./ many of the same student awards 
and the first annual Arthur Zamanakos Scholarship.
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Kiwi's korner

t's fall 2004, and this is the seventh installment of Tangenls It is also the 
beginning of my second term as department chair.  We are all quite 
excited because the chancellor has gwen the green light to hire four new 
full time faculty | in mathematics with the possibility of four more next yea? 
After a substanttal number of retirements two years ago the department 
has been forced to increase class sizes and rely more on part hme 
faculty—-a change in this trend is certainly most wel- come. Wé have 
been éxtremely fortunate to have a group of out- standmg part time faculty 
members who return semester after Semeste? te help us out, I would like 
to take this opportunity to

thank them for their contributions to the 
department and the education of our students, 
 The result of the Consortium for Mathematics 
and its Applications Competition in Modeling 
are in and one of our teams performed 
extremely well. Jeremy Achin, Tim Owen and 
Brian Kreica worked on devising a QuickPass 
system for an amusement park in which 
customers could decrease their time in

hne by resemng 2 space for a later time. Existing svstems have met wlth 
only lxm{ted success for several reasons, among the  that the QuiEkPass 
lines are often no shorter than the regular lines, afidcthat Ihe wait time for a 
QuickPass user can depend errak:cally on. the time it was issued. A full 
description of the pro fifem can be found at 
www.comap.com/undergraduate/  ao‘fit s;s/mcmlfontésts/ZOOIo/ problems, 
The contest this year at't!écf,ed 599 teams from 11 countries, The UMass 
Lowell project PR  Vs fiiggd Mentoho_us wehich ranked in the top 11% of 
entries, ah"z’ad’ofiteams from:University of Michigan, Cornell, 
Nomwwestem, Worcester Polytechnic and Boston Univessity. ‘,‘]wgmplete 
summaty of the participating institutions and the .mnt's‘is available in pdf 
format at hitp://www.comap.com/ 
qmfirgradm/cpntesqs/mcm/?omResuusrepon pf.  This semester we were 
honored to have a brief visit from /Arpmr‘snd A!pge..‘Zamanakos Last year 
they donated $200,000 to fi%fitfie “Atthur“lamanakas Scholarship” for 
outstanding mathe- *_ ma ‘_;_,;mdehts in their junior or senior year. The 
couple visited a f'.":fpabcflectum, had lunch with the chancellor and other 2 
.\l ' 'and a \ourof the campus There was much reminiscing 3 'fing,lunch 
about growmg up in Lowell more years ago than any- ne cared to admit. 
The following evening Arthur was awarded the Oggfigde of Basbndion 
Award, which honors benefactors who  “}andémofist’f‘ated exceptional 
commitment to the University’s zn.of ‘éil(féafion, innovation and community 
outreach. - 'So. that's what's been happening here, If you have news which 
ou 3'\ nkother‘s would enjoy hearing please (et us know—we W_fi be‘glad 
1o include it in future issues of this newsletter.

Kiwi's signature
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Dr. Everett v. Olsen
n September, Dr. Everetr V. Olsen passed away. Dr Olsen had 
enjoyed a long tenure at the predecessor institutions on the University. 
He joined Lowell Technological Institute as assistant to the President in 
1948; was named executive vice president in 1969 and acting 
president upon the retirement of President Martin ). Lydon, In 1974, 
LTI merged with Lowell State to become the University of Lowell. Dr. 
Olsen was acting president ol the newly ereated institution for two 
years. When the trustees appointed Dr: John Dulf as the president of 
ULowell, Dr, Olsen returned to the position of exccutive vice president 
where he remained until he retived in 1981, He maintained his 
connection with the University by acting as a special assistant o the 
president for dc»elopmcm and fund-raising until 1988,  As you know 
the building in which the Mathematical Sciences department was 
housed for many years was named for Dr. Olsen. His son Alexander 
has been a member of the faculty of the Mathematical Sciences 
department for many years. We extend the sympathies of the 
department, laeulty, students and alumni o the Olsen Family,

The Tangents Problem
A Knotty Problem  You are served a plate containing 100 
spaghetti noodles. You randomly grab two ends from the pile and 
tie them together. Then you repeat this process until there are no 
ends left. What is the expected number of loops at the end?  Four 
correct solutions from among all that are submitted by March 1 
will earn a “Math Challenge” t-shirt.

Solution to previous problem

Spring 2004: It is easy (0 use 12 
matches to make a polygon of area 5 
(see diagram in the Spring 2004 issue). 
Can you use 12 matches to make a 
poly- gon of area 4? To make it more 
interesting, each vertex of the polvgon 
must be at a point with integer 
coordinates (where the matches have 
unit length). Note: It must be a true 
poly- gon, with no crossings.

Issam Badr '01, Andrew Miller '66 Physics, '72 Math, and 
Andrew Golay ‘03 all solved the problem. lssam and Andrew 
Miller will be getting a Math Challenge t-shirt. Andrew Golay 
has declined a second shirt, which is why we are giving away 
four shirts this time.
James Graham-Eagle, Chair  Writers: Ken Levasseur,  Rep Prasad, Ann 
Marie Hurley, Dan Klain, Guntraim Muglie:, and Alex Olsen  Tangents is 
produced ‘biannuatly  by the Publications Office for the Qonartment of 
Mathematical Sciences. Your comments are welcome.
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Shizuo Kakutani: A Mathematician for the 
Ages
A drunk man will find his way home, but a drunk bird 
may get lost forever’

economic equilibrium. This theorem 
is the key step in the work of three 
researchers who received Nobel 
Prizes in economics.  John Nash 
(the subject of Sylvia Nassars book 
A Beautiful Mind) used it in his 
original 1950 prool of the existence 
of Nash equilibria, work for which he 
received the Economics Nobel 
almost 40 years later in the 1990s. 
In 1954, the econo- mists Arrow and 
Debreu used Kakutani’s fixed point 
theorem to prove there are prices 
for goods that balance supply and 
demand in a complex economy. 
Arrow and Debreu’s work was 
awarded the Economics Nobel prize 
in 1972.  ' & Joke by Shizua 
Kakutani at a UCLA collaquium talk 
as attnbuted in Rick Durrett’s book 
Probability: Theory and Examples. 
Kakutani's joke is an appbca- tion of 
Polya's result that 2 simple random 
walk s recurrent in dimensions 1 or 
2, but tansient in 3 dimensions or 
higher.

hizuo Kakutani, mathematics 
pro- fessor at Yale University 
and one of the great 
mathematicians of the last 
century, died at the age ol 92 
this past August in Hamden. 
Conn. He is sur- vived by his 
wife, Kay, and daughter, 
Michiko.  Widely known to most 
mathematicians, he has proved 
fundamental results in complex 
analysis, topo- logical groups, 
[unctional analysis, probability 
theory, Browmnian motion, 
topology and ergodic theory 
Among economists and 
non-mathe- malticians, he is 
probably most famous for his 
fixed point theorem (A 
generaliza- tion of Brouwer? 
fixed point theorem [Duke Math 
1.,1941]), which is used 
extensively by mathematical 
economists. A 1982 survey by 
G. Debreu cites more than 350 
instances where Kakutani’s 
fixed point theo- rem is the 
main tool [or proving the 
existence of an

A Personal Recollection by 
Raj Prasad

Haven or nearby. The photo 
accompanying this article was 
taken at one such sum- mer 
meeling in Amherst, Mass. 
Alter having lunch we would 
talk mathematics for the 
aftermoon, and then all head 
back separately to our homes. 
Sessions with Kakutani were 
always fun. whether it involved 
dis- cussing mathematics, 
math- ernaticians or if the Red 
Sox would ever [inally win the 
World Series.

Much of what I have written 
above can be found on the Web. 
For more details about Kakutani 
life, you may go 1o 
http//facultyuml.edu/vpra sad/ 
Kakutani Tangents.pdf.  [ was 
lortunate, at the start of my 
career in the late’70s, to work 
with Kakutani when [ was a 
post- doctoral tellow ar Yale. 
Kakutani was a warm and 
gracious person who was 
genuinely concerned about his 
students and colleagues.  
Contrary to the public perception 
that mathemati- cal wizards are 
eccentric or crazy, Kakutani was 
a level- headed and delightful 
per- son o be around. His semi- 
nars and classes were excit- ing 
events in which to par- ticipate. | 
saw many theses come from 
these sessions.  Friends and 
former stu- dents of Shizuo 
would regu- larly meet with him 
in New

Fixed point theorems

Consider the following fixed 
point problems in different 
dimensions:  In dimension 1 
(you may recall your 
Intermediate Value Theorem 
from Calculus I days)  One 
morning, exactly at sunrise, ¢ 
monk began to climb « tall 
mountain. The narrow path, no 
more than a foot or two wide, 
spiraled  Continued on back 
page

Continued from page 1

Faculty Research Spotlight
fraction of heart patients and typically results in misdiagnosis. 
Most recently Byrme presented a paper at the annual mecdical 
imaging conference, held this year in Rome.  Assoc. Prof. Dan 
Klain and Asst. Prof. Konstantin Rybnikov are collaborating with 
Asst. Prof. Karen Daniels of the Department of Computer 
Science in a joint NSF-DARPA funded research program into 
the mathematics of 2D and 3D imaging. Their project, 
“Verification of Properties of Geemetric Structures and 
Reconstruction: of Geometric Objects from Partial Information,” 
has three major themes: verification, reconstruction and 
approximation using partial information, and focuses on three 
major groups of problems: Finite containment, packing and 
covering problems; the veri- fication of convexity and 
reconstruction of convex and local- ly convex bodies from partial 
data; and the verification of topological properties of a body, 
such as the Tuler character- istic, from a [inite sampling. Also 
related to this topic is the determination of the topology of a 3D 
body from projections data in various directions.
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around the mountain to a glit- tering 
temple at the summit. The monk 
ascended the path at varying speeds, 
stopping many times along the way to 
rest and to eat the dried fruit he 
carried with him. He reached the tem- 
ple shortly before sunset. After 
several days of fasting and meditation 
he began his jour- ney back along the 
same path, starting at sunrise and 
again walking at variable speeds with 
many pauses along the way. His 
average speed descending was, of 
course, greater than his average 
climbing speed. Prove that there is a 
spot along the path that the monk will 
occupy on both trips at precisely the 
same time of day?

Brouwer’s lixed point theorem in 
dimension 2:  Take two pieces of 8 by 
11 paper and lay them on top of one 
another so that every point on the top 
paper corresponds with a point on the 
bottom paper. Now crumple the top 
piece of paper in any way that you 
wish (without tearing) and place it 
back on top.  Brouwer’s theovem tells 
us that there must be a point which 
has not moved laterally, i.e. which lies 
exactly above the same point that it 
did initially.

Brouwers fixed point theorem 
in dimension 3: You have a 
cup of coffee in Jromt of you to 
which you give d quick stir. 
After the coffee has stopped 
moving, Brouwer the- orem 
tells you that there is a point 
which is in its original spot 
before the stirring. Brouwer’s 
theorem in dimension n (guide: 
think ot S as our colfee x, f(x) 
is where the point x has moved 
to alter the stirring).

If x = f(x) is a continuous 
point-to-point mapping of an 
n-dimensional closed simplex S into 
itself then there is a point X such that 
x,= f(xy) (i.e., every continuous 
stirring leaves some point x,in its 
original location).

Kakutanis fixed point 
theoremn, generalizing 
Brouwer’s result:  Let S be an 
n-dimensional closed simplex 
and consider C(S) the family of 
all non- empty closed convex 
subsets of S A point-to-set 
mapping x = Fx)€ C(S) of S 
into C(S) is called upper semi- 
continuous if whenever x, = x 
and y, € F(x,) and y;—~> 
ytheny EF(x). A point-to-set 
map I is some- times called a 
correspon- dence,  If x — F(x) 
is an upper semi-continuous 
point-to-set mapping of an 
n-dimensional closed simplex 
into C(S), then there is a point 
x, such that x, isin F{xy). We 
call x,a fixed point for the 
correspondence F

What are up to?
Want fo keep your classmates up to 
date on what you're doing and where 
you are? Take a few moments to teil 
us where you are, and whatey- er 
else you might like to share, We'll add 
it to the UML Math Alumnt page on 
the Web:www.umi.edu/dept/ 
math/alumm, htm.  We can be 
contacted by mail at Depaitmeit of 
Mathemalicat Sciences, UML North, 
UMass Lowell, Lowell MA 01854,

fangents  Department of 
Mathematical Sciences 
University of Massachusstts 
Lowell Diney Hall  UML North  
Lowell, MA 01854

The proof is a typical Kakutani 
argument: clear, concise and aesthetic. 
He applies Brouwer’s [ixed point 
theorem to a sequence of point-to-point 
maps f, to pro- duce a sequence of 
points x;, (the f, are related to F, via the 
k'th barycentric subdivision of the 
simplex, to get techni- cal). The 
sequence x;, has a limit point x, which 
is the required fixed point. Furthermore 
this theorem is valid even if S is an 
arbitrary closed bounded convex set in 
Euclidean space. Brouwer’s theorem is 
a special case when each F(x) consists 
of only one point f(x). In this case the 
upper semi-continuity of F is noth- ing 
but the continuity of f.  1 4 joke by 
Shizuo Kakutani at 2 UCLA colloguiurn 
wlk as atibuted in Rick Durretts book 
Probability:  Theory and Examples. 
Kakutanis jole is an appiication of 
Polya’s result that a simple random 
walk is recurrent in  dimensions 1 or 2, 
but transient in 3 dimensions or higher.  
2 tmagime there are two monks. one 
going down and one golng up, each 
beginning cn the same day at sunrise. 
At some the point in the day, the two 
monks must meet!

Telephone (978) 934-2410  e-mail; 
Mathematxcs@uml edu You might 
also wish to contact  our Office of 
Alumni Relations,  Wannatancit 
Mills Complex,  6C0 Suffolk St.,  
Lowell, MA 01854-3629,  Toll free 
telephone: (877) UML-ALUM.  
e-mail: Alumni_Dffice@uml.edu

Thanks For the  Contnibutions!  
ur thanks (o all  (LT AITNE T E  
LA TTC N G T  Départment of  
Marhematical  Sciences 
over'the past tew years: Your 
generosi- ty hias enabled us 1o 
make purchases, 
iwvantseholar- ST RIS T I T B 
ties that would otheryase have 
been impossible  Myt oF o 
have  T prea e L R TR TR S 
SR T 115 UML phoritthon and 
¢thet tindralsing .contacts. 
THeSe contributions can 
benéht the Department of 
Mathemarical seiences directly 
iEyon S cu AR TR VRN E S TR 
T have your gift applied 1o 
Mathematics: Otherwise, 
iLwilEproyide valuable assis- 
tance 10 the University al  
theicollege tevel .

The Mathematical Sciences 
Web Page  Have you visited 
(he Mathematical Sciences 
Web page litely? The address 
hup/sswswumbedwdept/matly 
Youl don't need (o remembey 
the fddress—Just Google St 
madhtand the: fivst link T UL 
TS  Tired ohyp’ihg 1 (510 
addresses that you've se¢ in R 
AR TR G (T section of the 
UML Math Web page for i list 
6f pist and present | inks.
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