B AN R T B A E R 1
ELBY B8R R KRBT B
B R

1. 98 BFHBRINEH - HFRR " MIED L TIERE - IBRFRAEHRIE
SRXENVH - BERA 121 R2E - REZRBETEMER - 50
MBE-—EESRERTME - NF 2%  SEERBREHER - BHOEZEY

"WMREDTE . WEE  BMMEREER -

2. 108 B - ixi2 108 RAMEENE—F - B /B FESPIEERHER
MBI - EEMEHABRBRS PREAHZERCHEE 2255
B—RIKESP - BRERELF :

(1) SINBEEHEM L -
(2) Bl 114 JHERR -
(3) /114 NEERM 1 BB R ERRER -
E 108 £ 10 H 28 HWWRED - Tzt FERALY] (tan ) BERZ
FER - IBANEG - BERAERIGER tan W=ALEEH - LRMTERR



RIRBANHERG - EERXRSEHESHER - EXE TN —HEIXEMAVI
Ak o PRBULIESE - HARERN 2R - RENHEESEER -

M—FRWHEER SRABRER IKEﬁﬂEAE’JEﬁnﬁi LIS
B/ 108 RASTHEMENGEN  BEREN—MERE - E—FrIR
558 BIRMBRRIFASHENM BB BRI -

//' ‘ '/ \

533k

%b*@ BUEARBE-ENTERS  EERREARBHMNVBEE - EREHE

ZHBERR - ?Tﬁaﬁﬁ“%ﬁfﬁ% BHEN - BzREEEAVR - HFECEFEHEL
9#?51%,%’5%%5’\35_%&@/\3‘(%% - BESVB IR ERNER 7 FAIWGE - BALE
REZFIDAN - ERYEHE - THEHZHEFERE - TEla’LﬁEﬂFaﬁﬁ“?%ﬁ
BEBSBHENMTE - = +2F8 - A TIBKRIFEENSOR - BREINGE
£ ABRBBRHEUEESS - FEEE - REZNDEFHNIRIES/RA -



o B -3
egiadita =tub
BRRK -~ Mg
1 KT Erma
i ~ g ELE R < SR S T
~ KRkETig - Thood | ETEGR e
| #EEYiRR R Ima ) 4He
BEE - KEER R4 ~ 198
KR ~ DEREES<Rimn e
I E 4 ~ XU K o R I
M- | Ko

TR R | ImRE SiK
RNEEEEH - {mEomgde<igi
B M) X THEL - $2¢
BB - R ~ FRETILE
EHER] BE- - myE [ERN
KR ~ THERERE] ~ K
1= TEeEl ~HER Mg@Ry-
R ~ H KGRI T |
TR -~ R K <K T
MmE| - TEH] -~ ERE Xig
R EHR i - B - [ REE ] iR
$RFromOtEFrEE<K - K2
LSRR mapE o

g Y I s e e s s

REdr € Tl o~

KREMBEZEE - KEOZRK -
HEREHKERE ~ CHEEIRKE
kEEEEL - REKEINCER
KRaEmEeE S ~ RImKIiR-R
E i B <RI 8 KIEERH
~ S ER R R R
E- IR KER - KEWR
B #% o o CR\BWIMKE -~ FHEY
TREZEPIT - KRR R ~ TR E |
EORRM [HRE] ~ ZigxEE
~RERMERE ~ REDERS W
%zc

SR AR A K ~ TR EHE
~HRHERHER | EREoK -
EEDKRKE - [Kiels - #5
B K~ KRN - BEXEREH o 4
g (Eisieg®) NAHRKE-L -~
BMIE - BRI -~ HIE( - REN
o | GHENE(MKT ~ PR 8K
BER] B ~ BRELHR - #
e i BRI R BT A ~ B
BRI ~ B E LI NERR
R ~ BN N X B M - Ba
RS ~ SR O BN R

ol = -

- EURERBER< -~ FEME o
fER KL - mEQR -
[ESKHRREm & ~ BEEK ~ |
KREESE S - e - &
HEEESRE - MEIRHER
R - B SR o RERR
HE TKAERE ~ EXEE< -~ Ko
- EHEEK . | R - RERIRE
R ~ REJugfl= B S @HN -
ERBEEHNEIREH o RiHK
DK -~ REEE SRR K
- EREEER - IHH2EH - H
B REN o | SO TR &
~ WL T LD SRR ~ ol B uX
KE< -~ MEHS o WK | K- 18
K | & - B~ -
B o SCWEERER ~ KE |
EERY ~ RIEKENEEEK - RE
HIE R - IS RE | HEKSR
PHKDH - 5 -~ [HERKEE
~ TH{H = IR o |

HE | EHR - SEoDiogeg
el K ERIKSE -~ DREHRE
R ~ B AR E I KR

—~

WEEHTE ~ REAE B #-E#RKS
- WHERKEKE | L o W
K HKER N R EEK SRR
~ REEH - REQER-- [HEE
REBHHESE | ~ INEHR H e
8 -~ WS ~ R ieieit o &
<RE - REFIHRIAWHER R
Hp-RE -

R - OBREE - BMIKEETER|.

HRESE E - ERKEERE - KE
R E TS o

BT e B o KK | B
IF ~ SRR ~ REQEKE |

REFEREDHK - BRELR
RAZL | HERE ©

]I - R o ) - REUEE -
RREEGKEREZEE -~ HHRERH
HERCRY - XLRRMEKERRE
Bo-

RE - WGEGH o o S
S - KEKRSRMETH - B
Big o

HEREREKE HEK H - mHEE
MELHHRERHIE - RREEEE
REERVER- KHEEH - K
El-REN - |

(i R R E R R
o\ KHh



ﬁﬁ%ﬁg%
MR KRR

w@}aaﬂW

WERE KRR R -~ HEMELY - @S | SRR R DT
SIS (C.- P Snow) s SIXMOHRKE -ER SR - SN EIRE T NS RiE
i o ST | B RIEK ~ R [RERS ] IE | ENE - REEIE+ 8K - e
<BRRGENEE MEERS] -

EERSEEEEERY ~ FSREHEEY o BE-KS B ME - KEEHKE
€~ HI-H L - WNENEE<S - S DEBEKHREERE NG - 1%
- FEH DR R DEH S EE BB K | o ERERR RSN EL R - b
HWE@IK SR - BERE R - ENEERRNE - SBRNE SDHE B
S~ SHRIEE  RRSRE | R - & | EREESEEK - HERREL - 28K
FEH TR RR DU H R E RS SEIDE - T IR L RRTE G2 N
EE - WS 2R T o FEE YRR E D | R - K
WHBRIRH ~ ERINERE -~ HECH - DRBBY - Ik - § - Wb | @y
¥ - ETHHR | @RI ENEERQTEHEHELE - EREETEERR o

FECEHEE ~ N MEDEREE AR DR - IR DR -
HKEREK EREREK - HE@UNK ENESRT ~ D@ - e S - 15
KWEESD o v

mﬁ%m_ﬁ,Wﬁggi_@ﬁﬁ%@% %ﬁ%ﬂ#@ﬁﬁii%ﬁvxz,
B IETE - BN E MR ERECRISRE R ~ N ARB® K o B
BREa<N - BE - HitHCR<ETHE - EEES29% - SESEN | ZE ~ &
ERKHLIS o BEERHRHE R REHENE < XRIES - ST REKEER
PRHK B <E R o BB RS- RinHE < SHE - B+ HEESER
KER& 1 [EDREE | BRI o Rl | EmsilE - B | nhEsk - b
B W -~ [ | R ~ KR ISR e TN ~ TS B - e
RS ~ WANHTY - e EERNRTEK ~ HDER - DK o KEK
R IIY - MR - - § - IS8T - KESHDHTIDELE - SESEE
HERER ~ RN | 4D HE - HER | $EUESEY - BREER< | 5E
KE - BEREESSR - SEEN o

t;ﬁﬁ%ﬁﬁﬁf%

- REEKIEN - HE - SBELKHREEDE (C. Brinton) SWERHEK | KuE11
~ | R HR R -~ | ERREREHERE o

REREHERE - FAERKBHEEKER o | QAR ~ | SiesREkE |2
BORIAKYEEERRER -~ fI5EH ~ KEEH o 1 - ~ KERBESHK QN
dINE] o HRESEXRSRITEmERD o v

BRELERERKES - CELHREREHS - f&%%ﬁ%%?‘ﬁ%%?%
- B EE<EES o KRR ~ SKERRYK - SERE - GRS 1R -
RRE | BE# o KERKHNEIRD » FieET iR ~- SREHK#Y - RER8EK
B 2R - SHENMGER/RH-HEREK - BNERQED USSR ~ pBERETERE
R EHRR © - 8

ﬁ%ﬁf%%_ﬁbﬁ£,~i¢ﬁkﬁm pH -~ BIKER %%U_iﬂ@%
DENEETHRICHAESEHER - SmEHX - 8 - WH-HR - HinEEE ﬁ@
< R 2~ T ~ S R0 R IS i - 1S o SRS R i T
EE -~ JRENIRTEALSMNE ~ HAZEE o

B IE 2 Rl R EHE RESE RUEREEHKE o 1@ QERKWRE
BIRIERE ~ X - § - NEKEEE ~ WEXEREEED « WEERERBELEEER
o RIME<TWFERLLH - HR | E<RELHR/RLHE ~ R {eH i @eiEHE
ER -~ EREXODNREKSKEHR<EXHE .-

] BG-E I ~ AREREHE ~ ERE - ?ﬁﬁ&?ﬁﬁﬁ%ﬂ@ fé%
MEZEEEE ~ HERVER<RLORERRM o MERRECERE KR E
e o T

CREDERDHIIDE ~ EARKEAERERESHK - BRI -
RREKESEH - EXEE ~ HKRINEFERRSES o -

CREEREEHEAD - ﬁEﬁTiﬁﬁEﬁﬁﬂ%%kﬁﬁ%%%@To¥%_ %
~DKHRE<ZEREN -FEEXEEEER - ENEERRERKEHER ~ £
-~ EHEEZKEK ~ KKEKK o, ; :

ﬁfﬁ?éﬁ@%%¥kﬁﬁﬁﬁﬁi%%ﬁ - REKK | EERES - BB
WO o
- BRHKKYR - BYXERSKE B ERR TS PR ~ MK STl RREE
ROF o HERHECKNSHRIRE ~ IOSNMRHET- D ¥ ERE
<#HE o BRAYKEE<HE ~ | KERCHEDHBKES<HE o WERIWY
BHKE - HEXOHSEKWHRKI D ~ IERNTRHRAE<HBREE

TEREE




.

An interview with 9

Richard Feynman
about  saper sttings

Richard Feynman was Professor in the Department of
Physics at the California Institute of Technology. He is
credited with laying the theoretical foundations for much
of modern particle physics and quantum field theory, and
was awarded a Nobel prize for his work on quantum
electrodynamics. As one of the 'elder statesmen' of
modern fundamental physics, his scepticism towards
superstrings is especially pertinent. He died in early 1988.

A few years ago, Stephen Hawking said that he thought the end
of theoretical physics might be in sight. I think he was referring
to the recent successes in attempting to unify all of physics into |
a single descriptive scheme. This seems a very provocative
statement. How do you feel about this, having spent a lifetime
in attempting to unify certain aspects of physics?

I've had a lifetime of that, and I've had a lifetime of people
who believe that the answer is just around the corner. But
again and again it's been a failure. Eddington, who thought that
with the theory of electrons and quantum mechanics |
everything was going to be simple and then guessed |
everything, because it was going to be simple, but guessed
wrong. Einstein, who thought that he had a unified theory just
around the corner, but didn't know anything about nuclei and
was unable of course to guess it. And today, there are a large
number of things that are not understood. That isn't fully
appreciated, and people think they're very close to the answer,
but I don't think so.

Do you think we've got any right to suppose that nature at.its
deepest level is unified — that there are simple mathematical
statements that can encapsulate all of reality?

In our field we have the right to do anything we want. It's just
a guess. If you guess that everything can be encapsulated in va ‘
very small number of laws, you have the right to try. We don.t
have anything to fear, because if something's wrong we c’h'eck it
against experiment, and experiment may tell us that it's n§>t
true. So we can try anything we want. There's no danger in
making such a guess. There may be a psychongxcal danger if
you bend too. much work in the wrong direction, but usually
it's not a matter of right and wrong. Whether or not nature has
an ultimate, simple, unified, beautiful form is ) an open
question, and I don't want to say either way. I'l fl‘nd out — |
although maybe I won't live long enough. I want to find otft as
much as I can about nature, and not to presume ahead of time.
Whether it's a simple formula, or it's complicated, doesn't
make any difference. Everyone's guesses can turn out the way
they want.

One of the problems about testing these recent id'eas
experimentally is that the features which suggest {here mtght
be unification occur only at exceedingly high energies. I think
we're beginning to reach the end of the road for hrgh energy
particle physics as far as accelerators are concerned'. It's hard to |
see beyond the next generation of experiments, simply because
of financial constraints. Do you think for these‘ reasons that
maybe theoretical physics is degenerating into philosophy?

Maybe theoretical physics is degenerating but I don't know into
what. Let me just say something first. I have noticed when ’I
was younger, that lots of old men in the field c9u1dnt
understand new ideas very well, and resisted them with one

method or another, and that they were very foolish in saying
these ideas were wrong — such as Einstein not being able to take
quantum mechanics. I'm an old man now, and these are new
ideas, and they look crazy to me, and they look like they're on
the wrong track. Now I know that other old men have been
very foolish in saying things like this, and, therefore, I would
be very foolish to say this is nonsense. I am going to be very
foolish, because I do feel strongly that this is nonsense! I can't
help it, even though I know the danger in such a point of view.
So perhaps I could entertain future historians by saying I think
all this superstring stuff is crazy and is in the wrong direction.

What is it you don't like about it?

I don't like that they're not calculating anything. I don't like
that they don't check their ideas. I don't like that for anything |
that disagrees with an experiment, they cook up an explanation
— a fix-up to say 'Well, it still might be true'’. For example, the
theory requires ten dimensions. Well, maybe there's a way of
wrapping up six of the dimensions. Yes, that's possible
mathematically, but why not seven? When they write their
equation, the equation should decide how many of these things
get wrapped up, not the desire to agree with experiment. In
other words, there's no reason whatsoever in superstring
theory that it isn't eight of the ten dimensions that get wrapped
up and that the result is only two dimensions, which would be
completely in disagreement with experience. So the fact that it
might disagree with experience is very tenuous, it doesn't
produce anything; it has to be excused most of the time. It
doesn't look right.

Is this a problem of style of research, or is it a problem of the
sort of things that these people are trying to do?

No, I don't know whether you'd call it style of research, it's a
question of verifying your ideas against experiment and
whether the theory is precise enough. It is precise
mathematically, but the mathematics is far too difficult for the
individuals who are doing it, and they don't draw their
conclusions with any rigour. So they just guess.

You seem to be saying that they're careless in the way they're
going about it.

No, there're not careless, but it's very difficult. So they're
unable to make a precise prediction — not through carelessness,
but through inability. But they then continue to say it looks like
a promising theory, in spite of the fact that they have to add all
these guesses. Now it could be that it wraps up six of the ten
dimensions, and it could be that it does this and it does that.
For instance, there's a large number of particles in this theory,
many more than we see. So we say right, the ones that we don't
see maybe acquire an enormous mass — the so-called Planck
mass — which has prevented us from seeing them. And the
ones that we do see don't acquire such an enormous mass. But
why is it those and not the others? The answer should be a
consequence of the very theory they're writing down. But they
are unable to demonstrate this. In other words, there's no real
comparison to experiment. On top of that, the particles that we
see do acquire a mass, but it's much smaller than the Planck
mass — it's at the range of present experiment. And how that
comes about, this other scale of mass, is not known.

Finally, although people say that there are no experiments to
lead us, it's not true. We have some twenty-four or more — I
don't know the exact number — mysterious numbers associated
with masses. Why is it that the mass of the muon compared
with the electron is exactly 206 or whatever it is, why are the
masses of the various particles such as quarks what they are?
All these numbers, and others analogous to that — which
amount to some two dozen — have no explanations in these
string theories — absolutely none! There's not an idea at the
present time, in any of the theoretical structures that I have
heard of, which will give a clue as to why those masses are
what they are.



Does Industry Want Mathematicians?
(Does Academia Care?)

By Robert Styer

Does business want or need mathema-
ticians? Experts in the field—John
Hamilton (Computational Science Labo-
ratory, Eastman Kodak Company), Aaron
Owens (Modeling and Simulation Group,
Dupont Central Research and Develop-
ment Group), Linda Banecker and Tho-
mas Pratt (Technical Operations,
Lockheed-Martin Management and Data
Systems), and Robert Borrelli (Harvey
Mudd College)—presented their per-
spectives on this question at the second
annual Mathematics and its Applications
Throughout the Curriculum Workshop
at Villanova University in June 1997. In
spite of the different backgrounds of the
individual speakers, one common thread
wound through the discussions: When
using the term “industrial mathemati-
cian,” we must put the emphasis on “in-
dustrial,” not on “mathematician.” This
perspective appeared in many guises,
hinted at many consequences, and pro-
vided some thought-provoking sugges-

tions for academia.

The Value of a Model

The industrial mathematician works
toward the goals of industry, not the
goals of mathematical elegance or com-
pleteness. Nothing illustrates this more
clearly than a story that Robert Borrelli
shared with workshop participants.

Many years ago, when he was work-
ing at Philco Ford, Borrelli explained,
the company was working on satellite
stabilization problems for the govern-
ment. The company was using massive
computer runs to optimize the stabiliza-
tion design parameters. On his own ini-
tiative, Borrelli found an exact formula
for the optimum parameters; his solution
would have even saved massive amounts
of computer time. However, his boss
was not happy with this achievement.
Why? Because Philco Ford was receiv-
ing large sums of government money for
those computer runs; Borrelli had opti-
mized the wrong variable!

Today, Borrelli guides the Mathemat-

20yearsago. Theclinic supervises teams
of senior mathematics majors who con- |
sult on industry problems and learn first- |
hand the nature of industrial mathematics.
Businesses are also reinterpreting tra-
ditional academic categories to reflect
these industrial goals, reported Dupont’s
Aaron Owens. When he was hired by
Dupont, he explained, the company had |
four people who held the job title of
mathematician. That title no longer ex-
ists. Even the names of the groups in
which mathematicians work have
changed: The former Applied Mathemat-
ics Group is now the Modeling and Simu-
lation Group, the Applied Statistics
Group has become the Quality Manage-
ment Group, and the Operations Re-
search Group has acquired the goal-ori-
ented title of Supply Chain Optimization
Group. “Tdon’tdo problems that interest
me,” said Owens. “I work on problems
important to Dupont.”’
See Industry on page 8

Industry

continued from page 1

Industrial goals affect the way math-
ematicians work in several ways. These
goals often dominate the mathematical |
modeling process. “Often, the question
is which way to adjust a process,” said
Owens. “You have a 50-50 chance of |
getting the answer right! Accurate and |
elegant models are fine, but what really |
matters is how rapidly you can answer |
yes/no, up/down.”’ W

“The model does not have to be per-
fect to be useful,” said Kodak’s John
Hamilton. “The value of amodel is mea-
sured by the importance of the question
itanswers.”’ He argued that simple mod-
els are more tractable and easier to verify.
And while industrial models are not de-
tailed enough to replace experimenta-
tion, they should be able to predict effi- |
ciently fruitful ranges for experimental ?
parameters.

Industrial goals also affect where math-
ics Clinic at Harvey Mudd College—a  ematics is most useful in industry. For
program that he helped found more than | ¢xample, Hamilton outlined two distinct
goals of business: (1) to reduce product
development time and (2) to achieve
robust manufacturing processes. Indus-
trial mathematicians can reduce product
development times significantly when

their models specify more fruitful
experimental ranges, he said. ﬁ
The closer one gets to produc-
tion, however, the less mathemati-
cal models contribute. Manufac-
turing managers rightly abhor tink-
ering with tried and true processes, *
added Hamilton. “An ill-advised |
change in the process can literally
cost millions of dollars in lost pro-
duction,” he explained, “so they
are cautious and slow to change.”’
“Job#1 in production is to main-
tain production,” asserted Owens. |
“All that counts is throughput.”
Consequently, mathematical re-
search focuses on rapid product
development. In today’s business
climate, a product needs to be de-
veloped quickly; research then
switches to a new product line.
Hamilton discussed several ar-
eas in which he has worked: medi-
cal x-ray intensifying screens,
blood serum analysis (fluid flow
in a porous medium). stockroom
analysis, quantum chemistry and
dye design, color interpolation for
digital cameras, and phase noise
blur filter design. Thomas Pratt of
Lockheed—Martinidentified math-
ematical models of the turbine
blade loss that results from colli-
sions with birds, blade design, fan
blade ordering, and single crystal

parameter estimation, systems of
stiff ODEs, neural networks, par-
tial least squares, and exploratory
data analysis. In fact, he claims to |
have gone through several career |
changes—all within Dupont.

Part of a Larger Team and
A Bigger Picture

Industrial mathematicians donot
chart the course of industrial re-
search. Rather, they function as a
small but integral part of a larger
team, and their mathematical train-
ing is but one element in a bigger
picture. Owens described the math-
ematical practitioner as an internal
consultant, providing small parts

to larger projects. As would any consult-
ant, the industrial mathematician has a
vested interest in finding promising pro-
jectideas, selling these ideas to the team,
and ensuring that the results are used.
Thus, communication skills are essen-
tial; internal memos and progress reports
serve asindustry’s “publications.” Hamil-
ton concurred with Owens, adding, “You

need to keep checking to see if
you are still working on the right
problem (talk, talk, talk!). The
problem-solving process is itera-
tive. . .Thelearningneverends.”’

In order to be aneffective mem-
ber of this team, the speakers ob-
served, the industrial mathemati-
cian must have good computing
skills. According to Owens,
spreadsheets, the universal form
of communication, are ubiquitous.
Almost all statistical functions are
computer-based; almost all mod-
eling projects end with a compu-

information technology; this year, her |

company has hired less than two-thirds
of its quota for technical personnel. And,
according to Banecker, a conservative
estimate of unfilled information technol-
ogy positions nationwide is 190,000, 68%
of IT companies cite the lack of skilled
workers as a barrier to future growth. To
attract talented recent college graduates,
Lockheed-Martin offers an impressive
Engineering Leadership Development
Program and a Technical Development

Curriculum. The training curriculum be- .

gins with a hefty dose of mathematics
and then quickly moves to a variety of
computing and business and engineer-
ing topics.

Owens also stressed the dominant role
of statistical tools for industrial math-|
ematicians. Observation errors, system- ,
atic and random, are always factors in
the industrial setting, he explained. The’
data quality from research is often un-

-even, and the quality of production pro-

cess data is even worse. At Dupont, he
reported, a large portion of the work is
carried out by bachelor’s degree techni-
cians, who have a great need for numeri-
cal computing and visualization and|
spreadsheet skills.

Owens pointed to the large amounts of

growth as areas in which he and
other mathematicians are inter- |
ested. As these diverse lists sug- |
gest, the industrial mathematician
must be flexible and willing to
digest plenty of nonmathematical
material. According to Owens,
mathematical flexibility is criti- |
cal: Owens earned his degree in
theoretical astrophysics, yethe uses |
tools from numerical _:oﬁ_ozsm,w

termodel; and almost all mathem-
atics in industry is done on com-
puters. All results come out of a
computer even when much of the
work is analysis, said Hamilton.

Hamilton reported on his infor-
mal survey of 50 recent Kodak
hires who had listed a degree in

The mathematics he uses in his work at the Eastman
Kodak Company might be mostly atthe undergradu-
ate level, says John Hamilton, but it’s “applied with
agraduate perspective.” Elaborating on hiscomment
from the MATC workshop, Hamilton takes another
look at problem solving in industry: “By the time the
computations are being done, it just looks like linear
(ho-hum) algebra, but by then the problem has
already been defined, the level of approximation has
already been set, and the alternative methods have
already been evaluated. Misjudge the problem there
and all the linear algebra in the world won't fix it.”

mathematics on their resumes; more than
half were hired into jobs that included
the word “software’” in the job title, and
many were hired because of specific

software experience.

Linda Banecker corroborated these
anecdotal observations. Asahiring man-
ager for Lockheed—Martin, she is acutely
awara of the lack of neonle frained in

Industry
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time wasted by naive researchers ana-
lyzing two-point experiments with large
error bars. “They run an experiment with
the parameter first moved up then down,
and make a decision based on these two
data points, only to find that a bad prod-
uct results,” he explained. “The simplest
observation that there is noise in obser-
vations is not getting through to gradu-
ates. The statistical education of engi-
neers and scientists is sorely lacking, at
least at the institutions from which
Dupont hires!”’

Reading between the lines, one might
conclude that business goals do not cor-
relate to academic mathematical goals,
that computer skills and statistical skills
are much more important than classical
mathematical academic training, and that
mathematicians are only a minuscule
part of the industrial scene. To add insult
to injury, each speaker cited other prob-
lem areas: Hamilton said that in most of
his work at Kodak, he uses mathematical
tools taught at the undergraduate level;
Owens reported that three of the four
mathematicians working at Dupont on
his arrival are now doing computing or
experimental work; Borrelli pointed to
the difficulty of finding suitable indus-
trial problems for the Mathematics Clinic
student teams; and Banecker acknowl-
edged that the mathematics component
of the training curriculum acts like a
filter to weed out those who would not
survive the later portions of the training.

Proof Is in the Hiring

Does mathematical training per se have
any value for industry? Each speaker
provided some insight into this question:
After completing a master’s degree in |
mathematics, Linda Banecker began her
industrial career as a programmer, typi-
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