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Message

Peace and prosperity are the fundamental aspirations of all
mankind and the role that can be played by science and tech-
nology towards these ends is vast and boundless.

For the development of science and technology, the Science
and Technology Foundation of Japan operates the activities to
present the Japan Prize and as well to promote the compre-
hensive spread and development of thought and information
involving science and technology. As the part of such efforts of -
promotion, a Commemorative Lecture by the Prize Laureates
is held annually during the Japan Prize Week.

The Japan Prize is the award to honor those from all over
the world who are recognized to have made original and out-
standing achievements in science and technology and who
have made substantial contributions to the advancement of
science and technology and thus to peace and prosperity of
mankind. The first Japan Prize was presented in 1985.

This year, 1991, the Japan Prize was presented to two
Laureates in two Prize Categories as follows:

Category: Applied Mathematics

Laureate: Dr. Jacques-Louis Lions, Professor at the
College de France.
President of the National Center of Space
Studies, France (CNES).

Category: Imaging Techniques in Medicine
Laureate: Dr. John Julian Wild, Director, Medico-Tech-
nological Research Institute of Minneapolis

The two doctors have been invited to speak at the Com-
memorative Lectures, which are intended to offer a venue for
the Laureates to speak directly to the general public who are
interested in science and technology. We sincerely hope that
these Lectures can provide inspirations and encouragement to
those who will be the potential leaders in science and tech-
nology of the future generations,

Kisaburo Yokota

President

The Science and Technology
Foundation of Japan
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PROGRAM

TOKYO Apii 24 (Wed)

Yomiuri Hall

13:30

13:40

13:50

14:40

15:00

15:10

16:00

Opening Remarks

Mr. Tsuguaki Kawamura
Executive Director

~ The Science and Technology

Foundation of Japan

Introduction of the Laureate
Dr. Hiroshi Fujita

Professor

Meiji University

Lecture: "COMPUTERS AND
MATHEMATICS: A UNIVERSAL
TCOoL

Dr. Jacques-Louis Lions
Break (20 min,)

Infroduction of the Laureate

Dr. Fumimaro Takaku
Director
National Medical Center

Lecture: "AN ILLUSTRATED
NARRATIVE OF THE DISCOVERY
OF ULTRASONIC SOFT-TISSUE
ECHOING iN 1949 AND ITS
SUBSEQUENT MEDICAL
APPLICATIONS”

Dr. John Julian Wild

Closing
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KYOTO apritzs iy
 silk Hall -

Opening Remarks

Mr. Tsuguaki Kawamura
Executive Director

The Science and Technology
Foundation of Japan

Congratulatory Address

Mr. Teiichi Aramaki
Governor
Kyoto Prefecture

Introduction of the Laureate

Dr. Masaya Yamaguchi
Professor
Ryukoku University

Lecture: "COMPUTERS AND
MATHEMATICS: A UNIVERSAL

- TOOol!

16:10
16:30

16:40

17:30

Dr. Jacques-Louis Lions |
Break (20 min,)

infroduction of the Laureate

Dr. Morimichi Fukada
Professor
Sapporo Medical College

Lecture: “AN ILLUSTRATED
NARRATIVE OF THE DISCOVERY
OF ULTRASONIC SOFT-TISSUE
ECHOING IN 1949 AND ITS
SUBSEQUENT MEDICAL
APPLICATIONS”

Dr. John Julian Wild

Closing
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1991 (7th) Japan Prize Laureate

Applied Mathematics

Contributions to Analysis and Control of
Distributed Systems, and to Promotion of
Applied Analysis
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Dr. Jacques-Louis Lions
(France)

The Chairman of Analysis and Systems Controt
at the College de France and the President of
National Center of Space Studies (CNES). Born in
1928 in France,

Dr. Lions has lead the world to establish the new
field of applied mathematics which makes good
use of expertises inherited inside the traditional
discipline of analysis and which can fully benefit
from the powerful functions of modern computers.
Most remarkable acientific coniributions by Dr. Lions
have been done for; (1) mathematical analysis of
linear and nonlinear partial differential equations
of mathematical physics, e. g, the Navier-Stokes
equation, (2) systematic improvement of approxi-
mating numerical methods like the difference
method, finite element method and penalty meth-
od, (3} introduction of variational inequalities, (4)
establishment of the asymptotic method for the
homogenization problem and further (5) estab-
lishment and development of the coniral theory of
distributed systems which are governed by partial
differential equations. Dr. Lions keeps his active study
of control of distributed systerns and has recently
obtained important results for stabilization of com-
plicated structures, exact controllability of wave
and oscillation systems, control of turbulence and
judgementunder missing data. Dr. Lions' method is
expected to be the most promising cne among
existing mathematical approaches to the global
and environmental problems. As for applications in
industry, Dr. Lions has made considerable contri-
butions to computational aerodynamics for the
aerospace industry, simulation for the petroleum
industry and mathematical analysis for French
energy agent [t should be highly appreciated also
that Dr. Lions has made enthusiastic services to
encourage the integrated study of computation
and analysis for applied sciences and engineering
with sheer foresight and inspiring leadership in
France and over the world.
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COMPUTERS AND MATHEMATICS: A UNIVERSAL TOOL

J-L Lions

1. INTRODUCTION

We shall present first an image of an
archeological site obtained by the Satellite
SPOT 2 and in successive images we show
how informations of archeological interest can
be extracted from these data by Mathematical
Analysis and by the use of Computers.

This example, althcugh simple from a
mathematical viewpoint, is given as an
introduction to the general methodology
which consists in the very close interplay
between three scientific and technological
fields:

(i) data processing
(ii) mathematical modelling

(iii} extraction of informations from the
mathematical models, using

(iii) 1 . mathematical analysis
(iii} 2 computers.

We shall make this interplay more precise
by the way of examples.

“This general methodology is the fruit of a
long heritage, where some of the greatest
geniuses of all times have played a decisive
role. :

‘Since the quite recent possibility offered by
super-computers, by workstations, by data
basis, by networks and by visualisation tools,
it is becoming possible to treat by this
methodology more and more evolution
phenomena in 3 space dimensions. Hence a
“positive feedback” appears of tremendous
consequences: new problems are considered
in science and in Industry from this point of
view; this, in tern, implies that new methods
are found, new and more powerful tools are
developed; and then — the effect of positive
feedback — these progresses give hope to
tackle new industrial or scientific problems
and so on,

We pass to examples.

2. STABILITY

This is a remark of an historical nature,
with a very important lesson. During the
period 1910-1922, a remarkable English
meteorologist L.F. Richardson attempted (in
his words, dreamed) to compute weather
forecasts. Although a very exceptional man,
his practical attempts failed. We shall explain
why, and we shall also explain why the usual
explanations of this relative failure are wrong.
We shall show that the lesson is: the more
powerful computers are, the closest we
approach the “real” solution of the model
provided we use rigorous approximate
schemes. Computers “punish” instability
and more generally all not well founded
arguments, should it be in the data, in the
modelling, in the mathematical analysis or in
the software,

3. HOMOGENIZATION, NUCLEAR SAFETY,
OPTIMUM DESIGN

All examples and results presented
correspond to team work (on a National or
International Basis). We shall first present
composite materials with a periodic
structure and explain why they call for new
mathematical techniques (homogenization
theory). A variant is composite geometry.

An example, coming from Nuclear Safety
and provided by research workers from the
EDF (Electricité de France) together with an
International Team, will be shown.

Other applications of homogenization theory -
concern optimum design, porous media
modelling, etc.

4. MULTIBODIES AND CONTROLLABILITY

“Multibodies” are here structures (such as
those arising in Space or in Robotics and in

~ many other places) which consist of several

pieces (or bodies) of various sizes,
dimensions, materials and which are “tied”
together through junctions.

The question is: how to stabilize, to control,
to regulate these structures — to make them
behave as we wish! - in a way which is
technically feasible, efficient and robust.




New problems arise in these directions: new
mathematical techniques (asymptotics) for the
modelling, new method for the control (HUM
= Hilbert Uniqueness Method).

Numerical results {also joint team work) will
be presented. The next challenge is: what to
do in non linear cases? Can one envision the
control of bifurcations, certainly a matter of
importance in Industry.

5. TURBULENCE AND CLIMATOLOGY

A flow can be called “turbulent” when it
shares three properties:

(i) very high sensitivity to uncertainties, in
Initial or in Boundary Conditions;

(ii) increased mixing property;

(iii) a wide range of spatial wave lengths is
involved.

They will be explained in non technical
terms. These properties appear in “Industrial”
flows — around cars, airplanes,... —orin
“natural” flows — rivers, oceans,
atmosphere,... —

Very interesting questions arise. One of
them is: can one approximately control
turbulence? This is largely an open question.
A still vague conjecture is that there is some
kind of “equivalence” between turbulence and
chaos on one hand and approximate
controllability on the other hand.

Climatology raises different but related
questions: what are the attractors (if any)? The
slow or the inertial varieties? What can really
be computed for large time horizons (from 10
years to 1 century)?

Ancther crucial problem is met in
climatology: the question of interfaces.
Interface Atmosphere/Ocean, or Interface
Liquid Ocean/Solid Ocean. This last one leads
to so called free boundary problems which
were studied in the recent past by using
Variational Inequalities and Quasi Variational
Inequalities — a tool introduced with A.
BENSOUSSAN for other purposes (impulse
stochastic control). Some phenomena of non

controllability (i.e. of posalble irreversible
changes) appear here, a
preoccupying observation.

6. SENTINELS AND ECOLOGY

In all phenomena concerning the Planet
Earth System — should they be of a global
nature or at a local level (such as pollution
in water systems: lakes, closed seas,
estuaries,...) — we have to find signs that
“something” is happening, or not —

A new tool — called Sentinels — has been
introduced for that purpose in 1988. Numerical
applications will be presented.

7. FRONTIERS
In conclusion, some of the present

“frontiers” will be indicated. They show some
of the trends.

1
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1991 (7th) Japan Prize Laureate

Imaging Techniques in Medicine

Development of Ulirasound Imaging in
Medicine
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Dr. John Julian Wild
(U.S.A)

M.D,, Ph.D., FAIUM, the Head, Physicomedical In-
stitute, Minneapolis, U.S.A. Born in 1814 in England.
In 1949, he has manufactured a prototype equip-
ment for A-mode ulirascnography and with this
equipment, had he succeeded to measure the
thickness of human colon, the first attempt to use
ultrasound for its biomedical application.
Subsequently, he developed a 2 dimensional uitra-
sound image employing B-mode equipment, on
which he has been also recognized as the first
pioneer of medical ultrasonic imaging, the method
today is widely used on & variety of occasions
including detection and diagnosis of brain tumor
and breast cancer. In particular, the breastimaging
by this eguipment brought about the success in
imaging of a tiny 7 mm diameter nipple cancer.
This has been indeed the first paper o describe an
effective application of medical ulfrasound in the
screening of human cancers.

Furthermore, the use of high frequency ultrasound
in detecting abnormal changes of the colonic
mucosa by the endoscanner in 1955, has only
recently been aroused the attention to create prac-
tical application as endoscopic sonography.
Together with his repart on the biclogical effect
of ultrasound, the whole work has made him 1o
be unanimously recognized as the true pioneer
of ultrasound imaging, the technigue used exten-
sively for the human health and welfare all over the
world today.
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AN ILLUSTRATED NARRATIVE OF THE DISCOVERY

‘OF ULTRASONIC SOFT-TISSUE ECHOING IN 1949

AND ITS SUBSEQUENT MEDICAL APPLICATIONS

John J. Wild

Several non-invasive, imaging techniques
have been developed to aid the clinician in
diagnosing disease: x-radiation, nuclear
medicine, thermography, magnetic resonance
and ultrasound. For tumor detection and
diagnosis these techniques are highly
dependent upon the adequacy and operation
of particular machines, on visual responses of
the human eye and on the clinician’s skills for
subjectively identifying an abnormality. Of the
medical imaging techniques most frequently
used, diagnostic ultrasound is safe with regard
to causing physical and genetic effects.

-Furthermore, use of ultrasonic techniques

offers the potential not only for rapid
localization of tumors but also for exploiting
its tissue characterization capabilities for
detecting and diagnosing certain types of
neoplasms quantitatively — that is, without the
need for subjective evaluation by a trained
clinician. This linkage of ultrasonic detection/
diagnostic possibilities — safety plus quantitative
objectivity — is my future hope for a new
system of effective, safe, cost-effective per-
case-found, mass-screening for breast and
other short range cancer sites; an urgent need
in our current health care delivery system. In
this presentation an attempt will be made to
describe empirical biological experiments
leading ultimately to a means of mass
population screening of the breast and
gastro-intestinal tract.

A broad background education in natural
sciences at Cambridge University and training
in clinical medicine at University College
Hospital in London, England, as part of
Cambridge’s medical degree program, provided
the necessary qualifications for my undertaking
medical investigations of acute human bowel
crises while practicing surgery in London
during the early 1940’s. This background
education and experience led to an offer, and

~ acceptance by me in 1946, of a post-doctoral

fellowship in the Department of Surgery,
University of Minnesota, where in 1949 my
continuing work on human bowel failure
prompted inquiry into the feasibility of using
puise-echo ultrasound for measuring the
thickness of bowel wall, in an effort to
diagnose various types of bowel failure for
determining preferred treatment and prognosis.

1

Early in 1949 consultation with a senior
research staff member of Minneapolis
Honeywell Regulator Company produced
access to an operational 15 MHz naval flight
trainer at a nearby navy airbase. The trainer
was capable of both A-mode trace (time-
amplitude)} presentations and real-time, two-
dimensional B-mode readout options, but only
the A-mode function was readily available for
my use. An experiment using dog bowel was
designed to test whether the distance between
inner and outer bowel wall could be resolved
at 15 MHz using this existing equipment. Basic
to further experimentation was construction of
a small transducer chamber — not a difficult
task, given my natural aptitude for mechanical
engineering design and instrument fabrication.
Success in these initial experiments, measuring
soft tissues with pulse-echo ultrasound, led
to the need for establishing a simple test
procedure for use by the naval technician for
adjusting the flight trainer from long to short-
range A-mode operation for conducting future
biological experiments. A naturally composite
standard biological test specimen of 1mm of
fresh beef muscle and 9mm of structural beef
fat was arrived at by trial and error. A-mode
examination of the test specimen proved
echoing from gross anatomical boundaries and
from within histological structure. By chance a
surgical specimen of human stomach containing
a cancerous ulcer became available, Significant
echo changes were noted as the ultrasonic
beam traversed areas nearing the tumor where
cancerousinvasion had been detected by
palpation. Examination under a variety of
positionings revealed differential sonic
properties of carcinomatous tissue. These
experiments proved scientifically that cancerous
tissue reflected and attenuated ultrasound.

A paper reporting these experiments
written in November 1949 was published in
SURGERY in February 1950, the first in the
scientific literature on soft tissue ultrasonic
echo production. The discovery of differential
acoustic properties of a cancerous stomach
ulcer was a tremendous breakthrough in the
dismal outlook for cancer in general at the
time. [ immediately saw the possibilities of
harmless non-invasive examination of gross
anatomical and histological structure in the




living organism, both statically and kinetically.
As a physician I chose to follow up the most
* urgent possibility of examining the breast and
gastro-intestinal tract, since my acoustic
equipment at high frequency was available in
the form of 15 MHz quartz transducer capsules
being supplied to the naval establishment.
Experimentation continued at the naval base
to confirm my primary tumor findings on
malignant neurological tissue, checking for
possible damage, and application clinically to
two living, intact breast tumors in a clinical
setting. The work up to this stage encouraged
funding to enable construction in 1951 of
a portable clinical pulse-echo ultrasonic
instrument into which sector B-mode prototype
capability was incorporated for producing
images in real-time, a necessity for examining
living patients under clinical conditions. A
series of 20 breast lumps were examined
using the biological technique of controlling
for multiple variables comparing A-mode
traces of breast lumps with those of normal
breast tissue in a comparable position.
Analysis of these traces revealed a numerical
ratio of comparison between cases and the
existence of a natural, quantitative sonic
energy contrast between neoplastic growths
and the normal surrounding tissue in the same
individual. This finding was confirmed by the
sector B-mode instrument both for living
intact tumors and for gross normal anatomical
structure, This work justified the construction
of equipment for direct linear B-mode and
other radar presentations to be tested at
suitable accessible clinical sites such as the
breast and lower gastro-intestinal tract using
the available 15 MHz transducers. The scope
of clinical application was, at this time, limited
by fundamental frequency-range problems and
the state of the art of piezo-electric materials.
In May 1933 the development of a self-
contained, hand-held linear B-mode
instrument made possible production of the
Surst real-time tmage of a living, intact malignant
tumor. This 7mm growth had been clinically
diagnosed as “inflamed nipple”. A similar
image has yet to be produced with present-day
equipment. Since 1953 it has been possible to
detect neoplasms in the nipple-areola of the
breast (25% of all breast malignancies) with

this instantaneous, subjective visual readout
systern. A subsequent clinical series of

117 cases of breast lumps examined with a
dedicated linear B-mode instrument produced
a positive predictive index for malignancy in
which predictive diagnosistic accuracy has yet
to be matched by other workers. Small breast
tumors of various types were all visualized
answering the scientific question as to the
possibility of use of the technique for
detection. Tumors were imaged in both
negative and positive contrast to the normal
background tissue speckle. In both contrast
types of malignant tumors, compression of
tissue speckle in the area of the tumor image
closest to the skin was observed. This
observation was construed as detection of
infiltration by cancer cells. Thus it was
considered that detection and diagnosis of
small glandular breast nodules would be
highly probable with an objective system

with electronic signal processing.

Such equipment was produced in December
1963 which could ultrasonically sweep the
breast and compute sonic energy returns at a
scanning speed of 1/2000 second. This system
would enable rapid interrogation of normal
and abnormal histological tissue to detect
small volumes of ectopic tissue.

Pulse-echo ultrasound should be successful
in objectively finding cancerous tumors, at
least at common sites, on a screening basis.
There remain many further applications of
thig safe form of radiation to be explored and
developed for the benefit of mankind.




