Basic Science, Society and
Technological Applications

C. Benvenuti

Technological innovations modify deeply and
continuously our way of living.

This process is driven by the knowledge acquired
through fundamental research.

The historical evolution of the interplay of basic
science, technology and society will be discussed
with the help of some examples.

C. Benvenu ti, XII Seminario Nazionale di Fisica Nucleare e Subnucleare
OTRANTO, Serra degli Alimini, 19-25 Settembre 1999



Part 1

Introduction

1.1 Definitions and Mechanisms

1.2 The linear chain
1.3 Basic research, why?
1.4 Conflicting views

1.5 A major change:
causes and consequences

C. Benvenuti, XII Seminario Nazionale di Fisica Nucleare e Subnucleare
OTRANTO, Serra degli Alimini, 19-25 Settembre 1999



1.1 Definitions and Mechanisms

We adopt the following definitions

1) Basic research: Study of natural laws,
aimed at extending human knowledge
(— Discovery)

2) Applied research: Study of the means
to make use of known natural laws for
practical purposes (— Invention)

3) Development: Study of cost effective
solutions for industrial production
(— Industrial know-how, Patents)

Under the label R&D usually points 2 and
3 are considered

Other possible definition such as
Basic research: Curiosity driven, without
a practical purpose
may be very detrimental to the image of
the scientific activity
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1.2 The linear chain

a) Basic research:

l

b) Applied research:

l

c) Development

l

d) Industrial production

The above sequence provides an appropriate
(oversimplified) description of the evolution
In many cases, but not always

Examples of anti-linear chains exist
(steam engine, thermodynamics)
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1.3 Basic Research, why?

Basic Research extends human knowledge
and represents a major cultural component
of our civilisation

but also provides
a powerful training for other activities

and 1s

an agent of economic utility (= increased
industrial turnover + cost saving).

Newly acquired knowledge, without
exceptions, has found applications in our
daily life.
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Prof. Casimir,
Symposium on Technology and World Trade , 1966

I have heard statements that the role of academic research in
innovation is slight. It is about the most blatant piece of
nonsense it has been my fortune to stumble upon.

Certainly, one might speculate idly whether transistors might
have been discovered by people who had not been trained in
and had not contributed to wave mechanics or the quantum
theory of solids. It so happened that the inventors of
transistors were versed in and contributed 1o the quantum
theory of solids.

One might ask whether basic circuits in computers might
have been found by people who wanted to build computers.
As it happens, they were discovered in the thirties by
physicists dealing with the counting of nuclear particles
because they were interested in nuclear physics.

One might ask whether there would be nuclear power because
people wanted new power sources or whether the urge to
have new power would have led to the discovery of the
nucleus. Perhaps - only it didn't happen that way.



One might ask whether an electronic_industry could exist
without the previous discovery of electrons by people like
Thomson and H.A. Lorents. Again it didn't happen that way.

One might ask even whether induction_coils in motor cars
might have been made by enterprises which wanted to make
Motor transport and whether then they would have stumbled
on the laws of induction. But the laws of induction had been
found by Faraday many decades before that.

Or whether, in an urge to provide better communication, one
might have found electromagnetic waves. They weren't found
that way. They were found by Hertz who emphasised the
beauty of physics and who based his work on the theoretical
considerations of Maxwell. [ think there is hardly any
example of itwentieth century innovation which is not
indebted in this way to basic scientific thought.




What the Global Positioning System
Tells Us about Relativity

Tom Van Flandern
Univ. of Maryland & Meta Research
P.O. Box 15186, Chevy Chase, MD 20825, USA

1. What is the GPS?

The Global Positioning System (GPS) consists of a network of 24 satellites
in roughly 12-hour orbits, each carrying atomic clocks on board. The orbital
radius of the satellites is about four Earth-radii (26,600 km). The orbits are
aearly circular, with a typical eccentricity of less than 1%. Orbital inclination
to the Earth’s equator is typically 55 degrees. The satellites have orbital speeds
of about 3.9 km/s in a frame centered on the Earth and not rotating with
respect to the distant stars. Nominally, the satellites occupy one of six equally
spaced orbital planes. Four of them occupy each plane, spread at roughly 90-
degree intervals around the Earth in that plane. The precise orbital periods of
the satellites are close to 11 hours and 58 minutes so that the ground tracks of
the satellites repeat day after day, because the Earth makes one rotation with
respect to the stars about every 23 hours and 56 minutes. (Four extra minutes
are required for a point on the Earth to return to a position directly under the
Sun because the Sun advances about one degree per day with respect to the
stars.)

The on-board atomic clocks are good to about 1 nanosecond (ns) in
epoch, and about 1 ns/day in rate. Since the speed of light is about one foot
per nanosecond, the system is capable of amazing accuracy in locating
anything on Earth or in the near-Earth environment. For example, if the
satellite clocks are fully synchronized with ground atomic clocks, and we
know the time when a signal is sent from a satellite, then the time delay for
that signal to reach a ground receiver immediately reveals the distance (to a
potential accuracy of about one foot) between satellite and ground receiver.
By using four satellites to triangulate and determine clock corrections, the
position of a receiver at an unknown location can be determined with
comparable precision,

Clpent Questions in Relativistic Plysacs
Edited by Franco Selleri {Apeiron, Montreal, 1998) 81



Synchronisation of Clock-Stations
and the Sagnac Effect

A. G. Kelly

HDS Energy Lid.
Celbridge, Co. Kildare
Ireland 1

[t is shown that the Sagnac correction, as applied to time comparisons
upon the Earth, does not derive from the normal Relativistic
corrections. It is proposed that the reason given for the application of
the Sagnac correction, and the circumstances appropriate to its
application, require amendment.

Key words:: Clock synchronisation; Sagnac effect; Relativistic
corrections.

Standards for the synchronisation of clock-stations upon the Earth are to
be found in the 1990 publication of the CCIR (International Radio
Consultative Committee: International Telecommunication Union) [1].
Similar rules are in the 1980 publication of the CCDS (Comité Consultatif Pour
la Définition de la Seconde: Bureau International des Poids et Mesures) [2]. Two
methods are used to synchronise clocks at different clock stations. The first
method is physically to transport a clock from one site to the other, and
thereby to compare the times recorded at the two clock stations. The second
metheod is to send an electromagnetic signal, from one site to the other.

Three corrections to be applied, as listed in the above publications, are as
follows:-

{a) to take account of the Special Relativistic velocity effect, caused by
carrying a portable clock at speed aboard an aeroplane, from one site to
the other.

(b) under General Relativity, to allow for height above sea level.

(€) a correction described as being for the rotation of the earth.

Correction (a) is quantified as v%/2¢%. This is the slowing of time as
calculated under the Special Theory of Relativity. A clock transported from
one site to another will have such a correction applied, because of the ground
speed v of the aeroplane; ¢ is the velocity of light. Correction (b) is quantified

as g(¢)h/c* where g is the total acceleration at sea level (gravitational cum
centrifugal) at a latitude of @, and h is the height over sea level.Correction () is

Open Questions in Relativistic Physics
Edited by Franco Selleri (Apeiron, Montreal, 1998) 25




1.4 Contflicting views

Scientists tend to privilege "science for
science", while politicians and economists
are mainly confronted with the practical
consequences of science.

Cultural conflict.

Scientists accuse Politicians of being
"short-sighted".

Politicians accuse Scientists of being
"arrogant"”.

Are these views

CONTRADICTORY
or

COMPLEMENTARY?

Why the conflict 1s particularly acute now?
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1.5 A major change:
Causes and consequences

Possible causes (non hierarchical, non
exhaustive, provocative list)

1) Size of required investments
2) Time scale

3) Lack of major "breakthroughs"

4) Environment concern

5) Decline of rationalism
6) End of "cold war"

7) Economy globalisation

8) Transition from Industrial to Financial
Society
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EXPLOITING

ZERO-POINT

omething for nothing. That’s the
reason for the gurgling wates, ul-
trasomic transducers, heat-mea-
suring calorimeters, data-plotting soft-
ware and other technologcal trap-
pings—some seemingly of the backyard
vanety—iniade the lnstinae for Advanced

Studies 1n Austin, Tt!l.i. {]ﬂt-'ﬂ-"l:ﬂ.lla Aot

confuse thes laboratory with the simi-
larly named but far more renowned one
in Princeton, M., where Albert Ein-
stein and other physicists have probed
fundamental secrets of space and time.
The one in Aostin is more modestly ap-
pointed, but its goals are no less revolu-
tipmary. The rescarchers here test ma-
chinery that, Inventors assrt, can ex-
tract energy from empry space.

Claims for perpetual-mobon machanes
and other free-energy devices sl persist,
of course, even though they mevitably
turn out 1o violate at least one law of
thermodynamics. Energy in the vacu-
wm, though, is very mach real. Accond-
ing to modern physics, a vacwum ksn't a

Q

@
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pocket of nothingness. It churns with
unseen actviey even ai absolute zero,
the temperature defined as the point at
which all molecular motion ceases.
Exactly how much ®zerc-point ener-
gy” resides in the vacuum is unknown.
Some cosmologists have speculated that
at the beginning of the universe, when
conditions everywhere were more like
those inside a black hole, vacuum ener-
gy was high and may have even g-
gered the big bang. Today the energy
level should be lower. But to a few opti-
mists, a rich supply stll awaies if only we
knew how o tap into it. These maves-
ick proponents have postulated that the
zero-point energy could explain “cold
fusion,” inertia and other phenomena
and might someday serve as part of a
*negative mass” system for propelling
spacecraft. In an interview taped for
PBSs Sciertific American Fromters,
which aired in Movember, Harold E.
Puthoff, the director of the Institute for
Advanced Studies, observed: “For the

Energy fills empty space,
but is there a lot to be tapped,
as some propound? Probably not

by Philip Yam, staff writer

chauvinists in the feld like ourselves,
we think the 21st century could be the
TErO-POINT-ENETEY ARE."

Thar conceit is not shared by the ma-
jority of physicists; some even regard
such optimism as pseudoscience thar
could leech funds from legitimate re-
search, The conventional view is thar
thee energy in the vacuum is minuscule.
In fact, were it infinite, the nature of the
aniverse would be vastly different: you
would not be able o see in a straight
line beyond a few kilometers. “The vac-
pum has some mystique about it,” re-
marks Peter W. Milonni, a physicist at
Las Alamos Mational Laboratoey who
wrote a text on the subject in 1994
called The Oueanturn Vacwwm. “One
has to be really careful about taking the
concept too naively.” Steve K. Lamo-
reaux, also ar Los Alamos, 15 harsher:
*The zero-point-cnergy COMMURILY is
more successful ar advertising and self-
promogion than they are at carrying out
bona fide scientific research.”

0
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Consequences

- Scientists freedom 1s under control

- Governmental agencies inject founds
to catalyse collaboration between
Research Institutes and Industry

- Self financing 1s strongly advocated

- A major cultural change 1s under way
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Part 2

Technology transfer
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The real problem

The transfer of technology relies on two equally
important, mutually enhancing, ingredients

- an adequate scientific culture

- a "receptive"” Industry

Both the ingredients exist in Europe at a much
lower level in comparison with U.S.A. and
Japan. Traditionally European Scientists are
"civil servants" rather than "entrepreneurs".

Hi-Tech Industry is practically non existing in
Italy and marginal in Europe.

With a few exceptions, the products developed
by HEP have small or no external markets, but
the HEP culture could be extremely valuable to
provide solutions to large market problems.

SCIENCE AND INDUSTRY SHOULD
BETTER KNOW EACH OTHER
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. ten Have's own summary of “elements from her CERN working
experience that are extremely useful in my current position”:

Technology transfer

NMR is based on manipulation of particle spin

The NMR technique like many CERN experiments uses
superconducting magnets

Information Technology plays a central role in NMR imaging
and has elements similar to CERN experiments such as:

— Fast data acquisition
— Data processing

- Data quality

- Netwnrking, etc.

X-ray imaging uses semiconductor technology for detector
arrays

Scientific Methodology

Analytic thinking

—  Working with abstractions
- . Modeling

~  Systematic approach

PhD, which in industry is interpreted as that the individual has
produced a substantial, original contribution to knowledge

Experience with designing and carrying out a project

International working experience

Experiment being built across the globe and assembled with
high precision fit at CERN

Working in international teams
Cross-cultural management
Expatriate life

Alfter working at CERN for a number of years the word impossible is
no longer part of your vocabulary: BMPOSSIBLE



Targets of new Policies:

Missing entrepreneurial attitude

[tellectual Property Right (IPR) culture

Questions:

How 1o protect IPR without hampering the
discussion of new ideas within a world-wide
scientific collaboration ?

How to enhance the exchange of technology
and know-how internationally ?

How to ensure the exploitation of inventions
and ideas ?

How to ensure that European industries
benefit from the investment in European

science ?
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Final conclusions (personal!)

- TT 1s an 1rreversible reality
- Basic Research must adopt it to survive

- A major cultural change 1s required

» Ranking of activities by content must be
de-emphasized

» TT should be considered as a way to
protect basic research rather than a
dangerous competitor for the sharing of
available resources

> Industry needs should be seriously
considered

» The potential values of inventions should
be correctly evaluated
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